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Abstract: - The aim of this paper is to analyze the strategic 

decision focus on the theory of the firm. The problem tractate is 

transport logistics, which for a family SME, is a work technique 

difficult to accept by employees, trying to answer how do the 

owners act to problems related routines? And if, is the use of 

logistics in the transportation sector provides maximizing 

company profits, based on the theory of the firm? Using 

descriptive and explanatory method, the main problems that an 

SME of trucking faces every day and it concludes with 

recommendations for changes that must be performed for his 

growth, focused on a restructuring of management since the use 

of logistics represents an additional annual profit of $361,341.60 

Mexican pesos for Transportes CARA. 

Keywords: Transportation analysis, corporate culture, firm 

theory. 

JEL: O18, M14 

Resumen:- El objetivo de este trabajo es analizar la toma de 

decisiones estratégicas enfocándonos en la teoría de la firma. El 

problema tratado es la logística de transportes, la cual para una 

Pyme familiar, es una técnica de trabajo difícil de aceptar por los 

empleados, tratando de responder  ¿Cómo actúan los dueños 

ante los problemas relacionados con las rutinas? Y si ¿La 

utilización de la logística en el sector de autotransportes de 

carga, proporciona la maximización de beneficios de la empresa, 

con base en la teoría de la firma? Haciendo uso del método 

descriptivo y explicativo, se discuten los principales problemas 

que una Pyme de autotransporte de carga afronta día con día y 

se concluye con las recomendaciones de los cambios que debe 

realizar para su crecimiento, enfocado a una restructuración de 

gestión ya que el uso de logística representa una ganancia anual 

extra de $361,341.60 pesos M.N para Transportes CARA. 

Palabras clave: Análisis de transporte, cultura corporativa, teoría 

de la firma. 

I. INTRODUCTION 

ogistics is all movement activities and storage, facilitating 

the flow of goods from the loading of the goods, until 

delivery of the same, as well as information flows that put the 

merchandise in motion, with the purpose of providing 

adequate service levels to customers at minimal cost. 

For the sector of trucking freight, trips made by the 

company and especially its optimization is very important, 

because with adequate logistics, it could maximize company 

profits and lower costs (Gonzalez Araya, 2012). This logistics 

is recognized by specialists, who create companies dedicated 

to logistics motor carrier, which charge a generous amount for 

their services. In small and medium enterprises (SME) sector, 

there is a cost problem, not knowing how to use the travel 

logistics so that each of the elements of the fleet is working 

and thus generating maximum benefits for business. 

According to the National Institute of Statistics and 

Geography (INEGI), 87 percent of goods that move in the 

country, are by land transport, since the products of low value 

and high volume are moved to a large percentage by road, 

which provides an advantage for the sector load trucking. This 

shows that transport demand is high and although there is 

much competition, only this sector provides 6.3 percent of 

gross domestic product (GDP), ranking fifth in the seventy-

three economic sectors in which indicator is broken down, 

promoting economic and social development of the nation, by 

generating 2 million direct jobs, with an annual income of 

394.170 billion Mexican pesos, amount that year after year is 

on the rise (INEGI, 2015) sector. 

According to Islas Rivera, Rivera Trujillo and Torres 

Vargas (2002), regularly, the service price is reciprocally 

related to the quantity demanded of travel. That is, at a lower 

price, most users will demand shuttle service offered. 

Mutually, an increased level of price of transport which is also 

called freight, reduce the number of users demanding the 

service, since there is a maximum payment level that each 

user is willing to make. In the case study, Transportes CARA 

has a set of companies with a fixed demand that regularly hire 

its services demand, although it is not possible to provide the 

service to all movements that are seeking the customers, so 

L 
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the company will take the routes and trips safely the 

customers are requested to find a solution that allows us to 

optimize the logistics of the trips. 

II. BACKGROUND 

There are several problems associated with the sector motor 

carrier, factors that have caused huge losses and even closure 

of companies. Among them are the costs of delays burden on 

businesses, empty returns or low payment by businesses. 

Associated with these problems, there are the costs resulting 

from fines of weights and dimensions. When overburden 

transport and cause damage to roads (Moreno Quintero, 

2004), the high cost of diesel fuel so that it can optimize 

consumption through aerodynamic design of the unit, 

(Velazquez de Leon Collins, 2008), low application of 

technology innovation, and high time it takes a trip. In the 

case of fuel efficiency is taken into account low productivity 

of staff, Islas Rivera (2000), transport logistics, (Salazar 

López, 2013) and finally the renewal of the vehicle fleet 

(Secretariat of Communications and Transportation (SCT) 

2013). 

Most problems cannot be fixed the company, but the 

government's development plans as indicated by the SCT 

(2013) in the 2013-2018 development plans. Therefore one of 

the main problems for SMEs transport, and the issue to be 

addressed in this study, is the selection of the trips that are to 

be made (logistics). So that will provide maximum utility to 

the owner. This problem is caused by empty returns or by 

selecting trips that will not have return. Normally the trips to 

be carried out in SMEs by transport agents, they are selected 

by chance, or simply opting for freight that at first glance are 

the most profitable. 

The main objective of a business is to maximize 

profits. In the transport sector, this is achieved by meeting 

market demand with a comprehensive cost reduction, and this 

is where the problem occurs. Payment for transportation is a 

depending function on the chartered amount and time it takes 

to make the trip, although not considered any loss or damage 

that may arise. It can be also added the costs for the errors of 

the human factor, which can lead to large losses for the 

company. 

The process of decision-making in the company, is a 

very important part of management, but has great influence 

the behavior of workers, either by motivation, attitude that 

they have, or simply the rationality of behavior human. Based 

on this information, it is realized the influence of the theory of 

the firm in business, especially when it comes to logistics in 

the transport sector because each aspect of the theory is 

considered in this problem. 

III. RATIONALE 

The importance of this work lies in the pursuit of profit 

maximization in business. Transportes CARA is a family 

SME, which has had a sustained growth that has allowed their 

workers to perform tasks that should be shared among more 

employees. Its workforce is somewhat reduced. This is 

because the employees are not sufficiently trained to do their 

job or simply do not have the information that leads them to 

meet their goals, adding to, that scheduling travel is under the 

assumption of a problem in transport logistics. 

It is imperative to locate trips that provide greater 

profitability, as the selection of these without any support, 

making almost random selection, creates a decrease in the 

profits of the company, which is reflected in increased costs. 

If achieved positive results, the company will have better 

control of trips made and will be maximizing their profits. 

IV. RESEARCH QUESTION 

Does the use of logistics in the field of cargo motor 

carrier provide maximizing company profits, based on the 

theory of the firm?  

V. HYPOTHESIS 

It aims to create a culture of strategic decision making, 

addressed to the benefit of the company by motivating 

workers through training that provide information flow, 

reducing as far as possible the uncertainty and risk. 

VI. OBJECTIVES 

The overall objective of this work is to find a solution to the 

problems of routines that generate costs to the company by 

coordinating activities in the organization, leading to achieve 

a reduction in transaction costs, allowing workers to adapt to 

new working methods. Also to formulate a model to optimize 

the logistics network travel company, which show that a 

change must be made. 

VII. THEORETICAL AND EMPIRICAL REVIEW 

This chapter provides a theoretical and empirical analysis of 

the leading exponents of the theory of the firm from the 

classics to the main exponents today and its application in the 

company Transportes CARA, reviewing its main influence on 

the problem of logistics applied in a family business. Based on 

this analysis may be determined the implications of the use of 

this theory in the company, and its reach could have if the 

relevant changes are made. 

A. The nature of the firm and the theory of the firm 

At the beginning of the theory of the firm, Coase (1937) 

makes an analysis on why firms exist and mentioned that the 

firm exists because of its ability to economize on certain costs 

of using the market. Therefore, the organization carrying out 

an economic activity, held within the company, as long as the 

costs of coordinating production within it are less than the 

costs that would be if it is purchased the input through market. 

If it is not performed in this manner, an increase in 

uncertainty about prices that would have to close the wage 
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would be created, which would generate a lot of time and 

resources, hence the idea to Coase on costs derivative from 

transactions in the market, which were subsequently called 

transaction costs. Therefore, Coase argued that firms were 

born to economize the use of information, which would 

replace decision-making by consensus and would be governed 

by the hierarchical decision-making. Based on the information 

provided by Coase (1937), the search for lower costs of 

coordination to organize activities within the firm and 

transaction costs going through the market, indicate that the 

company seeks to obtain maximum information at a lower 

cost. 

For a transport company having accurate information 

can give it great benefits when carrying out the logistics of 

travel, this may occur when you know that travel will occur in 

the future, but of course. This information is somewhat 

complex to obtain, as regularly businesses that hire the 

services of freight forwarding do not provide this information 

and report it at the last minute, or one day in advance, leaving 

little time to carry out an effective logistics. The most 

practical way to get the necessary information is through 

contracts, which would lead to the generation of transaction 

costs; same that can be reduced, but not eliminated. 

B. The routines and transaction costs. 

The ability of individuals and organizations to 

perform complex tasks, same as several years ago might not 

make today are viable. According to Nelson and Winter 

(2002) it is when it can be born the question how an 

organization can perform such complex activities and at the 

same time have limited rationality? From the evolutionary 

point of view, the key lies in the demands of the different 

situations that come to present. 

Focusing this information in motor carrier freight 

logistics is a reality the logistics that is normally used with a 

mathematical method was quite complex to perform in ancient 

times, but thanks to advances and innovations in technology, 

this field can be addressed more easily, although there is still 

bounded rationality, this can be addressed by business owners 

in search of information. 

Routines are what characterize the behavior of 

continuity in evolutionary theory according to Nelson and 

Winter (1982). They commented that firms behave in the 

future according to the routines that have been used in the 

past. Routines continue to be influenced by a large number of 

reasons, including the fact that people refuse to make a 

change. Although there are two reasons that are rational and 

meaningful, which are to store and access to knowledge; and 

that all the techniques under production are available today, 

regardless of whether they have been practiced or not. These 

routines that are embodied in the minds of the workers of a 

company should be modified, allowing employees who have 

experience in the area; they are motivated to learn to do their 

work in an efficient manner. 

The fact of learning or relearning the routines of the 

organization generates costs, which can be raised. It is on this 

issue that people adhere to the prevailing routines. Although 

each organization has its routines that include ways of dealing 

with conflicts that arise, usually the conflict is more intense if 

the output of the routine causes anxiety. The challenge 

however, is the construction of a theoretical structure that is 

able to make effective use of that vision, exploiting this aspect 

of the continuity of behavior for purposes of explanation and 

prediction in specific cases. 

Although the cost of relearning routines can be 

raised, it can be reduced transaction costs by not having to 

outsource other companies which have the logistics and also 

reduce company costs, and that investing in employee training 

will be an only cost, rather than performing ongoing costs. 

C. Factors that generate transaction costs 

According to Williamson (1979) factors that generate 

transaction costs are brought about mainly by opportunism, 

which generates selfish behavior in people, which seek 

personal interest for private advantage; and another factor is 

the limited rationality, which is a limitation of the human 

mind to solve problems that are presented as the information 

they receive can be deciphered in different ways by different 

people. These two factors, lead to transaction costs on 

businesses, as these behaviors that occur daily in business, is a 

matter that can hardly disappear, although get measures to 

eliminate them, at some point, will be presented. 

When taking a decision on the company, it can 

become more complex than necessary, since it must ensure 

that these situations do not arise. Opportunism is an issue that 

is clearly presented in a transport company, because at the 

time to take a trip to its destination, whether the truck 

operator, as those who receive the merchandise, they can take 

advantage of the owners of the company transport who are not 

present, to underreport merchandise. This is just one example 

of the many that might present. 

If we consider bounded rationality, this comes to 

harm the company since it was understood differently the 

delivery or load instructions either by the area of logistics, by 

the owners of the company, by the unit operator or directly by 

the company that requested the service cannot explain or 

released the information correctly. 

VIII. USE OF LOGISTICS IN THE TRANSPORT SECTOR 

According to Collins (2006), the transport sector is directly 

related to logistics, because the procedures performed to make 

the movements of goods, should lead planning that goes from 

the costs that generated the trip, the locating of the best route, 

driving times, places where the truck should stop, and so on. 

There are many issues that lead to create a logistics for a 

delivery charge. Usually, enterprises often hire specialized 

companies to schedule their travel logistics. For an SME 

motor carrier, this becomes complex, as companies often do 
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not inform in advance the journeys undertaken. That is why it 

is important to have a logistics area in the company, which 

allows companies to make adjustments to last moment. 

On several occasions it has been shown that logistics 

provides increases in profits for the companies. But how to 

achieve those agents can change their old routines work to 

provide this gains? This resistance to change will only be 

diminished when this represents an evolution in the company, 

although this resistance is caused by mistakes made by 

companies in the past, once not been received timely, creating 

obstacles to its development. Resistance to change by 

employees cannot be generated by the change itself, but by the 

strategies used or the lack of them at the time of 

implementation. 

A. Problematic logistics at Transportes CARA 

Transportes CARA performs local travel in the state of Baja 

California. Its freight is directed to the municipalities of 

Tijuana, Tecate, Ensenada and San Luis Rio Colorado, which 

is located in Sonora, but colloquially for Mexicali carriers, 

San Luis is so close that they take it as a local trip. 

The logistics of trips of the company has problems by 

failing to increase the profits. Usually its way of working is to 

take the price of freight, reduce it costs and get the profit per 

trip. Once the company gets it, it takes most trips that provide 

most profits and selected as the best option to load. This 

method is somewhat ambiguous, because although a trip to 

provide more useful, do not take into account the trips that 

could be made for not doing that. This is why it has requested 

a way to locate the trips that are due to performing and can 

increase the usefulness. 

B. Detailed description of the problem 

Table 3 details the revenues per trip made by the 

company and shows the information of kilometers that are 

traveled one way and return journeys. The company has a 

performance diesel fuel on one-way trips in flotilla 2 

kilometers per liter (km / l) with box loaded, and returns a 

yield of 2.5 km / l with box loaded and 3 km / l with the 

empty box, with the current price of diesel $ 13.77 pesos per 

liter by supplying fuel (Dagal, 2016). The difference in yields 

is because when the truck leaves Mexicali to any of the 

municipalities around, the truck will rise as the altitude of the 

city is just 8 meters above sea level, unlike its surroundings, 

which reach a height of up to 1278 meters above sea level 

according to Cuéntame INEGI (2016). Therefore, this causes 

extra fuel consumption. 

Table 3 Destinations of trips made, returns and payments for 

travel. 

                              

Journeys 

Payment 

per 

freight 

Km to 

travel 
Return  

Payment 

per freight 

Km to 

travel 

Mexicali – 

Tijuana 
$4,100 

180 

km 
Tijuana – 

Mexicali 
$2,100 180 km 

Mexicali – 

Mexicali 
$1,200 40 km N/A N/A 40 km  

Mexicali – 

Ensenada 
$6,100 

270 

km 
Ensenada 

– Mexicali 
$2,800 270 km 

Mexicali - 

San Luis 
$2,100 80 km 

San Luis – 

Mexicali 
$1,600 80 km 

Source: Own elaboration from data provided by the companyTransportes 
CARA. 

In Tables 4 and 5 are broken down the costs 

generated by one way and return journeys respectively. The 

cost generated by the payment to drivers is fixed per trip, as 

well as the cost generated by the toll booths. The trucks have a 

satellite tracking unit which allows review and lock speed 

limit, so the trucks are tested to spend that amount on fuel 

efficiency.  

According to company policy, if a truck exceeds that 

amount of fuel costs, it is deducted from the driver, which 

does not generate a cost to the company, so that the cost 

breakdowns remain constant, unless there is a change in the 

price of diesel or booths, which usually does not change. 

Table 4 Costs generated by one-way trips. 

Source: Own elaboration from data provided by the company Transportes 

CARA 

Table 5 Costs generated when the return trip. 

Source: Own elaboration from data provided by Transports CARA. 

The company has 9 trucks and 13 boxes with a 

weekly requirement specified in Table 6. The one-way trips 

have greater demand that return trips. In fact, return trips are 

minimal compared to one-way trips. The company believes 

that it can take all or most trips with their respective return 

could reduce costs and increase revenues. On the other hand, 

One way trip 
Cost of payment 

of driver 

Cost of charged 

diesel 

Cost of 

tollbooths 

Mexicali – 

Tijuana 
$500 $1,239.30 $310 

Mexicali – 

Mexicali 
$200 $275.40 0 

Mexicali – 

Ensenada 
$600 $1,858.95 $451 

Mexicali - San 

Luis 
$300 $550.80 $53 

Return trip 

Cost of 

payment 

driver 

Cost if 

charged 

diésel  

Cost of 

empty 

diésel 

Cost of 

tollbooths 

Tijuana – 

Mexicali 
$250 $991.44 $826.20 $310 

Mexicali – 

Mexicali 
n/a n/a n/a n/a 

Ensenada – 

Mexicali 
$300 $1,487.16 $1,239.30 $451 

San Luis – 

Mexicali 
$150 $440.64 $367.20 $53 
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it has also come to consider that if fewer local trips are made 

this could also increase gains as local trips give them fewer 

profits than other freight. 

Each one of the trucks with that the company 

accounts is limited to one trip per day to Tijuana and San 

Luis, 2 trips per day for 1 truck in Mexicali, and the trip to 

Ensenada lasts 2 days to go and come back, because the 

businesses put enough time to load and unload the boxes, 

which is a problem for the carrier, which is why it has extra 

boxes to leave the freight yard while the other trips are 

delivered, this mainly in Mexicali. 

Table 6.  Demand of journeys per week. 

Source: Own elaboration from data provided by Transportes CARA. 

IX. MATHEMATICAL MODEL FOR LOGISTICS 

By studying mathematical models according Budnick 

(2007), concerning the optimal allocation of limited resources 

of activities carried out by the company, with the use of linear 

programming, used a F.O., which is defined by the benefits to 

the company for payment of freight, simplifying it so that we 

get the total revenue per trip, which is as shown in Table 1. It 

should be taken into account that each trip to San Luis Rio 

Colorado has return, this because the plant where the journey 

is discharged, is the same load as the return to Mexicali, since 

it must return the wooden pallets that were given, along with 

the pallets accumulated in the plant. 

Table 1 Total income per trip. 

Source: Own elaboration with data provided by enterprise Transportes 

CARA. 

Table 2 Comparison of results 

 

 

          Source: Own elaboration prepared by using Solver. 

To explain Table 2, it should be taken into account 

that the column of original value is the amount of profits and 

made trips that the company has now. The column end value 

refers to optimizing the use of linear programming (LP). With 

the information obtained, it can be observed a change in the 

results currently obtained by the company and the results 

shown by the mathematical model. 

The data displayed here is not real; it is only used as 

an example to how the structure and the dynamics of the 

problem in this specific case. 

Table 2 shows the changes that must be made in 

trips, checking that the method used by the company today 

fail to give its freight optimization, especially considering that 

the trips to the naked eye are considered most profitable were 

the most were reduced, since taking 7 trips to Ensenada, it was 

decreased to 2, thus increasing local trips, which they were 

considered of minor benefits given to the company, taking the 

maximum of local trips. If it is compared the profits of 

company, it can be seen an increase of just over 10 percentage 

points in income, resulting in an increase of $ 7,527.95 pesos 

MN weekly, which raised a year, leads to an extra $ 

361,341.60 pesos utility MN 

X. FORMULATION PROBLEM PLE 

Once the problem affecting the administration was realized, 

which want to maximize the utility of the company, it can be 

proceeded to formulate the problem of LP. It has been 

determined that the F.O. Maximization of travel is defined by 

the formula: 

  ∑∑        

   

   

   

   

 

Where: 

    = Number of trips by destination and how the trip is done. 

      Earnings per trip depending on the destination and the 

way in which the journey is  made. 

        Destinations 

One way trip 
Demand of 

journeys 
Return trip 

Demand of 

journeys 

Mexicali – 

Tijuana 
28 

Tijuana – 

Mexicali 
5 

Mexicali – 

Mexicali 
30 

Mexicali – 

Mexicali 
n/a 

Mexicali – 

Ensenada 
9 

Ensenada – 

Mexicali 
2 

Mexicali – San 

Luis 
4 

San Luis – 

Mexicali 
4 

One way trip 
Income with 

one way trip 
Round trip 

Income with 

round trip 

Mexicali – 

Tijuana 
$914.50 

Tijuana – 

Mexicali 
$2,599.26 

Mexicali – 

Mexicali 
$724.60 

Mexicali – 

Mexicali 
n/a 

Mexicali – 

Ensenada 
$1,499.75 

Ensenada – 

Mexicali 
$3,751.89 

Mexicali – San 

Luis 
$776 

San Luis – 

Mexicali 
$2,152.76 
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        Travel forms 

       Total possible destinations 

      Total possible forms of travel 

Substituting the values in the F.O., this is posed as follows: 

Z (Max) =  914.5   +2599.26    +724.6 

   +1499.75   +3751.89    +2152.56     

Where the decision variables are: 

     Profit travel from Mexicali to Tijuana. 

     Profit travel from Mexicali to Tijuana to return. 

     Benefit Local Mexicali travel. 

    Profit travel from Mexicali to Ensenada. 

    Profit travel from Mexicali to Ensenada to return. 

    Profit travel from Mexicali to San Luis Rio Colorado to 

return. 

Once the F.O. is calculated it proceeds to take into account the 

restrictions that the company has, same as they have explained 

above, and at this time is presented by a formula. 

Constraint 1: Restriction trucks available a week. 

 

∑∑        

 

   

 

   

   

Where: 

a = Number of trucks needed per trip. 

k = Number of possible trips. 

Restriction 2: Restriction demand for weekly trips. 

[[      ]   
 ]   

  

Where: 

  = Demand travel 

 

Constraint 3: minimum travel restrictions that must be 

provided to customers. 

            

Restriction 4: non-negativity restriction. 

      

Restriction 5: Restriction of whole numbers 

       

 

XI. PRESENTATION OF RESULTS 

In this section the results obtained through the development of 

problem LP held in the previous section are explained. the 

model in Excel is run by using Solver and announces the 

results, explaining each one in detail, showing images of the 

results obtained, as well as the steps taken to arrive at an 

optimal solution, comparing amounts and presenting the main 

finding based on profit maximization and differences 

regarding how current work and the new form of work that 

must have the company. 

Once raised the problem, the data to an Excel 

spreadsheet, where the variables are delimited, the coefficients 

and relevant restrictions are entered, the sums product to 

provide  with the final results are formulated in order to make 

a comparison with the logistics used by the company and the 

proposed logistics that concerns in this work. Travel data used 

by the company are entered, to obtain the information of 

profits that the company gets for the trips made in the week 

with their current working model (Figure 1). 

Figure 1 Gain on trips made by the company normally 

Source: Own elaboration, compiled from data provided by the company 

Transportes CARA 

XII. USING THE MATHEMATICAL MODEL 

To solve the problem of LP, using Solver, which gives the 

results to the optimization of travel to be performed, and 

shows maximizing profits that would result from the use of 

this program (Figure 2) is used.  

By formulating a product sum in Excel boxes the 

Solver software searches using additions and multiplications 

in question of seconds, which gives the best results for each 

trip. Although it would become more complex, this method 

allows entering a lot of variables and constraints, allowing 

flexibility when framing an LP problem.  

The mathematical analysis that has been raised in this 

research can be applied to different areas of the transport 

sector. These models are very important for the evolution and 

growth of SMEs. To determine the analytical data, it was 

preceded to the use of linear programming, by presenting the 
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different variables and constraints used by SMEs Transportes 

CARA, which provided the data for the logistics problem. 

 

Figure 2 LP solution using Solver in Excel. 

Source: Own elaboration from data provided by the company Transportes 

CARA  

This was done in order to schedule trips to different 

destinations demanded by companies to whom are providing 

the service of freight, so that could maximize the benefits of 

the carrier. In order to do research the different criteria that 

provide a more complex use of LP in transport logistics, but 

even so, the results were defined, positive changes for the 

company in question were achieved. 

XIII. CONCLUSIONS AND RECOMMENDATIONS 

Logistics is the most important industry in the field of motor 

carrier cargo area, as through it is provided sustained growth 

due to developing efficient strategies. Transportes CARA has 

seen the need to optimize its logistics for the increase in 

profits. Once achieve this, it can manage and distribute travel 

to be performed in an efficient manner. 

It is extremely important innovation in the methods 

that are commonly used in an SME. It could choose to 

outsource companies that specialize in this type of logistics, 

but this would increase their costs. So that the best option 

would be to train its employees and that they can carry out 

this work, because eventually the company needs to have a 

logistics officer toiling in it, so do not waste time when 

making decisions. 

Using linear programming (LP), an increase in 

company profits is observed, and is a feasible option to use for 

Transportes CARA and also for other companies with similar 

situations. Entrenched routines in the agents, they select 

strategies, which are not optimal for the company, resulting in 

costs and misuse of information. These routines may change 

through appropriate explanation of the importance of change 

and comprehensive training and feedback from owners and 

experts in the field. Although it is clear that logistics is an area 

to exploit in the company, the change will not be easy. The 

stigma of old routines prevail for a while until adaptation is 

achieved. 

The agency theory provides the why? To the main 

problems suffered when making a change in organizations. It 

indicates the main factors which are given pro and allows 

analyzing business problems from a humanitarian perspective. 

Understanding that employees refuse to comply with the 

changes, allows owners or managers to find a method to reach 

the evolution of the company. Here lies the importance of 

having employees who are interested in the welfare of the 

organization, because if the company grows, they will get 

more benefits. 

With this change in the model of logistics 

management, not only Transportes CARA, but different SME 

sectors can obtain benefits, which would positively influence 

the national GDP. These findings allow to ask What if SMEs 

in the trucking industry they had support from the government 

in the logistics of their businesses by LP? 
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Dr. Hlaing Htake Khaung Tin 

 Research and Development Department, University of Computer Studies, Yangon, Myanmar 
 

 

Abstract. The Palmistry with the meaning of palm reading 

or hand prediction is to learn a person’s personalities, 

fortune and future by analysing his/her hands. It is also 

called Chiromancy. In fact, palmistry not only refers to the 

reading of one’s hand or palm, it also includes the reading 

of arm, finger and fingernail. This system presents an 

application of digital image processing which can be useful 

in palmistry domain to predict character of people or their 

future life. Palmistry prediction system is developed based 

on edge detection and recognition. Morphological 

operation is also applied in this developed system. The 

system applies canny edge detection algorithm on the input 

images to identify certain features in the image and extract 

principal lines from image of human palm. The major line 

patterns in palmistry are summarized to become the 

models for fortune telling through palm reading. By using 

knowledge base of palmistry, it matches certain features in 

images and shows the predictions. 

Keywords: palm print, prediction, canny edge detection, 

hough transform, palmistry prediction 

I. INTRODUCTİON 

he palmistry has its roots in Indian, Chinese astrology as 

well as Roma fortune-telling. From the ancient remaining 

record of the frescoes in ruins of India and words passed down 

from Brahmanism, we can find palmistry was very popular in 

India at that time. In China, palmistry also has a long history. 

Since the Zhou Dynasty which is about three thousand years 

ago, it has been prevailed. The first comparatively complete and 

systematic palmistry work in China appeared in Western Han 

Dynasty (202 BC - 9 AD) which was written by Xu Fu.  

Today, people attempt to use Palmistry to learn about their 

current life and what may be in their future. The human palm 

best reveals the story of the human life in the past, present and 

future. Many ancient civilizations study mankind through the 

hands: their shape, their texture, and the lines within them. By 

reading one’s palm line, hand shape and size, finger length and 

flexibility, fingernail…, we can predict his character traits, 

health, wealth, wisdom, career, marriage and many more 

aspects. 

 Palmistry is a science which observes human palm by 

different aspects and derives conclusions about nature of the 

person. Palmistry is used to help give people direction in life 

and to shed light on personal issues like health, finances and 

family. A palmist can tell you about yourself in order to help 

you take control of your future.  

The digital computer can perceive the image from various 

peripheral devices and analyse it. The techniques used to 

provide perception to digital computer are called image 

processing. Instead of traditional face-to-face palm reading, this 

palmistry prediction system is where the users submit their hand 

images and get the predictions immediately. Palm detection is 

also applied in different areas like personal identification and 

authentication, Gesture Recognition, etc.  

This system aims to study the image processing 

technologies, especially canny edge detection algorithm and to 

learn characteristic of palm print. Palm print is one of the 

relatively new physiological biometrics due to its stable and 

unique characteristics. The rich texture information of palm 

print offers one of the powerful means in personal identification 

and verification. 

 

 
Fig. 1. Definitions of palm lines and regions from scientists 

 

Biometric palm print recognizes a person based on the 

principal lines, wrinkles and ridges on the surface of the palm. 

These line structures are stable and remain unchanged 

throughout the life of an individual. The inner surface of the 

normally contains three flexion creases, secondary creases and 

ridges. The flexion creases are also called principal lines and 

secondary creases are called wrinkles. The flexion and the 

major secondary creases are formed between the 3rd and 5th 

T 
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months of pregnancy [2] and superficial lines appear after we 

born. Although the three major flexions are genetically 

dependent, most of other creases are not [3]. Even identical 

twins have different palm prints. These non-genetically 

deterministic and complex patterns are very useful in personal 

identification. 

Human beings were interested in palm lines for fortune 

telling long time ago. Scientists know that palm lines are 

associated with some genetic diseases including Down 

syndrome, Aarskog syndrome, Cohen syndrome and fetal 

alcohol syndrome [4]. Scientists and fortunetellers name the 

lines and regions in palm differently shown in Fig.1 [5].  

The rest of the paper is organized as follows: Section II 

describes major palm print lines and the proposed system is 

shown in Section III. Finally, the conclusions are presented in 

Section IV. 

II.  MAJOR PALMPRINT LINES 

There may be breaks in them or they may be short, but at 

least three of them are there. (1) The heart line, (2) The head 

line, and (3) The life line. Figure 2 shows the palm print features 

of the lines. 

2.1  Heart Line  

The heart line, also known as the love line or mensal line, 

gives an indication about a person’s emotional state and their 

emotional and physical relationships with others. It can also be 

looked at as a predictor of the health of the heart. This line is 

located above the head line and life line. It starts either under 

the index finger or middle finger, and extends toward the pinky 

finger. 

2.2    The Head Line 

The head line, also known as the wisdom line (considered 

one of the most important lines in Chinese palmistry), revels 

mental and psychological makeup and intellectual development 

and intuitive abilities. This line begins just above the life line, 

between the thumb and the index finger and runs across the 

palm toward the other edge of the palm horizontally. 

Sometimes the head line begins directly on the life line and 

extends out from there. This means that you have a strong will- 

mind over matter. Forked lines are sometimes called the 

writer’s fork or the lawyer’s fork. 

2.3    The Life Line 

The line on the palm that people are most curious about is 

the life line. This line begins between the index finger and the 

thumb and continues downward toward the base of the thumb 

and the connection to the wrist. A common misconception 

about the life line is that it reveals how long you will live or 

when you will die. It does however; reveal information about 

the encounters in your life, relationships with others, health and 

physical and emotional well-being. 

 

Fig. 2. Palm print features (heart line, head line, life line) 

III. PROPOSED SYSTEM  

This system is predicted by reading primary lines of palm 

image. The administrator constructs the palmistry prediction 

model by linking prediction with standard shapes of primary 

palm lines. Figure 3 shows the overall system flow diagram of 

the system. 

 

Fig. 3. The system flow diagram of the future prediction by palm print 

recognition 

The user needs to upload the capture image of their palm 

and upload to the system. This system is converted the uploaded 

colour image to gray scale colour image and detect the primary 

lines of the palm image. Then, detected primary lines of the 

palm image are extracting and measure the angle, length, and 

slope of the primary lines.  

The principal lines detection stage using the Canny Edge 

detection algorithm and the feature extraction using 

Morphological operation. The measuring lines using Hough 

transform algorithm. The advantage of the Hough transform is 

that the pixels lying on one line need not all be contiguous. This 

can be very useful when trying to detect lines with short breaks 

in them due to noise, or when objects are partially occluded. 
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The Hough transform is an algorithm to detect objects in an 

image. Classical Hough transform can locate regular curves like 

straight lines, circles, parabolas, ellipses, etc. Generalized 

Hough transform can be used where a simple analytic 

description of feature is not possible. In many cases an edge 

detector can be used as a pre-processing stage to obtain image 

points or image pixels that are on the desired curve in the image 

space. 

The linear Hough transform algorithm uses a two- 

dimensional array, called an accumulator, to detect the 

existence of a line. The purpose of the technique is to find 

imperfect instances of objects within a certain class of shapes 

by a voting procedure. Hough transform algorithm uses the 

normal form where each line is represented by a distance r (the 

distance between the closest points of the line to the origin) and 

angle Θ (angle between the normal vector from the closest point 

of the line to the origin and the x-axis). In the processing steps; 

Step1: Interpret the heart line.  

This line can be read in either direction (from the pinkie 

finger to the index finger or vice versa) depending on the 

tradition being followed. It's believed to indicate emotional 

stability, romantic perspectives, depression, and cardiac health. 

The basic interpretations are as follows: 

Table 1. Description of the heart line 

 

Type Description 
Heart line 

 

Begins below the 

index finger 

content with love 

life 

 

Begins below the 

middle finger 

selfish when it 

comes to love 

 

Begins in the middle falls in love easily 

 

Straight and short 
less interest in 

romance 

 

Touches life line heart broken easily 

 

Long and curvy 

freely expresses 

emotions and 

feelings 
 

Straight and parallel 

to the head line 

good handle on 

emotions 

 

Wavy 

many relationships 

and lovers, absence 

of serious 

relationships 
 

Circle on the line 
sadness or 

depression 

 

Broken line emotional trauma 

 

Smaller lines 

crossing through 

heart line 

emotional trauma 

 

 

Step2: Examine the head line.  

This represents a person's learning style, communication 

approach, intellectualism, and thirst for knowledge. A curved 

line is associated with creativity and spontaneity, while a 

straight line is linked with practicality and a structured approach. 

The basic interpretations are as follows: 

Table 2. Description of the head line 

 

Type Description 
Head Line 

 

Short line 

prefers physical 

achievements over 

mental ones 

 

Curved, sloping 

line 
creativity 

 

Separated from 

life line 

adventure, 

enthusiasm for life 

 

Wavy line short attention span 

 

Deep, long line 
thinking is clear and 

focused 

 

Straight line thinks realistically 

 

http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms
http://www.wikihow.com/Read-Palms


3rd International Conference on Multidisciplinary Research & Practice               P a g e  | 12 

 

Volume IV Issue I                               IJRSI                               ISSN 2321-2705 

Donuts or cross in 

head line 
emotional crisis 

 

Broken head line 
inconsistencies in 

thought 

 

Multiple crosses 

through head line 

momentous 

decisions 

 

 

Step 3: Evaluate the life line.  

This begins near the thumb and travels in an arc towards 

the wrist. It reflects physical health, general well being, and 

major life changes (for example, cataclysmic events, physical 

injuries, and relocation). Its length is not associated with length 

of life. The basic interpretations are as follows: 

 

Table 3. Description of the life line 

 
Type Description Life Line 

 

Runs close to 

thumb 

often tired 

 

Curvy plenty of energy 

 

Long, deep vitality 

 

Short and 

shallow 

manipulated by others 

 

Swoops around 

in a semicircle 

strength and enthusiasm 

 

Straight and 

close to the 

edge of the 

palm 

cautious when it comes 

to relationships 

 

Multiple life 

lines 

extra vitality 

 

Circle in line 

indicates 

hospitalized or injured 

 

Break sudden change in 

lifestyle 

 

 

Finally, the system matches the extracted lines with 

palmistry prediction model and show the matched prediction 

result to the user. 

IV. CONCLUSIONS 

This efficient system is extracted the principle lines from 

human palm using Canny edge detection algorithm. Using the 

palmistry concepts, the system is designed which produces the 

predictions that may occur to the human being in the future. The 

Canny algorithm is adaptable to various environments. Its 

parameters allow it to be tailored to recognition of edges of 

differing characteristics depending on the particular 

requirements of a given implementation. Prediction on other 

lines and special symbols from the rest of the palm is future 

work. 
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Abstract-Selective Maintenance is an effective maintenance 

strategy that can produce excellent results for army tanks that 

get small maintenance breaks during missions. However, in 

order to reduce time for analysis, the criticality of spare parts 

must be considered. The analysis must also consider the 

environmental and usage effects while setting target desired 

reliability. This paper proposes methodologies for classification 

of spare parts and target reliability allocations in different 

environmental and usage conditions.   

Keywords: Army, Selective Maintenance, Spare Parts, Operating 

Conditions Criticality 

I. INTRODUCTION 

odern world is faced with numerous conflicts. As the 

world population increases, the fight for limited 

resources like oil and water is going to get even worse. There 

are increasing numbers of threats that are compelling the 

nations to maintain and modernize their armies. International 

terrorism and regional conflicts are forcing the armies to 

acquire greater number of weapon systems and spend 

increasingly larger amounts of money in maintaining them. 

On the other hand, the armed forces are under constant 

pressure to reduce unnecessary waste and decrease costs 

(Tatham & Worrell 2010). The armies are confronted with the 

pressure to ensure efficiency while, at the same time, taking 

into consideration the pressure to ensure operational 

effectiveness (Essig et al. 2010). 

The army equipment is typically used for training exercises or 

missions for short durations. The intervening periods are used 

for normal daily running of the tanks. When the tanks are 

being operationally employed, the exploitation is in short time 

windows followed by short breaks for maintenance. These 

maintenance breaks often present themselves without 

warning. These breaks between successive missions provide 

an opportunity to perform maintenance on the component(s) 

of the system. The actual maintenance carried out on the 

equipment is often a mix of CM, TBM and CBM. 

Furthermore, it may not be possible to perform all desirable 

maintenance activities before start of the next mission due to 

limitation of maintenance resources like time, budget and 

repairman availability etc. In such cases, a subset of 

maintenance activities is chosen to ensure that the subsequent 

mission is successfully completed. This maintenance policy is 

called „selective maintenance‟ (Pandey et al. 2013). 

Any analysis for selective maintenance has to be conducted 

with desired target reliability in mind. The criticality of the 

spare parts that are used for maintenance will have an impact 

on the target reliability of the system; in this case, a tank. In 

addition, the operating environment and the typicality of 

usage by the operator have a large impact on the overall 

reliability of the equipment. These factors must be considered 

before any fruitful and accurate analysis can be done for 

selection of maintenance tasks during short maintenance 

opportunities that present themselves during a mission.  

This paper proposes a methodology to classify the spare parts 

of the tanks based on their criticality. A novel method of 

three-axis criteria has been suggested in Section 2. The paper 

then presents a method for target reliability allocation for non-

critical components in Section 3. Section 4 of the paper is 

dedicated towards dealing with effects of environmental 

conditions on the reliability of the equipment. In Section 5 of 

the paper, the effects of operator usage on the tank reliability 

have been discussed. The results of the paper have been 

presented in Section 6 of the paper. The paper is concluded in 

Section 7 with possible future directions for research in this 

field.  

II. SEGREGATION OF SPARE PARTS BASED ON 

CRITICALITY 

The spare parts in the tank can be divided as being critical and 

non-critical. This classification can help in a number of ways. 

As the non-critical spare parts can be dealt separately, the 

efforts and expenditure during the maintenance window can 

be focussed on tackling the failures of the critical spare parts. 

This will largely decrease the man-hours required to carry out 

maintenance, especially when there is limited time available 

before/during the mission. Sorting out the non-critical 

components will also decrease the computational time and 

resources required for carrying out the analysis for selective 

maintenance in the window of opportunity.  

The criticality of the spare part depends on various criteria. 

There are a number of spare parts which affect the tank, but 

not enough to render it unserviceable. It was felt necessary to 

M 
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devise a methodology for classification of the spare parts. The 

methodology involved differentiating the spare parts based on 

the severity of the failure and also the effort required to 

replace it. This differentiation was to be made based on the 

role of the tank.  

In any mission that the army undertakes in desert/semi desert 

and plains, tank is an important constituent of the fighting 

force. The tanks have been increasingly used in urban warfare 

too. The tanks provide a lethal combination of firepower, 

mobility and protection to the own troops. Most missions 

require tanks for softening of the target, manoeuvring the 

enemy into the killing zones as well as domination of the 

areas. Based on the strategic and tactical employment of the 

tanks, their roles are classified in table 1. The rankings are 

done on 1-5 scale with 5 denoting most vital role of the tank 

in fulfilling the objectives of the mission.              

Table 1: Classification of role of tanks 

Rank 
order 

Criteria 

5 
Tank`s role is highly important for mission objective to be 

achieved 

4 
Tank`s role is of medium importance for mission objective to 

be achieved 

3 Tank`s role is important for mission objective to be achieved 

2 
Tank`s role is required but not for mission objective to be 

achieved 

1 Tank`s role is not required for mission objective 

The tanks are versatile machines that have various types of 

roles in the battlefield. The role can vary from tank-to-tank 

battle, shock action, infantry carrying, delivery of firepower, 

act as pill box, etc. The main four facets of a tank that are 

utilised for performing any role are as given below. 

 Firepower 

 Mobility 

 Protection 

 Communication 

The severity of failure can be defined in terms of incapability 

of the tank to perform its intended role due to the failure of the 

part/sub assembly. Certain roles like tank-to tank battle will 

require the tank to be in top condition on all of the four facets 

mentioned above. Any failure that results in diminishing of 

the tanks capability in any of the four facets will greatly 

reduce the chances of survival of that tank. On the other hand, 

the task of carrying the infantry can be fulfilled without the 

firepower or the communication facets working. Based on 

these facets, the failure severity can be classified as given in 

table 2. The failure severity is classified from rank order 1-5. 

Failure severity 4 denotes the component whose failure causes 

the tank capable of performing only a fairly simple task 

utilizing just one of the four facets. In other words, in case a 

failure occurs which renders the tank immobile and unable to 

fire, it can still be used for observation and relay of 

information through the still functional communication 

system. The failure severity is regarded high as the tank is 

incapable of performing majority of the tasks that it is 

expected to carry out in a battle. On the same lines, the tank is 

fully functional when all components are working optimally. 

A small failure, say of the stabilization of the gun during 

move, will render it incapable of firing on the move and 

diminish its firepower. The tank will still be able to perform a 

large number of tasks that involve moving, communicating, 

firing while being stationary, etc. Such a failure can be 

classified having a severity of 2.                                                          

Table 2: Failure Severity 

Rank  Criteria 

5 Incapable of performing any role 

4 Capable of performing only those roles that require only one 

of the facets working 

3 Capable of performing roles that require two of the four 

facets working  

2 Capable of performing roles that require three of the four 

facets working properly 

1 Capable of performing roles that require all four facets i.e., 
firepower, mobility, protection and communication 

The classification of the spare parts based on these two 

criteria i.e., Role of the Tank and Severity of Failure is 

represented in figure 1. The colour coding determines the risk 

associated of the failure as determined by the commander 

planning the mission. During the process the criticality is 

determined and annotated in the appropriate box as a point 

estimate.  

 

Figure 1: Criticality Risk Index 

Each of the spare part fitted in the tank poses different 

problems to the mechanic who is trying to replace it. There 

are certain spare parts that are easily replaceable, while there 

are others that require more time and effort to replace. Some 

of the spare parts can easily by removed using the basic tools 

of the mechanic, while there are others that require special 
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skills as well as tools to remove them. Various categorizations 

of the spare parts based on the „Ease of Replacement‟ criteria 

are given in table 3. The spare parts ranked 1 on this criterion 

are the easiest to replace whereas those ranked 5 take most 

amount of time, effort and skill. 

Table 3: Ease of Replacement 

Rank 
order 

Criteria 

5 
Requires Special Tool for repair /replacement and takes more 

than X hrs 

4 
Requires more than X hrs for repair/replacement without 

Special Tools 

3 
Requires Special Tools for repair/replacement but takes less 

than X hrs 

2 
Repair/replacement takes less than X hrs without Special 

Tools 

1 Takes Y hrs without Special Tools 

A Hazard Risk Criteria has been developed that considers the 

three criteria that have been explained earlier. In order to 

further elaborate the classification methodology, an example 

is given below. In the example, the role of the tank has been 

considered as vital (rank 5). The critical and non- critical 

spare parts are segregated based on their ranking on the three 

criteria in table 4. As the data deals with tanks of the army, for 

the sake of confidentiality, the names of the assemblies have 

been masked. Total of 2 sub system level assemblies have 

qualified as non-critical.  

Table 4: Criticality based on three criteria  

Sub 

System 
Role of Tank 

Severity of 

failure 

Ease of 

Replace

ment 

Criticality 

A 5 5 5 C 

B 5 4 4 C 

C 5 2 2 NC 

D 5 2 2 NC 

E 5 4 2 C 

F 5 3 3 C 

G 5 3 4 C 

H 5 2 4 C 

J 5 4 4 C 

K 5 3 2 C 

For example the assembly C is rated non-critical. The tank 

role is considered vital, hence the ranking 5 is allotted to role 

of the tank. The failure of assembly C will render the Tank to 

perform roles that require three of the four facets working 

properly and hence is ranked 2 on „severity of failure‟ 

criterion. The resulting in-conclusiveness about the 

classification of the spare part C can be resolved with the help 

of third criterion, i.e., „ease of replacement‟. Since the 

replacement of the assembly requires less time than the time 

stipulated as X and doesn‟t require special tools for it, it is 

classified as non-critical for mission. Similarly, assembly H 

has the same ratings of „tank role‟ and „severity of failure‟ but 

is still classified as critical due to the higher time required for 

replacement which will render the tank unavailable for the 

mission. 

The classification of the tank parts as critical and non-critical 

is a dynamic process that will change as per the role of the 

tank in a given scenario. This classification will improve the 

process of selective maintenance as the non-critical 

components are segregated using this methodology. The 

selective maintenance analysis will require lesser time. In 

addition, as the maintenance teams have to focus only on the 

critical components, the repair will take lesser amount of time 

and effort. 

III. TARGET RELIABILITY ALLOCATION FOR NON-

CRITICAL COMPONENTS 

The overall plan of the Operational Commander dictates the 

mission reliability. This mission reliability cannot be 

compromised and is required to be achieved at all cost. It is 

appreciated that since all participating equipment needs to 

fulfil this mission reliability, the target reliability for the Tank 

as a system should be greater than or equal to the mission 

reliability given by the Commander. 

One of the purposes of system reliability analysis is to identify 

the weakness in a system and quantify the impact of 

component failures. The reliability importance is used for this 

purpose. These importance measures provide a numerical rank 

to determine which components are more important to system 

reliability improvement or more critical to system failure. The 

critical risk index in Figure 1 allows identifying such critical 

system in Tank. The sub systems should be allocated 

reliability based on their criticality for the role. 

Since the critical components need to perform during the 

duration of the operation for the system to perform, they are 

allotted the same or higher reliability which has been allotted 

to the mission by the Commander. However, the reliability of 

the non-critical components can be much lower than that of 

the critical components. Keeping the mission reliability of the 

non-critical components higher than what is required will 

increase the effort, time and cost required to replace them 

which may not even be necessary if their target reliabilities 

are optimized. Non critical system reliability has been 

optimized using the framework described ahead. The 

participation of the Tank as a system in a mission and to 

perform its intended role without any delay or loss of 

efficiency in the given operational profile is the mission 

reliability of the Tank. Therefore the objective function for 

reliability allocation has been built considering cost not in 

terms of money but as a “penalty cost” due to delay during 
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breakdowns and subsequent maintenance actions on those 

breakdowns. 

Minimize cost    ∑   
   
                 …… (1) 

s.t. 

Rs ≥ Rm                                                                       …… (2) 

Where  

Rs= system reliability  

Rm = mission reliability 

Cj is the cost of breakdown of the j
th 

item 

Let the age of i
th

 component determined from simulation 

be Ai 

   
 
 (

    
  

)
  

 
 (

  
  

)
  

                                ……… (3) 

T is the mission duration, η and β being the parameters 

of the Weibull distribution. 

Now since the critical components are allotted the same 

reliability as the mission reliability  

   *∏    + *∏    + 
   
   

 
                    … (4) 

i=1, 2, 3….N 

j= number of critical components  

      N=Number of components in the system 

     N-j = Number of non-critical components in the system 

 Rc  is the reliability of critical components 

 Rnc is the reliability of the non-critical components  

     Cost Function Cj is given as under  

     

(   ).     /

                                 ……… (5) 

f= penalty due to ranking as per ease of replacement criteria 

lb = present level of reliability (lower bound), say 0.1 

ub= highest value of reliability for non-critical sub 

system(upper bound) 

The value of f has been assigned between 0.2-0.9 based on the 

ranking in the „ease of replacement‟ criteria and is given in 

table 5. As the factor (1-f) has been used in the equation, the 

target reliability of the parts that are more difficult to replace 

will be higher than those which have low ranking in the ease 

of replacement criteria.  

Table 5: Value of f based on ease of replacement of the part  

 

S.no 
Rank in the „Ease of Replacement‟ 

criteria 
Value of f 

1 Rank 5 0.2 

2 Rank 4 0.4 

3 Rank3 0.6 

4 Rank2 0.8 

5 Rank1 0.9 

The optimisation is carried out using genetic algorithm and 

the code has been written in MATLAB. The value of Rj is 

calculated through the algorithm. The target reliability for the 

non-critical components is lower than that of the mission 

reliability or critical component reliability. Lower reliability 

levels for non-critical components will further help in 

focusing more on those parts that are critical. This again will 

release the pressure not only on the computational resources 

but also the maintenance teams. Lesser time, effort and money 

will be utilized as the resources are focused on the critical 

parts only. 

IV. EFFECT OF OPERATING CONDITIONS ON THE 

EQUIPMENT 

Failure rates of mechanical components are not usually 

described by a constant failure rate distribution because of 

wear, fatigue and other stress related failure mechanism 

resulting in equipment degradation. Mechanical equipment 

reliability is more sensitive to loading, operating mode and 

utilization rate than electronic equipment reliability. Many life 

limiting failure modes such as corrosion, erosion, creep and 

fatigue operate on the component at the same time and have a 

synergised effect on reliability. Also the loading on the 

component may be static, cyclic or dynamic at different points 

during the lifecycle and the severity of loading may also be a 

variable. 

Predicting the reliability of mechanical equipment requires the 

consideration of its exposure to the environment and 

subjection to a wide range of stress level (Centre, 1998). 

Tanks in Army are stationed in peace locations in garage. 

They may be required to operate during training exercise or 

actual missions in different climatic environment than the 

peace location environment. Also the task allotted to a Tank 

may vary during the conduct of the actual missions.  

The current age of the components is found out before 

entering the mission. Since the equipment is going to operate 

in different environment, its equivalent age will be calculated 

for the new environment by using the inverse function as 

given below. It must be kept in mind that high ambient 

temperature range (0
0
-50

0
 Celsius) and contamination of oil, 

fuel and air due to sand/dust are major contributory factors 

that cause failures in tanks when they operate in deserts. 

 Current Age Ai  (   ) ,     (  )-
(
 

  
)
                       (6) 
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 (   )  
  

       
                             (7) 

Where, ct and cc are the correction factors due to 

temperature and contamination.  

In table 6, a sample list of components with the correction 

factors due to temperature and contamination is given. 

These are used to calculate the value of effective ηeff. It may 

be noted that certain components are not affected by either 

or both the temperature and contamination; and hence no 

correction values are allotted to them. 

Table 6: Corrected ηeff values due to Operating in Desert 

Component Cc Ct ɳ 
ɳ𝒆𝒇𝒇= 

ɳi/(cc*ct) 
β 

Crank Case - 1 13496 13496 3.88 

Starter Motor 1.25 - 8747 6997 2.83 

Fuel Pump 
Assembly 

1.5 1 8199 5466 3.62 

Nozzle 1.5 - 9634 6423 3.45 

Crank Shaft 1 1 9932 9932 2.188 

Cylinder Head 1.25 1 9331 7465 2.42 

FMA 1 - 13496 13496 3.88 

BP Kit 1 - 8333 8333 1.98 

CAM Shaft 1 1.3 28851 20983 1.79 

 

   
 
 (

    
 (   ) 

)

  

 
 (

  
 (   ) 

)

  
                             ……… (8) 

V. EFFECT OF OPERATOR USAGE ON THE 

EQUIPMENT 

Military operations are most dynamic in nature. This causes 

variable load on the equipment. For example, a Tank engine 

during actual mission will run in variable speeds including 

idling speeds due to the dynamic nature of the battlefield. 

This will have an effect on the ageing of engine with 

variable rate. Therefore it becomes essential to incorporate 

this variability of operation into our calculations. This can 

give us the indication of the proportion in which the engine 

will operate in different operational profiles. Since this is 

highly unpredictable due to fluidic nature of missions, user 

judgement will be most appropriate to figure out the most 

likely deployment of the Tank in a particular profile. 

The mission profile can be modelled as continuous time 

Markov chain where the state of the Tank at any given time 

will only depend on its previous state. The various states of 

a tank during a mission are listed in table 7. 

Table 7: States of a Tank in a Mission 

 

State No. State 

1 Tank Off 

2 Tank Static Engine Running 

3 Tank Marching in Lower Gear 

4 Tank Marching in Higher Gear 

During a mission, tank moving from one state to other is a 

Markov process and time spent in a particular state is 

independent of time spent in the previous state. Due to its 

memory-less property, the time spent in a state is 

exponentially distributed at a given rate; as and when the 

tank jumps from one state to other its characteristic life 

changes due to that state, and its virtual life is different from 

its actual life. The rate matrix Ri,j(t) is given in table 8. 

Table 8: Rate Matrix 

States 1 2 3 4 

1 0 r12 r13 0 

2 r21 0 r23 0 

3 r31 r32 0 r34 

4 r41 r42 r43 0 

Jump probabilities that are not likely to happen have been 

assigned a value of 0. For example, as it is not possible to 

jump from OFF or Static state to higher gear, the values of 

r14 and r24 are kept as 0. 

Mean Time spent in transition states 

  Wi= [   ,  ,  ,  ]            (9) 

  Pi,j(t)=P(X1=j|X0=i)= 
    

  
      (10) 

      = Σ                                  ……… (11) 

Where                   
 

  
                            ……… (12) 

Pi,j(t) are the jump probability from state i to state j, 

jump probability from state i to i is zero. 

   = is the rate at which Continuous time Markov Chain 

jumps from the state. 

The values of time spent in each of the states have been 

arrived at through expert judgment. These values are used to 

calculate the rate of jump and are listed in table 9. 

Table 9: Expected times in each state and rate of jump 

during a mission 

Time in each state wi Rate of Jump ri = 1/ wi 

w1 0.16667 hrs r1 6 

w2 0.4 hrs r2 2.5 

w3 0.3 hrs r3 3.33 

w4 0.0933 hrs r4 11 
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The corrections in the value of η due to usage of the tank in 

various states can be calculated from the equations given 

below. 

 ( ) = Correction factor due to Static Running *  (   )  

 (  )  = Correction factor due to Lower Gear Running 

* (   )  

 (  ) = Correction factor due to Higher Gear Running 

*  (   )  

Where 

ɳeff is the corrected value of base parameter in desert 

environment 

ɳs is the parameter due to static run 

 (  )  is the parameter due to running in lower gear 

 (  )  is the parameter due to running in higher gear 

Simulation is carried out using State Transition simulation 

in MATLAB. Uniform random number is generated 

X€{1,2,3,4} to generate the State. The sojourn time is 

generated from the exponential distribution using inverse 

function. The mean time Wi is estimated using the expert 

judgment method due to unavailability of such data with the 

military. It is also found the experts were found limiting in 

estimating the rate of transition from one state to other. Due 

to paucity of such data equal jump probabilities are assumed 

for simulation purpose. The values of correction factors due 

to operating in different states like static, lower gear and 

higher gear has been assumed after deliberate discussion 

with the various experts from the field. The correction 

factors are given in table 10. 

Table 10: Correction factors due to states of tank 

STATE Correction Factor of State 

OFF State 1 

Static State 1.571 

Lower Gear State 0.643 

Upper Gear State 1.072 

VI. RESULTS AND DISCUSSION 

Corrections due to Usage in Desert 

Consider the example of cam shaft component of the engine 

assembly. After the selective maintenance step the current 

age of cam shaft is zero. The component is required to 

perform for 100 hrs in its base environment and 

subsequently for 300 hrs in desert environment. 

The various parameters are as given in table 6 and 

enumerated below  

 η in base environment=28851hrs  

  η in desert environment = 20983hrs  

β =1.79  

Reliability for next 100 hrs of operation in base environment 

i.e. plains is given by the conditional reliability (Equation 3) 

R (100|0)    = 
 
 (

     
     )

    

 
 (

 
     )

    
    =    0.99996 

Equivalent age (Equation 1) = 20983*[-ln (.99996)]
(1/1.79) 

= 

72.7hr 

This means that the tank would age only 72.7 hrs while 

actually completing a 100 hr run in the base environment.  

Corrections due to Usage in various states 

Thereafter the Tank is deployed in a mission and is expected 

to carry out tactical maneuvers which entail the engine to 

run in different STATES. 

The time spent in the corresponding STATE is 

exponentially distributed with the corresponding rate as 

given in table 9 which is generated in MATLAB by 

command exprnd(ri). The STATE in which the Tank will be, 

is a random variable, at any given time which is simulated 

by randi(4) command in MATLAB. The integers are 

mapped with a particular STATE as given, for example 

integer 1 corresponds to STATE 1 and likewise. 

Say the command randi (4) generates the value of 1, that 

means the tank is in OFF STATE. The time which it spends 

in this particular state is generated from exprnd(6) as 6 is the 

value of ri in Off state from table 9. One such value is 

0.5937 which means that the tank will remain in this state 

for 0.5937 hrs.  

Now in STATE 1 reliability is given by equation 3 

R (72.7|0.5937) =
 
 (

           
     )    

 
 (

      
     )

    
  = 0.99996 

Say now the STATE changes to Static STATE. Therefore 

the equivalent age in new STATE is given by equation 1 

Equivalent age = 20983*1.571*[-ln (.99996)]
(1/1.79) 

= 115.10 

hrs 

Total time in the mission is 100 + 0.5937=100.6 hrs. In 

other words, the tank has actually run a total of 100.6 hrs 

but the virtual age of the cam shaft is 115.10 hrs. The steps 

in above paragraph are repeated till the time total mission 

duration of 400 hrs (actual running of tank) as required in 

the scenario is achieved. The simulation was done for 10000 

iterations.  

The comparative summary of the result is tabulated in table 

11. Column 2 gives the reliability derived from method 

which is currently in practice i.e. by switching 'ON' and 

testing the sub systems. It is evident that the value in 

Column 2 is far less than the target reliability. Selective 

maintenance approach enables the system to bring up its 
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reliability in a cost effective manner which is given in 

Column 3 and system is ready meeting the target reliability. 

This column indicates that by applying selective 

maintenance approach without adding corrections for use in 

desert and doing the tactical manoeuvres, the reliability of 

the component will remain at this level after 400 hrs of 

operation. However, results in Column 4 indicate that the 

equipment reliability is going to be lesser than as expected 

from column 3 when it completes its mission with the 

tactical setting in the deserts. 

Table 11: Summary of the Results 

1 2 3 4 

Tank 

Exploitation 

Current 

reliability of 

sub system 

(camshaft)  at 

T=0 

Reliability of 

camshaft after 

applying 

selective 

maintenance 

Reliability of 

camshaft with 

usage factor for 

desert operation 

at T=400hr 

100 hrs in 

plains followed 
by 300 hrs 

operation in 

desert 

0.32078791 0.80943436 0.7765±0.0324 

This exercise indicates that it is necessary to cater for 

adverse environmental conditions and usage while selecting 

the target reliability before selective maintenance. These 

added considerations will make the selective maintenance 

intervention more realistic and closer to the actual situation 

on the ground. 

VII. CONCLUSION 

Selective Maintenance tasks on army equipment are an 

important activity that has a large impact on the reliability 

of the tanks. The limited time window available between the 

missions must be judiciously utilized in order to achieve the 

target reliability as well as success in the mission. This 

paper presents a methodology to optimize the selective 

maintenance tasks. 
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Abstract—one of the key drivers for a firm is the Innovation 

skills of the people in such firms. Hence, any firm planning to be 

innovative, has to ensure the employees of that firm have 

innovative capabilities. The current literature is more focused on 

the processes of innovation than on the individual innovator’s 

skills of such an innovator. This paper proposes a way to list the 

skills of an Innovator. A web-based questionnaire on Innovator 

skills was administered to a set of innovators and managers of 

innovators who are directly involved with innovation or 

management of innovation across diverse industry verticals 

including Information technology, Consumer products, 

Industrial, Automotive, Aerospace, Mobility, Internet of Things, 

Academia, Policy making, Medical, Start-up, Banking, Retail 

and Energy.  These innovator skills have been classified as 

Primary Skills and Secondary Skills. From these two sets of 

skills, respondents were asked to rank the most important skills 

by Innovators and Managers of Innovators, separately. Further 

these ranking of skills were compared between Innovators and 

Mangers to identify the skills commonly ranked as important. 

This research paper has concluded that there is a strong 

agreement between Innovators and Managers of 

Innovators as to which are the most important skills of an 

innovator. This can be used hence, as a way to describe the 

skills of an innovator which can be used further in the 

Industry in the identification, assessment, development 

and management of Innovators. 

Keywords — Innovation; Innovatort; Skills of Innovators; 

Parameters; model; Design; Development; Design; managers of 

innovators 

I.  INTRODUCTION 

nnovation at a firm level needs the employees to be 

innovative at the individual level. Any innovation is 

bounded by three elements in a firm‘s perspective, the 

individual who comes up with an innovation, the organization 

that supports the development and nurturing of the innovation 

in becoming a business and the environment which consumes 

this innovation. Each of these three elements have a 

predominant set of associated as shown in Figure 1 –  

Innovation Skills.  

 

Environment

Organization

Individual Idea

Thinking Skills

Executing Skills

Associating Skills

 
 
 

Figure 1 –  Innovation Skills 

Since there are no clear job descriptions that spell out the job 

requirements of an Innovator, it makes it even more difficult 

hence to state the skills needed for being a successful 

innovator. The innovator needs to be described both in terms 

of skills required and also the level of the skills required as 

various levels in the organization needs diverse combinations 

of skills and proficiencies in those skills. Once this basis is 

available organizations can use this to arrive at accurate job 

descriptions for innovators, in selecting and hiring 

innovators, in assessing their gaps and coming up with 

methods of developing them and to reward and recognize the 

innovators. All of this becomes more scientific and objective 

with the help of a list of skills.  

II. LITERATURE SURVEY 

The overall literature on innovation is skewed towards 

innovation process than innovators. In other words, there is 

more research literature that is available on the ways and 

means to organize innovation than on the skills and 

behaviors of the innovators involved. Of the literature 

available, the majority focus on innovation process, 

relevance of innovation to a firms, criticality of innovation to 

a firm‘s existence and growth, the way innovation of a firm 

links to economic prosperity etc. Several research studies 

have explored the processes needed to achieve a culture of 

innovation in a firm. These researches are clearly focused on 

how to set up a firm as an organization to succeed in 

innovation based growth strategy. This is a very important 

I 
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part of the innovation strategy but not sufficient. The other 

critical part of innovation and rather under researched area is 

the people part of innovation. The research on what 

innovators are made up of, how to identify and assess, attract 

and retain, develop and recognize the innovators is scarce, 

and treated qualitatively by various researches at best. There 

is no full-fledged scientific, framework that helps to 

characterize innovators with various levels of proficiency 

levels which in turn can be used to identify, assess, hire, 

develop, reward and so on. So the prime internal critical 

success factor for a firm to be successful in its innovation 

journey is the innovation Skills of the people or in other 

words the innovators. Any process is as good as the people 

who make that process happen 

Piva,Mariacristina1 Vivarelli etal in their paper ‗The role of 

skills as a major driver of corporate R&D‘ published in the 

International Journal of Manpower; 2009, Vol. 30 Issue 8, 

p835-852, 18p, investigated the determinants of R&D 

investment at the level of the firm. 

Design/methodology/approach used was a balanced panel of 

215 Italian manufacturing firms over the 1995-2000 period 

which has been used to test the technology-push, the 

demand-pull and the endogenous skill-bias hypotheses. 

Econometrically, both the GMM-SYS estimator and the 

Least Squares Dummy Variable Corrected (LSDVC) 

estimator (a recently-proposed panel data technique 

particularly suitable for small samples) have been used. The 

Findings and results support the well-established technology-

push and demand-pull hypotheses and, furthermore, supply 

evidence for the role of skill endowment in increasing a 

firm's R&D investments. A limitation of the study concerns 

the measure of skills which is here, as in previous economic 

literature, simply the ratio between productive (blue-collar) 

and non-productive (white-collar) workers. Another 

limitation of this contribution concerns its limited 

generalizability: data comes from relatively large Italian 

manufacturing firms, i.e. the service sector and SMEs are not 

considered. Practical implications -- Consistently with the 

related managerial and economic literature, the basic result is 

that current skill endowment may significantly and positively 

influence a firm's current R&D decision; therefore, adequate 

education and training policies may indirectly induce an 

increase in corporate R&D investment. In terms of 

managerial implications, this means that HRM may be seen 

as an indirect strategy for improving a firm's R&D effort and 

ultimately for improving its performance through innovation. 

In another article title ‗Finding and Grooming Breakthrough 

Innovators‘ by Katzenbach, Jon, Vlak, Gus which was 

published in Harvard Business Review; Dec2008, Vol. 86 

Issue 12, p62-69, 8p discussed about skills of innovative 

people. The authors said ―Sustaining innovation, many agree, 

is crucial for a company's long-term success. But truly 

innovative people are rare: They have excellent analytic 

skills, never rest on their laurels, and can identify the 

solutions likeliest to win over top leadership. They are 

socially savvy and can bring a diverse group of constituents 

into alignment. They tend to be both charming and 

persuasive. The right talent-management procedures can help 

in spotting potential innovators. Reuters, for example, 

interviews candidates one-on-one and gives them complex, 

real-world scenarios in which they must reach and defend 

decisions, accommodate new information, and convincingly 

sell their point of view. Starwood and McDonald's require 

would-be innovators to lead cross-functional teams in 

developing promising ideas and then to present those ideas to 

senior management. One global industrial products company 

in the UK insists that they do a stint in the sales department. 

Developing breakthrough innovators requires mentoring and 

peer networks. Mentors provide insight into the motivations, 

goals, mind-set, and budget constraints of managers in a 

variety of relevant functions. At Allstate, for example, the 

CEO coaches and supports the mentors themselves, sending 

a strong signal about the importance of the program. Peer 

networks provide a sense of solidarity and a uniquely fertile 

environment in which to exchange ideas, impart information, 

and install hope. Companies that excel in developing 

innovative leaders often remove them from revenue-

generating line positions and plant them in the middle of the 

organization, where they form "innovation hubs," with easy 

access to influential people, more autonomy, and broader job 

responsibilities. Practices like these keep companies open to 

new ideas and prepare them to respond nimbly to innovation 

from elsewhere in their industries‖. 

Freel, Mark S in the article titled ‗Patterns of innovation and 

skills in small firms‘ and published in Technovation; 

Feb2005, Vol. 25 Issue 2, p123-134, 12p discussed their 

research on the link between employees‘ skills and firms‘ 

innovation activities. They said ―This study examines the 

complementarity between employees' skills and firms' 

innovation activities. It is argued that without sufficient 

skills, firms benefit less from innovation, because they do not 

have the requisite complementary capabilities or absorptive 

capacity. Results from a panel of manufacturing firms 

provide support for the hypotheses that high technical skills 

are complementary with R&D collaboration and product or 

process innovation. Human capital can thus be seen as an 

enabling factor in profitable innovation. Policy implications 

suggest that investments in skills help expand the group of 

firms in the economy that have the potential to innovate 

successfully‖. 

Ritala, Paavo , Armila, Leila , Blomqvist, Kirsimarja etal in 

their paper titled ‗Innovation orchestration capability – 

defining the organisational capability, Organisational and 

Individual level determinants‘ published in the International 

Journal of Innovation Management; Dec2009, Vol. 13 Issue 

4, p569-591, 23p said that capability is key to a firms 

innovation ability. They said ―This paper explores 

orchestration capability as a concept defining the firm's 

ability to purposefully build and manage innovation 

networks. Due to the lack of empirical research on the 

subject as well as the focus on the organizational level in 

earlier studies, they approach the issue from a multi-level 



3rd International Conference on Multidisciplinary Research & Practice                            P a g e  | 22 
 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

perspective. By utilizing expert panel discussions and an in-

depth case study in an innovation network, they show that 

orchestration capability consists of both organizational and 

individual level determinants. Distinct capabilities and skills 

are identified and illustrated. Furthermore, they identify 

mechanisms suggesting that the two levels are interconnected 

in several ways‖. 

Fadel, Charles in the article titles ‗Skills for Innovation‘ 

published in the OECD Observer; 2012 OECD Yearbook, 

p52-53, 2p shared insights about labour markets especially in 

developing countries for the 21st century. The article offers 

the author's insights on the rapid growth of labor market 

needs in developing countries in the 21st century as 

technology progresses. The author discusses the four faces of 

future work which are routine and non-routine impersonally-

delivered work and routine and non-routine personally-

delivered work. He talks on the adaption of education 

systems in evolving labour market needs. He believes that 

creativity and innovation can address both employability and 

societal crises. 

Spithoven, Andre, Teirlinck, Peter in their paper titled 

‗External R&D – exploring the functions and qualifications 

of R&D personnel‘ as published in the International Journal 

of Innovation Management; Dec2010, Vol. 14 Issue 6, p967-

987, 21p covered a R&D survey done in Belgium. The paper, 

using the OECD business R&D survey for Belgium, insights 

are offered in the way that external knowledge impacts on 

the organization of the internal division of labor. It is 

demonstrated that absorptive capacity, embodied in people, 

is a key element in using external knowledge. Knowledge 

has become an important production factor. Tacit knowledge 

is embodied in the minds of people, and is part and parcel of 

their skills. Since businesses concentrate on strategic tasks, 

many others are outsourced. This also applies to R&D. 

External knowledge sources help firms to leverage their 

internal R&D efforts. Internal and external knowledge have 

to be knitted together on the work floor giving rise to 

innovative products and processes. Since tacit knowledge is 

embodied in personnel, it is interesting to look at the role of 

the functions and the qualifications of R&D personnel in 

relation to activities developed in the framework of technical 

collaboration agreements.  

Trotter, Patrick in the paper titled ‗A new modified total 

front end framework for innovation – new insights from 

health related industries in the International Journal of 

Innovation Management; Oct2011, Vol. 15 Issue 5, p1013-

1041, 29p discussed a framework using a study done on a 

global health care company involved in innovation activities. 

This paper explores the front end innovation activities in a 

multinational Global Healthcare Company (GHC). A 

questionnaire was designed and distributed to front end 

innovators from 20 operating companies to understand team 

composition, essential skill sets, and the methodology used 

to assess customer needs, generate ideas, and define the 

selection criteria used during the go/no go decision. For each 

category the current state and best practice (based on the 

views of the individual respondents) for front end innovation 

was analyzed and reported in this paper. The results of this 

study reflect the opinions and suggestions of 37 respondents 

(23 that were at directorship level or above). These results 

were amalgamated and used to develop existing models of 

innovation to produce a framework (termed the Total Front 

End Framework (TFEF)) that should be useful for both 

senior managers and innovation teams to optimize their 

activities and increase the efficiency of the innovation 

process. 

Govindarajan, Vijay in his famous article titled ‗A Reverse-

Innovation Playbook‘ carried in Harvard Business Review; 

Apr2012, Vol. 90 Issue 4, p120-124, 5p discussed how 

reverse innovation was done involving a team in India. 

Reverse innovation-developing ideas in an emerging market 

and coaxing them to flow uphill to Western markets-poses 

immense challenges, because it requires a company to 

overcome the institutionalized thinking that guides its 

actions. That's why the experience of the automobile-

infotainment division of Harman International is so 

impressive. The U.S.-based business, known for ultra-

sophisticated dashboard audio-visual systems designed by 

German engineers, developed a radically simpler and cheaper 

way of creating products in emerging markets and then 

applied what it had learned in the process to its product- 

development centres in the West. Harman did this using a 

two part approach: radical change from below combined with 

astute leadership from above. A small team based in India 

and China set audacious goals, created a new organizational 

structure, and adopted new design methods, while the chief 

executive, Dinesh C. Paliwal, rebranded the company's 

future, shifted the corporate centre of gravity to emerging 

markets, made sure that legacy units continued to thrive, and 

averted conflict between old and the new. 

Saripalle, Ravi Shankar, Kumar, P. Vijay2, Tatavarti, Rao in 

their paper titled ‗Managing the Innovation Space: Role of 

Individual Innovator‘ published in IUP Journal of 

Entrepreneurship Development; Dec2012, Vol. 9 Issue 4, 

p41-55, 15p discussed innovation in a 3-dimesional space. 

They said ―Innovation space can be envisaged 3-

dimensionally-passion instilled with innovative spirit (in this 

dimension actors are either individuals or organizations), 

problem or need (individual need or society or market need), 

and persistency or time factor. This view provides four 

different unique opportunities which require special 

fostering. These opportunities need unique infrastructure, 

market, policy and capacity building. In this paper, the stress 

is on various nuances of the opportunities that arise out of 

this 3-dimensional innovation space with supporting case 

studies, merits, demerits and recommendations. The authors 

argue that managing innovation space is much of a 

customized process and less of establishing common 

building blocks between opportunities. They also argue that 

individual plays a critical role in the entire innovation space. 

Every innovation opportunity is directly or indirectly 
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supported by an innovative individual or a group of 

innovative minds. Hence, it is important to develop a 

platform for individuals either in terms of their education or 

ecosystem development‖. 

Skills mentioned in the article title ‗innovators DNA‘ as 

published by HBR talked of Innovative entrepreneurs. The 

article said they have something called creative intelligence, 

which enables discovery yet differs from other types of 

intelligence (as suggested by Howard Gardner‘s theory of 

multiple Intelligences). The research article said ―It is more 

than the cognitive skill of being right-brained. Innovators 

engage both sides of the brain as they leverage the five 

discovery skills to create new ideas. In thinking about how 

these skills work together, we‘ve found it useful to apply the 

metaphor of DNA. Associating is like the backbone structure 

of DNA‘s double helix; four patterns of action (questioning, 

observing, experimenting, and networking) wind around this 

backbone, helping to cultivate new insights. And just as each 

person‘s physical DNA is unique, each individual we studied 

had a unique innovator‘s DNA for generating breakthrough 

business ideas. We studied the habits of 25 innovative 

entrepreneurs and surveyed more than 3,000 executives and 

500 individuals who had started innovative companies or 

invented new products.‖ 

Martina NMansfeld, Katharina Holzey and Hans Georg 

Gemundenz in their paper persona, characetristics of 

innovators – an empirical study of roles in innovation 

management as published in the International Journal of 

Innovation Management, Vol. 14, No. 6 (December 2010) 

pp. 1129–1147, © Imperial College Press Discussed their 

research on innovators. The paper says ―Mainly identifies 

two roles – promotors and champions as roles of innovators. 

The skills needed are not specifically detailed but abstracted 

into these two roles. The questionnaire was used in 4 

counties USA, Switzerland, Germany and England. No 

information in India. A 5-pointlikert scale was used from 

strongly disagree to strongly agree. First and foremost, 

innovation is driven by people. These people have specific 

personal characteristics and fulfil designated roles in 

innovation management. We have conducted an empirical 

study among 190 employees in R&D departments of mature 

international firms from four different countries (Germany, 

U.S.A., Great Britain and Switzerland) currently working on 

innovation projects. Using multivariate analyses, we could 

identify personal characteristics associated with different 

roles people can take over the course of an innovation 

project. These roles are called expert, power, process or 

relationship promotor as well as champion. The identified 

personal characteristics exhibit a distinctive pattern in their 

combined occurrence for each role. Our results show a 

detailed picture of specific personal characteristics of 

individuals, so called innovators, necessary for successful 

innovation. Based on these findings, we derive 

recommendations for a targeted human resource acquisition 

and a better selection of employees for successful innovation 

teams.‖ 

While all this reiterates the criticality of innovators and 

innovation skills it hardly helps us deal with it effectively 

using a framework, which would identify the required skills. 

This in turn would help identify those skills for recruitment 

and internal selection process. This would also help manage 

such innovators regarding their reward, recognition and 

career progression. 

III. SMART PRODUCTS AND SERVICES 

The hypothesized model of an innovator is characterized by 

two groups of skills identified under Primary Skills and 

Secondary skills as shown in  

Table 1.The proposed model focuses on the correlation and 

relevance to describe the skills of innovators as ranked by 

individual innovators and managers of innovators. This data 

was collected from a well-designed questionnaire which was 

developed using the prior research and previous experience 

of the researcher, it was pre-tested with the innovation 

experts and fine-tuned for deployment. This questionnaire 

was administered via the internet to a diverse set of 

Innovators and Managers of Innovators who are directly 

involved with innovation or management of innovation. The 

selected respondents were from diverse industry verticals 

including Information technology, consumer products, 

Industrial, Automotive, Aerospace, Mobility, Internet of 

Things, Academia, Policy making, Medical, Start-up, 

Banking, Retail and Energy. The profile of the participants 

included graduates, post graduates and Doctorates and above, 

with years of experience ranging from four years to sixteen 

years and above.  

Primary Skills 

Observation

	Problem or Solution framing

	Hardworking 

	Ability to experiment

	Validation of problem and solution

	Networking

Secondary Skills

Intuition

	Parallel thinking (to think creatively)

	Passion (to find new ways)

	Persistence (to get results)

	Insight (to understand the underlying factors)

	Risk taking  
 

Table 1 – List of skills 

 

These Primary and Secondary skills were administered to 

individual Innovators and Managers of Innovators who 

manage or hire Innovators and their scores were recorded as 

shown in Table 2. The Innovators and Managers of 
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Innovators were asked to rank the most important skills from 

the list of Primary skills and Secondary skills. The ranking 

was given a weighting factor of 5 if it was considered the 

most important and a weighting factor of 1 if it was the least 

important skill. All the responses were ranked from 1 to 5 for 

all the respondents and the skills list were the same for both 

Innovators and Managers. A total Score was computed for 

each skill using this weighting factor for Innovators and the 

Managers of Innovators separately. This total Score per skill 

is the sum of product of the number of ranks obtained 

multiplied by the weightage factor. This is shown in Table 2 

– Primary Skills  and Table 3- Secondary Skills Ranking and 

 This was done for both Primary skills and Secondary skills 

individually. 

 

Inn_Primary Skills_MOST_IMP Total Score 1 2 3 4 5

Observation 300 2 0 7 13 45

	Problem or Solution framing 288 2 2 4 25 34

	Hardworking 187 7 10 21 13 9

	Ability to experiment 267 0 4 13 25 24

	Validation of problem and solution 241 2 3 18 16 23

	Networking 169 8 11 18 10 9

MGR_Primary Skills_MOST_IMP Total Score 1 2 3 4 5

Observation 167 0 0 3 12 22

	Problem or Solution framing 163 0 2 10 16 13

	Hardworking 90 3 9 13 5 2

	Ability to experiment 158 1 1 10 10 17

	Validation of problem and solution 156 1 1 8 11 17

	Networking 103 3 5 18 4 4  
 

Table 2 – Primary Skills Ranking and Scores 

 

Inn_Secondary Skills_MOST_IMP Total Score 1 2 3 4 5

Intuition 201 1 16 17 13 13

	Parallel thinking (to think creatively) 254 2 2 8 21 28

	Passion (to find new ways) 255 2 0 12 18 29

	Persistence (to get results) 261 2 3 10 17 31

	Insight (to understand the underlying factors) 223 1 5 14 25 14

	Risk taking 208 3 5 16 18 15

MGR_Secondary Skills_MOST_IMP Total Score 1 2 3 4 5

Intuition 127 1 1 14 8 10

	Parallel thinking (to think creatively) 177 0 0 9 10 22

	Passion (to find new ways) 165 0 0 5 10 22

	Persistence (to get results) 163 0 2 3 15 18

	Insight (to understand the underlying factors) 141 0 0 10 9 15

	Risk taking 137 2 3 14 13 7  
 

Table 3 – Secondary Skills Ranking and Scores 

IV. APPLICATION OF THE MODEL 

These Primary and Secondary skills were compared between 

individual Innovators and Managers of Innovators as per 

Figure 2.  

 

Primary Skills

Innovator’s
Ranking as MOST 

IMPORTANT

Innovator’s Manager
Ranking as MOST 

IMPORTANT

Innovator’s
Ranking as MOST 

IMPORTANT

Innovator’s Manager
Ranking as MOST 

IMPORTANT

Secondary Skills

Compare 
Ranking

Compare 
Ranking

 

Figure 2 – Primary Skills correlation coefficients schema 

The steps followed are mentioned below; 

 Each category (Individual Innovator or Manager of 

Innovators) has a rank from 1 to 5 for each of the 

Primary Skills and Secondary Skills 

 The rankings were converted into a single ranking 

score for Innovator and Manager of Innovator 

separately using the weighting factor multiplied by 

the number of ranking per skill 

 Based on the score, the skills were ordered 

The ordered list of skills was compared between Innovators 

and Mangers for both Primary Skills and Secondary Skills as 

in    

Table 4 – Primary Skills comparison between Innovator and 

Manager and  

Table 5 - Secondary Skills comparison between Innovator 

and Manager.  

 

Rank Rank

Primary Skills_MOST_IMP Innovator Manager

Observation 1 1

	Problem or Solution framing 2 2

	Hardworking 5 6

	Ability to experiment 3 3

	Validation of problem and solution 4 4

	Networking 6 5
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Table 4 – Primary Skills comparison between Innovator 

and Manager 

 

Rank Rank

Secondary Skills_MOST_IMP Innovator Manager

Intuition 6 6

	Parallel thinking (to think creatively) 3 1

	Passion (to find new ways) 2 2

	Persistence (to get results) 1 3

	Insight (to understand the underlying factors) 4 4

	Risk taking 5 5  
 

Table 5 - Secondary Skills comparison between Innovator 

and Manager 

The list of skills which are ranked at the same level and 

different level by the Innovators and Mangers of Innovators 

for both Primary Skills and Secondary Skills as in  Table 6 – 

Comparison of Skills Ranking between Innovator and 

Managers. 

 

Rank Rank

Primary Skills_MOST_IMP Innovator Manager

Skills Ranked at same level

Observation 1 1

	Problem or Solution framing 2 2

	Ability to experiment 3 3

	Validation of problem and solution 4 4

Skills Ranked at different levels

	Networking 6 5

	Hardworking 5 6

Rank Rank

Secondary Skills_MOST_IMP Innovator Manager

Skills Ranked at same level

	Passion (to find new ways) 2 2

	Insight (to understand the underlying factors) 4 4

	Risk taking 5 5

Intuition 6 6

Skills Ranked at different levels

	Persistence (to get results) 1 3

	Parallel thinking (to think creatively) 3 1  
Table 6 – Comparison of Skills Ranking between 

Innovator and Managers 

V. CONCLUSION 

The hypothesis that a list of primary and secondary skills to 

describe an innovator has been supported by the data 

collected and the correlation analysis done. The most 

important skills as ranked by Innovators and Managers of 

Innovators, has clearly shown consistency between the 

rankings of managers and innovators. There is a very strong 

agreement on which are the most important skills to be a 

successful innovator. In Primary skills, Observation, Problem 

or solution framing, ability to experiment and validation of 

problem and solution are ranked as the top four most 

important skills and Networking and Hardworking attributes 

have been scored between the last two ranks. In Secondary 

skills, Persistence and Parallel thinking are ranked first and 

third most important skills alternately, while Passion, Insight, 

Risk-taking and Intuition have been ranked at the same level 

as the next four attributes by Innovators and Managers. Also 

this can be used in describing an innovator and in their 

development and management as effective Innovators and 

for further research. 
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Abstract— In the present era, cleaning of house is least priority 

work due to busy schedule of persons. Many instruments have 

been developed so far to reduce the human effort as well as time 

for house cleaning. But, most of them are operated manually or 

may be semi-automatic and also some remote places cannot be 

cleaned. The programmable robot which is fully automatic solves 

all the problems related to cleaning of house in large extent. 

In this paper, design and fabrication of automatic house cleaning 

robot (HCR) is described. This robot can remove debris from 

floor and clean floor by scrubbers. The robot also remove the 

dirty water and leave floor dry. The various size particles also 

sucked by vacuum cleaning method. In HCR, suction port, 

scrubber cleaner, transmitter AT 89C2051-24PI and receiver  

have been used.  The two wheels which are driven by 200 rpm 

motors. Blower fan has been used to create suction & for power 

supply battery is used.  

Keywords— House Cleaning Robot, Automation, Programmable 

Robot. 

I. INTRODUCTION 

obots have entered almost every field, now in cleaning as 

well. Since the day robots have entered the market 

household cleaning was changed forever. Robotic 

cleaners have been adopted in various fields of cleaning right 

from house hold to big laboratories and research centre. In the 

year 2010, a new automatic floor cleaner robot “Mint” was 

developed by Jen Steffen. Detachable clothes were attached 

for sweeping and mopping purposes. 

Here, the HCR has been developed based on the 

AT89C2051-24PI which works on electric supply and used for 

house cleaning. This robot can perform operations like clean 

the floor by scrubber, suck the particles from floor with 

vacuum created by blower fan, remove the dirty water and try 

to keep floor as dry as possible. The Robot starts working in 

forward & backward direction. For automatic operation mode, 

obstacle detection is needed. So, for that transmitter and 

receiver circuit has been used.  For  mopping action water is 

applied on floor and then scrubber has been used followed by 

suction for removing dirty water from floor.  Mostly the HCR 

are circular, square or semi-circular in shape 5 to 7 cm high 

and around 40 cm length with the width of 25 cm. On the top 

surface mostly the control panel is attached with 1 or 2 buttons 

or even with some complex pattern. 

II. DESIGN OF COMPONENTS FOR HOUSE CLEANING 

ROBOT 

The main objectives of house cleaning robots are - to 

remove the debris and large particles from the floor, to clean 

the floor by scrubber, to remove the dirty water and leave the 

floor as dry as possible and to suck the dust particles by 

vacuum cleaning method. To fulfil all the objectives, various 

equipment like - wide suction port, scrubber cleaner, 

transmitter and receiver circuit, motors with gear box, wheels, 

battery set, blower fan, etc. have been designed or selected as 

per requirement. 

Wide suction port has been located at the down side of the 

main surface, which will allow the dust to pass through it with 

the air suck by the blower fan and store that particles in the 

chamber. Scrubber cleaner has been provided to clean the floor 

and to remove the particles which are stick with the floor. 

The AT89C2051 transmitter has been selected which is a 

low-voltage, high-performance CMOS 8-bit microcomputer 

with 2K bytes of flash programmable and erasable read-only 

memory (PEROM). This transmitter provides many standard 

features like - 2K bytes of Flash, 128 bytes of RAM, 15 I/O 

lines, two 16-bit timer/counters, a five vector two-level 

interrupt architecture, a full duplex serial port, a precision 

analog comparator, on-chip oscillator and clock circuitry. The 

AT89C2051 has been designed with static logic for operation 

down to zero frequency and supports two software selectable 

power saving modes as shown in Fig. 1. The Idle Mode stops 

the CPU while allowing the RAM, timer/counters, serial port 

and interrupt system to continue functioning. The power-down 

mode saves the RAM contents but freezes the oscillator 

disabling all other chip functions until the next hardware reset. 

 

 
 

Fig. 1 The AT89C2051 Transmitter 
 

R 
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The receiver has been selected with embedded 

microcontroller and 16-Bit RISC architecture up to 16-MHz 

Clock. This receiver has code security and encryption, 

enhanced serial communication and ultra-low power 

Ferroelectric RAM (FRAM) as shown in Fig. 2. 

 
Fig. 2 Receiver 

The two motors with gear box are of 200 rpm have been 

connected with the wheels to provide the motion to the robot. 

The motor with wheel assembly as shown in Fig. 3. The 

blower fan also needs motor which runs at 5000 rpm to create 

enough suction. 

 

Fig. 3 Motor and Wheel Assembly 

The battery set has been used to charge the all motors 

whereas on-off switch has been used to operate the blower 

motor and scrubber motor both at the same time. 

III. WORKING PRINCIPLES OF HCR 

The house cleaning robot can be working on various 

concepts. The suction has been provided at the foremost end 

through which dry and minute dust particles are sucked as 

shown in Fig. 4. The cold water has been sprayed over floor 

using pipe for wet cleaning which is wiped with the help of 

rotating scrubber. Using wet suction port, additional water has 

been sucked which is not required to keep floor dry and clean.  

The rotating and pulsating scrubbers which are 

perpendicular to floor area as shown in Fig. 5 increase the 

efficiency of cleaning.  The mop type cleaner can also be used 

as scrubbers for fast cleaning.  

 

 

Fig. 4 Components of HCR 

 

Fig. 5 Working Principle of HCR 

The developed concept utilises a one-stroke strategy and 

implements both the dry and wet cleaning procedures 

simultaneously. The robot acquires two different cleaning 

modes - one dry cleaning mode, in which it vacuum cleans the 

floor and one wet and dry cleaning mode, in which it vacuum 

cleans and mops the floor. The cleaning robot first suctions 

larger particles and debris from the floor. Afterwards, fresh 

water is applied to a rotating cylindrical brush that scrubs the 

floor. The dirty water is then suctioned off the floor. This 

means that only fresh water will be utilised to clean the floors, 

which provides an enhanced cleaning result. The wheels of 

the robot are placed in front of the wet cleaning mechanism so 

that the robot does not disrupt the scrubbing of the floor. 

Hence, in this manner the whole cleaning process is carried 

out in well sequential manner process by process in an 

automated way. 

The block diagram for electronics circuit as shown in Fig. 

6. Here, 12 V rechargeable battery has been used to fulfil 

power requirements. The micro-controller has been used to 

make system automatic. This reads the signals from the 

sensors and according to that gives instructions to the motor 

drive unit. 
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Fig. 6 Block Diagram for Electronic Circuit 

III. FABRICATION OF HCR 

The 3D CAD model for assembly of house cleaning robot 

has been developed using solid modelling software as shown 

in Fig. 7.  

 

Fig. 7 3D CAD Model of HCR 

 The outer body of HCR has been made using plywood to 

reduce the weight as shown in Fig. 8. The wheels have been 

connected with the two  motors which are of k200 rpm and 

provide enough torque to move the robot with full load 

condition. At the front side of the robot suction port and at the 

top side box with blower fan and storage have been provided. 

At the back side scrubber has been provided and that scrubber 

is attached with the motor. The transmitter and receiver circuit 

has been provided which is connected with all motors and 12 

volts battery. 

 

Fig. 8 Fabricated Model of HCR 

The power is supplied from the battery to operate circuit. 

So at that time the motion is provided by providing the signal 

from the transmitter and motor starts to move. The blower fan 

is connected with the battery so when the switch is on, the fan 

starts to rotates and produce the suction operation to suck the 

dust particles from the floor. Those particles are stored into 

the wooded box provided at the above. When the switch is on 

at that time scrubber is also stars to rotate which will clean the 

floor from the dust and also to keep it dry. 

A. Operating Condition 

Basic use of this robot is to do household work, and as the 

size of this robot is small so it can go in each corner and clean 

the floor efficiently. In the places such as hospitals, 

restaurants, cafes and the homes where kids are not present 

where so much dirt is not available, there we can use this 

device. 

HCR will provide highly efficient work. This robots are 

semi or fully automated hence can be easily used by anyone.  

They come in very small size and compact design which 

makes its working simple and convenient. This robots are 

highly intelligent so accurate and precise result can be 

achieved. Lots of time can be saved. They cannot be used in 

all places like highly occupied, slope beyond 30 to 35. They 

are not capable of climbing or descending stairs. Repairing is 

tedious and costly. 

IV. CONCLUSIONS 

The design and development of automatic house cleaning 

robot has been carried out. The debris and large particles from 

the floor have been removed and the floor has been cleaned by 

scrubber using this robot. Various components like 

transmitter, receiver, battery, motor, wheels, body etc. have 

been used for different activities. The 3D CAD model has 

been developed. The actual testing has also been performed 

after fabrication of HCR. This robots are highly efficient, 

intelligent, and accurate as well as compact in size. 
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Abstract:- Among these ages, the one of current importance and 

future dominance is the age of composites and Nano-Materials. 

Manual layup method for FRP reinforcement is very old and 

traditional method. There is no other way to make fibre and 

epoxy resin and hardener coated surface on the steel tank, inside 

or outside for strength and corrosion free. The same time the 

detailed study of present manual hand layup winding of 

Filament activity indicates that the process suffers from various 

draw back like lack of accuracy which results in cracks, weak 

structure and instability in surface and round cylinders, low 

production rate E-Glass fibre is one of the essential elements of 

reinforced Plastics with epoxy resin in aerospace, Pipe industries, 

Pressure vessel and Marin Industries. These Fibre roving and 

their reinforcement are used for strengthening pressure vessel, 

cylinder of thick and thin structure for increase life and trouble 

free maintenance. In order to remove above drawbacks and 

formulate an approximate experimental data based model by 

using E-Glass fibre, Epoxy resin, and hardener for Filament 

winding activity. Design of experimental work is executed for 

establishing, formulation of experimental mathematical model 

for processing time, Density, fibre volume fraction, weight of 

shell, and Ultimate tensile strength of FRP Shell by obtaining 

specified result with Filament winding. Experimentation data is 

chosen, using methodology of engineering experimentation for 

CNC filament winding machine. This research also includes the 

design, fabrication and Mass Production of Pressure vessel with 

Filament winding along with theory of experimentation. It also 

includes formulation of mathematical model and its sensitivity 

analysis, reliability, optimization and limiting values and ANN. 

Out of which process for formulation of mathematical model 

established. Field Data collected from Vendors and In-house for 

a prediction model was then developed to predict effect of 

parameters. The basic steps used in generating the model 

adopted in the development of the prediction model are: 

collection of experimental data; analysis of data, pre-processing 

and feature extraction of the data, design of the prediction 

model, training of the model and finally testing the model to 

validate the results and its ability to predict Filament winding 

operation. This research work presents an experimental 

investigations and sequential classical experimentation technique 

used to perform experiments for various independent 

parameters. An attempt is made to optimize the process 

parameters for processing time, Density, fibre volume fraction, 

weight of shell, and Ultimate tensile strength. The test results 

proved processing time, Density, fibre volume fraction, weight of 

shell, and Ultimate tensile strength are significantly influenced 

by changing important five dimensionless π terms. 

Keywords: Filament winding, Epoxy Resin, Experimental data 

based mathematical model, Dimensional Analysis, Buckingham’s 

π theorem, Reliability, regression analysis, Sensitivity, SPSS, 

Optimization, ANN 

1.1 INTRODUCTION  

xis-symmetric thin cylindrical pressure vessel for storage 

tank, Pressure Pipe, shell for missile, rockets, Launcher 

tube are manufactured with filament winding Technology. 

Cylindrical pressure vessel made of composite material (Glass 

FRP) having wide applications. A machine already installed 

with Defense manufacturing units will perform winding 

operation. In this work an approximate generalized data based 

model for manufacturing pressure vessel by filament winding 

machine by varying some independent parameter   during 

experimentation. Subsequently, the reliability, optimization, 

of the model is established, lastly the Artificial Neural 

Network simulation of the behavioral data of the system is 

also established. It is the rolled model for the future winding 

operation. 

 

 

Figure No. 1   Schematic line diagram for filament winding machine and  

final output. 

A 
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1.2 OVERVIEW COMPOSITE MATERIAL [58] 

“The more thing change, the more they stay the same.”  

Composite seem fit this old saying because are new and to 

some folks, unknown; Human have been making composites 

since the first  cave man wrapped stick with vine to make a 

stronger handle for his stone axe. We have been combining 

two more  materials (making composites) ever since, in an 

effort to produce a substance that unites  the goods  properties 

of the components into one more useful materials.  

 

Figure No.  2  basic theory of composite Reinforcement 

Composite are rapidly replacing many more common 

materials for structural components because they offer real 

advantages : 

 High strength to weight ratio 

 Unusual flexibility and elasticity(or rigidity) 

 Exceptional thermal  oxidative stability 

 Good wear characteristics 

  Desirable  electrical conductivity(conductor, 

insulator) 

 Easy of manufacture 

For these reasons composites are showing up more frequently 

than ever in aerospace, structural  automotives and other 

consumer  products. The use of composites will continue to 

increase as the design criteria  for material become more 

severe, more complex, and harder to satisfy with the older, 

single component materials. 

One of earliest of the “modern” composite material was glass 

fibre reinforced plastic. The composite gained favor  for use 

in products. For airplanes and fishing rods to pressure  and 

vacuum vessels.   Reinforcing  fibre can be Aramid,  

1.2.1 Applications of  Composite material 

1. LCA (Light Combat Aircraft) 

Among the most significant breakthrough is the use of 

advance carbon-fibre composites in 40 per cent of its 

structural weight and 95 per cent of its body of the LCA, 

including wings, fin and fuselage. Apart from making it much 

lighter, there are less joints or rivets making the LCA more 

reliable. The use of composites results in a 40 per cent 

reduction in the total number of parts (if the LCA were built 

using a metallic frame).  

2. Brake piston insulator  

The MMC material used for this has a matrix of stainless steel 

with dispersion of SiO2 particles.  

3. Windshield 

A four ply composite laminate, consisting of two exterior cast 

acrylic sheets of 3mm and 2.5 mm thickness and two exterior 

polycarbonate sheets each of 6.4 mm thickness. 

4. AGNI Missile System 

India has successfully tested the use of composites in the 

AGNI missile system. DRDO scientists have been able to 

indigenously produce carbon-carbon composite material 

which could withstand temperatures up to 3500 deg C during 

the flight of the missile. AGNI missile system has a unique 

carbon composite re-entry heat shield along with 35% of its 

components made from composite materials, and this would 

be about 80% coming few years. The missile is fitted with a 

single Gentry vehicle employing a carbon-composite ablative 

shield that Indian sources claim heats to 3000° C, while 

keeping the interior cooled to not more than 40° C. 

5. Advanced carbon fibre composite Rocket Motor Casing for 

large rocket 

motors, such as for the AGNI class systems have been 

fabricated with indigenous technology. Advanced Systems 

Laboratory (ASL), Hyderabad, set up in 2001, is spearheading 

the development of long-range missile systems in the country 

with two major programmes AGNI-I and AGNI-II inducted 

and the AGNI-III under development. The front-end 

technologies being developed include ultra high temperature 

composites, high performance composite rocket motor 

casings, radome for missiles and aircrafts, all-carbon re-entry 

vehicle structure, carbon composite canister technology. 

1.3 BACKGROUND OF THE PRESENT RESEARCH  

 “Rocket Trajectory Correction System’: S.Boguslavsky, 

.A.Cherevatsky , H. Dayan, M.Shabtai, F.Olevsky enlightens 

on the application like Motor Case For 

Rocket Trajectory Correction System. Their work describes 

the development of the composite, filament wound 

glass/epoxy motor case for the Guidance Rocket Motor 

(GRM). This presentation describes the development of the 

composite, filament wound motor case for the GRM, as 

carried out at IMI. The DTC has been chosen as a 

comprehensive process from development through 

production. It essentially influenced the base materials choice, 

internal geometry of the case, its mechanical properties, stress 

distribution under internal pressure, and failure mode. 

“Composite process equipment, Glassfibre production 

equipment, GRP Pipe production plant Unidirectional prepreg 

production equipment,” by F.A system, Biodiesel Plant work 

for the continuous filament Wound pipes are designed using 

as raw materials Resin and Glass fibres. According to the 

disposition of the fibres and layers, it is possible to confer 

high mechanical properties for flexural, chemical resistant and 

tensile strength. Aboveground and Underground Installations 

are permitted. Typical Applications: High Pressure and non-

pressure pipelines, Industry, Oil and Gas sector, Cooling lines, 
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Fire fighting systems, Water wells, etc. Installation with 

restrained and unrestrained joints  

.  Crouzeix, M. Torres1,, B. Douchin, J.N. Périé,F. 

Collombet, H. Hernández elaborates the idea of applications 

about the winding pattern effects on the behaviour of filament 

wound pipes by using full field measurements and the 

equilibrium gap method. In their work, a filament-winding 

pipe is tested to identify the local behaviour of the structure, 

observed by using CCD cameras. An orthotropic variant of 

the Equilibrium Gap Method is then proposed and applied. 

The displacement field is used in order to obtain 

heterogeneities map for establishing a relation between local 

mechanical properties and the wound pattern. 

In the view of this filament winding machine for 

manufacturing cylindrical pressure vessel made up of glass 

fibre reinforcement developed. Its formulation of 

experimental data based model is evolved. This model is 

evolved applying methodology of experimentation proposed 

by H. Schenk Jr. [69]   

1.4 OPERATION OF THE FILAMENT WINDING   

 Filament winding consists of winding resin 

impregnated fibres or ravings of glass, aramid, or carbon on a 

rotating mandrel in predetermined patterns. The method 

makes void free product possible and gives high fibre volume 

ratio up to 80%. In the wet method, the fibre picks up the low 

viscosity resin either by passing through a trough or from a 

metered application system. In the dry method, the 

reinforcement is in the pre impregnated form. In the wet 

winding process the matrix in liquid form is placed in a resin 

bath and the fibres are dipped in that bath and wound. The 

matrix will be in the liquid form or is brought to liquid form 

by making a solution. Solids like thermoplastics can be 

brought to liquid form by melting also. 

Process of FRP Shell Manufacturing in Filament Winding 

Machine 

 Preparation of mandrel and mandrel loading into 

machine     

 Preparation of resin mix  ( resin +hardener+ 

plasticizer +accelerator)  

 Wet winding with glass fibre + resin mix  

 Curing of FRP shell in curing oven   

 Machining  and mandrel exraction form cured shell. 

 

 

Figure No. 3   - 4 axis CNC  filament winding machine,2) shell after curing 

1.5 NEED FOR FORMULATING EXPERIMENTAL DATA 

BASED MODEL  

In this present research work of cylindrical pressure 

vessel manufactured with filament winding process,   it is 

obvious that one will have ensure the process  of filament 

winding machine is new concept of composite material 

manufacturing. For achiving desired result, for minimizing 

pressure test failure and validating processure selecting  

formulation of mathematical modeling. what should be the 

bahaviour of input parameter or independent variable in 

process. By collecting field data sample  by classical method 

through experimentation of filament winding. Fibre volume 

fraction is the property to be checked for  matrix  quality  of 

composite.    Processing time also important for  

manufacturing the FRP shell. 

 Ultimate tensile strength and Density of FRP Shell 

play important role for pressure vessel/rocket performance.   

This would be possible if one can have a quantitative 

relationship amongst various dependent and independent 

variables of the system. This relationship would be known as 

the mathematical model of this filament winding processing 

operation. It is well known that such a model for the fiamen 

winding machine  operation for FRP shell  cannot be 

formulated applying logic The only option with which one is 

left is to formulate an experimental data based model, Hilbert 

Sc.(1961) [69] Hence, in this investigation it is decided to 

formulate such an experimental data based model. In this 

approach all the independent variable are varied over a widest 

possible range, a response data is collected and an analytical 

relationship is established. Once such a relationship is 

established then the technique of optimization can be applied 

to deduce the values of independent variables at which the 

necessary responses can be minimized or maximized, [62] and 

[61]. In fact determination of such values of independent 

variables is always the puzzle for the operator because it is a 

highly complex phenomenon of interaction of various 

independent variables and dependant variables for filament 

winding machine  is shown in  

1.6 OBJECTIVES OF RESEARCH  

The objectives of present investigation are given below: 

 To generate design data for filament winding 
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operation for manufacturing cylindrical pressure 

vessel by means of winding machine, curing oven, 

mandrel exractor and solid mandrel, resin mix, and 

E-Glass fibre.   Performing experimentation by 

varying independent quantities over widest possible 

range and gathering the response data generated. 

 Objective of the research is to design the model  for 

the low density, iso tropic nature, strength trouble 

free and attractive result during the high pressure 

involved during firing and achieving target. 

 The main theme involved in this work is to formulate 

approximate      generalized experimental data based 

model for filament winding machine glass fibre FRP 

cylindrical pressure vessel. Glass roving 

reinforcements are most widely used in filament 

winding applications.  

 To develop mathematical models for Cycle time  of 

component processing, Weight of cy. Vessel/Shell, 

Ultimate tensile strength of cy. Vessel/Shell, 

Density of  FRP Shell, Fibre volume ratio required 

for cylindrical pressure vessel by filament winding 

operation made up of Glass FRP. 

1.7 APPROACHES TO PROBLEM DEFINITION 

 In the present investigation, Independent Variable or 

input for  process as temperature of resin mix and 

curing oven, feed rate of carriage,  Modules  of 

elasticity of glass fibre and viscosity of the resin mix 

and wet winding are required  past experience.  

Hence the approach of the methodology of 

experimentation is adopted to generate design data 

and validation of performance characteristics of this 

complex phenomenon. In the performed 

experimentation, the independent physical quantities 

are varied over their widest possible range and 

generated response data is gathered. Mathematical 

models based on response data are formulated 

correlating various independent physical quantities to 

the responses.  

 The experimental data based models evolved are the 

design data for various responses of filament 

winding process. These models evolved are to 

represent various responses of filament winding 

machine. 

 

Hence the approach of the methodology of 

experimentation is adopted to generate design data and 

validation of performance characteristics of this complex 

phenomenon. In the performed experimentation, the 

independent physical quantities are varied over their widest 

possible range and generated response data is gathered. 

Mathematical models based on response data are formulated 

correlating various independent physical quantities to the 

responses.  

The experimental data based models evolved are the 

design data for various responses of filament winding process. 

These models evolved are to represent various responses 

variables i.e. Cycle time  of component processing, Weight 

of cy. Vessel/Shell, Ultimate tensile strength of cy. 

Vessel/Shell, Density of  FRP Shell, Fibre volume ratio. 

1.8 BRIEF DESCRIPTION OF APPLICATION OF 

THEORY OF EXPERIMENTATION  

The approach of methodology of experimentation proposed 

by Hilbert Schank Jr.[69] is applied for formulating 

experiment data base model for filament winding which given 

below.  

The basic approach included in following steps: 

1. Identification of the need  

2. Identification of variables (i.e dependent variables, 

independent variables, and extraneous variables. 

3. Reduction of independent variables by adopting 

dimensional analysis  

4. Test planning comprising of determination of test 

envelope, test points, test sequence and 

experimentation plan. 

5. Physical design of an experimental set up. 

6. Execution of experimentation. 

7. Purification of experimentation data. 

8. Formulation of the model. 

9. Model optimization.  

10. Reliability of the model.  

11. ANN simulation of the experimental data. 

Identification of variables: The identified variables are shown 

in table 1.1. 

Table 1.1:  Variables related to FRP winding operation by 

filament winding Process 

S.N
O 

VARIABL
ES 

SYMBO
L 

Unit MLT 

DEPENDEN

T/ 
INDEPEND

ENT 

1 

Cycle time  

of 
component 

processing 

tp second M0L0T1Ѳ0 Dependent 

2 
Weight of 

cy. 

Vessel/Shell 

Ws kgf M1L0T0Ѳ0 Dependent 

3 

Ultimate 

tensile 
strength of 

cy. 

Vessel/Shell 

Es N/mm3 ML-1T-2Ѳ0 Dependent 

4 
Density of  

FRP Shell 
ρs N/mm3 ML-3T0Ѳ0 Dependent 

5 

Fibre 

volume 
ratio 

Vf % M0L0T0Ѳ0 Dependent 

6 

Acceleratio

n due to 
gravity 

g m/s2 M0L-1T-2Ѳ0 Independent 

7 
Dia of 

mandrel 
ds mm M0L1T0Ѳ0 Independent 
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8 
Viscosity of 

hardener 
µhr N·s/ m2 ML-1T-1Ѳ0 Independent 

9 
Viscosity of 

araldite 
µar N·s/ m2 ML-1T-1Ѳ0 Independent 

10 
Elasticity of 
glass fibre 

Es N/mm2 M0L-1T-2Ѳ0 Independent 

11 
Carriage 

feed 
fc mm/sec M1L0T-1Ѳ0 Independent 

12 
Rotating 
mandrel 

speed 

ωm 
ω=2πN/6

0 
M0L0T-1Ѳ0 Independent 

13 
Length of  

shell 
Ls mm M0L1T0Ѳ0 Independent 

14 
Thickness 

of shell 
ts mm M0L1T0Ѳ0 Independent 

15 
Total 

weight of 

resin mix 

Wr Kg M1L0T0Ѳ0 Independent 

16 

Oven 
Curing 

(Soaking) 

time 

tc second M0L0T1Ѳ0 Inependent 

17 
Temperatur
e of curing 

oven 

To 00C M0L0T0Ѳ1 Independent 

18 
Temperatur
e of resin 

mix 

Tr 00C M0L0T0Ѳ1 Independent 

 

1.9 DESCRIPTION OF EXPERIMENTAL SETUP 

The experimental set up was designed for the purpose of 

carrying out the experiments to investigate and validate the 

phenomenon of filament winding machine. 

The experimental set up consists of the following main units:                                      

 (i) filament winding processs 

  It consists of  machine and othe accessories attached  

i) Filament winding machine 

4 Axis CNC for filament winding Contain 12 nos of E-Glass 

Fibre rovings are stretched from glass fire stand. Roving are 

carefully maintain for separate each other up to mandrel . all 

roving  passes through Resin impregnating  bath having V 

shaped  Pot  with big diameter Drum for roving separation 

and roving are to be dipped in resin bath. Temperature of resin 

bath are maintained by  for maintaining of viscidity  of resin 

mix. 

 

 

Figure 4  Schematic view for filament winding machine 

 Roving are also maintain moisture fee by heating roller where 

roving are passes through roller. Speed and feed are controlled 

by the PLC of CNC as per programmed. Winding EYE are the 

play important role for winding the roving on the mandrel. 

Winding EYE are specially designed for Guiding  different 

winding pattern as  Hoop, Helical,  and Polar  by repeating 

movement of forward and backward for carriage movements 

during filament  wet winding.     

ii) Mandrel and mandrel preparation 

 Mandrel  surface are prepared with special Polishing Wax 

and very thin Paper overlap on the mandrel for easy extraction 

after  wet winding and Curing   

iii) E-glass fibre creel unit  

12 No‟s of E-Glass Fibre Roving are systematically  placed in 

this stand all roving are separated before winding also 

separate each other during winding  

IV) Resin impregnation bath 

Resin Impregnation  bath  is V shaped vessel and special 

roller drum are placed over the stand for roving are placed 

inside the stand for removing air bubble during wet winding 

with roving. 

v) Curing oven  

 Curing is specially designed  for mandrel rotation during 

curing inside the Curing oven with Heating &  air circulation 

Inside the chamber at 120
0
 C for 5- 6 Hours for gel effect of 

FRP Shell 

vi) Mandrel extraction unit 

Mandrel extraction machine play important role for extraction 

of mandrel from FRP shell after Curing by pushing and 

pulling the mandrel with the help of Hydraulic Pressure Piston 

cylinder. . 
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Figure 5(a) actual movement   of spindle, carriage and fibre EYE Figure 5(b) 
different winding pattern of winding and sequence 

1.10   MODELS OBTAINED FOR П01, П02, П03 П04 П05    

MATHEMATICAL MODELS 

Mathematical modeling is a principled activity that has both 

principles behind it and methods that can be successfully 

applied. The principles are 

over-arching or meta-principles phrased as questions about 

the intentions and purposes of mathematical modeling. These 

meta-principles are almost philosophical in nature.The 

mathematical model is nothing but formulating correlation 

between the independent pi terms and a dependent pi term in 

the filament winding operation. The mathematical model is 

called as generalized experimental data based model as it is 

formulated on the data generated through experimentation. 

1.11 MODEL FORMULATION:  

 The mathematical model is called as generalized 

experimental data based model as it is formulated on data 

generated through experimentation. A classical plan of 

experimentation is used to carry out experimentation. 

By using the method of dimensional analysis, the relationship 

between dependent and independent variables is established 

and after experimentation and testing the data , the final 

relationship is developed. The mathematical models for all 

FIVE dependent variables (Pi) are as shown below: 

Model 1: For dependent pi term - 01 (i.e. Cycle time  of 

component processing, tp):  

(  √
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(1.6) 

Where the unknown parameters of above equation 1.4 are 

calculated as under: 

Table 1.2:  Equation parameter 

K1 3.6814 

a1 0.203 

b1 0.2999 

c1 -0.0169 

d1 -0.1258 

e1 -0.3761 

f1 -17.7729 

g1 -0.0406 
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Modal 2 : for Weight of cy. Vessel/Shell (П02) 
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Modal 3 : Ultimate tensile strength of cy. Vessel/Shell (П03) 
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Modal 4 : Ultimate tensile strength of cy. Vessel/Shell (П04) 
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  (1.10) 

Modal 5 : Ultimate tensile strength of cy. Vessel/Shell (П05) 

Π05  
 
 (  )  5.457579*
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1.12 CLUBBED MODELS  

In this type of combined mathematical model all the 

independent Pi terms i.e 1, 2, 3, 4, 5, 6, 7 are multiplied 

(clubbed) together and then using regression analysis 

mathematical model is formed. The mathematical clubbed 

model for filament winding operation for cylindrical pressure 

vessel glass FRP  is form as below.  

1. Cycle time  of component processing Π05  
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(1.12) 

2. Weight of cy. Vessel/Shell 
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3. Ultimate tensile strength of cy. Vessel/Shell–: 
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4. Density of  FRP Shell 
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5. Fibre volume ratio 
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1.13 RESPONSE SURFACE METHODOLOGY (RSM) 

MODAL 

As per the dimensional analysis, seven π terms are 

developed. These π terms are dimensionless hence it is very 

easily possible to convert into three groups. These three 

groups are converted into 3 dimensions in space to develop 

response surface. Hence, 

            ,                   ,                                         

(1.17) 

The ranges of input X, Y and output Z are more variant. 

Hence by using scaling principle, the above X, Y and Z values 

are scaled as follows:  

x = X / max (X), y = Y / max (Y), and z = Z / max (Z)  

The selection of appropriate model and the development of 

response surface models have been carried out by using 

statistical software, “MATLAB R2009a”. The best fit 

regression equations for the selected model are obtained for 

the response characteristics, viz., processing cycle time FRP 

Shell/Vessel, weight of FRP shell, Density of FRP shell, 

Strength of Shell, Fibre Volume ratio of FRP Shell The 

response surface equations are developed using the 

experimental data  

RSM Model Development  

The 54 experiments are conducted, with the process parameter 

levels set as given in experimental table to study the effect of 

process parameters over the output parameters. 

The experiments are designed and conducted by employing 

response surface methodology (RSM). The selection of 

appropriate model and the development of response surface 

models have been carried out by using statistical software, 

“MATLAB R2009a”. The best fit regression equations for the 

selected model are obtained for the response characteristics, 

viz., processing cycle time, Weight of shell, strength of shell, 

density of shell and fibre volume ratio. The response surface 

equations are developed using the experimental data and are 

plotted to investigate the effect of process variables on various 

response characteristics. Tables 1.3 show the sample 

calculations for RSM models for processing cycle time, 

Weight of Shell, Strength of Shell, Density of shell and fibre 

volume ratio. 

(i) For processing cycle time: 

Linear model Poly55: 

f(x, y) = p00 + p10*x + p01*y + p20*x
2
 + p11*x*y + p02*y

2
 

+ p30*x
3
 + p21*x

2
*y + p12*x*y

2
 + p03*y

3 
+ p40*x

4
 + 

p31*x
3
*y + p22*x

2
*y

2
  + p13*x*y

3
 + p04*y

4
 + p50*x

5
 + 

p41*x
4
*y + p32*x

3
*y

2
 + p23*x

2
*y

3
 + p14*x*y

4
 + p05*y

5

    
(1.18) 

For Response variable processing cycle time, 

response surface equation or Polynomial equation of RSM 

model of 5
th

 order is,  

f(x, y) = -242.2   + 594.6 *x + 510.4 *y -523.9*x
2
 -1092 *x*y 

-384.5
 
*y

2
 + 256.8 *x

3
 + 605.2  *x

2
*y  + 895.1  *x*y

2
 + 46.45 

*y
3
 -65.32 *x

4
 -178.4 *x

3
*y -271.4 *x

2
*y

2
 -370.8 *x*y

3
 + 

76.53 *y
4 

+ 6.77  *x
5
 + 20.97 *x

4
*y + 35.58 *x

3
*y

2
+ 46.01  

*x
2
*y

3
 + 62.98  *x*y

4
 -27.68 *y

5
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Goodness of fit: 

                                                                                        (1.19) 

  SSE: 0.04207,  R-square: 0.7296,  Adjusted R-square: 

0.5657,  RMSE: 0.03571 

(ii) For Weight of Shell : 

Linear model Poly55: 

f(x, y) = p00 + p10*x + p01*y + p20*x
2
 + p11*x*y + p02*y

2
 

+ p30*x
3
 + p21*x

2
*y + p12*x*y

2
 + p03*y

3 
+ p40*x

4
 + 

p31*x
3
*y + p22*x

2
*y

2
  + p13*x*y

3
 + p04*y

4
 + p50*x

5
 + 

p41*x
4
*y + p32*x

3
*y

2
 + p23*x

2
*y

3
 + p14*x*y

4
 + p05*y

5

                                    (1.19) 

For Response variable weight of shell, response surface 

equation or Polynomial equation of RSM model of 5
th

 order 

is,  

f(x, y) = -242.2   + 594.6 *x + 510.4 *y -523.9*x
2
 -1092 *x*y 

-384.5
 
*y

2
 + 256.8 *x

3
 + 605.2  *x

2
*y  + 895.1  *x*y

2
 + 46.45 

*y
3
 -65.32 *x

4
 -178.4 *x

3
*y -271.4 *x

2
*y

2
 -370.8 *x*y

3
 + 

76.53 *y
4 

+ 6.77  *x
5
 + 20.97 *x

4
*y + 35.58 *x

3
*y

2
+ 46.01  

*x
2
*y

3
 + 62.98  *x*y

4
 -27.68 *y

5
 

Goodness of fit:  

                                                                                          (1.20) 

  SSE: 0.004502,  R-square: 0.7188,   Adjusted R-square: 

0.5484,  RMSE: 0.01168 

(iii) For Strength of Shell: 

Linear model Poly55: 

f(x, y) = p00 + p10*x + p01*y + p20*x
2
 + p11*x*y + p02*y

2
 

+ p30*x
3
 + p21*x

2
*y + p12*x*y

2
 + p03*y

3 
+ p40*x

4
 + 

p31*x
3
*y + p22*x

2
*y

2
  + p13*x*y

3
 + p04*y

4
 + p50*x

5
 + 

p41*x
4
*y + p32*x

3
*y

2
 + p23*x

2
*y

3
 + p14*x*y

4
 + p05*y

5

                                                                         
(1.21) 

For Response variable Strength of shell, response surface 

equation or Polynomial equation of RSM model of 5
th

 order 

is,  

f(x,y) = 2674 -9642 *x -8600 *y + 1.518e+004 *x
2 

+ 

2.225e+004 *x*y + 1.225e+004 *y
2
 -1.291e+004  *x

3
 -

1.291e+004 *x
2
*y -2.221e+004*x*y

2
 -9147 *y

3
 + 5595*x

4
 + 

1.257e+004 *x
3
*y + 1.281e+004  *x

2
*y

2
 + 1.148e+004  *x*y

3
 

+ 3284*y4 -957.6 *x
5
  -2752*x

4
*y -3036*x

3
*y

2
 -2772*x

2
*y

3
 -

2458*x*y
4
 -395*y

5    

                                                                                                                   
(1.22) 

Goodness of fit: SSE: 0.1064,  R-square: 0.3835,  Adjusted R-

square: 0.009899,  RMSE: 0.05679 

(iv) For Density of Shell: 

Linear model Poly55: 

f(x, y) = p00 + p10*x + p01*y + p20*x
2
 + p11*x*y + p02*y

2
 

+ p30*x
3
 + p21*x

2
*y + p12*x*y

2
 + p03*y

3 
+ p40*x

4
 + 

p31*x
3
*y + p22*x

2
*y

2
  + p13*x*y

3
 + p04*y

4
 + p50*x

5
 + 

p41*x
4
*y + p32*x

3
*y

2
 + p23*x

2
*y

3
 + p14*x*y

4
 + p05*y

5

                                                     
(1.23) 

For Response variable Density of Shell, response surface 

equation or Polynomial equation of RSM model of 5
th

 order 

is,  

f(x, y) = 704.2 -1554  *x -3122  *y + 893.4  *x
2
 + 6332*x*y + 

5154*y
2 

+ 400.6 *x
3
 -4409  *x

2
*y -8193  *x*y

2
 -4117  *y

3
 -

610.5  *x
4
 + 1096*x

3
*y + 4122*x

2
*y

2
  + 4505*x*y

3
 + 

1595*y
4
 + 172.9  *x

5
 + 14.62  *x

4
*y -705.1  *x

3
*y

2
 -1119  

*x
2
*y

3 
-928.5  *x*y

4
 -234.6  *y

5
 

 Goodness of fit:  SSE: 0.03458,  R-square: 0.2646,  Adjusted 

R-square: -0.1811,  RMSE: 0.03237  

      

                                                                             (1.24) 

(v) For Fibre Volume Ratio: 

Linear model Poly55: 

f(x, y) = p00 + p10*x + p01*y + p20*x
2
 + p11*x*y + p02*y

2
 

+ p30*x
3
 + p21*x

2
*y + p12*x*y

2
 + p03*y

3 
+ p40*x

4
 + 

p31*x
3
*y + p22*x

2
*y

2
  + p13*x*y

3
 + p04*y

4
 + p50*x

5
 + 

p41*x
4
*y + p32*x

3
*y

2
 + p23*x

2
*y

3
 + p14*x*y

4
 + p05*y

5

                                                     
(1.25) 

For Response variable Fibre volume ratio response surface 

equation or Polynomial equation of RSM model of 5
th

 order 

is,      f(x,y) = 676.8  -2384  *x -2158  *y + 3381*x
2
 + 

5996*x*y + 2799*y2 -2428  *x
3
 -6257  *x

2
*y -5743  *x*y

2
 -

1849  *y
3
 + 878.4  *x

4
 + 2962*x

3
*y + 3878*x

2
*y

2
 + 

3878*x*y
3
 + 618.3  *y

4
 -130.1  *x

5
 -520  *x

4
*y -926.1  *x

3
*y

2
 

-789.1  *x
2
*y

3
 -439.6  *x*y

4
 -80.11  *y

5 
                         (1.26) 

Goodness of fit:     

  SSE: 0.002233,  R-square: 0.7775,  Adjusted R-square: 

0.6427,  RMSE: 0.008225 

1.14   ANALYSIS OF PERFORMANCE OF THE MODELS 

BY STATISTICAL PACKAGE FOR SOCIAL SCIENCES 

(SPSS)  

SPSS is one of the most popular statistical packages 

which can perform highly complex data manipulation and 

analysis with simple instructions .SPSS is capable of 

handling large amounts of data and can perform all of the 

above analyses covered in the text and much more. SPSS is 

one of the most popular statistical packages which can 

perform highly complex data manipulation and analysis with 

simple instructions. SPSS is capable of handling large 

amounts of data and can perform all of the above analyses 

covered in the text and much more.  

In this study descriptive statistics (arithmetic mean, 

standard deviation, maximum and minimum value of 

variables, etc.),data testing (Normality test, Data adequacy, 

Reliability and Validity)and final analysis(Internal 

consistency, factor analysis, analysis of variance ,multiple 
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regression  analysis and hypothesis testing) are carried out 

through SPSS software version 20.0.  

 

Figure 6  SPSS project workflow 

i) Linear Regression: Linear regression is used to specify the 

nature of the relation between two variables. Another way of 

looking at it is, given the value of one variable (called the 

independent variable in SPSS), how can you predict the value 

of some other variable (called the dependent variable in 

SPSS)  

The linear regression command is found at Analyze | 

Regression | Linear (this is shorthand for clicking on the 

Analyze menu item at the top of the window, and then 

clicking on Regression from the drop down menu, and Linear 

from the pop up menu.): 

ii) Descriptive Statistics: The Descriptive Statistics part of the 

output gives the mean, standard deviation, and observation 

count (N) for each of the dependent and independent 

variables. 

iii) Correlations: The Correlations part of the output shows 

the correlation coefficients. This output is organized 

differently than the output from the correlation procedure. The 

first row gives the correlations between the independent and 

dependent variables 

iv) Variables Entered/Removed: The Variables 

Entered/Removed part of the output simply states which 

independent variables are part of the equation (extravert in 

this example) and what the dependent variable . 

v) Model Summary: The Model Summary part of the output is 

most useful when you are performing multiple regression 

(which we are NOT doing.) Capital R is the multiple 

correlation coefficient that tells us how strongly the multiple 

independent variables are related to the dependent variable. In 

the simple bivariate case (what we are doing) R = | r | 

(multiple correlation equals the absolute value of the bivariate 

correlation.) R square is useful as it gives us the coefficient of 

determination. 

vi) ANOVA: The ANOVA part of the output is not very useful 

for our purposes. It basically tells us whether the regression 

equation is explaining a statistically significant portion of the 

variability in the dependent variable from variability in the 

independent variables.  

vii) Coefficients part:  The Coefficients part of the output 

gives us the values that we need in order to write the 

regression equation. The regression equation will take the 

form: 

Predicted variable (dependent variable) = slope * independent 

variable + intercept 

The slope is how steep the line regression line is. A slope of 0 

is a horizontal line, a slope of 1 is a diagonal line from the 

lower left to the upper right, and a vertical line has an infinite 

slope. The intercept is where the regression line strikes the Y 

axis when the independent variable has a value of 0.  

Developing the SPSS model individual Pi terms  Here seven 

independent pi terms ( i.e. 1, 2, 3, 4, 5, 6, 7 ) and five 

dependent pi terms (01, 02, 03, 04, 05) have been identified 

in the design of experimentation and are available for the 

model formulation. 

Independent  terms = (1, 2, 3, 4, 5, 6, 7 ) 

Dependent  terms = (01, 02, 03, 04, 05) 

Each dependent  is assumed to be function of the available 

independent  terms 

By using the SPSS software version 20.0, the linear regression 

carried out,   linear regression is used to specify the nature of 

the relation between two variables. Another way of looking at 

it is, given the value of one variable (called the independent 

variable in SPSS), how can you predict the value of some 

other variable (called the dependent variable in SPSS). 

The models developed using SPSS are as follows: 

Y  Pi 01 = 1.000 + 0. 190 π1 + 0. .313 π2 - 0.116 π3 – 0.355 π5 -  

0.127 π6                                                                   (1.27) 

Y  Pi 02  = 0.981+0 .058π1 + 0.103π2 - 0.032 π3 – 0.155 π5 -  

0.031 π7                                                                   (1.28) 

Y  Pi 03  = 1.449 +0 .529 π1 - 0.055 π2 - 0.600 π3 – 0.218 π5 -  

0.473  π7                                              (1.29) 

Y  Pi 04  = 1.094 - 0 .065 π1 - 0.023  π2 - 0.186  π3 + 0.138  π5 -  

0.106   π7                                               (1.30) 

Y  Pi 05 = 1.322+ 0.068 π1 + 0.031 π2 - 0.237π3 – 0.015 π5 -  

0.275 π7                                                                     (1.31) 

Model summary shows the value of R, R square, 

Adjusted R Square, Std. Error of linear regression by using 

SPSS software is found too much better than remaining 

model. 

Table 1.3 Computed values of R, R square, Adjusted R 

Square, Std. Error of linear regression by using SPSS for all 

response variables 
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Model R 
R 

Square 

Adjusted R 

Square 

Std. Error 

of the 

Estimate 

Processing 

cycle time-01 
.703a .495 .442 .04047 

Weight of 

Shell -02 
.714a .509 .458 .01279 

Strength of 

Shell - 03 
.426a .182 .096 .05426 

Density of 

Shell -  04 
.334a .112 .019 .02950 

Fibre 

Volume 

Ratio -  05 

.935a .874 .861 .00513 

 

1.15 ANN SIMULATION 

The phenomenon of Filament winding Process is 

highly  complex and nonlinear , so it is planned to develop the 

artificial neural network.It is utmost importance to compare 

the data generated throught mathematical models, 

experimentally observed data and ANN data to validate the 

phenomenon. 

.

 

Figure 7  ANN Simulation flow diagrams 

An artificial neural network (ANN) consists of three 

layers i.e. the input layer, hidden layer and the output layer. 

Its node represents neurons of the brain. The three neurons are 

interconnected with nodes as like that of neurons in the brain. 

The specific mapping performance depends upon the 

architecture and a synaptic weight values between the neurons 

of an ANN network. ANN is developed on a concept like a 

black box. ANN is trained itself with the help of input and 

output data as if like a human brain learn with reception of 

similar stimuli. An ANN trains itself within input and output 

data usually operating without a prior theory that guide or 

restricts a relation between the outputs and inputs. Ultimately 

the accuracy of predicted output rather than a specific 

description of paths and the relation between the input and 

output are the eventual goal of ANN model. The input data is 

preprocessed and passed hidden layer nodes. 

 

    

 

Figure 8  ANN Simulation Figure 1.14  ANN  Graph for processing cycle 
time 

meanexp =254.8148, meanann =258.1880, meanmath =  

254.4477 

mean_absolute_error_performance_function =7.6833 

mean_squared_error_performance_function = 107.1095 

perf =   4.4913e+03 

Table 1.4 : Comparison of the values of dependent pi terms 

computed by experimentation, mathematical model and ANN 

Mean /Error 

 

Filament winding operation for Cylindrical Pressure 

Vessel made of Composite material (Glass FRP)  

tp-Π01 Ws-Π02 Es-Π03 ρs-Π04 Vf-Π05 

Mean 

experimental 

254.814

8 
6.3661 

311.530

7 

1.8820e

+09 
62.1306 

Mean ANN 258.188
0 

6.4053 
314.769

7 
1.8917e

+09 
62.1404 

Mean Math. 

(model) 

254.447

7 
6.3657 

310.723

6 

1.8813e

+09 
62.1448 

MAEPF-

mean_absolu
7.6833 0.0662 17.4730 4.6614e 0.1410 
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te_error_perf

ormance_fun

ction 

+07 

MSEPF- 

mean_square

d_error_perf

ormance_fun

ction 

107.109
5 

0.0070 
460.987

4 
3.4125e

+15 
0.0342 

 

1.16 RELIABILITY AND CO-EFFICIENT OF 

DETERMINATION (R
2
) FOR   OF THE MODELS 

1.16.1 Reliability: The Reliability of the model can be 

established by using the following relation. 

Reliability (%) = 100 – percentage mean error 

Reliability (%) =      
∑(     )

∑  
                                                         

(1.32) 

Where Mean error = 
∑(     )

∑  
                                                                       

(1.33) 

   is percentage (%) error and    is frequency of occurrence of 

the error. 

Table 1.5:  Comparison of values for Reliability 

Reliability compared with Experimental Data 

π 

terms 

Response 

Variable 

Ri betn 

Math and 

EXP 

Ri 

betn 

club 

and 

Exp 

Ri betn 

SPSS and 

Exp 

Ri  

betn 

ANN 

and 

Exp 

Π01 
Processing 

cycle 

Time 

97.3518519 95.389 97.2962963 94 

Π02 
Weight of 

shell 
99.5 96.315 99.46296296 98.907 

Π03 
Strength 

of Shell 
99.5 96.315 95.40740741 93.87 

Π04 
Density of 

Shell 
98.1666667 94.074 98.11111111 97.944 

Π05 
Fibre 

Volume 

Ratio 

99.8518519 99.288 99.96296296 99.375 

 

1.16.2 Co-efficient of Determinant (R
2
) : A statistical method 

that explains how much of the variability of a factor can be 

caused or explained by its relationship to another factor .Co-

efficient of Determinant is used in trend analysis. It is 

computed as a value between 0 (0 percent) and 1 (100 

percent). The Higher the value, the better the fit. Coefficient 

of determination is symbolized by r2 because it is square of 

the coefficient of correlation symbolized by r. 

R
2
 =1- ∑Yi-fi)

2
/∑(Yi-Y)

2            

         
(1.34)

  

Where, Yi= Observed value of dependant variable for i
th 

Experimental sets (Experimental data), fi=Observed value of 

dependant variable for i
th

 predicted value sets (Model data), 

Y= Mean of Yi and R
2
 = Co-efficient of Determinant 

Table 1.6:  Comparison of values for coefficient of 

determination 

R2 compared with Experimental Data  

π 

term

s 

Response 

Variable 

R2 betn 

Math and 

EXP 

R2 

betn 

club 

and 

Exp 

R2 

betn 

SPSS 

and 

Exp 

R2  

betn 

ANN 

and 

Exp 

R2  of  

SPSS 

Mode

l 

Π01 
Processing 

cycle Time 
0.504527 0.0563 

0.494
8 

-
0.7514 

0.495 

Π02 
Weight of 

shell 

0.51647537

1 
-6.299 

0.509

4 

-

0.2012 
0.509 

Π03 
Strength of 

Shell 

0.15872803
2 

-0.006 
0.181

6 
-

0.3658 
0.182 

Π04 
Density of 

Shell 

0.09751887

5 

-

4.6643 

0.111

5 
0.0202 0.112 

Π05 

Fibre 

Volume 

Ratio 

0.78717105

9 

-

0.4004 

0.873

9 
0.9548 0.874 

 

1.17 OPTIMIZATION OF THE MODELS 

The models have been developed for the 

phenomenon of filament winding process. The ultimate 

objective of this work is not merely developing the models but 

to find out the best set of independent variables, which will 

result in maximization/minimization of the objective 

functions. There are three models of dependent variables and 

related to these models there are five objective functions as 

below. 

Table 1.7:  Objective Function 

Variable Model Objective Function 

tp 
Cycle time  of component processing 

of cy. Vessel/Shell 
Minimization 

Ws Weight of cy. Vessel/Shell Minimization 

Es Ultimate tensile strength Maximization 

ρs Density of  FRP Shell Minimization 

Vf Fibre volume ratio Maximization 

 

Table 1.8: Optimized values of response variables 

 

http://www.businessdictionary.com/definition/method.html
http://www.businessdictionary.com/definition/variability.html
http://www.businessdictionary.com/definition/factor.html
http://www.businessdictionary.com/definition/relationship.html
http://www.businessdictionary.com/definition/trend-analysis.html
http://www.businessdictionary.com/definition/value.html
http://www.businessdictionary.com/definition/percent.html
http://www.businessdictionary.com/definition/failure-in-time-FIT.html
http://www.businessdictionary.com/definition/square.html
http://www.businessdictionary.com/definition/coefficient-of-correlation-r.html
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Pi 

Ter

ms 

Π01-Processing 

Cycle Time (tp),sec 

(Min) 

Π02- Weight of 

shell, Ws, kg (Min) 

Π03- Strength of 

Shell, Es , N/mm2 

(Max) 

Log 

values 

of π 

terms 

Antilog 

of π 

terms 

Log 

values 

of π 

terms 

Antilo

g of π 

terms 

Log 

values 

of π 

terms 

Antilog 

of π 

terms 

Z 2.3675 233.06 0.79353 6.2163 2.5838 383.555 

X1 -1.8027 0.01575 -1.8027 0.0157 -1.773 0.01687 

X2 -2.8908 0.00129 -2.8908 0.0013 -2.891 0.00129 

X3 0.3827 2.41379 0.20761 1.6129 0.2076 1.6129 

X4 -3.3019 0.0005 -3.3019 0.0005 -3.302 0.0005 

X5 8.7855 6.1E+08 8.78547 6E+08 8.7342 5.4E+08 

X6 -0.1987 0.63286 -0.1987 0.6329 -0.199 0.63286 

X7 4.8544 71511.6 4.85438 71512 4.6783 47674.4 

Table 1.8:  Equation parameter 

Pi 

Ter

ms 

Π04- Density of Shell, ρs , 

Kg/mm3 (Min) 

Π05- Fibre Volume Ratio, Vf , 

% (Max) 

Log values of 

π terms 

Antilog of π 

terms 

Log values of 

π terms 

Antilog of π 

terms 

Z 9.26116 1.82E+09 1.82429 66.72446 

X1 -1.7728 0.016874 -1.7728 0.016874 

X2 -2.8908 0.001286 -2.7447 0.0018 

X3 0.3827 2.413793 0.20761 1.612903 

X4 -3.3019 0.000499 -3.3019 0.000499 

X5 8.73416 5.42E+08 8.73416 5.42E+08 

X6 -0.1987 0.632864 -0.1987 0.632864 

X7 4.85438 71511.64 4.67829 47674.43 

 

1.18 SENSITIVITY ANALYSES  

The influence of the various independent π terms has 

been studied by analyzing the indices of the various π terms in 

the models. Through the technique of sensitivity analysis, the 

change in the value of a dependent π term caused due to an 

introduced change in the value of individual π term is 

evaluated. In this case, of change of ± 10 % is introduced in 

the individual independent π term independently (one at a 

time).Thus, total range of the introduced change is ± 20 %. 

The effect of this introduced change on the change in the 

value of the dependent π term is evaluated .The average 

values of the change in the dependent π term due to the 

introduced change of ± 10 % in each independent π term. This 

defines sensitivity. The total % change in output for ±10% 

change in input is shown in Table 1.9 

Table 1.9 : Sensitivity Analysis (sample) for filament winding 

 

Independent Pi Terms (Varied by ±10%) % of Change effect on Dependent Pi Terms 

Pi 1 Pi 2 Pi 3 Pi 4 Pi 5 Pi 6 Pi 7 Pi01 Pi02 Pi03 Pi04 Pi05 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 254.82 6.3701 307.78 2E+09 61.934 

0.017

9 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 259.8 6.406 327.24 2E+09 62.336 

0.014

7 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 249.43 6.3307 287.61 2E+09 61.493 

% Change 4.0697 1.1816 12.876 1.1984 1.3621 

0.016

3 
0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 254.82 6.3701 307.78 2E+09 61.934 

0.016

3 

0.001

7 

2.001

5 

0.000

5 6E+08 0.6329 59593 262.21 6.4259 306.14 2E+09 62.098 

0.016

3 

0.001

4 

2.001

5 

0.000

5 6E+08 0.6329 59593 246.9 6.309 309.59 2E+09 61.755 

% Change 6.01 1.8353 1.1221 0.4133 0.5538 

0.016

3 

0.001

5 
2.001

5 

0.000

5 6E+08 0.6329 59593 254.82 6.3701 307.78 2E+09 61.934 

0.016

3 

0.001

5 
2.201

6 

0.000

5 6E+08 0.6329 59593 254.41 6.3701 295.24 2E+09 61.178 

0.016

3 

0.001

5 
1.801

3 

0.000

5 6E+08 0.6329 59593 255.28 6.3701 322.25 2E+09 62.782 

% Change 0.3392 0 8.7773 1.2907 2.5904 

0.016

3 

0.001

5 

2.001

5 
0.000

5 6E+08 0.6329 59593 254.82 6.3701 307.78 2E+09 61.934 

0.016

3 

0.001

5 

2.001

5 
0.000

5 6E+08 0.6329 59593 251.78 6.016 305.8 2E+09 59.409 

0.016

3 

0.001

5 

2.001

5 
0.000

4 6E+08 0.6329 59593 258.22 6.7859 309.98 2E+09 64.851 

% Change 2.5261 12.086 1.357 29.104 8.7854 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 254.82 6.3701 307.78 2E+09 61.934 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 245.85 6.3009 300.19 2E+09 61.802 

0.016

3 

0.001

5 

2.001

5 

0.000

5 5E+08 0.6329 59593 265.12 6.4476 316.38 2E+09 62.081 

% Change 7.5633 2.3031 5.2591 2.8155 0.4516 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 254.82 6.3701 307.78 2E+09 61.934 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6962 59593 46.835 31.804 150.61 3E+06 40.786 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.5696 59593 1657.6 1.0769 678.16 2E+12 98.284 

% Change 632.11 482.37 171.41 126498 92.837 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 59593 254.82 6.3701 307.78 2E+09 61.934 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 65552 253.84 6.3683 298.1 2E+09 60.926 

0.016

3 

0.001

5 

2.001

5 

0.000

5 6E+08 0.6329 53634 255.91 6.3721 318.84 2E+09 63.069 

% Change 0.8149 0.0602 6.7371 0.1806 3.4607 

 

1.19 ESTIMATION OF LIMITING VALUES OF 

RESPONSE VARIABLES  

The mathematical models have been developed for 

the phenomenon. The ultimate objective of this work is not 

merely developing the models but to find out the best set of 

variables, which will result in maximization/minimization of 

the response variables. 

In this section attempt is made to find out the limiting values 

of four response variables viz.processing cycle time of 

vessel/shell, weight of shell, Density of shell, Ultimate 

Strength of FRP shell, Fibre volume ratio of FRP shell To 

achieve this, limiting values of independent π term viz. π1, π2, 

π3, π4, π5, π6, π7, are put in the respective models. In the 

process of maximization, maximum value of independent π 

term is substituted in the model if the index of the term was 
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positive and minimum value is put if the index of the term 

was negative. The limiting values of these response variables 

are compute for filament winding operation 

Table 1.10 Limiting Values of Response Variables 

Max 

and 

Min. 

of 

Resp

onse 

π 

terms 

Filament winding operation for Cylindrical Pressure Vessel 

made of Composite material (Glass FRP) 

Π01-Processing 

Cycle Time (tp),sec 

Π02- 

Weight 

of shell, 

Ws, kg 

Π03- 

Strengt

h of 

Shell, 

Es , 

N/mm2 

Π04- 

Density 

of 

Shell, 

ρs , 

Kg/mm
3 

Π05- 

Fibre 

Volum

e 

Ratio, 

Vf , % 

Maxi

mum 279.7559 

6.53247

9 

383.555

2 

383.555

2 

66.724

46 

Mini

mum 233.0597 

6.21625

8 255.597 255.597 

58.094

58 

 

1.20 COMPARISON OF PHENOMENAL RESPONSES BY 

CONVENTIONAL APPROACH AND ANN SIMULATION  

The comparison between Experimental, ANN and by 

Model for all the three response/dependent variables viz. 

processing cycle time FRP Shell/Vesse(П01),, weight of FRP 

shell(П02),, Density of FRP shell(П03),, Strength of 

Shell(П04),, Fibre Volume ratio of FRP Shell(П05),   is made 

as shown in the following sections. The figures 9, 10, 11 and 

Table 1.11 depicts that the comparison made by Experimental, 

ANN and mathematical Models gives the response data which 

is overlapping. The overlapping curves are due to less 

percentage error between Experimental, ANN and 

mathematical Models. This proves the authenticity of the 

responses predicted. 

From the comparisons of all models for response 

variables shown that, In the previous research work  all the 

researcher have worked on only comparison between the 

mathematical model , clubbed model and ANN model values, 

they have formulated the model and compare  its values. No 

one has work on the analysis of performance of the models by 

statistical package for social sciences (SPSS), Response 

Surface Methodology and comparion of all these models. 

Here in this present research, the model are formulated for all 

the response variable and Comparison between the models on 

the basis of Mean value, Mean Error, Percentage Error, Root 

Mean Square Error (RMSE), Mean Square Error (MSE), 

Coefficient of Determination (R
2
) and Reliability (Ri) of the 

Model with experimental data was done.  

Here in the present research work, the models are 

formulated for All five response variables and the results are 

tested for sensitivity, reliability, and values of coefficient of 

determinant (R
2
 ) is calculated for Response variable  and for 

all the developed models  of Response Variables., RSM, SPSS 

and ANN, and compared it.  

Table 1.11 : Comparison of the values of dependent pi terms 

computed by experimentation, mathematical model and ANN 

Mean /Error 

 

Filament winding operation for 

Cylindrical Pressure Vessel made of 

Composite material (Glass FRP) 

tp-Π01 
Ws-

Π02 

Es-

Π03 
ρs-Π04 

Vf-

Π05 

Mean experimental 
254.8
148 

6.36
61 

311.5
307 

1.8820
e+09 

62.1
306 

Mean ANN 
258.1

880 

6.40

53 

314.7

697 

1.8917

e+09 

62.1

404 

Mean Math. (model) 
254.4
477 

6.36
57 

310.7
236 

1.8813
e+09 

62.1
448 

MAEPF-

mean_absolute_error_perfor

mance_function 

7.683
3 

0.06
62 

17.47
30 

4.6614
e+07 

0.14
10 

MSEPF- 

mean_squared_error_perfor

mance_function 

107.1
095 

0.00
70 

460.9
874 

3.4125
e+15 

0.03
42 

Sample calculation of mean value, mean error, percentage 

error ,square error and root mean square error  Model 

Developed By Mathematical Model, Clubbed Model, SPSS 

Regression Model And ANN for are shown in tables  1.12 to 

table 1.23. 

Table 1.12: Sample values of dependent pi term computed by 

experimentation, math.  model, clubbed model, RMS modal, 

Linear regression using SPSS and ANN for Processing Cycle 

Time, tp-Π01 

S.N. 
tp 

(Expe) 

tp 

(Math. 

Model) 

tp 

(Clubbed) 

tp(Linear 

regre. 

Model 

using 

SPSS) 

tp (ANN) 

1 240 243.5198 255.0799 243.8268 258.8476 

2 240 240.1266 255.2294 240.1364 267.2203 

: : : : : : 

53 260 270.1922 257.1698 270.662 266.7394 

54 270 273.1135 256.7677 273.8876 265.1101 

Sum 13760 13745.13 13835.67 13760 13942.15 

AVG 254.8148 254.5394 256.2161 254.8149 258.188 

 

Table 1.13: calculation for Mean Error between 

experimentation, mathematical model, clubbed model, Linear 

regression using SPSS and ANN for Processing Cycle Time, 

tp-Π01 

S.N. 

Error betn 

Math and 

EXP 

Error betn 

club and Exp 

Error betn 

SPSS and Exp 

Error betn 

ANN and 

Exp 

1 3.519764 15.07986 3.8268 18.8476 
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2 0.126593 15.22941 0.1364 27.2203 

3 5.099275 14.68052 5.1484 22.8643 

4 4.720839 6.287875 3.9628 22.2212 

5 7.341966 3.653179 8.3024 3.6334 

: : : : : 

: : : : : 

51 10.48276 8.753823 9.8052 3.5567 

52 14.67048 22.48098 13.4316 19.7586 

53 10.19216 2.830172 10.662 6.7394 

54 3.113485 13.23229 3.8876 4.8899 

AVG 0.275372 1.401324 6.67E-05 3.373183 

Table: 1.14 : Sample calculation for percentage error between  

experimentation, mathematical model, clubbed model, Linear 

regression using SPSS and ANN for Processing Cycle Time, 

tp-Π01 

S.N. % Error 

betn Math 

and Exp 

% Error 

betn club 

and Exp 

% Error 

betn SPSS 

and Exp 

% Error 

betn ANN 

and Exp 

1 1.466568 6.283276 1.5945 7.853167 

2 0.052747 6.345588 0.056833 11.34179 

3 2.124698 6.116883 2.145167 9.526792 

4 1.888336 2.51515 1.58512 8.88848 

5 2.823833 1.405069 3.193231 1.397462 

: : : : : 

: : : : : 

51 3.95576 3.303329 3.700075 1.342151 

52 5.239458 8.02892 4.797 7.056643 

53 3.92006 1.088528 4.100769 2.592077 

54 1.153143 4.900847 1.439852 1.811074 

Avg 0.108068 0.549938 2.62E-05 1.323778 

 

Table: 1.15 : Sample calculation for Mean Square error and 

Root Mean Square Error between  experimentation, 

mathematical model, clubbed model, Linear regression using 

SPSS and ANN for Processing Cycle Time, tp-Π01 

S.N. 

Mean Square 

Error betn 

Math and 

EXP 

Mean Square 

Error betn 

club and Exp 

Mean 

Square 

Error betn 

SPSS and 

Exp 

Mean 

Square 

Error betn 

ANN and 

Exp 

1 12.38874 227.4022 14.6444 355.232 

2 0.016026 231.9349 0.018605 740.9447 

3 26.0026 215.5176 26.50602 522.7762 

4 22.28633 39.53737 15.70378 493.7817 

5 53.90446 13.34572 68.92985 13.2016 

: : : : : 

: : : : : 

51 109.8883 76.62941 96.14195 12.65011 

52 215.223 505.3942 180.4079 390.4023 

53 103.88 8.009873 113.6782 45.41951 

54 9.693787 175.0934 15.11343 23.91112 

 MSE MSE MSE MSE 

MSE 111.9232 213.1833 114.1152 395.6324 

 RMSE RMSE RMSE RMSE 

RMSE 10.57938 14.6008 10.68247 19.89051 

 

 

Figure 9 Graph comparisons of Values of Model Developed By Math. Model, 

Clubbed Model, RSM Model, SPSS Regression Model and ANN for all 

Dependant Pi Terms for Processing Cycle Time, tp-Π01 

Table 1.16: Sample values of dependent pi term computed by 

experimentation, math.  model, clubbed model, RMS modal, 

Linear regression using SPSS and ANN for Weight of Shell, 

Ws-Π02 

S.N. Ws 

(Expem) 

Ws(Math 

Model) 

Ws 

(club 

Model) 

Ws(Linear 

regre. Model 

using spss) Ws(ANN) 

1 6.25 6.284287 6.731771 6.282607 6.5394 

2 6.255 6.262278 6.69606 6.260331 6.504 

3 6.26 6.288516 6.82817 6.286639 6.4451 

4 6.3 6.371113 6.449242 6.361332 6.4027 

5 6.41 6.360234 6.435796 6.350029 6.2876 

: : : : : : 

: : : : : : 

51 6.45 6.357784 6.458772 6.360803 6.45 

52 6.6 6.447374 6.17478 6.455458 6.6 

53 6.4 6.488182 6.251286 6.493267 6.4 

0

50

100

150

200

250

300

1 4 7 101316192225283134374043464952

tp(Expem)

tp(Math Model)
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54 6.5 6.496036 6.340692 6.505165 6.5 

           

Sum 343.767 343.7437 349.3442 343.7671 343.767 

AVG 6.366056 6.365624 6.469337 6.366058 6.366056 

Table 1.17: calculation for Mean Error between 

experimentation, mathematical model, clubbed model, Linear 

regression using SPSS and ANN for Weight of Shell, Ws-Π02 

S.N. 
Error betn 

Math and 

EXP 

Error betn 

club and Exp 

Error betn 

SPSS and 

Exp 

Error betn 

ANN and 

Exp 

1 0.034287 0.481771 0.032607 0.2894 

2 0.007278 0.44106 0.005331 0.249 

3 0.028516 0.56817 0.026639 0.1851 

4 0.071113 0.149242 0.061332 0.1027 

5 0.049766 0.025796 0.059971 0.1224 

: : : : : 

: : : : : 

51 0.092216 0.008772 0.089197 0.0571 

52 0.152626 0.42522 0.144542 0.2378 

53 0.088182 0.148714 0.093267 0.0672 

54 0.003964 0.159308 0.005165 0.0207 

AVG 0.000431 0.103282 2.39E-06 0.03922 

Table: 1.18 : Sample calculation for percentage error between  

experimentation, mathematical model, clubbed model, Linear 

regression using SPSS and ANN for Weight of Shell, Ws-Π02 

S.N. % Error 

betn Math 

and Exp 

% Error 

betn club 

and Exp 

% Error 

betn SPSS 

and Exp 

% Error betn 

ANN and Exp 

1 0.548598 7.708331 0.521707 4.6304 

2 0.116349 7.051323 0.085228 3.980815 

3 0.455532 9.07619 0.42554 2.956869 

4 1.128776 2.368917 0.973521 1.630159 

5 0.77638 0.40244 0.93559 1.909516 

: : : : : 

: : : : : 

51 1.429701 0.135996 1.382899 0.885271 

52 2.312509 6.442733 2.190027 3.60303 

53 1.377843 2.323663 1.457303 1.05 

54 0.060979 2.450894 0.079468 0.318462 

Avg 0.006777 1.622382 3.76E-05 0.616086 

Table: 1.19 : Sample calculation for Mean Square error and 

Root Mean Square Error between  experimentation, 

mathematical model, clubbed model, Linear regression using 

SPSS and ANN for Weight of Shell, Ws-Π02 

S.N. 

Mean Square 

Error 

betnMath and 

EXP 

Mean Square 

Error 

betnclub and 

Exp 

Mean 

Square 

Error betn 

SPSS and 

Exp 

Mean 

Square 

Error betn 

ANN and 

Exp 

1 0.001176 0.232103 0.001063 0.083752 

2 5.3E-05 0.194534 2.84E-05 0.062001 

3 0.000813 0.322817 0.00071 0.034262 

4 0.005057 0.022273 0.003762 0.010547 

5 0.002477 0.000665 0.003597 0.014982 

: : : : : 

: : : : : 

51 0.008504 7.69E-05 0.007956 0.00326 

52 0.023295 0.180812 0.020892 0.056549 

53 0.007776 0.022116 0.008699 0.004516 

54 1.57E-05 0.025379 2.67E-05 0.000428 

 MSE MSE MSE MSE 

MSE 0.006263 0.094547 0.006356 0.01556 

 RMSE RMSE RMSE RMSE 

RMSE 0.079141 0.307486 0.079722 0.12474 

 

 

Figure .10 Graph comparisons of Values of Model Developed By Math. 
Model, Clubbed Model, RSM Model, SPSS Regression Model and ANN for 

all Dependant Pi Terms for Weight of Shell, Ws-Π02 

Table 1.20: Sample values of dependent pi term computed by 

experimentation, math.  model, clubbed model, RMS modal, 

Linear regression using SPSS and ANN for Strength of Shell, 

Es-Π03 

S.N. 

Es(Expem) 

Es(Math 

Model) 

Es(club 

Model) 

Es(Linear 

regre. Model 

using spss) Es(ANN) 

1 292.04 303.1866 318.052 304.8718 330.7855 

2 307.25 306.7528 317.508 305.477 305.0063 

3 306.23 305.4772 319.5108 302.2674 316.3206 

5.6

5.8

6

6.2

6.4

6.6

6.8

7

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Ws (Expem)
Ws(Math Model)
Ws (club Model)
Ws(Linear regre. Model using spss)
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4 277.15 298.0918 313.6933 299.8852 316.6794 

5 287.22 302.8389 313.4826 301.6929 317.4592 

: : : : : : 

: : : : : : 

51 291.32 318.2458 313.8424 320.8085 306.9417 

52 333.65 313.5504 309.3332 318.7096 313.0291 

53 323.24 324.425 310.5615 324.0027 293.8266 

54 323.23 320.8931 311.9842 323.0222 295.4306 

           

Sum 16822.66 16778.6 16954.51 16822.66 16997.57 

AVG 311.5307 310.7149 313.9723 311.5308 314.7697 

Table 1.21: calculation for Mean Error between 

experimentation, mathematical model, clubbed model, Linear 

regression using SPSS and ANN for Strength of Shell, Es-Π03 

S.N. 

Error betn 

Math and 

EXP 

Error betn 

club and 

Exp 

Error betn 

SPSS and 

Exp 

Error 

betn ANN 

and Exp 

1 11.14656 26.01203 12.83183 38.7455 

2 0.497193 10.25804 1.77303 2.2437 

3 0.75276 13.28081 3.96257 10.0906 

4 20.94177 36.54328 22.73517 39.5294 

5 15.61892 26.26265 14.47293 30.2392 

: : : : : 

: : : : : 

51 26.92583 22.52239 29.48846 15.6217 

52 20.09961 24.31684 14.94038 20.6209 

53 1.185034 12.67847 0.76268 29.4134 

54 2.336897 11.24582 0.2078 27.7994 

AVG 0.815838 2.441578 4.07E-05 3.239 

Table: 1.22 : Sample calculation for percentage error between  

experimentation, mathematical model, clubbed model, Linear 

regression using SPSS and ANN for Strength of Shell, Es-Π03 

S.N. % Error 

betn Math 

and Exp 

% Error 

betn club 

and Exp 

% Error 

betn SPSS 

and Exp 

% Error 

betn ANN 

and Exp 

1 3.816793 8.90701 4.39386 13.26719 

2 0.16182 3.338662 0.577064 0.730252 

3 0.245815 4.336875 1.293985 3.295105 

4 7.556113 13.18538 8.2032 14.26282 

5 5.437965 9.143739 5.03897 10.52824 

: : : : : 

: : : : : 

51 9.242698 7.731152 10.12236 5.362385 

52 6.024161 7.28813 4.47786 6.180399 

53 0.366611 3.922309 0.235949 9.099555 

54 0.722983 3.4792 0.064289 8.600501 

Avg 0.26188 0.783736 1.31E-05 1.039705 

Table: 1.23 : Sample calculation for Mean Square error and 

Root Mean Square Error between  experimentation, 

mathematical model, clubbed model, Linear regression using 

SPSS and ANN for Strength of Shell, Es-Π03 

S.N. 

Mean Square 

Error betn 

Math and 

EXP 

Mean Square 

Error betn 

club and Exp 

Mean 

Square 

Error betn 

SPSS and 

Exp 

Mean 

Square 

Error betn 

ANN and 

Exp 

1 124.2459 676.6258 164.6559 1501.214 

2 0.247201 105.2274 3.143635 5.03419 

3 0.566648 176.38 15.70196 101.8202 

4 438.5577 1335.411 516.888 1562.573 

5 243.9508 689.7267 209.4657 914.4092 

: : : : : 

: : : : : 

51 725.0003 507.2582 869.5693 244.0375 

52 403.9945 591.3089 223.215 425.2215 

53 1.404304 160.7436 0.581681 865.1481 

54 5.461089 126.4685 0.043181 772.8066 

 MSE MSE MSE MSE 

MSE 394.5648 471.8314 383.8403 640.564 

 RMSE RMSE RMSE RMSE 

RMSE 19.86365 21.72168 19.59184 25.30937 

 

 

Figure 11Graph comparisons of Values of Model Developed By Math. 

Model, Clubbed Model, RSM Model, SPSS Regression Model and ANN for 
all Dependant Pi Terms for Fibre Volume Ratio, Vf-Π05 
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Comparison of developed  model of mathematical, 

clubbed ,RSM, SPSS and ANN are compared with 

experimental values of experimentation are shown in table 

1.24.The developed models for all response variables are 

shown in table 1.25. From their comparison it is found that 

mathematical model is most superior and SPSS models are 

superior than other models. As its values are closer with less 

percentage of error. It is also concluded on the basis of 

reliability, coefficient of determination and statically 

comparison.  

Table 1.24 Mathematical Model Equation for Dependent 

variables 

Response 

Variable 
Model Mathematical Equation (Model) 

01, 

(Processin

g Cycle 

Time, tp) 

Math. 

Model 

  

          (√
  
 
)

[
 
 
 
 
 (

  

√    
)

     

(
     
  
 
)
      

(
  
  
)
       

(
   

    
)

       

(
         

  
    

)

       

(  √
  
 
)

        

(  √
 

  
)

       

]
 
 
 
 
 

 

Clubbed 

Model 
            (√

  
 
)

[
 
 
 
 
 (

  

√    
)(
     
   

) (
  
  
) (
   

    
)

(
         

  
    

)(  √
  
 
)(  √

 

  
)

]
 
 
 
 
 
      

 

RSM 

f(x,y) = -6521 + 2.481e+004 *x + 1.983e+004 *y -3.586e+004*x2 -

6.336e+004*x*y -2.269e+004*y2 + 2.619e+004  *x3 + 6.754e+004 *x2*y 

+ 6.135e+004  *x*y2 + 1.09e+004  *y3 -9691*x4 -3.22e+004 *x3*y  -

4.308e+004 *x2*y2 -2.656e+004 *x*y3 -1129 *y4 +  1464  *x5 + 

5778*x4*y + 1.017e+004  *x3*y2 + 9194*x2*y3 + 4346*x*y4 -457.1*y5 

SPSS 

Model 
Y  Pi 01 = 1.000 + 0. 190 π1 + 0. .313 π2 - 0.116 π3 – 0.355 π5 -  0.127 π6 

02 

(Weight 

of shell, 

Ws): 
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RSM 

f(x, y) = -242.2   + 594.6 *x + 510.4 *y -523.9*x2 -1092 *x*y -384.5*y2 

+ 256.8 *x3 + 605.2  *x2*y  + 895.1  *x*y2 + 46.45 *y3 -65.32 *x4 -178.4 

*x3*y -271.4 *x2*y2 -370.8 *x*y3 + 76.53 *y4 + 6.77  *x5 + 20.97 *x4*y 

+ 35.58 *x3*y2+ 46.01  *x2*y3 + 62.98  *x*y4 -27.68 *y5 

SPSS 

Model 
Y  Pi 02  = 0.981+0 .058π1 + 0.103π2- 0.032 π3 – 0.155 π5 -  0.031 π7 

03 

(Strength 

of Shell, 

Es) 

Math. 
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RSM 

f(x,y) = 2674 -9642 *x -8600 *y + 1.518e+004 *x2 + 2.225e+004 *x*y + 

1.225e+004 *y2 -1.291e+004  *x3 -1.291e+004 *x2*y -2.221e+004*x*y2 

-9147 *y3 + 5595*x4 + 1.257e+004 *x3*y + 1.281e+004  *x2*y2 + 

1.148e+004  *x*y3 + 3284*y4 -957.6 *x5  -2752*x4*y -3036*x3*y2 -

2772*x2*y3 -2458*x*y4 -395*y5 

SPSS 

Model 
Y  Pi 03  = 1.449 +0 .529 π1 - 0.055 π2 - 0.600 π3 – 0.218 π5 -  0.473  π7 

04 

(Density 

of Shell, 

ρs)  

Math. 

Model 
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RSM 

f(x, y) = 704.2 -1554  *x -3122  *y + 893.4  *x2 + 6332*x*y + 5154*y2 + 

400.6 *x3 -4409  *x2*y -8193  *x*y2 -4117  *y3 -610.5  *x4 + 1096*x3*y 

+ 4122*x2*y2  + 4505*x*y3 + 1595*y4 + 172.9  *x5 + 14.62  *x4*y -

705.1  *x3*y2 -1119  *x2*y3 -928.5  *x*y4 -234.6  *y5 

SPSS 

Model 
Y  Pi 04  = 1.094 - 0 .065 π1 - 0.023  π2- 0.186  π3 + 0.138  π5 -  0.106   π7 

05 (Fibre 

Volume 

Ratio, Vf) 

Math. 

Model 
(  )  5.457579*
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RSM 

  f(x,y) = 676.8  -2384  *x -2158  *y + 3381*x2 + 5996*x*y + 2799*y2 -

2428  *x3 -6257  *x2*y -5743  *x*y2 -1849  *y3 + 878.4  *x4 + 

2962*x3*y + 3878*x2*y2 + 3878*x*y3 + 618.3  *y4 -130.1  *x5 -520  

*x4*y -926.1  *x3*y2 -789.1  *x2*y3 -439.6  *x*y4 -80.11  *y5 

SPSS 

Model 
Y  Pi 05 = 1.322+ 0.068 π1 + 0.031 π2 - 0.237π3 – 0.015 π5 -  0.275 π7 

 

Table 1.25 : Comparison between the models on the basis of 

Mean value,  Mean Error,  Percentage Error,  Root Mean 

Square Error (RMSE), Mean Square Error (MSE),  

Coefficient of Determination (R
2
) and Reliability (Ri)of the 

Model compared with experimental data 

π 

term

s 

Response Variable 

Mean 

Experiment

al 

Math.Mod

el 

Clubbed 

Model 
SPSS ANN 

Π01 

Processing cycle 

Time 254.814815 254.54 

256.216139

1 

254.8

1 

258.1

9 

Π02 Weight of shell 6.36605556 6.3656 6.46933731 

6.366

1 

6.405

3 

Π03 Strength of Shell 311.530741 310.71 

313.972318

9 

311.5

3 

314.7

7 

Π04 Density of Shell 1882037037 2E+09 

186309375

6 

2E+0

9 

2E+0

9 

Π05 Fibre Volume Ratio 62.1305556 62.145 

62.6173815

1 

62.13

1 62.14 

 

Mean Error compared with Experimental Data  

π 

terms 
Response Variable 

Error betn 

Math and 

EXP 

Error 

betn 

club 

andExp 

Error 

betn 

SPSS 

andExp 

Error 

betn 

ANN 

andExp 

Π01 Processing cycle Time 0.2754 1.4013 7E-05 3.3732 

Π02 Weight of shell 0.0004 0.1033 2E-06 0.0392 
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Π03 Strength of Shell 0.8158 2.4416 4E-05 3.239 

Π04 Density of Shell 1E+06 2E+07 740.74 1E+07 

Π05 Fibre Volume Ratio 0.0144 0.4868 2E-05 0.0098 

 

% Error compared with Experimental Data 

π 

terms 
Response Variable 

% Error 

betn Math 

and EXP 

% 

Error 

betn 

club 

andExp 

% Error betn 

SPSS andExp 

% 

Error 

betn 

ANN 

andExp 

Π01 Processing cycle Time 0.10806769 0.5499 2.61628E-05 1.3238 

Π02 Weight of shell 0.00677731 1.6224 3.76127E-05 0.6161 

Π03 Strength of Shell 0.26188046 0.7837 1.30776E-05 1.0397 

Π04 Density of Shell 0.07074532 1.0065 3.93585E-05 0.5133 

Π05 Fibre Volume Ratio 0.02319211 0.7836 3.68996E-05 0.0158 

 

M.S.E. compared with Experimental Data 

π 

terms 
Response Variable 

Mean 

Square 

Error betn 

Math and 

EXP 

Mean 

Square 

Error 

betn 

club 

andEx

p 

Mean 

Square 

Error 

betn 

SPSS 

andEx

p 

Mean 

Square 

Error 

betn 

ANN 

andEx

p 

Π01 Processing cycle Time 111.9232048 213.18 114.12 395.63 

Π02 Weight of shell 0.006263317 0.0945 0.0064 0.0156 

Π03 Strength of Shell 394.5647566 471.83 383.84 640.56 

Π04 Density of Shell 3.14324E+15 2E+16 3E+15 3E+15 

Π05 Fibre Volume Ratio 0.160984928 1.0593 0.0954 0.0342 

 

Reliability compared with Experimental Data 

π 

terms 
Response Variable 

Ribetn Math 

and EXP 

Ribetn 

club 

and 

Exp 

Ribetn SPSS 

and Exp 

Ribetn 

ANN 

and 

Exp 

Π01 Processing cycle Time 97.3518519 95.389 97.2962963 94 

Π02 Weight of shell 99.5 96.315 99.46296296 98.907 

Π03 Strength of Shell 99.5 96.315 95.40740741 93.87 

Π04 Density of Shell 98.1666667 94.074 98.11111111 97.944 

Π05 Fibre Volume Ratio 99.8518519 99.288 99.96296296 99.375 

 

 

CONCLUSION 

1) Present existing filament winding machine 

activities is studied critically  for cylindrical pressure vessel 

and indicates that the process suffers from various drawbacks 

and sefects like pressure test failure  and lack of dimensional 

accuracy, high human energy expenditure and low production 

rate. The present research work has role model for similar  

Pressure vessel manufacturing  Industries by filament winding 

method of composite  Glass FRP 

2) In the present work all the details of proposed 

machine has been considering all the design parameter. The 

present filament winding  machine is robust in construction. It 

can be operated by skilled/semiskilled/unskilled operators. 

This machine is very useful for  missile, Rocket, defense, 

aerospace and aviation industries.  since it  also  beneficial for 

composite  pipe industries for marine and desert area  where 

long pipe of composite FRP pipes for  petroleum and 

domestic supply and distribution.  

3) The economic viability and feasibility will help 

the people to start small scale business in the Pipe and 

pressure vessel manufacturing  for High strength,  light 

weight, low maintenance  and corrosion free Pipe Industries.  

4) The machining properties . Cycle time  of 

component processing, Weight of cy. Vessel/Shell/Vessel,  

Ultimate tensile strength of cy. Vessel/Shell/Vessel,  

Density of  FRP Shell/Vessel,  and  Fiber volume ratio  of 

filament winding machine operation are established through 

Theory of experimentation, which was unknown in previously 

mentioned literature.  

5) The data of filament winding machine operation is 

collected by performing actual experimentation. Due to this, 

the finding of the present study truly represents the degree of 

interaction of various independent variables. This has been 

made possible only by the approach adopted in this 

investigation. The standard error of estimate of the predicted / 

computed values of the dependent variables is found to be 

very low. This gives authenticity to the developed 

mathematical models and ANN.  

6)  The models have been formulated mathematically 

considering Indian conditions and filament winding  

operation. The values of dependent term obtained from 

experimental data, mathematical model and ANN are 

compared. From the values of percentage errors, it has been 

noted that the mathematical models can be successfully used 

for the computation of dependent terms for a given set of 

independent terms. 

7) The sensitivity analysis have been found 

complementary to each other. These trends have been found 

to be truly justified through some possible physics of 

phenomenon. 

R2 compared with Experimental Data 

π 

terms 
Response Variable 

R2betn Math 

and EXP 

R2betn 

club 

andExp 

R2betn 

SPSS 

andExp 

R2betn 

ANN 

andExp 

Π01 Processing cycle Time 0.504527 0.0563 0.4948 -0.7514 

Π02 Weight of shell 0.516475371 -6.299 0.5094 -0.2012 

Π03 Strength of Shell 0.158728032 -0.006 0.1816 -0.3658 

Π04 Density of Shell 0.097518875 -4.6643 0.1115 0.0202 

Π05 Fibre Volume Ratio 0.787171059 -0.4004 0.8739 0.9548 
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8) From sensitivity analysis of filament winding machine 

process for cylindrical pressure vessel GFRP, it is analyzed 

that–  

 Cycle time  of component processing  

o For this  influence of the independent 

parameters are noted mostly i.e. Geometry 

of Shell/Vessel,   viscosity of resin mix,  

speed of mandrel. 

 Weight of cy. Vessel/Shell/Vessel 

o For this  influence of the independent 

parameters are noted mostly i.e. viscosity of 

resin mix,  weight of resin mix, speed of 

mandrel, 

   Ultimate tensile strength of cy. 

Vessel/Shell/Vessel,  

o For this  influence of the independent 

parameters are noted mostly i.e.   

temperature of curing oven, Carriage 

feed,  speed of mandrel 

 Density of  FRP Shell/Vessel 

o For this  influence of the independent 

parameters are noted mostly i.e. weight of 

resin mix, viscosity of resin mix, speed of 

mandrel 

 Fiber volume ratio 

o For this  influence of the independent 

parameters are noted mostly i.e. weight of 

resin mix,  curing time (soaking), speed of 

mandrel 

9) From reliability analysis of filament winding machine 

operation, it is analyzed that– The reliability of dependent 

variables Cycle time  of component processing, Weight of 

cy. Vessel/Shell/Vessel,  Ultimate tensile strength of cy. 

Vessel/Shell/Vessel,  Density of  FRP Shell/Vessel,  and  

Fiber volume ratio  -total was found to be 97.3513%, 99.5%, 

95.59%  and  99.85 % respectively.  

10) From the optimization of filament winding machine 

operation, the optimized values of dependent pi terms  – 

 Cycle time  of component processing  for 

dependent  variable- 233.06  

o  For independent ie. fc=46.667 mm/sec, 

Ls=895 mm, ds=206mm, ts=5mm, Tr=58 
o
C, To=140

o
C, Wr=2.954 Kg, Eg=72.5 

N/mm
2
 μar=140080N·s/ mm

2
, 

μhr=209000N·s/ mm
2
, ωm=2.092 rad/s 

(N=120 rpm), tc=21600 sec  

 Weight of cy. Vessel/Shell/Vessel for dependent  

variable= 6.2163  

o fc For independent ie. =46.667 mm/sec, 

Ls=895 mm, ds=206mm, ts=5mm, Tr=62 
o
C, To=100

o
C, Wr=2.954 Kg, Eg=72.5 

N/mm
2
 μar=140080N·s/ mm

2
, μhr=209000 

0N·s/ mm
2
, ωm=2.092 rad/s (N=120 rpm), 

tc=21600 sec  

   Ultimate tensile strength of cy. Vessel, for 

dependent variable= 383.555   

o For independent ie. fc=50 mm/sec, Ls=895 

mm, ds=206mm, ts=5mm, Tr=62 
o
C, 

To=100
o
C, Wr=2.954 Kg, Eg=72.5 N/mm

2
 

μar=1300050N·s/ mm
2
, μhr=200000 N·s/ 

mm
2
,  ωm=2.092 rad/s (N=120 rpm), 

tc=14400 sec  

 Density of  FRP Shell/Vessel for dependent  

variable-      1.82E+09  

o For independent ie. fc=50 mm/sec, Ls=895 

mm, ds=206mm, ts=5mm, Tr=58 
o
C, 

To=140
o
C, Wr=2.954 Kg, Eg=72.5 N/mm

2
 

μar=1300050N·s/ mm
2
, μhr=200000N·s/ 

mm
2
, ωm=2.092 rad/s (N=120 rpm), 

tc=21600 sec  

 Fiber volume ratio for dependent  variable = 

66.72446 

o For independent ie. fc=50 mm/sec, Ls=895 

mm, ds=206mm, ts=7mm,  Tr=62 
o
C, 

To=100
o
C, Wr=2.954 Kg, Eg=72.5 N/mm

2
 

μar=1300050N·s/ mm
2
, μhr=200000N·s/ 

mm
2
,  ωm=2.092 rad/s (N=120 rpm), 

tc=21600 sec  

11) From the calculations and the graphs plotted for 

the models of response variables (Cycle time of component 

processing, Weight of cy. Vessel/Shell/Vessel,  Ultimate 

tensile strength of cy. Vessel/Shell/Vessel,  Density of  FRP 

Shell/Vessel,  and  Fiber volume ratio), comparison for 

reliability of mathematical models and clubbed models as well 

as value of R
2 

for mathematical models , clubbed models 

,RSM models  SPSS models is made  from analysis of this 

comparison , it is noted that the mathematical models 

formulated are the superior than clubbed model, RSM model  

12) From reliability analysis, the reliabilities of all 

the response variables for clubbed model ,RSM model ,SPSS 

model and ANN simulation are compared with mathematical 

model and following observations are made. 

(i) For processing cycle time, the reliabilities of 

mathematical model , clubbed model , R, SPSS model and 

ANN simulation are found to be 97.352 %, 95.389 %, 

97.296%, 98.907 % ,    respectively. 

(ii) Weight of Shell/Vessel :, the reliabilities of mathematical 

model , clubbed model , SPSS model and ANN simulation are 
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found to be 99.5 % , 96.315%, 99.462% , 98.907   

respectively. 

(iii)   For strength of Shell/Vessel :, the reliabilities of 

mathematical model, clubbed model, SPSS model and ANN 

simulation are found to be 93.444 %, 56.35% , 59.021 % , 

85.451 % , 91.566 %  respectively. 

(iv) For Density of Shell/Vessel, the reliabilities of 

mathematical model, clubbed model , , SPSS model and ANN 

simulation are found to be  98.166%,    94.074% , 98.111 % , 

97.044 %, respectively. 

(v) For Fiber Volume Ratio, the reliabilities of mathematical 

model, clubbed model SPSS model and ANN simulation are 

found to be  99.815%,    99.288 % , 99.962 % , 99.375 %,  

respectively. 

13 ) From the analysis of coefficient of determination 

(R
2 

value), of all the response variables for clubbed model 

,RSM model ,SPSS model and ANN simulation are compared 

with mathematical model and following observations are 

made. 

(i) For processing cycle time of FRP Shell/Vessel, the 

coefficient of determination (R
2 

value),  of mathematical 

model , clubbed model , , SPSS model and ANN simulation 

are found to be 0.5045%,  0.0563%, 0.4948 %, 0.7514 %, 

respectively. 

(ii) For Weight of FRP Shell/Vessel , the coefficient of 

determination (R
2 

value),  of mathematical model , clubbed 

model , SPSS model and ANN simulation are found to be 

0.5164%,  -6.2999%, 0.0.5094%, 0.-0.2013% respectively. 

(iii) For, Strength Of FRP Shell/Vessel the coefficient of 

determination (R
2 

value),  of mathematical model , clubbed 

model , SPSS model and ANN simulation are found to be 

0.1587%,  -0.006%, 0.1816%, -0.3658   respectively. 

(iv) For Density of FRP Shell/Vessel  , the coefficient of 

determination (R
2 

value),  of mathematical model , clubbed 

model ,  SPSS model and ANN simulation are found to be 

0.09715%,  4.6646%, 0.1115%, 0.0202% respectively. 

(v) For fibre volume ratio of  FRP Shell/Vessel  , the 

coefficient of determination (R
2 

value),  of mathematical 

model , clubbed model ,  SPSS model and ANN simulation 

are found to be 0.7871%,  0.4004%, 0.8739%, 0.9548% 

respectively. 

(14)  From the analysis of Mean Value of all the 

response variables for clubbed model ,RSM model ,SPSS 

model and ANN simulation are compared with mathematical 

model and following observations are made. 

(i) For processing cycle  time, the mean value of  

experimental, mathematical model , clubbed model SPSS 

model and ANN simulation are found to be 254.814, 254.54, 

256.,216,  254.81, 258.19  respectively. 

 

(ii) For weight of Shell/Vessel , the mean value of 

experimental, mathematical model , clubbed model SPSS 

model and ANN simulation are found to be 6.3660, 6.3656, 

6.469, ,6..3661, 6.4053 respectively. 

 (iii) For strength of Shell/Vessel , the mean value 

experimental, mathematical model , clubbed model SPSS 

model and ANN simulation are found to be 311.530741, 

310.71, 313.9723189,  311.53, 314.77  respectively. 

(iv) For dendity of Shell/Vessel , the mean value of 

experimental, mathematical model , clubbed model SPSS 

model and ANN simulation are found to be 1882037037, , 

2E+09,  1863093756,  2E+09,  2E+09  respectively. 

(iv) For fibre volume ratio of Shell/Vessel , the mean value 

of experimental, mathematical model , clubbed model SPSS 

model and ANN simulation are found to be 62.1305556, 

62.145, 62.61738151,  62.131, 62.14 „ respectively. 

(15) From , the analysis of MEAN ERROR of all 

the response variables for clubbed model ,RSM model ,SPSS 

model and ANN simulation are compared with mathematical 

model and following observations are made. 

(i) For Processing cycle Time for FRP Shell/ Vessel, Mean 

Error compared with Experimental Data   for  

mathematical model , clubbed model , , SPSS model and 

ANN simulation are found to be 0.2754, 1.4013,  7E-05,  

respectively. 

(ii) For weight of FRP Shell/Vessel , Mean Error 

compared with Experimental Data   for  mathematical 

model , clubbed model , , SPSS model and ANN simulation 

are found to be 0.0004, 0.1033, 2E-06, 0.0392  respectively. 

 (iii) For strength of FRP Shell/Vessel , Mean Error 

compared with Experimental Data   for  mathematical 

model , clubbed model , , SPSS model and ANN simulation 

are found to be 0.8158, 2.4416, 4E-06, 3.239 respectively 

(iv) For Dendity of FRP Shell/Vessel , Mean Error 

compared with Experimental Data   for  mathematical 

model , clubbed model , , SPSS model and ANN simulation 

are found to be 1E+06, 2E+07, 740.74, 1E+07  respectively. 

(v) For fibre volume ratio FRP Shell/Vessel , Mean Error 

compared with Experimental Data   for  mathematical 

model , clubbed model , , SPSS model and ANN simulation 

are found to be 0.0144, 0.4868, 2E-05, 0.0098  respectively. 

(16) From , the analysis of PERCENTAGE 

ERROR   of all the response variables for mathematical,  

clubbed model , SPSS model and ANN simulation are 

compared with Exprimental  model and following 

observations are made.. (i) For Processing cycle Time for 

FRP Shell/ Vessel, Percentage Error   compared with 

Experimental Data   for  mathematical model , clubbed 

model , , SPSS model and ANN simulation are found to be 

0.10806769, 0.5499,  2.61628E-05,  1.3238 respectively.(ii) 

For weight of FRP Shell/Vessel , Percentage Error 
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compared with Experimental Data   for  mathematical 

model , clubbed model , , SPSS model and ANN simulation 

are found to be 0.00677731, 1.6224, 3.76127E-05, 0.6161 

respectively. (iii) For strength of FRP Shell/Vessel , 

Percentage Error compared with Experimental Data   for  

mathematical model , clubbed model , , SPSS model and 

ANN simulation are found to be 0.26188046, 0.7837, 

1.30776E-05, 1.0397 respectively(iv) For Dendity of FRP 

Shell/Vessel , Percentage Error compared with 

Experimental Data   for  mathematical model , clubbed 

model , , SPSS model and ANN simulation are found to be 

0.07074532, 1.0065, 3.93585E-05, 0.5133 respectively.(v) 

For fibre volume ratio FRP Shell/Vessel , Percentage 

Error compared with Experimental Data   for  

mathematical model , clubbed model , , SPSS model and 

ANN simulation are found to be 0.02319211, 0.7836, 

3.68996E-05, 0.0158  respectively. 

(17) From , the analysis of PERCENTAGE 

ERROR   of all the response variables for mathematical,  

clubbed model , SPSS model and ANN simulation are 

compared with Exprimental  model and following 

observations are made. (i) For Processing cycle Time for 

FRP Shell/ Vessel, M.S.E. compared with Experimental 

Data for  mathematical model , clubbed model , , SPSS model 

and ANN simulation are found to be 111.9232048, 213.18,  

114.12,  395.63  respectively.(ii) For weight of FRP 

Shell/Vessel , M.S.E. compared with Experimental Data 

for  mathematical model , clubbed model , , SPSS model and 

ANN simulation are found to be 0.006263317, 0.0945, 

0.0064, 0.0156 respectively. 

  (iii) For strength of FRP Shell/Vessel , M.S.E. compared 

with Experimental Data for  mathematical model , clubbed 

model , , SPSS model and ANN simulation are found to be 

394.5647566,  471.83, 383.84, 640.56  respectively 

(iv) For Dendity of FRP Shell/Vessel , M.S.E. compared 

with Experimental Data  for  mathematical model , clubbed 

model , , SPSS model and ANN simulation are found to be 

3.14324E+15, 2E+16, 3E+15, 3E+15 respectively. 

(v) For fibre volume ratio FRP Shell/Vessel , M.S.E. 

compared with Experimental Data   for  mathematical 

model , clubbed model , , SPSS model and ANN simulation 

are found to be 0.160984928, 1.0593, 0.0954, 0.0342 

respectively. 

(18) From , the analysis of ROOT MEAN 

SQUARE ERROR  (RMSE) of all the response variables for 

mathematical model clubbed model ,RSM model ,SPSS 

model and ANN simulation are compared with experimental  

and following observations are made. 

(i) For Processing cycle Time for FRP Shell/ Vessel, 

ROOT MEAN SQUARE ERROR  (RMSE). compared 

with Experimental Data for  mathematical model , clubbed 

model , , SPSS model and ANN simulation are found to be 

0.079141, 0.307486,  0.079722,  0.12474respectively. 

(ii) For weight of FRP Shell/Vessel , ROOT MEAN 

SQUARE ERROR  (RMSE)  compared with 

Experimental Data for  mathematical model , clubbed model 

, , SPSS model and ANN simulation are found to be 

0.079141, 0.307486, 0.079722, 0.12474 respectively. 

  (iii) For strength of FRP Shell/Vessel , ROOT MEAN 

SQUARE ERROR  (RMSE) compared with Experimental 

Data for  mathematical model , clubbed model , , SPSS model 

and ANN simulation are found to be 19.86365, 21.72168, 

19.59184, 25.30937  respectively 

(iv) For Dendity of FRP Shell/Vessel , ROOT MEAN 

SQUARE ERROR  (RMSE)  compared with 

Experimental Data  for  mathematical model , clubbed 

model , , SPSS model and ANN simulation are found to be 

56064608, 1.4E+08, 55627534,  58417484 respectively. 

(v) For fibre volume ratio FRP Shell/Vessel , ROOT 

MEAN SQUARE ERROR  (RMSE)  compared with 

Experimental Data   for  mathematical model , clubbed 

model , , SPSS model and ANN simulation are found to be 

0.401229 , 1.029221, 0.308802, 0.18481 respectively. 

.         (19) From the conclusions discussed in Sr. Nos. 13 to 

19 , it can be concluded that the mathematical models 

developed for  filament winding machine  for cylindrical   

pressure vessel glass FRP operation in this work are superior 

in all respects. This is based on the comparative values stated 

in tables 

20) In this research work of filament winding  for all 

operation , have work on Exprimental , Mathematical Model , 

Clubbed model , Artificial Neural Network  .along with  this  

has formulated the SPSS model by using linear regression 

analysis also 

                21) With the help of present filament winding 

machine for the cylindrical pressure vessel made of Glass 

FRP  be the roll model for our rocket shell manufacturing and  

for other Frp Ammunation Hardware Industries. 

LIMITATIONS OF PRESENT WORK 

1. As the working conditions and environment 

conditions cannot be controlled in the operational 

area as per the experimental requirement, whether 

the observed response is on lower side or on the 

higher side however cannot be predicted. 

2. The ANN performance depends on the training. The 

comparative lower value of the regression coefficient 

for one of the dependent pi term may be due to the 

improper training of the network. The ANN has been 

unable to predict beyond the range for which it has 

been trained.  

SCOPE FOR FURTHER RESEARCH WORK 

1. The filament winding machine process unit platform 

can be design with field data collected nad coduct 
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expreimnet for our inhouse work. Its also useful for 

other FRP work of Rocket and Missile  Group where 

simmiller  output required  with high calibre and 

long range.  

2.  Planned and trouble free operation boost moral of all 

as workers/operater  to level of mangments and 

satisfaction of  utilization of public fund/ Defence 

budget  for  country Goal and targets and  attract the 

for indignization and self sufficiency . More software 

for development for polymer matrix  structural work  

The applicability of other techniques like Genetic 

Algorithm, Fuzzy logic etc. for the modelling of the 

phenomenon may also be tested.The work can be 

extended for making the filament winding  for 

cylindrical pressure vessel , Aerodynamic Dom,  for 

other ammunition hardware  manufacturing, 

Aerospace, Marin, Navel work also..  
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Experimental Investigations of Parameters Influence 

on Total Damping Force in MR Fluid Base Damper 

Hamir Sapramer, Dr. S. P. Bhatnagar, Dr. G. D. Acharya 

Sir Bhavsinhaji Polytechnic Institute, Gujarat Technological University, Ahmedabad, India 

Abstract— A magnetorheological fluid composition having a 

magnetisable carrier medium loaded with magnetisable particles 

to provide a magnetorheological fluid exhibiting enhance 

rheological properties. Also disclosed in a magnetic particle 

damper utilizing the magnetorheological fluid composition.  

Magnetorheological (MR) dampers are one of the most 

advantageous control devices for mechanical engineering 

applications due to many good features such as small power 

requirement, reliability, and low price to manufacture. The 

smart passive system (semi active control system) consists of an 

MR damper and an electromagnetic induction (EMI) system that 

uses a permanent magnet and a coil. According to the Faraday 

law of induction, the EMI system that is attached to the MR 

damper can produce electric energy and the produced energy is 

applied to the MR damper to vary the damping characteristics of 

the damper. Thus, the smart passive system does not require any 

power at all. Besides the output of electric energy is proportional 

to input loads due to vibration, which means the smart passive 

system has adaptability by itself without any controller or 

sensors. 

In the present study, an attempt has been made to investigate the 

effect of velocity, amplitude and current on total damping force 

in MR fluid base damper developed at Physics Department, Shri 

M.K. Bhavnagar University. The experiments were conducted 

based on response surface methodology (RSM) and sequential 

approach using face cantered central composite design. The 

results show that all the factors (piston velocity, Amplitude and 

Current) has significant effect on Total Damping Force. A linear 

model best fits the variation of total damping force with velocity, 

amplitude and current. Current is the dominant contributor to 

the total damping force. A non-linear quadratic model best 

describes the variation of total damping force with major 

contribution of all parameters. The suggested models of total 

damping force adequately map within the limits of the 

parameters considered. 

Keywords— DOE, MR fluid, Damper, Damping force, Dynamic 

range 

I. INTRODUCTION 

ibration suppression is considered as a key research field 

in engineering to ensure the safety and comfort of their 

occupants and users of mechanical structures. To reduce the 

system vibration, an effective vibration control with isolation 

is necessary. Vibration control techniques have classically 

been categorized into two areas, namely passive and active 

controls. For a long time, efforts were made to improve the 

effectiveness of the suspension system by optimizing its 

parameters, but due to the intrinsic limitations of a passive 

suspension system, improvements were effective only in a 

certain frequency range. Compared with passive suspensions, 

active suspensions can improve the performance of the 

suspension system over a wide range of frequencies. Semi-

active suspensions were proposed in the early 1970s [1], and 

can be nearly as effective as active suspensions. When the 

control system fails, the semi-active suspension can still work 

under passive conditions. Compared with active and passive 

suspension systems, the semi-active suspension system 

combines the advantages of both active and passive 

suspensions because it provides better performance when 

compared with passive suspensions and is economical, safe 

and does not require either higher-power actuators or a large 

power supply as active suspensions do [2].  

No field                Applied field 

 

Figure 1: Chain-like structure formation in controllable fluids 

The initial discovery and development of MR fluid can be 
credited to Jacob Rainbow at the US National Bureau of 

Standards in the late 1940s [6, 7]. These fluids are suspensions 

of micron-sized, magnetisable particles in an appropriate 
carrier liquid [8-12]. Normally, MR fluids are free flowing 

liquids having consistency similar to that of motor oil. 

However, in the presence of applied magnetic field, the iron 
particles acquire a dipole moment aligned with the external 

field which causes particles to form linear chains parallel to 
the field, as shown in Fig. 1. This phenomenon can solidify 

the suspended iron particles and restrict the fluid movement. 

Consequently, yield strength is developed within the fluid. 
The degree of change is related to the magnitude of the 

applied magnetic field, and can occur only in a few 

milliseconds. A typical MR fluid contains 20-40% [5] by 
volume of relatively pure, soft iron particles, e.g., carbonyl 

V 



3rd International Conference on Multidisciplinary Research & Practice                            P a g e  | 55 
 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

iron. These particles are suspended in mineral oil, synthetic 

oil, water or glycol. A variety of proprietary additives similar 
to those found in commercial lubricant are commonly added 

to discourage gravitational settling and promote suspension, 

enhance lubricity, modify viscosity, and inhibit wear. 
Recently developed MR fluids appear to be attractive 

alternative for designing of semi active system (controllable 

fluid dampers) compared to other smart fluids. [6-12]. 
Magneto rheological (MR) fluids possess rheological 

properties, which can be changed in a controlled way. These 
rheological changes are reversible and dependent on the 

strength of excited magnetic field. MR fluids have potential 

beneficial applications when placed in various applied loading 
(shear, valve and squeeze) modes. The squeeze mode is a 

geometric arrangement where an MR fluid is sandwiched 

between two flat parallel solid surfaces facing each other. The 
distance between these two parallel surfaces is called the gap 

size. These surfaces are either pushed towards or pulled apart 

from each other by orthogonal magnetic-induced force. 

The ultimate strength of an MR fluid depends on the square 

of the saturation magnetization of the suspended particles. The 
key to a strong MR fluid is to choose a particle with a large 

saturation magnetization. The best practical particles are 

simply pure iron, as they have saturation magnetization of 
2.15 Tesla. Typically, the diameter of the magnetisable 

particles is 3 to 10 microns. Functional MR fluids may be 

made with larger particles; however, particle suspension 
becomes increasingly more difficult as the size increases. 

Smaller particles which are easier to suspend could be used, 
but the manufacturing of such particles is difficult. Due to the 

special behaviour of MR fluid, it is used for vast applications 

such as: dampers, shock absorbers, rotary brakes, clutches, 
prosthetic devices, polishing and grinding devices, etc. 

Among them, MR fluid dampers are widely used because of 

their mechanical simplicity, high dynamic range (Ratio of 
Controllable force to uncontrollable force), low power 

requirements, large force capacity and robustness. This class 

of device has shown to match well with application demands 
and constraints to offer an attractive means of protecting 

various engineering systems against interrupted force. MR 
dampers are being developed for a wide variety of 

applications where controllable damping is desired. MR 

damper which utilize the advantages of MR fluids, are semi-
active control devices and is popular topic for researchers. A 

typical MR damper includes MR fluid, a pair of wires, 

housing, a piston, a magnetic coil and an accumulator as 
displayed in Fig. 2a. Here, the MR fluid is housed within the 

cylinder and flows through a small orifice. The magnetic coil 
is built in the piston or on the housing. When a current is 

supplied to the coil, the particles are aligned and the fluid 

changes from the liquid state to the semi-solid state within 
milliseconds. Consequently, the controllable damping force is 

produced. The force produced by a MR damper depends on 

magnetic field induced by the current in the damper coil and 
the piston velocity as in Fig. 2b.  

 

Figure 2. General configuration of a MR fluid damper. 

It is capable of generating the force with magnitude 

sufficient for rapid response in large scale applications [13-

15], with requirement only a battery for power [10]. 
Additionally, these devices offer highly reliable operations 

and their performance is relatively insensitive to temperature 
fluctuations or impurities in the fluid [9]. As a result, there has 

been active research and development of MR fluid dampers 

and their applications [6-18, 20-21]. 

The controllable force and the dynamic range are two of the 

most important parameters in evaluating the overall 

performance of the MR damper. As illustrated in Fig. 3, the 
total damper force can be decomposed into a controllable 

force    due to controllable yield stress and an uncontrollable 

force   . The uncontrollable force includes a plastic viscous 

force    and a friction   . The dynamic range (D) is defined as 

the ratio between the damper controllable force    and the 

uncontrollable force     as follows: 

  
  
   

  
  

     
 

 

Figure 3: Conceptual design for the MR damper and the EMI part 

Most of the experimental investigations on damping force 

have been conducted using two-level factorial design (2k) for 

studying influence of parameters on total damping forces. In 
two-level factorial design, one can identify and model linear 

relationships only. For studying the nonlinearity present in the 
output characteristics at least three levels of each factor are 

required (i.e. three-level factorial design, 3k). A central 

composite design which requires fewer experiments than 
alternative 3k design is usually better [19]. Again, sequential 

experimental approach in central composite design can be 

used to reduce the number of experiments required. Keeping 
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the foregoing in mind, the present work is focused on 

investigations of total damping force as a function of 
amplitude, velocity and current value using sequential 

approach in central composite design. The study was 

conducted on MR damper developed at physics department, 
Shri M. K. Bhavnagar University, Bhavnagar. 

II. ENXPERIMENTAL DETAILS 

The details of experimental conditions, instrumentations 

and measurements and the procedure adopted for the study are 

described in this section. 

A. Magneto Rheological Fluid (MR Fluid) 

The magneto rheological fluid developed in house was used 

in the prototype. The fluid is a suspension of a 10 micron 
diameter sized magnetically susceptible particles, in Castrol 

oil carrier fluid. According to the data available by testing this 

MR fluid on rheometer at this laboratory, the density of the 
liquid is around 3 g/cm

3
 and off state viscosity of a 3.5 Pas. 

The maximum yield stress value is 15 kPa and it is achieved 

with the magnetic induction of 0.7 T. When exposed to a 
magnetic field, the rheology of the fluid reversibly and 

instantaneously changes from a free-flowing liquid to a semi-
solid state with the controllable yield strength as a 

consequence of the sudden change in the particles 

arrangement. Figure 4 shows the detail relations of magnetic 
flux density, viscosity and shear stress available from 

rheometer. 

 

Figure 4. Relation between Magnetic flux density, Viscosity and Shear 
stress 

B. MR Fluid base Damper 

The damper is made up of two principal components: 

housing and piston. Housing contains a volume of 
magnetorheological (MR) fluid. One fluid which has shown 

itself to be particularly well-suited for this application consists 
of carbonyl iron particles suspended in castor oil. Housing is a 

cylindrical tube with a first closed end with an accumulator 

and attachment eye associated therewith. A second or open 
end of the cylinder is closed by upper end cap. A seal is 

provided to prevent fluid leakage from housing. Accumulator 

is necessary to accommodate fluid displaced by piston rod as 
well as to allow for thermal expansion of the fluid. Piston 

head is spool shaped having an upper outwardly extending 

flange and a lower outwardly extending flange. Coil is wound 
upon spool-shaped piston head between upper flange and 

lower flange. Piston head is made of a magnetically permeable 

material, in this case, low carbon steel. Guide rails are 
attached above and below side of piston to keep the piston in 

centring position to housing during operation. Piston head is 
formed with a smaller maximum diameter (in this case, Dpole) 

than the inner diameter, Di of housing. The external surfaces 

of guides are contoured to engage the inner diameter Di of 
housing. Guides are made of non-magnetic material, in this 

case, bronze, and it maintains piston centred within gap ‗g‘. In 

this model, gap g (in conjunction with coil) functions as a 
valve to control the flow of MR fluid past piston. Electrical 

connection is made to coil through piston rod by lead wires. A 

first wire is connected to a first end of an electrically 
conductive rod which extends through piston rod to outside of 

damper. The second end of the windings of coil is attached to 
a ―ground‖ connection on the outside of damper. The upper 

end of piston rod has threads formed thereon to permit 

attachment of damper, as depicted in figure. An external 
power supply, which provides a current in the range of 0-4 

amps at a voltage of 12-24 volts, is connected to the leads. 

The outer surface of coil is coated with epoxy paint as a 
protective measure. The damper of this experiment functions 

as a Bingham type damper, i.e., this configuration 
approximates an ideal damper in which the force generated is 

independent of piston velocity and large forces can be 

generated with low or zero velocity. This independence 
improves controllability of the damper making the force a 

function of the magnetic field strength, which is a function of 

current flow in the circuit. 

 

Figure 5. Basic assembly of proposed MR Damper 

 

Figure 6. Details of proposed MR Damper Piston 
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The linear damper prototype is presented as a blueprint in 

Figure 5. Details of MR damper piston is shown in Figure 6. 

C. Total Damping Force Measurement 

The shock absorber is characterized by its instantaneous 

value of position velocity, acceleration, force, pressure, 

temperature etc. and various plots among these parameters. 
For the measurement of listed parameters of the shock 

absorber a test rig is designed and developed. An experiment 

on the test rig is carried out at different speeds and loads 
which lead to the output in terms of sinusoidal waveform on 

attached oscilloscope. The waveform is used to find out the 
characteristics at different load-speed combination. The results 

obtained are used to find out the behaviour of shock absorber 

at different speed and loads. 

 

Figure 7. Shock absorber test rig 

Figure 7 indicates details of shock absorber test rig setup. 

The setup consist of Piston and crank (Single Slider Crank 

Mechanism). This mechanism consists of a crank, connecting 

rod and piston (reciprocating arm). The crank plate has holes 

drilled to achieve different stroke lengths shown in figure 7. 

The advantage of this mechanism is its cost effectiveness 

because there is less high tolerance machining. The frequency 

is adjusted by using variable gear drive system based electric 

motor. The output from the motor is geared down using 

gearbox. The maximum output shaft speed is in the range of 

350 to 400 RPM at full speed of motor having 1440 RPM. 

Variation 

of stroke is possible by fixing the connecting road in 

appropriate hole made in crank plate, so the stroke is set to 

give the desired maximum speed within the limits of the 

damper and test apparatus. There are twelve screwed holes 

located over spiral shape; connecting rod can be fixed in 

suitable hole to select stroke length. The longer the stroke, the 

greater the power needed on motor to move the shock 

absorber 

D. Experimental plan procedure 

Thirty two experimental runs composed of 23 factorial 

points, four centre points and five axial points were carried out 
in block 1. Table 2 shows complete design matrix with 

responses to total damping force. In design matrix, the coded 

variables were arranged as follows: A: amplitude (A), B: 
angular speed (N) and C: current (I). F is the responses 

representing total damping force. The experiments were 

conducted randomly as shown in design matrix (‗runs‘ column 
in Table 2). The design matrix also, shows the factorial points, 

centre points and axial points with coded and actual values. 

Table 1 – Parameters and their levels 

Factor Unit 
Low 

level (-1) 
Centre 

level (0) 
High 

level (1) 

Amplitude mm 5 10 15 

Angular 
speed 

RPM 60 90 120 

Current Amp 0 0.5 1.0 

 

The Model F-value (Table-3) of 255.862 implies the model 
is significant.  There is only a 0.01% chance that a "Model F-

Value" this large could occur due to noise. Values of "Prob > 
F" less than 0.05 indicate model terms are significant. In this 

case A, B, C and AB are significant model terms. Values 

greater than 0.05 indicate the model terms are not significant. 
The "Pred R-Squared" of 0.976504 is in reasonable agreement 

with the "Adj R-Squared" of 0.986665. "Adeq Precision" 

measures the signal to noise ratio.  A ratio greater than 4 is 
desirable.  The ratio of 67.89797 indicates an adequate signal.  

This model can be used to navigate the design space. 

 

Table 2 – Design matrix with responses (Total Damping Force) 

Std Run Block Type A:A(mm) B:N(rpm) C:I(Amp) A:A(mm) B:N(rpm) C:I(Amp) F(N) 

1 5 1 Axial 0 0 -1 10 90 0 805 

2 16 1 Fact -1 1 0 5 120 0.5 907 

3 29 1 Centre 0 0 0 10 90 0.5 1080 

4 14 1 Centre 0 0 0 10 90 0.5 1080 
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5 20 1 Fact 0 -1 1 10 60 1 1215 

6 8 1 Fact 0 1 -1 10 120 0 960 

7 12 1 Fact 1 -1 0 15 60 0.5 1124.5 

8 13 1 Axial -1 0 0 5 90 0.5 794 

9 4 1 Fact -1 0 -1 5 90 0 510 

10 19 1 Fact -1 -1 1 5 60 1 958 

11 17 1 Axial 0 1 0 10 120 0.5 1205 

12 27 1 Fact 1 1 1 15 120 1 2070 

13 10 1 Fact -1 -1 0 5 60 0.5 638 

14 32 1 Centre 0 0 0 10 90 0.5 1080 

15 7 1 Fact -1 1 -1 5 120 0 616 

16 30 1 Centre 0 0 0 10 90 0.5 1080 

17 26 1 Fact 0 1 1 10 120 1 1492 

18 18 1 Fact 1 1 0 15 120 0.5 1803 

19 25 1 Fact -1 1 1 5 120 1 1263 

20 23 1 Fact 1 -1 1 10 90 1 1360 

21 22 1 Fact -1 0 1 5 90 1 1151 

22 24 1 Fact 1 0 1 15 90 1 1669.5 

23 11 1 Axial 0 -1 0 10 60 0.5 903 

24 21 1 Fact 1 -1 1 15 60 1 1434.5 

25 9 1 Fact 1 1 -1 15 120 0 1545 

26 2 1 Fact 0 -1 -1 10 60 0 599 

27 28 1 Fact 0 0 0 10 90 0.5 1080 

28 6 1 Fact 1 0 -1 15 90 0 1155 

29 1 1 Fact -1 -1 -1 5 60 0 342 

30 3 1 Fact 1 -1 -1 15 60 0 875 

31 15 1 Axial 1 0 0 15 90 0.5 1397.5 

32 31 1 Fact 0 0 0 10 90 0.5 1080 

  

Table 3 – ANOVA (Partial sum of square) for total damping force (F) 

Source Sum of squares d.f. Mean square F-value Prob>F Remark 

Model 4365178 9 485019.7354 255.865 < 0.0001 Significant 

A-A-Amplitude 1930613 1 1930612.5 1018.466 < 0.0001 Significant 

B-B-RPM 790443.6 1 790443.5556 416.9868 < 0.0001 Significant 

C-C-Current 1505691 1 1505690.889 794.3049 < 0.0001 Significant 

AB 107541.3 1 107541.3333 56.73183 < 0.0001 Significant 

AC 7752.083 1 7752.083333 4.089497 0.0555  

BC 638.0208 1 638.0208333 0.336578 0.5677  

A^2 17807.78 1 17807.77502 9.394227 0.0057  

B^2 2.640405 1 2.640405294 0.001393 0.9706  
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C^2 874.9481 1 874.9480976 0.461566 0.5040  

Residual 41703.38 22 1895.60825    

Lack of Fit 41703.38 17 2453.140088    

Pure Error 0 5 0    

Cor Total 4406881 31     

       

Std. Dev. 43.53858  R-Squared 0.990537   

Mean 1102.25  Adj R-Squared 0.986665   

C.V. % 3.949974  Pred R-Squared 0.976504   

PRESS 103545.1  Adeq Precision 67.89797   

III. RNESULTS AND DISCUSSION 

Table 2 shows all values of total damping force. The total 

damping force was obtained in the range of 342 N to 2070 N. 

 The increase in total damping force is due to  

 Increasing of applied current value, which 

increases the shear stress of MR fluid. 

 Increasing of angular speed, which increases the 
velocity of piston. 

 Increasing of amplitude, this is also due to large 
displacement of fluid inside the piston cylinder 

assembly. 

Fig. 8-10 shows relation between total damping force 
(measured force in N) with applied current values, angular 

speed and amplitude for different combinations. The rate of 

increasing in total damping force is higher for increasing the 
value of current compare to amplitude and velocity. Fig. 8 also 

shows that the total damping force is increased linearly with 

respect to increase in value of applied current. This 
observation agrees well with results reported by previous 

researchers. [13, 14, 15, 17, 20] 

 

Fig. 8 – Total measured damping force vs. applied current at different 
values of amplitude and angular speed. 

 

 

Fig. 9 – Total measured damping force vs. Amplitude at various angular 
speed and applied current. 

 

Fig. 10 – Total measured damping force vs. Angular velocity at various 
amplitude and applied current. 

Furthermore, the results were analysed in Design Expert V6 

software. The results of the block 1 experiments in the form of 

analysis of variance (ANOVA) are presented. An ANOVA 
summary table is commonly used to summarize the test of the 

regression model, test of the significance factors and their 

interaction and lack-of-fit test. If the value of ‗Prob > F‘ in 
ANOVA table is less than 0.05 then the model, the factors, 

interaction of factors and curvature are said to be significant 
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Table 3 shows that the model is significant and amplitude 

(A), angular speed (B), applied current (C) and (A, B) are only 
the significant factors (terms) in the model. All other terms are 

insignificant. The contribution of factors, their interaction and 

curvature is also shown in Table 3.  

The various R2 statistics (i.e. R2, adjusted R2 (R2 Adj) and 

predicted R2 (R2 Pred)) of the total damping force Table 3. 

The value of R2 = 0.990537 for total damping force indicates 
that 99.05% of the total variations are explained by the model. 

The adjusted R2 is a statistic that is adjusted for the ―size‖ of 
the model; that is, the number of factors (terms). The value of 

the R2 Adj = 0.986665 indicates that 98.66% of the total 

variability is explained by the model after considering the 
significant factors. R2 Pred = 0.976504 is in good agreement 

with the R2 Adj and shows that the model would be expected 

to explain 97.65% of the variability in new data (Montgomery, 
2001). ‗C.V.‘ stands for the coefficient of variation of the 

model and it is the error expressed as a percentage of the mean 

((S.D./Mean) ×100). Lower value of the coefficient of 
variation (C.V. = 3.9%) indicates improved precision and 

reliability of the conducted experiments. As curvature 
(nonlinearity) is not present in the model, additional 

experiments are not required to be performed. This is the main 

advantage of sequential approach in face cantered central 
composite design. 

The normal probability plot of the residuals (i.e. error = 

predicted value from model−actual value) for Total damping 
Force is shown in Fig. 11, reveal that the residuals lie 

reasonably close to a straight line, giving support that terms 
mentioned in the model are the only significant (Montgomery, 

2001).  

 

Fig. 11 Normal probability plot of residuals for Total Damping Force data. 

After removing the insignificant factors, the response 

surface equations for Total damping Force is obtained in the 
actual values as follows: 

Total Measured damping Force 

                                         
                          
                         

                      

Where   

F = Total damping force in N 

A = Amplitude value in mm 

B = Angular Speed value in RPM 

C = Applied Current value in Amp. 

The predicted values from the model (equation value) and 

the actual (experimental) values are shown in Fig. 12. 

 

 

Fig. 12 – Actual vs. predicted values of total damping forces. 

Since variable damping force is required for replacing the 

passive vibration control system to a semi-active vibration 
control system. The major focus of research is to find out total 

damping force for which desired damping coefficient can be 

achieved. Hence, the contour plots of the total damping force 
with relation in amplitude of vibration, angular velocity of 

vibrating device and applied current to MR damper are 
essential. The contour plot of the total damping force in 

angular velocity-amplitude at current value of 0.5 amp, 

current-amplitude at angular velocity value of 90 RPM, and 
current-angular velocity at amplitude value of 10 mm are 

shown in Figs 13-15, respectively. Figs. 13-15 clearly show 

that a good total damping force can be achieved for any level 
of amplitude and angular velocity, when current value is 

changed from low to high. In present research work, the MR 
fluid based semi-active damper is designed to achieve variable 

damping force by changing the current value. 

 

Fig. 13 – Measured Damping Force (N) contour in Angular speed (RPM) 
and Amplitude (mm) plane at current value of 0.5 Amp. 
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Fig. 14 – Measured Damping Force (N) contour in current (Amp) and 
Amplitude (mm) plane at Angular speed of 90 RPM. 

 

Fig. 15 – Measured Damping Force (N) contour in current (Amp) and 
Angular speed (RPM) plane at Amplitude of 10 mm. 

IV. CONCLUSION 

This paper presents the findings of an experimental 

investigation of the effect of velocity of damper piston, 

amplitude of damping system and applied current value to 
damper on the total damping force developed by damping 

system of developed MR fluid based damper for this research 
project and following conclusions are drawn. Sequential 

approach in central composite design is beneficial as it saves 

number of experimentations required. This was observed in 
total damping force analysis. 

 Quadratic model is fitted for total damping force. 

 All the factors (piston velocity, Amplitude and 
Current) has significant effect on Total Damping 

Force. 

 The applied current is most significant factor, by 

which the value of total damping force can be 

adjusted according to system requirement. Thus the 
current provides primary contribution and influences 

most significantly on the total damping force. The 

interaction between amplitude and velocity provide 
secondary contribution to the model. 

 High value of total damping force can be achieved 
when amplitude, velocity and current values are set 

nearer to their high level of the experimental range 

(15mm, 120 RPM and 1.0 A respectively). 

 Contour plots can be used for selecting the 

parameters for providing the given desired total 
damping force. 

 Experimental results of the developed damper are in 

good agreement with the predicted (equation) values. 
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Abstract— In recent era the demand of Fiber Reinforcement 

Plastics (FRP) is increasing day by day due to its high strength to 

low weight ratio, thermal stability and long life. From small toys 

to aerospace parts, defense applications, aircraft industries, 

name it and one will find the application of composites. It is time 

to invest, invent, innovate and introduce this material at a high 

level of development, to compete with the universe. The 

constrain with synthetic fibers and resin is its non-

biodegradability. Researchers are working to search solution to 

this problem by replacing with natural materials without losing 

the strength to weight ratio. In this article the author has put 

efforts to make laminate with hybrid structure, that is putting 

alternating layers of glass and bamboo and other laminate with 

only natural fabric as jute and has checked mechanical 

properties for comparison. It has been concluded that the hybrid 

structure gives better mechanical properties than monolithic 

laminate. The authors have made laminates with different 

thickness to observe the impact of thickness increased in the 

laminate structure. It is noticed that, as the thickness increases 

the strength of laminate reduces. For all laminates, the author 

has used polyester resin with hand lay-up technique and curing 

is done at room temperature. However, during curing either 

compression molding tool or vacuum bagging is being used to 

control the part thickness during curing. 

Keywords — Fiber Reinforcement plastics, Composite, 

Manufacturing, Synthetic fibers, Natural fibers, Mechanical 

property. 

I. INTRODUCTION 

omposite material forms a material system composed of a 

mixture or a combination of two or more macro 

constituents that differ in form and in chemical composition, 

when they combined. They are insoluble in each other and 

give better mechanical properties than the individual one. 

Basically composite have two essential parameter matrix and 

reinforcement. Composite matrix can be classified based on 

the matrix as metal matrix, ceramic matrix and polymer 

matrix. Based on reinforcement they can be classified as 

natural fiber and synthetic fiber reinforced composites. 

Natural fibers are renewable and biodegradable, which 

consists low density as well as low machining cost, less 

irritating to human skin and having efficient thermal and 

mechanical properties [3, 4, 5, 6, 7]. At the present time 

natural fibers such as Banana[2,11], Coir[11], Sisal[11], 

Jute[3,13], Cotton Lycra[13] are being more preferred as 

reinforcement for composite production with thermoplastic 

and thermosetting resin[8,9] due to their eco-friendliness. 

Glass fabrics are used as fabric [1, 10, 20] due to their 

excellence mechanical property in unidirectional and 

bidirectional orientation [16]. 

If  layers of different reinforcement materials are combined 

together to form laminate, they are called hybrid structure. 

This hybrid structure can be the product combination of layers 

of different synthetic and natural fabric or it can be prepared 

by combing layers of different kinds of synthetic and different 

kinds of natural fabrics. Hybrid structures of natural fibers 

such as banana-coir [17] and synthetic fibers such as glass and 

carbon [21] have been used previously for the development of 

better mechanical properties. 

Though, there are plenty of methods to build composite 

structure, hand lay-up is one of the basic and oldest methods 

to make composite products for study the composite laminate 

properties during the research stage. This process is cheap, 

easy to do and no specific machine is required. In this method 

reinforcement is first placed on the mold surface and the resin 

is applied to the fabric. As this method is very preliminary, 

the distribution of resin through laminate is uneven due to 

which it is difficult to have a uniform part thickness and fiber-

resin volume ratio. 

After lay-up the component needs to be cured at room 

temperature or at elevated temperature based on resin system 

used. The part can be cured with compression molding or 

vacuum bagging to give more compaction during curing. 

In this paper the authors have used both natural and synthetic 

fibers for manufacturing composite laminate. Natural fiber, 

such as Jute, Bamboo and Glass fabric as synthetic fibers have 

been used for laminate preparation. 

Hand lay-up followed by vacuum bagging or compression 

molding to make laminates ensured controlled part thickness. 

Four different laminates are being manufactured. The details 

of these laminates are furnished below. 

C 
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LAMINATE DETAILS 
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Fig 1: Laminates (i) jute with 9 layers, ( ii ) hybrid with 13 layers of 
bamboo and glass (iii) Jute with 17 layers (iv) Glass with 28 layers 

II. MATERIAL 

In this paper the author has used jute and bamboo as 
natural fiber and glass as synthetic fiber. Polyester resin has 
been used with a hardener and accelerator. Refer Table 2 for 
fabric and Table 3 for resin material details. 

TABLE II 
FABRIC MATERIAL PROPERTIES [24] 

 

Material Fabric Density  Young’s Tensile  Elongation 

  thickness (gm/cc)  modulus stress (%) 

  (mm)    (GPa) (MPa)   

          
Jute 0.45 1.44   10-30 393- 1.5-1.8 

       773   

          
Bamboo 0.26 0.6-1.1   11-17 140- - 

       230   

          
Glass 0.3 2.5   70 2000- 2.5 

       35000   

          

   TABLE III     
  RESIN PROPERTIES [25]    

         

Material  Viscosity Density  Flexural Tensile  Maximum 

  (cp) (g/cm
3
)  modulus stress  elongation 

      (MPa) (MPa)  (%) 

          
Polyester  250 - 350 1.09   45 40  1 

resin          

          

III. MANUFACTURING 

There are several types of manufacturing methods 
available to develop composite products. In this paper hand 
lay-up with vacuum begging and hand lay-up with 
compression molding have been used. Hand lay-up is the 
primary method to produce composite. It is the most 
traditional method for the manufacture of fiber-reinforced, 
thermosetting and thermoplastic resin. This method is most 
preferable method to produce prototype. To ensure uniform 
distribution of resin, vacuum begging and compression 
molding methods have been used to cure the part after lay-up. 
The mold is of 260×260 mm in size with variable depth 

created by compression plates from the mild steel material. 
The mould was cleaned with acetone to remove dust particles 
and then mould release liquid was applied to ensure easy 
removal of the laminate after curing. 

 

Fig 2: Hand Lay-up 

As shown in the figure, the reinforcements and matrix 
were laid on mould surface after applying mold release. The 
number of fabric layers built is as per table 1. After hand 
layup, to remove extra resin and to compact the fabric to get 
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uniform thickness vacuum bagging or compression molding 
was done. Refer to table 1 for details. 

 For making hybrid laminate, glass and bamboo layers 
were placed alternately. It was ensured that the last layer of 
glass fabric is available at both the ends. This will ensure 
better strength of laminate. However, Effect of stacking 
sequence on the flexural properties of hybrid composites 
reinforced with carbon and basalt fibers [23] indicated that, to 
get good mechanical properties it is better to put synthetic 
material at the ends of the laminate while deciding the 
stacking sequence. 

Compression molding is a closed mold process which is 
used to produce complex profile parts. In this method male 
and female die merges together by applying pressure. The 
combination of pressure and heat (not always) produces a 
composite part with low void content and high fiber volume 
fraction—a near net shape finished component. 

 

Fig : 3 Compression molding 

      Compression molded parts are prefect in size and shape, 
having excellent surface finish on both the side of the parts, 
and have very good part to part repeatability. The post 
processing like trimming and finishing costs are very nominal. 

 

Fig: 4 Vacuum bagging 

Vacuum bagging is a technique employed to create 
mechanical pressure on a laminate during its cure cycle. This 
process consists four different layers of bagging material to 
secure laminate such as peel ply, bleeder/breather, release film 
and vacuum bag. The peel-ply will be used to generate a 
rough surface of laminate and will be removed after the 
laminate has been cured. On peel ply released film will be laid 
to separate laminate from other bagging materials. Sometimes 
these films are perforated to ensure removal of excess gasses 
during the curing process. After this, breather or bleeder will 
be laid to absorb excess resin from the laminate and to ensure 
uniform vacuum distribution within the system. The sealant 
tape is used to seal the vacuum bag. Make sure there is no 
leakage during vacuum. Uniform vacuum has to be 
maintained and should be monitored by the vacuum gauge 
during the process. Sometimes pressure plates are used to 
have a uniform part thickness during curing. 

IV. TESTING 

After preparing laminate, laminate has to be cut according 
ASTM standard and need to be tested using universal testing 
machine. In this paper, the dumbbell shape five test coupon 
were cut per laminate with jigsaw machine. Refer figure 5 and 
6 for test coupon before and after testing. Refer table 4, 5, 6 
and 7 for the tensile test results of different laminates. 

TABLE IV 
TESNILE TESTING FOR HYBRID LAMINATE (3.6mm) 

 
Bamboo + Glass (Hybrid)-3.6mm(vacuum begging) 

Sr. No. LOAD(KN) STRESS(MPa) 

1 5.04 119.6582 

2 5.86 139.1263 

3 5.59 132.7160 

4 5.69 130.4088 

5 5.45 124.9083 

 
TABLE V 

TENSILE TESTING FOR JUTE LAMINATE(3.45mm) 
 

Jute -3.45mm(vacuum begging) 

 

Sr. No. LOAD(KN) STRESS(MPa) 

1 4.66 98.5930 

2 4.96 102.6915 

3 5.03 103.4022 

4 4.98 103.1056 

5 4.85 102.6129 

 

TABLE VI 
TENSILE TESTING  FOR JUTE LAMINATE (7.15mm) 
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Jute- 7.15mm(compression molding) 

 
Sr No.   LOAD(KN)   STRESS (MPa)  

        
1  8.4   61.8374  

        
2  7.89   57.4737  

        
3  7.44   55.0560  

        
4  8.08   59.4773  

        
5  7.65   55.7255  

        

   TABLE VII   
 TESTING DATA OF GLASS MATERIAL (7.85mm)  

      
   Glass- 7.85mm(compression molding)  

       
Sr No.   LOAD(KN)  STRESS (MPa)  

       
1   23.96   171.5169  

       
2   21.16   151.3846  

       
3   28.11   188.4679  

       
4   28.71   194.5385  

       
5   24.40   164.4593  

        
 

Tensile Test 

The test was conducted according ASTM D638 standard 
with type-I of total length of the specimen 165mm with 50mm 
gauge length for laminate thickness less than 7 mm. This test 
was carried out by using a universal testing machine (UTM) 
and the result was noted for five different specimens. A test 
was conducted for hybrid and jute laminates with thickness 
3.6 and 3.45 respectively. For Glass and jute with greater than 
7 mm thickness specimens were cut and tested according to 
ASTM D638 type-III. 

 

Fig: 5 Test sample of hybrid and jute laminate 

V. RESULT AND DISCUSSION 

a. Jute Laminate with 3.14 mm thickness: 

Figure 7 depicts the tensile stress of samples which were 
vacuumed bagged for eight hours after wet lay-up. Fiber 
volume ratio to build laminate was 20:80. That means, 20% 
jute fabric and 80% polyester resin were used to prepare this 
laminate. The resin to hardener ratio was 100:1. Behavior of 
the graph shows, tensile stress varying between 98 MPa to 
103.5 MPa. 

 

Fig: 7 Jute laminate stress values in MPa 

b. Hybrid laminate structure with 3.6 mm thickness: 

Figure 8 shows the tensile stress of hybrid laminate 
specimen. The reinforcement to matrix ratio is 20:80 for 
bamboo and 60:40 for glass fabric. The graph depicts better 
strength than jute material for the same thickness. The values 
are varying from 119 to 139MPa. 

 

Fig: 8 Hybrid laminate stress values in MPa 

c. Jute laminate with 7.15 mm thickness: 

Figure 9 shows the tensile stress of jute laminate specimen 
with 7.15 mm thickness prepared by compression molding. 
The reinforcement to matrix ratio is 20:80. The graph depicts 
less strength than jute material for less thickness. The tensile 
stress value varies from 55.05 MPa to 61.83 MPa. 
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Fig: 9 Jute laminate stress values in MPa 

d. Glass laminate with 7.85 mm thickness: 

Figure 10 shows the tensile stress of jute laminate 
specimen with 7.85 mm thickness prepared by compression 
molding. The reinforcement to matrix ratio is 60:40. The 
graph shows higher strength than any other material. The 
tensile stress value varies from 164 MPa to 194MPa. 

 

Fig: 10 Glass laminate stress values in MPa 

VI. CONCLUSION 

In this paper author as prepared laminates with different 
reinforcement materials, manufacturing methods and 
thickness and concluded following points. 

1) The synthetic fibers give best strength than natural 
fibers and hybrid sturcture. Refer figure 11 showing 
same thickness, same manufacturing process, but 
different fabric as reinforcement. The synthetic fiber 
gives much better mechanical properties than natural 
fibers. 

2) However, as synthetic fibers are not biodegradable the 
solution would be to go for hybrid structure to reduce 
the use of synthetic fibers. Refer figure 12 showing 
comparison of strength of hybrid laminate vs. 
monolithic natural fiber laminate for the same thickness 
and manufacturing process 

3) As the thickness of laminate reduces strength increase 
as the number of defects reduces. Also, it has been 
observed that the vacuum bagging gives better result 

than compression molding. Refer figure 13 which 
explains this point. 

4) At last, the figure 14 compares result of all four 
laminates and from this we can conclude that the 
strength in the laminate is governed by reinforcement 
hence the highest strength we get with synthetic fibers, 
then hybrid structure and then natural fibers. 

5) If we compare manufacturing techniques for curing 
after wet layup, it is observed that the strength is better 
achieved with vacuum bagging and with less thick 
laminate. 

 

Fig: 11 Comparative graph of laminate stress value which prepare by 
compression molding 

 

Fig: 12 Comparative graph of vacuum bagged laminate 
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Fig: 13 Comparative graph of variable thickness for same 
material (Jute) 

 

Fig: 14 Comparison of all stress value 
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Abstract : Now A Days In World Off Road Bike ATV/Dirt Bike 

Require High Horse Power & Torque But Development 2stroke 

Suzuki Max 100 R Into The Dirt Bike In Sprocket Ratio And 

Change The As Compare Economical To Improve The Torque Is  

Some Amount With Sprocket Ratio.  

Keywords: Sprocket, Sprocket Ratio, Torque, Modification. 

I. INTRODUCTION 

ll of these – except maybe wheels – are “wear” items that 

eventually need to be replaced. Tires may be the most 

evident of these. But did you know that a simple sprocket 

swap could do even more for your bike? We’re not just 

talking about when the original wears out. So we’ll explain 

gearing and sprocket sizes, as well as applications, and we’ll 

show you some of our favorite sprocket products. 

This may sound like you’re prepping your gear for a trip to 

the trails, but we’re talking about something else. You “gear 

up” or “gear down” by changing sprockets, front or rear, to 

different sizes. Because you can change either front or rear 

sprockets, it’s best to begin by determining their relationship. 

The final drive ratio on a motocross bike will likely stay close 

to 4.0. For street bike guys, there’s a much bigger spread of 

ratios depending on sport bike or standard. For sport ATV 

riders, the stock final drive ratio will generally be lower, 

around 3.0 or less. 

Back to that YZ250F, If you replace its 49t rear chain wheel 

with a 52t – and that’s a big change – your final drive ratio is 

now 4.00 (52 divided by 13). You just “geared down.” That 

may sound backwards, but the relation is always to the front 

or countershaft sprocket, and in that relationship, you geared 

down. This number is most important when you’re changing 

gearing. It’s easy and beneficial to be scientific about this. 

And when you want to make a change, you should be 

scientific. Make one small change at a time, Document it and 

test it before considering further changes.[1] 

 In this investigation final drive of a two wheeler motor cycle 

is modified. Gears of chain and sprocket drive are changed 

and so that final drive reduction ratio changes. After doing 

such changes we are measuring various performance 

parameters practically as well as theoretically.[2] 

The effect that you feel with a -1/+2 sprocket set change is the 

multiplication of torque and an increased rate of acceleration. 

The key factor to understand here is that multiplying power to 

the wheel is not the same as increasing engine horsepower. 

There are many operator-controlled variables that can skew a 

dyno test but in this case, load factors were applied 

automatically based on inertial changes and are reflected in 

the readings, which show that increasing the rate of 

acceleration draws more power. 

 The gears in your transmission are torque multipliers, and the 

final-drive ratio of your countershaft and rear sprockets also 

have an effect on torque. Changing the final-drive ratio is one 

of the easiest ways to modify the feel, acceleration and top 

speed of your bike. Lowering your gear ratio with the popular 

down one tooth in the front and up two teeth in the rear (-

1/+2) sprocket set makes a huge difference on how the bike 

accelerates off the light. Because of this positive effect, we’ve 

heard many riders claim that a bigger (more teeth over stock) 

rear sprocket and/or a smaller front countershaft sprocket 

actually makes more horsepower. How could this possibly be 

a myth when you can hop on the bike and feel the 

difference?[3] 

Most dirt bikes gear ratios are set up from the factory in a 

middle-of-the-road setting, offering good acceleration and 

speed. To get even faster acceleration and low-end power, just 

drop the number of teeth on your front sprocket or raise the 

number of teeth on the rear sprocket. This, of course, will 

reduce top speed to a certain extent, but since we will be 

doing more trail riding than wide-open desert riding it’s a 

better setup for our needs. The rule of thumb is that for every 

one tooth you drop on the front sprocket, it is equivalent to 

going up two teeth in the rear. The only drawback to 

switching to a larger rear sprocket that we found is that 

sometimes you need to get a longer chain.  In our case, we 

were about 3 links too short, so we had to get a 120-link 

chain. Overall, it’s a relatively simple job and the results are 

amazing. 

The only drawback to switching to a larger rear sprocket that 

we found is that sometimes you need to get a longer chain.  In 

our case, we were about 3 links too short, so we had to get a 

120-link chain. Overall, it’s a relatively simple job and the 

results are amazing. 

Once the sprocket and new chain are in place, some 

adjustment is needed to get the correct amount of tension on 

A 
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chain. You don’t want to stretch chain slack and tighten the 

rear wheel while on the stand. Factor in suspension travel and 

changes in chain slack, as the chain gets stretched on jumps or 

whoops.  

A quick and dirty way to check the tension on your chain can 

be done off the bike stand.  Put your body weight over the 

back of the bike and then pull on the swing arm to find the 

tightest point for the chain. It should be where the rear axle, 

swing arm pivot and countershaft (front sprocket) are all in a 

straight line. Once you find this, you want to check for a 

tolerance of 1/4- to 1/2-inch of play. There are other more 

technical ways to do it, but this method used by race team 

mechanics out on the field should get you to a safe operating 

range. 

The reason you don’t want too much tension on the chain is 

because it can bind--causing added tension/wear on your drive 

components or even failure (not good).[4] 

II. DIRT BIKE AND REQUIRED POWER 

A. Objective 

 The Torque and horsepower are often confused when it 

comes to discussions of dirt bike and ATV power. You know 

they are not the same, but what exactly is the difference, and 

how are the two related? So, which is more important? for that 

purpose we have studied the process development in sprocket 

and investigated in gear ratio between them .this study 

revealed that the 2 stroke dirt /ATV (off road) bike in having 

most important data requirement. 

Gearing down by installing a larger rear sprocket (like with 

our YZ example) increases the final drive ratio and reduces 

top speed, but can increase acceleration. 

Gearing up, like with a smaller rear sprocket, decreases the 

final drive ratio and adds more top speed to your motorcycle 

or ATV. 

Setting the gearing for any motorcycle or ATV presents a 

trade-off between low-end power delivery and top-end speed. 

If you like a nice blend of the two and are happy with the 

power delivery of your vehicle in stock form, then leave the 

drive ratio alone. Just keep an eye on your sprockets (and 

chain) for wear. 

If you want better top-speed or stronger acceleration – and it’s 

not easy to get both – then gear up or gear down, and you can 

do so for $100 or less (sometimes way less). 

If you’re a beginning rider, you might consider gearing down. 

Low-end power delivery and more effective acceleration will 

serve you better than top speed. Expert riders may already 

know how to get the best low-end delivery, and might want to 

gear up a vehicle for improved top-end power. But let’s look 

at specific applications to give a better answer. 

Fig –I. Dirt bike modification &development of sprocket ratio 

           

III. ATV AND OFF-ROAD MOTORCYCLE 

A technical track or trail loop with deep soil, sand or elevation 

changes will require gearing down. This will give you strong 

acceleration out of corners, and let your bike or ATV better 

use power to pull through the soil or up hills. You may have 

to shift more often, but you’ll get the strong pull you needed. 

If your favorite track or trail is hard-packed with big sweeping 

turns, then you may want to gear up and make the most of 

your machine’s top-end power delivery. You will lose access 

to some low-end power, and may have to use more clutch for 

low-rpm control. In exchange, you’ll get more of what you 

want at higher rpm in improved top speed. You can also gear 

up if you’ve made other modifications to your bike or ATV 

that improve acceleration. 

Fig. II.  ATV final drive sprocket with chain 

  

IV. YOU NEED TO KNOW THIS 

When changing your sprockets due to wear, you will also 

need to replace your chain. The chain and sprocket 

relationship is best when the two wear together. Mixing an old 

chain with a new sprocket – or vice versa – will shorten the 

life of either. Not a good idea. And if you make a big change 

in sprocket size, you may need a shorter or longer chain. 

Changing one tooth on the countershaft sprocket has a more 

significant impact on the gearing than changing one tooth on 

the rear sprocket. Plus, countershaft sprockets cost less. But, 

it’s most often best to make changes with the rear sprocket. 

You get more fine adjustments, and that’s generally desired. 
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Avoid using a smaller-than-stock front sprocket. On a smaller 

sprocket, the drive chain must turn a tighter radius, which 

increases friction and decreases the life expectancy of the 

chain.[1] 

To minimize fuel consumption and increasing the kilometers 

travelled, high demands are made also for automobile engine 

system and transmission system. 

Final drive is the final gear train that is between the 

transmission and the ground. Final drive is the last in the set 

of components which delivers torque to the drive wheels. In 

heavy equipment and automotive, this is the axle assembly 

and the differential gear that enable the wheels or track 

sprockets to turn. Additionally, it provides a fixed reduction 

between the speed of the drive shaft and the axle driving the 

wheels. 

There are different types of final drives used according to the 

type of vehicle. Normally, in four wheel vehicles there is a 

differential gearbox and rear axles are provided as final drive. 

Various in case of front wheel drive car we haven’t seen any 

differential but instead it consists transaxle housed with 

engine assembly at front of the vehicle. 

In case of two and three wheelers like scooters, bikes and 

rickshaws there is chain drive used as a final drive. 

So from above discussion we can conclude that there are three 

types of final drives used in today’s automobile world as 

listed below. 

  chain drive  

  differential 

  belt drive  

 

A .Chain Drive: 

When there is less space available and also weight of the 

vehicle limited then at that time we cannot use differential as 

final drive in the vehicle. Take example of bikes, three 

wheeled rickshaws and ATV’s. So for this kind of vehicles we 

are using chain drive as a final drive. In chain drive there are 

two sprockets and chain for the purpose of transmitting torque 

from engine to road wheel.   

A small sprocket gear is connected with the engine output 

shaft and bigger sprocket gear is attached with road wheel of 

the vehicle. Both of these gears are further connected via 

roller chain.  

The main advantage of this kind of final drive is that it consist 

simplest mechanism and also weight of the whole system is 

also very less. Generally, all two wheelers and some three 

wheeled vehicles use this type of final drive mechanism.    

B. Differential: 

The differential has three jobs:  

 To aim the engine power at the wheels. 

 To act as the final gear reduction in the vehicle, 

slowing the rotational speed of the transmission one 

final time before it hits the wheels. 

 To transmit the power to the wheels while allowing 

them to rotate at different speeds. [2] 

 Rwd final drives 

 Fwd final drives 

 Open differentials 

 Limited-slip differentials (lsd) 

 Clutch style lsd 

 Locking lsd 

 Torque bias lsd 

 Viscous coupling 

 Electronically controlled differentials 

 Solid differential/spool differential/welded 

differential[7] 

C. Belt drive  

When there is less space available and also weight of the 

vehicle limited then at that time we cannot use differential as 

final drive in the vehicle but chain or belt drive can be used or 

proper amount of grip can be achieved  that .    

V. THE TEST 

Does a bigger rear sprocket make more power? Before we 

answer that, it’s important to know what your sprocket ratio 

means in terms of power. The chain and sprockets transfer the 

engine power to the rear wheel. The sprocket sizes determine 

how many times the countershaft must turn in order to spin 

the rear wheel. This ratio is your final drive, which is a 

numerical indication of how many turns the front sprocket 

makes in relation to the rear. Equal size front and rear 

sprockets would be a 1:1 ratio of power transferred from 

countershaft to rear wheel. To make better use of available 

power, a lower final-drive ratio is used to multiply torque 

from the engine and transmission to the wheel. 

Knowing what sprockets you have is the first step to making 

ratio mods. If the bike is stock, you can refer to the manual or, 

if you look, most sprockets are clearly stamped with a number 

that tells how many teeth it has. If not, you can count the 

number of teeth on the countershaft (front) and rear sprockets 

and do the math. Changing the size of either sprocket is what 

modifies the final-drive ratio, and determining what ratio is 

best depends on what type of riding you’ll be doing. A lower 

gear ratio will bolster your bottom end for better light-to-light 

performance, while higher gear ratios will help out on the top 

end. Making a sprocket change on your motorcycle would be 

comparable to changing the ring-and-pinion gears on a car. If 

you’re confused by gear-ratio terminology, just remember that 

lower or shorter gears are numerically higher. Higher or taller 

gears (highway gears) are numerically lower. For example, a 

3:1 ratio is lower than a 2:1 ratio. 

So if torque is multiplied through gear ratio changes, does this 

equate to an increase in power? For this month’s myth test we 
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grabbed some sprockets, chain and wrenches for back-to-back 

dyno testing on a 2008 gsx-r1000. The tests would be 

comprised of three stops on the dyno with three different 

sprocket setups: baseline stock (17/43, 2.5:1 ratio), vortex -

1/+2 (16/45, 2.8:1 ratio), and vortex -1/+5 (16/48, 3:1 ratio). 

Lower gears might feel like power has been boosted, but the 

dyno won’t be so easily deceived. [3] 

VI. MATERIALS FOR SPROCKET 

The selection of material used for the manufacturing of 

sprocket depends upon the strength and service conditions like 

wear and noise etc.also involves the cost as well as the 

material performance required. The sprockets may be  

manufactured from metallic or non-metallic materials. The 

steel is widely used for the manufacturing of sprocket due to 

its good wearing properties, excellent machinability and ease 

of producing complicated shapes by machining. Sprockets can 

also be supplied in various cast materials as standard carbon 

steel (with or without hardened teeth),stainless steel, special 

materials such as alloy steel, bronze etc.the non-metallic 

materials like wood, compressed paper and plastics like nylon 

, acrylic and polycarbonate  etc. Are used for gears, especially 

for reducing weight and noise. 

A. Mild Steel (Is 2062) 

At present sprocket chain is made of mild steel material. So, 

first analysis is done using ms as material. steel is the 

traditional material for sprocket chain. Steel is easy to get. 

Machinery to manipulate steel is easy to get. Steel is easy - 

and it's also cheap. This is the main reason that 99% of the 

sprocket chain are made from steel.steel is stiff but dense 

(heavy). Steel rates well in terms of both yield strength and 

ultimate strength, particularly if it's carefully alloyed and 

processed. Steel also resists fatigue failure well which is 

extremely useful - even if the sprocket chain flexes under 

load, such flexing need not lead to a critical failure. Chemical 

composition of is 2062: 

         c- 0.23%, mn-1.5%, s-0.05%, p-0.05%, si-0.4% 

 

Table-I. The properties of mild steel are listed below, 

structural properties (is 2062): 
 

Property Value 

Young’s modulus, e 2.1×105 mpa 

Poisson’ s ratio, v 0.3 

Density, ρ 7850 kg/m3 

Yield stress, σ yield 250 mpa 

Ultimate tensile stress, σ uts 390 mpa 

  

B. Carbon Fibers 

Carbon fibers, more than all other fibrous reinforcements, 

have provided the basis for the development of advanced 

structural engineering materials. Commercially carbon fibers 

are available with a variety of tensile moduli ranges from 

207gpa to 1035 gpa respectively low to high side. In general, 

low modulus fibers have low cost, low specific gravities, high 

tensile and compressive strengths and high tensile strain to 

failure than high modulus fibers.the benefits of carbon fibers 

are their extraordinarily higher tensile strength to weight 

ratios and tensile modulus to weight ratios, very lower ctes 

(which provide dimensional stability in such applications as 

space antennas) and higher fatigue strengths. The 

disadvantages are their low impact resistance and high electric 

conductivity, which may cause shorting in unguarded 

electrical machinery. Their high cost has so far excluded them 

from widespread commercial use. Carbon fibers are 

extensively used in aerospace and some applications of 

sporting goods, taking advantages of the relatively high 

stiffness to weight and high strength to weight ratios of these 

fibers. The structure and properties of carbon fibers are 

depends on the raw material used and the process 

circumstances of manufacture. Carbon fibersare commercially 

existing in three simple forms, namely, long, continue tow, 

chopped (6-50mm long) and milled (303000μm long). The 

long, continues tow, which is simply a bundle of 1000-

160.000 parallel filaments, is used to for high performance 

applications. 

Characteristics of carbon fiber: 

 High strength to weight ratio 

 Rigidity 

 Corrosion resistance and chemically stable 

 Fatigue resistance is good  

 Good tensile strength 

 Fire resistance/ non flammable 

 Low coefficient of thermal expansion  

 Self-lubricating 

 High damping  [5] 

 

Table –II. Material properties for carbon fiber: [5] 
 

Mechanical properties Units Carbon fiber 

E11 Gpa 190 

E22 Gpa 7.7 

G12 Gpa 4.2 

Ν12  0.3 

P Kg / m3 1600 

St
1 = sc

1 Mpa 870 

St
2= sc

2 Mpa 54 

S12 Mpa 30 

 

C. Steel Sprockets 

Jt steel sprockets are manufactured using only the finest grade 

of c49 high carbon steel for the rear sprockets, and scm420 

chromoly steel alloy for the front sprockets. The jt steel 

sprockets range now contains over 2,500 parts for all 

motorcycles and ATVs.  

D. Aluminium Racing Rear Sprockets 

Made from advanced aviation-grade 7075-t6 aluminium alloy, 

optimal lightweight design and cnc machined for performance 

and lifespan! All aluminium max rear racing sprockets are 
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manufactured from the best materials with a special self-

cleaning design, and hand-finished to perfection. [8] 

 

VII. IMPROVEMENT SPROCKET RATIO 

 

Table – III. Data about Suzuki max 100- r 

 
Sr.no. Name Old case. Modification case . 

1 Launched 1998 - 

 Engine 

2 Engine   displacement 98.2cc 98.2 cc 

3 Engine   type Air cooled, 2stroke Air cooled, 2stroke 

4 Number of cylinder 1 1 

5 Valve per cylinder 0 0 

6 Max.power 7.9ps @ 5500 rpm 7.9ps @ 5500 rpm 

7 Top speed 82 kmph 82 kmph 

8 Max.torque 9.8n.m@5500 9.8n.m@5500 

9 Bhp 7.8bhp 7.8bhp 

10 Bore × stroke 50.0 × 50.0 mm 50.0 × 50.0 mm 

11 Fuel type Petrol Petrol 

12 Starter Kick Kick 

 Transmission 

13 Transmission type Manual Manual 

14 Number of speed gears 4 4 

15 Final drive Rear - chain Rear – chain 

 Wheels & tyres 

16 Front  tyre 2.75×18 2.75×18 

17 Rear  tyre 3.0× 18 3.0× 18 

Brakes & suspension 

18 Front brake Drum 130mm Drum 130mm 

19 Rear brake Drum 130mm Drum 130mm 

20 Front susp. 

Telescopic 

hydraulic shock 

absorber 

Telescopic 

hydraulic shock 

absorber 

21 Rear susp. 
Double hydraulic 

shock absorber 

Mono -cross  

hydraulic shock 

absorber 

22 Swing arm “o”  pipe “□” channel 

 Other dimensions 

22 Overall length 2057 mm 2015 mm 

23 Over all width 725 mm 714 mm 

24 Over all height 1053 mm 1160 mm 

25 Wheel base 1217 mm 1390 mm 

26 Ground clearance 140 mm 360 mm 

 

Table – IV. Improvement in Sprocket Data About Suzuki Max 

100- R 

 

Sr.No. Object / Component  
Case -1  [Old 

] 

Case -2     [Modification 

] 

1 Driver Sprocket Teeth T1 15 13 

2 Driven Sprocket Teeth T2 41 39 

3 
Max. Counter Shaft  

Sprocket 

N1 

[Rpm] 
5500 5500 

4 
Rear Wheel Sprocket 

Rpm 

N2 

[Rpm] 
2014.65 1833.33 

5 Velocity Ratio V.R. 2.73 3.00 

6 Max. Torque 
T  

[N.M] 
27.53 30.26 

   

In chain and sprocket drive torque improvement by driver  

gear (engine side) and driven gear (rear side)  with cero  

modeling . 

 

Fig. III. Final drive sprocket with chain improvement ratio. 

 

 
 

Fig.IV. Final drive torque ratio compare with old & new case 

 

. 

VIII. CONCLUSION 

 After Development Of Sprocket Using 15/41 Teeth  Into The 

13/39 Teeth And Torque Is  9.91% Increase With Sprocket 

Ratio Can Be Changed & Archive That Ratio. 
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Abstract— This document shows an in-depth introduction into 

programmable logic controllers (PLCs) interfaced with matlab 

for better and easier task fulfilling operations in an industry. 

This article starts with an overview of the history and the role 

PLCs in factory automation.  
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I. INTRODUCTION 

 PLC is digital operating electronic apparatus which uses 

a programmable memory for internal storage of 

instruction for implementing specific function such logic, 

sequencing, timing, counting and arithmetic   to control 

through analog or digital input/output modules various type of 

machines or process.  

 The core modules of an industrial-control system are 

examined: the analog input function, analog output functions, 

the distributed control (fieldbus) interface, digital inputs and 

outputs (I/Os), the CPU, and isolated power[2] 

 

.  
Fig. 1 Block diagram of a typical plc 

 

This document shows the design of a controller based PLC 

which would have 8 channel I/O and 6 channel analog Input. 

The system would have an AVR micro-controller and would 

also have relay cards to interface motors like DC, stepper, 

servo and AC motors too. Here Software MATLAB 

(Simulink) is used to establish a serial communication with 

the PLC which is much easier than writing a machine 

language program. One can program this plc by just placing 

the desired blocks into it.[7] 

 

A. Methodology 

This document explains how the actual plc works. First, the 

plc is programmed normally by developing an algorithm for 

the plc to work in the MATLAB hardware support package 

and feed it to the plc using inbuilt I2C or SPI. [1] 

Now as the plc is ready to use the hardware connections for 

the desired task is to be done. External power is required to 

power the relay cards and also the plc. If not, the plc can be 

given the power supply using usb cable connected to the 

algorithm developing device.[3] 

B. Objectives 

The main objectives of the project are as follows: 

 Reduce programming time. 

 Free up more memory in the controller compared to 

code feeded controller. 

 Easy and quick interface. 

 I/O ports interface and access as needed. 

 Multiple output run simultaneously. 

C. Arduino 

This section explains about the heart of the plc prototype. 

This prototype contains the microcontroller based 

prototyping open source platform called “Arduino” which 

also uses Atmel controller. It connects to a computer via a 

USB cable, and is programmed using it with a language 

similar to C++.[4]-[6] 

The Arduino has a number of input ports which can be used 

to read in signals from other circuits or devices, and output 

ports which can be used to drive external lights, speakers, 

motors etc.[8] 

A 
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TABLE 1 

Arduino Uno description 

Microcontroller ATmega328p 

Operating Voltage 5 V 

Input Voltage(recommended) 7-12 V 

Input Voltage(limit) 6-20 V 

Digital I/O Pins 14(including 6 pins as PWM) 

PWM Digital I/O Pins 6 

Analog Input Pins 6 

DC Current per I/O Pin 20 mA 

DC Current per 3.3V Pin 50 mA 

Flash Memory 

32 KB (ATmega328P) of 

which 0.5KB is used by boot 

loader 

SRAM 2 KB (ATmega328P) 

EEPROM 1 KB (ATmega328P) 

Clock Speed 16 MHz 

Length 68.6 mm 

Width 53.4 mm 

Weight 25 g 

 

Fig.2 Arduino Uno prototyping board 

D. Arduino and matlab (Simulink)   

The MATLAB Support Package makes it easy to 

directly control and read the digital and analog pins on 

Arduino which is the current plc prototyping board. One can 

easily program this plc prototype by just putting some things 

together. This project can also be easily used for data 

acquisition and thus used for monitoring devices in an 

industry. The matlab hardware support package also has 

additional functionality for I2C and SPI to communicate 

between the devices and hardware plc is communicated using 

serial communication.[12] 

In the real simulation done on the target hardware i.e., the plc 

prototyping board, a simple input output device is tested first. 

So, a normal LED is interfaced to it and in the matlab 

Simulink the necessary blocks are added. Then by following 

the required steps as explained before, running the Simulink 

block configuration directly to the plc prototyping board, it 

starts blinking the LED interfaced with it. Choosing the 

correct output pin and controlling it with a pulse generator, 

the above trick will be achieved. The following figure shows 

the image captured for the above explained procedure.[8] 

 

Fig.3 Arduino with MATLAB Simulink 

 

Fig.4 Real time simulation of LED blinking using the plc prototyping 

board interfaced to MATLAB Simulink 

E. Dc motor control 

This paper conveys the method to control a simple DC motor 

using MATLAB Simulink. But at first the rough sketch 

schematic for the plc used dc motor control is done using 

Arduino as the plc. The PLC prototyping board is first 

connected to the algorithm developing device and the 

developed algorithm using the Simulink block in hardware 

support package and feeded to the PLC prototyping board. 

Here in the interface to run and drive the motor a relay is 

used. Basically H-bridge motor driver is used, but also for 
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higher level of implementation, motor driver relays with 

ULN2003 A are used. [9] 

Here in the schematic an LED is placed in parallel to indicate 

the status of the motor. Now the complete hardware circuit 

setup is made and then the hardware is connected to necessary 

power and runned. The following will show how to interface a 

simple dc motor with Arduino and run it. In the schematic, the 

Arduino is connected to the motor driver relay and then 

cascaded with the motors. A simple push button controls the 

dc motor.[10] 

 

Fig.5 DC motor control Simulation using the plc prototyping board 

In this real hardware simulation of the plc prototyping board 

controlling the dc motor is as shown in the following figure. 

The plc prototyping board is interfaced with the dc motor in 

the desired pin for output. Then as explained before, the 

Simulink configuration block is feeded to the plc prototyping 

board and later the real simulation is done where it shows the 

functioning of the motor in one direction. Later the Simulink 

blocks can re-arranged and by adding some blocks the motor 

can be functioned bidirectional.[11] 

 

Fig.6 Real time simulation of DC motor using the plc prototyping board 

interfaced to MATLAB Simulink 

F. Servo motor control 

In this project the PLC prototyping hardware along with the 

relay card is also capable of driving servo motor. Here the 

procedure to follow is as same as in driving the DC motors. 

The input given to the PLC prototyping board is through a 

sensor say potentiometer or as given in the schematic, a 

pushbutton for instance. After developing the algorithm to run 

servo motors it is then feeded to the PLC prototyping board 

and so the relay card is now also capable of driving the servo 

motors also. In the schematic structure, a pushbutton is 

interfaced with the plc prototyping board and then the 

uln2003A relay unit attached with it operates and controls the 

servo motor. In the following schematic, the servo motor 

controlled by the relay unit attached with Arduino having 

ATmega328P microcontroller is used as a plc prototyping 

board for now. But as of in future, a complete new form of plc 

prototyping board will be developed. Here in the schematic, a 

simple pushbutton is used to control the servo motor and an 

led is attached to notify the current status of the servo 

motor.[13] 

 

Fig.7 Servo motor control Simulation using the plc prototyping board 

 Now in the real simulation of the hardware using the 

plc prototyping board which is now interfaced to the servo 

motor is controlled by just feeding the matlab Simulink blocks 

to it. To keep running, the simulation time is set to infinite. 

Later after feeding the Simulink blocks, the servo is 

completely operational and by changing the blocks the servo 

operations can be changed according to application. The 

following figure shows the real hardware simulation as 

explained before.[14] 

 

Fig.8 Real time simulation of Servo motor control using the plc prototyping 

board interfaced to MATLAB Simulink 
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G. Analog sensor and PWM control 

In this project, the plc prototyping board is also capable of 

controlling the PWM controls and say for instance a servo 

motor. Here in this project an analog sensor, say a 

potentiometer is attached to the plc prototyping board like 

Arduino attached here. The values obtained from the 

potentiometer is given directly to the servo motor. Hence, the 

potentiometer interfaced here acts like a analog sensor and it 

controls the servo motor giving it PWM pulses to control it. In 

the following schematic, the plc prototyping board is 

interfaced to a potentiometer as a analog sensor and as an 

output indication the PWM controlled servo motor is 

attached.[17]-[19] 

 

Fig.9 Analog sensor and motor control Simulation using the plc prototyping 

board 

In this plc prototyping board controlled by just adding 

necessary blocks available in matlab Simulink can also drive a 

PWM control interfaced along with an analog sensor. In the 

Simulink, the blocks that are necessary are first feeded to the 

plc prototyping board and then the hardware simulation is 

done. The following figure shows the image of the real 

hardware simulation of a PWM controlled servo motor with a 

simple dual axis potentiometer as an analog sensor.[15] , [16] 

 

Fig.10 Real time simulation of Analog sensor with PWM control using the 

plc prototyping board interfaced to MATLAB Simulink 

II. CONCLUSION 

This document concludes about the formation of making a 

plcusing the base of Arduino as a plc prototyping board and 

also when interfaced with MATLAB Simulink, the 

programming part for preparing any model like interfacing 

sensors, motors, LEDs, etc. is made easy. Whereas code 

feeding and bootloader burning is not required here, the 

blocks arranged in the MATLAB Simulink is hardly taking 

time more than it does when real time processors , plc coding 

is done. 
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Abstract - Agriculture which forms the mainstay of millions in 

India was primitive in nature and insufficient to cope up with the 

requirements. When British consolidated its position in India 

following suppression of the 1858 Mutiny introduced a few 

reforms in this sector. Introduction of the American plough, new 

variety of seeds and fertilizers together with canal irrigation 

system somehow improved the production. But the real motive 

behind introduction of these reforms was not general public 

welfare. Preference was given for the production of cash crops to 

cereals and faulty distribution system led to recurrent famines 

resulting in high crude death rate.  Low potential supply of 

irrigated water especially to eastern and the southern parts of the 

province kept the people starved till the Independence of India in 

1947. 

Key Words - Geographical diversity, Cash Crops, Famines, 

Irrigation Commissions, Canal Irrigation. 

I. INTRODUCTION 

he kingdom of Oudh was annexed to the British Empire 

on 13th February, 1856 and with it the combined Province 

of Agra the total area reached to the extent of 107,494 square 

miles. The above statistics are about the British part of the 

provinces and area of the native states is not included. (1) The 

total area in terms of acreage was 6.64 crore acres and the 

cultivable land in it was more than 4.74 crore acres. The ratio 

of the rural-urban population was 8:1. It is clear from the 

above data that half of the total land of the province was used 

as agriculture land and 80% of the population depended on 

agriculture as their livelihood. (2). Thus agriculture formed the 

main occupation of the population of our study area during 

period under study. 

The province had a great diversity in its geographical and 

meteorological conditions. The Irrigation Commission 1901-

03 in its report has grouped the entire province into 4 district 

zones. 

A. The Sub-Montane Tract 

A narrow strip of land 30-50 miles in breadth. It extended 

from Dehradun to Gorakhpur. Population in the area was 

minimal. Agriculture conditions of the area were not very 

good and produced only rice and wheat as the main crops. In 

this tract rainfall varied between 50-70 inches annually. 

During 1873 rain failed in Gorakhpur and Basti districts and 

severe draught occurred in Bijnor and Bareilly in 1877.  

B. The Central Tract 

Spread between the Sub Montane Tract and the river Ganga. 

Being the largest of the 4 tracts it included Rohilkhand, Oudh, 

and Gorakhpur division with 1/3 of the total cropped area. The 

main produce of the tract included rice, wheat, and barley, 

sugarcane, poppy and indigo. Average rainfall in the tract was 

35-40 inches. It was deficient of monsoon rain fall. The tract 

suffered severe draught and famines during 1837, 1860, 1869, 

and 1877. District badly affected were Hardoi, Moradabad, 

Badaun , Lucknow, RaeBareilly, Barabanki, and Azamgarh. 

Hardoi , Sitapur, Lucknow, Baranki , Unnao, and RaeBareilly 

again suffered the turmoil of famine during 1896-97.  

C. The Doab of the Ganges and Yamuna  

Extended from the foothills of the Shivaliks to the Sangam at 

Allahabad. This tract included 13 districts. The whole tract 

had numerous distributaries of Upper and Lower Ganga and 

Yamuna Canals. Average rainfall in this tract was around 30 

inches. The tract suffered famines during 1837 and 1860-61.  

D. The Southern Tract 

Consisted the area south of the river Yamuna. This tract was 

altogether different in geographical formation and agriculture 

from 3 other tracts. The western part of the tract consisted of 

the Districts of Jhansi, Hamirpur, Banda and Jaloun. The 

eastern part of the tract included Mirzapur, Banaras and 

Gazipur. The tract is known as Bundelkhand and being dry 

suffered ravages of famines during 1837, 1869, and 1896-97. 

Though the eastern part formed the Ganga alluvial soil and 

produced excellent crops also suffered a less severe famine 

during 1896.  

II. DEVELOPMENT OF CANAL SYSTEM IN INDIA 

Failure of monsoon with no major irrigation facilities made 

the province prone to recurrent famines. The pattern of 

agriculture was traditional with use of bullock carts and 

wooden ploughs for tiling soil. No advanced technology was 

available which could augment agriculture productions. In the 

initial years of their rule the British Indian Government was 

T 
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indifferent towards the improvement of agriculture in India. 

While making a comparative statement on canals and railways 

R.C Dutta commented, “Preference was given to railways 

which facilitated British trade with India, and not canals which 

would have benefitted Indian agriculture.” (3) 

Recurrent famines compelled the British rulers to import 

technologies to improve agriculture which included 

introduction of new trends of crops, new agriculture tools and 

appliances and scientifically constructed means of irrigation. 

The American Ploughs were introduced in the province but 

evoked less response from the cultivators due to socio 

economic considerations. These ploughs were expensive, 

made of iron and unlike wooden ploughs not repairable. Other 

equipment’s introduced were threshing machines and water 

pumps. Introduction of tractors, power mills for sugarcane 

were obviously beyond the reach of the small cultivators. Thus 

till 1928 the general agriculture practices in the United 

Provinces remained largely traditional, indigenous and 

inefficient. New inventions thus became the need of the hour. 

The Agriculture Department of the province distributed 

American and the European ploughs among the cultivators at 

a low price.(4) The department also distributed a large 

quantity of manures and fertilizers beside traditional manures 

to facilitate the cultivators to get benefit from the new 

products. 

Nevertheless, the British rulers had a utilitarian motive behind 

introduction of new agricultural technology in India. They 

preferred production of cash crops to cereals. Hence they 

encouraged sericulture in Dehradun, tobacco in Gazipur, and 

fruits in Kumaons. But this change in pattern of agriculture 

caused shortage of basic food needs of the larger population 

which resulted in food shortage and consequent famines. 

The famines of the 19th century specially that of 1937-38 in 

Northern India compelled the British Government to pay 

attention towards improving irrigation works.(5). Artificial 

Irrigation became the need of the hour. Hence the Director of 

canals was entrusted with the task of irrigation works and 

supervise improvements of two canals, one in Hissar which 

crossed Agra and Western and Eastern Yamuna canals. 

Northern India again suffered a terrible draught during 1859-

60. This goad the Government to construct canals. By this 

time Public Works Department also came into existence and 

the Director of Canals was brought under the Public Works 

Department. Construction of canals begun in a planned way 

and grouped under two categories: 1. Productive and 

2.Protective. 

The Productive canals were remunerative and financed by the 

government from the Loan Funds while Protective canals were 

considered valuable to fight against the famines. (6) and 

funded from the Famine Relief Fund. Minor works included 

repairs of old canals systems and expenditure met from the 

Revenue Fund. 

The Indian Irrigation Commission Report of 1903 gives 

details of the projects as below: 

In the United Provinces state irrigation works comprised five 

large, eleven small canals and twelve small storage works. 

Unlike inundation types these canals were perennial in nature 

and supplies taken from the rivers with permanent or 

temporary dams built on them. Of the five numbers of the 

Ganga Canals four belonged to the Upper and Lower Ganga 

Canals and Agra Eastern Yamuna canals. These canals were 

grouped under the Productive canals while Betwa Canal was 

grouped into protective head. Rest of the works was grouped 

under minor works. Storage works were completed in Dun, 

Bijnor, Rohilkhand, Jhansi and Hamirpur. A good number of 

works of minor canals were also constructed in Nainital 

district and came to be known as Terai Bhawar Canal. Here it 

is worth to mention that 75% of the provinces irrigation 

requirements were fulfilled by the private works which 

included kutcha and pucca wells and open pits from where 

earth was removed for construction of mud houses. 

Surprisingly we do not find any man made water tank for 

irrigation in the province. But efforts of the State Public 

Works Department and irrigation engineers together with the 

local support groups in the year 1901-02 total irrigated area 

touched 26,16,105 acres. Out of this, the area irrigated by the 

Productive canal was 2452743 acres, Protective canals 

covered 48767 acres and Minor irrigation works covered 

114595 acres. (7) 

 Details about the crude death-rate for the population is 

available from Kingsley Davis’s publication: The population 

of India and Pakistan (1951). The foregoing table will amply 

show how rampant was the crude death rate of the Indian 

population  following 1880 until 1920. There was a high 

death-rate of 40-50 per 1000 inhabitants, whereas a clear 

decrease took place after 1920. 

This is indicative of the measures taken against and the 

prevention of famines especially the irrigation projects 

 
TABLE I 

CRUDE DEATH-RATE OF THE POPULATION OF INDIA 1881 – 1941 IN 
RELATION TO FAMINES AND EPIDEMICS 

 

Decade 

Average 

annual 
crude 

death 

rate 

Annual 
natural 

increase 

Famines and epidemics 

1881-1891 41.30% 7.60% 
 

1891-1901 44.40% 1.40% 

Terrible acute famine in 1885-

1900, Plague Epidemic 1896; 
Cholera Epidemics in 1891-

1892; 1894-1897 and 1900 

1901-1911 42.60% 6.60% 
Cholera Epidemic 1905-1908; 

Plague Epidemic 1907 

1911-1921 48.60% 0.90% 
Influenza Epidemic in 1918 with 

plus minus 20 million deaths; 

Cholera Epidemic 1918-1921 

1921-31 36.30% 10.10% 
 

1931-41 31.20% 14.00% 
 

Source:  Kingsley Davis’s: The population of India and Pakistan (1951). 
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A. Research Work in this Field 

A number of research works were carried out by some 

dedicated engineers and men engaged in the field of irrigation 

whose contributions made it possible to work on the 

development of a network of canals in North and north 

western India. 

1) Sir Proby Thomas Coutley, KCB, an English 

Engineer and a paleontologist, was instrumental in 

constructing the Ganga Canals. Appointed as a 

Superintendant General of Canals in 1836 Sir Proby 

was responsible for remodeling of Eastern Yamuna 

Canal (1824-1840). He was also responsible for the 

construction of Upper Ganga Canal (1839-1854) and 

creating dams over the Ganga. His actions brought 

him opposition from the Hindu Priests of Hardwar 

who agitated again the arrest of Mother Ganga by Sir 

Proby. He had to pacify them by leaving a portion of 

the Ganga for direct flow and started the work of 

digging after offering puja to Lord Ganesha, the God 

of good blessings. He also suffered resistance from 

Lord Ellenborough but his persuasiveness led to the 

final opening of 348 miles (540 kms) long Ganga 

Canal on the 8th of April, 1854. The canal had 306 

miles of branches and 3000 miles of distributaries 

and irrigated an area of 767,000 acres of land of 5000 

villages. Sir Proby was also instrumental in founding 

the Roorkee Engineering College (now IIT Roorkee) 

and one of the 12 hostels of IIT Roorkee is named 

after him.   

2) The next pioneering name in this series was of 

Thomas Login. During 1864 Login initiated research 

on fundamental ideas of causes of silting and 

scouring on scientific basis. 

3) In between 1874 and 1879 Cunningham made 

valuable contributions in the development of the 

technique of measurement of discharges and 

determination of velocity. His work was contained in 

3 volumes of the” Roorkee Hydraulic Enterprises”. 

Printed by Thomas College Press in 1881. 

Cunningham also investigated into the stability and 

strength of the masonry wall foundations in quick 

sand.  

4) Colonel J. Clibborn and J.S Beresford worked on 

the percolation of water through sands. They made, at 

different times, a series of experiments on sand 

enclosed pipes. The Government of India published 

their notes in 1902 which explained how water flows 

through under weirs and the other masonry works 

built on sand and the question of upward pressure on 

the bases of such structures. (8). According to them 

the lines of flow through sand below the foundation 

on sandy beds were clearly traceable equip-potential 

curve following the lines of best resistance. Beresford 

also made another useful contribution in determining 

the loss due to absorptions in canals.   

5) Major H. Helsham Jones carried out a very 

important experiment on the taming of rivers in the 

alluvial stages. The experiment was conducted at the 

head works of the Lower Ganga Canal.  

6) Kennedy, during 1881-82 made an important 

estimation of the losses due to evaporation and 

absorption in the Bari Doab Canal.  

7) Colonel Clibborn , the author of „Irrigation Works 

in India” carried out historic experiments during 

(1895-97) with khanki sand to investigate the laws of 

flow of water through sand in relation to weir design. 

His other contribution included investigation on the 

replenishment and velocity of flow of ground water 

in Gangetic plains. (9). Colonel Clibborn‟s 

experiments helped in construction of masonry wells 

in a practical way and gave us the idea of up thrust 

experienced in the D.S floors. Of the weirs on sandy 

foundations, varied with hydraulic gradient. 

Hence with the onset of the 19th century the British 

Government took certain initiatives to introduce new 

technology in the field of agriculture and irrigation. It was 

thought unwise to depend fully on monsoon rains. The alluvial 

part of the Doab flushed with humus of the Ganges and 

Yamuna every year was fertile enough to produce excellent 

crops but vastness of the area often experienced paucity of 

water. The southern part of the state especially the 

Bundelkhand area, was not as lucky as that of the North. 

Hence need of artificial irrigation was direly felt to combat 

famines and draught. 

 To set the home right the administration of the department 

was revamped with the appointment of Sir John Strachey, 

Lieutenant Governor, as the Director of Agriculture and 

Commerce. (10).With the appointment of Sir Edward Buck 

the post of the Director became permanent. The Royal 

Commission Report explained the role of the Director was to 

establish and prove to Indian agriculturists advantages of 

small improvements which they can afford and improve their 

already existing systems. 

The second phase of the research work focused on various 

ways and means of the construction of irrigation channels and 

reservoirs. From the summary study of the Public Works 

Department „C‟ File No. 124 W/1947 we find the references 

of the related research works done in the field of Irrigation and 

waterways. This period extended from 1900-1946. 

1) Credit goes to G. Barlow, the first Chief Engineer of 

the Hydro Electric Survey of India (1915) for the 

study of determination of the volume of total annual 

run off from a catchment.  

2) G. Laccy, the Executive Engineer and the Research 

Officer, produced a practical equation for the same. 
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He did an important task in designing the channels in 

alluvium. His concept of channel losses as a factor of 

Distributary Design was applied during the 

construction of Sharda Canal which led to the 

development of Silt Theory. He developed a new 

method of observing discharges in canals by using 

rods of 0.4” depth and 0.8” depth. 

3) William Maurice Griffith developed a useful silt 

excluding device which allowed only surface water 

to enter the distributaries. He also designed Kolaba 

Meters.  

4) R. B. Edgecombe further carried out the research of 

G. Laccy in 1934. He confirmed the flow equation 

advanced by Laccy and made experiments on various 

types of linings. He installed automatic gauge meters 

in different channels to determine the losses. He 

authored the book entitled “ Silting of Reservoirs and 

Measures Taken or Projected for its Prevention and 

Control “. Book was printed by Government Press in 

Allahabad in 1934.  

Works were done further on calibration of flumer and 

falls, use of tar for painting steel works, lining of Gul 

(drains) with Sodium Carbonate and Usar (arid) soils, 

water consumption by different crops and silt 

sampling at different ponds of channels. Innovations 

were made in the study of fluming structures and 

development of hyperbolic exponents.  

5) L. Y. Baker collected sample data from the 

Himalayas to the Bundelkhand and studied run off 

volumes in catchment areas to make predictions on 

catchment run off.  

6) F. H. Hutchinson, the Chief Engineer, further 

expanded the research work and in 1946 established a 

Hydraulic Laboratory at Bhadrabad and proposed 

field stations for soils and tube wells in Roorkee.  

B. Appointment of Irrigation Commission 

Severe famines of 1896 and 1901 in almost every provinces of 

British India drew attention of the Government which 

culminated into the appointment of the Indian Irrigation 

Commission in 1901 by Lord Curzon, Viceroy of India, under 

the chairmanship of Sir Colin Campbell Scot Moncrieff. The 

Commission submitted its report in 1903 in which it 

recommended measures for the Irrigation of an additional 

10,200 square miles beyond roughly 30,000 square miles 

already irrigated. The acceptance of this proposals by Lord 

Curzon’s Government in 1905 became a landmark in the 

Government of India’s Irrigation Policy. The Commission 

besides recommending projects for increased areas paid 

special attention to the Bundelkhand region in Uttar Pradesh 

which was worst sufferer of famines. Bundelkhand had many 

rivers like Pahuj, Betwa and the Ken which during rainy 

season overflowed the region but water leans during the 

summer. Hence storage of the rain water was the main 

problem  

C. Canal System in India 

1) Betwa Canal: On the recommendation of the Indian 

Irrigation Commission 1903 the only work undertaken in 

Uttar Pradesh was the Betwa Canal Project to cater the 

needs of the districts of Jhansi, Hamirpur, Jalaun and few 

native states. The project was undertaken as a Protective 

Canal Project to combat the menaces of recurrent 

famines. River Betwa forms the central part of the canal 

near Prichha, 17 miles from Jhansi (11). The main canal 

is 19 miles long bifurcated into two branches- Hamirpur 

branch and Kathakund branch. The Hamirpur branch ran 

a short distance from the Betwa River and the Kathakund 

branch near Pahuj. As there was no work of engineering 

interest, so the Commission suggested the additional 

storage and remodeling of channels which could increase 

the financial value of these channels so that they carry 

larger supplies to cater the main canals. the task of 

remodeling of Kathakund branch begun during 1904-05 

under the Public Works Department to enhance the 

targeted capacity to 600 cubic feet than existing 350 cubic 

feet per second. It led to the raising of intake capacity of 

Parichha dam which catered 16 ,300 acres during 1905-

06. But lean supply of the water during the winter season 

necessitated the construction of another dam at Dhukwan, 

25 miles above Parichha which was completed in 1910. 

On the Hamirpur side canal was widened to carry targeted 

1300 cubic feet a second against existing 7000 cubic feet 

a second. Several distributaries were also remodeled to 

cater more areas. 

Commission also recommended construction of a canal 

from the Ken river to protect Banda district. The main 

canal extended to 37 miles with 2 branches and attached 

distributaries. The project which was sanctioned in 1903 

was completed in 1906. The canal was managed by the 

Public Works Department up to 1908. Need of a larger 

reservoir was felt for supplementary storage. Hence dam 

was constructed at Gangao on Ken river, 30 miles above 

the headwork. The construction of the dam started in 

1911 and completed in 1917. By 1946-47 canal extended 

to 86 miles with 334 miles of distributaries. It catered an 

area of 1, 40,592 acres (12). 

Dhasen ,a tributary of Betwa was a seasonal river 

bringing maximum supply of 5,10,000 cubic feet water 

per second during monsoon butreduced to nil during 

summer. A project for building a canal with 3 branches of 

Islampur, Jabalpore, and Mohoba was sanctioned in 1905 

to facilitate irrigation in the Diistricts of Hamirpur, and 

Jhansi and a small part on native Indian states. Two dams 

were built on it at Pahari and Lachaura at 7 miles interval. 

The inferior lining used in Pahari dam created a breach 

which swept the dam in 1918. The lining was 

immediately repaired and the dam became operational. 
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In addition to these Pahuj- Garhmau canal was sanctioned 

in 1909 to serve the watershed areas between river Pahuj 

,Betwa, Burma and the Ken. 

It was designed to protect northern Jhansi district from 

draught and famine. The masonry dam was built across 

river Pahuj with a short canal of 15 mile to join with an 

escape at Birgwan nala and a second tank was built near 

Garhmau to take its feed. 5 earthen embankments and a 

small masonry dam was built to feed the gaps of the low 

rise hills in Garhmau. Pahu-Garhmau Link Canal 

included a number of existing close by small tanks with a 

storage capacity of 300 million cubic feet of water. 

Another tank was built at Majhewan over Gunchi Nadi to 

to cater the second watershed areas between rivers Ken 

and Burma. The purpose of the tank was to recharge the 

neighbouring wells. But soon breach developed in this 

tank because of the faulty foundation. Later in 1912 a 

project was sanctioned which led to the construction of 

two small canals, rising of the embankments and a 

masonry escape. These two canals were extended to 30 

miles and built at at the cost of Rs. 4 lacs. 

In addition to the larger systems, a large number of small 

storage schemes were also undertaken to provide 

irrigation facilities in Bundelkhand. These tanks , 12 in 

numbers, were scattered. Hence the Commission 

recommended formation of a separate subdivision under 

an assistant or subordinate engineer who can have better 

supervision over these tanks. It resulted in formation of a 

new Tank Division in 1905 to deal with the construction 

of new and systematic restoration of the old tanks in 

Jhansi and Hamirpur districts. It led to the restoration of 

several tanks in Bundelkhand region during this period. 

The eastern districts of Bundelkhand constitute Mirzapur, 

Banaras, and Gazipur which were not as bad as Jhansi or 

Hamirpur. The Commission recommended works on 4 

projects of Ghagar, Ganai, Garai and Sukhra which were 

suitable for the eastern Vindhyas district of Mirzapur. 

2) Ghagar Canal: Situated at the high central Indian platue 

Ghagar Canal was the most important project in Mirzapur 

district. The work started here in 1912 and completed in 

1918 with a cost of Rs. 43 lacs (13). The region suffered 

as many as 8 famines between 1875 and 1910. The 

project, however, did not match the expenditure incurred. 

Revenue generation was less than the expenditure 

incurred on relief and construction costs. 

3) Ganai Canal: Second important canal project in the 

Mirzapur district was the Ganai Canal Project. Situated at 

the foot of the Ganga valley, unlike other, this project was 

only productive project in this region. It irrigated the area 

between the Vindhya Mountains and the Ganga river. The 

reservoir at Ganai with a feed area of 12 miles down the 

canal on every side together with fertile soil and good 

climatic conditions the area became the high productive 

zone with good crops. 

4) Garai Canal: Sanctioned in 1909 the Ganai Project was 

completed in 1915. It included construcin of an earthen 

dam about 1 mile long and 56 feet high with a storage 

capacity of 480 million cubic feet of water. It was 

connected to a small 11 miles long canal which fed an 

area of 8000 acres during draught years. 

5) Sukhra Dam: The Sukhra Dam was constructed in 

Mirzapur district in 1909. It was an earthen dam 

constructed for the purpose of irrigation with a length of 

.7 miles (1158 meters) and height of 34 feet with a 

storage capacity of 260 million cubic feet. Dam was 

connected with a 7 miles long canal which primarily fed 

2500 acres of Ganga Basin Area. The construction cost 

was Rs. 2 lacs. 

6) The Ganga Canals: The Doab region between the Ganga 

and Yamuna had good irrigation facilities through the 

Upper and Lower Ganga Canals and Eastern Yamuna 

Canals. But due to faulty distribution facilities the region 

was not fully protected against famines. Hence the 

Irrigation Commission in 1903 recommended 

improvement in the methods of distribution and extension 

of the existing canals. The work of extension was then 

looked after by the Public Works Department. The Ganga 

Canal project was primarily an irrigation project though 

some navigation channels were also provided with lock 

gates to negotiate falls. The canal was administratively 

divided into Upper Ganga Canal from Hardwar to Aligarh 

with some branches and the Lower Ganga Canal which 

constituted several branches down stream Aligarh. 

The Upper Ganga Canal: The Upper Ganga Canal (UGC) 

was the original Ganga Canal. It started from Bhimgoda 

Barrage near Har-ki-pauri at Hardwar and crosses through 

Meerut and Bulandshar and continued till Nanu in Aligarh 

district where it was bifurcated – one towards Kanpur and 

another towards Etawah. It is the largest perennial and 

oldest irrigation system of India. The planning of this 

system started as early as 1838 and feasibility report was 

approved by a C Committee of Engineers in 1848. After 

approval of Lord Harding, then Governor General of 

India the construction started and the project was 

completed in 1854 in a record time of 6 years. The canal 

was commissioned on 8th April, 1854 after a trial run and 

necessary improvements. (14) 

George Walter Mac George in his book entitled,” Ways 

and Works in India” gave an account of public works in 

carried out in India from the earliest times, mentioned 

Ganga Canal Project which was undertaken during the 

famine of 1837 was the first major irrigation work done 

by the British India Government in Uttar Pradesh.. Sir 

William Warner Lee, the author of the book entitled, “The 

Life of Marquis of Dalhousie” referred to the high 
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appreciation made by Lord Dalhousie on completion of 

this project. 

The project was carried out under the supervision of 

eminent British Engineer Sir Probey Cautley. The main 

canal was 290 kilometer long and covered a gross 

command area of 393000 ha. 

Originally canal was designed with a head discharge of 

6750 cusecs capacity which in 1938 was increased to 

8500 cusecs. In 1951-52 it was again raised to 10500 

cusecs. In the beginning the water from the river was 

diverted to a canal by erecting temporary bund every year 

after monsoon. By 1920 a Pucca weir was constructed at 

Bhimgoda and the weir was replaced by a barrage in 1986 

to regulate discharge. The current details of the main 

canal, branches, distributaries, minors and escapes of the 

system are as follows 

TABLE II 

UPPER GANGA CANAL SYSTEM AND ITS LENGTH (IN 

KM) 

Sr No Details Length (Km) 

1 Main Canal 291.96 

2 Branches 562.36 

3 Distributaries 3299.95 

4 Minors 2427.95 

 Total 6582.22 

Source: Department of Irrigation, Government of Uttar Pradesh 

 The canal which was built 154 years ago is still catering 

needs of the population of the command area which has 

increased in magnitudes than the year when became 

operative. The Upper Ganga Canal irrigates the fields of 

the cultivators of Uttarakhand and Uttar Pradesh. 

The Lower Ganga Canal: The weir constructed at Narora 

intersects the canal system 48 kms. downstream from 

Nanu. Further it touched Sengar River and Sersa River 

near Etawah and crossed Sikohabad in Mainpuri district 

which became Bhoginipur branch of the canal. 

Bhoginipur branch became operational in 1880. This 

branch started from village jeera of Mainpuri district and 

runs towards Kanpur traversing 166 kms. At a distance of 

48 kms an escape was made at Batrai where from a 

channel 6.4 km carried the excess water to finally meet 

with the river Yamuna crossing the ravines. This branch 

included 386 kms of distributaries. 

The Bhoginipur branch together with Kanpur and Etawah 

branch came to be known as Lower Ganga Canal. The old 

channels of the old Kanpur and Etawah between Nanu 

and the point of intersection at Narora were known as 

“Stumps” and were brought into the use only when the 

supply of water in the Lower Ganga system leaned. The 

main branch of the river passed through Kalyanpur in the 

backyard of IIT Kanpur before breaking in to several 

branches. 

A branch harbored Kanpur water supply near J.K Temple. 

 Initial capacity of the system was 5000 cusecs. 

Farukhabad branch was widened in 1906 and an aqueduct 

was constructed near Nadrai 33 kms. down Farukhabad. 

The district which got benefit from this system were 

Aligarh, Manpuri, Etawah, Kanpur and Allahabad. In 

1947 the total length of this canal was 640 miles (1029.98 

kms) and distributaries 3277 miles (5273.82 km). Total 

area under irrigation was 1,185,731 acres. Total 

expenditure incurred was Rs. 4, 39, 52,713. 

7) The Eastern Yamuna Canal: The Yamuna canal 

Commenced at the Dakhpathar barrage in present 

Uttarakhand. If feeds a  stopover   at  Asan  in  Doon  

valley which  is  7  miles  away  from Dakhpathar.  

Here Easter Yamuna canal formed confluencewith Asan 

River which emerged from Doon valley. Iffurther made a 

stopover at Hathikhand barrage in Nagar district of 

Haryana.  But originally it was Tajewala Barrage, 2 

miles to the Hathikhand barrage, which was constructed 

in 1873 that diverted water into the Western and Eastern 

Yamuna canals. But Tajewala Barrage is now out of 

service and now new Hathikhand barrage was mode 

operational in October 1996. The Western Yamuna canal 

served the districts of Yamunanagar, Karnal and Panipat 

in Haryana and further down provided municipal water 

supply of Delhi. But Eastern Yamuna canal served   Uttar 

Pradesh.This perennial source of supply to the canal is the 

river Yamuna. The Eastern Yamuna canal entered Uttar 

Pradesh from the district of Saharnpur and flows to 

Muzffarnagar and Meerut and finally meet Yamuna River 

at Delhi. The flood of 1924 caused immense damage to 

the canal and hence large repairing of the canal was 

undertaken during 1925-26. The canal stretched to 100 

miles during 1946-47 was 904 miles of distributaries. It 

irrigated 382, 045 acres of lands. The total cost of the 

canal stood at Rs, 64,02,529 during 1947. 

8) The Agra Canal: Agra canal began from Okhla ,10 km 

south of Delhi is another important irrigation Canal. It 

became operational in 1874. The perennial source of 

water to the canal was the river Yamuna. The weir 

constructed at Okhla was first of its type in North India 

which based on the foundation of fine sand. It was about 

0.45 miles (.731 km) in length and 7 feet in height above 

the summer level of the river. The canal flows through the 

highland between Khari Nadi and the Yamuna. It finally 

touched Banganga River about 20 miles downstream 

Agra. The canal irrigated above 306104 acres of land in 

1944-45. The main canal was 129 miles long and with 

distributaries stretched to 837 miles in 1946-47. The total 

expenditure incurred in the project was Rs. 1, 25,43,0585. 
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9) The Sardah Canal 1930: The Sardah canal was the last 

major British colonial project in the United Provinces of 

India. Sardah Canal begins from Sardah Barrage dam near 

Banbasa in Champawat District of Uttrakhand. It was one 

of the longest irrigation Canal Project in Northern India. 

The Canal become operational in the year 1930. From the 

beginning the Canal raised huge Public resistance. Hence 

the Irrigation Commission in its report observed: “There 

is probably no scheme for the introduction of the Canal 

irrigation into any part of India which has formed the 

subject of so much discussion as that for a Canal from the 

Sardah river for the irrigation of Oudh ------numerous 

objections which have been raised against the scheme are 

sufficient to prevent the utilizationin the Ganga, Gogra 

(Ghagra)  Doab, of the volume of water which now runs 

in the Sardah river” (15) 

In 1970 Col. J.G. Forbes, RE, officiating as 

Superintendent Engineer Sardah canal, Oudh, prepared 

report on the Sardah Canal Project. In its introductory 

Col. Forbes defined the area where this Canal will 

irrigate. “The tract of the country to be provided with 

irrigation contains an area of upwards of 20,000 square 

miles , extending from Burm Deo, at the foot of the 

Himalayas to Beyreah, at the junction of the rivers Gurha 

and Ganges. It is bounded on one side by the river Gurha, 

Deoha and the Ganges, and on the other site by the 

Gogra” (16)  

The Taluqdars of Oudh were opposed to the report and 

Irrigation Commission also did not show courage at the 

face of the public opposition. Hence commission worked 

on an alternate proposal of d Sardah water in to the 

Ganges. Thus Providing additional supply to the Ganga 

and Agra system by using separate feeders from the 

Ganga canal to the Eastern and the Western Yamuna 

canals also. Hence Sardah, Ganga, Yamuna feeder Project 

was prepared. 

But the shortfall of rain brought the season almost on the 

brink of famines. Tube well irrigation was no longer 

sufficient and led to crop failure inferior quality of crops. 

This changed the mindset of the Talukdars who become 

ready for canal irrigation is Oudh. Hence as 

comprehensive canal irrigation project in Oudh was taken 

in hand and Sardah, Ganga, Yamuna feeder proposal was 

dropped.  

Sardah canal project had two parts: 

a. Proper Sardah Canal 

b. Kichha Feeder  

 

Sardah Proper canal project was designed to irrigate 

North Western district of Oudh, white kichha feeder 

would revitalize existing Rohilkhand Canals in westward 

direction across the Tarai in the foothill of the Himalayas. 

Secretary of State for India sanctioned the Project in 

1919-20. 

Sardah being are intentional river, the Nepalese part of it 

is known as Mahakali river. Hence the Project had to be 

supported with an agreement between British India and 

Nepal. The Sardah Agreement Letters of Exchange dated 

23rd August and 12th October of 1920 Provided Payment 

of Rs.50,000 to Nepal in exchange of 4000 acres of land 

in the eastern flank of West Nepal. The Sardah of 

Agreement 1920 transferred the ownership of Part of the 

left bank area (close to the barrage) from Nepal to India. 

This way the upper Sardah barrage though in the 

Nepalese site belongs India.  This treaty was subsumed in 

1996. Prime Minister of both the countries signed a 

Treaty in February, 1996 for integrated development of 

the Mahakali. River (Sardah India) including existing 

Sardah barrage, existing Tanakpur barrage and the 

Pancheswara Project (in Nepal Mahakali). 

That treaty invited high applauds from the United Nations 

Environment Project (UNEP). It observed that, “the 

signing of the Mahakali Treaty has Provided India and 

Nepal with opportunity for meaningful Cooperation to 

benefit the millions of People in two countries whose 

livelihood depends on the waters of the Mahakali River”. 

(17) Mahakali flows for a length of 138.26 miles length in 

Nepal and 200 miles in Indian Side. In its upper tract 

Sardah Right Bank Canal with a capacity of about 396 

cubic meter per second for irrigation in India. Nepal 

started utilising her share of water after computation of 

Mahakali Irrigation Project there in 1975. Besides 

irrigation Sardah upper barrage in India generates 

hydropower with an installed Capacity of 41 MW from 

the Canal head Power Station. From the study of 

irrigation department of Uttar Pradesh website 5 main 

branches of the Sardah canal system in Put up in a chart 

form as below :- 

TABLE III 

MAIN BRANCH OF SARDAH CANAL SYSTEM (18) AND 

ITS COVERAGE AREA 

Sr No Name of Canal Discharger Cu.mts 
Irrigation 

(acres) 

1 Sardah Main Canal 325.8 22,00,000 

2 Hardoi Branch 124.60  

3 Kheri Branch 79.29  

4 Old SS Feeder 99.11  

5 Bisalpur Branch 9.91  

6 Negohi Branch 94.07  

 

The length of the Canal along with distributaries is 7668 miles 

(12368 kms) and irrigated area about 8 Lakh hectares of land 

in the districts of Saharanpur, Barabanki, Pilibhit, Sitapur, 

Kheri, Hardoi, Luckhnow, Unnao, Raibareily, Pratapgarh, 

Shultanpur and Allahabad. 

 

Another Canal Sardah Sahayak canal began from Sardarsagar 

about 12 miles below the Sardah Canal head works near Indio- 
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Nepalese border which augmented the supply of the main 

canal. It irrigated about 7.5 hector of land in Jaunpur, and 

Ballia districts in Eastern Uttar Pradesh. The canal was 

finalised during the Third Five Year Plan period. 

  

10) Other Smaller Canal: Indian Irrigation Commission 

which was entrusted with the task of studying the 

irrigation conditions in India and suggest measure for 

improvement. The commission did not recommend any 

new works in the Sub Montane tract as whole water 

supply was being already in utilisation in the western 

district of Dehradoon, Bijnor and Bareilly. Among these 

minor canals Ramganga canal emerged from the    dam of 

Kalagarh on the Ramganga River in Pauri Garwal district 

of Uttrakhand. This Project was multipurpose in nature. It 

was designed as an irrigation and hydro electricity 

Project. Besides giving 198 MW Power, the Canal also 

irrigated 142086 acres of land. Project was completed in 

1974. Two other smaller canals which were undertaken 

were Bijnor canal and Rohilkhand canal which supported 

irrigation in Dehradun, Bijnor, Moradabad, Nainital and 

Bareilly districts of Uttar Pradesh and Uttara Khand. 

III. TUBE WELL IRRIGATION 

Despite the fact large of Uttar Pradesh had canal irrigation or 

shallow wells, need was felt during 1930 for additional source 

of water. There were many lands in the higher elevation and 

out of reach of gravity irrigation and canal water was not 

available round the year. Hence many farmers developed their 

own shallow tube wells as Supplementary means of irrigation. 

But these initiatives were unsatisfactory being too small. On 

the other hand the natural water reservoirs in the foothills of 

the mountains were not beneficial due to quick silting. Hence 

the possibility of obtaining additional supplies of irrigation 

water by means of tube wells was first considered seriously 

way back in 1931. This change of Policy got impetus due to 

availability of electric Power generated at the falls of the 

Ganga Canal. 

During 1931-34 experimental tube wells were installed and 

some were run successfully on commercial basis in Western 

Uttar Pradesh. Initial success led to the boring of many 

energised tubewells of 1- ½ cusec capacity. Depth, capacity, 

Spacing, operation etc. were being specified scientifically. 

During 1936, the Chief Engineer of the State put forward the 

Ganges Valley State Tube well Irrigation Scheme. This 

involved the installation of 1500 slandered 1-½ cusec tubewell 

in 7 districts of Bijnor, Moradabad, Badaun, Muzaffarnagar, 

Meerut, Bulandsaher and Aligarh. These wells command 

1,462,000 acres of cultivable land; where no other effective 

irrigation facility was available. It irrigated 182,750 acres of 

sugarcane, 350,850 acres of wheat and 87,720 acres of Kharif 

Crops. By 1943-44 under Grow More Food Scheme 200 more 

new state tube wells were installed. From the study of the 

PWD. C.file no. 62w/1-1943 gives us following trends in the 

installation of Tube well 

TABLE IV 

MINOR IRRIGATION- INCREASE IN THE NUMBER OF 

TUBE WELLS 

 

Year No. of Tube wells 

1935-36 743 

1936-37 1348 

1937-38 1454 

1938-39 1474 

1939-40 1478 

1940-41 1555 

1941-42 1619 

1942-43 1641 

1943-44 1649 

1944-45 1687 

1945-46 1847 

1946-47 2009 

1947-48 2062 

 

Fig. 1 Graphical representation of No. of Tube Wells over the years 

IV. CONCLUSION 

To sum up, Indian agrarian society since times immemorial 

was economically self-sufficient. It was a type of self-

sufficient village economy where most of the things of daily 

necessities were produced in the village itself, except salt and 

kerosene etc. The articles and implements might have been 

obsolete in nature comparing to today’s standards. But those 

wooden plow, carts and artisan wells. (Rehr) were appropriate 

in those days. Those were locally available, repairable and less 

expensive. But opening of the market with the advent of the 

British changed the situation drastically. The British come to 

India with their commercial motives. Hence, they after 

consolidating their position politically introduced new 

agricultural methods and policies. Introduction of cash crops 

like Jute, Cotton, indigo and plantation Products like Tea, 

Coffee, and Rubber etc. were given preference. For this the 
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colonial rulers introduced European techniques and imported 

implements like European iron plow, crushers, showers, seeds 

and manures which were not welcome by the native 

cultivators. But recurrent famines and draught rather forced 

the British to introduced new methods of irrigation. New 

techniques were imported and research made which 

culminated into the development   of a network of canals. 

Though there was initial resistance from within, in the end the 

benefit of the new irrigation system was reaped well. But it 

created a complex problem. Dependence increased on land.  

Too much pressure on land created serious distortions in 

Indian economy. The disproportionate dependence on 

agriculture destructed the delicate balance of Industry and 

agriculture. After a thorough study of d the Census reports 

from 1891 to 1931, Rajni Palme Dutt, the rightist thinker and 

scholar had calculated the rise of dependence in agriculture 

and Comparative decline on Industry. (19)  

TABLE V 

AGRICULTURE –INDISUTRY DICHOTOMY 

Year 
Percentage of Population 
Dependent on Agriculture 

Percentage of Population 
Dependent on Industry 

1891 61.1   

1901 66.5 5.5 

1911 72.2 4.9 

1921 73 4.3 

Fig. 2 Graphical representation of Population Dependence on Industry vs 

Agriculture 

Hence rise in population together will new agricultural 

development created some flutters in so long tranquil India 

society which were socio-economic and historical in nature. 

REFRENCES 

[1]. Draft Imperial Gazetteer, United Provinces of Agra and Oudh. P. 1  
[2]. Census of India, 1901. Vol. XV North Western Provinces and 

Oudh, Part I. Report. P. 11 to 23  

[3]. Dutt. R. C, The Economic History on India. p. 312  
[4]. Dharmpal: Indian Science and Technology in the Eighteenth 

Century. P. 193  

[5]. Strachey, John, Sir and Strachey, Richard. Lt. General: Finances 
and Public Works of India from 1869 to 1881. P. 88  

[6]. The Imperial Gazetteer of India: The Indian Empire. Vol. III. 

Economic. P. 329  
[7]. Irrigation Administration Report of the United Provinces for the 

year ending March 31st, 1928. P. 01  

[8].  Government of India, 1902: Technical Paper No. 97  
[9]. Thandaveswara. B. S. Prof. Essay on “History of Hydraulics in 

India” as displayed in  
[10]. Website: nptel.IITM.ac.in / courses/IIT-

MADRAS/Hydraulics/pdfs/unit1/1_3.pdf 

[11]. Royal Commission on Agriculture in India, Report, 1928. P. 24  
[12]. Triennial Review of Irrigation in India, 1918-21. P. 118  

[13]. Irrigation Administration Report of the United Provinces for the 

year ending March 31, 1948. P. 44  
[14]. Triennial Review of Irrigation in India, 1918-21. P. 142  

[15]. Modernization Strategy for Irrigation Management, Uttar Pradesh, 

India, Main Ganga Canal System-MASSCOTE; Meerut, 
September 2008-Irrigation Department, Uttar Pradesh Irrigation 

Department. Report. P. 10  

[16]. Report of the Indian Irrigation Commission, 1901-1903 Part II, 
Provincial. P. 190  

[17]. J. E. Forbes, Captain, R. E, Officiating Superintendent Engineer, 

Report on the Sardah Canal Project. Printed at Oudh Government 
Press, 1871. P. 1  

[18]. Irrigation .up.nic.in/dp/scp.htm  

[19].  Dutt.Rajni Palme, Agrarian Crisis in India-India To-day series No. 

3. 1934 

 
 

61.1 66.5 
72.2 73 

5.5 4.9 4.3 

0

20

40

60

80

1891 1901 1911 1921

Population Dependance on Industry vs Agriculture 

Percentage of Population Dependent on Agriculture

Percentage of Population Dependent on Industry



3rd International Conference on Multidisciplinary Research & Practice                            P a g e  | 88 
 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

Productivity & Efficiency Measurement Model 

Development for Pre-serial & Unit Production Plants 
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Abstract- Productivity and efficiency  measurement and 

improvement go hand in hand, because one cannot improve what 

one cannot measure. Hence measuring productivity and 

efficiency is essential for all kinds of production plants to 

perform better. There is huge  scope for research on 

measurement of the productivity and efficiency for pre-serial 

production plant, as there are no findings of literatures in this 

regard. This research is about the operations of pre-serial  

production plants and bottlenecks in adopting the standard 

methodologies of measurement of productivity and efficiency 

which are generally followed in serial production and batch 

production plants & developing a new measurement technique 

for productivity & efficiency for pre-serial & prototype 

production plants. As per the findings, the appropriate 

methodology for measurement of productivity and efficiency of 

Pre- serial production plants is not well set till now. Most of the 

companies who operates pre-serial production plants adapted the 

methodologies which are suitable only for serial production. 

As compared to serial and batch production plants, the pre-serial 

production plants work totally differently. In serial production 

plants the product is optimized and all the relevant data which 

contributes in the measurement of productivity and efficiency is 

available. The pre-serial plants are responsible for product 

optimization. In these plants the product optimization is primary 

objective and process is secondary. Hence we cannot finalize the 

inputs like  cycle time, machining time; labor usage till the 

product is finalized. The value of input measures will keep on 

changing during optimization of product and process. Hence 

using these values for measurement of productivity makes no 

sense. Once the product is optimized then the suitable processes 

will get optimized and the trails will takes place. The results from 

trails will be considered as the input measures for productivity 

measurement. As the working  methodology   and   process   of   

serial   and   pre-serial production plants differs from each other, 

there is a need to develop a measurement technique which can 

efficiently measure the productivity of pre-serial plants. 

The project comprises of defining a new measurement 

model/methodology for pre-serial plants and as per the pre-study 

it has been decided that the author will divide the production 

process into micro processes and define the standard for each 

process which will be considered as standard and compared with 

actual parameters which will leads to find out productivity and 

efficiency of the pre-serial production plants. This horizontal 

deployment of this methodology can be done to batch production 

and also prototype production plants with suitable modifications. 

I. INTRODUCTION 

roductivity and efficiency measurement and improvement 

go hand in hand, because one cannot improve what one 

cannot measure[1]. Hence measuring productivity and 

efficiency is essential for all kinds of production plants to 

perform better. There is huge scope for research on 

measurement of the productivity and efficiency for pre-serial 

production plant, as there are no findings of literatures in this 

regard. This paper discusses about the operations of pre-serial 

(prototype) production plants and bottlenecks in adopting the 

standard methodologies of measurement of productivity and 

efficiency which are generally followed in serial production 

and batch production plants. 

Pre-serial production plants collect and evaluate the data 

related to product design and process, which establishes 

scientific evidence that a process is capable of consistently  

delivering  quality products. The development of the actual 

product of required quality from design (CAD model) takes 

place in these plants. The objective of these plants is to 

design, develop and optimize a product as well as process 

which is suitable for flexible manufacturing system. The 

scope of the pre serial production work will start from 

freezing of CAD model. Then the design of appropriate tool 

or dies starts, followed by fabrication. The fabricated tool is 

then measured and tested for the specifications. The parts are 

then produced with the help of these tools and inspected and 

tested for defects. The defects are then analyzed and root 

cause for the same will be identified. The cause for defect 

may be improper process parameters, poor design. The second 

level  of production takes place once the previous problems 

are solved. Like this a single part may take 6 to 7 levels of 

modifications to achieve desired quality. The same 

development process carried out for all the parts which are 

going to make an assembly. In this phase different assembly 

sequences and processes are performed and the efficient 

sequence and process is selected on trial and error basis. The 

suitable assembly layout is then built and the same assembly 

sequence is followed to measure the cycle time and cost 

incurred  to perform this assembly. 

As per the findings of author, the appropriate methodology for 

measurement of productivity and efficiency of Pre-serial 

production plants is not well set till now. Most of the 

companies who operates pre-serial production plants adapted 

the methodologies which are suitable for only for serial 

production. These methodologies fail to give proper results 

because of the following major reasons. 

P 
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• Cycle time is one of the basic inputs for productivity 

and efficiency calculation. But in pre-serial 

production plants the cycle time is set on trial and 

error basis at the end of development phase. Hence 

using assumed cycle time for calculation makes no 

sense. 

• As there is no fixed quantity of parts to be produced, 

it is very difficult to calculate the cost incurred for 

the production. 

• As there is no set procedure to do the operations, it is 

very difficult to measure the efficiency of worker; 

hence it is not possible to calculate the manpower 

capacity utilization. 

• In these pre-serial production plants at a time there 

may be more than one alternative products get 

developed. Hence calculation of the overhead costs 

for particular product may not be possible. 

• As there is no cycle time set for production, the 

measurement of capacity utilization of machines and 

equipment is not possible. Hence calculation for 

machine cost for a particular product is not possible. 

• As the assembly and production processes are built 

based on the trial and error bases, these plants should 

be well equipped with all kind of machineries and 

resources. Hence, while calculating the machining 

cost it is not feasible to consider only the machine 

which is decided to use for serial production. 

II. LITERATURE REVIEW 

Productivity models are used to measure the Total factor 

productivity and partial productivities. Various models have 

been suggested by different authors so as to fit to different 

productivity measurement scenario such as business level, 

national accounts or industry level. However all of them 

should satisfy the basic productivity equation which is defined 

as productivity = Output ÷ Input. There are some well-known 

approaches / methods adopted for analysis of productivity. 

These are stated below 

a. Labor productivity based on gross output 
[1]

 

It is defined as the ratio of quantity index of gross output to 

quantity index of labor input[2]. It    shows the time profile of 

how productively labor is used to generate gross output. The 

purpose of this method is gross-output based labor 

productivity traces  the labor requirements per unit of 

(physical) output. It reflects the change in the input coefficient 

of labor by industry and can help in the analysis of labor 

requirements by industry. This method gives ease of 

measurement and readability. The limitation for this method is 

labor productivity is a partial productivity measure and 

reflects the joint influence of a host of factors. It is easily 

misinterpreted as technical change or as the productivity of 

the individuals in the labor force. 

b. Labor productivity based on value added
[2]

 

It is defined as the ratio of quantity index value added to 

quantity index of labor input. It is very easy for measurement 

and readability but labor productivity is a partial productivity 

measure and reflects the joint influence of a host of factors. It 

is easily misinterpreted as technical change or as the 

productivity of the individuals in the labor force. Also, value-

added  measures based on a double-deflation procedure with 

fixed-weight Laspeyres indices suffer from several theoretical 

and practical drawbacks. 

c. Capital-labor MFP based on value added 

It is defined as the ratio of quantity index value added to 

quality index of combined labor and capital input. Quantity 

index of combined labor and capital input is equal to Quantity 

index of (different types of) labor and capital, each weighted 

with its current-price share in total value added [8]. The 

purpose of this method is to analysis of micro-macro links, 

such as the industry contribution to economy-wide MFP 

growth and living standards, analysis of structural change. 

This method is easy for aggregation across industries, simple 

conceptual link of industry-level MFP  and aggregate MFP 

growth, but not a good measure of technology shifts at the 

industry or firm level. When based on value added that has 

been double-deflated with a fixed weight Laspeyres quantity 

index, the measure suffers from the conceptual and empirical 

drawbacks of this concept. 

d. Capital productivity based on value added 
[4]

 

It is defined as the ratio of quantity index value added to 

quantity index of capital input. The purpose of this method is 

to find changes in capital productivity indicate the extent to 

which output growth can be achieved with lower welfare costs 

in the form of foregone consumption. But capital productivity 

is a partial productivity measure and reflects the joint 

influence of a host of factors. There is sometimes confusion 

between rates of return on capital and capital productivity. 

e. Craig & Harris (CH) model
[4]

 

In this model[3] the total productivity of a firm is determined 

as  the ratio of total output to the sum of input factors of labor, 

capital, raw material & other miscellaneous goods and 

services. 

Where Pt=

  

       
 

Pt= Total Productivity 

L= Labor input factor, C= Capital input factor, R= Raw 

material and purchased parts input factor 

Q= other miscellaneous goods and services input factor ,Qt= 

Total Output 

The input factors are calculated as L= ∑ KNiKWk 

Where NiK=Number of employees in category K in period I   

,Wk =Base period wage for category K 
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Raw material and purchased parts factor is calculated as 

Ri=∑tvtjmj 

Where Ri= material input for iperiod,Vtj = Volume of 

material type j consumed in period t, 

mj= Base period cost for material j The output is calculated as 

Qt=∑iPjUij 

Where Qt= Revenue due to visible output in period I, Pj= 

Price per unit for item j in base period, 

Uij= Number of production units of item type j produced in 

period i. 

f. Kendrick-creamer model 

Kendrick and Creamer (1955) introduced productivity [8] 

indices at the company level in their book “Measuring 

company productivity”. Their indices are basically two types; 

total productivity and partial productivity. It can be calculated 

as below. Total productivity index for given period = 

(Measured period output in base period price) / (Measured 

period input in  base period price) and partial productivity 

such as labour, capital or material productivity index can be 

calculated as; partial productivity = (Output in base period 

price) / (Any one input in base period price). 

III. DISCUSSION & PROBLEM DEFINITION 

As compared to serial and batch production plants, the pre-

serial production plants work totally differently. In serial 

production plants the product is optimized and all the relevant 

data which contributes in the measurement of productivity and 

efficiency is available. The pre-serial plants are responsible 

for product optimization. In these plants the product 

optimization is primary objective and process is secondary. 

Hence we cannot finalize the inputs like cycle time, 

machining time; labor usage till the product is finalized. The 

value of input measures will keep on changing during 

optimization of product and process. Hence using these values 

for measurement of productivity makes no sense. Once the 

product is optimized then the suitable processes will get 

optimized and the trails will takes place. The results from 

trails will be considered as the input measures for productivity 

measurement. As the working methodology and process of 

serial and pre-serial production  plants  differs  from  each  

other,  there  is  a  need    to develop a measurement technique 

which can efficiently measure the productivity of pre-serial 

plants. 

The project comprises of defining a new measurement 

model/methodology for pre-serial plants. This model will be 

advanced „Productivity accounting model‟ which take all the 

aspects of pre-serial production plant & it‟s working. As per 

the pre-study it has been decided that the author will divide 

the production process into micro processes and define the 

standard for each process which will be considered as 

standard and compared with actual parameters which will 

leads to find out productivity and efficiency of the pre-serial 

production plants. This horizontal deployment of this 

methodology can be done to batch production and also 

prototype production plants with suitable modifications. 

IV. DESIGNING OF EXPERIMENTS 

4.1 Selecting Industry 

Productivity & efficiency are the same phenomenon for all 

type of industries. But for this project we have selected 

automotive pre- serial production plant for the study. AS 

mentioned the research is focused on the pre-serial & unit 

production plants. 

4.2 Selecting Units 

For calculating the productivity & efficiency the inputs & 

outputs should be expressed in the same units. We have 

considered Minutes for the time & INR for the cost. 

4.3 Selecting Model 

There are many models for measuring productivity & 

efficiency are in practice. The „Productivity accounting 

model‟ which is nothing but multifactor productivity 

measurement model suits to the research as the reference 

model. 

V. CONCLUSIONS 

As per the findings, the appropriate methodology for 

measurement of productivity and efficiency of Pre-serial 

production plants is not well set till now. Most of the 

companies who operates pre-serial production plants adapted 

the methodologies which are suitable for only for serial 

production. 

As compared to serial and batch production plants, the pre-

serial production plants work totally differently. In serial 

production plants the product is optimized and all the relevant 

data which contributes in the measurement of productivity and 

efficiency is available. The pre-serial plants are responsible 

for product optimization. In these plants the product 

optimization is primary objective and process is secondary. 

Hence we cannot finalize the inputs like cycle time, 

Machining time; Labor usage till the product is finalized. The 

value of input measures will keep on changing during 

optimization of product and process. Hence using these values 

for measurement of productivity makes no  sense. Once the 

product is optimized then the suitable processes will get 

optimized and the trails will takes place. The results from 

trails  will be considered as the input measures for 

productivity measurement. As the working methodology and 

process of    serial and pre-serial production plants differs 

from each other, there is a need to develop a measurement 

technique which can efficiently measure the productivity of 

pre-serial plants. 

The author defined (Annexure 2 & 3) new measurement 

model/methodology for pre-serial plants and as per the pre-

study it the author divided the production process into micro 
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processes and define the standard for each process which will 

be considered as standard and compared with actual 

parameters which will leads to find out productivity and 

efficiency of the pre-serial production plants. This horizontal 

deployment of this methodology can be done batch production 

and also prototype production plants with suitable 

modifications. 
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Annexure 1: 

TABLE INDICATING COMPARISON MATRIX FOR PRODUCTIVITY MEASUREMENT METHODS 

 

Name of the productivity 

model 
Definition Benefits Limitation 

 

 

 

 

 
KendrickCreamer model 

Total Productivity Index for given 

period = (Measured period output in 

base period price) / (Measured period 

input in base period price) and partial 

productivity i.e. labour, capital or 

material productivity index can be 

calculated as: Partial productivity = 

(Output in base period price) / (Any one 

Input in base period price) 

 

 

 

 

Suitable for computing productivity 

indexes at the company level 

 
Not suitable for the 

computation of TFP index 

in case of industries since 

it does not take into 

account all the inputs 

pertaining to industry such 

as energy, business 

services etc. 

 

 

 

Craig-Harris model 

Pt = Qt ÷ (L+C+R+Q) Where; Pt = 

total productivity, L = labour input, C 

= capital input, R = raw material input 

and Q = Other miscellaneous goods 

and services input, Ot=out put. 

 

 
Suitable the computation of productivity for 

firm level and service sector and yields 

physical productivity 

Not suitable for the 

computation of the TFP 

status of a pre-serial 

industry since it does not 

take into account all the 

inputs relevant to a pre- 

serial industry 

 

 

 

 

 
American Productivity 

Centre model 

 

 
Profitability = Sales / Cost = (Output 

quantity) (Price) / (input quantity) (unit 

cost) = (Productivity) (Price recovery 

factor) Where; productivity 

= output / inputs Price recovery factors 

= a factor which captures the effect of 

inflation 

 

 

 
Suitable for accounting productivity at the 

business level and easy to compute 

productivity with the managerial data like 

profitability and price recovery factor. 

Not suitable industrial use, 

since productivity measure 

in relation to an industry 

considers physical quantity 

of goods produced which 

may not be properly 

represented by profitability 

which depends on the 

demand of the goods 

produced. 

 

 

 

 

 
Productivity accounting 

model 

 

 
Total productivity = (Monetary value 

of production) ÷ (Monetary value of 

all inputs required for production) 

Partial productivity = (Monetary 

value of production) ÷ (Monetary 

value of any input required for 

production) 

This model is one of the best models. It 

fulfills almost all the requirements of 

accounting for productivity. This model is 

based on accounting data. It takes into 

account all possible outputs and inputs used, 

keep out external factors such as price risk 

etc. In this model, output means monetary 

value of production and input means 

monetary value of all the inputs i.e. material, 

labour and overhead expenses. 

Since it takes care of all 

types of inputs, requires 

monetary equivalent of 

inputs and outputs and keep 

out external factors such as 

price rise etc. this model has 

got wide applicability both 

in business sector and 

manufacturing and service 

sector 
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Annexture-2 Productivity Model 

 

Project Level cost matrix  

Labor Machine & equipment  

   Unit Time Volume Total Time Machine Hourly Rate Hours Used Total Cost  

 

 

 

Producti 

on 

 
 

Technology 1 

Operation 1 1 15 15 A 10 9 90  

Operation 2 10 6 60 B 20 8 160  

Operation 3 25 9 225 C 52 2 104  

Operation 4 2 8 16 D 20 4 80  

 
 

Technology 2 

Operation 1 5 7 35 Consolidated machine cost 434  

Operation 2 6 5 30      

Operation 3 9 6 54 Resources  

Operation 4 8 5 40 Resources Unit Cost Volume Total Cost  

 

 

 

 
Quality 

 
 

Part 1 

Feature 1 7 9 63 A 5 2 10  

Feature 2 5 8 40 B 6 5 30  

Feature 3 4 4 16 C 8 6 48  

Feature 4 2 9 18 D 5 5 25  

 
 

Part 2 

Feature 1 5 8 40  Resource Cost 113  

Feature 2 9 5 45      

Feature 3 8 6 48 Land 

Feature 4 4 9 36 Zone % use / Zone/ Unit Time Used Total Cost 

 

 

 

 
Logistics 

 
 

Movement 1 

Type 1 9 8 72 A 50 250 2 250 

Type 2 8 5 40 B 25 44 6 66 

Type 3 5 21 105 C 25 558 8 1116 

Type 4 6 4 24 D 8 541 4 173.12 

 
 

Movement 2 

Type 1 4 5 20   Land Cost 1605.12 

Type 2 2 99 198      

Type 3 6 8 48 Material 

Type 4 2 2 4 Material Unit Cost Volume Total Cost  

   Conolidated time  1292 A 25 36 900  

   Hourly rate  10 B 2 88 176  

   Labour cost  12920 C 56 65 3640  

      D 25 96 2400  

Project Cost Input 22188.12    Material cost 7116  

           

Project A Productivity  Plant Productivity   

Project Cost Input 22188.12  Plant Cost Input 93870   

Project Sales 13150  Project Sales 31472   

Project Productivity (%) 59.26594953  Project Productivity (%) 33.5272185   
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Plant Level cost matrix 

Labor Machine & equipment 

Wages 25000 Machine Hourly Rate Hours Avalable Total Cost 

Incentive 21000 A 10 100 1000 

Rewards 3600 B 20 100 2000 

Training 2500 C 52 100 5200 

Facilities 5000 D 20 100 2000 

Total Cost 57100 Consolidated  machine cost 10200 

      

Material Land Cost 150000 

Material Unit Cost Volume Total Cost   

A 5 568 2840   

B 6 548 3288   

C 8 569 4552   

D 5 5214 26070   

 Material cost 36750   

      

 Plant Cost Input 93870   

      

Sales 

Project Sales Plant Sales 

Units Unit Price Volume Total Price Project Revenue 

A 25 526 13150 A 13150 

B 15 265 3975 B 3975 

C 52 258 13416 C 13416 

D 56 562 31472 D 31472 

 Total Capital  62013 Total 62013 

 Logistic cost  2650   

Tax  2560   

Revenue  56803   
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Annexure- Efficiency Model 

Actual Time  Standard Time 

   
Time 

    
Time 

 

 

 

Producti 

on 

 
 

Technology 1 

Operation 1 1   

 

 

Producti 

on 

 
 

Technology 1 

Operation 1 1 

Operation 2 10  Operation 2 26 

Operation 3 25  Operation 3 14 

Operation 4 2  Operation 4 26 

 
 

Technology 2 

Operation 1 52   
 

Technology 2 

Operation 1 48 

Operation 2 45  Operation 2 4 

Operation 3 25  Operation 3 5 

Operation 4 8  Operation 4 6 

 

 

 

 
Quality 

 
 

Part 1 

Feature 1 7   

 

 

 
Quality 

 
 

Part 1 

Feature 1 6 

Feature 2 5  Feature 2 8 

Feature 3 4  Feature 3 4 

Feature 4 2  Feature 4 5 

 
 

Part 2 

Feature 1 5   
 

Part 2 

Feature 1 5 

Feature 2 7  Feature 2 9 

Feature 3 9  Feature 3 8 

Feature 4 4  Feature 4 4 

 

 

 

 
Logistics 

 
 

Movement 1 

Type 1 8   

 

 

 
Logistics 

 
 

Movement 1 

Type 1 9 

Type 2 6  Type 2 9 

Type 3 9  Type 3 5 

Type 4 8  Type 4 6 

 
 

Movement 2 

Type 1 4   
 

Movement 2 

Type 1 5 

Type 2 3  Type 2 5 

Type 3 11  Type 3 6 

Type 4 5  Type 4 2 

 Conolidated time 265   Conolidated time 226 

 

   
Volume 

Total 

Actual 
Total Std Efficiency % 

 

 

 
Producti 

on 

 

Technology 1 

Operation 1 15 15 15 100.00 

Operation 2 6 60 156 260.00 

Operation 3 9 225 126 56.00 

Operation 4 8 16 208 1300.00 

 

Technology 2 

Operation 1 7 364 336 92.31 

Operation 2 5 225 20 8.89 

Operation 3 6 150 30 20.00 

Operation 4 5 40 30 75.00 

 

 

 

 
Quality 

 

Part 1 

Feature 1 9 63 54 85.71 

Feature 2 8 40 64 160.00 

Feature 3 4 16 16 100.00 

Feature 4 9 18 45 250.00 

 

Part 2 

Feature 1 8 40 40 100.00 

Feature 2 5 35 45 128.57 

Feature 3 6 54 48 88.89 

Feature 4 9 36 36 100.00 

 

 

 

 
Logistics 

 

Movement 1 

Type 1 8 64 72 112.50 

Type 2 5 30 45 150.00 

Type 3 21 189 105 55.56 

Type 4 4 32 24 75.00 

 

Movement 2 

Type 1 5 20 25 125.00 

Type 2 99 297 495 166.67 

Type 3 8 88 48 54.55 

Type 4 8 40 16 40.00 

 Total Efficiecy 2157 2099 97.31 
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Fostering Systematic Research and Innovative 

Training Strategies for Ensuring Safety of Petroleum 

Installations in India 
Mohammad Iqbal Zaffar Ansari 

Petroleum and Explosives Safety Organisation (PESO), Agra, Uttar Pradesh, India. 

 
Abstract— Managing accidents and reducing risk of disasters in 

the petroleum installations of our country is a sine-quo-non and 

has to be foster with a vision to ensure safety through systematic 

research and innovative training strategies for reducing number 

of fatal accidents, injuries leading to permanent disability. 

Practicing disaster risk management in a scientific manner will 

certainly develop a safety and injury free culture, which in turn 

will develop an accident free work place and would ensure zero 

accident to provide a safe and injury free work place where 

everyone can live and work together fearlessly from the present 

era of living and working dangerously. This calls for 

leapfrogging to emerging innovative training strategies and 

systematic research studies to develop the available human 

resources employed in this domain, there exists a need to 

understanding the role of Behavior Based Safety training 

applications. Therefore promoting strong safety culture through 

education and training of masses may be made as one of 

mandatory component of the vision 2030 document of training 

policy and must be highlighted in the CSR charter so as to 

achieve the benchmark of environmentally safe and accident free 

oil and gas operations on a 24 X 7 basis in India. 

Keywords—Accident Free Work Place, Behaviour Based Safety, 
Disaster Risk Reduction (DRR), Safety Culture, Zero Accident. 

I. INTRODUCTION 

he Great Indian Forward Thinker, Late Shree C K 

Prahalad, In his Vision for India at the rate of seventy five 

i.e. For the year 2022 envisage that India shall build a skilled 

man power of 200 Million Graduates, and develop 500 

Million Trained Technical Manpower and at least 10 Nobel 

Prize Winners for our country, so that India becomes the new 

moral force for people around the world [4] 

(www.india@75.in). In order to achieve the same we must 

foster it as a theme for next decade. The petroleum industrial 

organizations must understand the nature concept contents 

and process of developing safety culture for reducing risk of 

accidents and developing injury free work place for their 

employees, also to reach the goal of maintaining zero accident 

policy, and to achieve maximum number of accident free man 

hours in their respective organizations. The safety 

professionals and actively caring employees must correct, the 

at risk behaviour of others and encourage behavioural 

observations in an effective way to determine where exposure 

to risk is high and where to spend money to improve 

performance in an employee driven systems for disaster risk 

reduction through behavioural safety training and education of 

masses e.g. The use of PPEs, at work place, shall not be 

enforced, for the sake of merely complying the statutory 

regulations but be made mandatory for developing a strong 

safety culture and fostering the theme of safety for achieving 

excellence in oil and gas sector for disaster risk reduction in 

the next decade. 

II. LITERATURES 

To understand Behavioural Safety Training, theoretically, it is 

necessary to learn first about the learning concepts required 

for establishing safety process in the organization. In early 

days, B.F Skinner (1953) [25], was first to identify the types of 

consequences that can result from individual’s behavior. i.e. 

Positive or Negative Reinforcement, Punishment and 

Extinction. He developed an operant conditioning model, later 

A.H.Maslow (1954) [19], came up with need theory of 

motivation. Kirkpatrick (1959) [18], in transforming learning 

to behavior describes four levels of training to improve 

performance, namely: Reaction, Learning, Behaviour, and 

Results. For managing change effectively, a seven step 

systematic approach has to be adopted, first need or desire for 

change environment has to be determined, then a tentative 

implementation plan has to be prepared and analysed for 

probable reactions, then a final decision has to be made by 

establishing a time table and communicating the change for its 

effective implementation (Kirkpatrick, D L 1959) [15]-[17]. 

Robert M Gagne, (1962) [9], has given the Integrative theory 

of learning based upon the behavioural approach, and Victor 

Vroom, (1964) [27], has described the cognitive process, 

responsible for deciding the best course of action for 

achieving the goal through one’s mental ability. Later in the 

Year 1977, Albert Bandura, (1977) [1], developed the 

concepts of observational learning, which was known as 

Social Learning Theory. Then P. Balanchard, (1986) [21] , 

described the Behaviour Modeling Process, which was found 

useful for providing almost all types of skill trainings such as 

training in Interpersonal Skills, Sales Training, Interviewee 

and Interviewer Training, Safety Training, and for many other 

areas. This method was based on Albert Bandura’s Social 

Learning Theory and was focused on developing behavioural 

skills only [1].  

 

T 
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Its initial step reflects the cognitively oriented approach and 

later steps follow the Behaviorist and Reinforcement 

approaches (P.Balanchard, 1986) [21]. In recent years, E Scott 

Geller’s (2000) [5] - [7],  name is most popular one, who had 

described the concepts of Behaviour Based Safety (BBS) by 

understanding the Psychology of People responsible for 

ensuring safety in the organization. Later, Christopher A 

Janicak, (2002) [3], has described the tools and techniques for 

measuring the Safety Performance of an individual and of an 

organisation. A total safety culture mission requires a vision 

for behaviour management, and continual attention for 

improvement through actively caring people, which can target 

three factors, namely Person, Behaviour and Environment, 

responsible for influencing the safety culture of the 

organization (Geller E Scott, 2005) [8]. Behaviour Based 

Safety Training requires a visible presence and full 

management support with an open communication down the 

line for its effective launching in the organization (Kaila H L, 

2006) [10]. The positive impact of training on intermediate 

results of knowledge scores, and on job skill evaluation scores 

has been consistently observed on the increased productivity 

and the business performance of the service industry, the 

positive impact of training on increase in learning of an 

individual in a training programme, while working in a 

learning organization can be significantly observed on 

business performance (Haque M I, 2007) [12]- [13]. Before 

launch of Behaviour Based Safety programme in 

organizations, training exposure to all employees is essentially 

envisaged, and an introductory workshop of two days duration 

should be called to include the following components of 

behavioural safety. Psychology of behavioural safety, its 

myths, its working, and its outcome, its implementations, its 

observations and feedback process, and the roles of managers 

in developing behavioural safety culture must be covered in 

detail (Kaila H L, 2009) [11]. Researcher Peter R Lewis (2010) 

[22], while describing Safety First Approach says, sometimes 

products can be used longer after they have been ruled 

dangerously as bad headlines due to defective products can 

almost gut a company and small failures, multiplied by the 

million, can make for an enormous financial hit. There are 

often warning signs in many failure cases, warning that are 

ignored at peril. Warnings of early failures must be heeded for 

prevention of disasters and product failure must be analysed 

by the unbiased and trained individuals, who are aware of 

their basic responsibility of ensuring safety and reliability 

(Peter R Lewis, 2010) [22]. Dr P T Shah (2010) [24], In his 

article, Safety Consciousness; A self Motivation for 

Productivity suggest that Expenditure in Safety is investment 

for production, Safety consciousness contribute towards 

safety assurance, which increases confidence and team 

building and motivate a person to produce more and faster. 

Over confidence may be disastrous as safety is not a onetime 

affair, it has to be reviewed constantly through inbuilt 

organizational system, and regular training of workman’s may 

be one of the safe guards which can meet this need (P T Shah, 

2010) [23]. 

III. INDIAN SCENARIO 

Let us recall the infamous memories of midnight of 2
nd

 

December, 1994 of Bhopal tragedy, which had shaken the 

world and was an eye opener for Union Government and 

Union Carbide, who are still paying the compensations. Can 

all of us forget the recent Pink City Jaipur’s IOCL POL 

terminal fire accident of 29
th

 October, 2009, in which fire 

continued unabated for more than 11 days with loss of 11 

lives and injury to 105 persons?  Table 1 shows an example of 

the fatal accidents that have taken place in the same city 

repeatedly over the years and the very latest reoccurrences of 

same type of major fire accident at IOCL Hazira Depot in 

Surat on 05
th.

 January 2013, in which 03 persons were killed. 
 

TABLE-1 

 

PINK CITY HYDROCARBON ACCIDENTS OF JAIPUR 

INVESTIGATED BY PESO 

 
(Except Road Tankers and Retail Outlets Cases w. e. f: 11/10/2008 up to 

13/12/2014) 

Date Place District State Kill Injury Remarks 

11/10/2008 Jaipur Jaipur RAJ 03 00 
Iocl Alds Bleve 

Fire&Exp. 

29/10/2009 Jaipur Jaipur RAJ 11 105 

Jaipur ioclpol 

terminal fire 
continued 

unabated 11 day 

28/05/2012 Jaipur Jaipur RAJ 01 01 
Iocl bottP 

loading arm fire 

13/12/2014 Jaipur Jaipur RAJ 12 12 
Vce of butadiene 

containr 

Source: Adapted from the official website of PESO; http://www.peso.gov.in 
accessed on 05-06-2016. 

All of them were the result of personal failure on the part of 

the employees handling the hazards? It is now an established 

fact that, the human errors can be very well averted by 

imparting proper behavior based safety training to the 

employees. Therefore, instead of blaming them for 

endangering public safety and for playing with the life and 

properties of innocent citizens, we must train them on 

behavioural safety issues. We have yet not, learnt the lessons 

from both of the above cited major fire accidents occurred 

freshly involving petroleum installations in India, thus there is 

an immediate need to address the issue with the proven 

systems and systematic approaches to save our Nation from 

the inferno of future disasters, natural catastrophe arising due 

to earth quake, tsunami, thunder storm, rain, cloud bust, flood, 

lightening, etc. and we must not rule out any terrorist activity 

or enemy strikes to destabilize our country. Therefore Disaster 

Risk Reduction (DRR) Techniques has to be adopted for 

safety of petroleum installations in India.  

Unfortunately, India has a very long history of petroleum 

installation accidents and manmade disasters, which mainly 

occurs due to lack of proper systematic research and by not 

adopting latest innovative training strategies for ensuring 

safety of petroleum installations, the details of some cases of 
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major disaster are cited here, the last 10 year details of the 

accidents occurred in India may be referred at Table-2 & 6.  

For Example; Cochin refinery explosion 1983, HPCL 

Mumbai refinery accident 1987, BPCL Mehul refinery 

accident 1988, ONGC Hazira accident in 1998, devastating 

explosion and fire accident on 14
th

 September,1997 at Vizag 

refinery, 1984 Shakur Basti’s LPG bottling plant explosion 

accident of Old Delhi. Gas Cylinder Explosion at Madras 

refinery, Fire incident at IPCL Nagothane, Major Fire 

accidents at Gujarat Refinery Baroda on 17
th

 Nov 2002, RIL 

Moti Khavdi Refinery on 25
th

 Oct 2006 & on 01
st
 Dec 2007 at 

EOL Vadinar Refinery at Jamnagar, Major Fire incidents at 

ONGC Oil Rig of Bombay High, Frequent on road collisions 

of transported petroleum and regular petroleum decantation 

fire at Retail Outlets and off course, the countless unreported 

Flash Fire Accidents occurring almost on daily basis in the Oil 

and Gas sector in India. The year wise details are shown in 

Table-2, for further elaborations on the subject with date and 

cause of accidents please refer the given Table-5 placed at the 

end of this research paper (www.peso.gov.in). 

TABLE-2 

 

YEAR WISE HYDROCARBON ACCIDENTS INVESTIGATED BY PESO 

 

(Except Road Tankers and Retail Outlets Cases w. e. f: 30/06/2004 up to 
16/01/2015) 

Year 
No. of 

Accidents 

Persons 

Killed 

Persons 

Injured 
States Involved 

2004 05 04 20 WB,UP,MS,GUJ,DNH. 

2005 10 09 15 GUJ,UP,HR,MS.KRL. 

2006 03 06 04 MS,HAR,GUJ. 

2007 05 37 44 GUJ,UP, MS. 

2008 06 05 06 DEL,GUJ,MS,RAJ,ASM. 

2009 10 15 177 GJ,WB,KR.KT,AS,RJ,UP 

2010 07 15 120 PUB,RAJ,MS,UP,GUJ. 

2011 06 06 03 AP.ODS,GUJ,KRT,MS. 

2012 08 16 54 AS,DL,KT,GJ,RJ,PB,MS 

2013 11 42 19 GJ,PB,MS,ASM,AP,KRL 

2014 13 138 34 GJ,CG,KT,P,AS,TN,W,R 

2015 
01(upto16/01

/2015) 
01 00 DEL. 

Source: Adapted from the official website of PESO; http://www.peso.gov.in 

accessed on 05-06-2016. 

Are these cited examples of hydrocarbon disasters in India are 

not eye openers? Have we learnt any lessons out of it? What 

steps we have taken to stop the reoccurrences of such 

disasters? What pledges have been taken to reduce the risk of 

disaster? Are we ready for combating natural disasters like 

earth quacks, tsunami and cloud burst or flooding rains? Have 

we ever thought of enemy strike, terrorist assault or nuclear 

attack on our precious petroleum installations please? Let us 

have a Distress Look and “ACT” for the “SAFE” future, 

where ACT means (Action-Co-Operation & Training) and 

SAFE represents (Safe= Accident Free Environment). The 

available secondary data of fatal and non fatal injuries of 

reported industrial accidents for the year 2006, 2007 and 2008 

are quite horrific with a total of 04,189 Fatalities and 1, 

10,098 Non Fatal Injuries. India reported an average industrial 

accident frequency of 0.13 and average 4.53 rates of injuries 

per thousand workers from the year 2001 to 2005 and till 

2007 as shown in Table-3 (www.dgfasli.nic.in). 

 
TABLE-3 

 

TOTAL NUMBER OF INDUSTRIAL INJURIES REPORTED IN 

FACTORIES 
 

Year 

Nos. of 

Fatal 
Injuries 

Total 

Nos. of 
Injuries 

Frequen

cy rate 

of fatal 
Injuries/

Lac 

Man 
days 

Worked 

Frequen

cy rate 

of total  
Injuries/

Lac 

Man 
days 

Worked 

Rate of 

Fatal 

Injuries / 
thousand 

Worker 

Rate of 

Total 
Nos. of  

Injuries / 

thousand 
Worker 

2001 627 28364 0.07 3.24 0.19 8.67 

2002 540 20453 0.13 4.88 0.16 6.14 

2003 525 16432 0.08 2.50 0.11 3.33 

2004 562 15020 0.05 1.33 0.08 2.21 

2005 501 10714 0.08 1.64 0.11 2.30 

2006 1349 44200 NA NA NA NA 

2007 1453 32763 NA NA NA NA 

2008 1387 33135 NA NA NA NA 

Source: Adapted from the official website of DGFASLI; 

http://www.dgfasli.nic.in accessed on 01-02-2011. 

On the basis of a study on Management of Safety by 

Objectives to analyze factors affecting, demand for making 

immediate and correct training decisions with respect to 

Operation and Maintenance (O&M) of the city gas 

distribution companies located in the state of Gujarat, it was 

noticed that the behavioural safety training was an important 

missing factor, and by imparting proper behavioural safety 

training to the respondents, targets of zero accident can be 

achieved in most of the petroleum installations, which are 

licensed under Manufacture, Storage, Import of Hazardous 

Chemical, (MSIHC) Rules 1989 and Petroleum Rules-2002. 

This calls for a need for leapfrogging to Behavior Based 

Safety (BBS) Training strategies and Systematic Research 

Studies in the area, from the Perspective of the Consumers 

Safety, Corporate Social Responsibility, and prevalent 

Disaster Risk Reduction practices in Indian context. Thus, in 

order to develop the available Human Resources Employed in 

this domain at various petroleum industries in India, there 

exists a need of understanding the role of Behavior Based 

Safety (BBS) Training Applications, which is required for 

capacity building, achieving safe working environment and 

developing an injury free work culture. Therefore by 

identifying this research gap, the researcher is of the opinion 

that further research study in this area has to be well 

supported by the Oil sector PSUs, Premium Petroleum 

Business Houses and Government Departmental Testing and 

Training Research Institutes for sustainable Disaster Risk 

Reduction in petroleum installations of our Country.  

IV. OVERSEAS OUTCOMES 

While studying the Innovative Overseas Implementation of 

Behaviour Based Safety Training Processes of Various 
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Industries during last ten years, i.e. from 1985 to 1994, 

Thomas R Krause [26], co-founder and CEO Behavioural 

Science Technology, Inc. Ojai, California and his associates 

found that rate of Failure was quite negligible and observed 

only in less than 10% Cases. 

The demographic data was collected from the different 

Behaviour Based Safety, Training process implantation sites 

among the population of universe of 181 Industries situated in 

the area. The sample size of 86 industries were selected as 

population of interest and on statistical analysis of the data, 42 

were rated with regular success, 36 were with model success 

and only 8 were reported with failure giving the overall 

success rate of 90% plus, as shown in Figure-1.   

 

FIGURE-1 

THE OVER ALL SUCSESS RATE IS OVER 90% 

Failure Rate 09%

Model Succ 42%

Regular Suc 49%

 

Source: Adapted from; The Behaviour Based Safety Process; Second Edition; 
Copyright 1997 by Thomas R Krause and “Reprinted with permission of John 

Wiley & Sons, Inc.” New York (USA). 

In the Year 1931 H.W Heinrich [14], estimated that 88% of all 

near hits and workplace injuries results from the unsafe act 

and later it was tested empirically and now known as “The 

Heinrich Triangle” It suggest that, the ratio between near miss 

incidents, minor injuries and major injuries as 300 : 29 : 1. 

Therefore it is important to investigate the near hits in order to 

reduce future minor and major injuries because of the fact that 

the 300:30 ratio of near miss to Injury is referred to as a 

“Heinrich- Law” (1980) [14]. Frank E. Bird (1997) [2], added 

that the ratio of 600: 30 : 10 : 1, between near hits, property 

damage, minor and major injuries on a wider scale as property 

damage is a physical trace of an accident and the precursor of 

an injury and remnant witness of the fatal inferno. The 

behavoiural act that contributed to a property damage incident 

was likely unintentional human error. Therefore failure to 

report such property damage incidents intentionally must be 

treated as highest degree of disregard to Safety. 

Noted Researcher B F Skinner, A Bandura, R Gagne, W 

Edward Deming, Alfie Kohn,Terry McSween, E Scott Geller, 

Judith Komaki, Dan Petersen, John Hidley, Stan Hodson, Kim 

Sloat, Don Groover, Jim Spinger, Kristen Seymor, David 

Devieney, Larry Russell, Robert J McCorquodale, 

Christopher A. Janicak and many more safety professionals 

associated with American Society of Safety Engineers 

(ASSE) and National Safety Council (NSC) across the United 

State had privileged to work on the subject with their Vision 

and Perseverance for the Promoting Social Cause of an injury 

free culture and making “SAFETY FIRST” as Motto for 

organisational safety pertaining to the chemical and industrial 

organisations. The Behavior Based Safety (BBS) Training 

Process is successfully implemented at variety of US 

Industries in consultation with Professional Safety Leaders at 

Monsanto’s Pensacola Florida, PPG Industries Inc, Eastman 

Chemical Company Texas, Shell Chemical Company. 

Similarly ARCO, ALCOA, Boise Cascade’s De-Ridder Mill 

Louisiana, Rohn & Hass, Scott Paper, Georgia Gulf, 

Pillsbury, Hill’s Pet Nutrition Richmond Indiana, SRUP 

Victoria British Columbia and Cheveron Pascagoula of 

Misssissippi USA, are the examples of same to name a few. 

V. CONCLUSIONS 

The Summary of major findings, with respect to Incident 

Rates and Workers Compensation Claims of some of the, 

Chemical companies, Electronic companies, Metal 

companies, Paper companies, and Petroleum companies were 

found to be highly significant and showed substantial 

Accident Reduction Rate over a period of four years of 

implementing BBS Training. The average reduction in 

incident frequency after implementation of BBS Training in 

first year was recorded as 34%, in second year as 44%, in 

third year as 61% and in fourth year it was found to have 71% 

reduction from pre implementation average, all outcomes 

were judged very significant, as can be seen in the Figure-2 

showing average reduction, with compensation details 

mentioned in the Table-4. 

FIGURE-2 

THE AVERAGE REDUCTION IN INCIDENT FREQUENCIES 
THROUGH FOUR YEAR 

 

Source: Adapted from; The Behaviour Based Safety Process; Second Edition; 
Copyright 1997 by Thomas R Krause and “Reprinted with permission of John 

Wiley & Sons, Inc.” New York (USA). 

 

TABLE-4 

 

THE REDUCTION IN WORKER’S COMPENSATION 
 

Company 

(Worker 

Comp) 

Average 

Before 

Average 

After 

Percentage 

Reduction 

Out 

Comes 

Chemical Co. 

(Comps. Cost) 
$240.4 $68.9 71% Significant 

Electronic Co. 
(No of Claims) 

157 70 55% Significant 

Metal Co. 

(Claims Rate) 
0.45 0.35 22% 

Not 

Significant 

Petroleum Co. 
(Dollars 

Spent) 

$34800 $13700 61% Significant 

0

2 0

4 0

6 0

8 0

1 s t  Y r

3 4 %

2 n d  Y r

4 4 %

3 r d  Y r

6 1 %

4 t h  Y r

7 1 %

A v e r a g e  R e d u c t i o n
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Source: Adapted from; The Behaviour Based Safety Process; Second Edition; 
Copyright 1997 by Thomas R Krause and “Reprinted with permission of John 

Wiley & Sons, Inc.” New York (USA). 

While Reduction in rate of workers compensation’s cost in 

term of dollars spent per employee is noticed as 71% for 

Chemical Company, 55% for Electronic Company, 22% for 

Metal Company, and 61% for the Petroleum Company. All 

the results were found very significant except for Metal 

Company, where the claim rates were high therefore the 

outcome was not found statistically significant [26]. 

In India too, it was very significantly noticed during the 

recently conducted research study on 318 respondents of 48 

locations covering 6 districts during the month of July and 

August 2011 of Gujarat namely Ahmadabad, Baroda, Gandhi 

Nagar, Rajkot, Surat and Valsad in the Petro State Capital of 

India, that, M/s. IOCL, BPCL, HPCL, AEL, EOL, GGCL, 

GSPC, SGL, GAIL and CGSML all the 10 City Gas 

Distribution companies are getting quite positive results out of 

it (Ansari M I Z, 2013) [20]. However, it is a matter of great 

concern and still pains that India has a pool of only 41 

numbers of Certified Safety Professionals (CSP) till 23
rd

 Oct. 

2016, on the last date of submission of this research paper 

(www.bcsp.org). 

TABLE-5 

HISTORY OF LAST 10 YEARS HYDROCARBON ACCIDENTS 

INVESTIGATED BY PESO 

(Except Road Tankers and Retail Outlets Cases w. e. f: 30/06/2004 up to 

16/01/2015) 

Date Place District State Kill 
Inj

ury 
Remarks 

30/06/2004 Rajbundh Burdawan WB 00 00 

Lighteni

ng stroke 
on MS 

floating 

roof tank 
Fire 

continue

d 3 days 

30/06/2004 Baitalpur Deoria UP 01 02 

Iocl 

200KL 

MS 
leaked 

by water 

drain line 
got burnt 

27/07/2004 Uran Raigarh MS 01 05 

Ongc 

Installati

on low 
Aromatic 

naptha 

fire 

03/08/2004 Silvasa Daman 
DN

H 
00 00 

Full 

propane 

vessel 
got 

washed 

away in 
flood 

29/10/2004 Koyali Baroda GUJ 02 13 

Gujrat 

refinery 
FCC fire 

13/02/2005 Gandhina Gandhina GUJ 00 04 static 

gar gar elec 
toluene 

fire 

30/03/2005 Mathura Mathura UP 00 04 

BPCL 
u/g 

Ethanol 

fire 

27/04/2005 Gunnao Kutchch GUJ 00 00 

Rupture 
of roof of 

2 a/g FO 

Tanks 
due to 

heating 

08/06/2005 Karnal Karnal 
HA

R 
00 03 

Iocl lpg 
botteling 

plant fire 

17/06/2005 Kurkumbh Pune MS 01 00 

4 tank 

exploded 
in a mini 

refinery 

by gasket 

leak 

19/06/2005 
Willington 
I 

Ernakula
m 

KRL 01 02 

1580Kl 

a/g tank 
collapsed 

Brppl 

improper 
foundatio

n 

19/06/2005 Halol 
Panchmah

al 
GUJ 04 00 

Mini 
refinery 

oleum in 

sulphona
tor fire n 

explos. 

28/12/2005 Panipat Panipat 
HA

R 
01 02 

Panipat 

refinery 
fire in 

Ows line 

nr crude 
storage 

29/12/2005 Mathura Mathura UP 01 00 

Mathura 

Refinery 
fire in 

OWS 

line of 
AVDU 

30/12/2005 
Ambalam

ugl 

Ernakula

m 
KRL 01 00 

Kochi 

refinery 

fire in 
DH-DS 

unit, H2S 

leaked in 
air 

24/04/2006 Khalapur Raigarh MS 00 00 

Class A 

A/g tank 
ruptured 

14/05/2006 Hathin Nuh 
HA
R 

04 02 

LPG 

Bottling 
plant fire 

during 

tanker 
decantati

on 

25/10/2006 
Motikhaw

di 
Jamnagar GUJ 02 02 

RIL 

refinery 
hydro 

treater 

Fire 
explo hot 
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gas 
leakage 

01/02/2007 Vadinar Jamnagar GUJ 05 16 

Eolrefine

ry fire 
napthalin

e 

14/04/2007 Kandla Kutchch GUJ 01 02 

Arcing 

while 
unloadin

g Cyclo 

Hexane 
from 

ship 

14/05/2007 Anand Anand GUJ 29 17 

Lpg 
tanker 

pierced 

onroad 

04/08/2007 Kosi Mathura UP 01 07 

Lpg 
leaked in 

storage 

shed 

15/12/2007 Mehul Mumbai MS 01 02 

Bpcl 

refinery 

flares 
knock 

out drum 

in CRU 
Accdt. 

29/01/2008 New Delhi New Delhi DEL 00 00 

Fire 

during 
pipeline 

clean  

pigging 
due to 

NFLP 

fitmt 

16/02/2008 Kandla Kutchch GUJ 00 00 

632 MT 
Methanol 

a/g tank 

was on 
fire due 

to 

hotwork 

23/02/2008 Vashi 
Navi 

Mumbai 
MS 02 05 

Hpcl 

term 

filling 
gantry ex 

20/09/2008 
Sahar 
airport 

Mumbai MS 00 00 

Iocl Afs  

hotwork 

in P’line 

11/10/2008 Jaipur Jaipur RAJ 03 00 

Iocl Alds 

Bleve 

Fire&Ex
p. 

17/12/2008 
Nainpur 
hajo 

Kamrup 
AS
M 

00 01 

OIL 

crude oil 
pipeline 

fire 

07/01/2009 
Motikhaw
di 

Jamnagar GUJ 02 02 

RIL 

refinery 
hydrogen 

comp 

unit 
explods 

hot gas 

09/01/2009 Kandla Kutchch GUJ 00 00 

Iocl port 
terminal 

a/g tank 

was on 
fire due 

to 
hotwork 

12/03/2009 Janaki TAPI GUJ 00 00 

17.6 MT 

LPG fell 
through 

Rd.tanke

r in 
seasonal 

river 

23/03/2009 Kai Khali 
24 
Pargana N 

WB 00 00 

ClA 

ingredien
t mixing 

fire 

05/05/2009 
Karumalo

or 

Ernakula

m 
KRL 00 00 

Petronet 
Cck 

pipeline 

Hsd leak 
failure of 

ferrule 

joint 

05/06/2009 Manglore Karnataka KRT 00 00 

Refinery 

naptha 

vaporizer 

28/08/2009 Digboi Tinsukhia 
AS
M 

02 01 

Aod 
Refinery 

fire in 

DCU due 
to 

inferior 

qualty 
pipe 

29/08/2009 Guwahati Guwahati 
AS

M 
00 00 

Refinery 

crude oil 
fire hot 

work in 

drainage 
lines. 

29/10/2009 Jaipur Jaipur RAJ 11 105 

Jaipur 

ioclpol 

terminal 
fire 

continue

d 
unabated 

11 day 

17/11/2009 Noida G B Nagar UP 00 69 
Factory 
Shed Co 

Leakage 

24/03/2010 Janeria Bhatinda PJB 06 06 

VCE due 

to leak of 
PetAB 

19/06/2010 Salawas Jodhpur RAJ 00 01 

filling 

gantry 
mix load 

fire 

14/07/2010 
Haji 

Bunder 
Mumbai MS 00 110 

Gas leak 
at 

Mumbai 

port. 

11/08/2010 Pune Pune MS 01 01 

valve 
repaired 

in filling 

pt 

25/09/2010 Mohgaon Bhandara MS 02 02 

solvent 

extractio

n unit 
fire 

28/09/2010 Hissainpir Pilibhit UP 06 00 

LPG 

leaked 

and 
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exploded 

19/11/2010 
GothdaSa

vli 
Vadodara GUJ 00 00 

solvent 

distilatio

n unit 
fire 

04/01/2011 
Vdydhrpu
rm 

Vijaywada AP 00 00 

Sulphide 

corrosion 

of cng. 

09/04/2011 Raurkela 
Sundergar

h 
ODS 03 02 

DA 

filling 

plant 
accident 

06/07/2011 Chatokara Mathira UP 01 00 

NG 

pipeline 

in N2 
purging 

22/09/2011 
Chokkahal
i 

Banlore KRT 01 01 

Vessel 

busted in 
hydro 

test 

04/10/2011 Vapi Valsad GUJ 01 00 

Mini 

refinery 
DU 

crudeoil 

24/11/2011 Mehul Mumbai MS 00 00 

Hp 
refnery 

hexane 

loading 

10/01/2012 Niinmati Guwahati 
AS

M 
00 13 

Iocl 
refnery 

slope tk 
repair 

16/01/2012 
Vasant 

vihar 
New Delhi DEL 01 06 

Alds 

degassin

g for 
hydroT 

21/01/2012 Manglore 
Manglore 

DK 
KRT 01 05 

Refinery 

hot work 
in SRU 

02/05/2012 
Kandla 

Port 
Kutchch GUJ 00 00 

CC 

Pipeline 

pigging 
fireE 

28/05/2012 Jaipur Jaipur RAJ 01 01 

Iocl 

bottP 
loading 

arm fire 

11/09/2012 Khanna Ludhiana PUN 10 08 

Solvent 

Ext Plt 
hexane 

vce 

16/11/2012 Vadval Raigarh MS 00 21 

DA 
filling 

plant 

accident 

04/12/2012 Rudatal 
Ahmedaba

d 
GUJ 03 00 

Iocl 

crudeoil 

P’line 

flange 

05/01/2013 Hazira Surat GUJ 03 00 

Iocl 

termnal 

DD Fr 
Ms Tk 

08/04/2013 Bhatinda Bhatinda PUN 00 00 

Ref 

SWSII of 
S block 

fire 

04/05/2013 Mankhurd 
Govndi 

Mum 
MS 01 16 

VCE of 

18mt 
Lpg bp 

tank 

10/05/2013 
Hirwaring

ar 
Nagpur MS 01 01 

Sko 

depot 

decantati
on fire 

13/05/2013 
Numaligar

h 
Golaghat 

AS

M 
00 00 

shearing 

crud 

boostr 
pump 

11/06/2013 Vadinar Jamnagar GUJ 00 00 

lightning 

strike on 
rimseal 

16/07/2013 Vadodara Vadodara GUJ 00 01 

Fccu 

flare kod 

sump fire 

03/08/2013 Guwahati Guwahati 
AS

M 
00 00 

Iocl 

refnry 

clA 
decant 

Fire 

23/08/2013 
Vishkaptn
m 

Vishkaptn
m 

AP 37 00 

Cooling 

water 
sump 

repair 

30/09/2013 Kamrup Guwahati 
AS

M 
00 01 

Iocl 
botling 

plant 

flash fire 

16/10/2013 
Ambalam

ugl 

Ernakula

m 
KRL 00 00 

Kochi 
Refnry 

rim seal 
fire 

27/02/2014 Vadinar Jamnager GUJ 02 01 

Inlet 

header 

P’line 
repair F 

19/04/2014 Kathghora Kathghora CG 00 00 

lightning 

strike on 
ldotank 

03/06/2014 Manglore 
Manglore 

DK 
KRT 08 04 

refinery 

naptha 

reflux 
line 

26/06/2014 Bhatinda Bhatinda PUN 00 00 

Ref 

VGO 
weld 

joint 

failur 

27/06/2014 Godavari 
East 

Godavri 
KRT 100 12 

GAIL ng 
P’line 

corosion 

01/09/2014 
Sibas 

Nagar 

Sibas 

Nagar 

AS

M 
07 03 

NG line 
corroded 

ruptured 

22/09/2014 
Thiruvallu

r 

Thiruvallu

r 
TN 01 01 

Hpcl 
install.pe

troleum 

fire 

12/11/2014 
Sibas 

Nagar 

Sibas 

Nagar 

AS

M 
00 00 

EET 
burner 

fire of 

OIL 

17/11/2014 Silvasa Daman 
DN

H 
08 00 

Cl A 

transfer 

to plastic 
Brl 

18/11/2014 Mahakar Buldana MS 00 00 

Hpcl 

install.pe

troleum 
fire 
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19/11/2014 
24 

Pargana 

24 

Pargana 
WB 00 00 

Toluene 
fire by 

nonflp 

mtr 

13/12/2014 Jaipur Jaipur RAJ 12 12 

Vce of 

butadien

e 
containr 

17/12/2014 Thane Thane MS 00 01 

Process 

P’line of 

A Class 

16/01/2015 New Delhi New Delhi DEL 01 00 

NG line 

damage 

in 
drilling 

Source: Adapted from the official website of PESO; http://www.peso.gov.in 

accessed on 05-06-2016. 

It is therefore concluded that petroleum sector must educate 

the masse residing in the close vicinity of disaster prone area 

for disaster risk reduction, and develop a strong safety culture 

in order to provide a safe and injury free work place for their 

employees, accident free work culture for their organization 

and fulfill their social commitment of providing a safe, clean 

and accident free environment, where all the people can live 

and work together fearlessly from the present era of living and 

working dangerously. 
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Abstract— In the era of dwindling resources of fossil fuels and 

increased concern related to environment, there is strong need to 

find next generation energy source which is environment friendly 

and can be obtained renewably. Moreover procedure to obtain 

next generation energy source should be economical for 

sustainable development. Hydrogen obtained from renewable 

sources of biomass can be answer to all these challenges. Bio-

butanol can be obtained from fermentation of biomass, like bio-

ethanol, and can be produced renewably. Bio-butanol is also one 

of the key components of bio-oil. Butanol has more hydrogen 

content compared to other members of alcohol family like 

methanol, ethanol and propanol. Extraction of hydrogen from 

biologically derived butanol can be attractive alternative for 

hydrogen production. Hydrogen can be extracted from butanol 

by various techniques like steam reforming, partial oxidation, 

oxidative steam reforming and dry reforming. Out of all these 

techniques steam reforming reaction has greatest potential to 

extract hydrogen, because of its high selectivity towards 

hydrogen. In current thermodynamic study, emphasis was given 

to analyse effect of operating conditions on butanol steam 

reforming. Simulations were conducted with the help of ASPEN 

HYSYS 2004.2 software. 

Keywords— Steam Reforming, Hydrogen Production, Butanol, 

Thermodynamic study, Simulation. 

I. INTRODUCTION 

ossil based energy sources like petroleum and natural gas 

are likely to exhaust in the coming decades, in this context 

renewable energy sources has gained attentions of researchers 

and engineers to explore next generation energy source [1-5]. 

Moreover, use of fossil based fuels emits large amount of 

carbon dioxide in environment; which is prime culprit for 

greenhouse effect [2]. Hydrogen, obtained from renewable 

biomass, can be answer to these problems. As combustion of 

hydrogen only leads to generation of water [1, 3]. Various 

research articles have been published in the area of hydrogen 

production from different resources like bio-oil [6-8], bio-

ethanol [9], glycerol [10, 11] etc. via steam reforming reaction, 

due to high selectivity of steam reforming reactions towards 

hydrogen production [9]. Butanol, like bio-ethanol, can be 

produced by fermentation of biomass. Moreover, it is one of 

the key constituents of bio-oil. Butanol has more hydrogen 

content than its alcohol family members like methanol, 

ethanol and propanol. Hydrogen content in n-butanol is 13.51% 

by weight, compared to 12.5% and 13.04% by weight of 

methanol and ethanol respectively. Butanol has various 

properties that makes it relatively better fuel compared to 

other alcohols like methanol and ethanol. It is having lower 

vapour pressure at atmospheric pressure compared to ethanol 

and methanol. It has greater tolerance to water content. Due to 

these properties butanol can be handled with more ease than 

methanol and ethanol in fuel distribution pipelines [12]. 

Despite all these advantages, there are limited studies 

published in the area of butanol steam reforming reaction. In 

this study, we have investigated effect of operating conditions 

like temperature, pressure and steam to butanol molar ratio on 

steam reforming of butanol. Thermodynamic study was 

performed with the help of ASPEN HYSYS 2004.2 software. 

Simulations showed equilibrium composition, which may 

differ in case of actual experimentation. Because selected 

model (Gibbs’ reactor) gives equilibrium composition of all 

constituents based on process conditions like temperature, 

pressure and composition of reactants involved, while actual 

composition also depends on additional factors like kinetics 

and activity of catalyst involved. But these study gives 

insights to researchers related to maximum achievable 

thermodynamic hydrogen yield. 

II. COMPUTATIONAL THERMODYNAMIC ANALYSIS 

Equilibrium chemical compositions can be predicted by 

either calculating the equilibrium constant or minimization of 

the total Gibbs free energy. In case of reactions involving 

solid components, equilibrium composition prediction by 

calculation of equilibrium constant is difficult. Moreover, 

information regarding stoichiometry of the involved reactions 

are also required. While, method of minimization of the total 

Gibbs free energy can be easily applied to the reacting system 

including condensed components and non-reacting 

components. Moreover, it simply requires inputs like 

temperature, pressure and initial composition of reactant. 

Information regarding stoichiometry of the reaction is also not 

required in case of minimization of the total Gibbs free energy 

method. Therefore, the Gibbs free energy minimization 

method was selected for thermodynamic study. Detailed 

method is discussed elsewhere [5]. In this study, we have 

investigated effect of operating conditions like temperature, 

pressure and steam to butanol molar ratio on steam reforming 

of butanol. Thermodynamic study was performed with the 

F 
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help of ASPEN HYSYS 2004.2 software. Gibbs’ reactor was 

selected and Soave Redlich Kwong (SRK) property package 

was selected. Sample flowsheet is shown in Figure 1. 

 

Figure 1. Sample flowsheet of Gibbs’ reactor for butanol steam reforming. 

Yield of different components are calculated by following 

equation. 

   
     

    
                                                                               (1) 

Where, Fiout is the molar flow rate of component i leaving the 

reactor and FBin is the molar flow rate of butanol introduced in 

reactor. 

Conversion of butanol was 100% for entire range of study due 

to very high value of equilibrium constants. So conversion 

was not considered as deciding factor for determination of 

optimum reaction conditions. Emphasis was given on yield of 

various components.     

III.  REACTION INVOLVED IN STEAM REFORMING REACTION 

Steam reforming of butanol is accompanied with many 

series parallel reaction, these reactions also have considerable 

impact on hydrogen yield. Considered reactions are tabulated 

in Table 1. 

Table 1. Considered reactions in butanol steam reforming [5]. 

Sr. 

No. 

Reaction Equation 

1 Butanol steam 

reforming reactions 
                    and 

                      
 

2 Butanol 

decomposition  
                    

 

3 Methane 
decomposition 

          

4 Boudouard reaction           
5 Water–gas shift 

reaction 
              

6 Hydrogenation of 

carbon monoxide  
               and     

            
7 Hydrogenation of 

carbon dioxide 
                 

8 Hydrogenation of 

coke 
          

9 Methane steam 

reforming 
               

10 Methane dry 
reforming 

                

11 Carbon monoxide             and         

reduction reactions          
12 Reverse water–gas 

shift reaction 
              

13 Coke gasification             
14 Dehydrogenation of 

butanol 
                

15 Butyric aldehyde 
decomposition 

                  

IV. EFFECT OF OPERATING CONDITIONS 

1. Effect of Temperature: In order to determine effect of 

temperature, simulations studies were carried out in the 

range of 450-1100 °C. While pressure and steam to 

butanol ratio were kept constant at 1 atm pressure and 7 

respectively. Effect of increase in temperature on 

hydrogen, carbon monoxide, carbon dioxide and methane 

is shown in Figure 2. 

 

Figure 2. Effect of temperature on yield of various components. 

Simulation studies indicated that yield of hydrogen 

increased rapidly in initial increment of temperature, it 

reaches to maximum at 800 °C. After that further 

increase in temperature, reduced yield of hydrogen very 

slightly. For CO2 yield decreased with increased 

temperature, but change in magnitude was not so high. 

For carbon monoxide yield, it was noted that yield of 

CO increased with increase in reaction temperature. CH4 

yield found to decrease with increase in temperature. 

These behavior can be defended by the fact that at lower 

temperatures (lower than the temperature of maximum 

of hydrogen yield), influence of endothermic steam 

reforming reactions on hydrogen yield were controlling 

over exothermic water gas shift reaction leading to 

increased hydrogen yield. However, at sufficiently high 

temperatures and lower methane concentration steam 

reforming methane became insignificant and exothermic 

water gas shift reaction became only contributing factor 

which governs hydrogen yield leading to slightly 

declining trends of hydrogen yield [13, 14].      
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2. Effect of steam to butanol molar ratio: Increase in 

steam to butanol molar ratio has shown following 

trends. 

i. Increased hydrogen yield from 7.1298 to 

9.9699 by increasing steam to butanol ratio 

from 3 to 14. Steam to butanol ratio showed 

similar trend in case of CO2 concentration. 

CO2 yield increased by 97.87%, when 

changing steam to butanol ratio from 3 to 14.   

ii. Decreased CO and CH4 yield. 

While investigating effect of steam to butanol molar 

ratio, temperature and pressure were kept at 800 °C 

and 1 atm pressure respectively. With increase in 

steam to butanol ratio, steam reforming of butanol, 

steam reforming of methane and water gas shift 

reaction were favored thereby increasing hydrogen 

and CO2 yield and decreasing yield of CO and CH4 

[15, 16]. Higher steam to butanol ratio is favorable, if 

hydrogen to be used in proton exchange membrane 

fuel cell (PEMFC). As at higher steam to butanol 

ratio CO production is lesser, which is poison for 

PEMFCs.     

3. Effect of Pressure: Pressure found to show negative 

impact on hydrogen yield. To investigate effect of 

pressure on yield of different components like H2, 

CO, CO2 and CH4, pressure was varied from 1 to 10 

atm. Yield of H2 and CO decreases with increase in 

pressure from 1 to 10 atm. While yield of CO2 and 

CH4 increases with increase in pressure. Effect of 

pressure on yield of different components are 

summarized in Table 2. Temperature and steam to 

butanol molar ratio were kept constant at 800 °C and 

7 respectively. 

Table 2. Effect of pressure. 

Pressure, 
atm 

H2 yield CO yield CO2 
yield 

CH4 
yield 

1 8.99 2.9313 1.049 0.0197 

2 8.8394 2.8679 1.0589 0.0732 

3 8.6278 2.7792 1.0726 0.1483 

4 8.3874 2.6791 1.0876 0.2332 

5 8.1402 2.5768 1.1024 0.3207 

6 7.8963 2.4776 1.1164 0.406 

7 7.6677 2.3837 1.1292 0.4871 

8 7.4507 2.296 1.1406 0.5633 

9 7.2478 2.2147 1.1509 0.6344 

10 7.0586 2.1395 1.16 0.7005 

 

This behavior can be justified with the help of 

Le’chetalier’s principle. Increase in total pressure 

shifts the equilibrium of carbon dioxide, carbon 

monoxide and carbon hydrogenation reactions in 

forward direction [17]. As in these hydrogenation 

reactions, reactant side moles are more than the 

product side.  

V. CONCLUSIONS 

Hydrogen produced from renewable sources is sustainable 

option from economy and environmental point of view. 

Thermodynamic study revealed great potential to extract 

hydrogen from butanol steam reforming reaction. In order to 

obtain maximum hydrogen yield, process parameters like 

temperature, steam to carbon molar ratio and pressure needs 

to be optimized. Following conclusions can be drawn from 

this study. 

i. In order to obtain maximum hydrogen yield 

reaction temperature must be optimized. Operating 

at higher than optimum hydrogen yield 

temperature, leads to requirement of high 

temperature heating medium and costly material 

of construction for reactor. While operating at 

lower temperature than optimum temperature, 

leads to drastic decline in hydrogen yield. 

ii. Pressure has negative impact on hydrogen yield. 

So to achieve maximum hydrogen yield, reactor 

should be operated at atmospheric pressure. 

iii. Highest possible steam flow rate should be 

maintained in reactor to achieve highest hydrogen 

yield and lowest CO yield. 
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Abstract: Anciently, textile coloration was mainly carried out 

with natural colorants and components obtained from natural 

resources. However, with the invent of synthetic dyes, use of 

natural colors for coloration of textile declined tremendously. 

The manufacturers and end users of synthetic dyes suffered 

certain constrains such as non-biodegradability, disposal 

problem, toxicity of some dyes, allergenic reactions, increasing 

price of coal tar and others. Green dyes, popularly known as 

natural colors, are gaining increasing popularity amongst the 

textile dyres and printers and end users. Natural color dyeing on 

natural fibers has been well established commercially. Very few 

literatures pertain to printing of natural colors are available. 

Two, the most popular natural colors, turmeric and catechu, 

have been printed on cotton fabric using various techniques of 

mordanting. The optimal route of mordanting with print 

compositions for cotton fabric was derived. Further, the effects 

of printing of natural colors using various mordants, namely, 

sodium sulphate, copper sulphate, ferrous sulphate and 

aluminum sulphate, are compared on cotton fabric. All these 

mordants consists common negative ion (sulphate), but different 

metallic ions. The effects of metallic ions on color co-ordination 

values (L,a,b,C and H) are compared. Finally, the fastness 

properties are also determined and found good to very good.             

I. INTRODUCTION 

n every civilization, colour has played a vital role in human 

life. Colour is an important aspect for textile aesthetic and 

personal appearance. In ancient time natural colorants were 

the only sources of textile coloration
1,2

. With the invention of 

synthetic dyes in 1856 by H. Perkin from coal tar, the use of 

natural colors in textile application declined tremendously. 

The major advantages of synthetic dyes are their cost, fastness 

properties, reproducibility, wide shade ranges and others. 

However, many synthetic dyes are found carcinogenic or 

allergenic to skin as their manufacturing process involves 

certain toxic chemicals. German government and European 

nations have banned many synthetic dyes because they are 

produced from carcinogenic amines since 1992. Further, some 

of the synthetic dyes are either non – biodegradable or 

liberated heavy metals or chemicals on the discharged and 

ecological balance of the nature has been disturbed to great 

extent. The stringent environmental standard imposed in many 

countries, the increasing price and non-renewable nature of 

raw oil from which fraction of the synthetic dyes are 

originated, toxic and allergic reactions associated with 

synthetic dyes are some of the prime factors for increasing 

uses of natural colours not only for textile, but also for 

ancillary industries 
3,4

. In spite of their inferior fastness, 

natural dyes exhibit better biodegradability and are generally 

more compatible with the environment and hence are more 

readily acceptable to the environmentally conscious users.  

Many scientific researches pertaining to dyeing with natural 

colorants to different textile fibers (mainly on natural and to 

some extent on synthetic) using different techniques with or 

without mordanting are available
5,6

. Very few literature 

available with respect to printing with natural colorants
7-9

. 

However, no reports on the effects of metal ions as mordants 

on the printing of natural colorants on any textile materials 

were reported. For successful commercial use of natural dyes 

for any particular fibers, the appropriate and standardized 

techniques of printing for that particular fiber-natural dye 

system need to be adopted so that the shade with acceptable 

colour fastness and reproducibility can be obtained. In the 

present study, two important natural colorants, the most 

ambdunce tried by the researchers, namely turmeric and 

catechu are selected for their printing behavior on cotton 

fabric. Mordants are mainly used to impart better dye 

absorption on cotton fibers. Therefore, four different metallic 

salts with different metal ions (cationic ion) were evaluated 

for their efficiency of printing of natural colorants on cotton 

fabric as mordants. Further, different techniques of 

mordanting are used and the best one on the basis of colour 

strength, fastness properties and consistency are tried to 

develop for printing. 

II. EXPERIMENTAL 

2.1 Material: 

Plain woven cotton fabric with 114 gsm and 89 HUNTER 

whiteness, in ready for dyeing form, is procured from the 

local textile industry and used through the study. Two natural 

colorants, namely, curcuma longa and acacia catechu, 

extracted by standard prescribed methods 
1
 are used in the 

present study (table I). Four different mordants, namely, 

sodium sulphate (SS), copper sulphate (CS), ferrous sulphate 

(FS) and alluminium sulphate (AS) are used in the form of 

laboratory grade reagents. 

 

I 
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Table – 1 

Details of natural colourants used 

C I Name 
Commercial 

Name (Colour) 

Botanical 

Name 

Chemical 

Structure 

Obtained 

From 

C I Yellow – 3 
Turmeric 

(Yellow) 

Curcuma 

Longa 

 

Rhizome 

C I Brown – 12 
Categhu 

(Brown) 

Acacia 

Catechu 

 

Wood 

 

2.2 Application of mordant on cotton fabric : 

Conventionally used, three methods of mordant application, 

namely pre (first mordant and print), meta (mordant added in 

print paste) and after (first print and mordant) are used for 

cotton fabric. Mordants are applied in three levels of 

concentrations (5, 10 and 15 % w/v), dried and cured at 110
o
C 

for 5 minutes (for meta mordant process no separate curing 

was performed).   

2.3 Preparation of printing paste : 

Print paste of the natural colorants are prepared (table – 2) and 

applied on cotton fabric as per the methods of mordanting 

prescribed previously. After printing and drying at 100
o
C for 

10 minutes, fabric is cured at 150
o
C for 7 minutes followed by 

rinsing with water, soaped with non ionic detergent (1 % w/v) 

at 50
o
C for 10 minutes, washed and dried. 

2.5 Analytical procedure: 

For the evaluation of print color efficiency, the CIE color co-

ordinates, L*, a* and b* values and color strength in terms of 

K/S of printed samples are obtained by Spectra Scan 5100 

Spectrophotometer (Premier Colour Scan Made, India). The 

average of three readings is reported in the results. 

Table – 2 : Print paste formulation 

Name of Ingredients Parts 

Dye Extract X 

Sodium carbonate 0.5 

Thickener 60 

Mordant (only in meta process) 5, 10 & 15 

Water 15 Parts 

Total 100 Parts 

The second important property to evaluate print efficiency is 

the fastness properties. For this purpose, washing (ISO 105 – 

C01), rubbing (ISO 105 – X12), perspiration (ISO 105 – E04) 

and light (ISO 105 – B02) fastness properties of printed 

samples are also assessed. 

III. RESULTS AND DISCUSSION 

3.1 Standardization of mordant application process: 

Cotton fabric was printed with two natural colorants (turmeric 

and catechu) using pre, meta and post mordanting methods. In 

the first part of the study with single mordant, namely, copper 

sulphate (5, 10 and 15 % w/v), three methods of mordanting 

for print effects are evaluated in terms of color strength (K/S) 

and results obtained are reported in table – 3.  

It has been well known that natural colorants have low 

substantivity for cotton fibers and therefore, application of 

mordant i.e. an intermediate chemical, having an affinity for 

fiber and colorant is required. This has been confirmed from 

the results (table – 3) i.e. with mordant, irrespective of any 

methods, the color strength values are higher than without 

mordant. Further, the comparison of three methods of 

mordanting, namely, pre, meta and post, shows that the colour 

strength (K/S) values of post is better followed by pre and 

meta mordanting method. The best print effects of all the three 

level of concentrations of turmeric and catechu dyes on cotton 

with copper sulphate mordant was found with post mordant 

technique. This may be because interaction of mordant and 

colorant (which is printed first) on the surface of fabric is in 

better condition in post mordant method. In the other two 

methods, the interference of mordant either previously or 

along with color, hinders the process of interaction of colorant 

and mordant and simultaneously fixation. 

Table – 3 : Print effects of turmeric and catechu colors on 

cotton fabric using various mordant application techniques 
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Mordant (Conc. 

% w/v) 

Mordant 

application method 

K/S Values 

Turmeric Catechu 

- Without 4.2 3.7 

5 

Pre 4.9 4.8 

Meta 4.8 4.6 

Post 5.8 5.4 

10 

Pre 5.9 5.6 

Meta 5.2 4.8 

Post 7.8 6.9 

15 

Pre 6.3 6.4 

Meta 5.9 5.8 

Post 8.5 8.2 

3.2 Printing of cotton fabric with turmeric natural colorant by 

post mordanting technique : 

From the foregoing experiment it has been found that print 

effects by post mordant application method on cotton fabric 

gives superior results. Therefore, cotton fabric was printed 

using four different mordant (metallic salts), namely, sodium 

sulphate (SS), copper sulphate (CS), ferrous sulphate (FS) and 

aluminum sulphate (AS), in three different concentration 

levels (5, 10 and 15 % w/v). The print efficiency after 

washing and drying are evaluated in terms of colour strength 

(K/S) and CIE colour values and results obtained are reported 

in table – 4.  

The results of SS mordant indicates that at the concentration 

of 0, 5, 10 and 15 % of mordant the K/S values of turmeric 

dye are 4.2, 4.8, 5.2 and 6.8 respectively. This indicates the 

color values of print increases with that of concentration of 

mordant. The increase in K/S value is at small extent with that 

of concentration increases from 5 to 10 %. However, 

significantly high increase in color values with increase in 

concentration from 10 to 15 %. Exactly, similar trends can be 

seen with other mordants namely, CS, FS and AS.  

Table –  4 : Printing of cotton fabric using turmeric colorant 

with different mordants by post mordant application technique 

Name of 

mordant 

Mordant 

conc.( 

%W/V) 

L A b C H K/S 

 

SS 

0 36.1 11.4 22.3 25.3 44.4 4.2 

5 78.8 2.7 28.4 28.5 84.3 4.8 

10 79.6 2.4 23.8 23.9 84.0 5.2 

15 88.2 1.7 24.3 24.4 85.8 6.8 

 0 36.1 11.4 22.3 25.3 44.4 4.2 

CS 5 57.4 18.3 46.9 50.2 68.6 5.8 

10 58.5 17.8 47.4 50.6 69.3 7.8 

15 59.3 18.5 48.6 52.0 69.0 8.5 

 

FS 

0 36.1 11.4 22.3 25.3 44.4 4.2 

5 53.2 16.4 41.0 44.1 68.4 6.8 

10 53.6 17.0 41.1 44.5 67.3 6.9 

15 67.0 16.1 40.0 43.1 67.9 8.0 

 

AS 

0 36.1 11.4 22.3 25.3 44.4 4.2 

5 62.9 18.8 56.6 59.7 71.5 7.5 

10 64.8 18.2 59.0 61.7 72.7 8.7 

15 74.6 17.8 58.8 61.4 73.1 10.6 

The result also indicates the colour index values of turmeric 

colourant with different mordant. ‘L’ indicates lighter 

(positive values) or darker (negative values), ‘a’ indicates 

greener (negative values) or redder (positive values), ‘b’ 

indicates bluer (negative values) yellower (positive values), 

‘C’ indicates brighter (positive values) or duller (negative 

values) and ‘H’ quantified the angular measure. The colour 

co-ordinates values indicate that samples are of the same 

depth (approximately same ‘L’ value) with different mordant. 

The positive value of ‘a’ indicates all the samples are redder, 

but the more redder is with CS followed by AS, FS and SS. 

The positive values of ‘b’ and ‘C’ show that samples are 

yellower and brighter. The highest brightness and yellow 

value of colour is obtained with the AS followed by CS, FS 

and SS. The angular measured value (H) shows the value 

between 30 to 90
o
, means the colour of the samples are red to 

yellower. 

3.3 Printing of cotton fabric with catechu natural colorant by 

post mordanting method: 

Cotton fabric was printed with catechu colorant using four 

different mordant (metallic salts), namely, SS, CS, FS and AS, 

in three different concentration levels (5, 10 and 15 % w/v) by 

post mordant application technique. The print efficiency after 

fixation is evaluated in terms of colour strength (K/S) and CIE 

colour co-ordinate values (table – 5).  

The effect of concentration of mordant of catechu colorant 

also shows similar trends as that of turmeric, i.e. with increase 

in concentration upto 10 % (owf), increases steadily the color 

value and above that level color value increases drastically. 

This particular behavior can be seen for all the mordant with 

catechu colorant print on cotton fabric.  

The results of copper sulphate mordant indicates that at the 

concentration of 5, 10 and 15 % of mordant the K/S values of 

turmeric dye are 8.5, 8.8 and 9 respectively. This indicates as 
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the concentration of mordant increases the colour value of 

print also increases. The increase in K/S value is significantly 

high from increase in concentration from 5 to 10 %. However, 

with further increase in concentration from 10 to 15 %, there 

is much improvement in colour value as observed by K/S 

value. 

Exactly, similar trends can be observed with other mordants 

namely, ferrous sulphate, aluminum sulphate and sodium 

sulphate. In the said mordants also with increase in 

concentration of mordant from 10 to 15 % the significant 

increase in strength can be observed. With further increase in 

concentration of mordant there is no much improvement in the 

colour strength. Table 6 also indicates the colour index values 

of both different natural dyes on different mordants. ‘L’ 

indicates lighter (positive values) or darker (negative values), 

‘a’ indicates greener (negative values) or redder (positive 

values), ‘b’ indicates bluer (negative values) yellower 

(positive values), ‘C’ indicates brighter (positive values) or 

duller (negative values) and ‘H’ quantified the angular 

measure. The colour co-ordinates values indicate that samples 

are of the same depth (approximately same ‘L’ value) with 

different mordant. The positive of ‘a’ indicates all the samples 

are redder, but the more redder is with sodium sulphate 

followed by aluminum sulphate, copper sulphate and ferrous 

sulphate. The positive values of ‘b’ and ‘C’ show that samples 

are yellower and brighter. The highest brightness and 

yellowness is with the aluminium sulphate mordant. The 

angular measured (‘H’) shows the value between 90 to 180
o
, 

means the colour of the samples are red to yellower. 

Table –  5 : Printing of cotton fabric using catechu colorant 

with different mordant by post mordant application  technique 

Name of 

mordant 

Mordant 

conc.( 

%W/V) 

L a b C H K/S 

SS 

0 10.1 8.1 6.3 11.4 15.8 1.8 

5 18.1 18.0 14.4 23.1 38.7 4.2 

10 18.3 18.3 15.0 23.4 39.8 4.5 

15 19.8 19.5 15.6 24.5 39.6 5.9 

CS 0 10.1 8.1 6.3 11.4 15.8 1.8 

5 33.6 13.0 11.5 17.2 40.7 7.5 

10 34.6 13.5 11.6 17.8 41.4 8.1 

15 35.0 14.1 13.0 19.2 42.7 9.8 

FS 

0 10.1 8.1 6.3 11.4 15.8 1.8 

5 32.5 8.8 9.4 12.9 41.1 7.2 

10 34.6 9.8 11.7 13.7 42.0 7.8 

15 42.9 13.0 19.7 21.9 53.1 8.9 

AS 

0 10.1 8.1 6.3 11.4 15.8 1.8 

5 20.9 20.9 18.1 31.0 31.4 6.1 

10 21.6 21.6 20.2 33.0 35.4 7.0 

15 26.7 25.7 22.2 43.8 45.7 8.9 

In both the natural colors type of metallic ion significantly 

effected on the hue, chroma and value of final print which can 

be observed from the L, a, b, C and H values. In the identical 

conditions of application of natural colorants printing, the 

color parameters changes with that of mordant. This is 

because each metallic ion has different ionization energy 

which effects on bond formation with natural colors.   

3.4 Fastness properties of printed sample: 

Printing efficiency can be finally judged by determination of 

important fastness properties, namely washing, rubbing, 

persiparation and light. The different fastness properties of 

printed samples are evaluated for 10 % mordanted sample by 

standard prescribed method and results obtained are reported 

in table 6. 

Various fasting properties of natural colour print without 

mordant on cotton fabric is poor to average. However, on 

mordanting the wash fastness becomes good to very good, 

perspiration and rubbing fastness become average to good and 

light fastness turns to good. Further, the fastness result 

indicates that the types of mordant i.e. metallic ion do not 

much interfere on the fastness properties of print. The fastness 

properties can be further improved to certain extent by after 

treatment with cationic fixing agent or special finish softener.  

Table – 6 : Fastness properties of natural colour printing on cotton fabric with different mordants 

Natural 

Colour 

Name of 

mordant 

Washing fastness Perspiration fastness Rubbing fastness Light 

Fastness SS CC Alkaline Acidic Dry Wet 

 

C.I.Yellow-3 

UT 3/4 ¾ 3 3 3 2/3 4 

SS 4 4 3/4 3/4 4 3/4 6 

CS 4/5 4 4 3/4 4 4 6 

FS 4/5 4/5 3/4 4 3/4 4 5 

AS 4 4 4 4 3/4 3/4 5 
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C.I.Brown -12 

UT 3/4 3 3 3 3 3 4 

SS 4 4/5 3/4 3/4 4 3/4 6 

CS 4/5 4 4 4 3/4 4 5 

FS 4/5 4/5 4 3/4 4 3/4 6 

AS 4 4 3/4 4 3/4 3/4 6 

 

IV. CONCLUSIONS 

Natural colors, namely, turmeric and catechu can be printed 

on cotton fabric effectively with the help of mordant. The 

various techniques of mordanting confirm that the post 

mordant technique i.e. print and mordant application, gives 

better results of print with natural colors. Further, the types of 

mordants i.e. metallic ions, also significant effect on the final 

color of the print. This has been observed with the color co-

ordinates values of various mordant i.e. metallic ions print 

with the identical conditions.  In order to get consistency of 

the print effect of natural color it is necessary to select proper 

mordant and conditions of print. The fastness properties after 

mordanting of natural color print improve to tolerance level or 

to superior level.   
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Abstract- Spray dryer requires a large amount of energy for 

drying feed with low solid concentration. Thus in order to save 

energy exhaust air stream is recycled to recover the heat inside 

it. That is done by mixing recycled stream with the fresh air 

stream. This mixed stream is now heated at the required 

temperature to be able to evaporate the water. Only recycling of 

exhaust air is sufficient for the slurry feed with high solid 

content. But for the low solid content slurry feed, the exhaust air 

is containing high moisture content in it. Thus the absorption 

capacity of the mixed stream decreases by recycling exhaust air. 

This leads to high energy consumption in order to reach the 

required inlet drying air temperature thereby decreasing the 

efficiency. To overcome this problem of high moisture content in 

the exhaust air, it can be dehumidified. In dehumidification the 

temperature of the air raises thus requiring less energy for 

heating. Also Low moisture in the inlet drying air will provide 

greater driving force for drying. 

Keywords- Energy balance, Dehumidification, Energy recovery, 

Simulation 

I. INTRODUCTION  

pray drying is a highly heat consuming technique. But 

also it is an unavoidable method to be used for obtaining 

powder form products. It is carried out by contacting drying 

air with the fine droplets of the feed to evaporate the water. 

This contact takes place only for few seconds only. Thus the 

absorption capacity of the drying air must be very high in 

order to remove the required moisture during the contact time. 

Otherwise problems like wall deposition and agglomeration 

takes place there by reducing the product quality. 

Product quality and energy efficiency are like the two sides 

of the coins. Quality of the product depends on the parameters 

like feed flowrate, inlet air flowrate and inlet moisture content 

of the air. Thus if we want to dry the feed with the air of 

higher moisture content than the inlet air flowrate has to be 

high and feed flowrate has to be low to achieve the desired 

product quality. This high inlet air flowrate will consume 

higher amount of energy to heat it up to the required drying 

temperature. On the other side if inlet air with lesser moisture 

content is used and if the feed flowrate is kept constant, then 

to achieve the product of same quality the amount of inlet 

drying air required will be lower. Therefore energy will be 

saved if we will decrease the inlet moisture content of the 

drying air. Thus in this way both high quality and high 

efficiency can be achieved. 

While recycling the exhaust air in the spray dryer, no doubt 

efficiency increases but the inlet moisture content of drying 

air is also high, this compels to keep the feed flowrate lower. 

Thus production rate of dry powder is slowed down. Now in 

order to faster the rate by using drying air with low moisture 

content keeping constant inlet flowrate OR to save heating 

energy by decreasing the amount of drying air used by 

keeping the feed flowrate constant, the recycled air can be 

dehumidified before mixing with fresh air and heating. 

Dehumidifying will certainly decrease the moisture content by 

removing water vapor in form of condensed water by cooling. 

After cooling, heating can be done using the vent air stream, 

thus raising the temperature.  

In this work possibility of saving energy has been explored by 

comparing the energy requirement of the conventional process 

and the proposed idea. 

II. ENERGY BALANCE CALCULATION WITHOUT USING 

DEHUMIDIFICATION 

Energy balance for the flow diagram as shown in the figure 

(1) was carried out. The drying of alumina-based ceramic 

composite slurry is investigated. The mathematical model 

developed by Boris Golman was used for reference. Hence 

according to his model here also recirculation ratio 70% is 

used as it was found to be the optimum. 

INLET AND OUTLET PARAMETERS: 

Inlet temperature of drying air (Tda) 170oC 

Inlet flowrate of drying air (mda) 2500Kg/hr 

Inlet temperature of atomizing and 
fresh air (Taa = Tfa) 

30oC 

Inlet flowrate of atomizing air (maa) 90Kg/hr 

Inlet flowrate of feed 90kg/hr 

Inlet temperature of feed (Tsl) 50oC 

Relative humidity of fresh and 

atomizing air 
70% 

Water content 60% 

Moisture in the final product (Xp) 3% 

Reference temperature 0oC 

 

S 
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Tva = Tra = Tea = Tp 

Yva = Yra = Yea 
Yfa = Yaa = Yoa 

msl,d = mp,d 

Tfa = Taa 
 

A. Inlet energy calculation 

 

 

(1) 

 

Qsl = msl,d(Cps + XslCpl) (Tsl - Tref) = 3542.5125 J/s (2) 

msl,d = 40/100 * 90 = 36 Kg\hr 

 
Qfa = mfa,d[(Cpa + YfaCpv)(Tfa - Tref) + Yfaλref] 

mra = 70/100 * 2590 = 1813 Kg/hr 

mfa = 2500 – 1813 = 687 Kg/hr 

 

At 70% relative humidity and Tfa = 30
o
C, 

Yfa = 0.0213 

Qfa = 15130.8315 J/s 

 

(3) 
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Qaa = maa,d[(Cpa + YaaCpv) (Taa - Tref) + Yaaλref] 

Qaa = 1982.205 J/s 

 

(4) 

Qda  = mda,d(Cpa + YdaCpv) (Tda - Tma) 

Yda  = 0.0707 

Tma = (687*303 + 1813*Tra) / 2500 

Qda = 281608.0066 – 567.7006Tma 

(5) 

 

B. Outlet energy calculation 

 

Qp = mp,d(Cps + XpCpl) (Tp - Tref) = 9.1103(Tra - 273) 

Qp = 9.1103Tra  - 2487.1119 J/s 

(6) 

 

Qva = mva,d[(Cpa + YvaCpv) (Tva - Tref) + (Yvaλref ) 

Yva = 0.0894 

Qva = 250.5652Tra – 268404.3087 + 44607.83J/ 

(7) 

 

C. From (2)+(3)+(4)+(5)=(6)+(7) 

 

827.3761Tra = 328547.1462 

Tea = Tra = 397.0952 K = 124.1
o
C 

 

Tma = 98.24
O
C 

Qda = 56175.1201 J/s 

 

(8) 

III. ENERGY BALANCE USING DEHUMIDIFICATION OF 

EXHAUST AIR 

The part of exhaust temperature at 124.1
o
C is dehumidified in 

order to increase its absorption capacity.  

 
 

In this proposed work the use of fresh air stream has been 

completely eliminated. By doing so the inlet temperature at 

the air heater will remain higher compared to the process 

where fresh air is used. This can be done if and only if we can 

reduce the humidity of the exhaust air and then recycle it. 

 

Here after venting 90 Kg/hr exhaust gas, 50% of the 

remaining exhaust gas i.e. 1250 Kg/hr of air will be sent to a 

condenser for dehumidification. Here in this condenser the 

exhaust air at 124.1
o
C will be cooled to 80

o
C by using cold 

water at 25
o
C. Thus by dropping the temperature of hot gas 

below 100
o
C will condense the water vapor in it leading to 

decrease in the humidity. This dehumidified air is than mixed 

with the remaining 50% of the exhaust air at 124.1
o
C forming 

a mixed stream of air Tma at 102.05
o
C. 

 

 

Fig. 2. Schematic diagram of spray drying system using dehumidification of 

exhaust air 

 

Qrejected = mwaterCp,water(40 - 25) 

mwater = 1 kg/s 

Qrejected = 62790 J/s 

(9) 

 

Qrejected =  mcold air (hc1 – hc2) 

 

(10) 

hi = 10^3(Ti - 273) + Yi (2260*10^3 + 1.8*10^3(Ti - 

273)) 

(11) 

hc1 = enthalpy of air before cooling at Tea = 124.1
o
C and 

Yea = 0.0894 

hc1 = 346114.172 J/Kg 

mcold air = 1000 g/s 

 

hc2 = enthalpy of air after cooling  

hc2 =165278.972 J/Kg 

From equation (11) at Tc2 = 80
o
C  

 Yc2 = 0.0355 

(12) 

 

Yma = (0.0894*1250 + 0.0355*1250) /2500 

Yma = 0.0625 

 

Tma = (124.1*1250 + 80*1250) /2500  

Tma = 102.05
o
C 

 

From equation (5) Qda = 52496.0938 J/s 

 

 

(13) 
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IV. SIMULATION AND VALIDATION 

The above calculation is done for one particular value of 

amount of air to be dehumidified i.e. 50% for which energy 

saving is ∆Q = 3679.0263 J/s. But to have the complete 

knowledge of the effect of the dehumidification on the energy 

consumption, energy balance for all the amount of air to be 

dehumidified has to be studied. Doing all these calculations 

manually is very time consuming. To avoid this scilab coding 

has been developed. 

Scilab code once developed it has to be validated than only 

it is confirmed that the output values generated by it are true. 

Validation is possible only by matching the scilab output with 

the standard model’s theoretically calculated values. 

Firstly scilab code for the model representing recycling air 

without dehumidification has been developed. And its output 

values were matched with the theoretically calculated values. 

As the values were matching code developed was said to be 

validated. Then only this scilab code was modified for the 

model including dehumidification. Air to be dehumidified 

from 0 to 100% was plotted against the energy saving and 

humidity of the drying air. 

V. RESULTS AND DISCUSSION 

 
Fig 3: Energy requirement for heating air in proposed process for different 

amount of dehumidified air 

 
Fig 3: Amount of energy saving in the proposed technique for different 

amount of dehumidified air 

From the fig. 3 and fig. 4 it is clear that energy requirement 

for heating the inlet drying air increases with the increase in 

the percentage of the exhaust air dehumidified. From0 to 65 % 

of dehumidified air the energy requirement is less than the 

conventional process, above 65 % energy requirement in the 

proposed process is more than the conventional process. Thus 

64 % is the maximum level up to which exhaust air should be 

dehumidified in order to save energy. But again the humidity 

is very high for low value of amount of dehumidified air. 

Hence the minimum level up to which amount of air must be 

dehumidified is determined from the humidity graph. 

 

 
 

Fig 5: Change in humidity in the proposed process for different amount of 

dehumidified air 

From fig.7.3 it is clear that inlet air humidity is highest at 0 

% of dehumidified air and there by decreases with the 

increases in the amount of the dehumidified air till 65 %. After 

65 % humidity again starts increasing till 100 % of the 

dehumidified air. Also below 20 % and above 98 % of the 

dehumidified air, humidity of the inlet air is more compared to 

the inlet humidity of the conventional process. Thus minimum 

level to which % of exhaust air must be dehumidified is 20%. 

VI. CONCLSIONS 

 The optimum range to which the exhaust air can be 

dehumidified is between 20% to 65%. 

 In between these extremes only there is energy 

saving as well as reduction in the inlet air humidity. 

 This process does not require major changes in the 

prevailing process. It can be simply implemented by 

placing a dehumidifier between the exhaust air 

recirculation and the heater for heating the inlet air. 

 This proposed technique is also a closed system due 

to the elimination of the use of fresh air. 

 The amount of vented air (90 Kg/hr) is also less 

compared to the conventional process (777 kg/hr). 

Thus amount of energy wasted with the vented air is 

also less. 
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 In case if the exhaust air contain substances that 

cannot be released directly into atmosphere it has to 

be incinerated. Thus this process will require less 

energy for incineration. 

 Also reduction in inlet air humidity gives us 

opportunity of reduction in flow rate of inlet air due 

to increase in the absorption capacity. 
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Abstract— As the petroleum fuels are used at a rapid rate there 

is a need for alternative fuel to meet the rising demands.  

Biodiesel is a promising alternative for petro-diesel. Biodiesel is 

basically a mixture of fatty acid alkyl esters (FAAE) obtained by 

the trans-esterification of vegetable oils/animal fats using an 

alcohol, such as methanol or ethanol, in the presence of a 

catalyst. Vapor pressure of biodiesel fuel is an important 

property and experimental determination of vapor pressure is 

cumbersome and time consuming. Therefore vapor pressure 

needs to be estimated. There is good volume of work done for the 

vapor pressure of Fatty acid methyl ester (FAME), but less work 

is done for fatty acid ethyl ester (FAEE). Therefore in this work 

vapor pressure of 11 FAEE’s was estimated by two methods, 

method of Othmer and Yu and method of Yuan. Both the 

methods gave good estimation of vapor pressure, but the method 

of Othmer and Yu is simple to apply in comparison to method of 

Yuan and it can be used even for lesser number of data points. 

Therefore as a part of this study we propose the method of 

Othmer and Yu for the estimation of vapor pressure of FAEE. 

Keywords—Biodiesel, FAME, FAEE, vapor pressure 

I. INTRODUCTION 

s the petroleum fuels are used at a rapid rate there is a 

need for alternative fuel to meet the rising demands.  

Biodiesel is a promising alternative for petro-diesel. Biodiesel 

is basically a mixture of fatty acid alkyl esters (FAAE) 

obtained by the trans-esterification of vegetable oils/animal 

fats using an alcohol like methanol in the presence of catalyst. 

Jatropha, soybean, rapeseed, sunflower are the most common 

feedstock used for production of biodiesel. Biodiesel is 

biodegradable, non-toxic and gives lower emissions. It mixes 

with petro-diesel in any composition and hence suitable for 

diesel engine [1],[2]. Vapor pressure is an important property 

of biodiesel fuel. Low vapor pressure can lead to problems 

like poor atomization and poor combustion. As biodiesel fuel 

have low vapor pressure such problems would be there. 

Therefore vapor pressure of biodiesel becomes an important 

property. [2]. The experimental determination of vapor 

pressure of biodiesel is difficult as biodiesel decompose 

before reaching their critical temperature and therefore the 

estimation of vapor pressure becomes important [3]. Many 

researchers have estimated vapor pressure of FAAE by 

various methods. The work is summarized below in Table 1. 

 

Table 1 Literature review on vapor pressure estimation 

Researcher 
Biodiesel 

(no of FAAE’s) 

Estimation methods 

 
Ref. 

Yuan et al. FAME (14) 

Antoine equation and 

group contribution 

methods 

[4] 

Samuel et al. 
FAME 

(3) 

Yuan, Ceriani and CPA 

EOS. 
[2] 

Yang et al. 
FAME 

(5) 

Lee-Kessler, Ambrose 

Walton, data compilation 

method 

[5] 

Anand et al. 
FAME 

 
Lee-Kessler, Tu, and 

Pitzer 
[3] 

Saxena et al. 

(our work) 

FAME (9) and 

FAEE (4) 

Othmer and Yu, Yuan 

and many others 
[6] 

 

Much of the reported work is on the estimation of vapor 

pressure of fatty acid methyl esters. Our previous work [6] 

was based on the estimation of vapor pressure of 4 ethyl 

esters (FAEE), but in this study we have estimated the vapor 

pressure of 11 FAEE by two methods which have been 

found good for the estimation of vapor pressure of FAEE. 

One method is method of Othmer and Yu which was 

proposed in our earlier work [6] and the second one is 

method used by Yuan et al. [4]. Therefore in this work we 

have compared these two methods to estimate vapor pressure 

of FAEE.  

II.  METHODS FOR ESTIMATION OF VAPOR PRESSURE 

A. Method of Yuan  

Yuan estimated the vapor pressure using Antoine 

equation. 

This equation has been widely used in the oil industry, 

because of its simplicity and accuracy. This is given by 

)/(ln TCBAPsat 
     ……(1)                                                                                      

Where 
satP  is vapor pressure (Pa) at temperature T(K), 

other parameters are correlation coefficients, and Yuan 

estimated the value of these parameter for various types of 

FAAE’s. 

A 
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B. Method of Othmer and Yu 

Following equations can be used to estimate the vapor 

pressure of FAAE. 

                
         ..….(2)                  

Where      is the vapor pressure (Pa) at a given temperature 

T (K), and   
    is the vapor pressure of water.  

Vapor pressure of water at a given temperature is calculated 

by equation given below                                                                                                                                                 

     
          ((          )  )             

             …….(3)                   

In this method, vapor pressure of water, compound specific 

constants am  and C  are required to estimate the vapor 

pressure. Compound specific constants, C and am  can be 

obtained by regressing the experimental values of vapor 

pressure of FAAE’s. They can also be estimated by Eqn. 4 

and 5, using the values of vapor pressure at two different 
temperatures. 

   
     

         
   

      
          

    ………….(4)  

           

       
            

       ……(5)   

III. ESTIMATION OF VAPOR PRESSURE 

For this study 11 FAEE’s, which are the main constituents of 

real world biodiesel were selected. Total 264 vapor pressure 

data points for 11 FAEE’s in the temperature range of 273 K-

567 K were obtained from literature. Vapor pressure was 

estimated by method of Othmer and Yu and method of Yuan. 

These two methods were compared based on the deviation 

between the reported value of vapor pressure and the one 

estimated in this study.  

IV. RESULTS AND DISCUSSION 

Fig 1 shows experimental and estimated values of vapor 

pressure for C6 FAEE. From this figure it can be inferred 

that there is very small difference between the experimental 

values and estimated values.    

 

 Fig 1 Experimental and estimated values of vapor pressure for C6 FAEE. 

 % Absolute relative deviation (%ARD) was calculated for 

all FAEE’s by using the equation given below. 

 

% ARD = 
nP

PPn

i

est 100

1 exp

exp






     

 Where 
expP is the experimental or reported value of vapor 

pressure, estP  is the estimated value of vapor pressure by 

method of Othmer and Yu and method of Yuan and ‘n’ is the 

number of data points for vapor pressure of FAEE. % ARD 

for 11 FAEE’s are summarized in Table 1.  % Overall 

average relative deviation (% OARD) was also calculated by 

dividing the summation of % ARD of all FAEE’s by the 

number of FAEE (in this case 11). 

 

Table 1 % ARD for the estimation of vapor pressure  

 
FAEE No. of 

data 

points 

Temperature 

range (K) 

%ARD 

      

Othmer 

and Yu Yuan 

C4:0 119 323-567 0.84 1.07 

C6:0 19 283-463 2.36 3.78 

C8:0 11 273-481 6.51 2.92 

C10:0 15 293-515 6.05 6.1 

C12:0 18 313-549 2.76 2.08 

C14:0 20 333-582 5.66 3.75 

C16:0 13 427-516 5.14 4.39 

C18:0 27 340-534 6.47 6.42 

C18:1 9 486-537 8.88 8.39 

C18:2 8 486-538 9.4 8.82 

C18:3 5 457-492 3.88 3.39 

% OARD 5.27 4.65 

 

Table 1 shows the % ARD and % OARD for 11 FAEE’s by   

two methods. Table 2 shows the maximum and minimum % 

ARD for each FAEE. From Table 1 it can be inferred that 

the difference between % OARD of two methods is very 

less. Table 2 shows that Othmer and Yu gives lesser 

maximum % ARD for most of the FAEE’s in comparison to 

method of Yuan. Even the maximum % ARD of Yuan are 

quite less. Therefore either of the method can be used for the 

estimation of vapor pressure of FAEE’s. 

 

Table 2 Maximum and Minimum % ARD for FAEE 

FAEE Max %ARD Min  %ARD 

 
Othmer 

and Yu 
Yuan 

Othmer 

and Yu 
Yuan 

C4:0 0.0191 0.2418 0.0001 0.0000 

C6:0 0.0570 0.1604 0.0008 0.0000 

C8:0 0.1796 0.1315 0.0193 0.0000 

C10:0 0.1218 0.3909 0.0115 0.0000 

C12:0 0.0926 0.3468 0.0002 0.0000 

0
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C14:0 0.2961 0.1034 0.0020 0.0000 

C16:0 0.1004 0.1377 0.0120 0.0000 

C18:0 0.2817 0.2745 0.0012 0.0000 

C18:1 0.1527 0.1614 0.0208 0.0000 

C18:2 0.1507 0.1442 0.0089 0.0000 

C18:3 0.0563 0.1087 0.0078 0.0000 

 

However the method of Othmer and Yu is relatively simple 

to apply. This method requires the input of parameters ‘m’ 

and ‘C’, which can be easily estimated using only two vapor 

pressure data points. But method of Yuan requires the input 

of three parameter A, B and C, which needs to be regressed 

from the experimental vapor pressure data points. Large 

number of data points in a wider range of temperature will 

give more accurate values of these parameters. Hence the 

estimation of these parameters can be considered as 

limitation of Yuan method. Therefore method of Othmer and 

Yu is being proposed for the estimation of vapor pressure of 

FAEE’s. 

V. CONCLUSIONS 

      In this study vapor pressure of 11 Fatty acid ethyl esters 

(FAEE’s) has been estimated by two methods. One is method 

of Yuan and other is method of Othmer and Yu. Both the 

methods gave good estimation of vapor pressure. % ARD for 

Yuan was 4.65 and for Othmer and Yu it was 5.27. The best 

part of method of Othmer and Yu is it requires lesser number 

of data points (can estimate even with 2 vapor pressure data 

points) in comparison to Yuan, which requires more number 

of data points. Moreover Othmer and Yu is simple to apply, 

hence in this study we propose Othmer and Yu for the 

estimation of vapor pressure of FAEE. 

REFERENCES 

[1]. Hoekman SK, Broch A, Robbins C, Ceniceros E, Natarajan M. 

Review of biodiesel composition, properties, and specifications. 
Renew Sustain Energy Rev 2012;16:143–69. 

[2]. Freitas SVD, Oliveira MB, Lima AS, Coutinho JAP. Measurement 
and prediction of  biodiesel volatility. Energy and Fuels 

2012;26:3048–53. 

[3]. Anand K, Sharma RP, Mehta PS. A comprehensive approach for 
estimating thermo-physical properties of biodiesel fuels. Appl 

Therm Eng 2011;31:235–42. 

[4]. Yuan W, Hansen A. C, Zhang Q. Vapor pressure and normal 
boiling point predictions for pure methyl esters and biodiesel 

fuels. Fuel 2005;84:943–50. 

[5]. An H, Yang WM, Maghbouli A., Chou SK, Chua KJ. Detailed 
physical properties prediction of pure methyl esters for biodiesel 

combustion modeling. Appl Energy 2013;102:647–56. 

[6]. Saxena Parag, Patel Jitesh, Joshipura  MH., Comparison of various  
methods for the estimation of vapor pressure of fatty acid methyl 

and ethyl esters (FAAE’s). Fuel 2016;182:842-59. 

 

 
 

 

 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 121 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

New Sources of Lubricants: A Study of 

Physicochemical Properties of Seed Oils from Arid 

Zone of Rajasthan 
Dr. Akleshwar Mathur 

Sr. Assistant Professor, Department of Applied Sciences, JIET, Jodhpur, Rajasthan, India 

Abstract: Lubrication is a phenomenon to introduce a substance 

between the moving contact surfaces to reduce friction. 

Lubricants are the substances applied for this purpose. Oil, 

grease, graphite, mineral oils are commonly used lubricants. 

These permits free action of mechanical devices, absorb excess of 

heat and prevents damage of machinery. 

A lubricant is used as around 90% of the base oil and rest of 

mineral oil. The additives are the chemical substances added to 

the lubricants to improve the quality. Mineral oils are being 

added for this purpose. Although these are cheap and available 

easily yet the oxidation products of these oils are not 

environmental friendly. 

To overcome this problem searching of new sources of additives 

are in progress. The seed oils would serve a good option for it. 

High viscosity index, high flash and fire points, more 

biodegradability and oiliness are some of the advantages of these. 

In the course of our research to seek new/novel sources of oils 

from Arid /semi-arid zone of Rajasthan, a number of seed oils 

were analysed. The physicochemical properties of seeds and oils 

have been determined using volumetric, spectroscopic and 

chemical techniques. A detailed field survey, seeds collection, oil 

extraction, and the determination of values like viscosity, acid 

values, saponification values and flash and fire points are some of 

the parts of research. Some edible oils were purchased from local 

market for comparative analysis. The various values were 

determined and compared for application in lubrication. 

The present paper deals with the physicochemical analysis of 

Vernonia cineria, Glycin max, Gossipium hirsutium, Verbesenia 

encelioides, Ricinus communis and Aracis hypogia seed oils. It was 

concluded that these oils could prove their role better as 

compared to traditional additives. 

Key Words: Lubricants, acid value, saponification value, viscosity 

index, arid-zone of Rajasthan 

I. INTRODUCTION 

achines are the integral part of development. Man had 

developed a number of machines to ease the lifestyle 

and to produce valuable products. The regular use of such 

machines results wear and tear, heat, loss of efficiency and 

many more effects. The problem of friction arises due to 

moving or sliding surfaces. 

The introduction of a substance between the moving contact 

surfaces to reduce friction and to absorb heat is termed as 

lubrication. The substances applied for this purpose are called 

as lubricants. Generally oil, grease, graphite, mineral oils are 

used as lubricants.  These permits free action of mechanical 

devices and prevents damage caused by abrasion. The unequal 

expansion caused by heat is also minimized by them. In 

mechanical processes lubricants also function as coolants to 

prevent heat-caused deformities. The science of friction, 

lubrication and wear is called tribology. 

Application of proper lubricant allows smooth and continuous 

operation of equipment, reduces the rate of wear, and prevents 

excessive stresses at bearings. When lubrication breaks down, 

components can rub destructively against each other and 

cause heat, local welding, destructive damage and ultimate the 

permanent failure of the machine. 

The traditionally used lubricants include around 90% of 

lubricant and 10% of the required additives. Mineral oils are 

common additives, which is colourless, odourless, light 

mixture of higher alkanes from a mineral source, like 

petroleum distillate. The mineral oil by itself having been 

used for many specific oils. Some common mineral oils 

are white oil, liquid paraffin, and paraffinic liquid, and liquid 

petroleum.  

Mineral oil is produced in very large quantities and available 

in light and heavy grades. 

The extraction, fractionation, storage and application of 

mineral oil have been reported as environmentally hostile. 

Some of the environmental problems are greenhouse effect, 

acid rain and global warming.
1-2

 

One of the reasons for recent green initiative is the growing 

awareness and demand to use more environmentally safe 

products. The fact that petroleum-derived mineral stocks have 

finite resources has also created a pressing need to find 

alternative/renewable sources. By keeping these aspects seed 

oils have been introduced in the field of lubrication. The 

selection of proper effective oil for additive or as lubricant is 

based on its physico chemical properties. These are moisture 

content, fatty acid composition, iodine value, saponification 

value, acid value, ester value, amount of unsaponifible matter 

etc. The selection of a new oil as an additive in lubricant 

requires complete phytochemical profile which obtained from 

M 

https://en.wikipedia.org/wiki/Higher_alkanes
https://en.wikipedia.org/wiki/Mineral
https://en.wikipedia.org/wiki/Liquid_paraffin_(medicinal)
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physical and chemical analysis. The present paper is related 

with some of these properties.  

II. MATERIAL AND METHODS 

2.1 Raw Material collection and processing:  

The plants were identified and their seeds were collected from 

natural growing and cultivated plants.
1-6

 , these were washed 

with water to remove dust and dirt particles. The cleaned 

seeds were dried in an oven at 60
o
C for 7 hours to reduce 

moisture content and were stored in air tight containers for 

analysis .The dried seeds were grounded in powder by Mortar 

and pestle into small pieces. Some oils were directly 

purchased from local market for comparison of values. 

2.2 Determination of Physical Properties of the seeds
 [3-4] 

a. Moisture content 

40 g of seeds were taken in a silica crucible and dried in an 

oven for 7 hours at 80
0
 C. The weight of crucible with seeds 

was recorded after every 2 hours using desiccators for 

cooling. The same procedure was repeated till a constant 

weight is obtained. The moisture content was calculated using 

the formula  

M% = 100 (W2-W1)/M 

M%= moisture content 

W2= weight of seeds + crucible before heating 

W1= weight of seeds + crucible after heating 

b. Determination of oil percentage  

150 ml. of petroleum ether/normal hexane was taken in a 

round bottom flask. 30 g of crushed seeds were filled in a 

thimble. The apparatus was heated at 60
0
C and 3 continuous 

extractions were taken. The same experiment was repeated 

with different amounts of samples and the weights of 

extracted oil were taken. From the average of these values the 

oil content was calculated. 

2.3. Extraction of oils 

Petroleum ether (300 ml. of 40-60
0
C range of boiling 

point) was filled in a round bottom flask. 10 gram of crushed 

seeds was packed in a thimble and   placed in the apparatus 

and allowed to heat at 60
0
c for 30 minutes. The thimble was 

removed, dried in oven, cooled in desiccators and the weight 

was taken. This process was repeated to get the maximum 

extract. The same procedure was repeated with 5 g of sample 

seeds. After complete extraction the resulting micelle was 

taken for solvent recovery and the oil thus obtained was 

cooled and filled in a viol for further analysis. 

2.4. Characterization of Extracted oils
5-11

 

a. Boiling point of oil 

The oil was heated on heating mantle to form the bubbles with 

inserting a thermometer in it. The temperature of oil was 

obtained as boiling point 

b. Refractive Index 

Adobe Refractometer was used to determine the refractive 

index of the oil at 30
o
 C. 

c. Specific gravity of the oils 

Density bottle was used for specific gravity. The weight of 

empty 25 ml. capacity bottle was taken and filled with oil 

sample. The weight of oil and bottle was noted again. The 

same process was repeated with water as reference standard. 

d. Determination of Saponification value [S.V.] 

To determine the Saponification value of oils ISO 3657 

(1988) indicator method 
[10]

 was applied. In this method 2g 

(M) of oil and 25 ml. of N/10 ethanolic KOH is added in a 

conical flask. It was heated using a reflux condenser for 1 

hour. 2-3 drops of phenolphthalein indicator was mixed to 

warm mixture and titrated against M/2 HCl (N).At the 

colourless solution, the volume of HCl used was noted as V1 

.The same steps was repeated with blank solution and volume 

was noted as V0. Saponification value S.V. was calculated 

using the following formula. 

S.V. = 56.1 N (V0-V1)/M 

e. Determination of Acid Value [A.V.] 
[12]

 

10 g (W0) of oil was filled in a 250 ml conical flask and a few 

drops of phenolphthalein indicator were mixed to it. 25 ml of 

diethyl ether + 25 ml of ethanol mixture was added to it. The 

mixture was titrated against M/10 NaOH with continue 

shaking to get a dark pink color at volume  of NaOH [V0 ] 

.The free fatty acids [FFA] were calculated as  

FFA=2.82x100xV0/W0 

The acid value = FFA/2. 

f. Determination of Iodine value [I.V.] 

The Iodine value of the oils was determined by ISO 3961 

(1989) method 
[11]

. 0.4 g oil (M) was taken into a conical flask 

with 20 ml. of carbon tetra chloride. 25 ml. of Dam’s reagent 

was added in fume chamber. It was stopped and swirled 

vigorously. It was placed in dark for 2.5 hours and 20 ml of 

10% aqueous KI and 120ml of water were added. These 

contents were titrated against M/10 sodium thiosulphate 

solution to get a pale yellow solution. 1% starch indicator was 

added to get blue color. It was again titrated till disappearance 

of blue color (V2 ml). The same procedure was repeated with 

the blank solution (V1ml).  The iodine value (I.V.) was 

calculated by the expression:  
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I.V. =12.69C (V1-V2)/M 

g. Determination of Viscosity  

The viscosities of oil samples were determined by Redwood 

viscometer no.1 and no.2 .50 ml of oil was allowed to flow 

through orifice. The time to flow of oil is noted in redwood 

seconds. Different readings were taken at a temperature range. 

h. pH of the oils 

2g oil and 13ml of hot distilled water were mixed in a clean 

dry beaker and stirred slowly. This mixture was kept in a 

water bath to decrease the temperature at 25
0
C. The pH 

electrode was standardized and the electrode immersed into 

the sample and pH value of sample was recorded. 

III. RESULTS AND DISCUSSION 

Table: 1. Identification of plants 

Sp no. 
Common 

name 
Botanical name Family 

1 vernonia 
Vernonia 

cineria 
Asteraceae 

2 soybean Glycin max Leguminoceae 

3 Cotton 
Gossipium 

hirsutium 
Malvaceae 

4 
Yellow top 

weed 

Verbesenia 

encelioides 
Asteraceae 

5 khimp 
Leptadenia 

pyrotechnica 
Asclepidiaceae 

6 castor 
Ricinus 

communis 
Euphorbiaceae 

Table 2. Properties of seeds 

Species 
no. 

Moisture 
content[%] 

Oil content [%] Oil appearance 

1 4.22 25.78 Clear transparent 

2 0.55 46 Clear transparent 

3 4.35 20 yellowish 

4 4.33 31.21 
Yellowish, specific 

smelling 

5 2.11 12 

Pale yellow, 

specific sweet 

smelling 

6 1.00 36 Colourless, viscous 

Table 3. Properties of oils 

Sp

. 
R.I. S.G S.V. I.V. 

C.P. 

[0C] 

P.P. 

[0C] 

1 1.470 0.890 193 125 -5 -9 

2 1.488 0.924 191 130 1 0 

3 1.490 0.926 195 130 0 -9 

4 1.499 0.946 165 165 -5 -9 

5 1.467 0.917 196 196 3 1 

6 1.536 0.961 181 85 -7 -32 

 The moisture content, oil percentage and oils appearance are 

shown in Table-2. The moisture in the matured seeds was 

found as 0.55 to 4.35% which is a result of different climates 

and storage media. The oil content was found as 12-36% in 

the selected samples. The variations results due to variety, 

environmental and climatic conditions, also on the mode of 

extraction.  

Table 3 represents the physicochemical properties of seed oils. 

The refractive index of oils were found in the range of 1.467 

to 1.536 at 25
0
C .The specific gravity of oils ranges from 

o.890 to 0.961. Saponification values (mg KOH/g of oil) were 

calculated from 181 to 196 in the selected samples. The Iodine 

values (g I2/100 g of oil) ranges 85 to 196.The cloud points 

and pour points [
0
C] of oils were found in the range of 3 to -7 

and 1 to -32 respectively.  

IV. CONCLUSION AND SCOPE 

The percentage of oil in all the selected seeds were more than 

10%, which is quite satisfactory for industrial cultivation. 

Since all the oils are non-drying oil so it can be used at room 

temperature in various fields. Lubrication additives is most 

emphasised in the current paper. These oils would also be 

applied in manufacturing of soap. The yield of seeds and their 

oil percentage are affected by environmental conditions, 

variety and age of plant, collection timings, storage etc. To 

improve yield and quality these parameters could be 

controlled.  

A number blends may be formed to study combined effects 

and a better formulation could be achieved. In addition all the 

selected plants belongs to arid/semiarid climate so their 

exploitation would be more promising. Moreover it would 

also serve non edible oils for industrial demands and save the 

edible ones for human consumption. 

The above studies concludes that vegetable oil-based 

environmentally friendly lubricants are dual objectives to 

fulfil. One is environmental safety and the other is the quest 

for alternatives to petroleum base stocks. The future of these 

classes of lubricants will greatly depend on overcome of some 

minor disadvantages while these are competitive in price.
12
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Abstract:-In 21st century shortage of energy reservoirs: 

petroleum products had seen. To overcome from this problem 

researcher’s tend towards production of newly renewable energy 

resources. Biodiesel can be one attractive solution produced from 

transesterification vegetable oil. Production of 100 kg biodiesel 

generates 10 kg of glycerol as waste which is not benign or 

hazardous to environment. Considering environmental impact 

it’s necessary to convert into useful product. Production of clean 

energy: hydrogen is most striking way because its carbon free 

leads to no environmental impact. This study focuses on 

hydrogen production of hydrogen from glycerol via steam 

reforming in fixed bed catalytic reactor using magnesium 

catalyst over Al2O3, TiO2, La2O3 and ZrO2. For which feed ratio 

of glycerol to water was fixed which is 1:9 and flowrate 3ml/min 

leading to temperature range of 600°C to 850°C. 10%Mg loaded 

on Al2O3 shows highest hydrogen yield and glycerol conversion. 

For characterization X-Ray Diffraction (XRD), 

Thermogravimetric analysis (TGA), BET surface area analyzer 

and Scanning Electron Microscope (SEM) used.   

Keywords: Clean energy, Hydrogen, Catalyst, Steam reforming, 

Glycerol  

I. INTRODUCTION 

n 21
st 

century to overcome from addiction of fossil fuels is 

major issue. Biodiesel can be solution because it possess 

environmental favorable characteristic, which produced by 

transesterification of vegetable oil in which 10wt% of glycerol 

produced as major by-product. Due to hike demand of a 

biodiesel, glycerol stock increases which leads to 

environmental issues. Reducing glycerol into useful chemical 

compounds is favorable [1]. Many researcher pays their 

attention to solve this problem. Conversion of glycerol into 

hydrogen is most interesting way of reduction of glut stock [2-

3]. Various water reforming processes [4] used for conversion 

of glycerol to hydrogen. Amongst all steam reforming process 

is more benign over supercritical and liquid water reforming 

processes [5] which provides 7 hydrogen moles using single 

glycerol mole, however in practice 5.7 to 6 moles of hydrogen 

can be produced. 

Steam reforming of glycerol is largely endothermic and 

favors atmospheric pressure. The major reaction pictured as 

follows [6]:   

CnH2n+2O3 + nH2O  nCO2 + (2n+1)H2                           (1)  

TABLE I.  METHOD USED IN PRODUCTION OF 

HYDROGEN FROM GLYCEROL 

Sr. No. 

Descriptions of Method Used in Hydrogen Production from 

Glycerol 

Method Energy Requirements 

1 Liquid phase reforming 
High pressure, 
T< 400 °C [7] 

2 
Steam 

Reforming 

Atmospheric pressure, 

T> 450  °C [8-9] 

3 
Partial oxidation 

gasification 

Highly endothermic, 

T> 900°C [10] 

4 
Supercritical water 

reforming 
P>Atmospheric pressure, 

T>384°C [11] 

5 Auto thermal reforming 
540°C < T 

<1000°C [12] 

  

Several study have been done using nickel catalyst in 

alcohol steam reforming with magnesium, cerium, and 

lanthanum as promoter [13]. By analyzing the action of 

impetus metals loaded on oxides (CeO2, Y2O3, SiO2, MgO), 

the lineup of catalyst Ru > Ni > Co > Pd was best supported 

on La2O3. Amongst all 3wt.%Rh/Y2O3 was found more 

efficient in conversion of glycerol and hydrogen conversion 

[14]. Co impetus loaded on economic supports such as La2O3, 

YSZ and ZrO2 were figured out for supercritical steam 

reforming. In which 10wt% cobalt loaded on YSZ showed 

highest glycerol conversion [15]. Considering above study 

selection of catalyst and support shows important change in 

glycerol conversion and yield of hydrogen.  

In these research synergistic study of magnesium catalyst 

loaded on Al2O3, TiO2, La2O3 and ZrO2 have been prepared 

and analyzed for production of hydrogen from glycerol via 

steam reforming.  

II. EXPERIMENTAL 

A. Preparation of Catalyst  

Different batches of magnesium catalyst loaded on Al2O3, 

TiO2, La2O3 and ZrO2 was prepared. Magnesium nitrate 

hexahydrate [Mg(NO3)2.6H2O] provided by CDH was used as 

metal precursor for magnesium. Formulation of catalysts were 

done by wet impregnation method. After loading of catalyst on 

support overnight drying provided on 110°C followed by 

calcination at 570°C. Catalyst were sieved in 35-50 mesh 

screen used in experiments.  

B. Catalyst Characterization   

I 
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The powder X-ray diffraction (XRD) by using a 

Philips X’pert MPD system instrument was carried out. For 

which diffraction angle 2Θ from 20° to 80°
 

was kept 

employing Copper Kα radiation filtered by graphite, generator 

setting current of 30 mA and voltage of 40kV. Continuous 

mode with very minute step interval applied. Thermo 

Gravimetry Analysis (TGA) for estimation of coke deposition 

done by using Mettler Toledo (Model No: TGA180) 

instrument. 20 mg of catalyst were weighed in alumina 

crucible with 10°C/min of heating rate and 20 ml/min of 

nitrogen as carrier gas up to the 900°C. The specific surface 

area of the impetus was figured out using nitrogen adsorption-

desorption isotherms measured at -176 
°
C in ASCP 2011 

(Micromeritics) instrument. Samples were first evacuated for 

5 h at 200 
°
C to remove moisture prior to 

adsorptiondesorption experiments. The pore size distributions 

were calculated using the Barrett–Joyner–Halenda (BJH) 

formula. Pore volume and average diameter were also 

obtained from the pore size distribution curves using the 

software. The morphology of catalyst samples was obtained 

with magnification of 10000, 25000, 50000 by a scanning 

electron microscope (SEM) using a LEO 45 ic (JEOL) 

instrument operated at 10 kV.   

C. Experimental procedure  

The weighted amount of catalyst loaded in center of 

reactor supported by ceramic wool reduced by ramping the 

temperature of reactor by 10°C up to 450°C by flowrate 50 

ml/min of hydrogen and 280 ml/min nitrogen as carrier gas. 

Glycerol and water in 1:9 mol ratio respectively fed by 

peristaltic pump at constant flowrate 3 ml/min, followed by 

vaporizer at 250°C, which again followed by preheater at 

400°C causing conversion of liquid into fully vaporized form. 

Different temperature was set of a reactor for steam reforming 

ranging from 450°C to 850°C. After completion of reaction 

product sent to condenser followed by gas liquid separator 

from which product sent to analysis. The actual experimental 

flow path shown in fig.1  

Fig. 1. Experimental flow sheet  

 

D. Product analysis  

The gaseous product separated at gas liquid separator was 

analyzed in Gas Chromatograph (Shimazdu GC-10)  equipped 

with thermal conductivity detector (TCD) using Chincarbon 

CT100/120 micro packed column having dimension 3m length 

and 1.2mm inner diameter. For detection of CO2, CO, H2, CH4 

gas chromatograph calibrated before doing all the experiments 

by using pure samples of said gases. Activity of catalyst 

measured in terms of glycerol conversion, hydrogen yield and 

selectivity using following equations [16-19]:  

  

  

 )𝑜𝑢𝑡 

III. RESULTS 

A. Effect of temperature on glycerol conversion:  

As the temperature increases glycerol conversion also 

increases and highest seen in 10% Magnesium loaded on 

aluminum oxide. Also the activity of catalyst for glycerol 

conversion in order of 10%Mg/Al2O3>> 15% Mg/Al2O3> 

15%Mg/La2O3> 10%Mg/TiO2> 15%Mg/ZrO2 was seen from 

all experiments according to temperature effect.  

Fig. 2. Effect of temperature on glycerol conversion 

 

B. Effect of temperature on hydrogen yield:  

As  the  temperature  increases hydrogen yield 

also increases and highest seen in 10% Magnesium loaded on 
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aluminum oxide. Also the activity of catalyst for hydrogen 

yield in order of  10%Mg/Al2O3>>  15%Mg/Al2O3>  

15%Mg/La2O3>  10%Mg/TiO2> 15%Mg/ZrO2  was 

 seen  from  all experiments according to temperature 

effect.  

Fig. 3. Effect of temperature on hydrogen yield 

 

C. Characterization result:  

For all the runs of experiments it was seen that glycerol 

conversion and hydrogen yield is highest in 10%Mg/Al2O3. 

So for same catalyst Xray diffraction (XRD) by JCPDS card 

no. 98-062-1716 and thermogravitometric  along with BET 

and SEM investigation was done. From XRD it was 

concluded that pure phases of magnesium and aluminum 

oxide formed in catalyst and from TGA we can say that after 

heating catalyst at 900°C it can be reused. Figure 4 shows the 

XRD and TGA analysis respectively.   

Fig. 4. XRD graph for 10%Mg loaded on aluminum oxide 

 

Fig. 5. TGA graph for 10%Mg loaded on aluminum oxide 

 

TABLE II. BET ANALYSIS 

Catalyst 

Calcination 

temperatu

re and 

duration 

Crystallite 

size, dXRD 

(nm) 

BET 

(m2/g) 

Pore 

size 

(nm

) 

Pore 

volume 

(cm3 /g) 

10%Mg/Al2O3 600 °C, 5 h 33.68 13.44 10.53 0.0354 

15%Mg/Al2O3 600 °C, 5 h 42.09 8.78 9.77 0.0215 

15%Mg/La2O3 900 °C, 5 h 42.13 5.5 6.75 0.0092 

10%Mg/TiO2 750 °C, 5 h 42.09 3.04 11.29 0.0086 

15%Mg/ZrO2 550 °C, 5 h 31.24 3.91 8.32 0.0081 

The morphology of the catalyst samples was investigated by 

scanning electron microscopy (SEM). SEM result shows that 

wet impregnation method was capable of producing more 

uniform particle having the size close to 150 nm in case of 

catalyst 10%Mg loaded on aluminum oxide. The SEM 

micrograph of 10%Mg loaded on aluminum oxide used 

catalyst sample is presneted in Fig. 5 shows that the particles 

had a porous and uniform struture  

IV. CONCLUSION 

Steam reforming of glycerol yielding in hydrogen is one of 

the most attractive way of hydrogen production. Hydrogen 

produced from steam reforming yields 4 to 5 moles 

comparing to 7 moles as stoichiometric conversion. Also from 

all the support used aluminum oxide with magnesium was 

best combination which provide 4 moles of hydrogen at 

850°C with 3ml/min of feed in proportion of 1:9 of glycerol 

to hydrogen. Hence it is proved that glycerol can be converted 

in clean energy hydrogen by steam reforming effectively.  
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Abstract-Solvent extraction separation of copper from synthetic 

sulphate liquors media using oxime based extractant 2-hydroxy-

5-nonylacetophenona oxime (LIX 84-IC) in kerosene was 

studied. Parameters such as equilibrium  pH, feed concentration, 

phase ratio, extraction kinetics, stripping kintetics were 

anlaysed. The effect of electrolyte was also optimized. At pH 2, 

LIX84-IC  shows a linear relationship having a  slope of 2, 

indicating that the extracted species binds to two extractant 

molecule. Effect of feed concentration gives a linear relationship 

with a slope 0.85 (nearly 1) indicating that the extracted species 

is CuR2. Experiments shows maximum loading capacity for 

copper is 3.7gm/dm3 using 10% LIX84-IC. At the maximum 

loading capacity the stripping is less favorable while at half the 

maximum loading capacity, upto 2.12 g/lit there is almost 

complete amount of copper is stripped. 

Keywrods- LIX84-IC, copper, leach liquor, solvent extraction, 

Stripping,  

I. INTRODUCTION 

he global demand for refined copper is approximately 

13MTPA. Almost 40% of this demand is met by 

recycling. International Copper Study Group estimates that 

13% of the refined copper production from ores is by solvent 

extraction electrowinning technology. This technology is 

accounts for an even larger market share of refined copper 

production from scraps and tailings. 

 An increasing demand for metals in general, and 

higher purity metals in particular, coupled with decline in ore 

grades and more stringent environmental regulations have 

driven, and will continue to drive, research into finding more 

effective and efficient methods for processing the ores 

available to us, and recycling previously used metals. 

Hydrometallurgy has provided many of the new processes and 

solvent extraction technology will certainly play an important 

role in developing new processes. [55] 

Mechanism of solvent extraction: 

The mechanism of solvent extraction usually proceeds in three 

stages: [34] 

 The formation of uncharged complex 

 The distribution of the extractable complex 

 Interaction, if any, of the complex in the organic 

phase 

The formation of uncharged complex is the most 

important step in extraction. Such uncharged complex can be 

formed by the process of chelation, salvation or ion pair 

formation. Hence to generate such uncharged metal 

complexes different types of reagents are used to bind with 

metal ions, such reagents are called extractant. In absence of 

the extractant in the organic solvent the metal ions would 

never get extracted in the organic phase. The solvent 

extraction of metals differs from conventional solvent 

extraction in this aspect that for metal extraction the solvent 

contains both the extractant and the diluent (organic phase). 

 Solvent extraction involves essentially two 

operations: Extraction and Stripping. Metals in ionic form 

have a strong affinity for the aqueous phase whereas they are 

energetically less favorable to the organic solvent. Metal ions 

are energetically inefficient to combine with organic phase, so 

for extracting metal ions to the organic phase, metal ions must 

be neutralized by forming organic soluble neutral metal 

complexes. The reaction of this complex formation must be 

reversible because of the necessity of back extraction to 

another aqueous phase for further processes of metal 

purification.  

II MATERIALS AND REAGENTS 

 LIX


84-IC supplied by Cognis (Ireland) was used as 

the extractant. The physical properties and performance 

specifications of the extractant was reported in Table 1. 

Kerosene (Indian Oil Corp. Ltd.) having boiling range 152–

271 ◦C containing n-paraffins (27.08%), naphthenes 

(55.92%), aromatics (16%) and olefins (1%) having density 

(15) of 821.3 kg/m3 was used as the diluent. The extractant 

and  kerosene were used directly as received from the 

maufacturers. copper salts (AR grade), were supplied from 

Merck Specialties Limited. All other reagents used were also 

of AR grade. 

T 

Table 1 Properties of LIX


84-IC 

 

Properties 

 

Appearance 

Specific 

Gravity 
(25°/25°C) 

Flash 

Point 

Copper 

Complex 
Solubility 

Maximum 

Copper 
Loading 

Extraction 

Kinetics 

Strip 

Kinetics 

Extraction 

Isotherm 
Point 

Strip 

Isotherm 
Point 

LIX84-IC Amber Liquid 0.930-0.950 >170°F >30 g/l > 4.7 g/l 
> 90% 

(60 sec.) 

> 90% 

(30 sec.) 

> 3.65 g/l 

Cu 

< 0.50 g/l 

Cu 
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III. EXPERIMENTAL METHODS AND TECHNIQUES 

 Copper solutions were prepared by dissolving the 

requisite amount of sulfate salt in deionised water and the pH 

was adjusted with sulphuric acid or sodium hydroxide to the 

desired value and measured with pH meter Systronics make – 

335.The commercial extractant LIX


84-IC (10%V/V) was 

used for extraction. Equilibrium studies were carried out by 

contacting equal volume of aqueous and organic phase for 

different time in shaker flasks at 30±2
0
C. Preliminary 

experiments on the kinetics of metal extraction showed that 

equilibrium was achieved in 20 minute contact.. After phase 

disengagement, the aqueous phase was separated and 

analyzed for metal concentration using Atomic Absorption 

Spectrophotometer „Chemito‟ make, model AA–203 (AAS). 

The concentration of the metal in the organic phase was 

calculated from mole balance. Loaded organic phase was 

stripped using 1.5M and 2M sulfuric acid in 2 stages and the 

stripped phase was analyzed for copper using AAS. 

Experiments were performed to study the loading of copper 

from aqueous media with a variation equilibrium pH, initial 

copper concentration in aqueous phase and oil/aqueous phase 

ratio. Further the maximum loading capacities of the solvent 

extractant system was determined and the effect of 

electrolyteon copper loading was investigated. The results are 

reported in subsequent sections. 

A. Influence of equilibrium pH 

 Extraction studies were carried out using aqueous 

solution containing 0.0157 M (1g/dm
3
) copper. The extraction 

of Cu with 10% (v/v) LIX


84-IC  as a function of pH was 

studied in the pH range 0.9 to 3.33. The results shows for 10% 

LIX


84-IC extraction of copper starts at 0.9 pH and 

quantitative extraction takes place at 2 pH.  

 

Fig:1 Effect of Equilibrium pH 

B. Effect of equilibrium pH on distribution coefficient 

 

 A linear increase in the extraction of copper, 

expressed by the Distribution ratio D [D= (Cu)org/(Cu)Aq], 

with the  increase in equilibrium pH. The lines shows a slope 

2 indicating that the extracted species binds to two extractant 

molecule, which agrees with the equation, 

 

Cu
+2

 (Aq.) + 2RH (Org.)         R2 Cu (Org.) + 2H
+ 

 

 

 

Fig.2: Log D v/s.  Equilibrium pH for Copper Extraction 

 

Ramachandra Reddy and Neela Priya [53] also reported that 

the log D v/s Equilibrium pH plot gave a slope of 2 for LIX 

84. However, Agrawal and Kumari [1] reported that the log D 

v/s Equilibrium pH plot gave a slope of 1.72 at oil to aqueous 

ratio of 2:1 using LIX 84 for the treatment of copper bleed 

electrolyte. Reddy and Rajesh Kumar [52] reported that the 

plot of log D v/s LIX


84-IC (M) for Hafnium gave a straight 

line with slope 2.Ali Aman et. al. [4] reported log – log plot of 

D versus extractant concentration for LIX


84 which gave a 

linear relationship of slope 2.Nearly identical results are 

obtained from the plot of Log D v/s Log Extractant (LIX


84-

IC), M (Molar) concentration as tabulated in Table 2 and 

Fig.2. 

 

 Table 2 shows that  for LIX


84-IC at  an equilibrium 

pH above 2 the value of  slope is almost 2, indicating that, 2 

moles of the extractant are involved in the extracted species, 

but for low equilibrium pH slope is much less than 2. Within 

the range of experimental variables it is observed that at pH 2 

and above the concentration of the carrier does not play a 

significant role in the extraction behavior, The effectiveness 

of the carrier for copper transfer is substantially reduced at pH 

below 2 comparison with pH greater than 2. 

C. Effect of initial copper concentration in the aqueous feed  

Copper loading with 10% LIX


84-IC in kerosene was studied 

for aqueous feed solution having equilibrium pH about 2 and 

copper concentration of 500-4500 mg/dm
3
. The oil to aqueous 

phase ratio was 1:1. 

0

20

40

60

80

100

0.75 1.75 2.75 3.75

%
 E

x
tr

a
c
ti

o
n

 

Equilibrium pH 

y = 2.0099x - 2.2363 

0

0.5

1

1.5

2

2.5

3

3.5

4

1 1.5 2 2.5 3 3.5

lo
g

D
 

Equilibrium pH 

 
Table 2 Effect of Log D v/s. Log extractant 

Concentration 
Log  

Extracta

nt, M 

Log D 

1.2pH 1.5 pH 2 pH 2.5pH 3pH 

-0.60 0.04 0.89 1.75 3.01 3.63 

Slope 
y = 1.87x 

+ 1.17 

y = 1.91x 

+ 2.03 

y = 1.99x 

+ 2.9 

y = 2.0x 

+ 4.1 

y = 2.04x 

+ 5.0 
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Table 3 Effect of initial copper concentration on extraction 

Copper 

Concentration     

(mg/dm3) 

%Extraction 

569 99.99 

1100 97.96 

1650 96.19 

2121 96 

4500 95 

It can be seen from Fig. 3 that almost quantitative extraction is 

obtained in all cases in the experimental range. Even at 4500 

mg/dm
3
 copper concentration 95% copper was extracted at 

equilibrium pH 2.  

 

Fig. 3: Effect of Initial Copper Concentration on %Extraction 

D.  Maximum Loading Capacity 

 As can be seen from Fig.3 even at 4500 mg/dm
3
 

copper concentration 95% copper was extracted at equilibrium 

pH 2, experiments were carried out for  maximum loading 

capacity of LIX


84-IC. The loading capacity of LIX


84-IC 

was determined by two methods. In the first method, 10% 

LIX


84-IC was contacted for 20 minute with fresh volume of 

the aqueous phase containing 0.958 gm/dm
3
 Copper. The 

phase ratio of Organic : Aqueous phase was 1:1. In this case, a 

maximum loading of 7.2gm/dm
3
 was reached after 16 

extraction stages as shown in Fig. 4 and thereafter it remains 

constant. 

 

Fig. 4: Maximum Copper loading 

E. Effect of change in O:A phase ratio on Copper extraction 

 The second procedure to evaluate the loading 

capacity, used the organic solution of 10% LIX


84-IC at the 

same organic phase at equilibrium pH 2 and conditions 

described as above except that various O:A phase ratio (1:0.33 

to 1:4) were employed the results are shown in Fig. 4.8. It 

shows that a maximum loading of 3.763 gm/dm
3
 was obtained 

at phase ratio of 1:4. Ali Amal et. al. [4] reported the 

maximum loading of 3.125 gm/dm
3
 of copper in LIX


84. 

 

Fig: 5 Effect of change in Oil:Aqueous phase ratio on Copper extraction 

F. Effect of Copper concentration and equilibrium pH on 

percentage extraction: 

 Experiments were carried out to study the effect of 

change in copper concentration change at equilibrium pH 2 as 

discussed earlier; however in contrast to earlier case where 

equilibrium pH was constant in this case the equilibrium pH 

was varied.It can be seen in the Fig.6 that even at 0.96 pH, for 

0.5 g/dm
3
 copper concentration, LIX


84-IC extracts almost 

95% copper. Increasing pH leads to quantitative loading. 

However, below 0.9 pH with initial copper concentrations of 1 

g/dm
3
 and also 2 g/dm

3
 only 17% copper could be extracted. 

As the pH is increased it is found that beyond pH 2 in all 

cases there is a quantitative loading.   

 

Fig .6: Effect of Copper concentration and Equilibrium pH on the 
%Extraction 
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G. Effect of Electrolytes 

 The effect of Electrolytes salts, such as NaOH, was 

studied for initial copper concentration of 1 gm/dm
3
. The 

experimental data is presented in Fig.7. It was observed that  

at lower pH there was a decrease in the percentage extraction 

of.  

 

Fig.7: Effect of Electrolyte 

copper by using NaOH, but at relatively higher pH that is 

above 2 pH there is a quantitative loading and the effect of 

NaOH was  marginal. 

 

H. Stripping of Copper from Loaded Organic Phase 

 Stripping of the copper loaded organic phase, was 

carried out using 1.5M H2SO4 and 2M H2SO4. As single stage 

stripping was not sufficient to strip the totally loaded aqueous 

phase so a two-stage counter-current stripping was carried out 

at oil to aqueous phase ratio of 1.Results of these experiments 

are tabulated in Table 4. After stripping, the organic phase 

was found to contain up to 262 mg/dm
3
 copper when 2M 

H2SO4 was used. there was a definitive increase in the extent 

of stripping when 1.5M H2SO4 was used as strippant in 

comparison with 2M H2SO4 as evident from Table 4. 

 

Table 4 Effect of Equilibrium pH on copper stripping 

   % Stripping 

Eq. pH Loading (g/dm3) % Extraction 1.5M H2SO4 2M H2SO4 

   I Stage II Stage I Stage II Stage 

3.3 0.967 100 90.93 95.00 66.73 72.94 

 

I. McCabe and Thiele plot for copper stripping by varying 

Oil:Aqueous phase ratios with 10% LIX


84-IC 

 The isotherms for stripping depend on the acid 

concentration of the strip liquor. A properly generated 

stripping isotherm represents the best stripping.  

 

Fig.8: McCabe and Thiele plot by varying O:A phase ratios  

As shown in Fig.8 at different acid concentration different 

isotherms are generated. Copper from the loaded organic was 

stripped with 1.5 M and 2 M H2SO4 in 2 stages at phase ratio 

from 1:0.33 to 1:4. Stripping of metal increases with rise in 

acid concentration. Only one stripping stage is required for the 

complete stripping of loaded organic of 3.1 gm/dm
3
 at 1:4 

phase ratio. Alguacil [3] observed that it was possible to 

obtain upto 3g/l copper in the aqueous stripped phase in two 

stages at an O:A ratio of 1 using LIX


973 N was extractant.  

IV. CONCLUSION 

The extraction and stripping of copper from aqueous sulphate 

media into kerosene phase containing LIX


84-IC as 

extractant was investigated. Effects of variation in LIX, 

equilibrium pH, change in aqueous phase concentration, phase 

ratio, effect of electrolyte were investigated. Maximum 

loading capacities were determined at extractant 

concentrations of 10% LIX


84-IC. The significant findings of 

this study are the following: 

 The effectiveness of the carrier for copper transfer is 

substantially reduced at pH below 2 in comparison 

with pH above 2. At pH 2, LIX


84-IC shows a linear 

relationship having a  slope of 2, indicating that the 

extracted species binds to two extractant molecule. 

 Effect of feed concentration gives a linear 

relationship with a slope 0.85 (nearly 1) indicating 

that the extracted species is CuR2. 

 Experiments shows maximum loading capacity for 

copper is 3.7gm/dm
3
 using 10% LIX


84-IC. 
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 At the maximum loading capacity the stripping is 

less favorable while at half the maximum loading 

capacity, upto 2.12 g/lit there is almost complete 

amount of copper is stripped. 

It is anticipated that these results will contribute significantly 

to the understanding of the extraction of copper using the new 

generation of LIX reagents and also help to identify the 

optimal condition for such extraction and stripping operation. 
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Abstract—Plant diversity is the variety and variation in plant 

species in a particular ecosystem and the Biodiversity is the 

variety and variation of plants and animals in an ecosystem or in 

a selected area.  

The study patterns of biodiversity are Alpha, beta and gamma 

biodiversity. It has been found that the diversity may be affected 

by environmental factors including human interfere which may 

be positive or destructive. 

The present paper is based on a survey of plants in JIET college 

campus, Jodhpur, Rajasthan which involves the identification, 

characterization and studies of their importance. This paper is 

an outcome of Survey of different zones of college campus. The 

plant species were identified and their importance were studied. 

It was concluded that more than 150 plant species are found in 

the campus which has ethical, medicinal, industrial, economical 

as well as environmental values. The present paper deals some 

plants of medicinal and religious values. 

The protection of these plant species should be done as a moral 

duty including the environmental conservation. 

Keywords— Biodiversity,  ecosystem, medicinal plants, religious 

values JIET campus, environmental factors . 

I.  INTRODUCTION 

ature provides us a number of valuable things. Plants and 

animals are two important parts of these category. The 

variety and variation studies are required to know about the 

importance of them as well as it help us to extract useful 

products .It also motivate to the person to protect them from 

adverse effects including natural as well as men made. 

The systematic studies regarding variety of plants and 

animals is termed as biodiversity or biological diversity. It is 

the variety and variability of life on Earth. The common 

definition is given in terms of the variability within species, 

between species, and between ecosystems called as genetic, 

species  and ecosystem diversity  . The biodiversity results  

due to variations as genetic variation, ecosystem variation, or 

species variation within an area, biome, or a planet. It is not 

distributed evenly on all over the Earth as it is richest in the 

tropics and mmarine areas, Western Pacific, along coasts due 

to high sea surface temperature.
1-4

 

 Biodiversity is an essential component of nature .It 

ensures the survival of us by providing food, fuel, shelter, 

medicines and natural resources . Climatic conditions and area 

of the region are important parameters to affect the 

biodiversity. Flora is all of the species of plants from 

unicellular microbe to well-developed huge plant species, 

involves about 70,000 species of plants known till date.. The 

long-term study of plant biodiversity indicates that each 

species plays important role in maintaining a productive 

ecosystem, even for a long time horizon. 

Rapid environmental changes results to extinct a number 

of species of plants as well as animals and many to the red 

listed species.
5
 

The present paper describes some of the variety of plants 

found naturally or grown manually in JIET Campus, Mogra, 

Jodhpur, Rajasthan with special attention towards their 

medicinal and ethical values. Mogra Khurd has geographical 

location in Jodhpur, Rajasthan, India, and Asia with 

geographical coordinates: 26° 8' 0" North, 73° 3' 0" East. 

II. MATERIAL AND METHODOLOGY 

A. Survey of the Campus 

First step of this study was a detailed literature survey on 

biodiversity through research papers, field surveys and local 

communications.The help of gardeners and subordinates 

played important role in this regard. 

B. Identification of the plants 

The plants parts were collected for storage and identified 

by experts by taking their photographs. The common names 

and ethical values were searched using different media as well 

as with the help of local communication.
6-10

 

C. Details of plants 

The details of the plants  is given in the table.1. 

SPECIES NO. COMMON NAME BOTANICAL NAME 

1. Tulsi Ocimum scentum 

2. Bargad Ficus bengalansis 

3. Pipal Ficus religiosa 

4. Amla Emblic Myrobalan 

5. Neem Azadirachta A. indica 

6. Aak Calotropis procera 

7. Safed aak Calotropis cineria 

8. Khejri Prosopis cineraria 

N 

https://en.wikipedia.org/wiki/Azadirachta
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9. Mango Mangifera indica 

10. Ashok Saraca asoca 

11. Banana Musa species 

12. Kaner Neriun indicum 

13. Yellow Kaner Thevetia perivuana 

14. Cactus Carnegiea gigantea 

15. Dhatura Datura stramonium 

D. Medicinal and Ethical Values of the plants 

The medicinal and ethical values of selected plants are 

summarized in the following manner 
11-17

 

Ocimum scentum is known as Holy Basil in English and 

Tulasi in Sanskrit. Other names  are Manjari, Krishna Tulsi, 

Trittavu, Tulshi and Thulsi.  

It is a heavy branched, hairy bushy plant with a height of 

about 75 – 90 cm. leaves are oval shaped up to 5 cm long. The 

seeds are flat and the flowers are purple – creamish in colour. 

The Tulsi with the green leaves is called the Shri Tulsi and 

one with the reddish leaves is called the Krishna Tulsi. Leaves 

of Tulsi contains very essential oil.  

Tulsi has been reported to have the great medicinal value. It is 

taken as the herbal tea. Its oil is used against the insects and 

bacteria. Juice of its leaves  is applied to cure cold, fever, 

bronchitis and cough and also used as ear drop. The fresh 

leaves of Tulsi are taken by the millions of people every day. 

For these properties this plant  is considered as the queen of 

herbs. 

It protects organs and tissues against chemical stress caused 

by industrial pollutants and heavy metals. Tulsi is the sacred 

plant dearer to the Lord Vishnu and is considered as the holy 

plant in the Indian Subcontinent. It is grown as the religious 

plant and worshiped. 
5
 

Banyan Tree is also called Indian or Bengal Fig or vat vraksh 

is the National Tree of India and considered sacred .Generally 

this plant is grown near a temple or in religious places. It 

gives a lot of shades to traveler in very hot summer months. 

The worship to this tree is an old custom. The leaf of the 

Banyan tree is said to be the resting place for the god Krishna. 

Ficus religiosa commonly called as pipal tree is the tree 

where Gautama Buddha attained enlightenment (Bodhi). A 

Bodhi Tree must be able to trace its parent to another Bodhi 

Tree and the line goes on until the first Bodhi Tree under 

which Gautama is said to have gained enlightenment. It is 

worshiped in all over India especially in the months of 

Vaisakha and Kartika ,the religious months of Indian 

calendars. 

Amla is also known as amlakka or amlakai in Hindi and 

“gooseberry” in English. It is sour in taste. Amla pickle or 

chutney, murabba or Amla hair oil are some commonly used 

products of this plant. Amla is one of the best sources of 

vitamin C and also the worshiped one in Indian culture. It is 

worshiped in the occasion of Amla Navami in the month of 

Kartika, one of the month for religious significance. It is also 

used in some communities in meetings of condolence. 

Neem an indigenous tree of India, present in every area in 

India particularly in semi-arid conditions and the most 

abundant tree in the present survey. The Neem Tree has been 

announced the “Tree of the 21
st
 century” by the United 

Nations. “Divine Tree”, “Life giving tree”, “Natures 

Drugstore”, “Village Pharmacy” and “Panacea for all those 

diseases” are some of common names of this plant. It one of 

the leading elements in Ayurvedic medication, and has been 

employed in India since several hundreds of years. It has anti-

bacterial, anti-fungal, antiviral, antihistamine and germ killing 

qualities. Leaves, flowers, seeds, roots, bark and fruits are 

widely-used to deal with inflammation, bacterial infections 

and for skin and dental care. It has religious aspect with 

respect to local festival teej. 

Two species of Calotropis are found in the campus. These are 

C. gigantean and C.procera. Flowers of both species are used 

in the worship of lord Shiva with Datura flowers. White aak is 

mostly grown in houses also as a symbol of lord Ganesh. 

Khejri, the state tree of Rajasthan has religious as well as 

economical significance. It is worshiped and it is believed that 

in ancient times the weapons were placed in this tree to 

protect them from enemies. 

Saraca asoca the ashoka tree, means "sorrow-less" is a plant 

of the family Caesalpinioideae subfamily of the legume 

family. It is one of the important tree in the cultural traditions 

in Yakshis under the Asoka tree. In the early Buddhist 

monuments it was used as a decorative element and are found 

in many ancient Buddhist archaeological sites. It was 

integrated into Indian temple architecture as salabhanjika. It is 

considered a sacred tree. This tree is worshipped 

in Chaitra, the first month of the Hindu calendar. It is also 

associated with Kamadeva, the Hindu god of love, who 

included an Asoka blossom among the five flowers in his 

quiver, where ashoka represent seductive hypnosis. In 

Ramayana Ashoka Vatika has been described as the garden of 

ashoka trees where Hanuman first meets Sita. 

 Mango as well Asoka leaves is used to make bandanwars in 

temples as well in homes during festivals. The plants of 

banana are worshiped especially of     Thursday and the leaves 

are used in marriage functions for decoration. 

The flowers of kaner are used in worship and believed to 

improve luck when grown in houses. The plants of cactus 

have religious aspect in some tribes.
5-7

 

III. RESULTS AND DISCUSSIONS 

Plants and waters are treasures for generations. (Rig Veda 

Samhita vii-70-4)The above studies indicates that the campus 

is quite rich in plant biodiversity and a number of plants with 

ethical values are available in our campus. The knowledge of 

significance is necessary to all of us to protect this valuable 

https://en.wikipedia.org/wiki/Carnegiea_gigantea
https://en.wikipedia.org/wiki/Chaitra
https://en.wikipedia.org/wiki/Hindu_calendar
https://en.wikipedia.org/wiki/Kamadeva
https://en.wikipedia.org/wiki/Ramayana
https://en.wikipedia.org/wiki/Ashoka_Vatika
https://en.wikipedia.org/wiki/Hanuman
https://en.wikipedia.org/wiki/Sita
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gift of nature.  Following thoughts of Santana dharma should 

be considered regarding the plants- 

One should not destroy the trees. (Rig Veda Samhita vi-

48-17), Plants are mothers and Goddesses. (Rig Veda Samhita 

x-97-4), Trees are homes and mansions. (Rig Veda Samhita x-

97-5) and Sacred grass has to be protected from man's 

exploitation (Rig Veda Samhita vii-75-8)
18

 

As a conclusion the studies might be helpful to those fields 

where the plants or their products are applicable in religious, 

environmental, economic, and cultural and many more 

aspects. 
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Abstract— As usage of water is increased day by day across the 

globe by various textile industries, it is required to treat 

wastewater containing colour, high amount of organic 

compounds. Compared to conventional treatments advanced 

oxidation processes are more efficient to treat the waste water. In 

the present work the focus is on the treatment of Reactive Black-

5 dye wastewater by catalytic ozonation using composite 

lanthanum and cobalt oxide (La2O3/Co3O4) catalyst. Experiment 

was conducted at ambient condition varying parameters initial 

dye concentration (100-500 ppm), pH (3-12), catalyst dosage (0.5-

0.7gm/l) on color removal were evaluated.  

Keywords— Textile industries, Advance Oxidation Processes, 

composite catalyst, degradation efficiency 

I. INTRODUCTION 

he demand for the fresh water is increasing with the 

growth in world population, and obtaining an adequate 

supply of clean water has likely been the challenge for many 

countries.to solve this problem, using water from 

unconventional sources is the best method from economic 

point of view[1-5]. To make wastewater reuse safety, all the 

pollutants including biodegradable organic matter, pathogens 

and micro pollutants present in wastewater. By using catalyst 

wastewater can be degraded efficiently and in lesser time 

compared to case of degraded wastewater without using 

catalyst. 

There are many separation and conventional method are 

available to remove contaminants from dye solution as well as 

dye effluent which are discharged into river or it could be 

used for further process by recycling it by various methods 

like Adsorption, activated sludge treatment, aeration, 

clarification, reverse osmosis, filtration, coagulation,   

sedimentation, membrane distillation, disinfection by reagents 

which are widely used in today’s world [6-7]. Problem with 

these methods are they are producing sludge which are further 

required to be treated and some methods are very costly due 

to its installations and maintenance cost. Apart from that some 

methods create pollution or use large amount of energy in the 

form of electrical and thermal energy [8-9]. So it requires 

such method which provides better efficiency, less resident 

time, no pollution, less consumption of energy, less 

maintenance and cost of wastewater treatment. The textile 

industry as well as many other industries like pharmaceutical, 

food and paper use over 30 000 different kinds of dyes with 

8000 different chemical structures. There are two groups of 

dye molecules: Chromogen and Auxochrome. There are 

different 12 types of chromogen [10] like azo ,carbonyl, niro 

group etc. In these azo dye is mostly used in textile industries 

which discharge large amount of wastewater containing dyes. 

[11-14]. 

Advance oxidation processes are highly desirable in these 

condition. There are many oxidants to treat the wastewater by 

oxidizing dye molecules and convert into less harmful form. 

One of the method is ozonation which uses ozone which is a 

very reactive gas with strong oxidation properties [15-18].  

But due to certain limitations of ozonation process like it is 

pH sensitive, solubility of ozone is less the complete 

mineralization is not possible. So to overcome this problem, 

catalytic ozonation in which catalyst is used for degradation 

of refractory compounds. There are basically two different 

kinds of catalytic ozonation processs. In homogeneous system 

the metal ions are used to degrade the pollutant where in 

heterogeneous system solid catalyst is used [19-21]. In this 

paper we have synthesized composite catalyst of Lanthanum 

and Cobalt oxide to treat the RB-5 dye solution and results 

were compared ozonation process. 

II. MATERIALS AND METHODS 

A. Materials and Reagents 

Reactive Black-5 Azo Dye was obtained from piyush 

Chemicals and used in pure form. Molecular weight of 

Reactive Black-5 Azo Dye is 991.82. Molecular formula of 

RB-5 is C26H21N5Na4O19S6. Pure La(NO3)3*6H2O, 

Co(NO3)2*6H2O, Sodium Hydroxide (NaOH) were obtained 

from Piyush Chemicals.  

 

 

Fig. 1 Structure of  RB-5 dye  

T 
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B. Catalyst preparation 

10 gm of composite catalyst was synthesized by co-

precipitation method. In this method, the required amount of 

Lanthanum nitrate- La (NO3)3*6H2O and Cobalt Nitrate- 

Co(NO3)2*6H2O were dissolved in water and mixed. 1 N 

NaOH is added dropwise to this solution at room temperature 

under vigorous stirring. The solid precipitates in the solution 

are separated by filtration and washed with water till pH was 

neutral. After washing it’s followed by overnight drying at 

110°C for 12 hour and calcined at 400°C [22] in air for 5 h. 

 

C. Experimental Procedure 

Experimental setup contains a cylindrical glass column 

reactor, Oxygen Cylinder, Ozonator, Sparger, Magnetic stirrer 

and tubes    connections. Cylindrical   glass    column 

 

 
 

Fig. 2a Installed Experimental setup of Ozonation 

 

 

                          Fig. 2b Experimental Setup schematic diagram 

 

1. Oxygen cylinder 2. Ozonator 3. Reactor 

4. Magnetic stirrer 5. KI solution 

 

reactor was having volume of 1.2 L. Pure oxygen from 

oxygen cylinders are passed into ozonator. From ozonator the 

mixture of ozone and oxygen is sparged in to bottom of the 

glass column. Experiments were studied at room temperature 

and pressure. The required amount of catalyst was added and 

it was kept in suspension form using magnetic stirrer. 

Unreacted ozone from the glass column was trapped in 2% KI 

solution bottles Different variables like pH, catalyst weight, 

and dye concentrations were analysed. Initially the supply of 

ozone was stopped and samples were continuously stirred to 

check the extent of adsorption. The samples were taken at 

different interval up to 20 min and then after the supply of 

ozone was started. UV analysis for all the samples were done. 

III. RESULTS AND DISCUSSION 

First of all the calibration curve of RB 5 dye was perepared. 

Fig. 3 shows the % color removal for lanthanum-cobalt 

composite catalyst and it was compared with ozoantion 

process. The first 20 minute results shows the degradation due 

to only adsorption and then it is in combination with catalytic 

ozonation process. 

 

 
Fig. 3 Effect of catalytic ozonation 

 

D. Parametric studies with La-Co-O catalyst 

I) Effect of pH: The effect of pH was also evaluated in the 

present study. Synthetic dye wastewater of 100 ppm RB 5 dye 

was prepared for all experiments. The catalyst dosage is 0.5 

gm and ozone flow rate is 30 LPH is same in all experiments. 

The experiments were carried out at three different pH of 3, 7 

and 12 respectively. The results were shown in Fig. 4. As 

shown in figure the maximum decolourization is obtained at 

acidic condition. So in this case the degradation is mainly due 

to ozone molecule instead of OH radicals.  
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Fig. 4 Effect of pH on % Color Removal 

 

II) Effect of Catalyst Dosage:  

 

  
 

 Fig.5 Effect of Catalyst Dosage on % Color Removal 

 

To optimize the catalyst the experiments were carried out 

taking 0.2 gram, 0.5 gram and 0.7 gram, dye concentration is 

100 ppm, ozone flow rate is 30 LPH and pH is neutral. The 

results were shown in Fig 5. The results shows that the as we 

increase the catalyst weight the complete decolourization take 

place in lesser time compare to 0.2 gm and 0.5 gm of catalyst. 

The reason may be as the amount of catalyst increase the 

more surface area and active sites are available so the results 

were improved.  

 

III) Effect of dye Concentration: 

Due to the fact that industrial wastewater contains different 

concentrations of dye solution, it is necessary to study how 

the initial dye concentration affect the performance of 

catalytic ozonation in the removal of color. As shown in Fig. 

6 the experiments were carried out at 100 ppm, 200 ppm, 500 

ppm. The results shows as we increase the dye concentration 

more time is required for complete decolourization.  

 

 
 

Fig.6   Effect of Dye Concentration on % Color Removal 

 

IV. CONCLUSION 

This paper concludes that composite catalyst of lanthanum-

cobalt oxide increase the efficiency of the color removal of 

RB 5 dye wastewater compare to simple ozonation process. 

The color removal is more in acidic condition compared to 

neutral and alkaline condition.  
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Abstract:  Current research around the world is focused on 

finding an alternative source of treatment from natural 

resources for diabetic management, apart from the available 

synthetic medicines. The present study is a preliminary study of 

a polyherbal formulation of two herbs viz. Tridex procumbens 

(Tp) and Bryophyllum pinnatum (Bp) and an assessment of its 

antidiabetic activity. The formulation was screened for its 

phytochemical constituents, total phenols, flavonoids, and 

antioxidant content. It was also analyzed for its inhibitory effect 

against the digestive enzymes α-amylase and α -glucosidase and 

to compare their individual hypoglycemic potential with their 

combination (Bt) in a specific proportion using the standard 

drug Acarbose. The study reports for the first time the 

synergistic effect of the extracts in the inhibition of alpha 

amylase activity. It can be concluded that the hydroalcoholic 

plant extracts interacted synergistically exhibiting the best 

inhibitory activity on the enzyme studied and the presence of 

phytochemicals like flavonoids, saponins, and tannins may have 

contributed greatly to the inhibitory activity of the extracts. 

Keyword: Tridex procumbens, Bryophyllum pinnatum,  

hypoglycemic activity, α-amylase inhibition, antioxidant activity 

 

I. INTRODUCTION 

ecent advancements in the diagnosis and treatment of 

metabolic disorders, especially diabetes are focused on 

finding an alternative source of treatment from natural 

resources. The management of blood glucose level is the 

hallmark in the treatment of this disease. This may be 

achieved through the use of oral hypoglycemic drugs such as 

biguanides, insulin secretagogues, and 𝛼-glucosidase 

inhibitors. Considering the doubts about the efficacy of oral 

hypoglycemic agents known to medicine researchers have 

been making efforts to find better substitutes from plant 

sources. The purpose of the present study was to investigate 

the inhibitory effect of whole plant of Tridex procumbens and 

Bryophyllum pinnatum leaf extracts on the activities of 𝛼-

amylase . 

Tridax procumbens Linn. (Compositae family) is a native of 

tropical America and naturalized in tropical Africa, Asia, 

Australia and India. The plant is a small herb having short, 

hairy blade like leaves and is popularly called „coat buttons‟ 

in English because of the appearance of flowers (yellow 

corolla). It has been extensively used in Ayurvedic system of 

medicine in India for various ailments (16-18). Different 

pharmacological activities of Tridax procumbens have been 

reported in the last few years such as radical scavenging (19), 

wound healing activity (20, 21), anti‐diabetic activity (22) and 

blood pressure lowering effect.  

Bryophyllum pinnatum (Lam.) (synonym: Kalanchoe pinnata, 

Lam.; common names: Life plant, air plant (Mexican), love 

plant, Canterbury bells, Cathedral bells, etc) is a perennial 

herb found perennially in various tropical and subtropical 

regions as well as mildly temperate regions worldwide that 

grows in the wild and is used as a traditional medicinal plant 

in tropical Africa, China, Australia, tropical America and 

Indian system of medicine- Ayurved(2). It habitats waste 

places, road sides and hedges throughout India (3). The leaf 

extracts of this plant have been routinely used for ailments 

like asthma, kidney stones and ulcers and have been reported 

to possess antimicrobial (5), antifungal(6) , anti-ulcer(7), anti-

inflammatory and analgesic(7), antihypertensive(8) and 

antimutagenic activities(10). 

In the present work, the plant parts are combined based on 

previously available literature, indigenous knowledge, and 

various preliminary studies in a fixed proportion. Thus, the 

polyherbal formulation has been named “Bt”. Our aim was to 

investigate the antidiabetic potential of the polyherbal 

formulation (i.e., Bt) and prove its synergistic effect against 

various aspects involved in diabetes management. 

 

II. MATERIAL AND METHODS 

 

2. A Preparation of extracts of Tp, Bp and Bt 

 

The plant parts were identified, collected and authenticated at 

Jawaharlal Nehru Cancer Hospital and Research Centre, 

Bhopal, Madhya Pradesh, India during the months of 

R 
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December 2015 to February 2016. For the study, aerial parts 

of Tridex procumbens (Tp) from the institute premises and 

fresh leaves of Bryophyllum pinnatum (Bp) were collected 

from the herbal garden of the institute. 

For extract preparation, the collected raw herb parts were 

allowed to shade dry for 2-3 weeks. The shade dried parts 

were pulverized, weighed and were divided into three 

portions. The portions were macerated in different separating 

funnels with 50% methanol, hexane and water. The mixtures 

were vigorously shaken intermittently for 72 hours. The 

extracts were collected in separate beakers and concentrated 

in water bath at 45°C. This process was repeated 3 times at 

least till colorless marc was obtained for each solvent. It was 

dried at 45°C in oven, powder of crude extract collected and 

weighed. After defatting with petroleum ether, the crude 

extracts were used for the study of phytochemicals and 

enzyme inhibition assay. 

For the combination (Bt), the pulverizations of Tp and Bp 

were mixed in 2:3 ratio by weight and macerated in 50% 

methanol, hexane and water, following the same protocol as 

discussed above. 

2. B Chemicals 

Acarbose was purchased from Glucobay, Bayer Pharma, 

India, Sodium dihydrogen orthophosphate, disodium 

hydrogen phosphate (Himedia, India), Alloxan was purchased 

from Fluka BioChemika, India. Metformin was purchased 

from Sun Pharmaceuticals Ltd, India. Alpha Amylase, 

Thiobarbituric acid, 5-5‟ dithio-bis-2-nitrobenzoic acid and 

starch were purchased from Sigma-Aldrich, USA. All other 

chemicals used were of analytical grade. 

2. C  Alpha Amylase Inhibitory Assay  

This assay was carried out according to modified procedure of 

McCue and Shetty(18). Series of each extract solutions were 

prepared in varying concentrations (1.25-10 mg/mL). To the 

tubes, 250uL of 0.02M sodium phosphate buffer (pH 6.9) 

containing 0.5mg/mL of α -amylase was added. The solution 

was incubated at 25°C for 10 mins, after which 250uL of 1% 

starch solution in 0.02M sodium phosphate buffer was added 

at timed intervals and then further incubated in boiling water 

bath for 5min and cooled to room temperature. The reaction 

was terminated by adding 500uL of dinitrosalicylic acid 

(DNS). The tubes are again incubated in boiling water for 

5mins and cooled to room temperature. The reaction mixture 

was diluted with 5mL distilled water and the absorbance was 

measured at 540nm. A control was prepared by replacing the 

extracts with distilled water. Each experiment was performed 

in triplicates, along with appropriate blanks. Acarbose at 

various concentrations (10-100 μg/ml) was included as a 

standard. The result is expressed as percentage inhibition, 

which was calculated as, 

 Inhibition (%) = [( A
control 

- A
sample 

) / A
control 

) x100] 

 

 

2. D Phytochemical Screening of Extracts  

The crude extracts and their combination were subjected to 

qualitative chemical tests to identify various classes of 

bioactive chemical constituents present in the plants like 

amino acids, steroids, cardiac glycosides, phenols, tannins, 

terpenoids, alkaloids, flavonoids, saponins, carbohydrates, 

reducing sugar etc using standard procedures (2).  

2. E Evaluation of Bioactive Constituents 

2.E.1 Determination of Total Phenolic Content (TPC): The 

concentration of phenolics in the extract was determined using 

Folin-Ciocalteu assay (23). In brief, 1ml of extract (10mg/mL 

in DDW)  or a series of standard solution of Gallic 

acid(1mg/mL) were taken in test tubes and volumes were 

made upto 10mL using DDW. 1.0mL of Folin-Ciocalteu 

reagent was added to the tubes and shaken. After 5 min, 1mL 

of saturated Na2CO3 was added to the tubes and the volume 

made upto 10mL using DDW. The reaction was kept in the 

dark for 90 C at room temperature and the absorbances noted 

against blank at 760nm using UV-1660, Shimazdu 

Spectrophotometer. All samples were analysed in triplicates. 

2.E.2 Determination of Total Flavonoid Content (TFC): The 

determination of flavonoids was carried out according to 

Aluminium Chloride colorimetric method(24)
. 
In brief, to 1ml 

of different concentrations of the extracts (1 mg/mL 

methanol) or standard solution of Rutin (20, 40, 60, 80 and 

100 mg/L), 5ml of 2% AlCl3 in methanol was added.  After a 

60 minute incubation at room temperature (23 + 2 C) the 

absorbance against blank consisting of water instead of extract 

was determined at 510nm using UV-1660, Shimazdu 

Spectrophotometer and the flavonoids content was calculated 

with (±) Rutin and the concentration was expressed as (±) 

Rutin equivalents. All samples were analysed in triplicates 

2 F  Quantification of antioxidant activity 

2.F.1 Hydroxyl radical scavenging activity: The assay was 

performed as described by Halliwell et. al. (15)
 

with slight 

modification. The solutions were prepared freshly before the 

start of the experiment. The reaction mixture contained 100μl 

of 30mM 2-deoxy-D-ribose dissolved in NaH
2
PO

4
- Na

2
HPO

4
 

phosphate buffer (pH 7.4), 100μl of 100μM FeCl
3 
and 100μM 

EDTA (1:1 v/v), 100μl of H
2
O

2 
(1.0 mM) and 100μl ascorbic 

acid (1.0mM). The reaction mixture was added to 50μl 

solution of various concentrations of the extracts (50μg-

500μg/ml) and DMSO standard series. After an incubation 

period of 1hr. at 37
o

C the extent of deoxy ribose degradation 

was measured by the TBA reaction. 1ml of TBA (1% in 

50mM NaOH) and 1ml of TCA were added to the reaction 

mixture, tubes were heated at 100
o 

C for 20 min. After cooling 

the absorbance was read at 532 nm against a blank (containing 

only buffer and deoxy ribose). The % inhibition was 

calculated by the formula  

Inhibition (%) = [(A
0 
- A

1
) / A

0
] X 100  
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Where, A 
0 

is the absorbance of control and A
1
is the 

absorbance of sample. All the values expressed are the mean 

values carried out in triplicates. BHT was used as a positive 

control.  

2.F.2 Superoxide Radical (O
2

.-

) Scavenging Activity: The 

estimation of superoxide radical scavenging activity of the 

extracts was done based on the modified method described by 

Liu et al
 
(12). Alkaline DMSO was used as a super oxide 

generating system. The superoxide is generated by reacting 

0.1ml of Nitro blue tetrazolium (NBT) (50μm) solution with 

0.3ml sample solution of different extracts in a concentration 

of 1-10μg/ml .The reaction was started by adding 1ml of 

alkaline DMSO solution (10um) to the mixture. The reaction 

mixture was incubated at 25
o

C for 5 min. and the absorbance 

at 560nm was measured against the blank samples. Butylated 

Hydroxy Toluene (BHT) was used as positive control.  

% Inhibition = [( A
control 

- A
sample 

) / A
control 

) x100]  

Where A
control 

is the absorbance of the BHT and A
sample

the 

absorbance of Extracts or standards. The data at each point is 

the average of three measurements 

Statistical analysis: All the determinations were done in 

triplicates. The statistical processing of the data obtained from 

all studies is expressed as means ± standard deviation (SD) of 

three separate experiments. IC50 values were calculated from 

linear regression analysis. 

III. RESULTS 

3. A Phytochemical screening 

The phytochemical screening of Tp, Bp and  Bt extracted in 

different solvents is shown in table 1. Aqueous and 

Methanolic extracts seem to possess a variety of active 

components that include alkaloids, flavonoids, glycosides, 

saponins, polyphenols, tannins etc which may relate to its 

therapeutic properties. 

 

Table 1. Phytochemical screening of Tp, Bp and Bt in different solvents 

 

S.N  PHYTOCHEMICAL  Aqueous Extract  Methanolic Extract  Petroleum Extract  

Tri  Bry  Bt Tri  Bry  Bt Tri  Bry   Bt 

1.  Flavonoids  +                     -  + +  +  + +  +  + 

2.  Tannins  +  +  + +  +  + +  +  + 

3.  Alkaloids  +  +  + +  +  + _  _  -- 

4.  Glycosides  _  +  + +  +  + _  _  -- 

5.  Saponins  -  -  - +  +  + _  _  -- 

6.  Phenols  +  +  + +  +  + _  +  + 

7.  Terpenoids  +  +  + +  +  + +  +  + 

8.  Steroids -  +  + -  +  + _  _  -- 

9.  Carbohydrates  +  +  + +  +  + +  +  + 

10.  Proteins  +  _  + +  +  + +  +  + 

+ tests positive; -- tests negative 

 

3. B Total Phenolics and Flavonoids 

The total phenolic content was calculated using caliberation 

curve for Gallic acid standard curve (y = 0.002x + 0.004: R
2 
= 

0.956). The results were expressed as Gallic acid equivalent 

per gram dry weight of extract (mg of GAE/g of extract) 

(Table 2). The total phenolic content of methanolic extract of 

T.procumbens was 24.99 ± 3.1 mg gallic acid equivalent/g of 

extract which was highest in comparison to other extracts. 

Similarly, the total phenolic content of methanolic extract of 

B.pinnatum was 53.18 ± 4.2 mg of GAE/g of extract which 

was highest in comparison to other extracts as well as to that 

of T.procumbens. The total flavonoid content was calculated 

using caliberation curve for Rutin standard curve (y = 0.006x 

+ 0.014, R
2
 = 0.985) and was found to be 28.331 ± 2.6 mg 

Rutin equivalent/g for methanolic extract of T. procumbens 

and for B.pinnatum was found to be 21.27 ± 2.6 mg Rutin 

equivalent/g of methanolic extract. 

 

3.C Antioxidant Assay 
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3.C.1 Hydroxyl radical scavenging activity: The Fenton 

reaction was used to generate OH
. 
radicals in the system and 

the free radical activity was determined by the degradation of 

deoxyribose, as standardized by Elizabeth and Rao. The OH
. 

Radicals attack the deoxyribose and initiate a series of 

reactions that eventually result in the formation of 

Trichloroacetic acid reactive substance (TBARS). The radical 

scavenging by the protectors result in inhibition of TBARS as 

shown by the extracts in Fig 1.. The alcoholic extracts of 

T.procumbens showed better scavenging as compared to 

aqueous and n-hexane extracts. The effect of alcoholic extract 

eventually got stabilized above concentration of 80 μg ml
-1

 

with IC50 value of 53.15 . The IC50 value for BHT was found 

to be 44.54 μg/ml. The data of studies on  B.pinnatum shows 

IC50 value of of methanolic extract to be highest at 62.08, 

followed by aqueous extract with IC50 74.58 and minimum in 

case of 2-hexane extract (IC50 165.37). The IC50 vale for Bt 

was found to be 49.11 which is significantly closer to the 

standard over concentration of 300 μg/ml. The scavenging 

effect of the T.procumbens, B.Pinnatum, their combination 

and standards with the superoxide radical was found to follow 

the order:  

BHT (75.04%) > Btm (64.24%)>  (Bta 62.15%)>  Bpm 

(61.24%) > Tpm (60%)> Tpa (51.54%) > Bpa (40.17%) > Bth 

(39.11%) >Tph(36.76%) >  Bph (32.09%).  

Table 2. Quantitative Bioactive Constituents of the extracts 

 

Sample 

Extracts in 

different 

solvents 

Total Polyphenols (mg 

GAE/g extract) 

Flavonoids  (mg Ru/g 

extract) 
 

 

T. 

procumben

s 

B. 

pinnatum 

T. 

procumbe

ns 

B. 

pinnatum 

Methanol 24.99 ± 3.1 53.18 ± 4.2 
28.331 ± 

2.6 
21.27 ± 2.6 

Water 22.86+ 2.4 22.19+ 2.4 18.07+1.8 15.12+3.1 

Hexane 16.12+1.2 
12.07+ 

0.04 
13.28+ 2.5 07.11+ 0.5 

 
Fig 1. % TBARS inhibition assay of the extracts. 

 Btm, Bta and Bth represents methanolic, aqueous and hexane extracts of Bt 
respectively. Similarly, Tpm,Tpa,Tph, Bpm,Bpa,Bph stand for methanolic, 

aqueous and hexane extracts of Tp and Bp respectively. 

3.C.2 Superoxide Radical (O
2

.-

) Scavenging Activity: The 

data for Superoxide Radical (O
2

.-

) Scavenging Activity show 

highest % inhibition by Bt methanolic extract among all 

other extracts. Its value gets stabilized above concentration 

of 250 μg/ml showing 66.47% inhibition. The alcoholic 

extracts of individual plants show better inhibition than the 

aqueous or n-hexane fractions. The scavenging effect of the 

T.procumbens, B.Pinnatum, their combination and standards 

with the superoxide radical was found to follow the order: 

BHT (84.68%) >Bt m (66.4%)> Tpm (62%) > Bpm 

(58.42%)>.Bta (54.99%)> Tpa (51.69%) > Bth (40.46% ) > 

Bpa (36.21%) > Tph (35.44%) > Bph (13.1%) 

 

Fig3. % Superoxide scavenging activities of extracts. Subscripts m, a and h 

stand for methanolic, aqueous and n-hexane fractions respectively 

 

3. D Alpha amylase inhibition 

Henceforth, the antihyperglycemic effects of the methanolic 

extracts only were studied (y = 0.57x + 39.13 R² = 0.989) 

and it was found that  T.procumbens has IC50 value of 19.07 

μg/ml and the alcoholic extract of B.pinnatum has IC50 value 

of 94.15μg/ml. Acarbose showed α- amylase inhibitory 

activity with IC50 value of 0.33 μg/ml .  

 

Fig 4. % alpha amylase inhibition by extracts and their combination 
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IV. DISCUSSION 

One of the anti-diabetic therapeutic strategies is inhibition of 

carbohydrate digesting enzymes such as alpha-amylase and 

alpha-glucosidase (Narkhede et al., 2011). Alpha-amylase 

hydrolyzes complex starches to oligosaccharides, while, 

alpha-glucosidase hydrolyzes oligosaccharides to glucose and 

other monosaccharides. Inhibition of these enzymes produces 

postprandial anti-hyperglycemic effect by reducing the rate 

and extent of glucose absorption from small intestine (Okoli et 

al., 2011). Many natural products have shown inhibitory 

activity against these enzymes (Tripathi et al., 2011; Kumar et 

al., 2012; Srivastava et al., 2012). In the present study, 

extracts of Tridax procumbens and Bryophyllum pinnatum 

and their combination Bt in 2:3 ratio were evaluated for their 

effect on alpha-amyalse enzyme using in vitro assays. Both 

the plants have shown reduction of blood glucose levels in 

diabetic rats and in hyperglycemic subjects (Taddai, et al., 

2000; Kamat et al., 2012). Inhibition of carbohydrate 

digesting enzymes such as alpha-amylase could be one of the 

mechanisms. The phytochemical study reveals that both the 

plants are rich in a number of bioactive components. 

 

The role of oxidative stress in diabetes and diabetic 

complications has been reported (Giacco and Brownlee, 

2010). Antioxidants can scavenge free radicals and play 

important role in prevention of diabetes. The combination Bt 

showed maximum antioxidant activity in hydroxyl radical 

activity and superoxide radical scavenging activity. Natural 

antioxidants not only protect lipids from oxidation, but also 

provide health benefits associated with preventing damage 

due to biological degeneration and it is well-known that plant 

phenolics are highly effective free radical scavengers and 

antioxidants due to their hydrogen donating ability. Table 2 

gives the total Polyphenols and flavonoids from different 

solvent extracts in both the plants, which followed the order: 

methanol > water > Hexane. Hence methanol extract 

contained higher levels of polyphenols, flavonoids and 

tannins. So further hypoglycemic studies were undertaken 

using methanolic extracts only. The results show that the 

combination Bt can be an effective natural antidote for the 

treatment of hyperglycemia.  
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Experimental Investigation of Steam Reforming of 

Glycerol over Alumina Supported Nickel Catalysts 

Narasimha Reddy Ravuru 

Department of Chemical Engineering, Institute of Technology, Nirma University, Ahmedabad, Gujarat, 382481, India 

Abstract:- The growing demand of hydrogen needs renewable 

sources of raw materials to produce it. Glycerol, by-product of 

biodiesel synthesis, could be a bio-renewable substrate to obtain 

hydrogen. Momentous amount of glycerol is produced as a by-

product during bio-diesel production by the transesterification of 

vegetable oils, which are available at low cost in large supply 

from renewable raw materials. As hydrogen is a clean energy 

carrier, conversion of glycerol to hydrogen is one among the 

most attractive ways to make use of glycerol. Production of 

hydrogen from glycerol is environmentally friendly because it 

adds value to glycerol generated from biodiesel plants. In this 

study, the catalytic production of hydrogen by steam reforming 

of glycerol has been experimentally performed in a fixed-bed 

reactor. The performance of this process was evaluated over 

5wt%, 10wt%, and 15wt% Ni/Al2O3. The catalysts were 

prepared by the wet impregnation technique. For a comparative 

purpose, the steam reforming experiments were conducted under 

same operating conditions, i.e., reaction temperature ranging 

from 700°C to 900°C, atmospheric pressure and 1:9 glycerol to 

water molar ratio. Also the effect of glycerol to water ratio, metal 

loading, and the feed flow rate (space velocity) was analysed. The 

results showed that the hydrogen production increased with the 

increase in the treatment temperature. The highest amount of 

hydrogen produced was attained over 15wt% Ni/Al2O3 at 850 °C 

at 1:9 glycerol to water molar ratio. The catalyst 

Co/Al2O3,Cu/Al2O3
 were prepared by wet impregnation 

technique and need to do activity test and compare the results 

with Ni/Al2O3. 

Keywords: Biodiesel, Hydrogen, Glycerol, Steam reforming, 

Ni/Al2O3, Wet impregnation    

I. INTRODUCTION 

here is an increasing energy demand, because of 

limitation of fossil oil reserves and pollution. In search of 

alternative energies, many scientists, due to low price, less 

pollution, pay more attention on the renewable energy sources 

[1, 2]. Fuel cell technology is an attractive alternative lately, 

for transportation and producing electricity. The growth in 

fuel cell technology has improved the demand for hydrogen 

(H2), which is the simplest and most abundant element [3]. 

Hydrogen production process and technology, has been 

improving and chancing. However, hydrogen is mostly 

produced from natural gas and oil fractions, which are still 

abundant and economically feasible. Nevertheless, hydrogen 

production by these methods, produce high amount of carbon 

monoxide [1]. Glycerol, which is the by-product of biodiesel 

production, is non-toxic, non-volatile and has high energy 

density. Theoretically, after the transesterification process, 10 

kg biodiesel and as by-product, 1 kg glycerol can be produced 

[4]. Increasing energy demand will cause the need for clean 

energy technologies, like biodiesel, and this will effect 

glycerol production. Using glycerol for hydrogen production, 

more effective and clean energy can be produced.  

The overall reaction of glycerol steam reforming reaction is 

showed in equation below:  

C3H8O3 + 3H2O → 3CO2 + 7H2 (1) Steam reforming of 

glycerol includes a lot of complex reaction series. For that 

reason, operation conditions like temperature, pressure, feed 

ratio and catalysts effect are very important to produce 

desirable product [1]. In researches for glycerol steam 

reforming, various catalysts are investigated and especially, 

noble-metal based catalysts and nickel based catalysts’ 

activities are studied [4]. Noble-metal catalysts activities are 

well known, on the other hand, more researches are focused 

on nickel based catalysts which have a relatively low cost and 

high selectivity. In this study, we have investigated the 

performance of Ni based catalysts on Al2O3 with different 

metal loading metal loading (5, 10, and 15%) and catalyst 

preparation method parameters have been investigated. 

Catalyst performance was analysed at four different 

temperatures between 700, 800, 850, and 9000C. The 

conversion of glycerol and the selectivity of hydrogen in the 

steam reforming conditions were investigated. 

               
                 

                             
 
 

  
     

Where RR is H2/CO2 reforming ratio is 7/3 in the case of 

glycerin steam reforming   process 

                   

 
                    

                             
     

               Where species i = CO, CO2, and CH4. 

 

            
                       

                           
     

 

T 
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Fig.1. Schematic of glycerin steam reforming setup 

II. RESULTS AND DISCUSSION 

2.1 Effect of Temperatures on Conversion  

The effect of temperature on glycerol conversion and 

hydrogen yield was studied using 5, 10 and 15 wt% Ni/Al2O3 

for water to glycerol ratio 9:1 at a feed rate of 1ml/min. The 

temperature was varied from 700-900 °C. The glycerol 

conversion increased from 46.19% to 68% as the temperature 

was increased from up to 900°C. Thermodynamic data clearly 

shows that the product gas yield increases with temperature.  

 

Fig 2    shows the effect of temperature on hydrogen yield. 

2.2 Effect of metal loading  

Catalysts with three different metal loadings (5, 10, and 15 wt 

%) were prepared for Ni/Al2O3 to see the effect of the metal 

percentage on selectivity of H2 and other gases, and glycerin 

conversion. With the increase in metal loading the glycerine 

conversion increased. At 5 wt%, the glycerine conversion was 

46.19% and increased to 68% with the metal loading of 15 

wt%. Although glycerin conversion increased with the metal 

loading, H2 selectivity as well as the selectivity of CO, CH4, 

and CO2 was found to be almost stable at different metal 

loadings investigated under this study. 

 

Fig.3 shows the effect of the metal loading in terms of glycerin conversion 

2.3 Effect of water to glycerin ratio 

With increase in WGRs, the glycerin conversion increased 

monotonously in case of Ni/Al2O3. Although glycerin 

conversion increased with increase in WGR from 6:1 to 

9:1.Glycerin conversion was almost 68% at WGR 9:1 with 

Ni/ Al2O3. With the increase in WGR, the H2 selectivity 

increased. H2 selectivity of about 71.5% (5 moles of H2) was 

obtained with Ni/Al2O3. At the same time, with the increase in 

WGR from 6:1 to 9:1, the production of CH4 was completely 

inhibited in the case of Ni/Al2O3 at 900˚C and FFR 1ml/min. 

Similarly, with the increase in WGR, the selectivity towards 

H2 and CO2 were increased. The increase in H2 and CO2 

selectivity could be attributed to the water gas shift reaction. 

III. CONCLUSION 

The study on glycerin steam reforming for hydrogen 

production over 5%, 10%, 15% Ni/ Al2O3 supported catalysts 

was performed. Under the reaction conditions investigated, 

15% Ni/Al2O3 were found to be the best performing catalysts 

in terms of H2 selectivity and glycerin conversion. Effects of 

the glycerin to water molar ratio, feed flow rate, and metal 

loading were also Investigated. It was found that with the 

increase in the WGR, H2 selectivity and glycerin conversion 

increased. About 72% of H2 selectivity was obtained with 

15% Ni/Al2O3, WGR 9:1 at 850
0
C and feed flow rate 

1ml/min. 
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Abstract:- The demand for wood  products is continuously rising 

inspite of rapid depletion of forest around the world. Research in 

the area of green technology is being done to provide wood 

substitutes which make use of wood materials mixed with a 

polymer to provide a cost  effective, improved performance and 

termite resistant material. The use of wood flour filled polymer 

composites has been considerably studied from the scientific and 

commercial point of view over the last decades. Wood flour is an 

attractive filler for polymer due to their reduced environmental 

impact and globally pleasant aesthetical properties. They are 

also low cost and low density material and high specific, 

biodegradable and non abrasive during processing. Wood 

reinforced polyester composite are made by mixing wood flour 

with polyester matrix. The composite is fabricated using 

compression molding technique. Prepared samples were 

characterized for mechanical properties and water absorption. 

Key words: wood flour, polymer composites, metakaolin, 

reinforced 

I. INTRODUCTION 

he study of filling plastic composites has stimulated 

immense interest in meeting the future Shortage of plastic 

materials [1]. In fact, synthetic fibers such as nylon, rayon, 

aramid, glass, polyester and carbon are extensively used for 

the reinforcement of plastics [1-2]. Nevertheless, these 

materials are expensive and are non-renewable resources. 

Because of the uncertainties prevailing in the supply and price 

of petroleum based products, there is very needed to use the 

naturally occurring alternative. In many parts of the world, 

besides the agricultural purposes, different parts of plants and 

fruits of many crops have been found to be viable sources of 

raw material for industrial purpose.Fiber reinforced polymer 

composites have been broadly used for applications requiring 

high rigidity and strength [3-5]. Composites made from 

natural fibers are low cost and light weight and easily 

available and enhanced mechanical properties and  free from 

health hazards. Despite the attractiveness of natural fiber 

reinforced polymer matrix composites, they suffer from lower 

modulus, lower strength, poor moisture, microbial and UV 

resistance. 

Present work reveals the use of wood flour  reinforced with 

metakaolin (filler) polyester composites. This study reports 

tensile strength, flexural strength and flexural modulus and 

water absorption  study of wood flour filled-polyester 

composites. 

II. MATERIAL AND EXPERIMENTAL PROCEDUR 

2.1 Materials 

2.1.1.Wood Flour 

Wood flour is finely pulverized wood that has a consistency 

fairly equal to sand or sawdust, but can vary 

considerably,with particles ranging in size from a fine powder 

to roughly the size of a grain of rice. Most wood flour 

manufacturers are able to create batches of wood flour that 

have the same consistency throughout. All high quality wood 

flour is made from hardwoods because of its durability and 

strength.[6] WPCs refers to any composites that contain plant 

(including wood and non-wood) fibers and thermosets or 

thermoplastics. Thermosets are plastics that, once cured, 

cannot be melted by repeating. These include resins such as 

epoxies and phenolics, plastics with which the forest products 

industry is most familiar. Thermoplastics are plastics that can 

be repeatedly melted. This property allows other materials, 

such as wood fibers, to be mixed with the plastic to form a 

composite product. Polypropylene (PP),polyethylene (PE) and 

polyvinyl chloride (PVC) are the widely used thermoplastics 

for WPCs and currently they are very common in building, 

construction, furniture and automotive products [7] 

2.1.2 Metakaolin 

Metakaolin is a dehydroxylated form of the clay 

mineral kaolinite.Rocks that are rich in kaolinite are known as 

china clay or kaolin, traditionally used in the manufacture 

of porcelain. The particle size of metakaolin is smaller 

than cement particles, but not as fine as silica fume. 

2.2 Preparation of composite  

Compression Moulding tecghnique is used to fabricate the 

hybrid composite by reinforcing wood flour and metakaolin 

into polyester matrix.Composite are prepared in different 

weight fractions (5,10,15,20,30,40).A stainless steel mould 

having dimensions of Cavity size: 22 x 30 x 1.0 cm is used for 

casting of composites.Silicon spray is used to facilitate easy 

removal of the composite from the mould after curing.The 

cast ofcomposite is used to cured under a load of 200 kg  for 

24 hours before it is removed from the mould.Dimension of 

T 
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specimen are cut as per ASTM standard using a diamond 

cutter for tensile,flexural and impact test. 

Wood flour,  metakaolin  and polyester resin (with hardener-

methyl ethyl ketone peroxide and accelerator- cobalt 

naphthoanate) were mixed manually in a ratio 60:40 

respectively. The mixture was transferred into iron molds () 

and then pressed using a hydraulic press. A sample was taken 

out after 24 hrs. 

 
Compression Molding Machine 

 
                     (a)                                                                   (b) 

Fig (a)&(b) Shows composite sample and were cutted into Dumbell shaped 

for Tensile & Rectangular shape for flexural stress. 

III. MECHANICAL TESTING 

Mechanical test (tensile test ,flexural test and water absorption 

test ) on the specimen of polyester and hybrid wood 

flour/Metakaolin reinforced polyester composite are carried 

out.Five separate specimen of each composite are tested and 

their average value is reported. 

3.1 Tensile Strength 

Tensile strength of composite samples was determined by 

following ASTM D 638 using an Instron model 3382 testing 

machine. Dumbbell shaped samples of composites with 

dimension 150×12.99×3.5 mm were tested [4]. Samples were 

tested to failure under tension at a crosshead speed of 1.5 

mm/min. An extensometer was attached to the guage section 

of the sample for strain measurement. Five samples were test 

to checked the reproducibility of results.Tensile strength, 

elongation at break were recorded. 

3.2 Flexural properties 

Three point bending test of composite samples was performed 

according to ASTM D 790. Flexural test of composite 

samples was conducted using Instron Machine Model 3382. 

Rectangular samples with dimensions 80 × 10 × 3. 5 mm mm
3
 

were tested at a cross-head speed of 3 mm/min at room 

temperature. The support span for the flexural test was 51.00 

mm. An average of five specimens of each type of samples 

was reported as a result. 

3.2.1 Flexural strength 

FORMULA 

flexural  strength          =       3P 
2 
 

                                              2bd 
2 
 

P=load  

b=width of specimen; d=  depth of specimen 

Elongation =  initial length-final length 

                                   initial length 

Speed =     Zl
2
 

                  6d           

Z=rate of strain  

l= span length 

d=depth of beam 

3.2.2 Flexural Modulus 

EB  =  L 3 ×m / 4b d 3 

EB  =Modulus of elasticity in bending, M Pa 

L= Support span, mm 

b=width of beam tested ,mm 

d=depth of beam tested ,mm 

m= slope of the tangent to the straight line portion of the load 

deflection curve, N/mm of deflection.  

3.3.Water absorption 

Water absorption analysis of wood flour filled composites was 

performed according to ASTM D 570. Pre-weighed samples 

were immersed in distilled water at room temperature. After 

24 hrs samples were taken out and weighed. Water absorption 

was determined using the following equation:- 

WA=  Wb-Wa/Wb*100 

WA= water absorption 

Wa= weight of samples before test 

Wb= weight of samples after test. 
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Graph 1.Shows Tensile strength of wood flour (W.F.) 

composite. 
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Graph 2.  Shows   flexural strength of wood flour (W.F.) composite. 
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Graph 2.  Shows   flexural modulus  of wood flour (W.F.) composite. 

IV. RESULTS  AND DISCUSSION 

Table 1. Optimization of polyester wood flour  polyester 

composite without metakaolin 

 

Com position                            

% 
Tensile strength 

Flexural 

strength 

Flexural 

modulus 

P.E. W.F.    

100 0 15.43 11.64 1523.23 

95 5 16.23 12.35 1854.12 

90 10 18.69 13.23 2012.36 

85 15 19.65 14.14 2354.58 

80 20 21.54 15.01 2598.10 

75 25 23.67 16.85 2798.11 

70 30 25.52 17.56 3065.32 

65 35 28.98 18.23 3313.21 

60 40 30.69 19.06 3673.63 

55 45 25.52 17.23 3254.23 

After the optimization all the sample were prepared in the 

ratio 60:40 and found that the addition of  metakaolin 

decrease the  mechanical properties. 

Table 2.Wood flour polyester filled with metakaolin. 

 

Wood fiber is hydrophilic in nature due to polar –OH group in 

its structure. The polar group forms hydrogen bonds by 

absorbing water molecules and this induces swelling in 

fibers.Wood flour reinforced polyester samples shows 45% 

water absorption .Due to the small pore size the durability of 

metakaolin filled wood flour polyester toward water 

absorption is greatly increased as compared to wood flour 

polyester sample without particulate filler.Samples show only 

1.8% water absorption after a week. 

The mechanical properties are characteristic of materials that 

are revealed when that material is subjected to mechanical 

loading. Mechanical properties play a major role in material 

selection foe suitable applications. The performance of 

composite materials can be evaluated by their mechanical 

properties. Wood floor reinforced polyester samples without 

filler shows 30.69 MPa, 3673.63MPa and 19.06 MPa tensile 

strength, flexural modulus and  flexural strength respectively. 

Addition of metakaolin decrease the  mechanical 

properties.Metakaolin filled wood flour polyester composite 

Com position                                            

% 

Tensile 

strength 

Flexural 

strength 

Flexural 

modulus 

Polyester 
wood 

flour 

metaka

olin 
mpa mpa mpa 

60 30 10 23.69 17.25 2365.21 

60 20 20 19.27 15.65 1523.12 

60 10 30 
10.9 

 

13.67 

 
979.89 
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shows 10.9 MPa,979.89MPa, 13.67MPa tensile 

strength,flexural modulus and flexural strength respectively. 

V. CONCLUSION 

Now a day a lot of attention is paid to environmentally-

friendly materials. This resulted in growing interest in natural 

lignocellulosic materials and composites based on them. 

Inclusion of wood flour in polyester improved the load 

bearing capacity (tensile strength) and the ability to withstand 

bending (flexural strength and modulus) but with the 

incorporation of metakaolin in wood flour polyester 

composite dramatically decrease the tensile, flexural modulus 

and strength and increases  the water absorption. 

It is concluded from the result that wood flour polyester 

composite is used with some reinforcing material so that it 

would be helpful for the material to increase its tensile and 

flexural strength and modulus. 
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Abstract: A close boiling mixture of propane, isobutane, n-

butane, C4olefins, Neopentane, Iso-pentane and n-pentane was 

selected for the energy saving calculation. Separation of close 

boiling mixture by fractionator requires many stages and large 

amount of energy to meet stringent product purity specifications. 

Mechanical vapor recompression heat pumps (MVRHPs) can 

recycle the energy of the vapor and can thus be used in such 

distillation processes to save steam cost and total annual cost of 

this separation task. Three different distillation schemes, 

conventional distillation, top MVRHP distillation, and bottom 

flashing MVRHP distillation, were simulated for the separation 

of the above mixture using Aspen HYSYS software to determine 

the energy savings. The research results indicated that, 

compared to conventional distillation, energy savings for BFHP 

case and MVRHP cases were 44% and 45% respectively. Other 

than this energy savings in case of double effect feed split 

distillation and feed forward distillation were also compared 

with conventional distillation. 

Keywords: MVRHP, Distillation, energy savings, Process 

simulations, Aspen HYSYS. 

I. INTRODUCTION 

1.1 Background 

Distillation is the most common unit operation used in the 

industry for separating liquid mixtures for getting the high 

purity products. Separation of close boiling mixtures by 

distillation requires significant amount of heat energy addition 

at the reboiler. Not only get that in this process a large amount 

of heat energy wasted from the condenser. This is the major 

drawback of this system. Mechanical heat pumps are 

commonly used for heat recovery. Various types of 

mechanical heat pumps are available such as Vapour 

Recompression Heat Pump (VRHP), bottom flash heat pump 

(BFHP) and closed cycle heat pump (CCHP). Vapour 

Recompression Heat Pumps (VRHP) are commonly used 

because of its outstanding performance. 

1.2 Process Design & Objective: 

The main aim of this project was uses of to reduce energy 

consumption; reduction of capital investment and gaining 

environmental benefits. Here we chose a multi-component 

feed containing species Propane, Isobutene, n-Butane, C4 

olefins, Neopentane, Isopentane and n-Pentane.Our purpose 

was to find out the best alternative to the conventional 

distillation. Conventional distillation column, distillation 

column with top vapour recompression heat pump and bottom 

flashing heat pump case were simulated using Aspen HYSYS 

software version 2004.2 under license from Aspentech. 

Energy requirement of the conventional process was 

compared with the  top vapour recompression heat pump case 

and Distillation column with bottom flashing heat pump case 

to find out the best suitable technology for energy saving.    

1.3 Literature Review: 

1. G.P. Quadri used vapour recompression heat pump 

for P-P splitter, Hydrocarbon Processing 60 (1981) 

147-151 and he got energy saving upto35. 

2. O. Annakou, P. Mizsey have done rigorous 

investigation of heat pump assisted distillation, Heat 

Recovery Systems & CHP 15 (1995) 241-247 and 

the result is annual cost can be reduced by 37%. 

3. Ferre., F. Castells, J. Flores worked on optimization 

of a distillation column with direct vapor re-

compression heat pump and the result was reduced 

energy consumption 40%. 

4. Distillation has a relatively low thermodynamic 

efficiency, requiring the input of high quality energy 

in the reboiler to perform the separation task. At the 

same time, a similar amount of heat at lower 

temperature is rejected in the condenser. Several heat 

pump concepts have been proposed to upgrade that 

discharged energy and thus reduce the consumption 

of valuable utilities. Heat Pumping is an economic 

way to conserve energy when the temp difference 

between the overhead and the bottom of the column 

is small and the heat load is high. There are many 

types of heat pumps used in the industry, such as 

electrically driven heat pump types and absorption 

heat pumps. Ranade & Chao have presented 

guidelines of where and when to use the different 

kind of heat pumps. 

5. W.F. Davidson and W.V.L. Campaigned work on 

energy saving for hydrocarbon mixture using 

absorption heat pump and suggested that absorption 

refrigeration system needs to be redesigned for use at 

temperatures entirely above ambient temperature. 

 

II. PROBLEM STATEMENTS 

For the case study on multi-component mixture we have used 

the mixture of Propane, Isobutane, N-butane, C4 olefins, Neo-

pentane, Isopentane & N-Pentane. Measured feed and product 

flows and compositions were as in the Table 4.1. 

Table 2.1: Measured Feed and Product Flows and 

Compositions 
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Species Feed Top Bottom 

Propane 1.50 5.3 0.0 

Isobutane 29.4 93.5 0.3 

N-Butane 67.7 0.20 98.1 

C4 Olefins 0.5 1.0 0.20 

Neopentane 0.1 0.00 0.20 

Isopentane 0.8 0.00 1.10 

N-Pentane 0.1 0.00 0.10 

Total Flow 

(Kg/h) 
26234 8011 17887 

 

Table 2.2: Details of isobutane/n-butane fractionators 

Parameter Value 

Reflux flow rates (kg/h) 92838 

Reflux Temp ºC 18.5 

Column Top Pressure (kPa) 658.6 

Pressure drop per tray (kPa) 0.47 

Feed Pressure (kPa) 892.67 

Boiler Duty (MW) 10.24 

 

2.1. Property Package for hysys 

For hysys simulation we have selected Peng Robinson 

Property package. It was suitable for n-butane and iso-butane 

hydrocarbon mixture. 

2.2. Simulation of Conventional Column 

For solving the conventional column, first we defined the feed 

stream. Then took a Distillation column. By double clicking in 

the column opened the design page. There we connected the 

feed stream and inserted column name; condenser energy 

stream; reboiler energy stream; actual number of trays; 

reboiler pressure and condenser pressure. We added 

specifications like reflux ratio or top product rate or 

sometimes both to converge the column successfully. Next we 

double clicked in the converged column and entered into the 

column environment to get the flow diagram with reflux and 

boil up stream. We performed this simulation at different 

pressure conditions like 500 kPa, 600kPa, 700kPa, 800 kPa, 

900kPa and 1000kPa. 

 

 
 

Figure 2a: Column Environment of the Conventional Column at 600 kPa simulated by hysys 
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Figure 2b: Column Environment of the Conventional Column at 817 kPa simulated by hysys 

 

 

Figure 2c: Column Environment of the Conventional Column at 900 kPa simulated by hysys 
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Figure 2d: Column Environment of the Conventional Column at 1000 kPa simulated by Hysys 

 

Figure 2e: Column Environment of the Conventional Column at 1000 kPa simulated by Hysys 

 

Table 4.3: Simulated Results for Conventional Case at various pressure conditions 

Parameters 600 817 900 1000 

Number of stages 72 81 91 113 

Feed Stage 36 41 46 57 
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Reflux ratio 1.3 1.3 1.3 1.3 

Diameter (m) 1.5 1.5 1.5 1.5 

Tray space (m) 0.5 0.5 0.5 0.5 

Height (m) 43.8 49.2 55.2 68.4 

Reboiler Duty (KJ/kg) 3.187*10^7 3.041*10^7 2.999*10^7 2.925*10^7 

Condenser Duty 3.175*10^7 2.237*10^7 2.960*10^7 2.926*10^7 

Total Energy Required 

(KJ/kg) 
6.362*10^7 5.278*10^7 6.362*10^7 5.851*10^7 

 

III. SIMULATION OF DISTILLATION COLUMN WITH 

MECHANICAL VAPOUR RECOMPRESSION HEAT 

PUMP 

As the name mentioned; top vapour recompression using heat 

pump; top column outlet stream was compressed using 

compressor. First we defined three streams one feed stream 

and the other two were respectively reflux and reboiled stream 

and solved them by inserting the appropriate composition and 

conditional data. Next we took an absorption column. By 

double clicking in the column we opened the design page. In 

the design page; different stream names like column name; 

overhead vapour outlet stream name and bottom liquid outlet 

stream name were inserted. Then we added the required 

specifications to solve the column. Next from the object 

palette we took the compressor. By double clicking in the 

compressor we opened the design page. There in the place of 

inlet stream we connected top vapour outlet stream from the 

absorber and the place of energy we wrote name like Qcomp 

as compressor energy and in the place of outlet we gave outlet 

stream name. We increased the pressure and temperature of 

the outlet stream. Next we took a Heat Exchanger from the 

object palette; we designed the heat exchanger in such a way 

that top vapour outlet stream vapour fraction was zero and 

bottom outlet stream boiled up to the desired vapour fraction. 

Thereafter we used a separator to separate the liquid product 

and recycled the vapour stream to the column. Next we took a 

cooler and designed the cooler in such a way that the top 

column outlet stream was cooled in cooler up to the reflux 

stream temperature. Thereafter using a valve we decreased the 

pressure up to the designed pressure of the top column inlet 

stream pressure. Next we added the required specifications 

and the whole system were converged successfully. We 

performed this simulation at different pressure conditions like 

column top pressure 500 kPa, 700kPa, 800 kPa, 900 kPa and 

1000kPa.The flow diagram of the top vapour recompression 

heat pump cases are given in the figures below. 

 
Figure 3a: Flow Diagram of vapour recompression Heat Pump at 817 kPa 
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Figure 3b: Flow Diagram of the Vapour recompression Heat Pump at 900 kPa 

 

Figure 3c: Flow Diagram of the Vapour Recompression heat Pump at 1000 kPa 

IV. SIMULATION OF DISTILLATION COLUMN 

WITH BOTTOM FLASHING HEAT PUMP 

In the Bottom Flashing Heat Pump case like top vapour 

recompression case we solved the absorber. Here the bottom 

column outlet stream is expanded in a valve to the desired 

pressure. Using a Heat Exchanger column top outlet stream 

was condensed fully i.e. we made the vapour fraction zero and 

bottom column outlet stream was fully vaporized i.e. we made 
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the vapour fraction 1. Thereafter we used a Tee to get the 

desired product and recycled the rest liquid stream to the 

column. Next tube side outlet of the Heat Exchanger was sent 

to a compressor upto the column bottom Pressure. Then we 

sent it the cooler to cool it to the boil up stream and to the 

desired vapour fraction. Thereafter using a separator we 

collected the liquid bottom product and recycled the vapour 

stream to the column bottom. 

 

Figure 4a: Flow Diagram of the bottom Flashing Heat Pump at 700 kPa 

 

Figure 4b: Flow Diagram of the bottom flashing Heat Pump at 817 kPa 
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Figure 4c: Flow Diagram of the bottom flashing Heat Pump at1000 kPa 

Table 4: Energy Saving Calculation of Case II data for 817 kPa 

Parameters Value (kJ/h) 

Conventional case 4.707*10^7 

Condenser Duty 3.836*10^7 

Reboiler Duty 0.66*10^7 

Total Energy Required 8.543 *10^7 

MVRHP CASE  

Compressor Duty 0.66*10^7 

Heat Exchanger duty 3:836*10^7 

Cooler Duty 1.52*10^7 

Total Energy Required 4.696 *10^7 

Energy Saved for MVRHP Case 45.031% 

BFHP Case  

Heat Exchanger  Duty 3.896*10^7 

Compressor Duty 0.606*10^7 

Cooler (1) Duty 8.132*10^6 

Cooler (2) Duty 4.78*10^7 

Energy Saving for BFHP Case 44.048 % 

 
V. DOUBLE EFFECT DISTILLATION 

5.1. Feed Split Distillation 

Fig.5a shows the configuration of double-effect feed split 

distillation. The feed stream was splitted and sent to the High 

Pressure (HP) column and Low pressure (LP) column 

separately. The stream of HP column was used to heat the 

reboiler of LP column. Here pressures were adjusted in such a 

way that condenser from High Pressure can provide heat to 

the reboiler of LP column. The pure product streams could be 

got from the both of the top and bottom of HP column and LP 

column. Here energy exchange between the two columns and 

the use of each column could change in a range which can 

influence the energy saving rate. We used the same multi-

component mixture for this case study also. 
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Figure 5a: Column Environment of the feed split Distillation Column 

Table 5.1: Energy requirement of the Conventional Column 

Parameter value 

Condenser Energy (KJ/h) 1.362*10^7 

Reboiler Energy (kJ/h) 9.307*10^7 

Total (kJ/h) 10.669*10^7 

 

Figure 5b: Flow Diagram of Double Effect Feed Split Column 
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Table 5.2: Energy Calculation of Feed Split Column 

Parameter Value (KJ/h) 

Reboiler Duty 9.277*10^6 

Condenser Duty 1.368*10^7 

Cooler Duty 4.406*10^6 

Total 2.7363*10^7 

Saved Energy 74.3528% 

5.2. Feed Forward Distillation 

For feed forward distillation all the feed flows into HP 

column. The liquid stream of the bottom HP column flows 

into LP column. The stream from the top of HP column was 

used to heat the LP column reboiler. The light component 

could be got from the top of both the columns. The heavy 

component could be got from the bottom of LP column. 

 

Figure 5.3: Flow Diagram of the Double Effect Feed Forward conventional HP column 

Table 5.2: Energy Calculation of Double Effect Feed Forward Conventional Column 

Parameters Value (KJ/h) 

Reboiler Duty 2.296*10^7 

Condenser Duty 3.153*10^7 

Total Energy required 5.286*10^7 
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Figure 5.4: Column Environment of the Double Effect Feed Forward LP column 

Table 5.3: Energy Calculation of Feed Forward LP Column 

Parameter Value (KJ/h) 

Reboiler Duty 2.579*10^7 

Condenser Duty 2.707*10^7 

Total Energy required 5.286*10^7 

Saved Energy 2.99% 

 
Figure 5.5: Column Environment of the Feed Forward HP column simulated by HYSYS 
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Table 5.4: Energy Calculation of Feed Forward Conventional HP Column 

Parameter Value (KJ/h) 

Reboiler Duty 2.307*10^7 

Condenser Duty 2.694*10^7 

Total Energy required 5.001*10^7 

Saved Energy 8.22% 

 
VI. ECONOMIC ANALYSIS PROCEDURE 

Capital Cost 

 The following approximates installed cost and purchased cost 

for the 

Shell and Trays. This cost relates the diameter, height and 

design variables of the column. 

The design variable is a correction used to allow specificity of 

the column pressure and material. 

CC = ((M&S))/280)*120*DT*H
0.8

*(218+Fc) = 

((M&S))/280)*120*2.9*51.80
.8
*(218 + Fc) 

Where CC =Cost of Shell and Trays; Fc= Design 

consideration for the column 

Step 2. 

Capital cost 

The installed cost of the reboiler heat Exchanger is: 

Cr=((M&S)/280)* 328 *(Hv/11250)
0.65

* V 
0.65

 . = 

((M&S)/280)* 328 *((1.859*104)/11250)
0.65

* 1274
0.65

 

Where Cr is cost of Reboiler. 

Hv=Heat of vaporization of bottoms 

V=Rate of boilup 

Operating Cost: 

If we use steam to supply heat for the reboiler, the steam 

required is: 

Ws = (∆HV/∆Hs) ∆V = ((1.859*10
4
)/2240)* (25.57) Where 

Ws= Amount of steam needed 

∆HV = Heat of vaporization 

∆Hs=Heat of Saturation V= Mass flow rate 

Cs = 8.74*10
-3

*(Steam cost) ∆Hv*V = 8.74*10
-3

(steam 

Cost)*(1.859*10
4
)*(25.57) 

Cost of Condenser 

Capital Cost 

If we assume that the cooling water is available at 90ºF, 

The Heat transfer area of the condenser is 

Ac = (∆Hv/3000)*ln((Tb-90)=(Tb-120))*V = 

((1.791*10
4
)/3000).ln((47.02-90)) = ((47.02-120)))*28.42 

Ac= Area of condenser Heat Exchanger 

∆HV = Heat of vaporization Tb=Bubble point of Distillate 

V= Mass flow rate Installed Cost of the Condenser 

Cc = (M&S/280*101.3*(2.29 + Fc)* A *C
0.65

 

Where Cc= cost of condenser 

Fc=Design consideration for correction factor. 

Operating Cost: Amount of cooling water needed for the 

condenser is 

Wc = ∆HV/30 *V 

= (1:791/30)*28.42*Cc 

= ((1.791)/30)* 28.42 *Cc 

=3.26 *10
-4

*(Cooling water cost)*(∆HV)* V 

WC=Amount of cold water to condenser Cc =Cost of 

condenser 

∆HV = Heat of vaporization V=Mass flow rate. 

Parameters  Conventional MVRHP BFHP FSD FFHP BFLP 

 

Cost of Column 585000 585000 585000 704200 704200 565000 

Cost of condenser 53600   53600   

Cost of Reboiler 69700      

Cost of 
Compressor 

 1999300 746300    

Cost of Exchanger  106010 98211 106010 98211 10000 

Cost of cooler  19911 2710 3000 2710 3000 

OPERATIONAL COST 
($) 

Cost of steam 183211     19009 

Cost of Electricity 74411 189600 176300 70011 69000  

ECONOMIC 

POTENTIAL($) 
 965922 2899821 1608521 936821 874121 597009 
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VII. CONCLUSION 

In this case study we simulated a multi-component  feed 

mixture containing species Propane, Isobutane, n-Butane, C4 

olefins, Neopentane, Isopentane, and n-Pentane.  

Conventional Distillation, Mechanical vapour recompression, 

Bottom flashing heat pump technology, Double effect 

Distillation with feed split and Feed forward distillation 

technology were used. Simulation results showed that all 

technologies can be implemented to save energy than 

convention distillation. Details of the energy saving has been 

shown in the Table 3.2 and Table 4.12 .For this case study of 

multi-component mixture BFHP MVRHP showed 44% 

energy saving and BFHP showed 45% energy saving.   

 

APPENDIX: NOMENCLATURE 

D: Diameter of the Column 

H: Height of the Column 

MVRHP: Mechanical Vapour Recompression Heat Pump 

BFHP: Bottom Flush Heat Pump 

N: Number of stages 

U: Overall heat transfer coefficient 

FC: Fixed Capital Investment 

Cv: Process Variable costs 

SR: Heat Transfer Area of the Reboiler 

SC: Heat Transfer Area of the condenser 

QC: Heat Duty of Condenser (kW 

QR: Heat Duty of Reboiler (kW) 

FSD: Feed Split Distillation 

FFHP: Feed Forward High Pressure 

FFLP: Feed Forward Low Pressure 

TAC: Total Annual Cost 

A: Area 

U: Overall Heat Transfer Coefficient 

HP: High Pressure Column 
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Abstract— The widespread occurrence of organic micro 
pollutants such as pesticides, pharmaceuticals and personal care 
products, flame retardants, and endocrine disrupting compounds 
(EDCs) in receiving bodies and drinking water influents has been 
a global issue of concern for academia and environmental 

agencies for over two decades. With looming water scarcity in 
many parts of the world, providing clean drinking water and 
sustainable development will require the use of water recycling 
in the future and it will be imperative that recycled water will 
not impact both environmental and human health.  
Consequently, extensive research and development in both 
upstream processing and downstream monitoring are needed. 
Advanced Oxidation Processes (AOPs) refer to a set of oxidative 
water treatments that can be used to treat toxic effluents at 
industrial level, hospitals and wastewater treatment plants. 
AOPs are successful to transform toxic organic compounds (e.g. 
drugs, pesticides, endocrine disruptors etc.) into biodegradable 
substances. AOPs in general are cheap to install but involve high 
operating costs due to the input of chemicals and energy 
required. To limit the costs, AOPs are often used as pre‐
treatment combined with biologic treatment. Wastewaters from 
the various dyeing, paint and colour industries have been found 
to contain high amounts of harmful dyes such as RB-5 (Reactive 
Black T), Congo Red etc. The consumption of such wastewater is 
responsible for various type of diseases, cancers etc. The present 
study aims at the removal of these dyes from various effluents 
from a variety of methods including Ozonation, Catalytic 
Ozonation, Fenton and Photo Fenton. A series of experiments 
containing same concentration of dye were conducted and the 
effects of each were observed. Operating parameters such as 
effect of catalyst, rpm in the Ozonation experiments and the 
effect of different dosages of H2O2 ferrous ions and intensity of 
sunlight in Fenton and Photo-Fenton experiments were carefully 
observed. Finally the analysis is done by UV- spectrophotometer 
to calculate the concentration of the dye in the wastewater. 

Keywords— Ozonation, Catalytic Ozonation, Photo-Fenton, 

Fenton, RB-5 
 

I. INTRODUCTION 

dvanced Oxidation Processes (AOPs) refer to a set of 

oxidative water treatments that can be used to treat 

toxic effluents at industrial level, hospitals and wastewater 

treatment plants. AOPs are successful to transform toxic 

organic compounds (e.g. drugs, pesticides, endocrine 

disruptors etc.) into biodegradable substances. AOPs in 

general are cheap to install but involve high operating costs 

due to the input of chemicals and energy required. 
[1]

 

Advanced Oxidation Process (AOP) is being studied 

extensively for waste-water treatment. This process makes use 

of hydroxyl radicals and oxidative radicals for removal of the 

organic compounds from streams of various waste water. But, 

high scale application of these  effective technology in 

wastewater treatment are at present very limited due to high 

cost and incomplete information about the resultant water 

quality. The study is focusing on evaluating the upstream 

processing and downstream after treating analysis of the 

selective AOPs. Advanced oxidation process, which produces 

reactive species for example hydroxyl radical in-situ, is 

identified with one of the potential technology for the 

removing the trace concentrations of organics from different 

water streams. Traditional water disinfection treatment 

process like ozonation and UV disinfection can easily be 

modified to achieve advance oxidation in both water and 

wastewater treatment plants.  There has been over three 

decades of intense research into many different types of AOPs 

as well as wide adoption of some of these processes.  Of the 

many AOPs tested, ozonation, UV/ozone, UV/hydrogen 

peroxide, and UV/photocatalysis are most commonly studied 

and used for many applications.  Unfortunately, the common 

disadvantage shared between all AOPs is the high operating 

cost, which has somewhat limited large-scale application of 

this otherwise very powerful technology.  However, with the 

advent of higher efficiency UV lamps, visible light catalysts, 

and improved reactor design, with the help of computational 

fluid dynamics and energy modeling, both UV and solar-

based photocatalysis have great potential for large-scale 

application.  However, further research is still needed in 

developing new immobilized photocatalysis reactors and to 

improve the performance, the immobilization, and 

illumination in the reactor of the photocatalyst. 
[2]

 

Although AOPs are found to be expensive for complete 

mineralization of the organic compounds, partial oxidation of 

the initial compounds to less stable intermediates is a viable 

option, if the intermediates readily degrade in the environment 

and are harmless to the aquatic environment and human 

health.  However, partial oxidation of organic contaminants 

can in some cases result in the formation of intermediates 

more toxic than the parent compound, and the nature and 

number of the degradation products will depend on the 

employed oxidation process, reaction time, and water quality 

metrics. Quantifying the accumulated effects of the resulting 

mixture of compounds on living systems rather than on the 

precise quantification of their chemical compositions, which 

is costly and time consuming, and can be futile without the 

prior knowledge of dose and effect relationship of an 

A 
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intermediate, can be beneficial to assess the performance of a 

specific AOP. 
[2]

 

For the treatment of drinking water and tertiary wastewater 

advanced oxidation processes (AOPs) has garnered a 

significant level of interest academically and industrially over 

the last three decades.  All AOPs are characterized by the 

production of highly reactive and non-selective hydroxyl 

radicals, which are the strongest oxidants in an aqueous 

medium.  Hydroxyl radicals are capable of oxidizing nearly 

all organic compounds to water, carbon dioxide, and mineral 

salts through a process termed mineralization. 
[2]

 By far the 

most common method in AOP used for wastewater treatment 

is Ozonation. The main reason is the wide application of this 

process in disinfection, odor control and colour removal. The 

degradation of pollutants in water using ozonation follows 

two mechanisms. (1) Direct oxidation by ozone, which is a 

highly selective process with low reaction rates. (2) Indirect 

mechanism to produce hydroxyl radicals. 

The first step in the second process is the decomposition of 

ozone by hydroxide ions.  

O3 + OH
-
→ O2 + HO2 

The formed hydroperoxyl radical is in an equilibrium state 

HO2● ↔ O2●
-
 + H

+
 

The superoxide anion radical and ozone then react to form 

ozonide anion radical 

O3 + O2●
-
 → O3●

-
 + O2 

It then immediately decomposes into oxygen and a hydroxyl 

radical 

O3●
-
 + H

+
 ↔ HO3● 

HO3● → ●OH + O2 

Overall: 

3O3 + OH
-
 + H

+
 → 2OH

-
 + 4O2 

Textile dyeing uses large amount of freshwater and synthetic 

dyes. Its effluents have to be subjected to certain treatments to 

remove the contaminants, especially for residue dyestuffs, 

before discharging to water bodies for elimination of adverse 

impacts to the environment. The objective of this study is to 

check catalyst, Lanthanum oxide, and study its catalytic 

performance in ozonation of simulated dyeing wastewater for 

dye degradation. 

Synthetic dyes are frequently used in the textile dyeing plant 

for aesthetic consideration of the products. In the dyeing 

process considerable amount of colour effluents of high 

polluting degree are generated which will adversely influence 

not only the environment but also human health if it is 

discharged without adequate treatment .In particular, some 

dyes have toxic, carcinogenic and even genotoxic effects on 

the humans. Thus it is important to remove dyes in the textile 

wastewater before discharging to receiving water bodies. 

However the removal of different dyes is always a remarkable 

challenge.  

The conventional biological method, which is effective for 

contaminants removal from municipal sewage, is however not 

particularly useful for treating textile dyeing wastewater due 

to low biodegradability of textile dyes. Although many studies 

show that the removal of textile dyes in effluent by specific 

natural clays via adsorption is effective and cost-competitive, 

the replacement burden of the adsorbent, which is saturated to 

dyes after certain service time, has to be carefully evaluated in 

real wastewater treatment.  

Chemical oxidation is an effective method to treat textile 

wastewater by using several active oxidants including 

chlorine/chlorine dioxide, hydrogen peroxide and ozone. 

Particularly, ozone has outstanding oxidizing ability and can 

decompose to O2 without byproducts in the whole oxidation 

process, which therefore has aroused the interests in 

water/wastewater treatment. 

The heterogeneous catalytic ozonation, in which the catalyst is 

of solid form, has 80 received widely attention in removal of 

organic pollutants from aqueous solution because of its high 

efficiency and ambient operational conditions, which has 

potential practical applications in real water/wastewater 

treatment without any additional means such as thermal and 

light energy or second pollution involving ironic catalyst 

separation in homogeneous ozonation. In the past decades, 

various materials based on transition oxides such as 

manganese oxide, titanium oxide, zinc oxide, nickel oxide, 

copper oxide, cerium oxide and iron oxide were frequently 

used as ozonation catalysts. The ozone/catalyst process is 

more efficient than the ozone process alone because these 

catalysts act as a radical promoter and support. 

The advantages of Ozonation are as follows: the rate of 

ozonation is rapid, it leaves small footprint to reduce the 

toxicity, it does not concentrate waste for further treatment 

with methods such as membranes, it does not produce 

materials that require further treatment such as ―spent carbon‖ 

from activated carbon absorption, it does not create sludge 

like biological processes or any chemical process, the ozone 

also an effective bacteria killer, it oxidized substances like 

iron and sulfur such that they can be filtered out of the 

solution, there are no nasty odors or residues produced from 

the treatment, also ozone converts back into oxygen quickly, 

and leaves no trace once it has been used. 

However the disadvantages of Ozonation are such that 

enhances the need for finding out other AOP’s. The 

disadvantages are as follows: It leads to formation of 

potentially harmful by-products which react with the different 

pollutants present at source like bromate (extremely harmful 

carcinogen, it is then important to optimize both the 

disinfection and oxidation processes of ozonation to minimize 

toxic by-product formation. The biggest disadvantage of using 

the Ozonation process as an AOP is that it isn’t cost friendly. 

The process involves the use of ozone gas which itself is 
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expensive.  

The Fenton and photo-fenton reactions have a very long 

history in the field of water treatment, having been 

extensively studied for the removal of pollutants, dyes, 

chemicals, carcinogens etc. Treatment is achieved via the 

generation of reactive oxygen species when H2O2 reacts with 

iron ions, as per the following reactions: 

Fe
2+ 

+ H2O2    Fe
3+

 + OH
-
 + HO● 

Fe
3+ 

+ H2O2    Fe
2+

 + H
+
 +    ● 

In water, Fe
3+ 

is subjected to hydrolysis, forming different 

Fe
3+ 

aqua complexes depending on pH. At around 3 [Fe 

(H20)5(OH)]
2+ 

is the predominant speices, which exhibits 

significantly photoactivity in the UV and visible regions of 

solar radiation. Under light, Fe
3+ 

is regenerated in a variant 

called the photo Fenton reaction. 

[Fe (H20)5(OH)]
2+ 

+ hv   Fe
2+ 

+ H
+ 

+HO● 

 

As the pH increases, amorphous iron hydroxides are formed 

which tend to precipitate. In the presence of ligands other than 

H2O the reduction kinetics of Fe
3+ 

to Fe
2+ 

can be significantly 

different, while the operational pH is wider. 

 Homogenous photo fenton is a very well-known advanced 

oxidation process which uses Fe-II as a catalyst. Generally, 

catalysts are also used in the photo fenton which increases the 

rate at which the colour is removed. The most commonly used 

catalysts are Fe/Clay, Fe/TiO2, and Fe3O4/ Al2O3. A 

considerable pH has to be maintained during the reaction. The 

advantages of this process is: almost zero energy 

consumption, less experimental time. It has only one 

disadvantage that the process produces sludge which needs to 

be discarded also if any catalyst is present, it cannot be 

regenerated.   

The present study aims at the removal of RB-5 (Reactive 

Black T) which belong to the class of double azo dye. It is 

predominantly used for cotton, viscose, wool and polyamide 

fiber disseminated, roll the dye, knot dyeing piled up and 

dyeing of continuous. Can also be used for cotton or viscose 

fabric printing and dyeing directly the printing and discharge 

printing. The structure of the dye is as follows; 

 

 

 

 

 

 

 

 

 

 

 

 

    

II. MATERIALS AND METHODS 

The dye RB-5 was obtained from the respected faculty. The 

chemical that is Hydrogen peroxide (H2O2) was taken having 

35% w/w.  10 grams of Ferric Oxide powder (Fe2O3) was 

used as a source of iron provided by ________was obtained 

from the laboratory. 

The initial dye solution of 1000 ppm was produced as a stock 

solution by dissolving 1 gm of dye in a 1000 ml water. 

 

 
Figure 2  Ozonation Setup[6] 

III. EXPERIMENT 

A. Ozonation 

Setup:- 

The experiments were performed in a large cylindrical 

thermostatic bath which is connected with a constant oxygen 

supply and 2 gas washer containing potassium iodide solution. 

The oxygen is passed in an ozone generator. 2 experiments 

were performed; one without catalyst; and one with a catalyst- 

lanthanum oxide.  

Procedure:- 

Catalytic ozonation was performed in a glass reactor filled 

with 1L of 100 ppm dye solution, of which the temperature 

and stirring speed were controlled. Ozone was generated by a 

high precision ozone generator fed with oxygen. The mixture 

gas stream, comprising of ozone and oxygen, was 

continuously fed into the reaction system through a porous 

diffuser, which laid at the bottom of the glass reactor for 

generation of fine bubbles. Off-gas containing residual ozone 

was adsorbed by potassium iodide solution in two gas 

washing bottles. At each predetermined time interval of 5 

minutes during ozonation, some amount of water sample was 

carefully pipetted. 

B. Fenton 

Setup:- 

The experiments were performed in a Borosil beaker having 1 

ltr capacity. Solution of 100 ppm of 500 ml was prepared and           Figure 1 RB-5 (Reactive Black T) Structure 
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taken in the beaker 

Procedure:- 

Dye solution of 100 ppm with 10 grams of ferric oxide 

powder and varying volumes of hydrogen peroxide of 50, 70, 

80 and 100 ml was introduced and the beaker was covered 

with aluminium foil to prevent penetration of sunlight and 

samples of definite volume was taken for every 5 minutes and 

it was continued for 30 minutes. 

 

IV. RESULTS 

The samples taken after every 5 minutes for simple Ozonation 

and 10 minutes for catalytic ozonatiom is then analysed in a 

UV spectrometer. The results of the ozonation and catalytic 

ozonation are compared as below 

Table 1 Ozonation-Colour removal 

Time 
(Min) 

Simple ozonation Catalytic ozonation 

Absorbance 
%colour 
removal 

Absorbance 
%colour 
removal 

0 3.102 0 3.193 0 

5 1.420 45.44 - - 

10 0.655 74.83 0.014 99.588 

15 0.306 88.24 - - 

20 0.154 94.08 0.007 99.794 

25 0.085 96.73 - - 

30 0.036 98.61 0.005 99.853 

35 0.016 99.38 - - 

 

Similarly, the samples obtained from fenton and photo-fenton 

experiments were analysed in the similar manner. The results 

obtained is tabulated as below. 

Table 2 Fenton-Colour removal 

Time 

(min) 

% Colour Removal 

 Photo 

Fenton: 10 g 

of Fe2O3 

and 50 ml of 

H2O2 

Photo 

Fenton: 10 

g of Fe2O3 

and 100 ml 

of H2O2 

Fenton: 10 

g of 

Fe2O3 and 

50 ml of 

H2O2 

Fenton: 10 g 

of Fe2O3 

and 100 ml 

of H2O2 

0 0 0 0 0 

5 99.882 99.538 38.600 97.056 

10 99.870 99.846 41.962 97.600 

15 99.870 99.907 42.665 99.360 

20 99.870 99.907 43.215 99.840 

25 99.870 99.907 45.293 99.840 

30 99.870 99.938 46.913 99.840 

V. CONCLUSIONS 

After performing the experiments by 3 different methods i.e. 

Simple Ozonation, Catalytic Ozonation and Photo Fenton 100 

% colour removal was observed at the end of the required 

time. On comparing simple ozonation and catalytic ozonation 

with lanthanum oxide it was observed that the later process 

took nearly 20 minutes for almost 100 % colour removal as 

compared to 35 minutes obtained in the simple ozonation 

process. Amongst all the process though photo fenton gave 

the best results as 100 % colour removal was observed in 10 

minutes by using the ratio of 90:10. 

 The most efficient process was the photo fenton process 

however, the drawback of this process was the production of 

sludge. So, this is a disadvantage of the process that it also 

generates waste.  

Considering the efficiency of all the above processes, both the 

ozonation process are costly as it requires ozone generator and 

electrical energy to work. But on the other end, Photo-Fenton 

utilizes zero energy so, is the most cost effective process. On 

comparing the two fenton process, simple fenton and photo 

fenton process it was found that it took more than 2 hours for 

the dye to completely degrade in the absence of direct sunlight 

for a simple fenton process while for a photo fenton process it 

took less than 2 hours.  

On comparing with afore mentioned Photo-Fenton process, it 

was found that the sludge produced was much less in the 2nd 

photo fenton experiment conducted. On comparing the Fenton 

processes, the most favorable results are obtained in the 3rd 

Fenton process (10 g of Fe2O3 and 100 ml of H2O2). On 

comparing the Photo Fenton results, the 2nd experiment 

produces the most favorable result 
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Abstract— The main goal of wastewater treatments is to dispose 

of wastewater safely without any adverse effect on human health 

and without polluting any water resources. Traditional 

wastewater treatments like adsorption, coagulation, ion 

exchange, and ultra-filtration are generally used but these 

methods will generate the solid waste and again this solid waste 

needs to be treat. Although these methods are effectively remove 

the color, but they cannot completely do mineralization of 

refractory compounds. These processes are even costly to apply 

in real field. Now a challenge to researcher is to find viable and 

effective method to treat wastewater and the method should be 

environment friendly and economically acceptable too. Advanced 

oxidation processes are generating hydroxyl radical, very 

powerful oxidizing agent, which demineralize the refractory 

compounds into inorganic final products which is comparatively 

less toxic and harmful to environment.  Ozone is widely used as 

an effective oxidant to treat wastewater. Some of the 

intermediates like aldehydes and carboxylic acids are formed 

during ozonation process, which are not react with ozone. So 

complete mineralization of refractory compounds is not possible 

by using this process. So in comparison with ozonation alone 

catalytic ozonation process effectively forms the hydroxyl 

radicals at low pH and it also provide the fast degradation of 

organic compounds. Catalytic ozonation can be classified as (i) 

homogeneous catalytic ozonation in which metal ions present in 

aqueous solution activate the ozone and (ii) heterogeneous 

catalytic ozonation in which the catalyst is in solid form. As a 

catalyst metals, metals or metal oxides on supports etc. are used. 

Catalytic ozonation found to be an effective method to treat 

organic pollutants from wastewater. 

Keywords—Wastewater Treatment, Ozonation, Catalytic 

Ozonation 

I. INTRODUCTION 

ll over the world the major issue is to treat dye 

wastewater so it can be reused.  Day by day increasing 

the use of dye has a strong effect on environment [1]. Azo 

dyes are widely used in textile industry and these wastewater 

is harmful to human health and ecological system. So 

removing color and other organic compounds from 

wastewater is necessary. In fact the complete mineralization 

of wastewater is necessary to reduce the environmental 

impact. Though the biological treatments are cheap it’s not 

widely used because it is less efficient in decolorize the 

wastewater. Other physical, chemical and combination of 

these methods are also fails in complete mineralization of 

wastewater  [2]-[3]. Now a days, the different methods like 

ozonation, photocatalysis, UV/ozonation, catalytic ozonation 

have been used to treat dye wastewater [4]. Among these 

ozonation gain the more importance to remove the color and 

refractory compounds from wastewater [5]. Ozonation is a 

single step process, less harmful to human, no sludge remains 

and ozone residue is simply converted into oxygen  and water 

[6]. Studies shows that simple ozonation can break the 

chromophoric group into smaller compounds but some of the 

refractory compounds are not completely mineralize by using 

this method [2]. Ozone reactions with organic compounds will 

form the aldehydes and carboxylic acid, which is not react 

with ozone [7]. So to improve the ozonation efficiency, the 

advanced oxidation process named catalytic ozonation is 

found to be more effective for removing several refractory 

compounds.  

 Catalytic ozonation can be considered as 

homogeneous catalytic ozonation and heterogeneous catalytic 

ozonation. In homogeneous catalytic ozonation, dissolved 

metal ions activate the ozone and in case of heterogeneous 

catalytic ozonation, metal oxides or metals/ metal oxide on 

supports are used [8]. In heterogeneous system catalyst play a 

vital role. The catalyst like MnO2, CeO2, TiO2, CuO, ZnO, 

La2O3, MgO etc. are generally used [8]-[9]. The effectiveness 

of the process depends on the catalyst, properties of catalyst, 

pH of solution and ozone decomposition reactions in aqueous 

solution [8]. 

 
 

Fig.1. Molecular Structure of RB5 [3] 

II. MATERIALS AND METHODS 

Synthetic wastewater of Reactive Black 5 (RB5) was 

prepared. The RB5 dye was used without further purification. 

The chemical structure of RB5 dye is shown in Fig.1.  

A 
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A. Synthesis of Catalyst 

 MgO catalyst was prepared by calcination of Mg 

(NO3)2 • 6H2O. The solution of Mg (NO3)2 • 6H2O was 

first dried at 100 °C overnight and after that it was 

calcined at 500 °C for two hours [10],[11], [15]. 

 Mg supported on γ-Al2O3 catalyst was prepared by wet 

impregnation method. Impregnation of γ-Al2O3 with 

magnesium nitrate aqueous solution, followed by 

shaking for two hours, followed by drying at 110 °C 

for overnight for the dehydrogenation and then catalyst 

was put into the furnace for the calcination at 450 °C 

for 3 hr. 

 CuO catalyst was prepared by direct calcination of Cu 

(NO3)2 • 3H2O at 450 °C for 3 hours. 

 WO3 is used as a commercially available from Piyush 

chemicals. 

 CeO2 catalyst was prepared by precipitation method 

using aqueous solution of cerium nitrate (Ce 

(NO3)2•6H2O). Sodium hydroxide solution was added 

into the metal salt solutions under continuous stirring.  

The resultant precipitate was thoroughly washed with 

distilled water and then dried at 110 °C for 24 hour and 

then calcined at 450 °C for 3 hour. 

 Ce-Co-O composite catalyst was prepared by co-

precipitation method using aqueous solution of cerium 

nitrate (Ce (NO3)2•6H2O) and cobalt nitrate                     

(Co (NO3)2•6H2O). 3M sodium hydroxide solution was 

added into the metal salt solutions under continuous 

stirring.  The resultant precipitate was thoroughly 

washed with distilled water and then dried at 110 °C 

for 24 hour and then calcined at 450 °C for 3 hour. 

B. Experimental Set up and Analytical Methods 

 The UV-vis absorption spectro photometer (Shimadzu 

UV-1800) was used to analyze the samples degradation. 

%color removal was determined by measuring the 

absorbance of the samples at the particular wavelength 

in the visible range, where maximum absorbance was 

obtained. The concentration of the Dye RB-5 was 

analyzed by measuring the absorbance at 599 nm [14, 

15]. 

 The TOC test, done instrumentally using TOC analyzer. 

It is used to determine the total organic carbon in an 

aqueous sample. The TOC of a wastewater can be used 

as a measure of its pollution characteristics and in some 

cases it has been possible to relate TOC to BOD and 

COD values. 

 The experiments were carried out in a cylindrical 

reactor (see Fig.2) having a capacity of 1.5 l. The 

aqueous slurry prepared by taking 100 ppm of RB5 

dye solution and 0.2 g of catalyst. Ozone was 

generated by corona discharge method using pure 

oxygen in ozone generator. The mixture of ozone and 

oxygen is bubbled through the sparger at the bottom of 

the glass column. The experiments were performed at 

room temperature and constant ozone flow rate of 30 

LPH. After certain interval the ozone supply was 

stopped and sample was analyzed for TOC removal. 

The ozone coming out from the reactor was trapped in 

KI bottles [12],[10], .  

 

 

 

 

 

Fig. 2 Experimental Setup [14, 15] 
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Table 1: Catalytic ozonation of RB-5 dye using various catalysts 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULT AND DISCUSSION 

The result of simple ozonation is shown in Fig 3. The color 

removal is 99.5% and TOC removal is around 33.2% after 95 

min. The result of catalytic ozonation is shown in Table 1 with 

different catalysts. The dye concentration and dosage of 

catalyst is 100 ppm and 0.2 gm respectively in all the 

experiments [15]. 

 

 
  

Fig. 3 Color and TOC removal of simple ozonation 
 

From the results shown in Table 1, the use of catalyst improve 

the ozonation process and the removal of TOC is increased 

compared to simple ozonation process. 

Fig.4 shows the result of % color removal and TOC removal 

by using different catalysts. In simple ozonation the color 

removal is 99.8% after 95 min and the TOC removal is 32.4%. 

Wherein catalytic ozonation the time require of 

decolourization is less than the simple ozonation. The TOC 

removal is maximum by using CeO2 as a catalyst which is 

50.1% after 95 min. The results shows that catalytic ozonation 

process depends on great extent on catalyst and its surface 

properties. According to Barbara Kasprzyk-Hordern et al.[8], 

there are basically three different mechanisms for 

decomposition of ozone. (i) adsorption of ozone on the 

catalyst which will form radicals and that will react with 

organic molecule (ii) adsorption of organic molecule on the 

surface of catalyst and react with gaseous or aqueous ozone 

and (iii) adsorption of both ozone and organic molecule on the 

surface of catalyst and interactions between chemisorbed 

species will take place. Generally all metal oxides having the 

same reaction mechanism. The acid centers are present on the 

surface are responsible for ozone decomposition [13].  

III. CONCLUSION 

It can be concluded from the present study that the catalytic 

ozonation gives the better result compare to ozonation. The 

cerium oxide gives the better result with 50.1 % TOC and 

99.9% color removal among all catalysts. 
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Abstract— This paper gives hardware and software interfacing 

about the biomedical signal procession using raspberry pi. This 

paper tells about biomedical detection on raspberry pi using 

emotive epoc+. EPOC is EEG based BCI device which reads 

activity of brain and is helpful for user to understand any 

persons’ brain activity and can be programmed for any action 

based on certain activity as per person requirement. 

Keywords— biomedical signal detection, emotive epoc+, emotive 

epoc, raspberry pi, python, signal detection, raspberry pi, BCI 

(Brain Computer Interface). 

 
I. INTRODUCTION 

CI stands for Brain computer interface this technology 

enables to control electronic devices with help of human 

brain emotive epoc is such a product which gives brain signals 

and records them for users and let the users use them for their 

applications. 

Emotiv Epoc+ is nowadays widely used for various 

applications like controlling objects using EEG signal, Like in 

Home automation. But the limitation present these days is that 

it’s is not still fully compatible with Linux or Debian based 

system as Debian and Linux are widely used to reduce 

computation load and can be easily used by small systems 

with low configurations example of such a system is raspberry 

pi which is low cost highly reliable computer used widely 

today. 

Emotiv epoc+ was developed for gaming purpose 

and was widely accepted by people but later on it finds its 

applications in other fields like in medical applications ECG 

signals from brain, For Computer gaming, for Stand alone. 

Applications it is also useful in robotics, in home automation. 

A. Introduction to EPOC+ 

 It has 14 EEG sensors plus 2 refringence sensors  
 It has 14/16 Bit Voltage resolution. 

 It is also compactible with android 4.4.3. 

 It has inbuilt magnetometer, accelerometer and gyro. 

 It has in-built 680 mAh battery. 

 It uses Bluetooth for its communication with the 
devices such as laptop or personal computer or 
raspberry pi etc. 

 Inbuilt notch filter for 50, 60 Hz mains signals. 

 Flat response for 0.16 Hz to 43 Hz signal. 

 It has sampling rate of 2048 samples/sec and is 
down-sampled at 128-256 samples per sec per 
channel. 

[1]
 

 

Fig 1. Emotiv Epoc+ photo 

There are some variants in the market available for the 

Emotiv epoc+ like NuroSky, Aurora Dream Headband etc. 

Still, emotive epoc+ is the best option available in the market. 

B. EEG signals from Emotiv epoc+ 

We are using emotive community sdk to create an 

environment for the epoc+ on raspberry pi. Emotiv epoc+ 

gives high resolution output of brain waves in the digital form 

(14 bit) so it gives every minor detail about the brain wave so 

it is highly reliable for signal processing using brain waves.  

II. RASPBERRY PI 

 Raspberry Pi is lightweight and used with Linux. As all 
know Linux is also lightweight, it supports multiple 
programming language also. Raspberry Pi has inbuilt GPIO 
pins which can directly be interface with the hardware 
according to the program making it flexible for the user to 
use. We have chosen Linux based Debian OS to perform 
computation of signals using python on raspberry pi. Python 
is a powerful language which can used to perform heavy 
calculations easily and computationally faster. 

 Python is powerful language which is computationally 
faster than other languages. It has vast developer community. 
It has simple structure and it can be easily interpreted.  

 
 

B 
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Fig. 2. Raspberry Pi model 2B. [2] 
 

A. Features of Raspberry Pi 
[2]

 

The Raspberry Pi 2 Model B is the second-generation 
Raspberry Pi. It replaced the original Raspberry Pi Model B+ 
in February 2015. Compared to the Raspberry Pi 1 it has: 

 A 900MHz quad-core ARM Cortex-A7 CPU 

 1GB RAM 

 Like the (Pi 1) Model B+, it also has: 

 4 USB ports 

 40 GPIO pins 

 Combined 3.5mm audio jack and composite video 

 Camera interface (CSI) 

 Display interface (DSI) 

 Micro SD card slot 

 Video Core IV 3D graphics core  

 Full HDMI port 

 Ethernet port. 

III.    DETECTION OF EEG SIGNALS 

A. EMOTIV - SDK 

By using Emotiv SDK we are setting up the 

environment for detection of EEG signals. We are using 

community SDK version developed by Emotive Group. This 

module is run with the help of python. Supporting 

dependencies required python modules are as below: 

 pyusb 

 pycrypto 

 numpy
[3]

 

 scipy 

 matplotlib 

Python Emotiv module is used to get sensor date continuously 

in python shell. 
[4] 

This Module Returns the individual sensor data on python 

shell and also gives data from gyro sensor. And based on 

individual sensor data we can decide that which sensor is 

active at the most at present and based on which computation 

can be done. This Module can operate with any ARM or 

INTEL based systems. This module was developed by 

keeping developers in centre to involve them for new 

innovations and develop new applications. 

 

Fig 3. Detection of Emotiv signals Using Python- Emotiv Module on 

raspberry pi. 
[4]

 

The output from this module is shown in fig. 4. Where it 
shows individual data from each sensor.  

B. EPOC-Live 

 This Module is available from GitHub library from an 
independent developer Minetics Lab. This library is helpful 
to get graphs of individual node present on Emotiv epoc so 
every fine detail of signal is presented in time domain and 
one can also this time domain signal to frequency domain by 
using FFT algorithm implemented in python to perform real 
time computation. 
 

  
Fig. 4. The Real-time signal from all the nodes taken using Epoc live 

module. 
[5] 
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 This module is basically giving the data from all the 
nodes present on epoc+ and is useful to get data from the  
sensors and it saves this data in text format and this can be 
used for computation using some other script like in octave 
and python matplot library.  
 

IV. APPLICATIONS 

Systems like this can be used for various applications like 

 Military applications: Driver less fighter Planes. 

 Medical applications: Portable EEG machine, 

Automated Wheelchair for physically disabled 

persons. 

 Commercial applications: Home Automation, Driver 

less automated car. 

 

V.  CONCLUSIONS 

 
Basically, in this topic we are trying to implement 

the Emotiv epoc+ system using raspberry pi because EEG 

signal has great potential but problem with this technology is 

that is is kept open for windows and mac clients only but this 

system is too bulky OS for small computation systems which 

are designed to run with low power requirement like raspberry 

pi which is low cost with high computation power. Newer 

days raspberry pi is widely used for most of applications and 

in such scenario if such systems can be controlled using 

technologies like Emotiv epoc+ then the complete smart 

systems can be developed with faster processing and low 

power requirement. 

 

ACKNOWLEDGMENT  

This research was supported by Nirma University, 
We thank Prof. Dipesh Panchal who guided us during this 
research. We thank Mr. Mohan Karmanchandani, (Web 
Developer, DevRepublic Pvt. Ltd.) for his guidance in python 
scripts and code manipulation who proved to be very much 
helpful during the research 
 

REFERENCES 
 
[1] Emotiv (2014). Emotiv EPOC: Brain Computer Interface & Scientific 

contextual EEG [blog]. Retrieved from: https://emotiv.com/ product-
specs/Emotiv%20EPOC%20Specifications%202014.pdf 

[2] Raspberry pi 2 Model B. Retrieved from: https://www.raspberry-
pi.org/products/raspberry-pi-2-model-b 

[3] Matplot lib Retrieved from http://wyolum.com/numpyscipymatplotlib-
on-raspberry-pi/ 

[4] A Python module to access Emotiv EPOC EEG headset on Linux. 
Retrieved from https://github.com/ozanca-glayan/python-emotiv 
Epoclive python retrieved from: https://github.com/gitter-badger/epoc- 
live 

   
 

http://wyolum.com/numpyscipymatplotlib-on-raspberry-pi/
http://wyolum.com/numpyscipymatplotlib-on-raspberry-pi/


3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 181 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  

 

   Multilevel Inverter Topologies and Switching 

Control: A Review  
Biren B. Gevaria

1
, Bipin K. Kanjariya

2
, Ashish H. Gurnani

3 

1,2,3
Department of Electrical Engineering, Alpha college of Engineering and Technology, Gandhinagar, India.     

Abstract— Numerous Industrial applications have started to 

require high power. Some apparatus in industries requires 

medium or low power for their operation, utilizing high power 

hotspot for all modern loads might be useful for a few appliances 

requiring high power, while it might harm other appliances. The 

need of multilevel inverter is to give high yield control from 

medium voltage sources like batteries, super capacitors, ultra 

capacitors, fuel cell and solar panels. The multilevel inverter has 

been presented as an option in high power and medium voltage 

circumstances. The Multilevel Inverter consists of several 

switches and the arrangements of switching angles are very 

important. Common mode voltage, input current with low 

distortion and reduced total harmonic distortion (THD) are some 

of the advantages of multilevel inverters. 

Keywords— Multilevel Inverter, Clamping Diode, Flying 

Capacitor, Cascaded H-Bridge, Harmonic, Total Harmonic 

Distortion (THD), DC Source, Switching. 

I. INTRODUCTION 

he Voltage source inverter which is having output voltage 

or current with levels 0 or ± Voltage DC source [2]. A 

quality output voltage or current waveform across the load 

with less amount of ripple content, they require high 

switching frequency. A cascade multilevel inverter is a power 

electronics device which is used to get desired AC voltage 

from DC source. A multilevel converter is presented in which 

two separate DC source, where the secondaries of two 

transformers coupled to the AC power. 

Each phase of a cascade multilevel inverter requires „n‟ DC 

source for „2n+1‟ level. In application that involves real 

power transfer, the demand for high voltage and high power 

inverter is increasing and it is connected with a power 

semiconductor switch to a high voltage network [4]. 

Increasing number of voltage source in the input side, a 

sinusoidal waveform can be generated at the output and the 

total harmonic distortion (THD) decreases so the output 

quality will increase.  

II. TYPES OF MULTILEVEL INVERTER 

Different types of Multilevel Inverters are listed below [1]: 

A. Diode Clamped Multilevel Inverter. 

B. Flying Capacitors Multilevel Inverter. 

C. Cascaded H-Bridge Multilevel Inverter. 

A. Diode Clamped Multilevel Inverter 

Diode Clamped Multilevel Inverter consists of (m-1) 

capacitors on DC bus and m-levels on the phase angle. In a 

full bridge n-levels diode clamped inverter topology, the 

number of switches required is 2(m-1) i.e. Su1, Su2, Su3, Su4, Sl1, 

Sl2, Sl3 and Sl4. The DC bus consists of four Capacitors C1, C2, 

C3 and C4. The voltage across each capacitor is Vdc/4. A 

Multilevel Inverter leg requires (m-1) Capacitors, 2(m-1) 

switching device and (m-1)*(m-2) clamping diodes i.e. Du1, 
Du2, Du3, Dl1, Dl2 and Dl3. 

 

 
 

Fig. 1 Diode Clamped Multilevel Inverter Topology 

B. Flying Capacitors Multilevel Inverter 

A single phase full bridge m-level converter based on 

Flying Capacitor Multilevel Inverter is as shown in Fig.2. The 

number of switches required for this topology is 2(m-1) i.e Su1, 

Su2, Su3, Su4, Sl1, Sl2, Sl3 and Sl4. The voltage level for the 

Flying Capacitor converter is similar to that of Diode 

Clamped type of converter. Flying capacitors CF1, CF2 and CF3 . 

The phase voltage Vao of a multilevel converter and the line 

voltage Vab has (2m-1) level. Each capacitor has same voltage 

rating as the switching device. The DC bus (m-1) capacitor 

for „m‟ level converter is needed. The number of capacitor 

required for each phase is given by 

T 
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Fig. 2 Flying Capacitors Multilevel Inverter Topology 

C. Cascaded H-Bridge Multilevel Inverter 

It consist of a series connected H- bridge inverter units, the 

general function of Multilevel Inverter is to get desired 

voltage from several separate DC sources. This may be 

batteries, fuel cells and solar cells. The basic structure of 

single phase cascaded inverter with Several Separate DC 

Source (SDCS) is as shown in Fig.3. 

 

 
 

Fig. 3 Cascaded H-Bridge Multilevel Inverter Topology 

Several Separate DC Source (SDCS) is connected to an H-

bridge Inverter. The AC terminal voltage of different level 

inverters is connected in series. 

III. SWITCHING PATTERN OF DIFFERENT TYPES OF MULTILEVEL 

INVERTER TOPOLOGIES 

A. Switching Pattern of Diode Clamped Multilevel Inverter 

    In Multilevel Inverter, switching of each switch is 

conducted for a fixed duration of time. As the number of 

levels in Multilevel Inverter increases, it becomes more 

complex switching pattern. Diodes are used in this converter 

as it provides multiple voltage level through different phases 

of capacitors banks used in series. The switching pattern of 

Diode Clamped Multilevel inverter is as shown in Table I. 

TABLE I 

Switching Pattern of Diode Clamped Multilevel Inverter. 
 

Output 
Voltage 

Switch 

Su1 Su2 Su3 Su4 Sl1 Sl2 Sl3 Sl4 

0 0 0 0 0 1 1 1 1 

Vdc/4 0 0 0 1 1 1 1 0 

Vdc/2 0 0 1 1 1 1 0 0 

3Vdc/4 0 1 1 1 1 0 0 0 

Vdc 1 1 1 1 0 0 0 0 

B. Switching Pattern of Flying Capacitors Multilevel Inverter 

Flying capacitor is the series of connection of capacitor 

clamped switching cells. It can control both active and 

reactive power flow but due to high frequency switching, 

losses takes place. The switching pattern of flying capacitor 

multilevel inverter is as shown in Table II. 

 
TABLE II 

Switching Pattern of  Flying Capacitors Multilevel Inverter. 
 

Output 
Voltage 

Switch 

Su1 Su2 Su3 Su4 Sl1 Sl2 Sl3 Sl4 

0 0 0 0 0 1 1 1 1 

Vdc/4 1 0 0 0 1 1 1 0 

Vdc/2 1 1 0 0 1 1 0 0 

3Vdc/4 1 1 1 0 1 0 0 0 

Vdc 1 1 1 1 0 0 0 0 

C. Switching Pattern of Cascaded H-Bridge Multilevel 

Inverter 

A Cascaded H-Bridge Multilevel Inverter is made when 

more than two H-Bridge inverters are connected in cascade 

connection. Each H-Bridge can provide three different voltage 

level like zero, positive DC and negative DC voltage. One of 

the advantages of cascaded H-bridge inverter is that, it 
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contains less number of components as compare to others. 

The switching pattern of Cascade Multilevel inverter is as 

shown in Table III. 

 

TABLE III 

Switching Pattern of Cascade H-Bridge Multilevel Inverter 
 

Output 

Voltage 

Switch 

Sw1 Sw2 Sw3 Sw4 Sw5 Sw6 Sw7 Sw8 

2Vdc 1 1 0 0 1 1 0 0 

1Vdc 1 1 0 0 1 0 1 0 

0 0 0 0 0 0 0 0 0 

-1Vdc 0 0 1 1 0 1 0 1 

-2Vdc 0 0 1 1 0 0 1 1 

IV. OUTPUT WAVEFORM OF DIFFERENT TYPES OF MULTILEVEL 

INVERTER TOPOLOGIES 

A. Output Waveform of Diode Clumped Multilevel Inverter 

Output Waveform (Output Voltage V/S Time) of Diode 

Clamped Multilevel Inverter topology is as shown in Fig.4 

which is measured between point A and O as shown in Fig.1.   

 

 
 

Fig. 4 Output Waveform of Diode Clamped Multilevel Inverter 

B. Output Waveform of Flying Capacitors Multilevel Inverter 

Output Waveform (Output Voltage V/S Time) of Flying 

Capacitors Multilevel Inverter topology is as shown in Fig.5 

which is measured between point A and O as shown in Fig.2 

 

 
 

Fig. 5 Output Waveform Flying Capacitors Multilevel Inverter 
 

C. Output Waveform of Cascaded H-Bridge  Multilevel 

Inverter 

Output Waveform of (Output Voltage V/S Time) Cascaded 

H-Bridge Multilevel Inverter topology is shown in Fig.6 

which is measured across the load. 

 
Fig. 6 Output Waveform of Cascade Multilevel Inverter 

V. COMPARISON OF DIFFERENT TYPE OF MULTILEVEL 

INVERTER TOPOLOGIES 

Number of Levels, Number of Diodes, Number of Switches, 

Number of Capacitors and Number of DC Sources which is 

required for the topology of inverter is as shown in Table IV. 

 
TABLE IV 

Comparison of Different Type of Multilevel Inverter Topology 
 

Name of 
Parameter 

Diode 

Clamped 

Multilevel 

Inverter 

Flying 

Capacitors 

Multilevel 

Inverter 

Cascade 

Multilevel 

Inverter 

Number  of 

Level 
m m m 

Number of 

Diode 
2(m-2) - - 

Number of 

Switches 
2 (m-1) 2 (m-1) 2 (m-1) 

Number of 

Capacitors 
(m-1) 2m - 

Number of DC 

source 
1 1 2 

VI.  CONCLUSION 

Different topologies for the multilevel inverter are 

discussed in detail and the switching control of each topology 

is shown for the same. Switching time of each switch of each 

topology and the number of levels are discussed in detail. 

Controlling of each switch in Cascaded H-bridge Inverter 

topology is simple as compared to other topologies of 

Multilevel Inverter. As the number output voltage level 

increases the Total Harmonic Distortion (THD) decreases.  
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Abstract— Past Decades usage of processors and FPGAs is 

getting more and wider spread in electronic designs. A new 

development has been to implement processors onboard the 

FPGA Mainly processor requires huge area and extra 

circuitry .because of that circuitry becomes complex and it 

requires high power consumption .To solve this problem soft-

core processor is used that is interact with FPGA.A soft-core 

processor is a hardware description language (HDL) model of a 

specific processor (CPU) that can be used for specific application 

and synthesized for FPGA target. From soft-core processor 

mainly picoblaze processor has feature to interact and it is fit in 

Xilinx. So, this paper takes example of two picoblaze processor 

and transferring values to each other and generating small 

application of handshaking which was simulated and 

implemented on FPGA kit. Utilized summary were also discussed 

in paper. 

Key Words: KCPSM3, Pico Blaze, Soft Core Processor, Field 

Programmable Gate Arrays (FPGA) 

I. INTRODUCTION  

onstant advances in semiconductor technology over the 

several decades have resulted in an increasing 

development in the number transistors that can be fabricated 

on a single integrated circuit (IC). As use of embedded 

processor was also exponentially increases which need extra 

circuitry with huge power consumption. So, that FPGA 

generate one HDL language that interacts with the soft core 

processor which fitted on FPGA. These soft processor cores 

can be adopted by the designer for specific applications; 

improved speed and occupation of lower area were compared 

with microprocessor-based designs [1]. The same FPGA logic 

is re-used by the various microcontroller instructions. Using 

this soft core processor FPGA and processor both are easily 

implemented with logical primitives. Each solution has 

exclusive advantages in cost and performance of the system.  

There are mainly three types of processors (see Figure 1) form 

which Discrete processors [1] are very commonly available to 

all vendors and it seems to be the most commonly used 

solution. Choosing a discrete processor that meets the 

application’s cost and functional requirements can be a time 

consuming process. Secondly, Hard core processors have 

dedicated silicon on the FPGA. It does not provide the ability 

to adjust the core for the application, nor does it allow for the 

flexibility of adding a processor to an existing design. 

 

Figure 1. Types of Processors 

Another Processor that is Soft core processor which is 

appropriate for simple use and it is one that is implemented 

entirely in the logic primitives of an FPGA. Soft-core 

processors may be appropriate for a simple system, where the 

only functionalities are the manipulation of General Purpose 

Input/output. Comparison of controller and soft cores in 

FPGA (see Table 1). 

 In this paper Section 2 Contain introduction of Soft-

core Processor and comparison of major three soft-core 

processors. Section 3 described the picoblaze processor and its 

instruction set used for programming. Also, this section gives 

acknowledge about setup steps that link between processor to 

FPGA. In the next section implementation and simulation 

results were illustrates. At, last section summarize with a 

conclusion.    

II. SOFT-CORE PROCESSOR 

Xilinx and Altera symbolize the two corporations which 

currently grip the greatest market share among FPGA 

implementations. Soft-core processors reduce the flexibility of 

(FPGAs) to allow a system designer to customize the 

processor to the needs of a specific application. A soft-core 

can be removed from the design when it is not needed. This 

saves a lot of area compared to embedded processors, which 

can be used for other elements. A soft-core can be customized 

to the demands of the designer. 

Table1 . Difference between Controller and FPGA 

Micro Controller FPGA 

Easy to program, excellent for 

control and state machine 
applications 

Significantly higher performance 

Resource requirements remain 

constant with increasing complexity 

Excellent at parallel operations 

 

Processors 

Discrete 
processor
  

Hardcore 
processor
   

Softcore 
Processor 

C 
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Re-uses logic resources, excellent for 
lower performance functions 

 

Sequential vs. parallel 

implementation tradeoffs 

optimize performance or cost 
 

Executes sequentially 

 

Execute sequentially and parallel 

both 

Performance degrades with 

increasing complexity 
 

Control and state machine 
applications more difficult 

to program 

 

Program memory requirements 

increase with increasing complexity 

 

Logic resources grow with increasing 
complexity 

Slower response to simultaneous 

inputs 

Fast response to multiple, 
simultaneous inputs 

 

Heterogeneous functions like large multipliers can be 

excluded, when not needed. A soft-core can be reconfigured at 

run-time to meet other constraints. There are three major 

FPGA manufacturers provide soft-core processors. One is 

Pico Blaze processor and another known as Micro Blaze and 

NIOS processor. From which Pico blaze is 8-bit and micro 

blaze and NIOS is 32-bit processor.Comparission related to 

CPU core of this three processors are described in (see Table 

2). 

Table 2. Comparison of Soft Core Processors  

CPU core PicoBlaze Nios Micro Blaze 

License Open-source Proprietary Proprietary 

Logic Elements 192 1800 1324 

Cycle per 
instruction 

2 1 1 

MIPS 100 150 166 

III. PICO BLAZE PROCESSOR 

The Pico Blaze was planned to be efficiently mapped to 

available FPGA resources including block and distributed 

memories. The Pico Blaze microcontroller is a compact and 

cost-effective  embedded 8-bit microprocessor core optimized 

for the Xilinx FPGA.It has been designed to be small and 

reduced the hardware usage with lower power consumption 

and running on FPGA easily. Pico Blaze is optimized for 

efficiency and occupies only about 200 logic cells, which 

amount to less than 5% resource of a 3.3200device[9]. While 

not intended as a high-performance processor, it is compact 

and flexible and can be used for simple data processing and 

control. As shown  the Pico Blaze architecture can found in 

(see Figure 2) that processor supports the following features: 

16 byte-wide general-purpose data registers 1K instructions of 

programmable on-chip program store, automatically loaded 

during FPGA configuration Byte-wide Arithmetic Logic Unit 

(ALU) with CARRY and ZERO indicator flags 64-byte 

internal scratchpad RAM 256 input and 256 output ports for 

easy expansion. Pico Blaze is instantiated as three VHDL 

modules. Processors have two internal components: (1) 

KCPSM3 encapsulates the operation of the microprocessor 

and (2) a block memory contains the program to be executed. 

Both components are encapsulated by a third parent 

component. The logical equation or instruction set used to 

generate script is described below (see Figure 3).  

                   Currently released, Pico Blaze is programmed is 

in Assembly language. The instructions are grouped in 

Program control group, Input/output group, Logical Group, 

Arithmetic group, Shift and rotate group and Interrupt group. 

 

Figure 2.  Pico Blaze Embedded Microcontroller Block Diagram[4][9] 

 

Figure 3: Pico Blaze Instruction Set[5] 

The Following steps are required to SETUP Pico Blaze on 

Spartan 3E Fpga. 

1. Download Pico Blaze: 

http://www.xilinx.com/products/ipcenter/PicoBlaze-S3-V2-

Pro.htm 

2. Download the Pico Blaze IDE and use pBlazIDE to 

program (Make assembly programming txt and save with 

(.psm)) a psm file that will run on the picoblaze soft-core 

processor. 

http://www.xilinx.com/products/ipcenter/PicoBlaze-S3-V2-Pro.htm
http://www.xilinx.com/products/ipcenter/PicoBlaze-S3-V2-Pro.htm
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 3. Write assembly program. (See Figure 4) save it with 

extension <filename>.psm 

 

Figure 4: Assemble input and output files [10] 

5. KCPSM3 will generate a VHDL file in which block RAM 

and its initial contents are define using KCPSM3.exe 

assembler .The assembler will generate vhdl, verilog, 

hex ,.mat files etc.. 

 6. Add the new VHDL file to the project in Xilinx. Pico 

Blaze should be used as a component as shown in (see Figure 

5).The KCPSM3.vhd also had to be added in Xilinx project. 

 

Figure 5: VHDL Component Declaration 

7. Same way the ROM file named<filename>.vhd which is 

generated by KCPSM3 assembler is to be added in Xilinx 

Project. 

8. Link or map the new VHDL module created by the 

assembler to your source file as a ROM as shown in (see 

Figure. 6). 

 

Figure. 6. VHDL Component declaration of program ROM 

 9. Assembler writes corresponding VHDL code in source file 

that should map all inputs and outputs.  

10. Wirte an implementation constraint files to map input and 

outputs of FPGA IO with Program IO.  

11. Once mapping is done then Simulate, Synthesis and 

generate bit file to load file on Spartan 3E. 

12. Build and download the VHDL to the FPGA. 

IV. IMPLEMENTATION 

The Implementation of interfacing of two processor and the 

total architecture and interconnection of processors and blocks 

in VHDL that expanded schematic shown in (see Figure 7) 

which generated from two PSM files .Also the waveform 

representation that describe the output with read and write 

strobe implementation as shown in (see Figure 8) Wave form 

represent that the value of 1
st  

processor is transferring to 

another picoblaze processor which is small example 

implemented on FPGA using this soft core processor another 

application can be developed .Its utilizing summary(see Table 

3) gives information about used LUTs and flip flops . 

 

Figure 7 RTL Technical Schematic 

 

Figure 8. Program implementation on FPGA 
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Table 3. Device Utilization Summary 

Logic Utilization Used Available Utilization 

Number of Slice Flip Flops 172 9,312 1% 

Number of 4 input LUTs 354 9,312 3% 

Number of occupied Slices 194 4656 4% 

Numbers ofIO blocks 17 190 8% 

V. CONCLUSION 

From all hard and soft-core processor The Pico Blaze 

processor is small, simple and cost-effective soft-core 

processor that is useful for data processing applications. The 

challenges are to including multiple Pico Blaze processors in a 

design. And Implementation of Pico blaze based Embedded 

System for Monitoring Applications, network interfacing, 

Data Logging System and many other applications. Using this 

processor achieve good result with hardware utilization of less 

area and lower power consumption. 

Figure 8. Simulation Waveform 
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Abstract—There are significant number of people suffering from 

severe motor disabilities due to various causes like high cervical 

injuries, cerebral palsy and multiple sclerosis. In these cases the 

communication systems based on brain activities can play an 

important role in providing a new form of communication and 

control to these people for interacting with their environment 

without a continued assistance.  

This work aims at providing a communication channel in the 

form of brain computer interface (BCI) system to people who 

undergo a severe loss of motor function as a result of various 

accidents and/or diseases, so that they can control and interact 

better with the external environment. In this BCI system Ag/Agcl 

electrode cap is fitted over the scalp on human subjects to record 

electrical activity of the brain and then RMS 32 channel 

Electroencephalographic (EEG) data acquisition system is used 

to amplify the biomedical signals. The signals recorded from 

different human subjects are converted into excel sheets using a 

software. These converted excel sheets are processed using 

similarity matching algorithm to compare event related potential 

pattern on MATLAB. Depending on this data, various action like 

switching ON and OFF of bulb or fan is performed using relays. 

Arduino microcontroller is used for controlling.  

Keywords—Brain computer interface, MATLAB, 

Electroencephalographic, Arduino, Similarity Matching 

I. INTRODUCTION 

hen India's disabled population is scanned it reflects 

that the number of disabled which was 2.19 crores in 

2001 rose in 2011 to 2.68 crores [1]. But even after the so 

many years of independence, there is no authentic data on 

percentage of population of disability. Therefore, disability is 

nowhere on nations radar screen. A brain-computer interface 

is a communication system for generating a control signal 

from brain which establish communication between the two 

essential parts brain and computer.  

 Many different disorders can disrupt the neuromuscular 

channels through which the brain communicates with its 

external environment. Amyotrophic lateral sclerosis (ALS), 

brainstem stroke, brain or spinal cord injury, cerebral palsy, 

muscular dystrophies, multiple sclerosis, and numerous other 

diseases impair the neural pathways that control muscles or 

impair the muscles themselves in the absence of methods for 

repairing the damage done by these disorders. The final option 

for restoring function to those with motor impairments is to 

provide the brain with a new non-muscular communication 

and control channel, i.e. Brain Computer Interface (BCI) 

which efficiently work for conveying messages and 

commands to the external world from brain signal.  

To measure and study the brain activity signals, there are 

different methods such as magnetic resonance imaging (MRI), 

computed tomography (CT), single photon emission 

computed tomography (SPECT), magnetoencephalography 

(MEG), but these signals are not practical to implement a 

human-machine interface. They only give anatomical 

information. Other techniques are very invasive and expose to 

lot of radiations and are very expensive in nature [2].  

At present, Electroencephalographic (EEG) which have 

relatively short time constants can function in most 

environments and require relatively simple and inexpensive 

equipment which in-turn offer the possibility of a new non-

muscular communication and control channel, i.e. an 

independent BCI system.  

II. LITERATURE SURVEY 

Various works have been carried out on Brain Computer 

Interface system. Since 1970, there is a rapid progress on 

system based on Event Related Potential (ERP). Therefore, in 

this section different system built on Event Related Potential 

are reviewed.  

The author in [3] developed a BCI speller using Independent 

Component Analysis (ICA). In proposed work ICA is used to 

detect P300, an Event Related Potential. Despite the system 

has an accuracy of 100%, it still has more number of trails on 

the human subjects for particular operation.  

Ulrich Hoffmann et. al. proposed a similar BCI speller which 

is developed on the basis of Bayesian Linear Discriminant 

Analysis (BLDA), over a single trial with an accuracy of 

100%.But, due to usage of large number of electrode the 

proposed system is not practically feasible. 

 A steady state Event Related Potential (SSVEP) is introduced 

in [5], consisting of usage of Visual Evoked Potential for the 

movement of ball in 2 dimension space. The system has an 

accuracy of 97%. However ocular artifact and uneven 

W 
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variation in amplitude consequently after the performance of 

the system. 

L. A. Farwell et. al. again tried to improve the P300 speller 

using Xdawn algorithm which uses rare events in the oddball 

paradigm elicit the P300 component of the event-related 

potential and synchronous response occupies a small spatial 

subspace of space spanned by the recorded EEG as its main 

idea i.e. there exists a typical response synchronized with the 

target stimuli, and then this response can be enhanced by a 

spatial filtering. Though the system has good accuracy, it is 

performed only on the basis of two subject’s data. 

This paper proposes a BCI technology for disabled which 

yield an accuracy of 60% over four trails. The system uses 

Similarity matching algorithm, which makes it less complex. 

Usages of less number of electrodes and easy installation adds 

to simplicity of the system. 

III. BLOCK DIAGRAM of BCI SYSTEM 

 EEG based brain computer interface technology for disabled 

is an initiative to bring changes in the life of those who are 

severely suffering from any kind of movement disabilities. 

The block diagram representation of the proposed technology 

is shown in Fig 1. 

 

Fig 1: Basic Design Operation of BCI System 

Fig 1 depicts a generic BCI system in which a person 

controls a device in an operating environment (e.g., a bulb or 

a fan in a house) through a series of instantaneous thoughts. 

The electrodes placed on the head of the human subject's 

record the brain signal from the scalp, or from the surface of 

the brain and convert these brain activities into electrical 

signals. 

The EEG Electrode cap is connected to the RMS 32 

channel EEG data acquisition system which consist of 

assembly of low-pass filter, notch filter and high pass filter. 

The recorded 

data is outgrowth into two sets i.e. training and test sets 

depending upon the manner in which these data's are collected 

from human subjects using RMS. 

The recorded data consisting of Event Related Potential is 

converted into excel sheet and processed using similarity 

matching algorithm in MATLAB. Arduino microcontroller 

uses this information to control a fan or a light using relay. 

IV. HARDWARE DESCRIPTION 

The non-invasive wired BCI system can be designed in 

variety of ways. The cost and the number of channels become 

the major considerations when choosing the hardware for the 

system. Best possible hardware components were chosen 

depending upon the efficiency, accuracy required by the 

application. A brief description of various components used in 

the EEG based BCI system for disabled is provided in the 

following sections. 

A. Electrode Cap 

In the work Ag/Agcl electrodes cap is chosen to tap signals 

from the scalp or from the surface of the brain. Though there 

are different electrode caps available in the market but due to 

its exclusive feature like conversion of ion current from the 

surface of human tissue to electron current and with less cost 

makes it a better choice for the BCI system. Using an 

adhesive like electrolytic gel which is conductive in nature, 

the electrode on the electrode cap is attached to the skin which 

reduces the risk of noise artifact being introduced by electrode 

movement [4]. Additionally, the electrode cap lowers the 

skins resistance and therefore it results into a better signal 

measurement. Fig 2 shows the snapshot of the electrode cap 

which was put over the subject's scalp.  

 

Fig 2: Ag/AgCl based electrode cap 
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B. RMS 32 Channel EEG System 

The device used for building a BCI system is RMS 

MAXIMUS 32 channel EEG system. It can record 32 

channels of EEG data from electrodes placed according to the 

international 10-20 system. The voltage generated by the brain 

cells are picked up by EEG is extremely small (between 10-20 

microvolt) and amplification is needed of the order of ten 

thousand times for successful recording of the EEG signal. 

The standard parts of the EEG hardware include electrode 

cap, head box, connecting cable and PC. The Head Box is 

used for connecting electrode cap from the scalp to the 

hardware unit. The signal generated is amplified and then it 

passes to the PC where it is displayed by RMS MAXIMUS 

software designed for display of EEG signals. 

The raw sampled EEG data file created by RMS 

MAXIMUS software at the sampling rate of 1024 Hz is then 

read continuously at the start of acquisition. The raw data is 

then processed using series of filters. The signal is fed to a 

band pass filter implemented using low pass fourth order FIR 

filter with cut off frequency of 99 Hz and high pass fourth 

order FIR filter with cut off frequency of 0.1 Hz to limit the 

EEG signal bandwidth between 0.1 to 99 Hz as EEG signals is 

found between 0 to 100 Hz frequency. A 50 Hz notch filter is 

used to remove power line interference and impedance was 

kept below 10 k. The raw data converted to excel from RMS 

32 channel data acquisition system is shown in Fig 3 will be 

analysed using MATLAB and after identification of action the 

action is switched using Arduino board and relay. 

 

Fig 3: RMS 32 channel EEG system 

V. RESULT                                                             

The offline brain computer interface system is implemented in 

real time using MAXIMUS RMS 32 channel data acquisition 

system [10]. The results of which are provided in the 

following section. Fig 4 shows the overall arrangement of the 

system. 

In order to evaluate the efficiency of the BCI offline system. 

Some experiments consisting of 3-4 trials were conducted 

over 5 subjects. To put in briefly maximum efficiency of 

about 100% is achieved by subject 2 over 4 trials, whereas 

efficiency of about 50% is obtained by subject 4 over 3 trials. 

On an average the efficiency for a single human subject is 

found to be 60 %. The efficiency of the BCI system for 5 

subjects is tabulated as shown in Table 1. 

 

Fig 4: offline brain computer interface system 

Table I 

The Efficiency of the BCI System 

 

VI. CONCLUSION  

EEG related BCI system offers the possibility of a new non-

muscular communication channel for those who suffer 

numerous neuromuscular disease for conveying messages and 

command to external world, i.e. practical BCI. The EEG 

based Brain Computer Interface for disabled was successfully 

implemented using RMS MAXIMUS 32 channel EEG 

system. 

Ag/AgCl electrode cap was used to tap signals from the scalp 

and thus recorded brain signal were converted to electrical 

subjec

t 

No of 

trial on 

each 
event 

Bulb 

on 

Bulb 

off 

Fan 

on 

Fan 

off 

Efficie

ncy in 

% 

1 3 2 2 3 1 66 

2 4 4 4 4 4 100 

3 3 3 1 2 1 58 

4 3 2 1 2 1 50 

5 4 3 3 3 3 75 
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signals. The recorded data was outgrowth into two sets i.e. 

training and test sets depending upon the manner in which 

these data's were collected from subjects using RMS data 

acquisition system. The test set data was given to MATLAB 

and the action was controlled using Arduino like switching on 

and off bulb or fan. 

This paper reflected that an individual thoughts can be 

converted into action after applying proper algorithm on the 

collected data of that particular individual. On an average the 

efficiency of human subject was found to be 60 %. 

 

 

REFERENCES 

[1]. http://www.devinfo.org/indiacensuspopulationtotals2011/disabled. 

[2]. Rajesh Singla, Dr Balraj Gupta,"Brain initiated interaction", 
Journal of Biomedical Science and Engineering, vol.1, pp.170-

172, 2008. 

[3]. Neng Xu, Xiaorong Gao, Bo Hong, Xiaobo Miao, Shangkai Gao, 
and Fusheng Yang, "BCI Competition 2003 Data Set 

IIb:Enhancing.P300 Wave Detection Using ICA-Based Subspace 
Paperions for BCI Applications", IEEE Transaction on Biomedical 

Engineering, vol. 51, pp.200-212, 2004. 

[4]. Langhenhove AV, Bekaert M-H, NGuyen J-P "Using a brain-
computer interface for Rehabilitation: a case study on a patient 

with implanted electrodes" In Proceedings of the 4th International 

Brain-Computer Interface Workshop and Training Course, Graz, 
Austria, 18-21, pp. 349-354, 2008. 

[5]. L. A. Farwell, E. Donchin, "Talking off the top of your head: 

toward a mental prosthesis utilizing event-related brain potentials", 
Electroencephalogram Clinical Neurophysiology. vol. 70, pp.510-

523, 2002. 

 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 193 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  

 

Buckling Behaviour of Cold Formed Steel Channel 

Section 

Paurin J. Shah
 #
, Utsav K. Koshti

 *
 

#
 Civil Engineering Department, Institute of Technology, Nirma University, Gujarat, India 

* Civil Engineering Department, Institute of Technology, Nirma University, Gujarat, India 

 
Abstract— In the field of structural engineering the design of cost 

efficient structure is highly important. This led to development of 

cold-formed steel structures. Cold formed steel members have 

been widely used in residential and commercial buildings as 

primary load bearing structural elements. They are often made 

of thin steel sheets and hence they are more susceptible to local 

buckling. The present study focuses on understanding the 

importance of “lip” in cold formed steel sections. As per IS: 801 - 

1975, design solution is developed for flexure member design. An 

experimental program is performed, to gain information on 

flexural capacity and buckling behaviour of member. Suitable 

finite element models are then developed to simulate the 

behaviour of tested beams and are validated using test results. 

All the ultimate load capacity results for local buckling are 

compared with codal provisions as well as results obtained by 

experimental program. This paper mainly focuses on to 

investigate load carrying capacity and buckling behaviour of two 

different cold formed steel channel sections i.e., with lip and 

without lip, by analytically(by developing design 

solutions),experimentally as well as by finite element analysis(by 

using ABAQUS software).The „lip‟ is not taking part anywhere 

in calculation of bending moment capacity. It is important 

regarding to buckling behaviour of cold formed steel sections. All 

the specimens are tested under Universal Testing Machine 

(UTM) and subjected to two point load system. Results are 

showing that members subjected to pure bending, with „Lip‟ 

channel section is subjected to web buckling. Channel sections 

with 'lip' is showing 28.7% higher than without 'lip' sections. In 

contrast, without „Lip‟ channel section is subjected to flange 

buckling. With „lip‟ channel section has high load carrying 

capacity compared to without „Lip‟ channel section. Analytical, 

experimental and finite element results are showing close to each 

other. 

Keywords— Cold formed steel, channel section, lip, buckling 

behaviour, FEM analysis  

I. INTRODUCTION 

pecialized applications for engineered systems may 

require unique solutions and special properties. The future 

civil engineering applications may make use of increased 

number of composites and highly engineered materials. 

There are two types of steel sections i.e. hot rolled steel 

sections and cold formed steel sections. The well known 

sections are of hot rolled heavy section family. Very less 

popular and of growing importance, is the other family of 

steel sections known as `Cold Formed Steel Sections', 

manufactured from steel plate or at steel not thicker than 12.5  

mm by either press-braking or cold-rolling or forming 

machines. The Indian counter part for this is IS 801-1975, i.e., 

“Code of Practice for Use of Cold-Formed Light Gauge Steel 

Structural Members in General Building Construction."  

II. LITERATURE REVIEW  

Shanmuganathan Gunalan et al. [1], performed the 

experimental and analytical work carried out to investigate 

local buckling behavior and strength of cold formed steel 

compression members at ambient and uniform elevated 

temperatures. Two series of experimental studies were 

conducted to investigate the behavior of cold-formed steel 

compression members subject to local buckling at ambient 

temperature (20ºC) and uniform elevated temperatures up to 

700ºC. The results were compared with finite element 

analysis. Author recommended the use of effective area at 

elevated temperatures in predicting the local buckling 

capacities of cold-formed steel columns at elevated 

temperatures. Peter Hegyi & Laszlo Dunai [2], carried out an 

experiment to gain information on flexural behavior of 

PAC(Polystyrene Aggregate Concrete)braced CFS(Cold 

Formed Steel sections). They concluded that PAC had 

beneficial effect on the post buckling behavior of specimen, 

since it did not let the steel core to produce great 

deformations. It could be increased the ultimate load level by 

30-45% depending upon parameters. John Dawe & James 

Wood [3], performed experimental work on scale roof trusses 

which were fabricated from cold-formed steel and tested to 

ultimate capacity. Each specimen was subjected to a single 

point load at the ridge. One series of specimens was fabricated 

with a hinge connection. They concluded that increasing the 

thickness of the top chords from 33 to 43 mils resulted in a 

50% increase in ultimate strength. Iman Hajirasoulihaet al. 

[4], carried out an analytical research on CFS(Cold Formed 

Steel sections) moment resisting connections using MATLAB 

as per EN1993-1-3(EC3) prepared different prototype sections 

to measure bending capacity. To compare the result, 

ABAQUS software was used to determine bending capacity. 

They concluded that folded flange section gave the high 

moment capacity compared to standard section.  

III. EXPERIMENTAL INVESTIGATION 

To know the importance of "lip" in channel section, 

experiment was carried out. 3 channel section with lip and 3 

S 
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channel sections without lip i.e., total 6 specimens were tested 

to measure maximum load carrying capacity. In Fig.1,the 

photograph of the section is shown. Rectangular Channel 

section with lip, 100 mm x 50 mm x 20 mm x 3.15 mm of 

length 1200 mm and Rectangular Channel section without lip 

, 100 mm x 50 mm x 3.15 mm of length 1200 mm were 

tested. In  Fig. 2, the cross section of test specimen is shown. 

 
Fig. 1 Test Specimens 

 

Fig. 2 Cross Section of Test Specimens 

Test was carried out on UTM (Universal Testing Machine). 

For all 6 specimens, test set-up prepared as shown in Fig.3. 

Two point load system was set up. Buckling of cold forms 

channel sections with lip and without lip is shown in Fig.4 and 

Fig. 5 respectively.  

 

Fig. 3 Test set-up on UTM 

 

Fig. 4 Buckling of Channel section 'with Lip' 

 

Fig. 5 Buckling of Channel section 'without Lip' 

Weight of channel section having 'lip' is showing 5.30 kg, 

while other test specimen consists of 4.65 kg. So, the density 

was measured as 2507.51 kg/m
3
 and 2514.8 kg/m

3
. Following 

table 1 shows the test results in terms of load carrying 

capacity by experimental program. 

Table 1 Results by experimental program 

 
Sr. No. Rectangular 

Channel Section 

with Lip (kN) 

Rectangular Channel 
Section without Lip 

(kN) 

1 28.41 21.05 

2 28.50 20.54 

3 29.50 19.50 

Average 28.80 20.36 

IV. ANALYTICAL SOLUTION  

Here, Two point load system was done. So, by theoretically 

calculation we can get designed load carrying capacity as, 

 
 

 
 = 

 

 
 

where `a' is the distance from the support. So, as per 

analytically solution,  

Maximum ultimate load of Rectangular cold formed channel 

section without lip can be found by, as per IS 801:1975, the 

design moment will be, 
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M = 3.62 kNm. In this case, a= 300 mm so, 

P= 24.15 kN 

 

Similarly, maximum ultimate load of Rectangular cold formed 

channel section with lip can be found by, as per IS 801:1975, 

the design moment will be, 

 

M = 4.28 kNm. In this case, a= 300 mm so, 

P= 28.54 kN 

V. FINITE ELEMENT ANALYSIS 

To know the perfect buckling behavior of cold formed 

channel section, finite element analysis was carried out using 

ABAQUS software. Modeling was done using Shell element. 

Material property was given as Elasticity as well as plasticity 

by defining Yield stress as 550 N/mm
2
. In interaction, 

reference point was defined by section’s C.G. MPC tie 

constraint was defined. Load and Boundary condition was 

given as same as test set up. Finer mesh size was given as 

shown in Fig. 6. 
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Fig.6 Modeling of Rectangular cold formed channel section   

Buckling behavior was showing same as behavior in 

experimental program. Fig.7 shows the buckling behavior for 

cold formed channel section with and without lip sections. 

 
 

 

Fig.7 Buckling Behavior of cold formed channel section  

 

  

VI. DISCUSSIONS 

The results by experimental program, analytical solution and 

by FEM analysis are compared in Table 2. 

 
Table 1 Comparison of Ultimate Load(kN) 

 

Specimen 
By 
Experimental 

Program(kN) 

By Analytical 

Solution    (As 

per IS 
801:1975) (kN) 

By Finite 

Element 
Analysis (Using 

ABAQUS 

Software) (kN) 

Cold formed 

Channel section 
with lip 

28.80 28.54 28.95 

Cold formed 

Channel section 

without lip 

20.36 24.15 21.45 

VII. CONCLUSIONS 

Results are showing that members subjected to pure bending, 

with ‘lip’ channel section is subjected to web buckling; 

channel sections with 'lip' is showing 28.7% higher than 

without 'lip' sections. Analytical, experimental and finite 

element results are showing close to each other.  

 The `lip' is not taking part anywhere in calculation of 

bending moment capacity. It is important regarding 

to buckling behavior of cold formed steel sections. 

  With `lip' channel section has high load carrying 

capacity compared to without `lip' channel section. 

 Members subjected to pure bending; with `lip' 

channel section will be subjected to web buckling. In 

contrast, without `lip' channel section will be 

subjected to flange buckling. 
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Abstract— In our project we are going cast M20 grade of 

concrete with partially replacement of CA by coconut shell with 

different variations. In this project 5%, 10%, 15%, and 20% 

replacement of CA by coconut shell will be carried out for 

compressive strength at the age of 3, 7, and 28 days of curing and 

split tensile at the age of 7 days. An optimum percentage of 

coconut shell for the grade of M20 will be determine. 

Keywords— Include at least 5 keywords or phrases 

I. INTRODUCTION 

oncrete is a widely used construction material that 

consists of a mixture of cement, aggregates, water and 

admixtures.  Inert granular materials such as sand, crushed 

stone or gravel form the major part of the aggregates. 

Traditionally aggregates have been readily available at 

economic prices and of qualities to suit all purposes. But, the 

continued extraction of aggregates from nature has caused its 

depletion at an alarming rate.  Therefore, there is a growing 

demand to find alternate materials that can be used as coarse 

aggregate in concrete. India produces about 20% of the 

coconut produced in the world. Within India, Kerala produces 

45% of it. Disposal of coconut shells poses environmental 

issues as it is not easily degradable.  Aggregates made by 

crushing coconut shells can be effectively used in concrete by 

partially replacing coarse aggregate up to a certain amount.  

This will not only reduce the unit weight of resulting concrete 

made, but also provides an efficient solution to the disposal of 

coconut shells. In our project we are going cast M20 grade of 

concrete with partially replacement of CA by coconut shell 

with different variations. In this project 5%, 10%, 15%, and 

20% replacement of CA by coconut shell will be carried out 

for compressive strength at the age of 3, 7, and 28 days of 

curing and split tensile at the age of 7 days. An optimum 

percentage of coconut shell for the grade of M20 will be 

determine.   

 

II. LITERATURE REVIEW 

Paper: 1 

Title: Coconut Shell as Partial Replacement of Coarse 

Aggregate in Concrete  

Author : Dewanshu Ahlawat1, L.G.Kalurkar2  

Abstract 

In this paper we saw the compressive strength of concrete is 

reduced as the percentage replacement increased. Concrete 

produced by 2.5%, 5%, 7.5%, 10% replacement attained 28 

days compressive strength of 19.71,19.53,19.08,18.91 

respectively. These results showed that Coconut shell concrete 

can be used in reinforced concrete construction. Its utilization 

is cost effective and eco friendly 

Conclusion 

Increase in percentage replacement by coconut shell 

reduces compressive strength of concrete. Increase in 

percentage replacement by coconut shell increases workability 

of concrete. Coconut Shell can be used as partial replacement 

of coarse aggregate in R.C.C concrete.  

Paper: 2 

Title: Experimental assessment on coconut shells as aggregate 

in concrete  

Author:  Daniel Yaw Osei  

Abstract 

In this study, a concrete mix of 1:2:4 was used as control, 

while coconut shells were used to replace crushed granite by 

volume Concrete produced by 20%, 30%, 40% and 50% and 

100% replacement attained 28-day compressive strengths of 

19.7 Nmm-2, 18.68 Nmm-2, 17.57 Nmm-2, 16.65 Nmm-2 

and 9.29 Nmm-2; corresponding to 94%, 89%,, 85%,79.6% 

and 44.4% of the compressive strength of the control concrete. 

The results of the study showed that concrete produced by 

replacing 18.5% of the crushed granite by coconut shells can 

be used in reinforced concrete construction. 

Conclusion 

Increase in percentage replacements by coconut shells reduced 

the strength and density of concrete. With the exception of 

complete replacement, 20% and 30% replacement of crushed 

granite by coconut shells can be used in producing lightweight 

concrete 

 

C 
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III. MATERIAL AND METHOD 

Cement: A cement is binder  ,a substance that and hardens 

and can bind other material together . The word „cement ‟can 

be  traced back to the roman term opus caimenticium , used to 

describe masonry resembling modern concrete that was made 

from crushed  rock  with burnt  lime as binder. 

Sand: Sand  is a naturally occurring granular material 

composed  of finely divided rock and mineral particles.  It is 

defined by size , being finer than gravel and coarser than silt . 

Sand can also rifer to a textural class of soil or soil type. 

 Aggregate: aggregate is broad category of coarse 

particulate material use in construction , including sand, 

gravel ,crushed stone, slag, recycled concrete and 

geosynthetic aggregates .Aggregate are the most mined 

material in the world .    

 Coconut shell: The coconut tree is a member of the family 

arecaceae. It is the only accepted species in the genus Cocos . 

The term coconut can refer to the entire coconut palm, the 

seed, or the fruit which botanically ,is a drupe , not a nut. 

Material tests 

   sieve analysis 

Sieve size Kg retained Cumulative

 Cumulative 
Retained (%) Cumulative passing (%) 

4.75mm 0.080 0.080 8 92 

2.36mm 0.072 0.152 15.2 84.8 

1.18mm 0.190 0.342 34.2 65.8 

600µ 0.328 0.67 67 33 

300µ 0.278 0.948 94.8 5.2 

150µ 0.996 0.996 99.6 0.4 

 

Define zone:1 

Fineness modulus:-318.8/100 = 3.18 

Water content 

• To find the water content of sample, we take 1kg of 

aggregates and 500gm of sand and put it in oven at 

100 c temperature for 24 hours. 

• After 24 hours we take the sample outside and 

weight it. We saw some decrement  in weight. 

 

Aggregate               Kg   After 24 hours(kg) 

Larger than 10mm 1 0.997 

Smaller than 10mm 1 0.992 

Sand                          0.500 0.496 

 

 Water absorption 

To find water absorption we take sample and put it in water 

for 24 hours. After 24 hours we take sample out of water and 

weight it. 

 

Aggregate       Water absorption 

Less than 10mm 3.06% 

Larger than 10mm 3.67% 

 

Specific gravity 

• To find specific gravity, we take sample and put it in 

water for 24 hours.  

• Next day we take sample out of water. Then we take 

pychnometer filled with distilled water and weight it. 

• Then we put sample in it and fill with water then 

weight. After that we take sample out and put sample 

in SSD condition and dry it & weight it.  

• Then we put sample in oven for 24 hours and after 24 

hours we weight it.  

 

Aggregate Specific gravity 

Less than 10mm 2.65 

Larger than 10mm 2.75 

Sand 2.42 

 

 
 

Pycnometer 

Consistency test 

• In this test we use Vicat equipment to perform this 

test. 

• We take 500gm of cement and add 33% of water and 

make it‟s paste. 

• Then we put  this paste in mould and measure 

penetration between 33 to 35mm. 

Initial setting time: 42 minutes 

Final setting time: 4 hours 

 

Concistency test 
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Experimental Work 

General 

This chapter deals with the Mix design procedure adopted 

for Control concrete and the studies carried out on properties 

of various materials used throughout the Experimental work. 

Also the details of method of Casting and Testing of 

Specimens are explained. 

Materials Used:- 

Cement 

Ordinary Portland cement (Ultratech-53 Grade). 

Coarse aggregate 

Crushed angular aggregate with maximum size of 20mm and 

10mm was used. The specific gravity was found to be 2.75. 

 Fine aggregate 

River sand from local source was used as fine aggregate. The 

fineness modulus and specific gravity were found to be 2.64 

and 2.42. 

Water 

Fresh potable water free from acid and organic substances was 

used for mixing and curing the concrete. 

IV. MIX DESIGN 

M20-Mix design as per IS 10602-2009 

The Mix Proportion was made for a concrete with a 

compaction factor of 0.96 and M20 grade as per method given 

by IS 10262-2009  

(a) Design stipulations 

1) Characteristic compressive strength required in the 

field at 28 days.  20 MPa 

2) Maximum size of aggregate-20 mm (angular) 

3) Degree of workability 0.90 compacting factor 

4) Degree of quality control-Good 

5) Type of Exposure- Mild 

. 

(b) Test data for Materials  

    Specific gravity of cement-3.15 

    Specific gravity of coarse aggregates -2.75 

    Specific gravity of fine aggregates-2.65 

(I) Water absorption:  

Coarse aggregate 3.06 

Fine aggregate 3.67 

(II) Free (surface) moisture:  

Coarse aggregate Nil 

 Fine aggregate 2.0% 

 

Mix design proportion  

 

Water Cement Fine aggregate Coarse 
aggregate 

186 372kg 848.42kg 1014.76kg 

0.50 1 2.82 3.17 

V. PREPARATION OF SPECIMENS 

Concrete Mix Design: M-20 grade of concrete was 

designed by I.S 10262-1982[11] method. The natural coarse 

aggregates were replaced as 0%, 5%, 10%,15%.The test 

results were analysed and compared with theoretical values, 

obtained from various codes. Due to high water absorption of 

coconut shell, they were pre soaked in water for 24 hours, 

prior to mixing. Batching and Mixing: Weigh Batching was 

practiced with the help of electronic weigh balance. Batching 

was done as per the mix proportions. Mixing was done in 

tilting mixer. It was mixed for 2-3 minutes, after addition of 

water. Placing and Compaction: Cubes are cleaned and oiled 

to prevent the formation of bond between concrete and 

moulds. Place the fresh concrete in cubes in 3 layers, tamping 

each layer 25 times. The entrapped air in concrete is removed 

by table vibrator. Anything kept on the table gets vibrated. 

Demoulding. After placing fresh concrete in moulds, it was 

allowed to set for 24 hours. It was marked with some 

permanent identification mark i.e. A1, A2, A3, etc. Concrete 

cubes are now kept in curing tank for 7, 14 and 28 days. After 

28 days, concrete cubes were removed from curing tank to 

conduct tests on hardened concrete.  

VI. RESULTS AND DISCUSSION 

 

0% Replacement 

Sr no. Days 
Average strength in 

N/mm2 

Compressive strength 

1 3 14.53 

2 7 17.40 

3 28 27.91 

Split tensile strength 

4 7 2.31 

  5% Replacement 

Sr no. Days 
Average strength in 

N/mm2 

Compressive strength 

1 3 14.47 

2 7 18.74 

3 28 20.35 

Split tensile strength 

4 7 2.08 

10% Replacement 

Sr no. Days 
Average strength in 

N/mm2 

Compressive strength 

1 3 14.69 

2 7 15.97 

3 28 19.52 
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Split tensile strength 

4 7 1.58 

15% Replacement 

Sr no. Days 
Average strength in 

N/mm2 

Compressive strength 

1 3 11.23 

2 7 16.71 

3 28 17.21 

Split tensile strength 

4 7 1.07 

 

 
 

Comparison for compressive strength 

 

 
Comparison for split tensile strength 

 

 
 

Weight comparison 

VII. CONCLUSION 

It is concluded that Increase in percentage replacement by 

coconut shell reduces compressive strength of concrete. 

Coconut Shell can be used as partial replacement of coarse 

aggregate in R.C.C concrete. 
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Abstract— Construction industry relies heavily on conventional 

materials such as cement, basalt and sand for the production of 

concrete. The River sand which is most commonly used fine 

aggregate in the production of concrete, posses the problem of 

acute shortage in many areas, whose continued use has started 

posing serious problems with respect to its availability, cost and 

environmental impact. Attempt is being made in this project to 

use the locally available materials or waste materials to replace 

the river sand to produce low cost concrete. Sawdusts are the 

loose particles or wood chippings obtained as by-products from 

sawing of timber into standard useable sizes produced by 

sawmills. Sawdust has been used in concrete, but not widely. 

Although seriously limited by its low compressive strength, the 

advantages that sawdust concrete offers are considerable 

reduction in weight of the structure, thereby reducing the dead 

loads transmitted to the foundation, high economy when 

compared to normal weight concrete. Partially replaced sawdust 

with sand in proportion used as fine aggregates in concrete and 

the compressive and split tensile strength were tested. There 

were totally four mixes prepared for the investigation, gradually 

increasing the replacement percentages from 0-30% with 

sawdust in proportion. The compressive and split tensile strength 

gradually decreases for the increasing replacement percentages. 

Keywords— sawdust, concrete, compressive strength and split 

tensile strength. 

I. INTRODUCTION 

awdust is loose particles or wood chippings obtained as 

waste-products from sawing of timber and furniture 

making process. This waste product differentiate into standard 

useable sizes by sawmills. Sawdust concrete is type of 

concrete in which we replace sand partially or fully by 

sawdust. In sawdust concrete main ingredients are cement, 

sand, water, sawdust. Besides these main ingredients, we can 

also use admixture, fly ash, sawdust ash, lime stone dust, 

silica fume to improve the properties of concrete. 

Sawdust has many improved properties than that of 

conventional concrete like it is light weight concrete because 

the sawdust is very light material compared to sand. Concrete 

utilities sawdust which is industrial waste that’s way it is 

green concrete. Besides it has good acoustic properties, good 

thermal resistance, lower cost compare to the conventional 

concrete. Furthermore some type of sawdust concrete shows 

property of self-healing concrete. 

Only problem in this concrete is that it has very less 

mechanical strength compared to conventional concrete. So 

now many researches are going on to improve the mechanical 

strength of saw dust concrete by using materials like silica 

fume, fly ash, and lime stone dust. In India this kind of 

concrete is not very much popular but in countries like united 

states of America, United Kingdom other European countries, 

sawdust concrete is very popular. 

India is developing economy and it has very large population; 

due to this reason the requirement large and sustainable 

structure growing in India. For construction purpose large 

amount of natural resource and energy in consumed. During 

2009-2010 in India 205 million tons of cement was produced 

and it is growing more and more which is produces more and 

more CO2 which is another problem for environment. 

Requirement of sand for making concrete is around 14 crore 

truck per year for concrete making. 

Today we are using river bed sand in construction projects all 

over the India, but because excavation of large amount of 

river bed sand the ecological cycle is disturbed. In some part 

of country, government has banned to use the river bed sand 

because to protect the environment. So in this part 

manufactured aggregates are used. Soon in all part of India 

the kind of condition will arise because our thoughtless use of 

aggregate. Sawdust can provide a good replacement of sand 

and it is a waste material so we are also reducing impact on 

environment.  

Most important factor while designing any structure is its 

dead load. The conventional concrete has much high self-

weight which is critical in some cases. So now a day’s 

demand for a concrete which has light weight and good 

mechanical properties is going on. Sawdust concrete has very 

light weight compare to conventional concrete, but its 

mechanical strength is very low and it decreases with increase 

in sawdust content in concrete. So now a day many research is 

going on to find material or proportion for which we can get 

maximum desirable properties. 

In buildings use of energy is increased, it because of 

conventional concrete does not have very good insulating 

properties due to that reason in summer large amount of 

electricity is used. So if concrete which has good thermal 

resistance and insulating properties utilize in buildings than 

large amount of electricity can be saved. Other more pressing 

concern is cost of construction, for large construction project 

and small scale construction project cost is very important by 

utilizing the sawdust concrete the cost of construction can be 

greatly reduced. 

S 
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A. Benefits of Sawdust Concrete: 

Sawdust concrete has some unique characteristics which 

make it competitive among other building materials: 
 

1. Sawdust Concrete is made of green, ecologically pure 

stuff. 

2. Sawdust Concrete controls interior humidity level and it 

is frost proof. 

3. Sawdust Concrete has favorable thermal and sound 

proofing properties. 

4. Sawdust Concrete is not subject to mold and fungi. 

5. Sawdust Concrete is light weight and can save labor & 

natural resources, 

6. It is an economical alternative to conventional building 

concrete method and material. 

7. Due to material’s inert nature, it does not react with any 

ingredients of concrete and steel. 

8. At the end of its initial service life, concrete can be 

crushed and reused as aggregate for new concrete 

continuing the cycle of environmental benefits. 

II. MATERIAL PROPERTIES 

 The main ingredient of sawdust concrete is cement, 

sand, sawdust and water. For getting better workability; some 

admixtures may be used. We find the main properties of all 

the materials like density, specific gravity etc. from IS code 

and doing related experiments. Then we have done concreting 

work for find the compressive and split tensile strength of 

sawdust concrete. Also we have done different types of curing 

in cubes as per study of related literatures. 
 

A. Cement: 

 Ordinary Portland cement (OPC 43 grade) 

confirming to IS: 8112-1989 was used. The  properties are 

determined as per relevant IS standards and the test results 

obtained are satisfying the code requirements. 
 

B. Sand: 

 The sand used in present work is normal sand 

confirms to grading zone II and zone III as  per IS: 383-1970. 

The physical properties of sand such as sieve analysis, 

specific gravity,  bulk density etc. are determined as per IS: 

2386-1963. 

 

C. Water: 
Water used in work is clean Portable water. 

 

D. Sawdust: 

 The sawdust used in the present work is collected 

from Shree Jalaram Timber Traders, Near CTM, Ahmedabad, 

Gujarat. At present the sawdust is used as a raw material of 

manufacturing of paper. The physical properties of sand such 

as sieve analysis, specific  gravity, bulk density etc. are 

determined as per Indian Standard for sand because there is no 

codal provision for sawdust at present. 

SI. 

No 

Sieve 

Size 

(mm) 

Weight 

Retained 

(gm) 

Cumulative 

Weight 

Retained 

(gm) 

Cumulative % 

Weight 

Retained 

% 

Finer 

(N) 

1 4.75 0 0 0 100 

2 2 1 1 1 99 

3 1 2 3 3 97 

4 0.6 2 5 5 95 

5 0.425 32 37 37 63 

6 0.212 39 76 76 24 

7 0.15 12 88 88 12 

8 0.075 10 98 98 2 

9 <0.075 2 100 100 0 

 

Table 1:- Sieve Analysis of Sawdust 
 

Material Cement Sand Sawdust 

Specific gravity 3.16 2.7 1.064 

Density (gm/cm3) 3.15 1.63 0.311 

 

Table 2:- Properties of materials 

III. CONCRETING METHODOLOGY 

Cement mortar was cast in 70.6 mm × 70.6 mm × 70.6 mm 

moulds. Mixing has been carried out at room temperature (27 

± 2 °C). Portable water was used for preparing the cement 

mortar cubes. Compaction of fresh mortar in the mould was 

carried out for two minutes. Mortar cubes were cast for the 

proportion of 1:3 (1 part of cement and 3 part of sand) for 0.4 

water cement ratio. The ratio of natural sand replaced with 

sawdust for constant water cement ratio of 0.4 was 0%, 10%, 

20% and 30%. Three sets of cubes were cast to determine the 

compressive strength of cement mortar at 28 days. Also 

cylinders were cast to determine the split tensile strength of 

cement mortar. The proportions of constituent materials by 

volume used for mortar works is shown in Table 3. 

 

 
 

Figure 1:- Concreting Work Plan 

 

Sawdust Concrete 

Cubes 

Fully Cured 

0% replacement 

10% replacement 

20% 
replacement 

30% replacement 

Sprinkle Cured 

0% replacement 

10% replacement 

20% replacement 

30% replacement 

Cylinders 

Fully Cured 

0% replacement 

10% replacement 

20% replacement 

30% replacement 
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Mix 

Design 
Combination Cement Sand Sawdust W/C 

MD1 

Reference Mix 

(0% 

replacement) 

1 3 0 0.4 

MD2 

10% 

replacement of 

Sand with 

Sawdust 

1 2.7 0.3 0.4 

MD3 

20%replacement 

of Sand with 

Sawdust 

1 2.4 0.6 0.4 

MD4 

30% 

replacement of 

Sand with 

Sawdust 

1 2.1 0.9 0.4 

 

Table 3:- Mix proportion of constituent materials by volume 

used for concrete 
 

A. Curing: 

 As per strength point of view, curing is very 

important operation which is to be done in concreting. As per 

literature study, we adopt 2 types of curing for cubes. In first, 

we were used standard curing as per standard provision. In 

which we have put cubes and cylinder in water tanks for 28 

days. But in second, we were just sprinkle water on cubes two 

times in each day of 8 hour duration. 

IV. TEST RESULTS & DISCUSSIONS 

The result of the investigation for replacement of sand with 

sawdust was discussed. The replacement was taken as 0%, 

10%, 20% and 30% for 1:3 mortar mixes proportions for 0.4 

water-cement ratio. Also there were two types of curing 

method is adopted on cement mortar cubes. 

A. Effect of Sawdust on Density of Concrete 

The variation of Density of concrete for different combination 

of sand and sawdust with cement for constant water-cement 

ratio of 0.4 is presented in Table 4 and Figure 2. Here Table 4 

and Figure 2 show the density of sprinkle cured cubes and 

fully cured cylinders is reduce as increase in sawdust 

proportion. But in fully cured cubes; the density is reduced up 

to 20% sawdust + 80% sand proportion. After this for next 

combination; the density of concrete is increased to small 

proportion. This may have two reasons. One reason is because 

of higher compaction the density is high instead of low as 

reference to others. Second reason may be because of higher 

proportion of sawdust; it is possible that some part of water is 

to be absorbed by it so density will be more as compared to 

previous combination. As comparison of fully cured cubes 

and cylinders; the difference of densities is negligible in 

normal concrete but as increase in sawdust concrete; the 

difference of densities is increasing. This may be because of 

two reasons. One is same in earlier case of compaction. 

Second reason may be surface area to volume ratio. Cube has 

56% more surface area as compared to cylinder and here 

curing condition is fully cured so because of high effective 

surface area of cubes; the absorption of water by sawdust may 

be high as increase in sawdust content and because of this, the 

variation in density of concrete is increasing as increasing in 

sawdust content of fully cured cubes and cylinders. In fully 

cured cubes; 10% sawdust concrete is 1.6% lighter, 20% 

sawdust concrete is 5.4% lighter and 30% sawdust concrete is 

4% lighter than normal concrete. In sprinkle cured cubes; 

10%sawdust concrete is 7.75% lighter, 20% sawdust concrete 

is 14.5% and 30 % sawdust concrete is 15.15% lighter than 

normal concrete. In Fully cured cylinders; 10% sawdust 

concrete is 4.5% lighter, 20% sawdust concrete is 9% lighter 

and 30 % sawdust concrete is 11.5% lighter than normal 

concrete. 
 

Combination Density (Kg/m
3
) 

Cement + 

Fully 

Cured 

Cubes 

Sprinkle 

Cured 

Cubes  

Fully Cured 

Cylinders 

0% Sawdust + 100% Sand 2358 2310 2361 

10% Sawdust + 90% Sand 2319 2131 2254 

20% Sawdust + 80% Sand 2231 1975 2151 

30% Sawdust + 70% Sand 2265 1960 2089 

 

Table 4:- Density of different combination of concrete 

 

Figure 2:- Comparison between density of different combination of concrete 
 

B. Effect of Sawdust on Compressive Strength of Concrete 

The variation of compressive strength of concrete at 28 days 

for different combination of sand and sawdust for constant 

water-cement ratio of 0.4 is presented in Table 5 and 

graphically in Figure 3. Here Table 5 and Figure 3 shows the 

compressive strength of sprinkle cured cubes reduces as 

increase in sawdust proportion. But in fully cured cubes; the 

compressive strength is reduced up to 20% sawdust + 80% 

sand proportion (MD-2). After this for next combination MD-

3; the compressive strength of concrete is increased to small 

proportion. The behind it we have to be found out in future 

work. In fully cured cubes, reduction in strength for MD-2 is 

1800

1900

2000

2100

2200

2300

2400

2500

0%

Sawdust +

100%

Sand

10%

Sawdust +

90% Sand

20%

Sawdust +

80% Sand

30%

Sawdust +

70% Sand

D
en

si
ty

 (
K

g
/m

3
) 

Mix Design with Replacement 

Fully Cured Cubes

Sprinkle Cured Cubes

Fully Cured Cylinders



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 204 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  

 

12.5%, for MD-3 is 57.5% and for MD-4 is 55% as compared 

to MD-1. In sprinkle cured cubes, reduction in strength for 

MD-2 is 25.9%, for MD-3 is 29.6% and for MD-4 is 59.3% as 

compared to MD-1. Reduction in strength for MD-2 & MD-3 

in fully cured concrete is increasing very high rate where in 

sprinkle cured cubes; for MD-2 & MD-3, reduction is 

increasing very slowly as compared to fully cured concrete 

cubes. 

 

Combination 
Compressive Strength 

(Mpa) 

Tensile 

Strength (Mpa) 

Cement + 

Fully 

Cured 

Cubes 

Sprinkle 

Cured 

Cubes  

Fully Cured 

Cylinders 

0% Sawdust + 100% 

Sand 
40.12 27.08 5.093 

10% Sawdust + 90% 

Sand 
35.11 20.06 3.024 

20% Sawdust + 80% 

Sand 
17.05 19.06 2.228 

30% Sawdust + 70% 

Sand 
18.06 11.03 2.546 

 

Table 5:- Compressive and Tensile strength of different 

combination of concrete at 28 days 
 

 

Figure 3:- Comparison between compressive strength of different 

combination of concrete 
 

C. Effect of Different Curing Method on Concrete 

The variation and comparison of compressive strength and 

tensile strength of concrete at 28 days for different 

combination of sand and sawdust for constant water-cement 

ratio of 0.4 is presented in Table 5 and graphically in Figure 3 

and Figure 4 respectively. In present work, two types of 

curing method are applied. One method is standard curing 

method which is given by standards. But second method is 

same as we seen curing in real field situation; Sprinkle curing 

in which we have to sprinkle the water on concrete at some 

interval. In our experimental analysis; the compressive 

strength of concrete reduces in sprinkle cured concrete as 

compared to fully cured concrete for same mix proportion. 
 

D. Effect of Sawdust on Tensile Strength of Concrete 

The variation of tensile strength of concrete at 28 days for 

different combination of sand and sawdust for constant water-

cement ratio of 0.4 is presented in Table 5 and graphically in 

Figure 4. Table 5 and Figure 4 shows the tensile strength of 

fully cured cylinders is reduced up to 20% sawdust + 80% 

sand proportion (MD-2). After this for next combination MD-

3; the tensile strength of concrete is increased to small 

proportion. In fully cured cylinders, reduction in strength for 

MD-2 is 40.6%, for MD-3 is 56.2% and for MD-4 is 50% as 

compared to MD-1. 

 

 

Figure 4:- Comparison of tensile strength for different combination of 
concrete 

V. CONCLUSION 

Sawdust concrete is a one type of green concrete because it 

utilizes industrial waste sawdust. The main ingredient of 

sawdust concrete is cement, sand, sawdust and water. We 

have found the main properties of material experimentally in 

our laboratory. In sawdust concrete; we have replaced sand 

with sawdust as 0-30% and find the mechanical strength of 

concrete. While taking this topic, our main aim is to found out 

whether sawdust concrete can be used in concrete-mortar 

blocks instead of bricks in the building construction. 

The data obtained from the experiment shows that the 

compressive strength of sawdust concrete up to 10% for fully 

cured concrete was 13% close to that of reference normal 

concrete. For sprinkle cured concrete up to 20%; the 

compressive strength of sawdust concrete was 30% close to 

that of reference normal concrete. It was also observed that 

use of sawdust will reduce the workability. Also sawdust 

concrete has very effective other properties like sound & 

thermal insulation, fire resistance, acoustic properties and 

many more which will be analysis in future work. From 

overall result; we conclude that up to 30% sawdust concrete-

mortar as a ―concrete block‖ is good alternative for bricks in 

building construction application. 
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Abstract- From the ancient times there has been significant usage 

of marble in civil engineering structures and so the demand of 

marble has been found to be significantly increasing. This 

increase in demand of marble leads to increase in production of 

marble which results in increase of waste obtained from the 

production. As marble powder is an inert material procured as 

an industrial by-product during sawing, grinding and polishing; 

it leads to various environmental problems and so it becomes 

necessary to find out a solution for the utilization of these waste 

marble powder. Thus the main objective of this research is to 

investigate whether there are any possibilities of replacing 

marble powder with cement in the preparation of concrete. This 

study includes different types of concrete mixes of M25 by 

replacing the cement with marble dust in various proportions 

(0%, 5%, 10% & 15%, 20%) by weight to determine the 

optimum percentage of replacement. The testing for 

Compressive strength, Split Tensile strength and Flexural 

strength of these Concrete mixes is done at 7 and 28 days and the 

results are then compared with the Control Concrete. The results 

obtained from the research shows that marble dust can be used 

as a replacement for cement.  

Keywords- Marble dust, Control concrete, Compressive strength, 

Split Tensile strength, Flexural strength 

I. INTRODUCTION [1] 

ecycling waste without properly studying its properties 

and without proper based scientific research can result 

into environmental problems which might be greater than the 

waste itself. Marble waste in general is a very important 

material for achieving sustainable development. Looking at 

the current scenario, the cost of material is increasing and so 

the use of the waste material in the concrete decreases the 

price of production which helps in achieving economy of our 

concrete. In India, around 6 million tons of wastes from 

marble industries are being generated from marble cutting, 

polishing, processing and grinding. Direct exposure of the 

waste material to the environment can cause many 

environmental problems and because of which many countries 

are still working on usage of waste materials. 

A. Marble Dust 

Construction materials are more judged by their ecological 

characteristics because of the continual depletion of quarry 

aggregates. In India huge amount of marble waste is being 

generated because of lack of technology and also unscientific 

methods of quarrying marble. Due to generation of marble 

waste there is a direct exposure of this material with the 

environment because of which serious environmental 

problems occur. Fig. 1 shows the marble dust powder. Also 

the marble cutting industry generates a high volume of wastes. 

 

Figure 1:  Marble Dust Powder 

B. Importance of using Marble dust in concrete 

 

1. Reduces the cement content which results in cost 

reduction.  

2. Helps in improving durability.  

3. Helps in attaining and maintaining strength at 

specific days. 

C. Need of using Marble dust 

Huge amount of marble waste is being generated from 

marble cutting plants and mineral industries. As these 

wastes have adverse effect on our environment, it is very 

essential to find the safe disposal method for this type of 

waste or to find a proper solution for the utilization of this 

waste. The research presents an eco-friendly solution for 

the utilization of marble waste and helps in preserving 

our eco system. 

D. Advantages of Marble dust 

1. It intensifies the properties of mortar and concrete.  

2. Huge amount of Marble waste is generated and so 

cost of procuring of this waste is low. 

E. Disadvantages of Marble dust 

1. Marble does not take part in the hydration process. 

R 
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2. Marble waste is not available in all regions and so 

additional transportation cost will be added for its 

procurement. 

 

II. OBJECTIVE AND SCOPE OF WORK 

 

1. In this research, an attempt has been made to 

evaluate the compressive strength of M25 concrete. 

The Marble Dust is used as replacement of cement 

by weight in the present work.  

2. Procurement of Unprocessed Marble Dust from 

marble quarry. (Location: Gota, Ahmedabad, 

Gujarat) and development of mix design as per IS 

10262:2009 [7].  

3. Preparing concrete cubes with Marble Dust replacing 

cement with 0%, 5%, 10% & 15% by weight. 

4. Preparing concrete cylinders with Marble Dust 

replacing cement with 0%, 5%, 10% & 15% by 

weight. 

5. Preparing concrete beams with Marble Dust 

replacing cement with 0%, 5%, 10%, 15% & 20% by 

weight. 

 

III. MATERIALS USED [1] 

 

1. Cement: Ordinary Portland Cement of UltraTech 

conforming to IS 12269 (1987) [8] was used to carry 

out this work. Portland cement of 53 grade was used. 

Properties of cement such as fineness of cement, 

specific gravity, etc were found out as per Indian 

Standards. Table 1 shows the physical and chemical 

analysis data of cement. 

          Table 1: Chemical and Physical analysis data of cement 

Chemical Analysis Data: 

Oxides % weight 

MgO 1.05 

SO2 0.37 

Na2O, K2O 0.58 

Loss by ignition 1.71 

Total chloride 0.055 

Fe2O3 0.45 

Insoluble material 23.86 

Physical Analysis Data 

Test Test Result 

Fineness Specific Surface 413.2 

Initial Setting Time (minutes) 125 

Final Setting Time (minutes) 200 

2. Coarse Aggregate: It is important constituent in 

concrete from economy point of view. The particle 

size of course aggregate is taken as 20mm and 10mm 

in this work. Rough textured course aggregate were 

used to provide better bonding between cement paste 

and course aggregate. Various tests such as aggregate 

impact test, aggregate crushing test, elongation and 

flakiness index test are conducted as per Indian 

Standards. 
3. Fine Aggregate (Sand): Natural sand which has 

smooth surface texture having good workability was 

used in this work. Sieve analysis was conducted to 

find out fineness modulus which comes out to be 

3.14% and that is under limit as per IS 383-1970 [9].   

4. Marble Dust Powder: Marble Dust acquired from 

quarry which is at Gota, Ahmedabad was used in this 

work. It improves durability, reduces the cement 

content and thus reducing the cost of construction.  

Table 2 shows the physical and chemical analysis 

data of marble dust powder. 

Table 2:  Chemical and Physical analysis data of Marble Dust 

Powder 

Chemical Analysis Data: 

Oxides %weight 

CaO 50.87 

SiO2 7.27 

Al2O3 0.11 

MgO 0.84 

SO3 0.37 

Na2O, K2O - 

Loss by ignition 39.76 

Total chloride - 

Fe2O3 0.45 

Physical Analysis Data: 

Test Test Result 

Fineness Specific Surface 128 

Specific Gravity 2.69 

5. Admixture: It is used to improve the workability and 

also to reduce the water content of the mix. 

„FOSROC-Auramix-300‟ was used in this work. 

A. Mix Design 

M25 concrete with nominal mix as per IS 456-2000 [6] was 

used in this work.  

B. Quantity Sheet 

Table 3: Amount of material used as per mix design 

Cement 365 kg/m3 

Fine Aggregate 689 kg/m3 

Coarse Aggregate (20 
mm) 

731 kg/m3 

Coarse Aggregate (10 

mm) 
487 kg/m3 
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Admixture 2.5 kg/m3 

Water 164 litres/m3 

W/C ratio 0.45  

IV. SAMPLE SPECIMEN 

Grade of concrete M25 

Table 4: Total specimens casted 

Test Type 
Mix 

(0%) 

Mix 2 

(5%) 

Mix 3 

(10%) 

Mix 4 

(15%) 
Days Total 

Compressiv

e 
cube 6 6 6 6 7,28 24 

 

 

Test 

 

Type 

 

Mix 1 

(Control
) 

 

Mix 2 

(5%) 

 

Mix 3 

(10%) 
 

 

Mix 4 

(15%) 

 

Day

s 

 

Tot

al 

 

Split 
Tensile 

 

Cylinder 

 

6 

 

6 

 

6 

 

6 

 

7,28 

 

24 

 

 

Test 

 

Type 

 

Mix 1 
(Contro

l) 

 

Mix 
2 

(5%

) 

 

Mix 
3 

(10%

) 

 

Mix 
4 

(15%

) 

 

Mix 
5 

(20%

) 

 

Day
s 

 

Tota
l 

 

Flexur

al      

 

Bea

m 

 

6 

 

6 

 

6 

 

6 

  

7,28 

 

24 

 Mix 1: Control Concrete 

 Mix 2: 5% replacement of cement with marble slurry 

 Mix 3: 10% replacement of cement with marble 

slurry 

 Mix 4: 15% replacement of cement with marble 

slurry 

 Mix 5: 20% replacement of cement with marble 

slurry 

A. Compressive strength 

To find out the compressive strength, total 24 cubes 

(150mm*150mm*150mm) were casted for different mixes.  

Compressive strength of cubes of different mixes was 

determined at 7, 28 days. Compressive strength values were 

calculated based on the average values of the 3 cubes. 

Compressive tests were conducted using Compressive Testing 

Machine (CTM). 

C=P/A                                            1.1 

Where, C= Compressive strength of the cubes (N/mm
2
) 

P= Total load on the specimen at the point of failure (N) 

A= Area of the specimen (mm
2
) 

 

B. Split Tensile strength 

To find out the split tensile strength, total 24 cylinders of 

diameter 150mm and height 300mm were casted for different 

mixes. Split Tensile Strength of cylinders of different mixes 

was determined at 7, 28 days. Split Tensile Strength values 

were calculated based on the average values of the 3 cylinders 

at 7 days and 28 days each. Split Tensile strength tests were 

conducted using Compressive Testing Machine (CTM). 

Tsp = 2P/ (pi)* D*L               1.2 

Where, P = applied load 

D = diameter of the specimen 

L = length of the specimen. 

Tsp= Tensile strength. 

C. Flexural strength 

To find out the flexural strength, total 24 beams 

(100mm*100mm*500mm) were casted for different mixes. 

Flexural strength of beams of different mixes was determined 

at 7, 28 days. Flexural strength values were calculated based 

on the average values of 3 beams. 

F = PL/bd
2                                         

1.3
 
 

Where, F = Flexural strength of the beams (N/mm
2
) 

P = Total load on the specimen (N) 

L = Length of the specimen (mm) 

b = Breadth of the specimen (mm) 

d = Depth of the specimen (mm) 

V. RESULTS AND DISCUSSIONS 

A. Compressive strength 

Table 5 shows the compressive strength of cubes made with 

concrete as a replacement (0%, 5%, 10% & 15%) of cement 

with marble dust powder at 7 days and 28 days. 

Table 5: Compressive Strength of cubes as replacement of 

cement with marble powder at 7 days and 28 days 

Details 
 

Replacement 
(by weight) 

 

Comp. 

strength at 7 

days(N/mm2) 
 

Comp. 

strength at 28 

days(N/mm2) 
 

Mix 1 100% Cement 20.44 33.33 

Mix 2 95% Cement,5% MP 21.105 34.66 

Mix 3 90% Cement,10% MP 22.66 35.85 

Mix 4 
 

85% Cement,15% MP 
 

17.92 31.55 

 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 209 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

 

Figure 2: Compressive strength (7 days) of cubes made using marble powder 

as a replacement of cement 

Maximum 7 days compressive strength of cubes is obtained at 

10% replacement of cement with marble powder as shown in 

fig. 2. 

 

Figure 3: Compressive strength (28 days) of cubes made using marble powder 

as a replacement of cement 

Maximum 28 days compressive strength of cubes is obtained 

at 10% replacement of cement with marble powder as shown 

in fig. 3 

A. Split Tensile strength 

Table 6 shows the split tensile strength of cylinders made with 

concrete as a replacement (0%, 5%, 10%, 15%) of cement 

with marble dust powder at 7 days and 28 days. 

Table 6: Split Tensile Strength of cylinders as replacement of 

cement with marble powder at 7 days and 28 days 

 

 

Figure 4: Split tensile strength (7 days) of cylinders made using marble 

powder as a replacement of cement 

Maximum 7 days split tensile strength of cylinder is obtained 

at 10% replacement of cement with marble powder as shown 

in fig. 4. 

 
Figure 5: Split Tensile Strength (28 days) of cylinders made using marble 

powder as a replacement of cement 

Maximum 28 days split tensile strength of cylinder is obtained 

at 10% replacement of cement with marble powder as shown 

in fig. 5 

A. Flexural strength 
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Details 

 

Replacement 

(by weight) 
 

Split Tensile 

Strength at 7 

days 

(N/mm2) 
 

Split Tensile 

Strength at 

28 days 

(N/mm2) 
 

Mix 1 

 
100% Cement 2.05 3.11 

Mix 2 

 

95% Cement,5% MP 

 
2.12 3.25 

Mix 3 

 

90% Cement,10% MP 

 
2.68 3.60 

Mix 4 

 

85% Cement,15% MP 

 
2.47 3.39 
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Table 7 shows the flexural strength of beams made with 

concrete as a replacement (0%, 5%, 10%, 15%, 20%) of 

cement with marble dust powder at 7 days and 28 days. 

Table 7: Flexural strength of beams as replacement of cement 

with marble powder at 7 days and 28 days 

Details 

Replacement 

(by weight) 
 

Flexural  

strength at 7 

days(N/mm2) 
 

Flexural  

strength at 28 

days(N/mm2) 
 

Mix 1 100% Cement 3.01 
5.27 

 

Mix 2 
95% Cement, 5% MP 

 
3.10 5.45 

Mix 3 

 

90% Cement,10% MP 

 
3.22 5.59 

Mix 4 

 

85% Cement, 15% MP 

 
3.25 5.65 

Mix 5 

 

80% Cement, 20% MP 

 
2.22 4.55 

 

Figure 6: Flexural strength (7 days) of beams made using marble powder as a 

replacement of cement 

Maximum 7 days flexural strength of beams is obtained at 

15% replacement of cement with marble powder as shown in 

fig. 6 

 

Figure 7: Flexural strength (28 days) of beams made using marble powder as 
a replacement of cement 

Maximum 28 days flexural strength of beams is obtained at 

15% replacement of cement with marble powder as shown in 

fig. 7 

VI. CONCLUSION 

 

 From compressive strength tests it is concluded that 

the best proportion of marble powder is 10% with 28 

days of curing. 

 From split tensile strength tests it is concluded that 

the best proportion of marble powder is 10% with 28 

days of curing. 

 From flexural strength tests it is concluded that the 

best proportion of marble powder is 15% with 28 

days of curing. 

 Use of marble powder in concrete does not affect the 

setting time of concrete. 
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Abstract: - Every trip begins and ends as a pedestrian activity, so 

every person is a pedestrian at regular and various times and 

places in their lives. These pedestrian are facing problem due to 

regular movements on road at peak hours which may lead to 

collision and accidents. To improve these urban pedestrian 

facilities, existing infrastructure must be retrofitted. The key to 

improving walking condition is to manage pedestrian flows so 

they are appropriately isolated from vehicles. Areas with high 

intensity of pedestrian activity are often priority zones for 

improving walkability. These areas are typically public transport 

nodes, commercial areas and educational centers. In Surat city of 

Gujarat where traffic congestion leads to inconvenience to 

localities as well as pedestrian, walking zone is an easy solution. 

Keywords - Walking Zone, Traffic characteristics, Merchant and 

Public survey, Commercial vehicle per hour (CVPH), Non-

Motorized Transport (NMT). 

 

I. INTRODUCTION 

afety is the primary need for pedestrians, who are often 

the most exposed to the dangers of high speed traffic. The 

pedestrian should be safe. Sidewalks, walkways and crossing 

should be designed to minimize conflicts with motorized and 

non-motorized vehicle traffic and promote personal safety. 

One of the convenient solutions for traffic management is 

Walking zone. A Walking Zone is simply an area where 

vehicles are restricted and reserved for pedestrians who are 

free to occupy the entire space. The zone entrances and exits 

are often designated with signage to make all users of the road 

aware when they are entering or exiting such an area. Walking 

Zone is beneficial in many ways such as high rates of walking 

and cycling, less land taken for parking and low level of car 

use which results in less traffic on surrounding roads. 

Shekhar Rahane (2013) carried out a case study on traffic 

congestion in Talegaon city. The prime cause of traffic 

congestion is on street parking. Traffic congestion constraints 

can be solve by various strategies such as road capacity 

expansion, improved road infrastructures, restricting routes 

for Rickshaw, financial penalty to the traffic law breakers and 

application of Fly over. Most importantly, proper traffic 

management system along with appropriate implementation of 

traffic rules is necessary. Anna Ibraeva (2014), the concept 

of Pedestrian Street appears as a response to complicated 

traffic circulation in historical areas, promoting multiple uses 

a street can offer, for example, a playground for kids, an area 

for walking or running, etc.  

These activities are hardly compatible with high speeds, so in 

this case speed limits of 30 km/h and 20 km/h are frequently 

applied. 

II. STUDY AREA 

The case study in this research is Chauta Bazaar Street (Total 

Distance of street surveyed: 126.91m) in Surat city. Present 

work is related to pedestrian priority zones and traffic prone 

areas in city. In this context, the concept of Pedestrian Street 

appears as a response to complicated traffic circulation. The 

streets with intense pedestrian pressure must be declared as 

“Walking Zone” where pedestrian are allowed to walk freely. 

 

Figure: 1 Location of Chauta bazaar street in Surat city 

(Source: www.google.co.in/maps) 

2.1 Demographic and Vehicular Population 

Surat is a city located on western part of India in state of 

Gujarat. It is one of the dynamic cities of India with one of the 

fastest growth rate due to immigration from various parts of 

Gujarat and other states of India. In the last decade, the 

population of the city doubled up and is likely to touch the 

figure of 5 million by the end of decade. The growth rate of 

Surat city is 11.5%. According to census 2011, the population 

of Surat city is 44 lakhs and Population density is 1379/km². 

S 
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All roads in the Surat city are congested due to high volumes 

of traffic and constrained widths varying from 12m to 

18m.The traffic condition on routes have been increasing day 

by day which has leads to accidents and collision among 

people and vehicles. 

In this research, it was observed that there is practical 

difficulty for pedestrian to walk and across the road just 

because of no regulations. People park their vehicles 

haphazardly on streets. Haphazard parking automatically 

reduces the carriage way width which creates conflicts and 

delay to through traffic, apart from congestion problems. 

Encroachment by the street hawkers as well as illegal parking 

of the users to the non parking side creates problems to traffic 

and pedestrians. 

2.2 Data Sources 

The population data of Surat city according to 2011-census 

was collected from the Surat Municipal Corporation (SMC). 

The vehicles growth rate of Surat city was collected from the 

Regional Transport Office (R.T.O) to calculate traffic density 

using population data. 

To determine the traffic characteristics for a particular stretch 

of street (Chauta Bazaar), the survey has been conducted to 

collect volume of vehicles and questionnaire survey has been 

conducted to collect various data related to road user 

vehicular characteristics from merchants and 

publics/pedestrians.  

III. TRAFFIC CHARACTERISTICS 

Pilot survey includes Volume study and Land area used by 

vehicles. Thus, this study includes Calculation of number of 

vehicles on both side of street as CVPH and determining peak 

hours of maximum traffic. Volume of vehicles was calculated 

on normal day (04 August 2015) and Diwali festival day (07 

November 2015). 

 

Figure: 2 Comparison of Vehicles entering into Chauta Bazaar Street and 

festival effect 

 

 

Figure: 3 Comparisons of vehicles exiting from Chauta Bazaar Street and 
festival effect 

 

Figure: 4 Comparison of pedestrian entering into Chauta Bazaar Street and 

festival effect 

 

Figure: 5 Comparison of pedestrian exiting from Chauta Bazaar Street and 

festival effect 

Figure 2 and 3 clearly shows that during evening hours (Peak 

hours) i.e. 04:00-07:00 PM, 30% and 35% of average vehicles 
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were observed on regular and festival day respectively. 

Hence, vehicles are creating hindrance for pedestrians. 

Similarly, Figure 4 and 5 clearly shows that 60% and 70% of 

average pedestrians were observed on regular and festival day 

respectively which is huge amount of traffic especially during 

festival period. 

IV. PARAMETRIC STUDY 

This survey includes response of merchandise shopkeeper on 

street and public coming for shopping or work purpose on 

street. This survey was carried out on 09 October 2015 and 12 

March 2016 respectively. The survey responses were used to 

explore ideas of traffic on Particular Street. It was introduced 

to promote a healthy, Progressive and Safe city. 

4.1 Merchant’s Responses 

Chauta Bazaar Street is a shopping street. Thus, based on the 

location, Merchant responses and data were collected and 

estimated by Questionnaire survey method. Out of the 

approximately 250 businesses located in Chauta bazaar area, 

100 participated in this survey. 

 

Figure: 6 Peak timing of business 

 

Figure: 7 Percentage of customers are parking on stretch 

 

As a part of survey, Figure 6 clearly states that 76% of daily 

people were observed on street during 04:00-09:00 PM. Off 

peak hours indicate morning hours typically (10:00 AM - 

01:00 PM) and after 09:00 PM. Thus maximum people use to 

shop during evening hours. Figure 7 show that 51-75% of 

customers/clients are estimated to drive on street and park in 

the area during 04:00-09:00 PM. Half range of people use to 

park the vehicle on street for their convenience. 

 

Figure: 8 Responses for safety of pedestrians on street 

 

Figure: 9 Responses of merchants to effect of pedestrianization 

Figure 8 clearly shows that 26% of merchants respond to 

unsafe of street for pedestrian to walk safely. While in Figure 

9, 74% of merchants respond “Yes” for the effect of change 

into pedestrianization only street. 

4.2 Public Responses 

Chauta Bazaar Street is a shopping street. Thus, based on the 

location, Public responses and data were collected and 

estimated by Questionnaire survey method. Out of the 

approximately 150 localities presented during specific 

duration in Chauta Bazaar Street, 100 participated in this 

survey. 

 

Figure: 10 Responses of people coming to market area 
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Figure: 11 Responses of parking the vehicle 

Figure 10 clearly states that 42% of public are coming to 

market by 2-Wheeler compared to 18% of people (pedestrian) 

coming to market by Walking. Thus, localities use to carry 

their personal vehicle more rather than healthy walking. 

While in Figure 11, 45% of public respond for parking their 

vehicle inside street which is near to half range of people. 

 

Figure: 12 Responses of people using multi-level parking 

 

Figure: 13 Response of people getting injured while walking 

Figure 12 shows that only 5% of Vehicular Persons are using 

Multi-Level Parking provided which is at the distance of 

approximately 25 meters from street shows worst case 

scenario and irregularity of public and localities. In Figure 13, 

26% of pedestrian were injured while walking on street due to 

collision with vehicles. 

 

Figure: 14 Responses for street being safe or not for pedestrian 

 

Figure: 15 Responses for banning of vehicles to make pedestrian only street 

In Figure 14 shows that 45% of pedestrian respond for unsafe 

of pedestrian. While in Figure 15, 47% of pedestrian respond 

for only 3/4 Wheeler, 40% of pedestrian respond for all 

vehicles, 11% of pedestrian respond for 2 Wheeler 

respectively. Thus, three to four-wheeler vehicles should be 

banned for the safety of pedestrian. 

V.  CONCLUSION 

Considering the safety of pedestrian, it can be concluded that 

maximum pedestrian were observed on street during peak 

hours i.e. 04:00-09:00 PM. Since, in transportation 

engineering, 3-E’s rule i.e. Education, Enforcement and 

Engineering is most important. Heavy vehicles should be 

banned during peak hours on daily basis. While 2-Wheeler 

has roughest driving sense, they should be banned during peak 

hours. During Festival period, maximum pedestrian were 

observed on stretch. Thus, complete prohibitions of all 

vehicles are required during festival period to reduce traffic 

congestion. The major problem is parking of vehicles. Multi-

Level parking which is approximately at 25m distance from 

street should be use efficiently and judiciously on regular 

basis. Thus, Chauta Bazaar Street should be declared as 

“Walking Zone” or “Pedestrian street” as if itself defines as 

restriction of vehicles for free and safe moving space for 

pedestrian. 
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Abstract:  Cement production is highly energy intensive and 

involves large amount of energy for production and releases 

large release of carbon dioxide. Alkali activated concrete is a 

concrete produces which is produced using rice husk ash and fly 

ash combination. Sodium based alkaline activators were used. As 

both materials rice husk ash and fly ash are available in 

abundance and are used for landfill conversion of these into 

useful product is sustainable and environmental friendly. Effect 

of parameters affecting mix design like molarity, alkaline ratio 

and ratio of alkaline ratio to cementitious material are evaluated. 

Keywords- Alkali activated concrete, Fly ash, Rice husk ash, 

alkaline ratio, molarity 

Table1- Nomenclature 

RHA Rice husk ash 

FA Fly Ash 

AAC Alkali activated concrete 

I. INTRODUCTION 

t is a well known fact that cement is most widely used 

material in the construction material [1]. Production of 

cement is highly energy intensive process and consumes lot of 

energy. Besides this, it is not environmentally sustainable as 

production of one ton of cement produces equivalent amount 

of carbon dioxide in atmosphere. Globally it is assumed that 

by 2025 the cement industry will be emitting CO2 at the rate 

of 3.5 billion tones/year, more or less equal to total emission 

made by “transport and energy sector” of today’s Europe 

[2,3]. It is believed that Portland cement has contributed 

immensely in development of building technology and 

material science fields and has led to faster development of 

economic growth. For sustainable development, cement 

industry and faces important challenges of reduction of 

particulate matter and emission levels [4]. It is important to 

find substitute of cement concrete and hence one of the 

alternative is alkali activated concrete. Geopolymer concrete 

as proposed by Davidovits in 1988, offers a good alternative 

and lot of research potential. Geopolymer concrete uses waste 

materials like fly ash which is available throughout the world 

in abundance and hence it reduces the CO2 emission to 

atmosphere by about 80% [5]. There are many technologies 

envisaged for replacement of cement as building material, one 

of which is alkali activated concrete or geopolymer concrete. 

Alkali activated concrete uses waste materials like fly ash, 

slag, RHA, which are reacted with alkali reagents to form a 

stable compound. 

In the country like India where power is produced by burning 

coal, fly ash the waste product of power station is available in 

abundance. It is used marginally to replace cement, but is still 

used as landfill disposal. According to government estimate, 

generation of fly ash is expected to reach about 225 million 

tons by 2017.  Government of India, along with Department 

of science and technology and various other departments is 

trying to increase the utilization of fly ash. It’s utilization is 

increased from 45 million tons in 2005 to 73.13 million tonne 

in 2010-2012, which is roughly 50% of its generation. 

Government desires to achieve 100% utilization in coming 

years [6]. 

India being a agricultural country, rice husk ash constitutes 

20% of the 500 million tons of paddy produced in the world. 

75% organic volatile matter and balance 25% of the weight of 

this husk is converted into ash during the burning process 

known as rice husk ash. Rice husk ash contains very high 

amount of silica content and is found to be amorphous in 

nature. The amorphous silica contained in RHA can react with 

cementitious binders to perform pozzolanic activity [7]. 

Since rice husk ash and fly ash both are in abundance its 

effective utilization as building material will lead to 

sustainable development. In alkali activation, reaction shown 

in figure 1 takes place. Alkali activation generally takes place 

with source material rich in alumina and silica reacting with 

alkaline solution consisting of sodium or potassium hydroxide 

with sodium or potassium silicate [8].  
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Fig1- Polymerization process 

II. RESEARCH SIGNIFICANCE 

Present investigation aims to utilize rice husk ash which is a 

waste product effectively into useful building material. 

Gujarat produces lot of rice from which rice husk ash is 

produced but it is not used due to improper burning of husk 

and this leads to poor quality of husk. Concrete with alkali 

activation of M 25 grade using fly ash and rice husk ash was 

attempted and parameters affecting the alkali activation was 

found.  

 

III. LITERATURE REVIEW 

Ambily  et. al [9] used combination of slag and rice husk ash. 

Rice husk ash was in form of micronized biomass silica and 

sodium hydroxide and sodium silicate were used as alkaline 

activator. Variation of micronized biomass silica was done 

from 0% upto 30% and various properties of fresh concrete 

like slump, density and compressive strength were tested and 

evaluated. It was found that 10% replacement gave higher 

compressive strength. 

Nuruddin et. al. [10] conducted studies on compressive 

strength and bond strength of fly ash and rice husk ash based 

geopolymer concrete. Rice husk ash was microwave 

incinerated.. They observed that under temperature curing due 

to incorporation of RHA the strength increased as refinement 

of pore structure occurred. 

Bernal. et. al. [11] studied mechanical and structural changes 

induced by high temperature exposure of paste made from 

rice husk ash and  silica fume combined with slag. They found 

that paste samples had strength more than 50 MPa and 

retained the same strength upto 600 °C.  

IV. EXPERIMENTAL PROGRAM 

Material used in the investigation were fly ash and rice husk 

ash.  

4.1 Material specification 

Source Materials:  

Fly ash of class F was used in the investigation. Fly ash was 

obtained from Ukai Thermal Power Plant. GGBFS was 

obtained from JSW cement plant and is given in Table 2, 

while RHA was obtained from local industry is given in Table 

3. 

Table 2- Properties of fly ash 

   Fly Ash 

Sr. 

No. 

Particulars Unit Test 

Results 

Specification 

(IS:3812:2003) 

1 Colour - Light Grey - 

2 Specific Surface area m2 / kg 416.36 320 min. 

3 Loss of Ignition % 1.05 5.0 max. 

4 SiO2 + Al2O3 + 
Fe2O3 

% 93.02 70 min. 

5 SiO2 % 61.40 35 min. 

6 CaO % 5 7.0 max. 

7 SO3 % 0.56 3.0 max. 

8 Na2O % 0.62 1.5 max. 

9 Reactive Silica % 34.36 20 min. 

10 Total Chlorides % 0.03 0.05 max. 

11 Moisture % 0.10 2.0 max. 

12 Passing on 45 

Micron sieve (Wet 

sieving) 

% 91.86 66 min. 

13 Retention on 45 

Micron sieve (Wet 

sieving) 

% 8.14 34 max. 

14 Pozzolanic Activity 

Index 

% 82.44 80 min. 

Table 3- Properties of rice husk ash 

Sr. 

No. 

Characteristics Test  

Results 

Requirement as per  

IS standard-12089-1987 

1 Color Dim gray - 

2 Specific surface area 

(m2/ kg) 

293 275 (min) 

3 Loss on Ignition (%) 4.51 3 (max) 

4 SiO2 (%) 89.84 - 

5 Al2O3+Fe2O3 (%) 2.45 - 

6 Specific Gravity 2.23 - 

Alkaline Solutions:  

Sodium Hydroxide was obtained in form of flakes with 98% 

purity and was dissolved in tap water depending on the 

concentration of solution, expressed in terms of Molarity (M). 

For making 12 M solution, 12 * 40 = 480 grams of sodium 

hydroxide flakes were dissolved in water. Sodium silicate was 

in liquid form with 15.5 % of Na2O, 35.4% of SiO2 and 45.9% 

of water. Sodium silicate had ratio of SiO2/Na2O as 2.23 and 

specific gravity of 1.58.  

Super Plasticizer: 

Naphthalene based superplasticizer was used for increasing 

the workability of geopolymer concrete. 

Aggregates: 

Coarse aggregates of 20 mm and 10 mm were used which 

were locally available and had specific gravity of 2.7 while 

fine aggregates was in form of sand confirming to Zone II.  
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4.2 Preparation of Concrete 

The solution of sodium hydroxide and sodium silicate were 

used as alkaline solutions in the present investigation. 

Commercial grade sodium hydroxide in pellets form and 

sodium silicate solution were used which was dissolved to 

form alkaline solution and it was prepared one day prior to 

casting of concrete 

As there are no code provisions for the mix design of alkali 

activated concrete, the density of alkali activated concrete was 

assumed as 2400 Kg/m
3
.  The rest of the calculations was 

done by considering the density of concrete. The total volume 

occupied by fine and coarse aggregate is adopted as 75%.The 

conventional method used in the making of normal concrete is 

adopted to prepare geopolymer concrete [12].  

In order to achieve equivalent compressive strength of M25 

grade of alkali activated concrete for fly ash and rice husk ash, 

various permutation and combination were done by keeping 

the above parameters constant and varying the alkaline 

solution to cementitious material ratio, molarity of sodium 

hydroxide and sodium silicate to sodium hydroxide solution 

ratio with different trial mixes. 

Different Proportion of RHA was mixed with FA but it was 

found that increase in RHA percentage led to decrease in 

strength and hence RHA percentage was restricted to 5% 

along with FA. Rice Husk Ash is produced mainly be cooling 

suddenly and unevenly and hence reactivity of RHA is very 

less. Table 4 shows initial parameters to be taken for mix 

design. 

Table 4- Mix proportion of AAC with RHA 

Density of concrete 2400  kg/m3 

RHA  21.4 kg/m3 

FA 407.14 kg/m3 

Coarse aggregate   

20 mm 702 kg/m3 

10mm 468 kg/m3 

Fine aggregate 630 kg/m3 

Rest period 24 hrs 

Curing temperature 60°C 

Admixture 1.5% 

Water 42.85  kg/m3 

Quantity of fly ash and rice husk ash as per mix proportion 

was measured and allowed to dry mix. After that dry mixing, 

solution and admixture was added and wet mix was carried 

out.  Oven curing is more preferable in alkali activated 

concrete. In this investigation, temperature was kept at 60°C. 

Cubes were kept for 24 hours in oven after 1 day of rest 

period.  

4.3 Parameters affecting mix design of AAC 

This paper evaluates effect of different parameters on 

compressive strength 

4.3.1 Effect of Alkaline Ratio to Cementitious Material 

Amount of alkaline ratio to cementitious material decides, 

amount of cementitious material that will give required 

strength . Figure 2 shows that for 10 M solution as the 

alkaline ration to cementitious ratio increases from 0.3 to 0.4 

and as alkaline ratio increases from 1.5 to 2.5 compressive 

strength increases.  

 

Figure 2: Compressive Strength for 10 M solution 

For 12 M solution as the alkaline to cementitious material 

increases from 0.3 to 0.4, there is increase in compressive 

strength of alkali activated concrete as shown in Figure 3. 

 

Figure 3: Compressive strength of AAC for 12 M solution. 
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4.3.2 Effect of Molarity: 

Molarity of mix is important parameter. Higher molarity 

indicates more use of sodium hydroxide. Optimum use should 

be made to have economy in mix design and strength. As 

shown in figure 4 as molarity of solution increase, i.e. amount 

of sodium hydroxide increases compressive strength 

increases. Figure 4 is for alkaline ratio to cementitious ratio of 

0.3. 

 

Figure 4: Compressive strength of AAC for different Molarity. 

4.3.3 Effect of Alkaline Ratio: 

Ratio of Sodium Silicate to Sodium Hydroxide is called 

alkaline ratio. It will decide amount of alkaline material to be 

taken in mix design. As shown in figure 5 as alkaline ratio 

increases from 1.5 to 2.5, there is increase in compressive 

strength.  

 

Figure 5: Comparative results of AAC with different  

V. CONCLUSION 

This concrete will be sustainable as it will it will help in 

solving the problem of industrial waste and also will help in 

converting rice husk ash into a useful product. Present 

investigation shows parameters that effect compressive 

strength of alkali activated concrete. It also shows increase in 

compressive strength with increase in molarity but optimum 

strength can be obtained at 12 M solution. Also optimum 

alkaline ratio is 2 with alkaline ratio is 0.4 at which optimum 

strength is obtained. Rice husk ash and fly ash combination 

can be used to produce concrete which can be used for non-

structural work. 
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Abstract- A voided slab is a concept that simply removes the 

excess concrete from the expensive part of the structure slab. It 

was invented by JorganBreuningof Denmark about 20 years ago. 

It is now gaining popularity both in Europe and in Asia. This 

paper reviewed the several study done on voided slab system. All 

technical parameters of voided slab system on which 

experimental study have been carried out by authors are 

tabulated in this paper systematically. The realization of the 

proposed objectives involves documentation activity and 

theoretical study of all work done by several authors on voided 

slab concept. The resultant conclusion will be used in defining 

the failing mechanism that can be useful in the formulation of an 

adequate mathematical model. 

Keywords-Voided slab, Bubble deck, Cobiax, U-boot, Air 

deck,Bee plate system,Structural behaviour, Punching shear 

capacity, HDPE, Spherical voided formers, ANSYS. 

I. INTRODUCTION 

his review presents the different types of hollow core slab 

technology that have appeared over last twenty years.The 

voided slabs are reinforced concrete slabs in which voids 

allow to reduce the amount (volume) of concrete.The 

invention of the hollow slab was in 1950s. But it was used 

only in one way spanning construction, and must be supported 

by beams and / or fixed walls. The idea was to create a hollow 

biaxial slab with the same capabilities as a solid slab, but with 

considerably less weight due to the elimination of excess 

concrete. 

In building constructions, the slab is a very important 

structural member to make a space. And the slab is one of the 

largest member consuming concrete. The main obstacle with 

concrete constructions, in case of horizontal slabs, is the high 

weight, which limits the span. For this reason major 

developments of reinforced concrete have focused on 

enhancing the span reducing the weight or overcoming 

concrete's natural weakness in tension. In a general way, the 

slab was designed only to resist vertical load. However, as 

people are getting more interest of residential environment 

recently, noise and vibration of slab are getting more 

important, as the span is increased; the deflection of the slab is 

also increased. Therefore, the slab thickness should be 

increase. Increasing the slab thickness makes the slabs 

heavier, and will increased column and foundations size. 

Thus, it makes buildings consuming more materials such as 

concrete and steel reinforcement. To avoid these 

disadvantages which were caused by increasing of self-weight 

of slabs, the voided slab system, was suggested. 

 

II. LITERATURE REVIEW 

A) Bubble Deck 

In the middle of 1990s, a new system was invented in 

Denmark by JorganBreuning to ensure the reduction of dead 

weight with more than 30% and allowing longer spans 

between supports which is called bubble deck system. Bubble 

deck is based on new patented technique which involves the 

direct way of linking air and steel to creating a natural cell 

structure acting like a solid slab. For the first time, bubble 

deck with the same capability as a solid slab, but with 

considerably less weight due to elimination of superfluous 

concrete. In this technology,it locks ellipsoid between the top 

and bottom reinforcement meshes, thereby creating a natural 

cell structure acting like a solid slab. To replace the 

superfluous concrete, a HDPE hollow spheres are used in the 

centre of slab. 

 

Fig. 1 

B) Cobiax 

The same hollow slab principle of creating voids within 

the concrete slab to lighten the building structure was 

developed in 1997 South Africa, which was called cobiax 

system. Although the cross section of the cobiax is more 

complex as compare to solid slab and flexural design posses 

no significant problems. However when considering design 

for shear, the spherical void formers used in the cobiax system 

in concrete wave width that not only change depth of the 

section, but also in horizontal direction .No design code of 

practice has specific design recommendation for cobiax 

system. Extensive research on cobiax shear resistance was 

carried in Germany. In this system, decks form the bottom of 

the slab, and the bottom layer of reinforcing steel must also be 

placed. The voids are locked in steel wire meshes which can 

be altered to fit the particular application. The top layer of 

steel reinforcement can be placed after the bundles are in 

place. Concrete is then poured in two lifts. The first concrete 

pour covers the bottom reinforcement and a portion of the 

T 
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voids and holds the voids in place as the concrete becomes 

stiff.  The second lift is poured after the first lift is stiff but 

still fresh, finishing the slab. This method requires more 

formwork and on-site labour, but requires less transportation 

of materials. 

 

Fig. 2 

C) U-Boot Beton 

A new system of hollow formers in order to decrease the 

transportation cost and CO2 production was patented in 2001 

by an Italian engineer, Roberto llGrande..U-Boot Beton, or U-

boot, is a voided slab system from the Italian company 

Daliform. U-boot does not use spherical void formers like 

previous systems, but uses truncated-pyramid shaped void 

formers instead. These void formers create many grid shaped 

beams making up the slab (U-boot Beton, 2011). The U-boot 

system is similar to the Cobiax system in terms of 

construction because it is meant to be cast entirely on-site 

using formwork. After forms are erected, the steel and void 

formers are placed before the concrete is poured in two lifts. 

In addition to the many design benefits that all voided slab 

systems provide, the U-boot system has one benefit over 

systems that use spherical void formers the shape of the U-

boot void formers allows them to be stacked efficiently during 

transportation to the site, saving space and potentially leading 

to reduced shipping costs compared to spherical former 

systems. 

 

 

Fig. 3 

D) Airdeck 

The conception, developed in 2003, is Airdeck. It has the 

basic advantages of the U-boot system (i.e., ability of formers 

to be nested and usage of recycled polypropylene for 

producing irretrievable void formers). Besides, the strong 

point of this system is lack of necessity to use retaining mesh 

to hold down IVF during the concreting of the second layer. 

 

Fig. 4 

E) Bee Plate System 

The BEEPLATE Honeycomb Floor is an efficient solution 

for wide span reinforced concrete flat slabs with any 

suspension. Spans between up to 20 m  with floor depths 

between 34 cm and 70 cm can be achieved. By using 

buoyancy free hollow bodies, assembly is particularly easy. 

The hollow bodies are built in with the help of spacer clips. At 

the same time they work as a separator between the upper and 

lower layers of reinforcement. The alveolar layout of the 

hollow bodies guarantees a maximum concrete reduction and 

therefore weight reduction of up to 35%. The BEEPLATE 

should be supported bottom-up in the area of the BEEPLATE 

concrete webs. In areas where a column under a hollow body 

is inevitable,  must load transfer to the adjacent BEEPLATE 

concrete webs is to be realized by a sufficiently dimensioned 

crossbeam. Supports which are on top of the BEEPLATE 

should possibly be assembled only in the BEEPLATE 

concrete web areas. If holes are drilled into the BEEPLATE 

slab - for example for the positioning of the formwork these 

have to be closed afterwards. If there is danger of penetrating 

water into a hollow body, the lower side has to be tapped off 

and spot-drilled. No water must remain in a hollow body void.  

 

Fig. 5 
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III. DISCUSSION 

 

A) Shear strength 

The results of a number of practical tests confirm that the 

shear strength depends on the effective mass of concrete. The 

shear capacity is measured to be in the range of 72-91% of the 

shear capacity of a solid deck. In calculations, factor of 0.6 is 

used on the shear capacity for a solid deck of identical height. 

This guarantees a large safety margins. Areas with high shear 

loads need therefore a special attention, e.g. around columns. 

That is solved by omitting a few balls in the critical area 

around the columns, therefore, giving full shear capacity.   

Shear strength of slab mainly depend on effective mass of 

concrete, as the special geometry shaped by the ellipsoidal 

voids acts like the famous roman arch, hence enabling all 

concrete to be effective. This is only valid when considering 

the bubbledeck technology. ; Due to use of plastic bubbles, 

the shear resistance of bubbledeck greatly reduces in 

comparison of solid slabs.  

In any flat slab, design shear resistance is usually critical near 

columns. The shear stresses removed from the columns 

diminishes rapidly outside the column zones it has been 

demonstrated by testing and calculation and longitudinal shear 

stresses are within the capacity of the bubbledeck slab system. 

Near the columns, bubbles are left out so in these zones a 

bubbledeck slab is designed exactly the same way as the solid 

slab. 

B) Bending strength 

Bubble Deck when compared to a solid deck, both practically 

and theoretically. The results in the table below shows that for 

the same deck thickness, the bending strength is same for 

Bubble Deck and for a solid deck and that the stiffness of the 

Bubble Deck is slightly lower. Bending stresses in the Bubble 

Deck slab are found to be 6.43% lesser than that of solid slab. 

The ultimate load value obtaining bending tests were upto 

90% greater than the ultimate load value. The bottom 

reinforcement steel and the top compressive portion of stress 

block contributes to flexural stiffness in the bending. 

In % of a solid 

deck 
BubbleDeck 

 Same strength 
Same bending 

stiffness 

Same concrete 

volume 

Strength 100 105 150* 

Bending stiffness 87 100 300 

Volume of 

concrete 
66 69 100 

TABLE:I 

C) Deflection 

The deflection of the test specimens was measured at their 

mid-span beneath the lower face of the tested slabs. When the 

slab reached advanced stage of loading, smaller increments 

were applied until failure, where the load indicator stopped 

recording anymore and the deflections increased very fast 

without any increase in applied load. 

Span depth ratio calculations for deflections are very 

approximate and are not appropriate in flat slabs of irregular 

layout except for the most simple  or unimportant cases. FE  

modelling, including non-linear cracked section analysis is 

used to calculate the deflection using normal structural 

concrete with a  Young’s   Modulus  Ecm , multiplied by 0.9 

and the tensile strength, fctm  multiplied by 0.8 (to reduced the 

crack moment).  

Deflection of BubbleDeck is 5.88% more than solid slab as 

the stiffness is reduced due to the hollow portion. 

Strengthened BubbleDeck has low deflection compare to un 

strengthened BubbleDeck slab. Conventional slab carried the 

stress of about 30.98 MPa by applying the udl load of about 

340 kN and causes deflection of 12.822 mm. The BubbleDeck 

slab carried the stress of about 30.8 MPa by applying the udl 

load of about 320 kN and causes deflection of 14.303mm. The 

BubbleDeck slab can withstand 80% of stress when compared 

with conventional slab. Slide variation occurs in the 

deformation when compared to conventional slab. 

Type of slab Load(KN) Deflection 

(mm) 

Weight (Kg) 

Conventional slab  260 8.70 321 

Continuous bubble deck 320 9.20 242 

Alternative bubble deck 

type I 

290 8.95 278 

Alternative bubble deck 
type II 

275 8.80 281 

TABLE: II 

D) Fire Resistance 

The fire resistance of the slab is a complex matter but is 

chiefly dependent on ability of the steel to retain sufficient 

strength during a fire when it will be heated and lose 

significant strength as the temperature rises. The temperature 

of the steel is controlled by fire and the insulation of the steel 

from the fire. In any case, all concrete is cracked, and in a fire, 

it is likely that the air would escape and the pressure 

dissipated. If the standard bubble material is used (HDPE), the 

products of combustion are relatively benign, certainly 

compared to other materials that would also be burning in the 

vicinity. In an intense, prolonged fire, the ball would melt and 

eventually char without significant or detectable effect. Fire 

resistance depends on concrete cover nearly 60-180 minutes. 

Smoke resistance is about 1.5 times the fire resistances. 

Steel 

stress 

Steel 

utilization 

Fire resistance (min) 

  30 60 90 120 180 

190 66% 17mm 17 
mm 

17 
mm 

17 
Mm 

_ 

286 100% 17 

mm 

29 

mm 

35 

mm 

42 

mm 

55 

mm 

 

TABLE: III 
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E) Punching Shear 

Punching shear capacity of bubble deck slab is a major 

problem because of its reduced weight strengthened slabs 

have higher punching capacity compared with controlled 

bubble deck slab. The average punching shear is calculated to 

91% in comparison to solid slab. It must be firstly analyze that 

whether the applied shear is lesser or greater than the shear 

capacity of bubble deck slab. Firstly it is determined by the 

designer whether the applied shear is greater or less than the 

bubble deck capacity. if it is found to be lesser than no  further 

check is required but if it is found to be greater, the sphere 

should be omitted surrounding the column and then check the 

shear in newly solid section. Then if shear resistance of solid 

concrete portion  is lesser than applied shear, than shear 

reinforcement is required. 

F) Comparison of Cost Price 

In connection with the general tests, a total cost price 

calculation of theTown Hall in den Haag is carried out. The 

Town Hall was built with prestressedmonolithic elements. 

The complete construction has been evaluated inorder to make 

a reliable comparison.Two types of comparisons were made: 

1. Bubble Deck and a solid deck were compared in three 

various arrangements– alteration of placement of columns. 

The calculations were made forincreasing spans in the x-

direction. For a given combination of span and deckthickness, 

Bubble Deck was 5…16% less expensive than a solid deck. It 

isimportant to emphasize that the optimal combination of deck 

thickness andplacement of columns with Bubble Deck differs 

from a solid deck. A correctcomparison must take this fact 

into consideration, which was made in thesecond comparison: 

2. Two variants of Bubble Deck were compared; the result 

was clear –the Bubble Deck building was significant less 

expensive than the traditionalsystem. The total savings was in 

the order of 20%. 

G) Time Dependent Behaviour 

The Bubble Deck element has a negligible larger marginal 

shrinkage strain than a solid slab with equivalent dimensions 

and the same concrete performances, under the same exposure 

to environmental conditions. An analysis performed with 

finite element method and with three-dimensional elements 

confirmed these results. The influence of carbonation 

shrinkage can be neglected in the design of concrete structures 

with Bubble Deck system, because only small parts of the 

concrete cross-section are exposed to this kind of shrinkage. 

The geometry of a Bubble Deck influences creep in the same 

way it influences shrinkage. The creep coefficient and the 

moment of inertia influenced by the geometry enlarges creep 

by a negligible amount, whereas the small dead load of the 

Bubble Deck reduces it. In each case, the dimensions of the 

Bubble Deck and the influence of the geometry on the creep 

coefficient must be considered in the design of the elements. 

H) Behaviour under seismic loads 

A non-linear dynamic analysis was conducted by Gislason at 

SigillumUniversitatisIslandiae, on a 16-storey office building 

structure, planned to be build in Reykjavik, Iceland. The 

building was designed with   floor system, as the first one in 

Iceland, having biaxial hollow slabs with spherical bubbles. 

Additionally, a comparison on the earthquake effects on 

buildings for several floor systems was conducted, and the 

impact of placing the building in Selfoss, a stronger 

earthquake zone in South-Iceland, was studied. The main 

conclusions have evidenced the following aspects: 

- two floors can be added for a fixed total height of the 

building, if Bubble Deck are used instead of normal slabs; 

- the building will sustain considerably smaller earthquake 

forces, as a result of using Bubble Deck instead of normal 

slabs; 

- due to large wall surfaces, wind load is dominant for lateral 

load design. 

 

IV. TECHNICAL PARAMETERS STUDIED BY 

VARIOUS AUTHORS ON VOIDED SLAB 

TABLE IV 

✓- Indicates technical parameter studied. 

  
Sr. 

No. 

Name of Paper Year 

of 

publis-

hing 

Stiffne

ss 

Modifi

ca-tion 

factor 

Ultim

ateloa

d 

carryi

ng 

capaci

ty  

Cost 

Analys

is 

Bend

ing 

streng

th 

Stress 

Distri

bution 

Comp

ressiv

e 

strain 

Rigidi

ty 

Shear 

Streng

th 

 

Punchi

ng 

shear 

Deflecti

on 

Creep Fire 

resisten

ce 

Acoust

ic 

behavi

our 

Crack 

pattern 

Dissi-

pation 

Rate 

 

1. 

Expt. program regarding 

BubbleDeck concrete 

slab with spherical gaps 

 

2009 

         ✓ 
   ✓ 

 

 

2.  

Summary of tests and 

studies done abroad on 

the BubbleDeck system 

 

2009 

  ✓ ✓ 
    ✓ ✓ ✓ ✓ ✓ 

  

 

3. 

An expt. study on two-

way bubbledeck slab 

 

2010 
 ✓ 

       ✓ 
   ✓ 
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with spherical hollow 

balls 

 

4. 

Issues of achieving an 

experimental model 

concerning bubble deck 

concrete slab with 

spherical gaps 

 

2010 
         ✓ 

   ✓ 
 

 

5. 

Calculation of voided 

slab rigidities 

 

2012 
      ✓ 

  ✓ 
     

 

 

6. 

Flexural capacities of 

reinforced concrete two-

way bubbledeck slabs of 

plastic spherical voids 

 

2012 

 ✓ 
   ✓ 

   ✓ 
   ✓ 

 

 

7. 

Structural behaviour of 

bubble deck slab 

 

2012 
   ✓ ✓ 

  ✓ 
 ✓ 

  ✓ 
  

 

8. 

Flat slabs with spherical 

voids 

 

2013 
   ✓ 

   ✓ 
       

 

9. 

The expt. analysis of 

bubbledeck slab using 

modified elliptical balls 

 

2013 
 ✓ 

 ✓ 
   ✓ 

 ✓ 
   ✓ 

 

 

10. 

Analysis of voided deck 

slab & cellular deck slab 

using Midias Civil 

 

2014 

   ✓ 
   ✓ 

 ✓ 
     

 

11. 

Comparative study of 

voided flat plate slab & 

solid flat plate slab  

 

2014 
✓ 

  ✓ 
    ✓ 

      

 

12. 

Design factors and the 

economical application 

of spherical type voids 

in RC slabs  

 

2014 
✓ 

 ✓ ✓ 
   ✓ 

       

 

13. 

A study on behaviour of 

bubbledeck slab using 

ANSYS 

 

2015 
 ✓ 

  ✓ 
    ✓ 

   ✓ 
 

 

14. 
An experimental study 

on bubble deck  slab 

system with elliptical 

balls 

 

2015 
 ✓ 

 ✓ 
   ✓ 

 ✓ 
   ✓ 

 

 

15. 

Comparative structural 

analysis of Biaxial 

voided slabs and solid 

slab 

 

2015 
✓ ✓ 

 ✓ 
           

 

16. 

 

 

Finite element analysis 

of voided slab with 

HDPP void formers. 

 

2015 
         ✓ 

   ✓ 
 

 

17. 

Numerical analysis of 

flat slabs with spherical 

voids subjected to shear 

force 

 

2015 
✓ 

  ✓ 
   ✓ 

 ✓ 
   ✓ 

 

 

18. 

Parametric study of solid 

slab and voided slab 

 

2015 
    ✓ 

    ✓ 
     

 

19. 

Collapse of reinforced 

concrete voided slab 

 

2016 
 ✓ 

 ✓ 
         ✓ ✓ 

 

20. 

Numerical & expt. study 

on bubbledeck slab 

 

2016 
 ✓ 

  ✓ 
    ✓ 

   ✓ 
 

 

21. 

Punching shear strength 

development of 

bubbledeck slab using 

GFRP stirrups 

 

2016 

    ✓ 
   ✓ ✓ 
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V.  IMPORTANT TABLES,FIGURES AND GRAPHS 

Slabthick

ness 

(h)mm 

BallDiamete

r 

(d)mm 

Momentof 
inertia ofsolid 

sectionIs 

Momentof 
inertia ofvoided 

sectionIv 

Stiffness 
reductionf

actor 

%Wei
ght 

saving 

280 180 420746666.7 369308426.7 0.88 20.62 

330 225 808582500 683000859.4 0.85 26.77 

370 270 1308535833 1048129743 0.8 28.98 

420 315 2222640000 1740205569 0.78 30.07 

470 360 3460766667 26377554827 0.76 32.48 

520 405 5272800000 3954494160 0.75 33.03 

600 450 9000000000 69906693750 0.78 31.81 

 

TABLE V: Stiffness reduction factor and weight saving 

 

 

 

 
GRAPH 1: Slab Thickness Vs Stiffness modification factor 

 

 

 

 

GRAPH 2: Slab Thickness Vs % Weight Saving 

SlabThickne

ss (mm) 

BallDiamet

er (mm) 

Solidportio

n each side 

of 
column(m) 

Shear force 

ofVoided 

slab(KN) 

Ved(N/

mm
2

) 

Vrd,max(

N/mm
2

) 

280 18

0 

1.385 86

1.

2 

1.18 5.5 

330 22

5 

1.562 88

8.4

1 

1.04 5.5 

370 27

0 

1.74 89

6.5

4 

0.93 5.5 

420 31

5 

1.7 97

5.

6 

0.89 5.5 

470 36

0 

1.74 99

9.0

0 

0.82 5.5 

520 40

5 

1.92 10

17.

3 

0.75 5.5 

600 45

0 

1.6 12

06.

9 

0.77 5.5 

 
TABLE VI: Method of punching strength calculation 

 

Fig 6: Punching Shear 

 

Fig 7: Voided slab stiffness calculation method 

 

Slab Type 

BS Beam Slab 

BS1 Beam Slab 1 

BS2 Beam Slab 2 

RIB Ribbed Slab 

WFF Waffle Slab 

FLT Flat Slab 

MSH Mushroom Slab 

NAU1 Nautilus- Considering Mushroom Slab 

NAU2 (Nautilus)-Considering Ribbed Slab 

TABLE VII 

    GRAPH 3: 6m x 6m-Multiple Slab System Cost Comparison Chart
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GRAPH 4: Shows the Deflection behaviour on the slab 

 

GRAPH 5: Shows the weight of the slab 

VI. CONCLUSION 

The benefits of using plastic voided slabs rather than solid 

slabs are greater for larger spans. Smaller spans do not require 

substantially thick slabs, therefore only small voids can be 

utilized and minimal savings are achieved. Larger spans are 

capable of using larger voids that greatly reduce the overall 

weight of the slab while meeting load capacity requirements. 

Construction of plastic voided slabs requires more steps than 

solid slabs, but the construction process is not significantly 

more complicated. For bays of the same size, plastic voided 

slabs typically require less reinforcement. Overall, plastic 

voided slab systems provide an excellent alternative to solid 

concrete slabs for many applications. Weight and cost savings 

as well as architectural flexibility can be achieved with plastic 

voided slabs. The investigation has proven that voided slab 

technology is more efficient than a traditional biaxial concrete 

slab. The finite element models of the slab created for the 

study verify the prior analysis and experiment. 

 

REFERENCES 

[1]. Analysis of voided deck slab & cellular deck slab using Midias 

Civil by B Vaignam,Dr.B.S.R.K Prasad. 
[2]. Summary of tests and studies done abroad on the BubbleDeck 

system by SergiuCalin,RoxanaGintu,GabrielaDascalu. 

[3]. Expt. program regarding BubbleDeck concrete slab with spherical 
gaps by  SergiuCalin,CiprianAsavoaie 

[4]. An experimental study on bubble deck  slab system with elliptical 

balls by AratiShetkar and NageshHanche 
[5]. Issues of achieving an experimental model concerning bubble 

deck concrete slab with spherical gaps by  
SergiuCalin,CiprianAsavoaie,N-Florea 

[6]. Flexural capacities of reinforced concrete two-way bubbledeck 

slabs of plastic spherical voids by Amer M. Ibrahim, Nazar K. Ali 
[7]. The expt. analysis of bubbledeck slab using modified elliptical 

balls by  L. V. Hai,  V.D. Hung 

[8]. Design factors and the economical application of spherical type 
voids in RC slabs by  KivaneTaskin&KeremPeker 

[9]. A study obbehavior of bubbledeck slab using ANSYS by  Rinku 

John &Jobil Varghese 
[10]. Punching shear strength development of bubbledeck slab using 

GFRP stirrups by  Reshma Mathew &Binu P. 

[11]. Numerical & experimental study on bubbledeck slab by  M. 
Surendar& M. Ranjitham 

[12]. An experimental study on two-way bubbledeck slab with spherical 

hollow balls by  Bhagyashri ,G.Bhade& S. M. Barelikar 
[13]. Finite element analysis of voided slab with HDPP void formers by 

K Subramanium, P Bhuvaneshwari 

[14]. Calculation of voided slab rigidities by Gee-CheolKim,Joo-Won 

Kang 

[15]. Structural behaviour of bubble deck slab by P.PrabhuTeja,P.Vijay 

Kumar 
[16]. Parametric study of solid slab and voided slab by 

YogeshTambe,PrashantKulkarni 

[17]. Flat slabs with spherical voids by 
MihaiBindea,DumitruMoldovan,Zoltan Kiss 

[18]. Comparative study of voided flat plate slab & solid flat plate slab 

by SaifeeBhagat,Dr. K.B. Parikh 
[19]. Comparative structural analysis of Biaxial voided slabs and solid 

slab by Mosioma,WycliffeOnchura,MosesOnyangoOpiyo 

[20]. Collapse of reinforced concrete voided slab by L.A Clark 
[21]. Numerical analysis of flat slabs with spherical voids subjected to 

shear force  by M. Bindea,Claudia Maria Chezan,APuskas 

 
 

 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 227 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  

 

Critical Evaluation of Decision Support System 
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Analysis with Expert System 
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Abstract- The paper presents the evaluation of the existing 

Decision Support Systems implemented in the domain of career 

selection.  The Decision Support Systems are analyzed and 

critically reviewed to list the shortcomings of DSS for the 

domain.  In total five Decision Support Systems implemented for 

career selection are selected for the purpose.  The primary 

objective of the research is to compare the solution provided by 

the DSS and Expert System for the career selection.  The paper 

identifies the problems associated with the present solution in 

form of DSS and suggests how Expert Systems can provide the 

solution.  The paper proposes that Expert Systems are in a better 

position to provide intelligent solutions for the domain of career 

selection.  To justify that, a comparative analysis is provided at 

the end of the paper.  As a secondary objective, the factors 

affecting the career selection are also retrieved and listed.   

Keywords—Decision support system, career selection, factors 

affecting career selection, Expert System 

I.  INTRODUCTION  

ontinuous efforts are being made to develop computer 

based systems that emulate human thinking. There are 

many such technologies used for achieving simulation for 

human thinking. Out of these technologies the two most 

prominent techniques are Decision support system (DSS) and 

Expert system (ES). A Decision support system is an 

interactive computer based system that helps in solving semi-

structured or unstructured problems by using data and models 

[1]. An Expert System is an intelligent computer system that 

uses knowledge and inference procedures to solve problems 

that are difficult enough and can otherwise require human 

expertise for solution [2]. The "expertise" can be considered 

as of having knowledge about a particular domain, 

thoughtfully accepting problems by developing an insight 

within that domain, and having "skill" for answering some of 

these problems. Both Decision Support System and Expert 

System help in improving the decision making process, yet 

there are some distinct applicability of both two different 

domains.  

This paper critically reviews and analyses the decision support 

system for career selection domain.  The analysis presents the 

shortcomings of each system.  At the same time, how the 

Expert system can help to overcome the mentioned problem is 

also presented.  Finally a comparative analysis between 

Decision Support System and Expert System is made to find 

out which is the most suitable option whether Decision 

Support System or Expert System. 

The main objectives of this literature review are: 

1. To study and analyze existing decision support 

system for career selection. 

2. To list down the factors that influences the career 

selection. 

3. To list down the problems in each implemented 

Decision Support System.  

4. To decide whether DSS or Expert System is more 

suitable for career selection domain 

II. A STUDY OF DSS IN CAREER SELECTION 

In order to fulfill the above stated objectives, the following 

decision support systems are reviewed. 

1. Career Master: A decision support system (DSS) for 

guidance and counselling in Nigeria. 

2. Decision Support system for determining: Right 

Education Career choice. 

3. Analysis and Design of a Web-based decision 

support system for choosing Higher Education 

Studies. 

4. A web based decision support tool for academic 

Advising. 

5. Choosing a college major: A prototype Decision 

Support System.  

  The reasons for selecting these decision support 

systems for our study area are: 

1. All the DSS systems selected here are practically 

implemented at a university or institutional level.  

It makes easy for us to study their detailed features 

and critically analyzing them to find shortcomings 

in each system and suggest improvised solution. 

2. The selected research papers for analysis range 

from time duration of different generations. Hence, 

research of different generations of different years 

can be covered for critical detailed study. 

3. As our research is in the domain of career selection 

all the Decision Support Systems reviewed and 

analyzed here are of that domain. 

C 
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A. Career Master: A decision support system (DSS) for 

guidance and counselling in Nigeria. [3] 

This is a standalone system, which provides guidance and 

counselling to secondary school students; it suggests the list 

of the best courses that could be selected for further study in 

the tertiary institution. The factors affecting the career 

selection decision are intelligence quotient, hobbies, parents 

and friends’ influences. This system consists of subsystems 

like DSS Data Management System, model subsystem, 

Knowledge subsystem and dialog subsystem. The first DSS 

sub system is Data Management System (DMS) which 

consists of DSS database, Database Management system, 

Database directory, Query Facility. The DSS database consists 

of four databases with table names: subject table (all subjects 

related info.), pass table (password of the administrator form) 

and course table (all courses studied in universities).  

Database Management System is of relational type and 

consists of different details like bio data, class study, I. Q. 

_status, personal interest, parent’s suggestions, and friend’s 

suggestions. The query facility element allows users to access 

the data. It works based on rules to provide with the 

suggestions. The directory component consists of data about 

all the data. It contains various data definitions and its main 

function is to answer questions about the availability of data 

items, their origin and their meaning. It also supports 

managing information on a specific object. It contains another 

subsystem as model management; it contains models related 

to routine and special statistical, counselling models, 

management science and other quantitative models that 

provide the analysis capabilities for the DSS. The knowledge 

subsystem is used to solve complex problems of clients. The 

dialog subsystem provides a user interface between user and 

DSS. This system is built up in Visual Basic (VB v 6.0). The 

main features found in this system are anticipation of change, 

data validity, end-user interface, controlled data access. The 

future scope of this system is it can be made web based for 

easy access across the world. 

The shortcoming: In this system the output is in the form of 

the list based on choices filled by friend selection, parent 

selection, student selection, human counselor’s suggestion. 

Out of these choices the student will decide the best suitable 

choice by consulting the counselor. Hence, here the system 

helps the counselors in the decision making process. The 

drawback of conventional counselling such as 24x7 non-

availability of counselor is applicable here. This affects the 

efficiency of the decision making process. The system will not 

make decisions on behalf of counselors, but only helps them. 

The system does not have the facility of dynamic update of 

knowledge in the database. The system is built using the 

proprietary programming language so it will not be transferred 

to other open source operating software. The system does not 

support object oriented approach. 

Decision support system for determining: Right education 

career choice. [4] 

This system named, Career Advice Model is based on 

machine learning techniques and uses rule based decision 

support system to generate the knowledge. The system at the 

end generates the result in the form of advice and proposed 

career choice. This system is divided into three broad modules 

like User Interface, Inference Engine and Knowledge Base. 

The Career Advice Model supports decision making in higher 

education system. Career Advice Model (CAM) is 

implemented in Java. The factors found affecting career 

selection are academic abilities, personal qualities, skills and 

personality type test data. The first module User Interface 

consists of three parts Students’ skills and personal 

information, personality analysis and User profile. The second 

module is Inference engine which is responsible for 

generating the advice report for that it applies the rules and 

takes the knowledge base into consideration. To design 

inference engine modular approach is incorporated so that 

changes in the system can be easily embedded. The whole 

inference engine functionality is divided into four other sub 

modules: Qualification forecasting, personality forecasting, 

Advice reporting and Additional forecasting. The third 

module knowledge base is based on four parts 1. Domain 

expert knowledge. 2. Past feedback collection. 3. Industrial 

requirements and demand. 4. Past performance of career 

choices. The main features of this system are it is rule based; 

it is active learner, which helps to enrich its knowledge base 

to suggest accurate career option. It uses Instance based 

learning statistical method. Instance based learning version 3 

(IBL) method is used in it. It uses Active learning algorithm to 

automate the process of predicting result with less obligation 

of human experts, hence saves time.  

The shortcoming: This system is based on machine learning, 

though a technique of AI, it does not emulate human decision 

making; it only supports the system to make decisions. This 

system provides career advice by suggesting the career 

options available or approves the career choice made by the 

students. Here the list of all options is given out of which 

student selects a suitable option with the help of counselors, 

hence it implies that the system aids in decision making but 

does not take decisions on behalf of counselors. The system 

does not automate update facility of knowledge base it is done 

with the help of domain experts. This system allows selecting 

the suitable subjects not the courses. The system is made in 

Java, which has some limitations like security loopholes, 

performance drawback, and problem of look and feel interface 

B. Analysis and design of a web-based decision support 

system for choosing Higher Education Studies). [5] 

The objective of this system is to help users in getting 

thoroughly informed about Higher Education studies and 

helps in selecting the most appropriate Higher Education 

study courses. It has two main goals; one is to support 

youngsters in their decision making and second is to inform 

students about their department vocational prospects. This 

system results in giving information related to the display of 
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the departments of the specific Higher Education Institution 

(HEI) and view department details, such as syllabus and 

employment prospects, it also displays the distance between 

different cities and HEI departments. In this system GIS is 

used to help users visualize the location of the Higher 

Education (HE) departments.  This system uses UML in the 

analysis and design of the proposed web-based DSS. The 

factors considered for career selection are region of Greece, 

cities in which Higher Education Institutions (HEI) are 

located, distances between the city of user and a Higher 

Education Institution‘s (HEI), Higher Education Institutions 

(HEI), department of Higher Education Institutions (HEI), 

schools that represent a set of departments, subjects of related 

departments, group of subjects, keywords for each group of 

subjects. The main feature of this system is its ability to 

search for information related to job profiles and their 

relations to higher education studies in Greece by giving 

numerous search criteria and possibilities to combine them in 

an easy to fill or compare way. It uses GIS technologies 

through Google map. The web based DSS is implemented 

using PHP, MySQL and Java script. AJAX is used to 

exchange data with the database and Google Map. The future 

scope of this system is that some additional functionality can 

be provided like storing historical data to build data 

warehousing which can be useful for dimensional modeling. 

Data related to placement of graduates of each higher 

education speciality should be stored. The tools like 

Personalization and recommendation should be used to 

support decisions of youngsters in the future. 

The shortcoming: This system is just like a simple system that 

does not have an inference engine to process the rules. It also 

does not have a knowledge base to store data from which rules 

can be applied. It has a database to store data, the user enters 

search criteria and the result is displayed by firing query on 

the data stored in the database. Hence the system does not 

replace the counselor, but instead it just provides a search 

facility of information related to Higher Education Institutes 

(HEI) and its connection with the labour market. The system 

is built using PHP which is an open source software hence it 

faces security issues. The data of the system are stored on the 

client side which can create a security issue if some 

confidential data is stored. The system is not modular in 

nature, so found hard to maintain.  The system does not 

provide an explanation facility after providing results from the 

database. 

C. A web based decision support tool for academic Advising. 

[6] 

The objective of this system is to provide effective web based 

decision support tool that improves the student and advisor 

relationships from not only prescriptive one but also to more 

engaging one. This system helps the students to plan for the 

proper courses to be taken, by checking and listing courses, 

priority wise, based on satisfaction of required criteria. This 

system also suggests and results in displaying the list of the 

courses which can be taken to minimize the amount of time 

required in completing a degree.  The factors that affect the 

career selection are personal information, the rules for a 

particular course, the number of credits attained, graduation 

requirements. The system creates academic schedules, 

semester to semester and year to year by organizing 

information from many sources. It provides information 

needed for course planning in a visually effective manner. The 

features of this system are it has user friendly interface, the 

system supports for various search criteria’s using which 

information is pumped out from the database and it also 

displays recommendation of courses and jobs based on 

information and criteria entered by users. The future scope of 

this system found is to increase the security of data managed 

by the system.  

The shortcoming:  In this system, the advisor is the main 

actor. The students are asked to fill the form in starting of the 

advising process, the advisor discusses with the student based 

on his personal information and academic record filled by the 

student in the form. This system does not provide support of 

natural language processing, which adds an overhead for 

information collection. Hence the main role of student’s 

career decision is done by the advisor himself. This proves 

that the online system is not capable to replace human 

intelligence, it only supports them. The system does not 

support automatic updates of database and it takes long time 

to update the details in the database. The system also does not 

have the automatic storage facility of the student’s 

information.  As the system lacks in having an auto storage 

facility, hence the previous data plans will be overwritten by 

the new plans. 

D. Choosing a college major: A prototype Decision Support 

System. [7] 

The objective of this system is to identify the suitable major of 

the study for a college student.  The system has features like 

knowledge elicitation, wherein the domain knowledge is taken 

out from a domain expert or other sources. This phase is 

accomplished by taking interviews of Expert counselors. The 

output of this phase results into series of Decision tables of 

Holland Personality Types (HPT) and college major 

classification. The college major decision support system was 

designed to be user friendly and to minimize the input error. 

The system starts with asking the questions to the users, the 

response given by user of each question is recorded. Then the 

responses of each theme is counted and then Holland code in 

the order of ‘R’,’I’, ‘A’,’ S’,’E’,’C’ is determined. Theme 

with the highest count is selected. The major courses available 

with the matching Holland code are displayed.  The factors 

affecting the career selection are student’s interests, values 

and personality traits, psychometric test results. The system 

can result in determining the Holland categorization of a 

client’s personality type. Based on the client’s personality 

type the system determines feasible college majors. The 

system has explanation capabilities to help for selection 
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criteria. It provides help in preparation to become counselors 

as a profession. The future scope of this system is to enhance 

by incorporating more counselling knowledge and integration 

with expert diagnostic knowledge.  

The shortcoming: This system gives more emphasis to the 

client’s personality type factor and on that basis displays 

college majors. The system does not consider much emphasis 

to other factors that can influence decision making. This 

system provides support for decision making which is used by 

human counselors. This can lead to personal biases of the 

human expert towards the client, which can result in a wrong 

decision. 

III. ANALYSIS OF ABOVE REVIEWED DSS 

It is noted that decision support system is used for providing 

support in deciding higher secondary, undergraduate’s 

students career option/stream, major or minor course 

selection. 

In order to fulfill the second objective, from the above 

reviewed systems, different factors affecting career 

selections are found in each system are listed:  

Paper1: intelligence quotient, hobbies, parents and friends’ 

influences. 

Paper2: academic abilities, personal qualities, skills and 

personality type test data. 

Paper3: region of Greece, cities in which Higher Education  

Institutions (HEI) are located, distances between 

user’s city and a Higher Education Institution’s 

(HEI) city, Higher Education Institutions (HEI), 

department of Higher Education Institutions (HEI), 

schools that represent a set of departments, subjects 

of related departments, group of subjects, keywords 

for each group of subjects. 

Paper4: student’s personal information, rules for a 

particular course, the number of credits attained, 

graduation requirements. 

Paper5: interests, values and personality traits, 

psychometric test results. 

IV. PROBLEMS DERIVED FROM THE ABOVE DSS 

SYSTEMS 

From the analysis and review of above systems it is found that 

in some or other aspects one or the other system is found 

lacking behind, the following below is the list of a few of the 

potential problems found in DSS for career selection. 

 Problem1: No Automatic Update Facility:  

 There is no automatic update of the data into the 

database in any DSS systems. The Manual updating 

process is very tedious. 

 Problem2: No Explanation Facility:  

 The explanation facility with the support of the 

decision given by the system is not found in most of 

the above systems. 

 Problem3: Does not imitate human Intelligence: 

 Decision system systems cannot work like super-

specialist that can imitate human intelligence. 

 Problem4: DSS just supports for Decision making: 

 The most of decision support system ends up by just 

providing support to human experts by providing a 

list of choices, but the system does not itself take the 

decision. 

 Problem5: Method used for problem solving: 

 The above systems solve the problems by 

manipulating data & models. But experts are not able 

to 'teach' computers that use DSS. So the system is 

not able to support much in the decision making 

process without the help of expert decision makers. 

 Problem6: Can result in taking of biased decisions: 

 The above systems often use some equations to solve 

problems or update reports immediately. On the basis 

of information generated, the users make the final 

decisions. Counselors take decisions using DSS on 

behalf of users. In this case there are chances of 

introducing human biases in decision making. 

 Problem7: Lack of implementing Artificial Intelligence 

(AI): 

 The above systems are found lacking in working 

from a much larger set of modelling rules. It does not 

use the concepts of Artificial Intelligence, to process 

and store the knowledge base and to scans base in 

order to suggest a final decision through inference. 

 Problem8: Does not apply probability based rules: 

 The above systems are found lacking in applying a 

standard set of probability based rules to make a 

decision in a specific problem setting. The system 

uses data and specified models to solve the problem. 

 Problem9: Lack of providing solutions without 

requirement of further analysis: 

 The above system design is lacking in providing 

explicit answers to questions without requirement of 

any further analysis by the end user. 

 

Thus, there is a requirement of a solution that can address   the 

above stated problems. By exploring alternatives, it is found 

that expert system can answer the above mentioned problems.  

In the next section, the how the expert system provides the 

solution of above mentioned problem is explained.  
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V. SOLUTION OF THE ABOVE STATED PROBLEMS 

According to [8], [9], from the exploration of expert systems 

it reveals that the above stated problems can be answered by 

Expert Systems. The existing Expert Systems for career 

selection are used to derive alternative solutions to our above 

stated problems. 

It is found in [10], a proposed Online Expert System, that it is 

useful for higher secondary school students of Pondicherry. 

The system consists of knowledge base containing details of 

colleges of Pondicherry; the system provides the facility of 

automatic update of the knowledge base without manual 

effort. 

It is found in the Expert System for career advisory named- 

iadvice developed by [11], that it has the facility of providing 

explanations, alternative solutions, uncertainty and probability 

measures, questioning ability. 

In the Expert system named IS-Advisor developed by [12], it 

is found that the system is based on knowledge base and 

reasoning strategies implied by Inference engine. It uses 

object oriented architecture for database, hence providing 

quick and easy access for course selection. 

In the Rule-based expert system for supporting university 

students, developed by [13], uses an Oracle Policy 

Automation (OPA) tool. OPA is capable of reading rules 

conveniently from spreadsheet and word-processor file 

formats, where the rules are written in a format similar to 

natural language. OPA automatically forms problem solving 

or decision making application based on acquiring rule base. 

In the Expert system for automatic academic advising and 

course schedule planning developed by [14], helps the 

advisors in accurately and efficiently completing tasks as the 

system takes the decision.  

The above description indicates that the solution to the 

problems of DSS mentioned can be provided by the use of the 

expert system.  The solutions are given below: 

 Problem 1: No Automatic Update Facility: 

 Solution 1: Expert System can provide support for 

automatic knowledge update of the database so that it 

improves system efficiency and accuracy as it 

reduces manual work. 

 Problem 2: No Explanation Facility: 

 Solution 2: Expert system can provide support for 

justification or explanation facility of the given 

result, so that one can know why a particular 

decision has been taken. 

 Problem 3: Does not imitate human Intelligence: 

 Solution 3: Expert System can imitate human experts 

as it has own learning process, which can replace 

human intelligence. 

 Problem 4: DSS just supports for decision making: 

 Solution 4: Expert System does not end by just 

providing a list of choices to support decision 

makers, but provides higher level accuracy to take 

efficient decisions on the behalf of human experts. 

 Problem 5: Method used for  problem solving: 

 Solution 5: Expert System has the capability to learn 

on its own, so that the system may support for taking 

good quality decisions with less involvement of 

expert decision makers. 

 Problem 6: DSS Can take biased decisions: 

 Solution6: An Expert System has learning 

capabilities by inferring various rules on the 

knowledge stored in the knowledge base. So it can 

generate efficient results by implying its own 

reasoning facility without requirement of human 

counselors. 

 Problem 7: Lack of implementing Artificial Intelligence: 

 Solution7: An Expert system is capable to work from 

a much larger set of modelling rules. It uses concepts 

from Artificial Intelligence to process and store the 

knowledge base. It uses the knowledge base to 

suggest a final decision based on the rules through 

inference. 

 Problem 8: Does not apply probability based rules: 

 Solution8: An Expert system can acquire knowledge 

from an expert and applies a large, but a standard set 

of probability based rules so as to make a decision in 

a specific problem setting. 

 Problem 9: Lack of providing solutions without 

requirement of further analysis: 

 Solution 9: Expert System is designed to provide 

explicit answers to the questions. The End users 

doesn’t require to probe and do further analysis. 

VI. COMPARISON BETWEEN DSS AND EXPERT 

SYSTEM 

Here the comparison between Decision Support system and 

Expert system is presented. The comparison is based on the 

following parameters: method used for solving problems, lack 

of automatic update, the nature of the query, lack of making 

decision, lack of applying probabilistic rules, Lack of 

implementing Artificial Intelligence, Lack of explanation 

facility. It is given below in tabular format: 

The comparison between the problems with DSS and how the 

Expert System provides solutions for that problem is 

presented in the table 1.0 

 
TABLE 1.0  

PROBLEMS WITH DECISION SUPPORT SYSTEM AND ITS SOLUTION 
BY EXPERT SYSTEM 
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Problems Problems of DSS Solution by Expert 

System 

Method of 

problem 
solving 

DSS provides 

assistance and supports 
problem solving with 

the help of data and 

models available in a 
particular domain. 

The Expert system 

learns from human 
experts in a particular 

domain so that system is 

capable to take decisions 
themselves. 

Automatic 

Update 

In DSS automatic 

update facility of 
knowledge in the 

database is not 

possible. 

In an Expert system, the 

automatic update facility 
of knowledge in 

database is possible. 

Nature of 
query 

Here the human queries 
the system to get help 

in taking decisions. 

Here the system queries 
the human users to 

automate process of 

decision. 

Lack of 

making 

decision 

Humans take the 

decision. 

The System takes the 

decision. 

Lack of 

applying 

probabilistic 
rules 

The database includes 

factual data. 

The database includes 

procedures and data and 

uses probability based 
rules. 

Lack of 

implementing 

Artificial 
Intelligence 

(AI) 

The major components 

of DSS used for 

helping in the decision 
are model 

management, data 

management and user 
interface. 

It uses concepts from 

Artificial Intelligence to 

process and store the 
knowledge. The major 

components of Expert 

System are knowledge 
base, inference engine, 

user Interface. 

Lack of 
explanation 

facility 

DSS helps in the 
decision making 

process by providing 

support of analysis in 
the form of reports or 

graphs. It does not 

provide an explanation 

for the result generated. 

Expert systems are 
intended to provide 

explicit answers to 

questions along with 
explanation facility 

without requirement of 

any further analysis of 

end users. 

From the above comparative analysis of Decision Support 

System and Expert System, it is found that DSS can provide 

support for decision making, but does not take decisions on 

behalf of human experts. For career selection domain there is 

a requirement for an intelligent system that can take decisions 

like human experts and can replace them. It is found that 

Expert Systems are capable to fulfill this requirement. Hence 

Expert System can overcome problems of DSS mentioned 

earlier and provide a better solution in the form of automated 

system for the domain of career selection. 

VII. CONCLUSION 

Based on the above analysis and comparison between 

Decision Support System and Expert System it can be 

concluded that Expert System proves to be the better option 

for the domain of career selection. As Expert System can take 

intelligent decisions like human experts, they can replace the 

limitations of human counselors. Expert System replaces the 

human intelligence with artificial intelligence, which was 

found lacking in Decision Support System. Apart from this 

analysis, as a secondary objective, the list of factors affecting 

the career selection is also retrieved from the paper. 
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Abstract--Collaborative filtering is one of the most useful 

methods of product recommendation to users of online store. The 

most critical component of this method is finding similarities 

among users using user-item rating matrix so that the product 

can be recommended to the user based on similarities. The 

varieties of measures used for finding similarities are Cosine, 

Pearson correlation coefficient, mean squared difference, etc. An 

important issue of recommendation system that is viewed by 

researchers is the new user cold start problem, which occurs 

when a new user is coming to the system and no rating is 

available in user-item rating matrix. The mentioned measures 

are not suitable for new user cold start problem. In this paper, 

we discussed about various measures like PIP, PSS and NHSM 

for the new user cold start problem and we also show that how 

the NHSM measure is improving the recommendation 

performance under cold start condition. We also mentioned the 

advantage and disadvantage of each of these measures. The 

possible   experiments can be done on three different datasets  

and  the result show the superiority of NHSM similarity measure 

in recommendation system. 

Keywords: Collaborative filtering, Similarity measures, Cold-

start, Recommendation system 

I. INTRODUCTION 

he Internet, with hundreds of millions of pages worldwide 

has become the greatest source of information. In this 

context, information retrieval tools are helping the users in 

information seeking. Particularly, the users demand 

personalized search systems that will provide more adequate 

information for their particular taste and interest [1]. 

This is the aim of recommendation systems. They use 

information about users, user profiles, to predict the utility of 

a particular item. Thus providing personalized 

recommendation. Recommender systems have proven to be 

useful in the system like e-commerce, and they surely have a 

promising future in many other domains like Web search 

engines, digital TV program recommenders, etc.  The 

recommender system have been used particularly in two task 

[1]. 

First, they have been used to predict the utility of a given 

item. According to this context, the user first selects the item 

in which he or she is interested. This is usually done after 

performing a search, browsing an online catalog. Then the 

recommender system predicts the rating of an item that the 

user would give to that item [1]. 

Second, the recommender system has been used to 

recommend the list of items to the user. This is often called 

find good items task. In this case, the system chooses the 

items that are most relevant according to user’s search [1]. 

Many recommender system algorithms have been 

developed in various application such as e-commerce, digital 

library and online advertising [2,3,4 ]. These algorithms can 

be categorized into two different classes. Content based 

filtering, collaborative filtering and combination of these can 

also be found in the literature. In content based filtering, In 

content-based filtering [4], an item is recommended to an 

active user by analyzing profile of  the user, profile of the item 

and profiles of items she preferred in past. For example, 

keywords of purchased books of a user might be used to find 

other books that contain the same or similar keyboards for 

recommendation [5]. The disadvantage of content-based 

filtering is its inability to evaluate the quality of an item. For 

example, it cannot distinguish a good article from a bad one if 

both articles use similar words. In fact, the quality of an item 

is a highly subjective feature that depends on the tastes, ideas, 

culture, etc., of each person and that would be difficult for a 

machine to analyze. Finally, content-based filtering does not 

have a way of finding serendipitous items that are interesting 

for the user, that is, really good items that are not apparently 

related to the user profile [1].  

 The collaborative filtering is the most successful and 

widely used recommendation system [1,6]. It makes 

recommendation according to the similar users with the active 

user or the similar items with the items which are rated by the 

active user. Collaborative filtering systems are less sensitive 

to the problems that are mentioned above since they are not 

based on the content of items but rather on the opinions of 

other users. The system will recommend items that have 

received high ratings by other users with similar taste or 

interests.  

In collaborative filtering, the user profile is the set of 

rating given to different items. These rating can be captured 

explicitly that is by asking the user or implicitly by observing 

his/her interaction with the system. The ratings are stored in 

the form of user-item matrix representation [1]. 

The collaborative filtering includes memory-based 

method and model-based method [1,6]. The memory-based 

method first calculates the similarities among users and then 

selects the most similar users as the neighbors of the active 

user. Finally, it gives the recommendations according to the 

T 
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neighbors. However, the model-based method first constructs 

a model to describe the behaviour of users and therefore to 

predict the ratings of items.  

The memory-based method can give considerable 

recommended accuracy, but the computing time will grow 

rapidly with the increasing of users and items. The model-

based   method tends to be faster in prediction time than the 

memory-based method, because the construction of the model 

can be finished in a considerable amount of time and this 

process is executed off-line. The shortcoming of the model-

based method is that the recommendation performance is not 

as good for the memory-based method. The memory based 

methods are more sensitive than the model based to some 

common problems of recommender system, among which we 

highlight the following [1]. 

A. Sparsity of the rating matrix  

 In most recommender systems, each user rates only 

a small subset of the available items, so most of the cells in 

the rating matrix are empty. In such cases, finding similarities 

among different users or items are challenging [1].  

B. Cold-start  

Related to the previous problem, this one deals with 

the difficulty in making recommendations for users recently 

introduced into the system. In such cases, the users have not 

rated enough items yet   , so the recommender system is 

unable to guess their interests. Some systems overcome this 

problem by forcing the user first to rate a given set of items. 

However, these initial ratings could introduce biases into the 

system. Finally, note that the cold-start problem also affects 

new items as they will not be recommended until enough 

users have rated them [1]. 

C. Shilling  

Recommender systems could suffer spam attacks, mainly 

from users interested in misleading the system to recommend 

a certain product. Several techniques affecting both neighbor-

based and model-based algorithms have been studied in the 

past. 

 Some authors have combined techniques from both 

model based and memory based algorithms to take the 

advantage of best of both worlds. And that third type of 

recommender system is hybrid recommender system that 

combines content based methods with collaborative filtering 

[1]. 

 This paper focuses on various measures that related 

to new user cold start problem and they are Proximity-Impact-

Popularity (PIP), Proximity-Significance-Singularity (PSS) , 

NHSM ( New heuristic similarity measure) . Here, we 

compare the user-user similarity for all these three measures 

for the given user-item rating matrix.  We also show that the 

NHSM similarity measure is giving more accuracy in 

recommendation system. We also discuss the advantage and 

disadvantage of this NHSM similarity measure with other 

similarity measures for cold start problem mentioned above. 

II. LITERTURE REVIEW 

A. Cold Start Problem 

 An important issue for RSs that has greatly captured 

the attention of researchers is the cold-start problem. This 

problem has two variants: the new user cold-start problem and 

the new item cold-start problem. The new item cold-start 

problem occurs when there is a new item that has been 

transferred to the system. Because it is a new product, it has 

no user ratings (or the number of ratings is less than a 

threshold as defined in some equivalent papers) and is 

therefore ranked at the bottom of the recommended items list 

[7,8]. 

Moreover, this problem can be partially handled by 

staff members of the system providing prior ratings to the new 

item. Thus, the concentration of the cold-start problem is 

dedicated to the new user cold-start problem when no prior 

rating could be made due to the privacy and security of the 

system. It is difficult to give the prediction to a specific item 

for the new user cold-start problem because the basic filtering 

methods in RSs, such as collaborative filtering and content-

based filtering, require the historic rating of this user to 

calculate the similarities for the determination of the 

neighborhood. For this reason, the new user cold-start 

problem can negatively affect the recommender performance 

due to the inability of the system to produce meaningful 

recommendations [7,8]. 

B. Similarity measures for Cold-Start problem 

1) Proximity-Impact-Popularity (PIP) measure 

The measure is composed of three factors of similarity, 

Proximity, Impact, and Popularity, and hence, named PIP. 

With the PIP measure, the similarity between two users ui and 

uj is calculated as : 

            i  j  ∑       ik  jk    i,j         (1) 

Where rik and rjk  are the ratings of item k by user i and j 

respectively . Ci,j is the set of co-rated items by users ui and uj  

and PIP(rik , rjk ) is the PIP score for the two ratings  rik and rjk. 

For any two ratings, r1 and r2, 

PIP(r1 , r2  ) = Proximity (r1 , r2  ) x Impact (r1 , r2  ) x 

Popularity(r1 , r2  )                     (2) 

Proximity factor is based on the simple arithmetic difference 

between two ratings [5,9]. It also consider that whether the 

two ratings are in agreement or not, giving penalty to ratings 

while in disagreement. Means that if two ratings are on the 

same side of given rating scale which is divided by its median 

then they are regarded to be in agreement. In the  (a) of fig. 1 ,  

the pair (a1 , a2) is given further penalty since the two ratings 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 235 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

are in disagreement, one preferring the item , the other 

disliking , compared with the ( b1 ,b2) pair located on the same 

side .The penalty is given by doubling the distance between 

the ratings , which is then squared[5,9]. 

 

Proximity  

 
Both pairs( a1,a2) 

and (b1,b2) have 

the same distance 

of 2. A1 has 

positive value  

and a2 has 

negative value . 

Penalty is given 

by distance 

between them. In 

the pair (b1,b2) , 

b1 has positive 

value  and b2 is 

neutral and hence 

no penalty is 

given 

Impact

Both pairs (a1, 

a2) and (b1,b2) 

are at zero 

distance. The 

(a1, a2) pair is 

at stronger 

preference 

level then the 

pair (b1,b2). So 

that the pair 

(a1,a2) is 

having more 

impact. 

Popularity

The pairs (a1,a2) and 

(b1,b2) are at zero 

distance and same 

impact factor. 

Consider µ2  is the 

average rating for the 

commonly rated 

items. And in such a 

case similarity 

between two ratings 

are showing stronger 

similarity when the 

average rating for the 

commonly rated 

items is µ1. 

 
Fig. 1.   Description of three factors of PIP measure 

Second, the Impact factor considers how strongly an item is 

preferred or disliked by users. In (b) of fig.1, both pairs (a1 , 

a2) and ( b1 ,b2) are showing zero distance in agreement and 

having same proximity factor . The ratings a1 and a2 are 

showing stronger preference than the other ratings [5,9]. 

Third, the Popularity factor gives the bigger value to a 

similarity for ratings that are further from the average rating 

of a co-rated item. In ( c ) of  fig.1 ,  the two ratings b1  and b2  

are far from average rating and showing stronger similarity 

between two users. 

The below are the equations for solving PIP measure. 

Agreement---- 

For any two ratings r1 and r2 , let  Rmax  be the maximum rating    

and Rmin the minimum  in the rating scale and   

      

          

 
 

A Boolean function                       is defined as 

follows: 

                      = false                       
                                       

                     = true otherwise                                 

 

Proximity---- 

A simple absolute distance between the two ratings is defined 

         |        |  ,                                    

           |        |                                     

Then the                      is defined as 

                 
                     }           }

  

Impact--- 

                     is defined as : 

                       |        |      |         |     

                        is true  

                    
 

  |        |      |         |    
  

                                  

Popularity----  

      Let    is the average rating of item k by all users 

                           is defined as : 

                       (
      

 
    )

 

 

                                                          

                                

Now, if we calculate the user-user similarity for the 

given PIP measure and for the given user-item matrix, it is as 

follows. In the example of the user-item matrix, the missing 

ratings represented by the symbol - . 

 Item1 Item2 Item3 Item4 

User1 4 3 5 4 

User2 5 3 - - 

User3 4 3 3 4 

User4 2 1 - - 

User5 4 2 - - 

Table 1 User-item rating matrix 

 

          u2        u3        u4           u5 

            u1  0.743       1.0        0.167   0.506 

            u2      0.743    0.162   0.763 

            u3      0.167   0.506 

            u4     0.767  

 

                                    (I)  PIP  

                  u2      u3             u4               u5 

          u1 0.1901  0.4247       0.06          0.1905 

         u2     0.2001       0.0531      0.1245 

         u3                      0.06         0.1905 

         u4                         0.0639  

 

                                    (II)  PSS  
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                   u2              u3                u4              u5 

          u1 0.02089    0.05520     0.00475      0.02440 

          u2       0.0183       0.00464      0.03561 

          u3           0.00636      0.02500 

          u4                             0.01531  

 

 

                                    (III)  NHSM   

                        
Fig.2. User-User Similarity Matrix 

The problems with PIP measure are as follows: 

1. As shown in fig.2, for PIP measure, the similarity 

between user3 and user5 is lower than the PIP 

similarity between user4 and user5 . But from the 

user-item rating matrix we can see that the former is 

more similar than the latter [6]. 

2. The PIP measure only considers the set of common 

ratings and the absolute value. This will lead to low 

accuracy. For example, user1 and user2 have four 

common rated items, where user1 and user2 have 

rated 6 and 8 items respectively. It will be more 

similar than user1 and user3 who have four common 

rated items, where user3 has rated 100 items. 

3. PIP measure only considers the local context 

information of common ratings. So there exists the 

misleading of similarity and it can be eliminate, if we 

consider the global information of the user 

behaviour. 

4. The formula for the PIP measure is very complex. It 

uses different formula at different conditions. That is 

also not normalized. It is also not possible to 

combine this similarity measure with the other one 

[6]. 

Due to the above mentioned problems, there is a need for 

a similarity measure that will punish bad similarity and 

reward the   good similarity. So we adopt a non-linear 

function that is sigmoid function in our improved 

measure. And that improved PIP measure is called PSS. 

2) PSS ( Proximity-Significance-Singularity) measure 

The user PSS similarity can be calculated as follows: 

                        ∑                                         (3) 

Where the PSS( r u,p , r v,p) is the PSS value of user u and v , it 

is defined as follows :  

PSS( r u,p , r v,p) = 

Proximity( r u,p , r v,p) x Significance ( r u,p , r v,p) x Singularity( 

r u,p , r v,p)                                                                           (4) 

 

 

Here, from the equation, we can see that PSS measure is 

composed of three factors like Proximity , Significance and 

Singularity[6].  The Proximity factor is same as PIP and it 

only consider the distance between two ratings. The second 

factor is significance and we assume that the ratings are more 

significant if they are more far from the median rating. Now 

we take one example , if two users rate two items as (4,4) or 

(2,2) and the other two users rate the two items as (5,3) or 

(4,2) . Then we can say that the previous ratings by two users 

are more significant than the other two users. And the last 

factor is Singularity. It represents how two ratings are 

different with other ratings [6]. 

The Formulas for these three factors are as follows. 

Proximity (                    
 

        |          |  
                     

Significance (     ,       =  
 

        |            |  |           |  
 

       Singularity (     ,         = 1 - 
 

        | 
          

 
    | 

 

where   µp  is the  average rating of item  p .  r u,p is the rating 

of item p by user u . 

Advantages of PSS measure  with PIP measure 

1. As shown in fig.2, by comparing PSS measure with 

PIP measure, the similarity between user3 and user5 

is higher than the similarity between user4 and user5 

and it is according to user-item rating matrix.  

2. More accurate result is obtained in user-user 

similarity  matrix  that is shown in fig. 2  

3. The formula for the PSS is not so complex compare 

with PIP measure. 

3) The New heuristic similarity measure(NHSM) 

This measure is composed of same factors like PSS 

that are Proximity, Significance and Singularity. All these 

three factors are same as PSS.NHSM integrate the 

modified Jaccard and User rating preference in the 

design. The formulas for NHSM are as follows [7]. 

                           .               (5) 

 

           =      
 

        |        |  |        | 
    (6) 

                   

                          .                 (7) 

  

                       =  
|         |

|    |  |    |
     (8) 

 

                  ∑                                           (9) 

 

Advantage of NHSM: 
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1. From the fig.2 of user-user similarity matrix , we can 

see that  the similarity between user1 and user3 is 

higher than the similarity between user1  and user2 , 

which is also correct in PIP and PSS measure[6]. 

2. The similarity between user3 and user5 is also higher 

than that of similarity between user4 and user5 , 

which is not correct in case of PIP measure. 

3. If the high difference exist between the two user’s 

rating , then similarity should be very low . And this 

becomes true for the similarity between user2 and 

user4 that is shown in user-user similarity matrix[6]. 

4. From the fig. 2 of user-user similarity matrix , we 

can say that each user has different similarities and 

that is why each user becomes comparable . This is 

not seen in other user-user similarity matrix.  

III. EVALUATION METHDOLOGY 

A. Data Set  

The comparison of recommendation performance for the 

collaborative filtering method for the measures like PIP , PSS 

& NHSM can be done by using the following three dataset[9]. 

For demonstration of performance, each dataset can be 

divided in two parts - 20% users are selected as testing users 

and 80% users are selected as training users 

Table 2  Summary of dataset 

B. Evaluation metrics 

There are several types of evaluation metrics 

available that compare the quality of recommender system [4]. 

They can be divided into two types: Predictive accuracy 

metrics, Classification & Rank accuracy metrics.  

 

1) Predictive Accuracy :  

It represents the quantitative accuracy of the predicted value 

of a target item. And the metrics for that are MAE (Mean 

Absolute Error) and RMSE (Root Mean Squared Error)[4]. 

MAE (Mean Absolute Error): 

It is the average of absolute errors over all the predictions 

made by the collaborative filtering algorithms. For showing 

better accuracy, the value of MAE should be small. 

                

      
∑ |        |
   
   

   
                              (10) 

 

Where ri  and ȓi  are actual and predicted rating of an active 

user on an item by collaborative filtering algorithm. The 

variable MAX shows the number of times prediction 

performed by the Collaborative filtering algorithm.  

 

RMSE ( Root Mean Squared Error) : 

It is the square root of the mean/average of the square of all of 

the error. Compared to the similar Mean Absolute Error, 

RMSE amplifies and severely punishes large errors [4]. 

 

      √
 

   
 ∑        

   
    2                        

(11) 

 

2) Classification Accuracy :  

 

The qualitative performance of a recommendation system can 

be measured by classification accuracy. In recommender 

system, the list of recommendation items is provided to an 

active user. Based on that, to evaluate the quality of a RS the 

following metrics are used [4]. 

Precision:  It is the fraction of items in Lr that are relevant. 

Recall: It is the fraction of total relevant items that are in the 

recommended list Lr.  

A set of items on which the user has made high ratings is   

called the list of relevant items Lrev. The formulas for both of 

these metrics are as follows [4]. 

 

    Precision = 
|             |

|    |
                           (12) 

 

    Recall  = 
|             |

|      |
                               (13) 

 

It is good for a system to have high precision and recall 

values. Both of these metrics are inversely related such that 

when precision increases, recall decreases. The measure F1 

combines both the measure precision and recall and it is as 

follows. 

F1  =   
                      

                
                         (14) 

3) Receiver Operating Characteristic (ROC)  

It is a graphical technique that uses two metrics, true 

positive rate (TPR) and false positive rate (FPR). We can use 

it as an alternative to precision/recall. With the help of this 

Dataset Description Profile Availability 

MovieLens 

Ratings of 

movie s in the 
scale of 1-5 

247753 users 

586994 tag 

application across 
34208 movies 

22884377 ratings 

Available at 

http://www.groupl
ens.org/ 

Jester jokes 

Ratings of jokes 

in the scale of -
10 to 10  

73496 users 

100 jokes 

4.1 million 
continuous rating 

 

Available at 
http://www.ieor.b

erkeley.edu/~gold

berg/jester-data/ 

Netflix 
Ratings of 
movie s in the 

scale of 1-5 

480000 customer 

17000 movies 

100 million movie 

rating 

Available at 
http://www.netflix

prize.com 
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metric, we can distinguish graphically good items (relevant) 

from bad (non-relevant) items [1]. 

Similar to Precision and Recall measures, ROC curves 

make an assumption of binary relevance. Items recommended 

are either successful recommendations (relevant) or 

unsuccessful recommendation (non-relevant). One 

consequence of this assumption is that the ordering among 

relevant items has no consequence on the ROC metric—if all 

relevant items appear before all non-relevant items in the 

recommendation list, you will have a perfect ROC curve.  

The area under the curve, known as Swets’ Measure  and it  

is measuring the system’s capacity to differentiate the good  

and bad items[1]. 

4) Half -life utility metric  

The half-life utility metric is proposed by Breese et al. (1998).  

It postulates that the probability that the user will select a 

relevant item drops exponentially down the list [1]. It is 

describing the usefulness of an ordered list of 

recommendation items. According to theorem, the items in the 

beginning of the list have higher probability of being seen by 

the user. Probability decreases as we go down the list. The 

Formula for this metric is as follows [1]. 

    = 
∑               

                                                             (15) 

where   d is neutral vote , that is slightly negative  and α is the 

viewing half-life , means the position of the item in the list 

where there is a possibility of the item is being seen by a user . 

IV. CONCLUSION 

This paper first discuss about the cold-start problem in 

recommendation system.  It is presenting various measures for 

cold start problem. First , it analyzes the Proximity-Impact-

Popularity(PIP) measure  and derive the user-user similarity 

matrix for the given user-item rating matrix. This paper is 

presenting various disadvantages of this measure with respect 

to user-user similarity matrix. Then in order to overcome the 

problem of PIP measure, the paper presented a new measure 

called PSS ( Proximity-Significance-Singularity) and also 

compare it with  PIP measure. And finally the paper is 

presented a new heuristic measure called NHSM that will give 

more accurate similarity between users compare to PIP and 

PSS. This paper shows the superiority of NHSM measure in 

recommendation performance. 
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Abstract- Multimedia has the equal threats against security as 

texts or raw data. In the field of information security, image 

encryption plays an important role. There are many image 

encryption algorithms available but most of them have 

performance and security issues. In this paper, we have analyzed 

six different most used image encryption algorithms and 

proposed our new image encryption algorithm. 

Keywords- Image encryption, chaotic system, transformation 

table, performance analysis, Rubik’s cube principle 

 

I. INTRODUCTION 

mages are different from text data in many properties, such 

as high redundancy and correlation, local structure and 

characteristics of amplitude frequency. As a result, the 

methods of conventional encryption used for text data perhaps 

cannot be applicable to images. Each pixel of the image is 

represented as value between 0 to 255. And thus, there can be 

three ways to encrypt an image using values of pixel or 

number of pixels in the image. Pixel Transformation, Value 

Transformation and Chaotic Transformation. 

The paper consists of various analysis parameters, overview 

of six most used image encryption algorithms and their 

analysis and at last, our proposed algorithm. 

Analysis Parameters  

1) Number of pixel change rate (NPCR)  

It is used to check the effect of one pixel change on the entire 

image. NPCR indicates the percentage of different pixels 

between two images. Let (i,j) be the pixel value of the image 

then,
 

Where, 

 

Histogram Analysis  

This analysis reveals the distribution of pixel values within an 

image. Histogram reflects image statistical distribution, and 

usually is used for statistics analysis attack. 

2) Unified Average Changing Intensity (UACI) 

This measure is helpful to identify the average intensity of 

difference in pixels between the two images because a small 

change in plaintext image must cause some significant change 

in cipher image. The formula of the same is given by, 

 
3) Entropy 

Entropy gives an idea about self information of image data. It 

is calculated by the following equation, 

 
Where: 

He: entropy. 

G: gray value of input image (0... 255). 

P(k): is the probability of the occurrence of symbol k. 

The other parameters includes correlation coefficient and 

covariance.  

II. OVERVIEW 

Secure Image Encryption Algorithm based on Rubik’s Cube 

Principle [1]. 

Chaos based calculation are promptly utilized as a part of 

scrambling, substitution, transposition and stage of the picture 

which changes the pixel values. This system uses Rubik's 

shape standard and another disarray based quick picture 

encryption calculation as far as the parameters like NPCR, 

UACI, Entropy and Correlation coefficient [1]. A new –chaos 

based fast image encryption algorithm was proposed in this 

paper, a 128-bits key is used for the algorithm [1]. 

i. Image is partitioned into blocks of 8x8 pixels. 

ii. Pseudorandom numbers are generated from NCML 

iii. Pixel values in each block are changed and 

permutation is performed simultaneously 

iv. The operations are repeated till the number of rounds 

are reached. 

I 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 240 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

Performance Analysis: The test image is of size 256×256. The 

outcomes in the wake of scrambling the picture utilizing two 

cycles are given. The diffusion characteristics including 

NPCR, UACI, correlation coefficients and entropy are used 

for the evaluation. A key space investigation is additionally 

included toward the end of the evaluation. 

Table 1 [1] 

Algorithm  NPCR UACI 

                                         Lena Baboon  Lena  Baboon  

Scheme in [8]  99.641  99.609  28.620  27.409  

Scheme in [9]  99.607  99.606  33.463  33.470  

Connection coefficient of the first picture is typically high 

(near one). Weaker the connection coefficient of the encoded 

picture better the calculation. 

Table 2 [1] 

Correlation 
coefficient 

Correlation  

Horizontal  Vertical  Diagonal  

Lena (original)  0.9864  0.9886  0.9776  

Scheme in [8]  

Lena(encrypted)  0.0068  0.0091  0.0063  

Scheme in [9]  

Lena(encrypted)  0.0007  0.0021  0.0148  

Key analysis: One of the parameters used to quantify the 

security of a picture encryption calculation is its key space. As 

the key space builds the security of encryption progresses. 

The strategy in 1 depicts an encryption system that uses a 8-

bit grey scale picture of size 256 × 256 pixels and emphasis 

count = 1, in which the key space is dictated by the blend of 

picture size and the quantity of cycles. This key space is 

sufficiently vast to oppose thorough assaults.  

In this paper we examined two novel chaos based picture 

encryption calculations. The system utilizing Rubik's cube 

Principle has an expansive key space and its execution is 

entirely basic. The new quick chaos based picture encryption 

calculation joins the stage and dissemination for quick 

handling and uses NCML which lessens the issue of 

periodicity in the era of pseudorandom groupings. 

An Inter-Component Pixels Permutation Based Color Image 

Encryption Using Hyper-haos [5] 

This strategy uses high-dimensional1 chaotic map 

1) 3D-Arnold transformation[5] 

2) 2D-Hyper Chaotic Map[5] 

The whole encryption process consists of following steps of 

operations. 

Step 1. Evaluate the sum of all the gray-values of color plain-

image P of size M×N×3, let it be gvSum.[5]  

Step 2. Extract the control parameters of Arnold transform 

from gvSum as[5]: 

a = 13 + (gvSum)mod(97) 

b = 23 + (gvSum)mod(59) 

c = 17 + (gvSum)mod(79) 

d = 37 + (gvSum)mod(43) 

n = 07 + (gvSum)mod(31) 

Step 3. Shuffle the plain-image P using 3D Arnold transform 

with parameters a, b, c, d and n. 

Step 4. Let the shuffled colour image obtained is S. Reshape S 

into 1D sequence 

Step 5. Iterate the hyper-chaotic system given in Equation (2), 

with parameters x0, y0, a1, a2, a3 and a4, for M×N×3 times to 

get X and Y sequence. For each iteration i, we get values xi 

and yi 

Step 6. Pre-process the two sequences using Equation (3)-(4) 

to improve their statistical properties. 

Step 7. The pre-processed xi and yi are multiplied by 1014, 

extract their integer parts, then apply modulo-256 operation to 

get values in the range of 0 – 255 corresponding to each xi 

and yi. Let the converted sequence be K1 and K2 having size 

of M×N×3. Choose C(0) in the range of 0 – 255. 

Step 8. Applying XOR operation in following way using CBC 

mode to encrypt all pixels 

. 

C(i) = S(i) Å K1(i) Å K2(i) Å C(i-1) 

 

Where i = 1, 2, . . ., M×N×3, Reshape 1D sequence C(i) to a 

color encrypted image. The decryption progresses similar to 

the encryption one, described above, but in the reverse order. 

Analysis 

 Control parameters (keys) extracted from plain text 

for Arnold transform (Establishing dependencies). 

  Confusion is done by CBC, which makes encrypted 

text dependent. 

 Chaotic system are sensitive for initial conditions and 

immune to crypto attack. 

It uses pseudorandom property and non-periodicity 

A New Image Encryption Scheme Based on DES Algorithm 

and Chua’s Circuit [4]  

Chaotic encryption is embedded into DES algorithm’s 

iteration [4], the chaotic sequence generated by Chua’s circuit 

is used as beginning key. Through the XOR operation 

between chaotic sequences sub-key and plaintext, the new 

calculation can change the consistency of plaintext move in 

16-round structure successfully, therefore it amplifies the key 

space and upgrades hostile to assault character for beast power 

assault and measurable assault. 

Firstly, a digital image is chosen as encrypt object. The detail 

encryption process is as follows: 

1) Data Block: Group the obtain image data into 64 bit 

plaintext blocks. Through initial permutation, a block 
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of the 64 bits permuted data is divided into a 32 bit 

left sub-block (L 0 ) and a 32 bit right sub-block (R 0 

). 

2) Key Generation: By setting Chua’s circuit’s initial 

value and generating chaotic sequences, take 64 bit 

data as initial key and another 48 bit data denote as 

CHUA. Initial key is permutated to 56 bit data, then 

the 56 bit permutated data is divided into 28 bit on 

the left (C) and 28 bit on the right (D), C and D are 

put into 16-round left shift, at the same time, the 

result after every shift is transposed under choice-2 

permutation, then the 48 bit sub-key K i are 

generated. 

3) 16-round Structure: In the 16-round structure, L i 

and R i are the input of the 16-round iteration. First, 

32 bit R i is extended to 48 bit data when it is 

substituted into F-function, then 48 bit R i 、Ki and 

data CHUA are XORed together, after s-box and P 

permutation, the output of F-function is obtained. At 

last, according to the follow iterative formula, the 

next input will be calculated. 

4) Left and Right Exchange.: When 16-round iteration 

is over, exchange L15 and R15 

5) Output Result: The output of the left and right 

exchange is transposed under inverse initial 

permutation, then the last result is ciphered image. 

It uses less key space for DES. Initial key generated is done 

by Chua circuit and thus is immune to brute force attack. 

Image Encryption Algorithm Based on a new combined 

chaotic system: A new combined chaotic system is introduced 

in this paper. The algorithm is a nonlinear combination of 

several traditional chaotic maps like Logistic map and sine 

map. The relations between the Chaotic systems are controlled 

by the encryption keys. The procedure for encryption is as 

follows: 

Step1. Set the values of the encryption key K, which has four 

components, the iteration number N, parameter  k0 and a and 

the format coefficient F . Then set i = 1. 

Step2. Applying Equations 

  ,

  to generate the 

Chaotic sequence  

 

where Xt+1=rt * Xt (1-Xt) 

 rt=a*sin(pi*rt-1) 

 a belongs to R and t=1,2,3...  

Step3. Step3. Using equations ,  

(confusion property) to perform the permutation process or  

Equations (substitution process),

(diffusion process) to  perform the 

substitution process. 

 

Where the format coefficient F is determined by the format of 

given plaintext image. For gray images, F = 256, 

P are the pixel values before substitution. C is the encrypted 

pixel value.  

Step4. If i < N, i = i +1 and go back to step 2. Or go to step 5. 

Step5. End.  

The control parameter a has a much larger chaotic interval 

compared with the Logistic map and Sine map so the new 

combined chaotic map has a high level of security.  

The decryption process is a simple reverse process using the 

same security key. 

 

Experimental Analysis:  Histogram Analysis-   

The experimental results of the histogram analysis for the 

image encryption using proposed algorithm almost reach to a 

balanced point as the pixel values distribute uniformly. 

 

Differential Attacks: NPCR and UACI tests: The tested image 

is Elaine image, and get the NPCR = 99.63%, UACI = 33.50% 

are close to the theoretical values from equations.  Algorithm 

has shown its better random-like property and high sensitivity 

to its initial values and parameters. Moreover, the control 

parameter has a larger chaotic interval compare to traditional 

chaotic maps. This ensures the proposed chaotic system more 

suitable for various cryptography applications.  

Image Encryption Algorithm by using Block Based Symmetric 

Transformation Algorithm (Hyper Image Encryption 

Algorithm)[2]  

This is simple and direct mapping algorithm using Feistal 

structure, some logical operation and transformation table 

(new permutation technique) for encrypting the image. 

Steps for Encryption Algorithm: 

1.  Select an Image which is having at least 256 bits in 

Size to be encryption.  

2. Calculate Binary Value of Image. 

3. Select First 256 bits form Binary Value and create 16 

sub blocks of 16 bits. This process will repeat till end 

of file. 

4. Select Key Value of 256 bits. And create 16 sub 

blocks of 16 bits. 

5. Select 64 bits from transformation table. And create 

4 blocks of 16 bits. 

6. Apply logical operation XOR between first 8 block 

of selected image and second 8 block of selected key. 

Result will stored in image blocks  
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7. Apply logical operation XOR between last 4 blocks 

of selected images and 4 blocks of transformation 

table. Result will store in image blocks. 

8. Apply circular shift operation on last 4 block of 

selected key and second last 4 block of selected 

image. 

9. Apply logical XOR operation between selected 

image and key which is output of step 8. Result will 

store in image block. 

10. Apply circular shift operation on 4 blocks of 

transformation table and second last 4 block of 

selected key. 

11. Apply logical XOR operation between 

transformation table and selected key, which is 

output of step 10. Result will store in key block. 

12. Combine output of step 6, 7, 9, and 11 in such that it 

should be produced 256 bits total. 

13. output of step 12 will become input for next round. 

14. Repeat step-1 to step-13, 10 times. 

15. After 10th round, cipher text will produce of selected 

image. 

16. Exit. 

Algorithm for Creating Transformation Table  

1. Select Image to be encryption from data store 

2. Insert key of 256 bits 

3. Calculate Image Pixels Value Horizontal Value of 

Pixel = pixelwidth/10, Vertical Value of Pixel = 

pixelheight/10 

4. Select a Random Function to Calculate Final value 

for Horizontal and Vertical Pixels. Horizontalpixel 

Select Random Value between Horizontal Value of 

Pixel and pixelwidth, verticalpixel 

Value between Vertical Value of Pixel and 

pixelheight 

5. Select a Variable No-Of-Pixel to store Multiple 

Value of horizontalpixel and verticalpixel 

No-Of-Pixel = horizontalpixel X verticalpixel 

6. Using Hash Function (Here I am using SHA-1) to 

generate a Seed Value. This SHA-1 will apply on 

256 bits 

Selected Key 

Seed = SHA-1(Above Selected KEY) 

7. Divide Seed into two Part equally Seed-1 and Seed-2 

Seed-1 First Half of Seed 

Seed-2 Second Half of Seed 

8. If Seed-1 is Greater than Seed-2 Then we will Select 

another Variable seedvalue and assign any numeric 

value between 0 to 4 (Randomly Chooseable) 

Otherwise Value of seedvalue Variable vary between 

5 to 9 (Randomly chooseable). 

9. If Variable seedvalue is Equal Between 0 to 4 then 

calculate new seed value (Here we are working on 

ASCII 

Value of seed). 

Seed = Seed + (Seed-1 Mod 2) + 1 

Otherwise 

Seed = Seed + (Seed-2 Mod 2) + 1 

10.  Repeat Process 8 to 9 till No-Of-Pixel/2 

11. Final Output of Step 10 will represent Create 

transformation Table 

12. Exit 

Experimental Analysis: Encryption and Decryption Execution 

time, Entropy and CPU-Memory utilization- The experiment 

done on a same image and in same platform and the proposed 

algorithm is compared with Image Encryption Using Block- 

Based Transformation Algorithm and Image Encryption 

Approach Using a Combination of Permutation Technique 

Followed by Encryption and the proposed algorithm had the 

lowest execution time, highest entropy (70% better). 

Improving for Chaotic Image Encryption Algorithm Based on 

Logistic Map 

This algorithm gives a new position permutation method of 

image pixels. Firstly, a secret-key is used to generate nine real 

chaos sequences by Logistic map. Among them, six are used 

to scramble image pixel positions and three are used to 

confuse and diffuse image pixels. 

Experimental Analysis:  

Secret key Sensitivity-The decryption result is significantly 

different when secret-key has any tiny change. 

Histogram Analysis- The histogram of the encrypted image is 

distributed evenly, it hides the statistical distribution of the 

original image and increases the difficulty of decryption. 

Correlation- In order to reject the statistical attack, the 

correlation between two adjacent pixels must be decreased. It 

can be seen from the result that adjacent pixels' correlation of 

R-layer of the original image is very strong; and adjacent 

pixels of encrypted image are completely distributed to the 

entire image. 

 

III. PROPOSED ALGORITHM 

We introduced new algorithm based on the analysis and the 

parameters used in those algorithm. The below mentioned 

algorithm uses Rubik’s cube principle to form a random 

matrix which is used to encrypt the image based on its pixel 

value. The purpose of encrypting the image is for the secure 

transmission of multimedia files across various end points. 

Here, taking an image an encrypting that image with a 

reference image satisfies the criteria of secure passing of 

multimedia files in the network.  

The parameters used in this algorithm are described in detail 

in the following section with emphasising the properties of 

pixel change. The three methods described in Section 1 gives 

an overview of how the image can be encrypted or decrypted 

using its various attributes. We use pixel transformation using 

basic Bitwise functions and permutation technique. One more 
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important parameter to form a matrix of random values using 

sample image is using Rubik’s cube Principle.  

The Rubik’s cube principle [1] is mentioned below:- 

 

We are taking an image of pixel size equal to MxN with each 

pixel of size 8 bytes and a sample image of same size to 

overlap it. The key size is taken same as the pixel size of the 

image which may change according to image resolution. 

Thus, it would reduce the chances of crypto attack. 

The steps followed to encrypt the image are as follows: 

Step 1: Pixels of image are partitioned into fixed length blocks 

of size M*N (image resolution) bytes. And will be represented 

in the form of matrix Mp. 

Step 2: Find Mp
T     

Step 3: For Key matrix- In the matrix Mrand, values are 

chosen from Rubik’s cube principle. 

Step 4: Key matrix Ke=mod  2 ( Mrand) 

Step 5: Cpk=Ke+Mp
T 

Step 6: Obtain Matrix Chr by shifting row elements circularly, 

one element in first row, two elements in second row, three 

elements in third row and no elements in the last row.  

Step 7: Obtain matrix Cvr from Chr by shifting column 

elements circularly, one element in first column, two elements 

in second column, three elements in third column and no 

elements in the last column. 

Step 8: Find Cvr
T
=Ce. 

Step 9: Replace 256 to 1 by subtracting 255. (Assumption 

taken here.) 

 

Brute force Analysis: As we have used Rubik’s principle for 

generating the random matrix of values of the pixels, it is 

immune to brute force attack. 1920x1080x256x256=1.3x10
12

 

total matrixes. (Supposing image resolution is 1920x1080) 

IV. CONCLUSION AND FUTURE WORK 

Every image encryption algorithms have their own issues. We 

have mentioned each algorithm’s overview and their analysis. 

As they have not been measured in the same platform, we 

could not have their comparison but could find how they 

behave and what are their advantages and disadvantages. The 

proposed algorithm is yet to be implemented on the simulator 

platform but we have tried to make it more secure against 

Brute force attack and complex to crack with more 

throughput. We will be having implementation and then exact 

analysis and comparison of its behaviour. 
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Abstract:- The velocity of technology evolution and advancement 

is outpacing  the technological management and standardization 

developments. Societal  and organizational imperatives to adopt 

and utilize  the technological advancements require 

understanding of the information security implementation 

paradigms. The IT revolution has spawned  opportunities and 

threats for all  including statusquoists and challengers. Societal 

concerns with regard to personal privacy, information 

ownership, and governmental concerns are driving developments  

in information security which impact organizations beyond  

boundaries in legal and statutory ways requiring techno 

managerial responses. This paper addresses this requirement 

through a holistic presentation of the  the developmental 

patterns, the associated aspects,  technological advances, 

technical standards   and above all  the  approaches to 

standardization of   information security assurance at the 

organizational level in the environment of technology 

complexities.  The paper includes an overview of  various 

standards and focuses on the most widely implemented 

organizational information security standard,  ISO 27001. 

Keywords:- Security of IT Infrastructure,  ISO 27001, CoBIT, 

organizational Information Security, Information Security 

Assurance, IT security 

I. INTRODUCTION 

he broad  scope of information security includes physical 

security, security of  IT infrastructure such as servers, 

network devices such as routers, switches, bridges, repeaters,  

communication channels,  including all variety of guided and 

unguided media, and end user computing devices, automation 

& control system devices, databases, portable and fixed 

storage devices and software applications. The quest for 

organizational  information security must naturally  traverse 

diverse areas of technology, physical security, human 

interactions characterized as social engineering, processes for 

technology management and standards. The day to day 

perception  of information security manifests itself in viruses, 

malware, phishing, hacking and the reporting   of crimes 

referred to as Cybercrime. Given the rapidity and dynamics of 

innovation  in this field and the increasing pervasiveness of 

automation a  big challenge at an organizational level is 

achieving some measure of information security assurance in 

step with the advancing threats and technology. 

II. DIMENSIONS OF INFORMATION SECURITY 

1. Basic sciences, mathematics  and technology of 

information security.  This is a vast 

multidisciplinary field encompassing as diverse areas 

as quantum mechanics, pure mathematics, pattern 

recognition, image processing, computer algorithms, 

parallel computation, supercomputing to research 

into cryptology and cryptanalysis involving leading 

companies in information technology such as IBM, 

Intel, and Microsoft along with various research 

laboratories and institutions of learning. 

2. Information security management at an 

organizational level.  This addresses the 

development of  information security plan, 

management structures and processes to implement 

the information security controls that are considered 

necessary by the organization in relation to the 

perceived threat and risk evaluation from the 

perspective of  business and other organizational 

imperatives. Information security management at an 

oganisation level may be typically developed 

independently of third party information security  

standards, accreditations or certifications. High 

technology organisations such as IBM trust their own 

internal information security standards and 

management structures.  Smaller organisations  rely 

upon low cost  alternatives that  meet the immediate 

business requirements unless the nature of business 

makes it  imperative to have independent and 

verifiable  information security mechanisms. 

3. Information security assurance and 

standardization.  Standards have been developed by 

various independant  international and governmental 

bodies to  address the issue of  organizational 

security in a holistic manner with the objective of 

providing  a measurable and comprehensible security 

assurance to the stakeholders. While typically not 

statutorily mandated,  adoption of these is motivated 

by business requirements generally originating in 

client, and governmental expectations.   

4. Technical standards bodies, technical standards  

and their implementations in technology 

products. Standardisation, traditionally the preserve 

of Governments,   in the IT field has seen  large 

contributions  by non governmental bodies and 

private enterprise.  Information security standards 

such as encryption algorithms have been subject to 

national security concerns typified by the US 

Government  restrictions on export of strong 

encryption chips. Governments also wish to control 

the strength of security algorithms available to the 

general public so that private information is 

T 
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accessible in situations of perceived  threat to 

national interests. 

5. Physical Security.  Physical security is often 

considered an area that is  well understood and at 

times treated separately from information security.  

With information technology being a key element of 

business and production methodologies and also 

being embedded in physical security systems such as 

biometric access control, motion detectors, duress 

alarms, automated burglar alarms, cctv recording, 

automated emergency  alarm systems, forensic and 

criminal record databases  physical security has 

become an integrated part of the set of controls to 

ensure information security. 

III. INFORMATION SECURITY ASSURANCE AND 

STANDARDIZATION 

Given the great diversity, technological dynamics and 

complexity of parameters that impinge upon security of 

critical information within an organization one   challenge to 

management understanding of information security 

dependancies  has been the lack of  a model for information 

security that captures the relevent and introduces some 

quantification in the information  security process. Efforts to 

tackle this challenge  led to  checklists, standard operating 

procedures, guidelines for end users, disaster recovery plans, 

data archiving arrangements and so on developed  in a piece 

meal manner understood to some extent by the  IT resources  

but neither of much use to auditors nor well understood by the 

management.   Information security assurance has  often been 

seen as limited to the IT infrastructure including the security 

of running applications. The very important aspect of secure 

software engineering to ensure development of secure and 

safe software products is often lost sight of and is least  

understood except to some extent in those organisations  that 

handle critical financial data. Organisations providing 

financial  accounting and finance related  services through  IT  

to the US clients might have to conform to the  SaS70 

standard; banks and financial institutions  might be required to 

conform to PCI DSS, SET; organizations  handling sensitive 

information for clients such as BPOs, Application 

Maintenance Services providers, software outsourcing 

companies might seek to comply with ISO 27001, COBIT, 

ITIL and so on. Organisations need to meet the requirements 

of  legislations such  as the IT Act 2000 of India;   US 

organisations or  their outsourcers have to adhere to Gramm-

Leach-Bliley Act (GLBA) ,The Health Insurance Portability 

and Availability Act (HIPAA),The Californian Senate Bill 

1386, Online Personal Protection Act, Sarbanes-Oxley Act 

(SOX) and Federal Information Security Management Act.   

IV. ORGANISATIONAL INFORMATION SECURITY 

STANDARDS 

Standard of Good Practices (SoGP) by Information Security 

Forum(ISF)
1
  

The Standard of Good Practice   includes both a standard as 

well as tools   to assess and benchmark  the level of 

compliance. As with ISO 27001 this standard  covers risk 

assessment methods and imperatives as also an overarching 

architecture, controls for  monitoring the system and 

collection of data that indicates likely threats and finally the 

controls required to be implemented both at component & 

hardware cum software device level and in the security 

management system. Considering the ubiquity of wireless and 

portable devices as also industrial automated control syatems 

the standard seeks to address these areas that have 

traditionally not been under focus of the information security 

discipline. Starting with a set of security essentials it has 

grown by borrowing from other standards and the latest 

version of SoGP  aligns with the  ISO/IEC 27002:2013, 

COBIT, NIST Cybersecurity Framework, SANS Top 20 

Critical Security Controls and Payment Card Industry Data 

Security Standard (PCI DSS).   

U.S. Federal Government information security Standard by 

National Institute of Standards & Technology (NIST) 
2
 

Initially NIST focused on US federal government 

organizational information systems. Now the standard has not 

only been made available in the public domain but also shows 

greater sensitivity to non government organisational security 

concerns. A full review of the NIST standard & practices  is 

beyond the scope of this paper but broadly  Special 

publication 800-12 & 800-14 covers  overview of computer 

security  control areas, the principles underlying security and 

the good practices prescribed for formulating security policy. 

Further the framework includes  Special publication 800-26 

on security management. Other standards documents cover 

security risk  assessment and specific guidance for federal 

information system assessment moving over to the controls 

and how to implement them. NIST publications and security 

initiatives have an ongoing review and updation mechanism to 

align with technology  & trends. 

US Department of Defense information security standard 
3 

This standard inititive is primarily directed towards military 

grade security requirements encompassing mil grade security 

specifications and practices for adherence by defence 

companies, contractors and defence organisations. Security 

concerns are designated as  Information Assurance (IA) areas 

and  controls. As with civil domain standards the areas 

addressed include basic security architecture under security 

design & configuration, system boundary related controls 

such as firewalls and intrusion detection systems, 

identification and authentication, protection of endpoint  

devices, physical controls such as  human and other access 

into protected building & areas, building  environmental 

controls to protect hardware, personnel security, disaster 

related aspects  & how security breaches or incidents are to be 

handled. 

International Society for Automation (ISA) Standards
4 
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       ISA standard for cybersecurity, starting as ISA99 now 

designated as ISA/IEC-62443,  addresses the security 

vulnerabilities and requirements for automation and control 

systems such as industrial automation devices such as 

programmable logic controllers, distributed control systems  

and safety instrumented systems.  This area has typically been 

less under scrutiny or research focus unlike personal and 

server  computers where public malware and virus as also 

other security breaches bring widespread attention and 

interest.   Apart from standard there are also  compliance test 

specifications for ISA/IEC-62443 and other control system 

security standards. ISA has also created an associated system 

of certification of devises & systems from the perspective of 

ISA/IEC-62443 .  The  ISA/IEC-62443 standard is  organized 

into four general categories which mainly  identify the 

primary target audience for each group (i.e., General, Asset 

Owner, System Integrator and Component Provider). 

1. The first (top) category, general,  includes common 

or foundational information such as concepts, models 

and terminology and also security metrics. 

2. The second group of work products targets at the 

Asset Owner and addresses various aspects of 

creating and maintaining an effective IACS security 

program. 

3. The third include work products that describe system 

design guidance and requirements for the secure 

integration of control systems.  

4. The fourth category includes work products that 

describe the specific product development and 

technical requirements of control system products. 

This is primarily intended for control product 

vendors, but can be used by integrator and asset 

owners for to assist in the procurement of secure 

products. 

Payment Card Industry Data Security Standard (PCI DSS) 
5 

The Payment Card Industry Data Security Standard (PCI 

DSS) is an information security standard for organizations 

that handle cardholder information for the major debit, credit, 

prepaid, e-purse, ATM, and POS cards. The standard has been 

defined by the  Payment Card Industry Security Standards 

Council, a council originally formed by the major banks and 

financial services companies.    This is a very finely focused 

standards that addresses only payment card related security 

matters and it  consists of 12  requirements, which include 

network architecture, software design,  security management, 

policies, procedures, and other critical measures. These 

requirements are organised under 6 headings: Build and 

Maintain a Secure Network, Protect Cardholder Data, 

Maintain a Vulnerability Management Program,  Implement 

Strong Access Control Measures, Regularly Monitor and Test 

Networks, Maintain an Information Security Policy. The 

whole package consists of the standard and also how any 

organization can carry out self assessment and as  required  

additionally obtain certification of compliance. 

North American Electric Reliability Corporation(NERC) 

Standards.
6 

NERC has defined a set of standards to ensure reliable electric 

supply from nuclear and non nuclear sources and cover among 

others the aspect of information (cyber) security in so far as 

the power industry is concerned. An inititive of power 

companies and associated organisations its ambit is restricted 

to the power industry of USA and Canada and hence a lower 

visibility. 

ISO/IEC 27001:2005 (Information Security Management 

System - Requirements) 
7 

      This is the most widely used information security standard that 

has developed an umbrella framework for embracing every 

aspect of organizational security by starting with a technology 

and management understanding of security. It  has its roots in 

the technical content derived from BSI standard BS7799.  It 

specifies the requirements for establishing, implementing, 

operating, monitoring, reviewing, maintaining and improving 

a documented Information Security Management System 

(ISMS) within an organisation. Its comprehensiveness results 

from its approach  designed to make the organization to select 

the technological controls and management controls that are 

adequate  to protect information assets. Hence this standard is 

usually applicable to all types of organisations, including 

business enterprises, government agencies, and so on. The 

standard introduces a cyclic model known as the “Plan-Do-

Check-Act” (PDCA) model that aims to establish, implement, 

monitor and improve the effectiveness of an organisation’s 

ISMS. Major aspects  of the standard are as under. 

1. Risk assessment and treatment - analysis of the 

organization's information security risks 

2. Security policy - management direction 

3. Organization of information security - governance of 

information security 

4. Asset management - inventory and classification of 

information assets 

5. Human resources security - security aspects for 

employees joining, moving and leaving an 

organization 

6. Physical and environmental security - protection of 

the computer facilities 

7. Communications and operations management - 

management of technical security controls in systems 

and networks 

8. Access control - restriction of access rights to 

networks, systems, applications, functions and data 

9. Information systems acquisition, development and 

maintenance - building security into applications 

10. Information security incident management - 

anticipating and responding appropriately to 

information security breaches 

11. Business continuity management - protecting, 

maintaining and recovering business-critical 

processes and systems 
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12. Compliance - ensuring conformance with 

information security policies, standards, legal and 

statutory 

The ISO/IEC 27002 is the controls part of the  standard and is 

arranged into eleven control areas; security policy, organizing 

information security, asset management, human resources 

security, physical and environmental security, communication 

and operations, access controls, information systems 

acquisition/development/maintenance, incident handling, 

business continuity management, compliance. The key 

published standards documents are as under. More are being 

added enhancing the comprehensiveness. 

 ISO/IEC 27000  overview & vocabulary 

 ISO/IEC 27001 formal ISMS specification 

 ISO/IEC 27002 infosec controls guideline 

 ISO/IEC 27003 implementation guidance 

 ISO/IEC 27004 infosec metrics 

 ISO/IEC 27005 infosec risk management 

 ISO/IEC 27006 ISMS certification guide 

 ISO/IEC 27007 MS auditing guide 

 ISO/IEC TR 27008 technical auditing 

 ISO/IEC 27010 for inter-org comms 

 ISO/IEC 27011 ISO27k for telecomms 

 ISO/IEC 27031 business continuity 

 ISO/IEC 27032 cybersecurity  

 ISO/IEC 27033 network security (parts)   

 ISO/IEC 27034 application security (part) 

 ISO/IEC 27035 incident management 

 ISO 27799 ISO27k for healthcare industry 

ITIL (OR ISO/IEC 20000 SERIES) 
8 

The Information Technology Infrastructure Library (ITIL) 

addresses the security concerns of IT services & service 

providers  and is a collection of best practices in IT service 

management (ITSM), and focuses on the service processes of 

IT support and services. Initially  developed by the United 

Kingdom's Office of Government Commerce (OGC) it  has 

evolved into ISO/IEC 20000. Apart from comprehensive 

standards documentation a noteworthy feature is  self-

assessment of IT service management that can be conducted 

with the help of an online questionnaire . The key areas of IT 

service management are classified into these areas: (a) Service 

Level Management, (b) Financial Management, (c) Capacity 

Management, (d) Service Continuity Management, (e) 

Availability Management, (f) Service Desk, (g) Incident 

Management, (h) Problem Management, (i) Configuration 

Management, (j) Change Management, and (k) Release 

Management. 

Control Objectives for Information and Related Technology 

(COBIT)
9 

 COBIT is a set of best practices (framework) for information 

technology (IT) management created by the Information 

Systems Audit and Control Association (ISACA). It is 

designed for business enterprise IT resources & services. It a 

control framework that links IT initiatives to the company’s 

business requirements, organises IT activities into a generally 

accepted set of processes & process model, helps identify  the  

IT resources to be leveraged and defines the management 

control objectives to be considered. The standard has evolved 

to COBIT 5 which addresses the information security domain 

under 5 heads: Audir & Assurance, Risk Management, 

Information Security, Regulatory & Compliance, Governance 

of IT Enterprises.  

V. TECHNICAL STANDARDS FOR  TECHNOLOGY 

PRODUCTS 

Many information security standards have grown around 

organizational security and achieved limelight. Equally 

important but less known and devoid of intense focus is 

product security. Here we consider one of the most significant 

standard voz. ISO/IEC 15408. 

ISO/IEC 15408 (Evaluation Criteria for IT Security) 
10 

The international standard ISO/IEC 15408 is commonly 

known as the “Common Criteria”. Common Criteria (CC) is a 

framework in which computer system users can specify their 

security functional and assurance requirements, vendors can 

then implement and/or make claims about the security 

attributes of their products, and testing laboratories can 

evaluate the products to determine if they actually meet the 

claims. In other words, Common Criteria provides assurance 

that the process of specification, implementation and 

evaluation of a computer security product has been conducted 

in a rigorous and standard manner.   It standard consists of 

three parts described in associated documents: introduction 

and general model, security functional requirements and 

security assurance requirements. This standard helps evaluate, 

validate, and certify the security assurance of a technology 

product against a number of factors, such as the security 

functional requirements specified in the standard.  

Hardware and software can be evaluated against CC 

requirements in accredited testing laboratories to certify the 

what is called Evaluation Assurance Level (EAL)  of the 

product or system which is an indicator of the extent to which 

the product meets the criteria.. A representative sample of  

EALs: EAL1 - Functionally tested, EAL2 - Structurally 

tested, EAL3 - Methodically tested and checked, EAL4 - 

Methodically designed, tested and reviewed, EAL5 - Semi-

formally designed and tested, EAL6 - Semi-formally verified, 

designed and tested, and EAL7 - Formally verified, designed 

and tested.  

VI. CONCLUSION 

Management of information security at an organizational level 

demands a rigorous assessment of risks, threats and 

vulnerabilities and the application of the selected technical 

and non-technical controls based upon the threat and risk 
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assessment. Independent standard and certification impart a 

measure of assurance in a technologically dynamic world. We 

have considered the standards having a bearing on various 

aspects information security that would cover all kinds of 

security risks and the variety of organisations and purposes. 

Among these standards the most generic with the widest 

applicability is ISO 27001. The  plan-do-check-act approach 

of ISO 27001 standard is one of the most effective way to deal 

with the information security challenges to an organization. 
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Abstract— TCP - Transmission Control Protocol is a logical 

vehicle to transfer data between two processes running on two 

different computers. TCP is a connection oriented and reliable 

protocol. The three way handshaking based TCP connection 

establishment process invites a special Denial of Service (DoS) 

attack, called SYN Flooding attack. A SYN Flood attacker sends 

a large number of TCP connection establishment requests to 

overburden the target system. In real life, the target system is 

usually the server. As a result of the attack, server remains 

unavailable and unresponsive for legitimate users too. The 

Denial of Service nature of the attack targets the availability of 

the system. This paper analyses and discusses various methods to 

detect and prevent such attack.  

Keywords— TCP, DoS, SYN Flood, SYN Cache, SYN Cookie 

I. INTRODUCTION 

 Denial of Service (DoS) attack targets the availability of 

the system to its legitimate users. A DoS attack tries to 

overburden the system by consuming enough resources like 

computation power and storage space unnecessarily. The main 

goal is to prevent legitimate users from accessing the system 

because of temporarily or indefinitely unavailability. TCP – 

Transmission Control Protocol is a unicast, connection 

oriented and reliable protocol which acts as a logical vehicle  

to transfer data between a client and a server. TCP establishes 

a connection between a process running on a client and  

another process running on the server by three way 

handshaking  process.  SYN Flooding is  a  DoS  attack which 

exploits the three way handshaking process. A SYN Flood 

attack sends a large number of connection establishment 

requests to the server to make server processes unable to reply 

to the future legitimate client requests, causing unavailability 

of the services running on the server for them. This paper 

discusses variants of SYN Flood attack and various 

countermeasures [1][2][3]. 

A. TCP – Connection Establishment:- 

TCP establishes a unicast and full duplex connection 

via a series of messages called three way handshaking 

process. Initially, server in itiates passive open by 

opening and binding a  port  at  which  it  listens  for new 

connections.  A client  can initiate active open by initiating 

three way handshaking process as shown in Figure. 1 [1]. 

 

 

 

Figure 1. Three Way Handshaking Process 

The process can be explained with three steps [1]. 

1. SYN: A client sends a SYN to the server with a 

segment’s sequence number X. 

2. SYN-ACK: Server replies with a SYN-ACK with a 

segment’s sequence number Y and 

acknowledgement number X+1. 

3. ACK: Client sends ACK back to the server with a 

segment’s sequence number X+1 and 

acknowledgement number Y+1. 

II. SYN FLOOD ATTACK 

TCB - Trans mission Control Block is a  data structure used to 

store parameter information about an active TCP connection. 

The size of TCB varies from 280 bytes to 1300 bytes. 

Whenever a server TCP receives SYN from client, it sends 

SYN-ACK back to the client and enters into the SYN- 

RECIVED state corresponding to the connection. SYN- 

RECEIVED state indicates half open status of the TCP 

connection. Increase in the number of active TCP connections 

increases the number of active TCBs too. Server operating 

system defines backlog parameter to limit the number of  

active TCBs (Number of active TCP connections) as per the 

memory management policies. SYN Flood Attacker initiates 

the attack by sending large number of  connection 

establishment requests with SYN messages which cause 

server to  reach  to  the  backlog  limit  soon. As  a result, 

subsequent legitimate connection requests are not proceed 

until few of the TCBs are discarded (half open TCP 

connections are terminated). TCP remains in SYN-

RECIVED state to wait for ACK from the client to 

complete the connection establishment process. It is natural 

A 
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that the TCP should wait for ACK for some time as 

network may delay or loss ACK. The question is what if 

TCP never gets ACK from the client? This question is the 

base behind SYN Flood Attack. Attacker ensures that the 

server TCP never gets ACK for those half open 

connections which are init iated by the attacker. TCP has a 

timeout timer for half open connections. On time out, TCP 

terminates all active half open connections which may 

allow subsequent legitimate clients to establish 

connections. But unfortunately, attacker continuously 

floods the server to keep unavailability alive [1][2][3]. 

Various attack scenarios are shown in Figure 2 [5]. 

 

Figure 2. Various SYN Flood Attacks 

A. Direct Attack 

An attacker sends a large number of SYN messages from its 

own IP address only. This method can be easily  implemented 

by continuous calling TCP connect( ). Attacker must ensure 

that its system never replies to the corresponding SYN-ACK 

messages. Any negative reply of the SYN-ACK message can 

move server TCP out of the SYN-RECEIVED state which 

discards corresponding TCB to terminate the connection. 

Attacker accomplish this through its own firewall by setting 

either outgoing traffic filter to allow only SYN messages for a 

victim server (Block any other outgoing traffic like ACK, 

ICMP, RST etc) or incoming traffic filter to discard any SYN-

ACK message from the victim server [2][3]. Figure 2(a) 

shows this attack [5]. 

As the attacker uses its own IP address, server detects the 

attack due to a large number of requests from the same IP 

address. Such attack can be easily prevented by blocking all 

the traffic  from the source  IP  address  of the  attacker.  Such 

functionalities are provided with most of the reactive firewalls 

[2][3]. 

B. IP Spoofing based Attack 

IP Spoofing is a way of creation or modification of IP packets 

with a forged source IP address. The main purpose is to hide 

the identity of the actual source or to impersonate someone 

else. IP Spoofing is used for DoS attack where the attacker 

wants to hide its own identity as well as there is no value of 

the responses coming from the victim server. Attacker needs 

to forge only those IP addresses which will never reply to 

SYN-ACK message in any manner.  If attacker uses only one 

spoofed IP, it will be comparatively easy for server to detect 

and prevent the attack. Usually attacker changes the spoofed 

IP periodically from the set of selected IP addresses. An 

intelligent attacker ignores those IP addresses which are either 

non-routable or from the reserved – unused IP scheme to 

difficult detection [2][3]. Figure 2(b) shows this attack [5]. 

C. Distributed Attack 

A single IP Spoofing attacker is difficult to detect but after 

certain efforts, it can be possible to trace the  source  from 

which spoofing is being performed. A distributed version of 

SYN Flooding attack uses a set of systems called drone 

machines to attack all together. Each drone machine can do 

direct attack or IP spoofing based attack[2][3]. Figure. 2(c) 

shows  these  attacks  with  Drone  machines  are  doing direct 

attacks [5]. 

III. END – HOST COUNTERMEASURES 

A. Increasing Backlog 

Backlog parameter can be increased by allocating more 

memory to store TCBs. Ultimately, it increases the number of 

simultaneously active TCP connections. Standard TCP’s data 

structures and algorithms are not designed to deal with large 
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backlog. Searching a large backlog is one of the issues. At the 

same time, there is no scope of much defense as ultimately 

backlog parameter cannot be infinite [2][3]. 

B. Reducing SYN-RECEIVED Timer 

After sending SYN-ACK, TCP waits for corresponding ACK 

up to SYN-RECEIVED Timer. On t imeout, TCP terminates 

the half-open connection and discards corresponding TCB. If 

this timer value is reduced, connections belonging to the 

attack will be terminated earlier. Subsequently, legitimate 

connections will get chance to start connection establishment 

process. This method is also ineffective when legitimate 

client’s messages are delayed or lost due to network 

congestions. Occasionally, TCP will terminate legitimate half-

open connections before their messages will be delivered. At 

the same time, once resources become free for new 

connections, attacker’s SYN messages will get chance to 

flood the server again [2][3]. 

C. Terminating Oldest Half-Open Connection 

Whenever backlog becomes full, TCP terminates the oldest 

half-open connection and removes corresponding TCB. The 

space can be used for newly requested connection. This 

solution works well when the legitimate connections can be 

established fully in lesser time than the time required to fill 

the entire backlog with the attack. This method fails when the 

attack rate is very high and/or backlog size is small [2][3]. 

D. SYN Cache 

This method is based on postponing allocation of full TCB 

until a connection is fully established. A partial TCB is 

allocated for every half-open connection. Partial TCBs are 

stored in global hash table. Once connection is fully 

established, partial TCB is transferred to the backlog memory. 

Server TCP selects some random secret bits for every SYN 

message. Secret bits, source IP and source Port are hashed 

together to find hash value which specifies bucket to store 

partial TCB inside the hash table. Every hash table bucket has 

limited space. Once filled, the oldest entry is deleted for new 

insertion. The concept of selection of secret bits prevents the 

attacker from targeting a specific hash table bucket [4]. 

E. SYN Cookies 

SYN Cache minimizes the amount of status information 

which is being allocated init ially on receiving SYN. SYN 

Cookies initially allocates nothing on receiving SYN. SYN 

Cookies allocates required TCB only once the connection is 

completely established. So no status is stored as far as TCP 

remains in SYN-RECEIVED status. Legitimate clients will 

reply with ACK and for them TCBs will be allocated. To 

track the information, SYN Cookies encodes all the required 

information into a Code called SYN Cookie and sent along 

with the SYN-ACK message as an ISN-Initial Sequence 

Number to the client. So instead of sending any randomly 

generated ISN, SYN Cookies method carefully constructs. 

The connection state can be reconstructed from the 

corresponding ACK  message  as  it  contains  ISN+1  value  

which  is    SYN Cookie+1 as an acknowledgement number. 

Some time dependent information must be encoded to prevent 

replay attack. One such implementation is shown here [4][5]. 

Encoding 

1. Set parameter t = Slowly Incrementing Timestamp 

2. Set parameter m = Maximum Segment Size 

3. Set parameter s = Value of Hash Function calculated 

over Server IP, Server Port, Client IP, Client Port and 

value of parameter t. Size of s is 24 Bits 

4. The SYN Cookie (In itial Sequence Number) can be 

calculated as follow. 

t Mod 32 

5 Bits 

m 

3 Bits 

s 

24 Bits 

Decoding 

1. Subtract 1 from the Acknowledgement Number 

received from ACK Message. 

2. Compare current time with t for connection 

expiration. 

3. Recalculate s to verify the validity of SYN Cookie. 

4. Extract m to set Maximum Segment Size field in 

corresponding TCB. 

F. Hybrid Approach 

A scheme can be a combination of two or more approaches. 

For example, SYN Cache and SYN Cookies methods can be 

used together. For exa mple, if SYN Cache becomes full, 

further connection requests can be entertained by SYN 

Cookies method [1][2]. 

IV. NETWORK BASED COUNTERMEASURES 

A. Filtering 

Packet filtering can be used to prevent the attack at certain 

level. Ingress filtering blocks outside packets with IP  

addresses inside the network to defense against outside 

attacker. Egress filtering blocks inside packets with IP 

addresses outside the network to defense against inside 

attacker [5][6]. 

B. SYN-ACK Spoofing Firewall / Proxy 

This method is also called Firewall / Proxy as a relay. A 

Firewall / Pro xy can send spoofed SYN -ACK message to the 

client. Firewall splits the end-to-end connection between 

client and server into two connections to and from the 

firewall. The splitting protects server as it never sees any SYN 

message directly, neither from the legitimate client nor by the 

attacker. As far as firewall implements any End-Host (TCP-
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based) defense method, it can protect all the servers which are 

located behind it. This method is shown in Figure 3 [5]. 

Figure 3(a) shows a non attack scenario. Whenever a 

legitimate client tries to establish a TCP connection, 

corresponding SYN message will be received by the Firewall 

rather than directly by the server itself. Firewall will send 

Spoofed SYN+ACK message back to the client. The client 

will assume it has received SYN+ACK message from the 

server and so it will send ACK message to complete the 

connection establishment process. On  receiving ACK, 

Firewall will consider the client as a legitimate client and will 

establish a connection with the server by sending  Spoofed 

SYN and subsequently Spoofed ACK message. This way a 

TCP connection will be split across client, firewall and server 

[5]. 

Figure 3(b) shows an attack scenario. An attacker will send 

SYN messages continuously which will be received by the 

Firewall. Firewall will send corresponding Spoofed 

SYN+ACK messages too. But as attacker  will  never  reply 

with ACK message, Firewall will never consider attacker as a 

legitimate client and so will never establish corresponding 

connection with the server [5]. 

 

Figure 3(a). Non Attack Scenario 

 

Figure 3(b). Attack Scenario 

C. ACK Spoofing Firewall / Proxy 

This method is also known as Firewall / Pro xy as a 

semitransparent gateway. A Firewall / Pro xy can send 

spoofed ACK message to the server. This method sends a 

spoofed ACK in response of SYN-ACK message 

immediately. Firewall waits for a legitimate ACK from the 

client, if it doesn’t receive within limited time, it informs 

server to free TCB by sending a spoofed RST message. This 

method is shown in Figure 4 [5][7]. 

Figure 4(a) shows a non attack scenario. A client will send a 

SYN message which will be directly received by the server 

through the firewall. Server will generate SYN+ACK 

message which will be sent to the client via the firewall. Once 

firewall will receive SYN+ACK message, it will immediately 

send a corresponding Spoofed ACK message to the server. 

Later on when client will send ACK message, firewall will 

simply sends it to the server too [5]. 

Figure 4(b) shows an attack scenario. An attacker will send a 

SYN message which will be directly received by the server 

through the firewall. Server will generate SYN+ACK 

message which will be sent to the attacker via the firewall. 

Once firewall will receive SYN+ACK message, it will 
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immediately send a corresponding Spoofed ACK message to 

the server. But  as  attacker will never reply  to  the  

SYN+ACK message with a ACK message, Firewall will 

terminate the Spoofed connection to the server by sending a 

Spoofed RST message after a timeout[5][7]. 

 

Figure 4(a). Non Attack Scenario 

 

Figure 4(b).Attack Scenario 

V. CONCLUSION 

This paper has described SYN Flood Attack and its various 

forms as a Denial of Service attack for TCP. Various 

countermeasures are broadly classified under host based 

solutions and network based solutions. No solution has been 

accepted as a standard yet. Some of the solutions are already 

available  in  commercial  security  products.  Future research 

work can be done by using Artificial Intelligence based 

techniques to detect and prevent such attacks. 

REFERENCES 

[1]. CERT , CERT Advisory CA-1996-21 T CP SYN Flooding and IP 

Spoofing Attacks. 

[2]. Touch, J., Defending T CP Against Spoofing Attacks, Internet- 
Draft (work in progress), draft-ietf-tcpm-tcp-antispoof-05. 

[3]. Eddy, W., TCP SYN Flooding Attacks and Common Mitigations, 

Internet-Draft (work in progress), draft -ietf-tcpm-syn-flood-00. 

[4]. Lemon, J., Resisting SYN Flood DoS Attacks with a SYN Cache, 

BSDCON 2002. 

[5]. Wesley M. Eddy, Verizon  Federal Network Systems, Defenses 
Against T CP SYN Flooding Attacks, The Internet Protocol 

Journal - Volume 9, Number 4 

[6]. Ferguson, P. and D. Senie, "Network Ingress Filtering: Defeating 
Denial of Service Attacks which employ IP Source Address 

Spoofing," BCP 38, RFC 2827, May 2000. 

[7]. Geetha, K.; Sreenath, N. ,SYN flooding attack — Identification 
and analysis, Information Communication and Embedded Systems 

(ICICES), 2014. 
 

 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 254 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  

 

Deploying Virtualization on Ubuntu using Libvirt and 

KVM/QEMU Bare Metal Hypervisor  
 

Kishor Bhosale
1
, Vidula Bhosale

2 

1
 Master of Computer Application Department, Finolex Academy of Management and Technology, Ratnagiri, Mumbai University  

2
 Information Technology Department, Gogate Joglekar College, Ratnagiri, Mumbai University 

Abstract— Virtualization empowers us to reinforce IT assets 

into single unit with the goal that they can be shared over a 

system and satisfy the contracting assets and developing business 

needs. It includes and subtracts distinctive registering assets to 

present or past working situations with various kinds of 

techniques like equipment and programming accumulation, 

machine recreation, copying and numerous others. 

Virtualization is basic piece of distributed computing as it 

backings various Virtual Machines with various facilitating 

situations. Cloud stage not just deals with the assets of the cloud 

foundation additionally benefits client on request necessities and 

assignment planning on virtual machines. In this paper authors 

have chosen the bare metal hypervisor KVM/QEMU, libvirt and 

Ubuntu operating system for the deployment of virtualization. 

The aspiration of the paper is to provide the qualitative 

implementation and application of the bare metal hypervisor for 

the virtualization learning aspirants in the fewer infrastructures. 

The complete deployment with scripts and screen of the 

implementation steps has been shown. 

Keywords— Virtualization, Virtual Machines, Hypervisor, 

KVM/QEMU, libvirt. 

I. INTRODUCTION 

n the course of recent years Information Technology has 

been encountering quick and very particular errands 

arranged development. The new patterns in data innovation 

have made the tremendous test of conveying and overseeing 

IT framework on a bigger scale. In this sense one of the 

significant difficulties is scaling up of any current IT 

framework so as to satisfy the constantly requesting 

necessities of the present IT prerequisites. To determine these 

issues IT made the stride ahead and entered in the period of 

cloud computing. Cloud computing is a domain to enabling 

invaluable, on-request access of system to a conferred heap of 

configurable figuring resources (e.g., frameworks, servers, 

stockpiling, orders, and organizations) that could be 

immediately provisioned and discharged with insignificant 

organization effort or organization provider participation [1]. 

In cloud computing, virtualization assumes an imperative part 

by rearranging administration and enhancing asset 

productivity. The greater part of the general population 

considers virtualization and cloud computing comparative 

however are very unique in nature and appropriateness. 

However cloud computing can be spoken to as an 

administration supplier where virtualization is one of the piece 

of physical infrastructure [1].  

A. Hypervisors  

      Diverse customizations of hypervisors are accessible in 

the market for individual and business utilize. The Type 1 

(native/ bare metal) hypervisors run straight on the host's gear 

to control the fittings and guest operating system. A guest 

operating system, along these lines keeps running on a 

substitute level over the hypervisor. Though Type 2 (hosted) 

hypervisors run straightforwardly on host operating system 

framework structure including the layer of hypervisor and 

base operating system, the virtual machines keeps running on 

third layer, above the hardware. The hypervisor conveys the 

guest operating system with a operating system stage and it 

additionally deals with the execution of the guest operating 

system.  The significant separations are as per the following:  

 

Type 1 Hypervisor 

 

 

 

    

 

 

 

 

 

Type 2 Hypervisor 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Type of Hypervisors 
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Numerous occasions of operating system may share the 

virtualized equipment assets [1]. Google starting late moved 

its cloud IaaS in which KVM is used as a hypervisor [2]. 

There are different virtualization platforms are accessible in 

the present IT industry. Among such platforms some are open 

source while others are commercial hypervisors. In this paper 

KVM have been taken as open source 

B. KVM / QEMU 

 KVM (Kernel Virtual Machine) is a Linux kernel 

module that allows a user space program to utilize the 

hardware virtualization features of various processors. KVM 

is a Type-2 hypervisor running on Linux, and it uses Linux 

kernel as a bare metal hypervisor. A host running KVM is 

actually running a Linux kernel and the KVM kernel module 

[3].  

 QEMU is an open source machine emulator which 

uses translation or virtualization to run operating systems or 

programs for various machine architectures. In addition to 

emulating CPU architectures, QEMU also emulates platform 

devices. QEMU combines a CPU and a set of [4] 

 Under kvm, virtual machines are created by opening 

a device node (/dev/kvm.) A guest has its own memory, 

separate from the user space process that created it. A virtual 

cpu is not scheduled on its own,  

 /dev/kvm Device Node 

kvm is structured as a fairly typical Linux character device. It 

exposes a /dev/kvm device node which can be used by 

userspace to create and run virtual machines through a set of 

ioctl()s. 

 The operations provided by /dev/kvm include: 

1. Creation of a new virtual machine. 

2. Allocation of memory to a virtual machine. 

3. Reading and writing virtual cpu registers. 

4. Injecting an interrupt into a virtual cpu. 

5. Running a virtual cpu. 

Fig 2 shows how guest memory is arranged. Like user 

memory in Linux, the kernel allocates discontiguous pages to 

form the guest address space [5] 

 

Fig 2: Guest Execution Loop 

C. x86 Hardware Virtualization Support 

 Beginning in late 2005 when Intel started shipping 

IntelVT extensions, x86 processors gained the ability to have 

both a host mode and a guest mode. These two modes co-exist 

with the four levels of segment privileges and two levels of 

page privileges. AMD also provides processors with similar 

features with their AMD-V extensions. Intel-VT and AMD-V 

are similar in their major features and programming structure. 

With Intel-VT and AMD-V, hardware ring compression and 

binary translation are obviated by the new hardware 

instructions. The first generation of Intel and AMD 

virtualization support remedied many of the functional 

shortcomings of x86 hardware, but not the most important 

performance shortcomings. Second-generation virtualization 

support from each company addresses key performance issues 

by reducing unnecessary translation look aside buffer (TLB) 

flushes and cache misses and by providing multi-level 

memory management support directly in hardware. KVM 

provides a user-space interface for using AMDV and Intel-VT 

processor instructions. Interestingly, KVM does this as a 

loadable kernel module which turns Linux into a virtual 

machine monitor [4].  

The AMD-V and Intel-VT instructions available in newer 

processors provide a mechanism to force the processor to trap 

on certain sensitive instructions even if the processor is 

running in privileged mode. The processor uses a special data 

area, known as the VMCB or VMCS on AMD and Intel 

respectively, to determine which instructions to trap and how 

the trap should be delivered. When a VMCB or VMCS is 

being used, the processor is considered to be in guest mode. 

KVM programs the VMCB or VMCS to deliver sensitive 

instruction traps back into host mode. KVM uses information 

provided in the VMCB and VMCS to determine why the 

guest trapped and emulates the instruction appropriately. 

Since this technique does not require any modifications to the 

guest operating system, it can be used to run any x86 

operating that runs on a normal processor [4]. 

D. Libvirt 

 The libvirt is a virtualization abstraction layer, which 

is able to manage a set of virtual machines across different 

hypervisors. The goals of libvirt are to provide a library that 

offers all necessary operations for hypervisor management 

without implementing functionalities, which are tailored to 

specific virtualization solutions and which might not be of 

general interest. Additionally, the long-term stability of the 

libvirt API helps these management solutions to be isolated 

from changes of hypervisor APIs. 

 Libvirt is an abstraction layer library for various 

hypervisor management APIs written in C. It started as a Xen 

wrapper, but has been extended to several other hypervisors 

later on. It is conceptual divided into a hypervisor agnostic 

and several hypervisor specific parts, also called drivers. 
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Applications can use libvirts public API, which internally 

maps to appropriate driver functions through an internal driver 

API (see also Fig. 3). This driver model has proven to be very 

flexible and easy to extend, so drivers for storage and network 

interfaces using the same model have been added [6].  

 
Fig 3: Driver based libvirt architecture 

II. DEPLOYMENT  

The deployment of the virtualization on Ubuntu 12.04 LTS 

using KVM hypervisor and Libvirt. All following steps with 

the command and description will lead towards successful 

implementation. 

 

1. Update the Ubuntu operating system properly 

sudo apt-get update 

 

2. Install kvm hypervisor 

 

kishor@kishor-Ideapad-Z570:~$ sudo apt-get install kvm 

 

3. Testing of  kvm installation  

kishor@kishor-Ideapad-Z570:~$ sudo kvm-ok 

 

Output will be:  

INFO: /dev/kvm exists 

KVM acceleration can be used 

 

4. Install libvirt 

  

kishor@kishor-Ideapad-Z570:~$ sudo apt-get install 

libvirt-bin  

 

5. (optional step) for adding user to libvirtd group. 

 

kishor@kishor-Ideapad-Z570:~$ sudo adduser $USER 

libvirtd 

 

6. virt installing is actual installation of VM 

 

kishor@kishor-Ideapad-Z570:~$ sudo apt-get install 

virtinst  

 

7. virt viewer installation 

 

kishor@kishor-Ideapad-Z570:~$ sudo apt-get install virt-

viewer  

 

8. installing qemu-kvm 

 

kishor@kishor-Ideapad-Z570:~$ sudo apt-get install qemu-

kvm 

 

9. copy os(linux/windows) iso file on home directory of 

ubuntu 

 

10. virt installation with operating system  iso 

 
kishor@kishor-Ideapad-Z570:~$ 

sudo virt-install -n xp3 -r 512 –disk 

path=/var/lib/libvirt/images/xp3.img, bus=virtio, size=10  

-c /home/kishor/xppro.ISO  --accelerate  --network 

network=default,model=virtio --connect=qemu:///system --

vnc --noautoconsole –v 

 
11. virt viewer for installing os on vm 

kishor@kishor-Ideapad-Z570:~$  

virt-viewer -c qemu:///system xp3 
 

Use the following commands if required  

 

1. delete the lock file with the following command 

sudo rm /var/lib/apt/lists/lock 

 

2. to delete the lock file in the cache directory 

sudo rm /var/cache/apt/archives/lock 

 

 

3. if any package is not updating or installing even 

internet conn is proper then use this command 

 

sudo sed -i '/^deb http:\/\/packages.medibuntu.org*/d' 

/etc/apt/sources.list /etc/apt/sources.list.d/*.list 

 

4. bridging: to allow virtual machines direct access to the 

outside network 

 

sudo apt-get install bridge-utils 

 

5. to install ssh certificates related task 

sudo apt-get install ssh 

III. CONCLUSIONS 

kvm is currently only implemented for the i386 and x86-64 

architectures. However, other architectures such as powerpc 

and ia64 support virtualization, and kvm could be enhanced to 

support these architectures as well. kvm brings an easy-to-use, 

fully featured integrated virtualization solution for Linux. Its 

simplicity makes extending it fairly easy, while its integration 

into Ubuntu allows it to leverage the large Linux feature set 

and the tremendous pace at which Linux is evolving. 
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The learning aspirants can implement and study the various 

terminologies related to the cloud computing as well as 

virtualization. 

ACKNOWLEDGMENT 

We would like to thank the libvirt online portal for helpful 

information as well as Finolex Academy of Management and 

Technology, Ratnagiri and GJC Ratangiri for providing a 

generous hardware. 

REFERENCES 

[1]. Performance Comparison of Commercial  VMM:ESXI, XEN, 

HYPER-V & KVM  Computing for Sustainable Global 
Development  (INDIACom)   

[2]. Kris Jamsa, Cloud Computing: SaaS, PaaS, IaaS,  Virtualization, 
Business Models,  Mobile, Security  and More, (2013). 

[3]. Assessment of Hypervisor Vulnerabilities 2016 International 

Conference on Cloud  Computing Research and Innovations 978-
1-5090-3951-7/16  $31.00 © 2016 IEEE DOI 

10.1109/ICCCRI.2016.19. 

[4]. Using KVM to run Xen guests without Xen 2007 Linux 
Symposium, Volume One 

[5]. kvm: the Linux Virtual Machine Monitor 

[6]. Non-intrusive Virtualization Management using libvirt Matthias 
Bolte, Michael Sievers, Georg  Birkenheuer, Oliver Niehörster 

and André Brinkmann Paderborn Center for Parallel Computing 

PC2,University of Paderborn, Fürstenallee 11, 33102 Paderborn, 
Germany {photon, msievers, birke,nieh, brinkman}@uni-

paderborn.de 978-3-9810801-6-2/DATE10 © 2010 EDAA 

 

 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 258 
 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

A Survey on Malware Detection Schemes Using on 

Machine Learning Techniques 
Sharma Divya Mukesh

1
 

Research Scholar 

Gujarat Technological University, 

Ahmedabad  

 

  Jigar A. Raval
2
 

Head, Computer Center, 

Physical Research Laboratory, 

Ahmedabad  

 

Hardik Upadhyay
3
 

Assistant Professor, 

GPERI 

Mehsana, India

Abstract— Malware is a one kind of programming which can 

harm the network and it might likewise steal the individual data 

from the PC. Malware can be made by utilizing any 

programming dialect by the software engineer. It is exceptionally 

hard to characterize a malware with a solitary term or a solitary 

name. A malware can be considered as a vindictive 

programming or malcode or it is otherwise called a vindictive 

code .Malware do the heft of the nosy exercises on a framework 

furthermore, that spreads itself over the hosts in a system. 

Malware detection techniques can be characterized into 2 

classifications - the static investigation systems and the dynamic 

examination procedures. The static systems include investigating 

the pairs straightforwardly or the figuring out. The code for 

examples is the same. This paper endeavors to give a brief study 

of all the work that has been done in the field of malware 

detection. Literature have properly evaluated and examined for 

their pros and cons. 

 Keywords-Malware, Machine learning, Malware Detection 

Techniques 

I. INTRODUCTION 

alware implies vindictive programming. Malicious 

programming aptitude is expected to make a noxious 

code and it is effortlessly accessible in the web. Likewise the 

malevolent code writing instruments make it simple to 

assemble new noxious code. Consequently, the malware is 

continuing expanding. 

Linux because of its open source nature is getting an always 

expanding consideration both by developers and researchers 

[13]. Also, home clients and business endeavors are leaning 

toward Linux-based Personal Computers (PCs) and server 

machines. As an outcome, Linux will turn into a most favorite 

focus for hackers, the minute its piece of the overall industry 

makes it an alluring suggestion to dispatch assaults on Linux 

running hosts. The current rare accessibility of Linux malware 

has likewise lead Linux security specialists to hold a thought 

that Linux is naturally secure [7]; in this way, malware 

discovery on Linux has never gotten its due consideration. 

Thus, Linux based computers open source nature makes the 

undertaking of a programmer additionally simpler and are not 

satisfactorily ensured against developing threats. 

This paper portrays a study on a few methodologies for 

malware detection utilizing machine learning. The 

methodologies are arranged based upon the sorts of 

information sources. We additionally said the types of 

malware experienced in our day by day life and give an idea 

regarding these. We have additionally risen the diverse 

examination for malware recognition takes after by 

specialists. We are dealing with layer 3 and layer 4 network 

traffic features for malware identification. 

The unique contribution of the paper are as per the following:-  

 Sources of information are ordered and a brief 

depiction of every source is determined.  

 Divide the papers in a few tables in view of their 

source information.  

 The principle thought and information gathering of 

every paper is outlined.  

 Data mining procedures and different strategies 

utilized for various methodologies is plainly 

specified. 

II. MALWARE DETECTION TECHNIQUE 

The detection of malicious programs is termed as malware 

detection. This, differs from interruption discovery, which has 

a much more extensive degree as a gatecrasher can be a 

human and additionally a program. Therefore, intrusion 

detection can be conveyed out at a network scale utilizing 

network trace data or at a host level using data internal to the 

host. As stated previously, this survey focuses on the network 

based techniques using data extracted  from programs. 

 

Figure1: Malware Detection Techniques 

M 
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1) Signature Based Detection 

Signature-based malware recognition, usually alludes to static 

investigation process, where the malware test is matches a 

formerly produces set of extraordinary signature against 

suspicions test. These can then be utilize to segregate malware 

document from cleanware document i.e. benign and is a 

regularly utilized technique by AV-vendors. The issue 

emerges, when managing with code obfuscation techniques 

utilized by the malware[3]. A portion of jumbling methods 

utilized against mark based discovery are recorded beneath:
  

 Packing: here, the malware is packed into a double 

record, which are just meaningful if revise 

decompression is utilized. Whenever decompressed, 

it is stacked into memory in a comprehensible frame. 

Malware can be compacted from numerous points of 

view and even a few times making it near difficult to 

figure out the code. 

 Polymorphism: here, the malware changes a portion 

of its code after each cycle it keeps running on the 

PC, while another part continues as before. 

 Metamorphism: here, the malware revamps all its 

code after every cycle it keeps running on the PC, yet 

at the same time keeps similar usefulness. 

2) Behavior Based Detection 

As the name recommends, conduct construct malware 

recognition depends in light of the investigation of the 

malware conduct amid its run-time. Behavior based 

strategy accept the malware amid it run-time mainly. They 

don’t endure the confinements found in signature based 

method since they settle on their choice subsequent to 

watching malware activates instead of searching for 

beforehand signature[2]. Breaking down malware after its 

execution, and in a limited domain, is normally alluded to 

as dynamic examination, for further insights about what 

instruments have been looked into in the last study. The 

preferred standpoint when utilizing this kind of location is 

to be autonomous of the real source-code of the malware. 

Here the source-code can execute distinctive code jumbling 

strategies e.g. packing their code, polymorphism and 

transformative nature.
 
 

In any case, they experience the ill effects of a high false 

positive rates where a generous program is dishonestly 

grouped as a malevolent program. Basically consists of the 

following components: 

 Information Collector: This segment gathers 

dynamic/static data about the executable.  

 Mediator: This segment changes over crude data 

gathered by information accumulation module into 

halfway representations. 

 Matcher: It is utilized to contrast this representation 

and the conduct signature. 

3) Heuristic Based Detection 

Antivirus applications that utilization heuristics are like 

mark based discovery programs. They look to distinguish 

malware by inspecting the code in an infection program 

and breaking down the program's structure. A heuristic 

antivirus application utilizing this discovery technique may 

run a procedure that recreates really running the code it's 

analyzing. When it does that, the antivirus application tries 

to distinguish extra code rationale that may help it figure 

out whether the presumed infection is truly a risk [3].
  

III. MALWARE DETECTION COUNTERMEASURES 

1) Heuristic Frustration: Concealment 

Infection creators are very much aware of the suspicious 

attributes searched by heuristics infection scanners and will 

frequently outline their manifestation with goal that they 

maintain a strategic distance from or disguise these 

qualities.
 [
 

2) Metamorphism and Polymorphism  

Best executable infectors are "polymorphic" on the grounds 

that every time the viral code is replicated to another 

objective it is changed. This is conceivable on the grounds 

that for any give operation there are by and large countless 

machine guidelines. For a scrambled infection, the 

unscrambling code is most likely the simplest to distinguish, 

so a polymorphic infection will change its decryptor for 

each new contamination. The most punctual infections 

contained various distinctive decryrptor and just utilized an 

alternate one every time, except more refined systems are 

utilized – arbitrary garbage guidelines can be embedded, 

proportional directions can be swapped and the request of 

execution (unscrambling) can be changed. Changeable 

infections utilize polymorphic on the whole infection 

instead of just on the decryptor. While polymorphic 

infections by and large decode to a consistent infection body 

in memory, with changeable infections every infection body 

is different.  

The possibility of this is to baffle antivirus programs that 

work by mark checking. The accomplishment of the 

infection relies on upon how great the modifying 

calculations are – for the best polymorphic and 

transformative infections, distinctive diseases have no code 

in like manner, as are difficult to recognize.
  

3) Encryption and Packing 

On off the chance that and infection is encoded i.e. encrypted, 

it is all the more troublesome for an infection scanner to learn 

anything about it. Encryption which is trifling for a human to 

break can all the things considered be extremely compelling 

for disappointing infection examination. Nonetheless, with the 

coming of working framework operating-system for genuine 

encryption, some infections are utilizing "genuine" encryption 

calculations, for example, IDEA. Such encryption can never 

be thoroughly secure since the infection should dependably 
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convey the key some place, yet in the event that the infection 

actualizes and odd calculations it can be extremely tedious to 

examinations as the examiner must re-execute the calculation. 

Decryptors are regularly polymorphic and will decode 

segments of infection code in apparently arbitrary over to 

confound heuristic unscrambling identifiers.
 
 

4) Retroviruses 

Some infections i.e. virus are planners particularly to assault 

antivirus or security items running on an objective PC. Such 

infections are called as retroviruses (the similarity being with 

natural retroviruses for example, HIV which assault the 

insusceptible system).Additionally, other kind of malware 

may incorporate retrovirus-like usefulness (for example, some 

spyware has been known to hunt down mainstream hostile to 

spyware and endeavor to deactivate them).
 
 

IV. RELATED WORK  

A related approach to deal with signature based identification 

is supervised classification, which utilizes cases of known 

malware to manufacture a classification model that recognizes 

the known dangers from different programs. Supervised 

classification approaches likewise have an indistinguishable 

restriction from signature based recognition in that they both 

perform inadequately on new and developing malware [14]. 

Likewise, building a precise grouping model is a test because 

of the assorted qualities of malware classes, their imbalanced 

circulation, and in addition the information flaw issues (noise, 

missing values, and corresponded features) that keep on 

hindering the appropriation of more advanced learning 

algorithms. Behavior based identification strategies utilize the 

learning of what is considered as great conduct to recognize 

malevolent programs. A special class of behavior based 

discovery is specification based detection, which makes 

utilization of certain lead set of what is viewed as adequate 

conduct of programs [10]. Programs violating such rule set are 

pronounced as malignant. Measurable and unsupervised 

learning methods for behavior detection have likewise been 

broadly examined as of late. The key preferred standpoint of 

behavior based detection is its capacity to recognize zero-day 

malware. 

V. METHODS COMPARISON 

In this paper we have investigated various malware detection 

methods. Moreover, a brief overview on advantages 

disadvantages and features is given .indeed, high false 

positive ratio is  the most disadvantages of behavior based 

malware detection .In this regards, we present a comparison 

table which is illustrated in Table I.  

 

TABLE I: A COMPARISON OF MALWARE DETECTION APPROACHES 

 

Sr.No Features Title of paper Method  Scope of Paper Research Gap 

1. Content-based 

features 

Classification of 

packet contents for 

malware detection[8] 

Distance based 

algorithm. Pattern 

based algorithm for 

packet classification 

Reduces the false positive 

rate. 

Improves the accuracy of 

malware detection 

effectively. 

Takes a long time of training. 

Low rate for false positives and negative. 

Compound files such as doc, pdf and xls, 

need to find a technique by which 

compound files can be detect. 

2. N-Gram Byte Level n–Gram 

Analysis for Malware 

Detection[5] 

Heuristic based 

approach 

Improves the accuracy of 

malware detection 

effectively. 

Random forest  

Data mining technique result 

in better performance. 

As the size of n-gram increases the 

frequency of relevant n gram decrease. 

Only show better performance for n-gram 

value 3. 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 261 
 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

The scanner fails to detect unseen and 

obfuscate malware. 

3. API Behaviour-based 

features model for 

malware detection[16] 

 

API Hooking 

technique 

Able to achieve higher 

accuracy rate but fails in front 

of malware samples that 

checks for the existence of 

virtual machine artifacts. 

Platform depended since it traces the API 

invoke by OS. 

More improvement in the behavior of 

malware actions, data flow dependence 

can be used which will give more insight 

for malware identification. 

 

 

  Zero-day Malware 

Detection based on 

supervised learning 

algorithms of API call 

signatures[14] 

Data mining technique 

based on API calls 

SVM based classifier shows 

better detection rate among 8 

classifier for API calls. 

Only applicable to windows system since 

it uses PE format of API calls. 

  IMDS: Intelligent 

malware detection 

system[11] 

API execution 

sequences 

Detects polymorphic and 

unknown malware. 

Fewer false positives than 

other scanners. 

Outperforms other 

classification approaches in 

both detection ratio and 

accuracy. 

Only applied for windows based system. 

Large set of generated rules for building 

classifier.  

  CIMDS: Adapting 

Postprocessing 

Techniques of 

Associative 

Classification for 

Malware 

Detection[15] 

Post processing 

Techniques  

Outperforms popular 

antivirus software tools, such 

as 

McAfee Virus Scan and 

Norton Antivirus as well as 

previous data-mining based 

detection system. 

Reduces the number of 

Generated rules. 

Fewer detection time rather 

than other scanners.  

Only provides binary predictions. 

 

 

 

 

 

 

  A comparison of 

static, dynamic, and 

hybrid analysis of 

malware detection.[4] 

Hidden Markov model 

for comparison 

malware analysis 

method. 

Dynamic based approach on 

API Calls leads to effective 

result compare to static and 

other approach used in this 

paper 

Dynamic analysis would be impractical 

for large amount of file. 

Time consuming. 

4 Content-based 

behavior-

based 

Detecting Hiding 

Malicious Website 

Using network   

Induction learning 

technique in Net Flow 

data 

Combination spatial and 

temporal variable have 

greater accuracy rate. 

Net Flow variable will generate worst 

detection rate as compared to spatial and 

temporal variable.  
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features 

 

Traffic Mining 

Approach[10] 

Easily differentiate between 

normal and malicious traffic. 

Again based on pattern it will scan. 

5 CFG  A graph based model 

for malware detection 

and classification 

using system call 

groups[6] 

Heuristic malware 

detection 

High detection ratio. 

Low false positive rate.  

Grouping of system call to system calls 

groups leads to loss of information 

leading to higher rate false positive. 

VI. CONCLUSION 

All the literatures related to the field of malware detection 

has been examined and dissected. It is found that there are 

diverse strategies like authorization based methodology, 

signature based procedures, and design based systems which 

are being used in this field. The paper endeavors to 

overview and dissect every systems and a brief examination 

about them is given. In future, new algorithm, such as, 

machine learning methods, for classification and prediction 

can be used in this malware detection. 
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Abstract: The present research paper discusses the random 

experiments, probability and expectation. The random 

experiments like tossing a coin, tossing a die, etc. are regularly 

discussed in any probability book. This research paper will focus 

on a random experiment of new age. We determine the 

probability of having a baby boy and a baby girl while having 

sex between a female and a male which is a random experiment. 

Using probabilities, we will determine the expected sex ratio i.e. 

number of females per thousand males. The sex ratio in India is 

skewed towards males at present. We will suggest some remedies 

to achieve the target sex ratio of 1000 females per thousand 

males in 2051 in India. 

Key Words: Sex ratio, a baby boy, a baby girl, a male and a 

female, skewed sex ratio and target sex ratio 

I. INTRODUCTION 

andom experiment is an experiment whose all possible 

outcomes are known in advance but the occurrence of 

any outcome cannot be predicted with certainty before the 

completion of the experiment e.g. tossing a coin, tossing a 

coin twice at a time or tossing two coins simultaneously. 

 The set of all possible outcomes of random 

experiment is called a sample space of that experiment and is 

denoted by  . When a coin is tossed twice at a time then its 

sample space is   *           +. 

 A subset of the sample space is called an event. For 

the sample space   *           +, *  +, *  +, *  + 
and *  + are events. The event *  + results in two heads 

when a coin is tossed twice at a time. The event *  + 
represents two tails and *  + and  *  + pertains to one head 

and one tail when a coin is tossed twice at a time. 

 This experiment of tossing a coin twice at a time can 

be compared with the experiment of having sex between a 

male and a female, necessarily a married couple (a male and a 

female). Biologically, a male have sex hormones XY and a 

female have sex hormones XX. When a male and a female 

have sex, there is a chance of having a baby boy (when X of a 

female fertilises with Y of a male). When X of a female 

fertilises with X of a male then there is a chance of having a 

baby girl. In this uncertain experiment, we determine the 

probability of having a baby boy and a baby girl and the 

expected sex ratio. 

The Probability and The Expectation: 

 The sample space of this experiment is   
*           +. Henceforth, we can conclude that *  + and 
*  + result in a baby girl and *  + and *  + represent a baby 

boy while having sex between a male and a female. 

The probability of having a baby boy is calculated as  

   (       )  
 

 
 
 

 
. 

The probability of having a baby girl is determined by 

   (        )  
 

 
 
 

 
. 

The total probability of having a baby boy and a baby girl is 

 . 

 Let   denote the number of baby boy and   denote 

the number of baby girl with the corresponding probabilities 
 

 
 

each. It is clear that the number of baby boy          and 

the number of baby girl          in this experiment. 

Therefore, the expectation of baby boy is 

 ( )  
 

 
( )  

 

 
( )    

and the expectation of baby girl is 

   ( )  
 

 
( )  

 

 
( )   . 

 With the help of probability and expectation, we can 

calculate the sex ratio     as    . This shows that the sex 

ratio is 1000 females per 1000 males in a population. This 

human sex ratio is applicable to all countries in the world. 

According to Census 2011, India and other countries have the 

following sex ratio. 

Sex Ratio in India and Other Countries: 

R 
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Sex ratio is defined as the number of females per 

1000 males in a population. It is a key measure to monitor the 

development of a country. In developing country like India, 

sex ratio is generally skewed in favour of the males. The 

conservative people of the society which is a major part of the 

population in India creates a gender imbalance by viewing the 

male child as an asset and the female child as a liability for 

the family. To nullify this imbalance in gender of childs, the 

government of India must make an effort to improve the child 

sex ratio by giving several incentives to parents with female 

child. 

Countries*/State 
Sex 

Ratio 
Countries*/State 

Sex 

Ratio 

India 943 Bhutan 897 

Myanmar 1048 Russian Federation 1165 

Nepal 1014 Brazil 1031 

Afghanistan 931 Sri Lanka 1032 

Nigeria 995 China 927 

Australia 1011 United Kingdom 1037 

Pakistan 942 France 1056 

Bangladesh 978 
United States of 

America** 
1026 

Republic of 

Korea 
1020 Germany 1038 

* Only Selected Countries ** USA as per census 2010 figures on the 
websites of US Census Bureau. 

 

 

Fig.-1. Map indicating the human sex ratio by country. 

Countries with more females than males. (Pink) 

Countries with same number of males and females (i.e., 1 

male to 1 female). (Green) 

Countries with more males than females. (Blue) 

 In the world, there can be countries with more 

females than males, countries with same number of females 

and males (i.e. 1 male to 1 female which is ideal) and 

countries with more males than females as shown in the above 

figure. As the table suggests, there should be ideal situation 

where the number of females and the number of males are 

equal or equivalently the sex ratio should be    . The table 

shows that for all mentioned countries, the sex ratio should be 

          i.e.         which happens to be ideal most 

nearly.  

 If we take into consideration, all the countries in the 

world then this sex ratio must be    . But in India, it 

happens to be       females to   male or equivalently     

females against      males. 

Reasons and Remedies to Skewed Sex Ratio: 

 Some of the major reasons for this much skewed sex 

ratio in India are lack of the implementation of strict law 

regarding abortions, preference of the male child by majority 

of Indian population as discussed earlier and the rapes on 

women frequently occurring in India. 

 Now a days, in remote places of India abortions are 

occurring more regularly which should be stopped in order to 

improve sex ratio. Abortions are generally occurring for a 

couple having known a first child to be a female before birth 

of a baby by sonography and a couple having a first child to 

be a female and a second child to be again a female in foetus 

of a woman. If these couples decide to abort their babies 

(foetus) before birth, there will be an immense decrease in the 

girl childs. On the other hand, no couple decide to abort their 

babies before delivery to be born as a male child. As a result, 

abortions are occurring only to abort female childs resulting in 

the skewed sex ratio in India. 

 The preference of male child is another reason 

behind the skewed sex ratio. To decrease this skewed sex 

ratio, we must impose some rules for all couples in India. All 

couples in India should have at most two babies. Some of the 

couples may have 2 male childs, some may have 2 female 

childs and some of them may have 1 male child and 1 female 

child. This rule can contribute to level or balance the sex ratio 

in India. If couples do have only one child, either male or 

female, it will balance the sex ratio in the long run. 

 One more reason for the skewed sex ratio in India is 

the rapes occurring on women in India. The rapes are 

occurring not only in rural India but in urban India as well. 

Generally, illiteracy and unemployment divert the minds of 

youth to rape women in rural India. In urban India, the rapes 

are happening very often and the reasons behind them may be 

a night life in cities and a fashionable approach of women to 

have a sleeveless clothes or shorts or minis or midis. In short, 

high culture and fashion in cities create an atmosphere where 

women end up being raped. 

 As a whole, there are frequently happening rapes all 

over India as we are aware of those in recent years. This is a 

major reason why a couple in India don’t want to have a 

female child. 

 The laws regarding the punishment of the rapists 

should be tightened strictly, so that the rapes can be controlled 

drastically in India and that is the need of the hour. It will 

establish an atmosphere where couples want to have a female 
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child. After a long time, may be a decade or two decades, it 

will impact the sex ratio towards the balance in gender count 

in India. 

 The aim of this research paper is to improve the sex 

ratio upto the expectation of     ratio in India. Only writing 

and suggesting the remedies as discussed in this paper will not 

be sufficient to achieve the target sex ratio for India. The 

government of India should implement the stricter laws of 

abortion and the laws pertaining to the punishment of the 

rapists. The government should also follow the countries with 

more females than males. 

The government of India should implement these 

laws before 2021 in India, so that the target sex ratio of     

can be achieved in two decades in 2041 or completely 

achieved in 2051. 

The sex ratio is 1000 females per thousand males can 

be completely achievable in 2051. This has to be assured by 

the government of India because the government is for the 

people and by the people. The target sex ratio of     can be 

reflected in population census of 2051. 

Actual Observation in India: 

 In India,    women are still raped every day. At this 

rate, approximately       to       rapes are happening in 

India every year. If government of India can curb this horrible 

menace by executing the stringent punishment for rapists, 

definitely it will help to improve the sex ratio in long run. 

 Most of the rape accused are known to victims. The 

most of the rape accused, about       , were known to the 

victims in some capacity like family members, relatives, 

colleagues or known through somebody else. If this can be 

curbed anyway, the rapes can be decreased drastically or 

nullified. 

 Recently, the Maharashtra government amended the 

prisons rules to provide for a complete ban on parole or 

furlough for rape convicts, terrorists and others involved in 

heinous crimes. If the same law can be amended in India, the 

heinous crimes like rapes can be completely eradicated from 

India. 

 Moreover, government records peg the number of 

abortions in the country at   lakh a year but these numbers are 

significantly law. As per the survey on the incidence of 

abortion in India, provisional estimates place it at      

million. If the number of abortions is controlled towards 

vanishing, it will improve the skewed sex ratio after a 

significant period of time.  

 

 

II. CONCLUSION 

 With the help of probability, we conclude that the 

probability of having a baby boy and a baby girl is 
 

 
 each. The 

expectation of having a baby boy is   and the expectation of 

having a baby girl is   too. Hence, we conclude that the 

expectation sex ratio     i.e. 1 female against 1 male or 

equivalently 1000 females per 1000 males. 

 As per the discussion in this research paper, the sex 

ratio is skewed towards the males in population in India. 

There are few reasons behind this which has been discussed 

earlier. As compared to other countries India has 943 females 

per 1000 males. It has to be changed so that the sex ratio is 

balanced and it can accelerate the development of India 

eventually. 

 There has to be stricter implementation of laws by 

government of India. The government of India should ensure 

that the laws are followed properly and effectively as they are 

followed in other developed countries where the sex ratio is 

not only balanced but skewed towards the females. 

 The government of India should amend new laws 

regarding abortions so that not a single abortion can be 

executed in India in fact abortions should be banned. The laws 

regarding the punishment of the rapists should be so lethal 

that the rapists must be hanged to death immediately after the 

accused are caught. 

 The government of India should amend these laws 

before 2021. The government should also regularize the rule 

that all the couples in India must have at most two babies. 

This will balance the sex ratio after a long period of time like 

two decades or three decades. If these laws and rules are 

followed, gradually the sex ratio will improve. We are sure as 

a nation like India, we can achieve the target sex ratio of     

in population census of 2051 in India. 

 We humbly request the Indian government to 

implement these laws and start an initiative towards the target 

sex ratio of     in 2051. In 2051, we can and will have the 

sex ratio of 1000 females per 1000 males which will be the 

ideal situation in India.   
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Abstract:- Inventory classification of drugs and medicines using 

ABC-VED analysis is the most widely employed technique in the 

pharmacy department of private and government hospitals both. 

This paper studies the optimal order policy for the economic 

order quantity (EOQ) inventory model under limited budget 

constraint. The multi-item inventory problem to obtain the 

optimum EOQ level has been derived as nonlinear programming 

problem under limited budget and number of orders in a fixed 

period of time constraints. Numerical illustrations have been 

given for different models by using secondary data. 

Keywords ABC-VED inventory classification, Nonlinear 

Programming Technique, Optimization of EOQ. 

I.  INTRODUCTION 

eeping inventory in the pharmacy department of a 

hospital has its own various costs which may, 

sometimes, be more than the value of the commodity being 

carried out in stores. Inventory usually represents a 

pharmacy‟s largest current asset. The value of inventory to all 

pharmacies continues to rise owing to the increased variety 

and expense of pharmaceutical products. Therefore, proper 

management of inventory has a significant impact on both the 

financial and the operational aspects of any pharmacy 

(Huffman 1996; West 2003). Inventory management means 

minimizing the investment in inventory while balancing 

supply and demand. 

Acquisition, Procurement, carrying, and stock out or shortage 

costs are four major costs associated with pharmacy inventory 

control management (Desselle, Shane P. et al, 2012). 

Acquisition, procurement and carrying costs can be calculated 

accurately and are an important financial consideration in 

pharmacy management. These three types of inventory costs 

should be monitored properly to minimize the total inventory 

cost. In general, shortage cost represents the failures in 

customer services and hence lost sales. Effective inventory 

management is important in meeting consumer or patient 

demands for both goods and services (Carroll, 1998). Not 

having any particular type of medicine when it is required 

urgently may cause a great risk towards the life of a patient. 

    To accomplish an effective inventory management of 

availability of drugs in a pharmacy, we must have a good 

purchasing policy, it is important for pharmacy managers to 

be aware of both demand and availability of vital medicines in 

a hospital pharmacy (West, 2003). Having the essential 

medicines (right product) always in the pharmacy (at right 

time), and at the right price is necessary to meet the patients‟ 

demand as well as to provide high quality of patient care. At 

the same time pharmacy management committee desire to 

minimize total inventory investment. However, any inventory 

system must answer the following two questions. 

(i) How much to order for each fixed time period?  

(ii) When to order to meet the requirement of vital 

medicines? 

          To minimize the total inventory costs, and to get 

answer of these questions, we have to model an “Optimal 

Economic Order Quantity Inventory Policies” under budget 

constraints and reorder level constraints separately.  

         The magnitude of inventory investment implies that 

there is great potential for improving the efficiency and 

performance of inventories in health care services. Many 

classical inventory models concern with single item has been 

developed by Resh, et al. (1976) and Hong, et al. (1990) who 

considered a classical lot size inventory model with linearly 

increasing demand. New inventory models in which item 

deterioration and demand are varying with time are studied by 

Balkhi and Benkhrouf (1996), Balkhi (1996, 1998, 2000, 

2001, and 2004) and Balkhi, et al. (2001) have introduced 

several inventory models for different conditions of inventory 

control procedures. The classical multi-item inventory models 

under resource constraints are available in the text-books of 

Hadley & Whitin (1963), Ben-Daya and Raouf (1993) have 

developed a general single-period multi-item inventory model 

with budgetary or floor space constraints, where demand rate 

follows uniform probability distribution. 

            In all above articles, in general, the inventory model 

is developed to control the production process according to 

uniform demand with or without shortages. However, health 

care services always need the right quantity of medicines on 

hand to cover hospitals‟ or patients‟ emergency demand. To 

determine the right quantity for any medicine is very difficult 

because demand may fluctuate unexpectedly. In general, there 

are three types of stock to be considered. Cycle stock is the 

regular inventory that is needed to fulfill orders. Buffer of 

K 
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Safety stock is additional inventory that is needed in case of 

sudden demand has occurred. Anticipatory or Speculative 

stock is inventory that is kept on hand because of expected 

future seasonal demand (e.g., Flu , Viral infection etc.) in a 

particular season. Having Anticipatory demand inventory in 

stock is very risky and expensive; therefore, it is not advisable 

to keep these medicines in stock (Desselle, et al. 2012).  

          To ensure adequate stock of all the required 

medicines in the pharmacy of any hospital, periodic review of 

expensive and vital drugs (life saving) weekly or twice in a 

month brings out about 20% savings in pharmacy store 

budget. The main objective of inventory management 

involves having to balance the conflicting economics of not 

wanting to hold too much stock (Adeyemi, 2010) and to 

provide the optimum stock at lowest cost. 

        In order to estimate the minimum quantity of 

medicines needed to meet demand, the pharmacy manager or 

purchasing department should know about- how much is on 

hand, at what point of time to reorder and how much to order? 

Thus, the overall goal of inventory management is to know 

what are needed, and to minimize the number of times any 

medicine is out of stock. In hospital pharmacies, formularies 

are utilized to enhance inventory management, where 

pharmacies can carry one therapeutic equivalent product 

within a class of medications to minimize overall inventory 

costs. In this paper, Optimum Economic Order Quantity of 

multi-item inventory control problems under available budget 

and total number of orders per year constraints problem has 

been attempted to solve for pharmacy department of a 

government hospital.  

II. FORMULATION OF THE PROBLEM 

        In pharmacy inventory management problem, once all 

medicines are categorized according to ABC-VED analysis, 

we must have to obtain an Optimum EOQ model to fulfill the 

demands of different medicines in right time in right amount. 

Junita & Sari (2012) have given an Economic order interval 

(EOI) multiple-item inventory model for pharmacy. Panda et 

al. (2005) have used nonlinear goal programming technique to 

solve EOQ of multi-item inventory problem with priority 

structure of items.  Such an arrangement of controlling 

inventory of each item is possible only if there is no constraint 

(limitation) on the total average inventory control systems. 

Chiu et al. (2004) have developed optimal order policy for 

EOQ model under shortage level constraints. Chen & Chang 

(2007) have obtained a seasonal demand inventory model 

with variable lead time and resource constraints applying 

mixed integer program with linearization technique. Balkhi, 

Z.T. (2014) has formulated the problem of multi-item 

production inventory system under different resource 

constraint as weighted linear programming problem. These 

resources includes the total warehouse space, the total 

investment in inventories, the total number of orders to be 

placed per year for all items; number of deliveries which can 

be accepted; size of delivery that can be handled, etc. Thus 

some modification to the optimal order quantity determined in 

classical EOQ models has to be made under certain 

constraints which are inevitable, such as, available fund and 

inventory size for pharmacy department. 

2.1 The Basic EOQ model for Single Item  

      when Shortages not permitted 

             To obtain the optimum economic order quantity 

(EOQ) model for single item when demand is assumed to be 

constant for one year, select an inventory policy for which the 

value of  Q
*

 is optimum and ordering frequency to place 

reorder in that period must be chosen in such a way that the 

total yearly inventory cost is to be minimized. 

 Assumptions  

 The demand is known, constant and resupplied 

instantaneously. 

 Lead time is negligible. 

 Shortages are not allowed. 

 Purchase cost and reorder costs do not vary with time 

(for a particular year). 

 Carrying cost per year is constant. 

 Each item is independent and money cannot be saved 

by substituting by other items  

 

    The main objective to derive this model is to provide an 

optimum answer to real-life problems, specially problems 

related to pharmacy department.        

Notations 

C  = Purchase cost of an item, 

Co = Ordering cost per order 

r   = Cost of carrying one rupee‟s worth of   

          inventory  

Ch = rC .  = Cost of carrying one unit of an item in the 

inventory for a given length of time. 

Di = annual demand of i
th

 item  

n = total number of items being controlled simultaneously 

fi = storage space required per unit of item i ( i = 1, 2,……, n) 

λ = non-negative Lagrange multiplier 

Qi = order quantity for item i in inventory ( i = 1, 2,……, n) 

M = upper limit of average inventory for all items in the stock 

Ci = cost per unit of item i ( i = 1, 2,……, n) 

chi
Carrying cost of item 

coi
Set-up/ordering cost of i

th
 item 
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F = investment limit for all items in the inventory (in Rupees) 

TC = Total inventory cost (in Rupees) 

TVC = Total Variable inventory Cost (in Rupees). 

       To determine optimal order size (Q), we need to calculate 

a total variable inventory cost for each order cycle. That is 

given by- 

 Total variable annual cost = Annual carrying cost + Annual 

ordering cost 

 TVC= (Average inventory level) x (Carrying  

            cost/unit/year) + (Number of orders placed/year) x 

(ordering cost/order) 

   TVC = CC
II

0h
minmax

Q

D
.

2








 

  

            = CC 0h
Q

D
.

2

Q
                                 (2.1.1)                                     

The total variable inventory cost is minimum at a value of Q 

which appears to be at the point where inventory carrying and 

ordering costs are equal. That is,         CC 0h
Q

D
.

2

Q
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C

Q 0
h
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Therefore, 

)EOQ(Q
*

= C0
C.r

C..D2
              (2.1.2 )                            

                                              

And optimal value of Q which minimize TVC can also be 

obtained by using differential calculus, that is, Economic 

Order Quantity   

C
C

Q 0
h

* D2
          (2.1.3)                                             

2.2 Optimum EOQ ( Q
*

) model for Multi-Item Inventory 

Control system under Constraints 

     Each medicines required in the pharmacy has its own 

importance in different conditions. Therefore, main objective 

of hospital management is to decide the inventory level of all 

medicine or decide the optimal number of units of each 

medicine so as to minimize the risk associated with shortage 

of any medicine under budget constraints. Inventory 

represents a substantial investment capital for many health 

care organizations. Thus the decision-maker places a limit on 

the amount of inventory to be carried. The inventory control 

policy must then be adjusted to meet this objective if the total 

investment exceeds the limit.   

2.2.1 Optimum EOQ ( Q
*

) model under Budget Constraint 

          Inventory represents a substantial investment capital for 

many firms. Thus the decision-maker places a limit on the 

amount of inventory to be carried specially in the health-care 

departments or pharmacy department because medicines 

cannot be used after expiry date. The inventory control policy 

must then be adjusted to meet this objective if the total 

investment exceeds the limit. Suppose that the inventory is 

controlled by a reorder level control policy (Q-System) under 

the conditions of demand and lead time certainty.  

Now the problem is to minimize the total variable inventory 

cost under the investment constraint as -

        

  )1.1.2.2(C
2

Q
C

Q

D
TVCMin

n

1i
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i
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  Subject to the constraint 
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             (2.2.1.2) 

       The above objective function (2.2.1) is Non-linear 

function, hence, to solve this function we have to obtain the 

“Kuhn-Tucker Necessary and Sufficient Conditions for 

Optimal Value of TVC”. Let λ as non-negative Lagrange 

multiplier to define a Non-linear objective function as - 

(2.2.1.3)0;FQCTVC),Q(L
n

1i
iii 
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n

1i
ii FQC    (Total fund available) (2.2.1.5) 

 Here λ indicates an additional cost related to the budget used 

by each unit of the medicines. Since *Qi  (optimal value 

of Qi
) and λ values are interdependent, a trial and error 

method is used for different values of λ to satisfy the 
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constraint equation on the availability of budget  “F” total 

fund for the pharmacy department. 

The Algorithm to solve the Non-linear objective function 

under budget constraint  

Step 1: For λ = 1, compute the EOQ for each item separately 

by using the formula 

ihi

oii
i

C2C

CD2
*Q


  , i = 1, 2, . .  .  .  .   , n 

Step 2: If  *Qi , (i = 1, 2,….., n) satisfies the condition of the 

total fund available, then stop the iteration procedure. 

Otherwise go to step 3. 

Step 3: Increase the value of λ if value of left-hand side of 

budget constraint is more than available fund otherwise 

decrease the value of λ. This means that the only way of 

finding appropriate solution is to adjust λ iteratively until the 

fund required comes exactly or very close to the available 

fund. 

2.2.2 Optimum EOQ Model under Number of  

        Orders Constraint 

        In general, there is conventional approach that to find out 

„reasonable‟ method of finding out the number of orders to 

maintain inventory in pharmacy not to find out the optimal 

value of „number of order annually” on the basis of past data 

of that hospital. To find out the EOQ for actual demand of 

multi-item case, we should use a scientific method on the 

basis of past data available in that particular hospital. In multi-

item inventory problem with a constraint on the number of 

orders to be placed per year, we have applied the method of 

optimization for inventory control of medicines on the basis of 

periodic review of data of demand available under number of 

order constraint which will minimize the total inventory cost.  

This approach can also be used where ordering cost per order 

and holding cost per unit per time period are not known. The 

following assumptions have been made to obtain the optimal 

number of orders per year – 

(i) Ordering cost and holding cost are same for all items, 

(ii) Orders are received in lots 

(iii)  Demand is constant 

(iv)  Stock outs are not allowed 

Under these assumptions, the total number of orders per year 

(N = D/Q) for all items can be determined as - 

Optimum number of orders per year- 

N* = 



DC

DC
N  

Where, DC = demand in rupees; N = specified number of 

orders. 

 

III. RESULT AND DISCUSSION 

     In Table 2.1, the Optimum EOQ  Q
*

i
  and corresponding 

optimum costs  C
*
i  is computed by using Basic Inventory 

model given in section 2.1. Secondary data have been 

collected from a government hospital of Chhattisgarh state. 

For the available data, the cost incurred annually in a 

pharmacy department of that hospital is Rs. 935906.40 

whereas the budget allocated to the pharmacy for that 

particular year is Rs. 50000.00 only. This result indicates that 

the extra amount used for medicines must have been managed 

from some other expenses which were allocated in the 

hospital. Because, government‟s policy is to provide 

maximum benefit directly to the general public under many 

“better health services program” announced for this region. 

       To avoid the case of over-expenses in the pharmacy, we 

have tried to apply some other method of minimization of cost 

related to purchase of medicines which comes under essential 

services. For this, the data of demand and purchase have been 

overviewed and then discussed with management committee 

of that hospital to know their purchase policy and 

procurement policy of inventory management in the 

pharmacy. Government hospital do not go for periodic review 

of consumption and purchase of medicines, instead there is 

conventional rule that they put their purchase order after a 

fixed period of time. 

     Order of purchasing the items has been placed in a fixed 

quantity twice in a year and there was situation of not being 

used of many items. 

     Thus, in view of above survey, in this paper we have 

suggest the non-linear programming technique under budget 

constraint to minimize the overall cost of medicines to meet 

the limited amount allocated for the pharmacy services. Then 

we have computed out total number of orders which should be 

placed in a year to procure in the pharmacy which are really in 

demand according to need of treatment in general. This has 

technique will help in minimizing the wastage of medicines 

due to its expiry date and hence to minimize the associated 

cost (amount which could not be used).  Numerical results 

obtained by above two techniques have been given in Table 

2.2 & Table 2.3. 

     In Table 2.2, the optimum EOQ  Q
*

i
  have been computed 

out for different values of λ, i.e. for λ = 1, 2, ……8 under the 

limited budget Rs. 50,000.00 Then, We have computed the 

optimum cost for different optimum EOQ  Q
*

i
  for all λ = 1, 

2, ……8 under budget constraint A & λ = 8, we found that the 

value of optimum cost is Rs. 49590.57 which is very close to 

the budget Rs. 50,000.00 allocated to pharmacy department in 

that particular year. In Table 2.3, optimum cost for different 

values of λ i.e. λ = 1, 2, ……,8 is computed. The result for λ = 

8 shown in the last column of Table 2.3 shows that the 
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optimum value of cost C
*
i  is Rs 49590.57, is computed with 

their corresponding values of optimum quantity of different 

medicines i.e. value of Q
*

i
  as given in the last column of 

Table 2.3.  

     Table 2.4 shows the optimum number of orders would be 

placed in a year is computed out by using Non-linear 

Programming technique under “number of orders constraint to 

be placed in a year”.  The results have been shown in Table 

2.4.   Hence, we suggest that the Pharmacy department of a 

hospital should use the above scientific methods to minimize 

the risk associated with expiry date of medicines which have 

not been used in time. 

     All computations has been carried out by using MS-

EXCEL. 

 

IV. CONCLUSION 

     The use of scientific methods can be applied directly to all 

real life problems.  Especially, in case of Pharmacy 

department, to compute the order quantity in different period 

of time as per demand and limited budget and time constrain 

we can use the method suggested in this paper.  Hence by 

using scientific method, we can improve the quality adjusted 

life and health care service both. 
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Table 2.1 

Numerical computation for Optimum EOQ ( Q
*

) and Optimum Cost ( C
* ) by using Basic Inventory Model. 

 
 
 

 

SL 
 

 

ITEM 

DEMAND 
(yearly)(uni

ts)  Di
 

COST PER 

UNIT (Rs) 

 C i
 

CARRYIN
G COST 

(Rs per unit 

per year) 

 Chi
 

SET-UP 

COST (Rs 
per set up) 

 Coi
 

Economic Order 

Quantity 

CCQ hioii
D2

*

  

Optimum Cost 

 

2

*  i

ii CC 
 

1 Tab. Paracetamol 150000 1 100 400 10954.45 5477.226 

2 Tab. Septran 100000 0.7 100 350 8366.6 2928.31 

3 Tab. Metronidazole 400 mg 80000 0.47 100 300 6928.203 1628.128 

4 Tab. CPM 50000 0.47 100 280 5291.503 1243.503 

5 Tab. Iron - Folic 150000 2.15 100 400 10954.45 11776.03 

6 Tab. Bisacodyl 5000 1 100 200 1414.214 707.1068 

7 Tab. Metfarmine 500 mg 50000 1 100 280 5291.503 2645.751 

8 Tab. Dexamethasone 0.5 mg 60000 0.25 100 280 5796.551 724.5688 

9 Tab. Diclofanic 50 mg 100000 2.5 100 350 8366.6 10458.25 

10 Tab. Aciloc 150 mg 150000 0.6 100 400 10954.45 3286.335 

11 ORS 50000 15 100 280 5291.503 39686.27 

12 Tab. Atenole 50 mg 25000 2 100 250 3535.534 3535.534 

13 Tab. Amoxycilline 125 mg 50000 6 100 280 5291.503 15874.51 

14 Syp. Antacid 25000 22 100 250 3535.534 38890.87 

15 Syp. Salbutamol 25000 12 100 250 3535.534 21213.2 

16 Syp. Domperidom 10000 12 100 220 2097.618 12585.71 

17 Syp. Septron 50000 7 100 280 5291.503 18520.26 

18 Eye drop Gentamicin Sulphate 25000 7.59 100 250 3535.534 13417.35 

19 G.B. Lotion 20000 18 100 220 2966.479 26698.31 

20 Inj. Paracetamol 100000 7 100 350 8366.6 29283.1 

21 Inj. Cefodaxim 1gm 50000 22 100 280 5291.503 58206.53 

22 Inj. Ceftrixone 500 mg 30000 30 100 250 3872.983 58094.75 

23 Cream Miconazol 25000 15 100 250 3535.534 26516.5 

24 Sus. Norflox - TZ 20000 18 100 220 2966.479 26698.31 

25 Inj. Diclofenic 80000 20 100 300 6928.203 69282.03 

26 Inj. Dicyclomine 50000 21 100 280 5291.503 55560.78 

27 Inj. B-Complex 80000 5 100 300 6928.203 17320.51 

28 Sus. PCM 50000 15 100 280 5291.503 39686.27 

29 Syp. Chloroquine 20000 20 100 220 2966.479 29664.79 

30 Inj. Aciloc 50000 3.27 100 280 5291.503 8651.607 

31 Inj. Ampiciline 500 mg 80000 13 100 300 6928.203 45033.32 

32 Inj. Amkacine 100 mg 20000 18 100 220 2966.479 26698.31 

33 Syp. Iron - Folic 30000 35 100 250 3872.983 67777.21 

34 Tab. Citrazine 25000 1 100 250 3535.534 1767.767 

35 Inj. Chloroquine 25000 5.45 100 250 3535.534 9634.33 

36 Inj. Deriphylline 50000 23 100 250 5000 57500 

37 Iv - RL 6000 30 100 200 1549.193 23237.9 

38 Iv - DS 5000 27 100 200 1414.214 19091.88 

39 Iv - DNS 5000 27 100 200 1414.214 19091.88 

40 Iv - NS 4000 25 100 200 1264.911 15811.39 

 TOTAL     197611 935906.4 

 
TABLE 2.2 

Numerical computation for Optimum EOQ ( Q
*
values with budget constraint: 

 

S.No 

 

 

 

 

 

Medicines name (Item) 

 

Demand 

 Di
 

 

 

Cost 

/Unit 

 C i
 

 

Carryin

g Cost 

 Chi

 

 

Set-up 

Cost 

 Coi
 

Optimum EOQ 




Q

i

*  






Q

*

1

 

λ =1 






Q

*

2

 

λ =2 






Q

*

3

 

λ =3 






Q

*

4

 

λ =4 






Q

*

5

 

λ =5 






Q

*

6

 

λ =6 






Q

*

7

 

λ =7 






Q

*

8

 

λ =8 

1 Tab. Paracetamol 150000 1 100 400 1084.65 
1074.1

7 
1063.9

9 
1054.

09 
1044.4

6 
1035.0

9 
1025.9

8 
1017.09 

2 Tab. Septran 100000 0.7 100 350 830.86 825.18 819.62 
814.1

7 
808.83 803.59 798.45 793.41 
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3 
Tab. Metronidazole 400 

mg 
80000 0.47 100 300 689.59 686.39 683.25 

680.1
5 

677.09 674.07 671.09 668.15 

4 Tab. CPM 50000 0.47 100 280 526.68 524.24 521.84 
519.4

7 
517.14 514.83 512.55 510.31 

5 Tab. Iron – Folic 150000 2.15 100 400 1072.62 
1051.1

7 
1030.9

6 
1011.

87 
993.81 976.67 960.39 944.91 

6 Tab. Bisacodyl 5000 1 100 200 140.03 138.67 137.36 
136.0

8 
134.84 133.63 132.45 131.30 

7 Tab. Metfarmine 500 mg 50000 1 100 280 523.94 518.87 513.95 
509.1

7 
504.52 500 495.59 491.30 

8 
Tab.Dexamethasone 0.5 

mg 
60000 0.25 100 280 578.21 576.78 575.35 

573.9

4 
572.54 571.15 569.76 568.39 

9 Tab. Diclofanic 50 mg 100000 2.5 100 350 816.49 797.72 780.18 
763.7

6 
748.33 733.79 720.08 707.10 

10 Tab. Aciloc 150 mg 150000 0.6 100 200 1088.93 
1082.5

3 

1076.2

4 

1070.

06 

1063.9

9 

1058.0

2 

1052.1

4 
1046.37 

11 ORS 50000 15 100 280 464.09 418.33 383.88 
356.7

5 
334.66 316.23 300.54 286.97 

12 Tab. Atenole 50 mg 25000 2 100 250 346.69 340.21 334.07 
328.2

6 
322.75 317.50 312.5 307.73 

13 Tab. Amoxycilline 125 mg 50000 6 100 280 500 475.19 453.74 
434.9

6 
418.33 403.47 390.09 377.96 

14 Syp. Antacid 25000 22 100 250 294.63 257.85 232.12 
212.8

1 
197.64 185.31 175.03 166.29 

15 Syp. Salbutamol 25000 12 100 250 317.50 290.62 269.58 
252.5

3 
238.36 226.33 215.96 206.90 

16 Syp. Domperidom 10000 12 100 220 188.37 172.42 159.94 
149.8

3 
141.42 134.28 128.13 122.75 

17 Syp. Septron 50000 7 100 280 495.59 467.71 444.05 
423.6

6 
405.83 390.09 376.05 363.42 

18 
Eye drop Gentamicin 

Sulphate 
25000 7.59 100 250 329.43 309.66 293.06 

278.8

8 
266.57 255.76 246.17 237.58 

19 G.B. Lotion 20000 18 100 220 254.37 226.19 205.69 
189.9

1 
177.28 166.87 158.11 150.60 

20 Inj. Paracetamol 100000 7 100 350 783.60 739.51 702.11 
669.8

6 
641.68 616.79 594.58 574.62 

21 Inj. Cefodaxim 1gm 50000 22 100 280 440.96 385.92 347.40 
318.5

1 
295.80 277.35 261.96 248.89 

22 Inj. Ceftrixone 500 mg 30000 30 100 250 306.19 261.12 231.45 
210.0

4 
193.65 180.58 169.84 160.81 

23 Cream Miconazol 25000 15 100 250 310.09 279.51 256.49 
238.3

6 
223.60 211.28 200.80 191.74 

24 Sus. Norflox – TZ 20000 18 100 220 254.37 226.19 205.68 
189.9

1 
177.28 166.87 158.11 150.60 

25 Inj. Diclofenic 80000 20 100 300 585.54 516.39 467.09 
429.6

6 
400 375.73 355.40 338.06 

26 Inj. Dicyclomine 50000 21 100 280 444.05 390.09 351.98 
323.2

3 

300.53

71535 
282.03 266.58 253.41 

27 Inj. B-Complex 80000 5 100 300 660.58 632.45 607.64 
585.5

4 
565.68 547.72 531.36 516.39 

28 Sus. PCM 50000 15 100 280 464.09 418.33 383.88 
356.7

5 

334.66

40106 
316.22 300.53 286.97 

29 Syp. Chloroquine 20000 20 100 220 250.71 221.11 200 
183.9

7 
171.26 160.87 152.17 144.74 

30 Inj. Aciloc 50000 3.27 100 280 512.65 497.61 483.81 
471.1

0 
459.35 448.43 438.25 428.74 

31 Inj. Ampiciline 500 mg 80000 13 100 300 617.21 561.95 519.29 
485.0

7 
456.83 433.01 412.56 394.77 

32 Inj. Amkacine 100 mg 20000 18 100 220 254.37 226.19 205.68 
189.9

1 
177.28 166.87 158.11 150.60 

33 Syp. Iron – Folic 30000 35 100 250 297.04 250 219.97 
198.6

8 
182.57 169.84 159.44 150.75 

34 Tab. Citrazine 25000 1 100 250 350.07 346.69 343.40 
340.2

1 
337.09 334.07 331.13 328.26 

35 Inj. Chloroquine 25000 5.45 100 250 335.73 320.35 306.91 
295.0

4 
284.44 274.90 266.27 258.40 

36 Inj. Deriphylline 50000 23 100 250 413.80 360.84 324.11 
296.6

9 
275.24 257.85 243.39 231.12 

37 Iv – RL 6000 30 100 200 122.47 104.45 92.58 84.02 77.46 72.23 67.94 64.32 
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38 Iv – DS 5000 27 100 200 113.96 98.06 87.37 79.55 73.52 68.68 64.68 61.31 

39 Iv – DNS 5000 27 100 200 113.96 98.06 87.37 79.55 73.52 68.68 64.68 61.31 

40 Iv – NS 4000 25 100 200 103.28 89.44 80 73.03 67.61 63.24 59.62 56.57 

 TOTAL     
18277.4

5 
17258.

22 
16483.

21 
15859

.13 
15337.

55 

14890.

08 

 

14498.

65 

 

14151.   

05 

 

 

TABLE 2.3 

Numerical computation for Optimum EOQ values with budget constraint for optimum cost: 

 

S.No 

 

 

Medicines name (Item) 

 

Demand 

 Di
 

 

Cost 

/Unit 

 C i
 

 

Carrying 

Cost 

 Chi
 

 

Set-up 

Cost 

 Coi
 

Optimum cost  C i

*  

 C
*

1
 

λ =1 

 C
*

2
 

λ =2 

 C
*

3
 

λ =3 

 C
*

4
 

λ =4 

 C
*

5
 

λ =5 

 C
*

6
 

λ =6 

 C
*

7
 

λ =7 

 C
*

8
 

λ =8 

1 Tab. Paracetamol 150000 1 100 400 542.33 537.08 531.99 527.04 522.23 517.54 512.98 508.54 

2 Tab. Septran 100000 0.7 100 350 290.80 288.81 286.86 284.96 283.09 281.25 279.45 277.69 

3 Tab. Metronidazole 400 mg 80000 0.47 100 300 162.05 161.30 160.56 159.83 159.11 158.40 157.70 157.01 

4 Tab. CPM 50000 0.47 100 280 123.77 123.19 122.63 122.07 121.52 120.98 120.45 119.92 

5 Tab. Iron – Folic 150000 2.15 100 400 1153.10 1130.01 1108.29 1087.77 1068.34 1049.92 1032.43 1015.78 

6 Tab. Bisacodyl 5000 1 100 200 70.01 69.33 68.68 68.04 67.41 66.81 66.22 65.65 

7 Tab. Metfarmine 500 mg 50000 1 100 280 261.97 259.43 256.97 254.58 252.26 250.00 247.79 245.65 

8 Tab.Dexamethasone 0.5 mg 60000 0.25 100 280 72.27 72.09 71.91 71.74 71.56 71.39 71.22 71.04 

9 Tab. Diclofanic 50 mg 100000 2.5 100 350 1020.60 997.15 975.23 954.70 935.41 917.24 900.10 883.88 

10 Tab. Aciloc 150 mg 150000 0.6 100 200 326.68 324.75 322.87 321.01 319.19 317.40 315.64 313.91 

11 ORS 50000 15 100 280 3480.70 3137.47 2879.14 2675.65 2509.98 2371.70 2254.02 2152.29 

12 Tab. Atenole 50 mg 25000 2 100 250 346.68 340.20 334.07 328.26 322.74 317.50 312.50 307.72 

13 Tab. Amoxycilline 125 mg 50000 6 100 280 1500.00 1425.57 1361.23 1304.88 1254.99 1210.42 1170.28 1133.89 

14 Syp. Antacid 25000 22 100 250 3240.90 2836.40 2553.31 2340.96 2174.06 2038.43 1925.38 1829.27 

15 Syp. Salbutamol 25000 12 100 250 1905.00 1743.71 1617.49 1515.23 1430.19 1358.03 1295.80 1241.40 

16 Syp. Domperidom 10000 12 100 220 1130.23 1034.53 959.65 898.97 848.52 805.71 768.79 736.52 

17 Syp. Septron 50000 7 100 280 1734.58 1636.97 1554.19 1482.81 1420.43 1365.33 1316.17 1271.97 

18 
Eye drop Gentamicin  

Sulphate 
25000 7.59 100 250 1250.19 1175.15 1112.18 1058.36 1011.65 970.64 934.24 901.65 

19 G.B. Lotion 20000 18 100 220 2289.36 2035.72 1851.20 1709.18 1595.52 1501.89 1423.02 1355.40 

20 Inj. Paracetamol 100000 7 100 350 2742.61 2588.28 2457.38 2344.52 2245.91 2158.77 2081.05 2011.17 

21 Inj. Cefodaxim 1gm 50000 22 100 280 4850.54 4245.14 3821.45 3503.62 3253.84 3050.85 2881.65 2737.80 

22 Inj. Ceftrixone 500 mg 30000 30 100 250 4592.79 3916.74 3471.83 3150.63 2904.73 2708.68 2547.62 2412.25 

23 Cream Miconazol 25000 15 100 250 2325.65 2096.31 1923.71 1787.74 1677.05 1584.66 1506.03 1438.05 

24 Sus. Norflox – TZ 20000 18 100 220 2289.36 2035.72 1851.20 1709.18 1595.52 1501.89 1423.02 1355.40 

25 Inj. Diclofenic 80000 20 100 300 5855.4 5163.97 4670.99 4296.69 4000.00 3757.34 3554.09 3380.61 

26 Inj. Dicyclomine 50000 21 100 280 4662.55 4095.99 3695.85 3393.91 3155.64 2961.39 2799.11 2660.87 

27 Inj. B-Complex 80000 5 100 300 1651.44 1581.13 1519.11 1463.85 1414.21 1369.30 1328.42 1290.99 

28 Sus. PCM 50000 15 100 280 3480.71 3137.47 2879.14 2675.65 2509.98 2371.70 2254.02 2152.29 

29 Syp. Chloroquine 20000 20 100 220 2507.13 2211.08 2000.00 1839.73 1712.69 1608.79 1521.77 1447.49 

30 Inj. Aciloc 50000 3.27 100 280 838.18 813.58 791.03 770.25 751.03 733.18 716.55 701.00 

31 Inj. Ampiciline 500 mg 80000 13 100 300 4011.88 3652.68 3375.39 3152.96 2969.40 2814.58 2681.69 2566.01 

32 Inj. Amkacine 100 mg 20000 18 100 220 2289.36 2035.72 1851.20 1709.18 1595.52 1501.89 1423.02 1355.40 

33 Syp. Iron – Folic 30000 35 100 250 5198.27 4375.00 3849.49 3476.90 3195.04 2972.22 2790.34 2638.22 

34 Tab. Citrazine 25000 1 100 250 175.03 173.34 171.70 170.10 168.54 167.03 165.56 164.13 

35 Inj. Chloroquine 25000 5.45 100 250 914.86 872.96 836.34 803.97 775.09 749.12 725.59 704.15 

36 Inj. Deriphylline 50000 23 100 250 4758.73 4149.70 3727.17 3412.00 3165.27 2965.33 2799.05 2657.93 

37 Iv – RL 6000 30 100 200 1837.11 1566.69 1388.73 1260.25 1161.89 1083.47 1019.04 964.90 

38 Iv – DS 5000 27 100 200 1538.46 1323.78 1179.50 1074.00 992.53 927.18 873.24 827.73 

39 Iv – DNS 5000 27 100 200 1538.46 1323.78 1179.50 1074.00 992.53 927.18 873.24 827.73 

40 Iv – NS 4000 25 100 200 1290.99 1118.03 1000.00 912.87 845.15 790.56 745.35 707.10 

 TOTAL     
80250.

87 

71806.18 

 

65769.
21 

 

61148.
13 

 

57449.
98 

 

54395.
91 

 

51813.
81 

 

49590.
57 
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TABLE 2.4 

Numerical computation for Optimum EOQ values with Optimum number of orders constraint: 

S. No. 

 

Medicines name (item) Demand (Di) Cost/Unit Optimum number of orders per year 

N
*  

1 Tab. Paracetamol 150000 1 9 

2 Tab. Septran 100000 0.7 6 

3 Tab. Metronidazole 400 mg 80000 0.47 5 

4 Tab. CPM 50000 0.47 4 

5 Tab. Iron – Folic 150000 2.15 2 

6 Tab. Bisacodyl 5000 1 2 

7 Tab. Metfarmine 500 mg 50000 1 5 

8 Tab.Dexamethasone 0.5 mg 60000 0.25 3 

9 Tab. Diclofanic 50 mg 100000 2.5 2 

10 Tab. Aciloc 150 mg 150000 0.6 7 

11 ORS 50000 15 20 

12 Tab. Atenole 50 mg 25000 2 5 

13 Tab. Amoxycilline 125 mg 50000 6 13 

14 Syp. Antacid 25000 22 17 

15 Syp. Salbutamol 25000 12 12 

16 Syp. Domperidom 10000 12 8 

17 Syp. Septron 50000 7 13 

18 Eye drop Gentamicin Sulphate 25000 7.59 10 

19 G.B. Lotion 20000 18 13 

20 Inj. Paracetamol 100000 7 19 

21 Inj. Cefodaxim 1gm 50000 22 24 

22 Inj. Ceftrixone 500 mg 30000 30 21 

23 Cream Miconazol 25000 15 14 

24 Sus. Norflox – TZ 20000 18 13 

25 Inj. Diclofenic 80000 20 29 

26 Inj. Dicyclomine 50000 21 23 

27 Inj. B-Complex 80000 5 14 

28 Sus. PCM 50000 15 20 

29 Syp. Chloroquine 20000 20 14 

30 Inj. Aciloc 50000 3.27 9 

31 Inj. Ampiciline 500 mg 80000 13 23 

32 Inj. Amkacine 100 mg 20000 18 13 

33 Syp. Iron – Folic 30000 35 23 

34 Tab. Citrazine 25000 1 4 

35 Inj. Chloroquine 25000 5.45 8 

36 Inj. Deriphylline 50000 23 24 

37 Iv – RL 6000 30 10 

38 Iv – DS 5000 27 8 

39 Iv – DNS 5000 27 8 

40 Iv – NS 4000 25 7 
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Abstract—Thispaper, describes the various power theories for 

Electrical power network solution and its mathematical 

approach in view of understanding the various apparent power 

calculation. These are necessary to evaluate the efficiency and 

performance of the transmission, distribution systems and 

various electrical equipment’s. In order to compensate the load, 

it is required to know which components of the load power to be 

compensated. Under balanced and sinusoidal conditions, the 

power definitions and decompositions are well defined and are 

being in the practice. But, in the case of non-ideal, there is no 

common agreement till now about the decompositions of power 

and current. Hence, the power decompositions and theories for 

the load compensation under non-ideal conditions have become 

an important research area. So in that context this article 

presents the current literature about the different power 

definitions and its conceptualisation under various source 

conditions.  

Keywords—Apparent Power, Reactive Power, Power Quality, 

Power Measurement, Power factor, IEEE Standards. 

I. INTRODUCTION 

ecause of the proliferation of nonlinear and power 

electronic loads in the distribution system, the voltage 

and currents are significantly distorted. With the uneven 

distribution of loads on three phases, these quantities are 

having unbalance in addition to the nonsinusoidal nature. 

Hence, the existing power definitions for single phase and 

three phases in ideal conditions are not valid under unbalanced 

and nonsinusoidal situations. Many researchers working on 

quantifying the definitions for active, reactive, apparent 

powers and power factor under these conditions. Till now, 

there is no common agreement on the definitions for the 

power components. The powers are defined either in the 

frequency or in the time domain. The apparent   powerdefined 

in frequency domain as  √     .Though, this definition 

is accepted and practicing, there is an ambiguity over addition 

of two dissimilar quantities (average, peak) to get another 

quantity. In time domain, the apparent power is defined 

as    .The apparent power definition in frequency domain 

and time domain are converging to same result under 

sinusoidal condition, whereas this is not true under non 

sinusoidal conditions.      Hence,      the      apparent      power     

definition  √     in the frequency domain is not valid 

under non sinusoidal conditions. In 1927 C. Budeanu 

developed a power equation and definitions  of the reactive 

and  distortion  powers[1] which dominated studies on 

systems with non-sinusoidalvoltages and currents for several 

decades. Power definitions for non-sinusoidal systems are 

founded on Budeanu's approach even in the present American 

Standard [4]. Budeanu and Fryze suggested their power 

equations Furthermore, Fryze managed to do it without 

decomposition of the voltage and current waveforms into 

harmonics, i.e., in the time- domain. Although supported with 

the German Standard [3], Fryze's power theory was not so 

known as Budeanu's. However, with an increasing 

disappointment with Budeanu's theory, Fryze's approach 

effected formidably the development [5, 6] of power theory of 

circuits with nonsinusoidal voltages and currents.  Budeanu's 

and Fryze's theories co-existed for more than fifty years. 

There were even attempts to combine them into a single 

power theory. Unfortunately, interpretation of power 

phenomena of circuits with nonsinusoidal voltages and 

currents remained unclear and controversial. Moreover, no 

progress was achieved with respect to power factor 

improvement with reactive compensators using these two 

theories. The situation changed in the eighties with an increase 

in the number of sources of waveform distortion, due to 

developments in power electronics. New attempts were made 

aimed at developing power theory and methods of power 

factor improvement in circuits with nonsinusoidal voltages 

and currents. Consequently, power properties of such circuits 

are much better understood now and there is a variety of 

methods for power factor improvement which go far beyond 

the results provided by Budeanu's and Fryze's power theories. 

Very often, however, in books and papers, power properties of 

circuits with nonsinusoidal waveforms are explained only in 

terms of Budeanu's or Fryze's theories. Consequently, they 

shape the knowledge of electrical engineers on powers in non- 

sinusoidal circuits, thus impairing their comprehension of 

power phenomena in such circuits. Often this knowledge is 

shaped even by only one of these theories. Therefore, it would 

be beneficial to discuss these theories from the present 

perspective. Moreover, the development of power theory is 

not completed yet. 

II POWER THEORIES AND DEFINATIONS 

There are different power decompositions, theories and 

approaches towards defining them. First classification is based 

on either it is time domain or frequency domain, second one is 

B 
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based on the decomposition of particular electrical quantity. 

The third one depends on the validation methodology of these 

definitions. Under the last classification, the power theory 

may be either first defined for the ideal case and then extends 

to non-ideal conditions or first defined to the non-ideal case 

and then validating the same for the ideal supply conditions. 

The decompositions are classified based on current, power 

and energy. Based on the lag, lead, linear and non-linear 

behavior of current with respect to voltage, the currents are 

decomposed. Some definitions are formulated based on 

instantaneous or average value of the power. Some authors 

considered energy consumed by the load as the basis for the 

definitions. 

A. Budeanu  power decomposition 

Budeanu decomposed apparent power into two types. The 

first one is active power and another one is deactive power. 

Again, the deactive power divided into two components as 

Budeanu‘s reactive power and Budeanu‘s distortion power. 

The active power is the average of the instantaneous power 

over a cycle [1]. 

 

       ∑          
 
                 (1) 

 

Where, V0 , I0 are dc components present in v(t) and i(t) 

respectively. This power (P) is the actual power that converted 

to the physical work. Budeanu‘s reactive power is defined as 

 

   ∑          
 
                          (2) 

 

The distortion power is defined as the following 

 

   √ 
       

                 (3) 

   

√∑ (  
   

    
   

              (     ))      (4) 

 

B. Fryze’s powerdecomposition  

Fryze decomposed the total current into two parts to get the 

power components [2]. The current is decomposed into two 

orthogonal currents named active current and reactive current. 

Its power theory is based on the supply current de- 

composition into the active current, ia, and the reactive 

current, denoted here by iR, namely 

 

                                                (5) 

 

The formulation of the active current is given below. 

 

      ( )  
 

  
  ( )                                                            (6) 

 

Here P is the average power and V is the rms value of 

voltage. The reactive current is  ( )   ( )    ( ) 
Then, the apparent power is calculated as 

 

         
      

          
          (7) 

 

Where, QF is the Fryze‘s reactive power. The Fryze‘s active 

power is not similar to useful power. Active power associated 

with harmonics is useful for resistive loads and it is harmful 

for the rotating machines. The harmonic active power is 

converted as heat in the windings, which can increase the 

temperature gradient of the machine. 

C. Shepherd and Zakikhani’s  power decomposition 

The currents in this decomposition are decomposed as 

given below. Active current is defined as 

 

   √∑   
           

 (8) 

 

Reactive current 

 

   √∑   
             (9) 

 

Distortion current   √ 
    

    
     (10) 

 

Where n1 is defined as the set, which consists of common 

harmonics of voltage and current. The apparent power is 

definedas 

 

     
    

    
                                                      (11) 

 

The active apparent power 

 

   √∑   
   

 
       

(12) 

 

The Reactive apparent power 

 

   √∑   
   

 
       

                                                       (13) 

 

Distortion apparent power is defined as given below. 

 

   √∑   
 

    

∑   
  

    

∑   
 

    

(∑   
 

    

 ∑   
 

    

) 

                                                                                        (14) 

Where n2 is the set of frequency components, which 

consists of only voltage harmonics and  no current   

harmonics. The set n3 represents the frequency components of 

current and no voltage harmonics [7]. 
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However, this decomposition does not provide any 

information leading to the determination of power factor. Here, 

the active apparent power is different from average active 

power (P). The another drawback of these decompositions is 

that, there is no definition of power similar to the  average 

power (P), which is the cause for energy transfer from 

sourceto load. 

D. Sharon’s power decomposition 

The  active  power  based  on the  average  of instantaneous 

power  is  not  used  in  the  Shepherd  and  Zakikhani‘s  

power decomposition,  which is very  much useful in 

determining  theenergy calculations. Hence, in order to 

alleviate this drawback, Sharon proposed a new 

decomposition in which Active Apparent Power (Sa) is 

replaced by Average Power (P) as given below [8] 

 

        
    

                                                       (15) 

 

     √∑   
                                                       (16) 

 

       √ 
       

                                       (17) 

E. Bucholz –Goodhue powerdefinition 

The Bucholz –Goodhue proposed apparent power 

definition as follows [9]. The effective voltage of three phase 

is defined as 

 

   √  
    

    
                                                    (18) 

 

The effective current of three phase is defined as 

 

   √  
    

    
                                                      (19) 

 

The effective apparent power is defined as given below. 

 

   √  
    

    
 √  

    
    

                         (20) 

 

F. Ferrero, Superti–Furga  power definition 

 

The authors have defined the power components in both 

time domain and frequency domains. These are presented 

under the following two headings [10,11]. 

 

Time Domain Decomposition 

The active current is defined as 

 

      ( )  
  

  
  ( )                                                                 (21) 

 

Where Ppis the average value of the real power and V is the 

rms value of the voltage Park vector. The residual current is 

obtained as Ix(t) = i(t) – ia(t). The currents defined as above 

are more effective than the decomposition on the single phase 

basis, since they attain the optimal redistribution of the 

average power Ppfor a specified voltage. Hence, to have zero 

sum currents the following equation should befollowed. 

 

    
        

  
    

    
   ( )                                                 (22) 

Frequency Domain Decomposition 

 

The active and reactive powers are defined as below. 

 

   ∑     
 

           ∑     
 

                        (23) 

 

Nu is the set of similar harmonic components in current and 

the voltage vector. The equivalent conductance 

 

   
  

  
Then the active current ia is defined as 

 

  ( )     ( )    ∑    
    

                                  (24) 

 

Then i(t) can be decomposed as follows. The summation of 

individual harmonic active current is written as given below. 

 

   ( )  ∑      
    

                                                 (25) 

 

The scattered current defined as 

 

  ( )     ( )    ( )  ∑ (     )   
    

                (26) 

The reactive current is 

     ∑      
    

    (27) 

  ( )    ∑      
    

                                                   (28) 

Nf is the set of dissimilar harmonic components in current and 
voltage vector. Finally the total current is 

                                                                        (29) 

Because of the orthogonality, the above equation can be 
written for the rms values as given below. 

     
    

    
    

                                                  (30) 

Again, the reactive current can be divided into two 
components based on the average value of park imaginary 
power and it is defined as given below. 

            
  

  
                                                             (31) 

  ( )       ( )                                                              (32) 

The reactive scattering current is 

   ( )    ( )    ( )                                                        (33) 
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Total reactive current is 

  
    

     
                                                                   (34) 

The total current is decomposed as given below 

     
    

    
     

    
         (35) 

 

The drawbacks of these power components include not 

consideration of zero sequence currents and voltages, inability 

to derive single phase situation from three phase case and 

there is no generalization to the polyphase systems for more 

thanthree phases [12]. 

G. Willems apparent power decomposition 

Here, three new concepts are introduced to characterize 

thetransmission efficiency and oscillatory behavior of the 

power. The oscillating power Sosc is defined as the rms value 

of the oscillating components of the instantaneous power.  

The rmspower Srms is defined as the rms value of the 

instantaneous power. The oscillation power factor (λosc ) is 

defined as the ratio of average or active power to the rms 

power. The oscillation power factor is zero for the pure 

oscillatory power and there is no net energy transfer. It equals 

one if the instantaneous power is constant [13]. 

 

    (    )  ∑        (     )           (36) 
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 √  
    

    
     

      (37) 

 

Thealternate complex power can be defined as 

 

     
    

 

The magnitude of the alternate complex power equals to the 

amplitude of the oscillation of the instantaneous power. The 

oscillating power Sosc equal to the rms value of the alternate 

complex power 

 

     
 

√ 
|  |      (38) 

 

The rms power equals 

 

     √ 
  

 

√ 
|  |

                                                       (39) 

 

The oscillating power factorequals 

 
 

√   
 

√ 
|  |

 
                                                                          (40) 

 

The maximal value of the oscillation power factor is obtained 

for a balanced load and positive sequence phase voltages and 

is equal to one. This is true for the load having reactive nature 

also. In these definitions of apparent power and power factor, 

there is no distinction between reactive power and oscillating 

power, which are independent quantities. This one is also not 

clearly giving the clear demonstration about different power 

phenomenon in the case of non-ideal conditions. 

 

III. IEEE WORKING GROUP POWER DEFINITION 

The power definitions for single phase and three phase 

systemsaccording to IEEE working group on power 

definitions are given below [4, 16, and 17]. 

Single phasesystem 

The non-sinusoidal voltage and current considered for  

defining the powers are given below. 

 

 ( )     √ ∑      (      )
 
                             (41) 

 

 ( )     √ ∑      (      )
 
                               (42) 

 

The rms voltage and current are defined as given below 
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                                                                     (43) 
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                 (45 , 46) 

The apparent power (S) is definedas 

 

   (  )  (    )
  (    )

  (    )
  (    )

     (47) 

The non-active power (S) is defined as 

  √                                                                        (48) 

The non-active apparent power (S  ) is definedas 

  
  (    )

  (    )
  (    )

                                  (49) 

The power factor is defined as pf = P/S. 

Three phase system 

 

The effective voltage (Ve) and current (Ie) in three phase 

system defined as givenbelow. 
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The effective fundamental voltage ( Ve1) and current ( Ie1 ) 
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are defined as 

   
  

   
     

     
 

 
                                                         (54) 

   
  

   
     

     
 

 
                                                           (55) 

The effective harmonic voltage ( VeH) and current ( IeH ) are 

defined as 

   
  ∑ (

   
     

     
 

 
)                                             (56) 

 

   
  ∑ (

   
     

     
 

 
)             (57) 

The effective apparent power is defined as 

                                                                                  (58) 

IV. IEEE 1459 POWER QUANTITY DEFINITIONS 

In Fig. 2, the diagram of the proposed strategy in the most 

general case of a three-phase four-wire system is reported. 

The same figurerepresents the whole strategy, which includes 

the blocks for the extraction of the positive, negative, and 

zero-sequence components of voltages and currents (called ps, 

ns, and zs) and the PLL block. In thediagram of figure 2, the 

blocks for the measurement of the IEEE Standard 1459-2000 

power quantities are also reported. In Fig. 1, the measurement 

of the active power P, the fundamental positive-sequence 

active and reactive powers   
 and  

 , and the harmonic active 

power   are separated from the block for the evaluation of 

the other 1459 power quantities [14,15,18-21]. 
 

 
 

                                      Fig. 1: Power Measurement Block 

 

 

 
Fig. 2: Block Diagram of Power Measurement using IEEE 1459 

 

In fact, the proposed strategy allows one to perform 

measuring these quantities without evaluating amplitudesand 

phase angles of fundamental and harmonic voltagesand 

currents. In detail, the active power is the dc componentof the 

instantaneous power (P = Vaia + Vbib+ Vcic); thus, it can be 

directly measured by means of a low-pass filter. Similarly,  
  

is directly measured by multiplying the fundamental positive-

sequence components of the voltages, extracted as previously 

shown, and the measured currents and by low-pass filtering 

the obtained instantaneous power as shown in Fig. 3. The 

same operation can be made with respect to 
 
  , just by 

shifting the fundamental positive-sequence components of the 

voltages by a quarter of a period, already by means of the 

Hilbert transformation. 

V. CONCLUSION 

In this paper, the major power definitions and   powertheories 

are presented in the light of real power, reactive power and 

apparent power under ideal and nonideal supply conditions. 

Even though, the researchers are trying to solve the problem 

of defining the powers under nonideal conditions, every 

decomposition or theory is limited in formulation and 

explaining the reactivepower and other fictitious powers. 

Fryze had shown a path to decompose the current based on 

orthogonality principle. Czarnecki and others are following 

this tool to decompose the current to know the nature of load 

before compensation. However, still there is a question of 

how many decompositions have to be made and validity of 
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them. Shepherd and Zakikhani tried to find out optimum 

capacitance value for the load compensation under different 

supply conditions. But, these decompositions are not useful 

for the compensation of time varying loads. In the Klusters 

and Moore decomposition, the load reactive current is divided 

into capacitive and inductive in order to compensate with the 

compensator of inductance and capacitance respectively. 

Willems proposed a new concept for defining the apparent 

power which is using the active power and rms value of the 

oscillating power. The decompositions defined in the time 

domain are not giving frequency information; similarly the 

decompositions made in the frequency domain are not giving 

time information.  

Finally, a time-domain strategy is presented here for the 

evaluation of fundamental positive, negative, and zero-

sequence components of voltages and currents for three-phase 

applications, both three wire and four wire. Thus, this strategy 

is well suited for the apparent power resolution according 

IEEE Standard 1459-2000, as it allows one to measure all of 

the power quantities without using any time-to-frequency 

transformation for voltages and currents‘ spectral analysis. 

Furthermore, active and reactive harmonic power can be 

measured directly without the evaluation of amplitudes and 

phase angles of currents. 
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Abstract— One of the statellite lines accompanying the intense 

diagram line Lβ2
 in the L-emission spectra, is the satellite β2

0. It 

is well known that the satellites occur due to electronic transition 

in multiply ionized atoms. In the present investigation, we have 

theoretically investigated the origin of Lβ2
0 satellite in the 

elements from 71Lu to 84Po, 88Ra, 90Th and 92U, in which this 

satellite has been observed. Shahlot and Soni have also 

theoretically investigated the Lβ2
0 satellite using Hartree-Fock-

Slater (HFS) formulae applicable in jj coupling for two hole 

states. A perusal of their results shows that in some cases the 

agreement between theoretical and experimental values is not so 

good. Hence, in the present investigation we have tried 

alternative calculations for calculating the energy of the satellite 

using the method of (Z+1) approximation. Our calculations show 

better agreement with the experimental values than that 

obtained from the values of Shahlot and Soni. However, in some 

cases, our calculations also do not yield good results and this has 

been discussed. 

Keywords—L-emission spectra, satellite Lβ2
0, multiple ionization 

theory, (Z+1) approximation, transition array  

I. INTRODUCTION 

hen X-rays are generated by electron impact, the 

radiation consists of a continuous spectrum and a 

superimposed line spectrum characteristic of the target. A 

typical characteristic X-ray spectrum of a heavy element 

consists of a number of groups of closely spaced discrete 

spectral lines. The X-ray emission spectral lines have been 

classified into two broad groups, namely, diagram lines and 

non-diagram lines or satellites. The spectral lines resulting 

from transitions between atomic states, involving single 

vacancy are called ‘diagram lines’, because energy of such 

lines can be expressed as the difference of two terms in the 

‘single vacancy’ energy level diagram. The diagram lines are 

found to be accompanied by groups of lines of slightly 

different energies and usually much smaller (10
-2

–10
-3

) 

intensities. Such lines have energies, which do not correspond 

to the energy difference between any two states of the normal 

single vacancy energy level diagram of the element concerned. 

These spectral lines are known as ‘non-diagram lines’ or more 

commonly as ‘X-ray satellite lines’. A survey of the theories 

reveals that the most widely accepted theory of X-ray 

satellites is the multiply ionization theory. In a multiple 

ionized atom, the energy levels of the atom are different than 

those in a singly ionized atom because the electrostatic 

attraction of the nucleus for the remaining electrons is 

increased by the absence of a second or more electrons. The 

X-ray satellite emitted due to transition in the multiply ionized 

atom has a different energy than the parent diagram line 

emitted by a transition in a singly ionized atom. Several 

methods have been used to calculate the energy difference 

between the double vacancy initial and final states, which 

could explain the origin of X-ray satellites.  

   The intense diagram line Lβ2
 
in the L-emission spectra 

arises because of strong dipole transition L3-N5 (2p3/2-4d5/2) 

between singly ionized states. In the elements with Z ≥ 71, the 

line Lβ2
 
is accompanied with its satellites on the higher energy 

side. One of these satellite lines is the satellite β2
0
[1].  In the 

present investigation, we have theoretically investigated the 

origin of Lβ2
0 
satellite in the elements from 71Lu to 84Po, 88Ra, 

90Th and 92U, in which this satellite has been observed. 

Shahlot and Soni have theoretically investigated the Lβ2
0
 

satellite and have found all the possible transitions using jj 

coupling scheme for the transition arrays L3Nx- NxN5 (x = 1 - 

5). They have used Hartree-Fock-Slater (HFS) formulae 

applicable in jj coupling for two hole states. They have 

devised a new method to find adiabatic relaxation energy 

which should be subtracted from the value of energy found by 

HFS method to arrive at the corrected value of the theoretical 

energy for a satellite. A perusal of their results shows that in 

some cases the agreement between theoretical and 

experimental values is not so good. Hence, in the present 

investigation we have tried alternative calculations for 

calculating the energy of the satellite using the method of 

(Z+1) approximation. The transition array L3Nx-NxN5(X=1-5) 

has also been assumed by us, as the origin of this satellite, as 

assumed by Shahlot [2] and Soni. The experimental values 

have been compared with our theoretically calculated values 

as well as with those of Shahlot and Soni. 

II.   CALCULATIONS, RESULTS AND DISCUSSION 

   In the present investigation, we are concerned with the 

theoretical investigations of Lβ2
0
 satellite in the elements from 

71Lu to 84Po, 86Rn, 88Ra, 90Th and 92U, as in most of these 

elements, the satellites have been observed. We have tried to 

assign transitions to the Lβ2
0
 satellite, on the basis of the 

calculations of energies of satellites considering (Z + 1) 

approximation, i.e, the energy of the second hole in the 

W 
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doubly ionized atom, both in the initial and final states, is 

taken as that for (Z +1) atom. The transition arrays 

responsible for the origin of the satellite Lβ2
0
 has been taken 

as 2p3/2
-1

4x - 4x 4d5/2
-1

(x = s, p, d) i.e. L3Nx - NxN5 (x = 1-5) 

as also used by Shahlot and Soni. Our method of calculation is 

given below. 

A. Method of Calculation of Energies of Satellites using 

(Z+1) Approximation  

    The method of (Z + 1) approximation can be understood 

by taking an example of say, Lβ2
0
 satellite, which appears 

close to and on the high energy side of the strong dipole line 

Lβ2, which arises due to L3-N5 transition. Following Shahlot 

and Soni, Lβ2
0
can be ascribed to the transition L3Nx-

NxN5(x=1-5). This means that if initially an atom is in the 

singly ionized state L3, then a transition to N5 state will give 

rise to the line Lβ2. However, if the atom happens to be in a 

doubly ionized state with an electron missing from each of the 

two states L3 and Nx, then a similar transition from a N5 to a 

L3 state will now leave the atom in the doubly ionized state 

NxN5 and give rise to the satellite Lβ2
0
.  Let (EL3Nx)Z be the 

energy of an atom of atomic number Z from which a L3 and a 

Nx electron has been removed, then to a close approximation. 

            (EL3Nx)Z = (EL3)Z + (E Nx)Z+1 

since the removal of a L3 electron is practically equivalent to 

increasing the pull on the Nx electron by augmenting the 

nuclear charge one proton unit. 

Also,           (E Nx N5)Z = (E Nx)Z + (EN5)Z+1 

 

 Then, for the satellite Lβ2
0 

which has been assigned the 

transition L3Nx-NxN5we have 
 

  (EL β2
0
)Z = (EL3Nx) Z - (E Nx N5)Z =  

   [(EL3)Z + (E Nx)Z+1] - [(E Nx)Z + (EN5)Z+1]  

 

    For calculations, the energy values can be taken from the 

tables of Bearden and Burr [3]. Using this (Z+1) 

approximation we have calculated the values of energies for 

all the transitions of the array L3Nx-NxN5(x=1-5). The 

averages of these values of energies have been calculated and 

are given in Table 1. In this table, the values for elements 83Bi 

and 88Ra are the values estimated by us by using linear 

interpolation method. Our theoretically calculated values of 

energies of Lβ2
0
 satellite have been compared with the 

experimental values, which are also given in Table 1. The 

agreement is good in most of the elements. However, in some 

elements, the agreement is not so good. It may be remarked 

here that (Z+1) approximation method suffers from the defect 

that it the does not take into account the multiplicity of levels 

in two hole states. 

   As already pointed out in the introduction, Shahlot and Soni 

have also theoretically calculated the energies of the satellite 

Lβ2
0
. In order to compare our method with their method of 

calculation and also to compare our theoretical values with 

their theoretical values, their method of calculation and the 

results obtained by them are described below in brief. 

TABLE I 
THEORETICAL VALUES OF ENERGY (in eV) Lβ2

0 SATELLITES 

        AND THEIR COMPARISON WITH EXPERIMENTAL VALUES 
 

S. 

No
. 

Ele

ment
s 

Present Calculated 

value using (Z+1) 
approximation as 

mean of transition 

schemes  L3Nx - 
NxN5 (x = 1-5) 

ShilpaShahlot’

s theoretical as 
corrected 

Value of mean 

of transition 
schemes L3Nx- 

NxN5 (x =1-5) 

Experime

ntal value 

1. 71Lu 9054.1 9064.76* 9055.64 

2. 72Hf 9353.9 9366.85 9354.84 

3. 73Ta 9657.8 9668.17* 9659.39 

4. 74W 9967.5 9971.14 9969.96 

5. 75Re 10284.4 10290.12* 10282.32 

6. 78Pt 11257.7 11247.48 11259.18 

7. 79Au 11589.5 11589.52* 11594.71 

8. 81Tl 12280.9 12273.61* 12283.05 

9. 82Pb 12630.6 12618.72 12632.96 

10. 83Bi 12985.0* 12991.56* 12991.09 

11. 88Ra 14877.8* 14871.23 14858.55 

12. 90Th 15641.9 15623.36* - 

13. 92U 16439.2 16375.29* 16444.34 

Note - * Denotes interpolated values. 

B. Shilpa Shahlot and Soni’s Theoretical Method of     

        Calculation of Energies of the Satellites Lβ2
0  

    Shahlot and Soni have calculated L3Nx-NxN5 transition 

energies in elements with Z > 72 in which jj - coupling 

approximation is most suitable. The HFS formulas for the 

energies of two hole states like, L3Nx and NxN5  (for X = 1-5) 

have been established. Each formula shows that the energy of 

any two hole state is given as the sum of three types of 

energies. The major part of this energy is due to sum of the 

energy of single hole states, the second major part is the spin 

orbit interaction energy between two holes, and the third 

contribution is due to weak electrostatic interaction energy 

between two holes. To calculate the total energy for a 

particular state, the energy of single hole states like L3, Nx and 

N5 have been taken from the tables of Bearden and Burr to 

calculate spin orbit interaction energy, the values of spin orbit 

constants have been taken from tables of Larkins [4]. To 

calculate the values of electrostatic energies, the values of all 

Slater integrals F’s and G’s have been taken from the tables of 

Mann [5]. In these tables the values of Slater integrals are 

given in atomic units, therefore, all these values have been 

changed to eV by multiplying the values of integrals by 13.6. 

The energies for all possible J values for each two hole 

configuration, under study have been calculated. 
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    Using the energies of two hole states, the energies of 

various transitions of arrays L3Nx - NxN5 have been calculated. 

Only those transitions have been considered which are 

allowed according to the dipole selection rules applicable for 

transitions in two electron system.  

    The averages of five arrays L3Nx - NxN5 have been 

calculated. Energies of all the five arrays L3Nx - NxN5 (x = 1 

to 5) are mutually very much close with one another and 

hence simple averages of transitions have been calculated. 

Their overall average has then been calculated. The Lβ2
0
 

satellite has been associated with these five arrays.  

    Shirley [6] in 1973 had suggested that when two electrons 

are removed from the atom, the orbits of the atom relax and 

adjust to the new potential field and this relation modifies the 

energy of the two hole states. This modification in the energy 

remains within the atom and hence it was named "adiabatic 

relaxation energy" (ARE). According to Shirley, it is possible 

to use the intermediate coupling formulae with the values of 

Slater integrals and of spin orbit parameter, which are 

applicable for neutral atom, but small correction term for 

adiabatic relaxation energy (ARE) had to be applied in the end 

of the formula. The adiabatic relaxation energy (ARE) for a 

transition can be written as k(initial) - k(final) = ∆k. ∆k is 

calculated as the difference between the theoretically 

calculated transition energies in intermediate coupling using 

HFS formulas with the experimentally measured energies of 

satellites. The difference for each transition and satellite 

energy is found to be nearly constant and an average of the 

difference is used as the correction term ∆k.  Using this 

method Shahlot and Soni have assigned the transition scheme 

L3Nx - NxN5 (x=1-5) to the satellite Lβ2
0
. The theoretical 

values of the energy of the satellite Lβ2 as reported by Shahlot 

and Soni are given in Table 1. These authors have calculated 

the theoretical energies for elements with Z= 72, 74, 78, 82, 

88. The values given in Table 1 for other elements are the 

values estimated by us by using linear interpolation method. It 

is seen from the Table 1 that the agreement between the 

theoretical and experimental values from our calculations is 

better than from the calculations of Shahlot and Soni. Also, 

the agreement is not good in some of the elements in the case 

of Shahlot and Soni’s calculations.  

III. CONCLUSIONS 

Our calculations show better agreement with the 

experimental values than that obtained from the values of 

Shahlot and Soni. However, in some cases, our calculations 

also do not yield good results. The reason for this may be that 

the procedure used for grouping of the transition schemes, as 

devised by Shahlot and Soni, may not be the correct 

procedure. The best alternative is to obtain theoretical satellite 

spectra. But this is not possible at the moment, because 

relative intensities of many transitions are not available in 

literature.   

REFERENCES 
  

[1]. Cauchois Y. and Senemaud C., (1978). "Wavelengths of X-ray  
emission lines and absorption  edges. (Pergamon press, Oxford). 

[2]. Shahlot S., (2005). Ph.D. thesis, J.N.V. University, Jodhpur. 
[3]. Bearden J.A. and Burr A.F., (1965). Atomic energy levels (U.S. 

atomic Energy Commission, Oak Ridge Tennessee.        
[4].  Larkins F.P., (1977).  At. Data Nucl. Data Tables 20, 311. 
[5]. Mann J.B., (1967).  Atomic structure calculations I (LOS Almos    

Scientific Lab, Report no. LA, 3690).  
[6]. Shirley D.A., (1973). Phy. Rev. A7, 1520. 

 
  

. 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 284 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  

 

Study of Electron Dispersion of Liquid Rare Earth 

Metals using Pseudopotential  
Kamaldeep G. Bhatia

1
, N. K. Bhatt

2
, P. R. Vyas

3
 and V. B. Gohel

3
  

 
1
Department of Physics, LJIET, S. G. Highway, Ahmedabad, Gujarat, India 

2
Department of Physics, Sardar Patel University, Vallabh Vidyanagar - 388120, Gujarat, India 

3
Department of Physics, School of Science, Gujarat University, Ahmedabad - 380009, Gujarat, India 

 
Abstract—In the present communication, the electron dispersion 

curves of liquid rare earth metals (La, Ce, Gd, Eu and Yb) are 

studied using second order perturbation theory. The Krasko-

Guruskii (KG) pseudopotential, found to be successful for the 

study of metallic properties of rare earth metals, is extended 

further for the calculations of electron dispersion, Fermi energy 

(Ef) and density of states (N(Ef)) of liquid rare earth metals. We 

have used a simple scheme using which two parameters are 

reduced to effectively single parameter. The presently computed 

values of all the physical properties studied are in accordance 

with those studied for simple metals. Such study confirms that 

liquid transition and rare earth metals can be described 

successfully with single parameter pseudopotential and without 

any adjustment of valency. 

Keywords— Liquid Rare Earth Metals; Local Pseudopotential; 

Electron Dispersion; Fermi Energy and Density of States.  

I. INTRODUCTION 

n most of the geological settings, rare earth elements (La, 

Ce, Gd, Eu and Yb) are of great importance as it helps in 

understanding a wide variety of geological, geochemical and 

cosmochemical processes that take place on Earth, other 

planets and other planetary bodies. In addition to this, rare 

earth elements have proven of increasingly great commercial 

value. The demand of rare earth elements have been increased 

because of the  technological uses like hybrid engines, metal 

alloys, lasers, fluorescent lamps, ceramics and magnets [1]. 

The rare-earth metals form a series of elements with almost 

identical chemical properties. When electrons are added to 

these atoms, as the nuclear charge is increased, they go into 

the 4f shell, and since this shell lies in the interior of the 

xenon core region the bulk properties of the metals are 

thereby essentially unchanged. However, some macroscopic 

properties as, for example, the cohesive energy vary quasi 

irregularly in the series and seem at first sight to be in 

contradiction to the expected smooth behaviour [2]. 

This is, however, due to the occurrence of different types of 

atomic configurations for the rare earths. Thus La, Ce and Gd 

hold a 4f
n
 5d

1
 6s

2
 (trivalent) atomic configuration, while the 

Eu and Yb has a 4f
n+1

 6s
2
 (divalent) configuration. In the solid 

phase, however, most of the elements are found in the 

trivalent configuration, and therefore in the condensation of 

the atoms one of the 4f electrons has been promoted into the 

5d state. Only in the case of europium and ytterbium do the 

elements remain in a divalent state when a solid [3]. If the 

behaviour of the rare earth elements is known some of their 

metallic properties can be predicted with good confidence. 

The electrical resistivity of liquid rare earth metals has been 

the subject of considerable interest theoretically and 

experimentally [4-7]. The order of magnitude of resistivity for 

liquid La, Ce, Gd and Yb is about the same as that for the 

liquid transition metals such as Mn, Fe and Co. For liquid Eu 

the value of resistivity is much higher and closer to that of 

liquid Ba [8].  

Looking to all aforesaid, it is necessary to carry out the 

study of physical properties of these group of metals at 

metallic density and liquid density. The study of liquid state 

properties like transport properties play an important role in 

metallurgy. Such study will provide information about the 

interactions persisting inside the metals at solid density. In 

order to compute electronic properties of the liquid metals 

theoretically one must have knowledge of electron-ion 

interactions. The comprehensive study of the physical 

properties particularly liquid state properties are beyond the 

scope of ab initio method [9]. In this context pseudopotential 

theory has been proven as a successful tool to understand 

almost all the physical properties at metallic density.  

The non-local pseudopotential is better in comparison with 

local one but due to the complexity and less transparency the 

use of non-local pseudopotential is very limited for such study. 

In comparison with non-local, local pseudopotentials are 

computationally simple and physically transparent.  

For transition and f-shell metals, the use of local 

pseudopotential with less number of parameters is a long 

standing problem and it still remains a problem for physicists. 

Keeping this in our mind, we have carried out theoretical 

study of electron dispersion, Fermi energy and density of 

states at Fermi energy of liquid rare earth metals using single 

parameter Krasko-Guruskii (KG) pseudopotential [10]. We 

have used such pseudopotential successfully for the 

description of liquid metal resistivity using t-matrix approach 

recently for rare earth metals [7]. 

II. THEORY 

I 
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In the framework of second order perturbation theory, the 

electronic structure of a liquid metal is a sum of ground state 

energy E0 and first and second order corrections to the energy 

E1 and E2 in atomic unit is given by, 

 

 ( )       | ( )|   ∑
 ( )  ( )| ( )| 

   |   |  
 

      (1) 

Here <k|V(q)|k> is the matrix element of pseudopotential 

formfactor between two zeroth order plane waves which gives 

first order correction to the energy and V(q) is the screened 

pseudopotential [V(q)=Vion(q)/ε(q)].   

Where ε(q) is a modified Hartree dielectric function,  

ε(q) = [H(q)-1][1-Y(q)] 

and Y(q) is a exchange and correlation function. We have 

used Hubbard-Sham exchange and correlation function [11]. 

In the present study we have used bare-ion pseudopotential 

Vion(q) due to Krasko-Guruskii [10] which has following form 

in a.u. :  
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In case of liquid metals, eq.[1] becomes [12-13], 
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      (5) 

Here kf is the Fermi momentum , Ef is the Fermi energy 

and S(q) is the structure factor . We have used percus-yevick 

form with packing fraction η=0.45. 

III. RESULTS AND DISCUSSIONS 

The KG pseudopotential has two parameters, core decay 

length rc and a [eqn. 2], that are determined in following 

manner: 

Following Rosengren et. al. [3] we have kept a=3.0 and 

second parameter is adjusted from the first zero of the 

pseudopotential form factor. It has been observed that for 

most of the transition metals, the conventional values of the 

first zero of pseudopotential form factors are lying between 

1.1-1.3kf at metallic density. Keeping this in our mind, we 

have adjusted rc to obtain first zero within this range at liquid 

density. The values of rc for La, Ce, Gd, Eu and Yb are 0.560, 

0.540, 0.585, 0.720 and 0.610 respectively in a.u.  

The variations of pseudopotential form factors against q/kf 

upto 2kf  for divalent elements (Eu and Yb) and for trivalent 

elements (La, Ce and Gd) are displayed in Figure 1 and 2 

respectively.  

For the actual calculations we have determined variation of 

screened pseudopotential upto 8kf but in figures it is shown 

upto 2kf. We have also noted that the behaviour of 

pseudopotential is very smooth and free from any kind of 

wiggles upto 8kf. Using same pseudopotential with above set 

of parameters we have carried out comparative study of liquid 

metal resistivities of rare earth metals using nearly free 

electron Ziman’s approach and single site t-matrix approach 

[7]. We observed that results obtained using t-matrix approach 

are in excellent agreement with experimental results in 

comparison with Ziman’s approach.  

We have computed ΔE(k)= Δ(k) - Δ(0) against k upto 

k=4kf which are shown in Figures 3-7 for all the metals 

studied. In the calculation of Δ(k) [eqn.4] one has to achieve 

proper convergence due to the presence of logarithmic terms 

which depends on k as well as q. In the present study such 

integral is evaluated with upper limit q=10kf with step size of 

0.1kf. The ΔE(k) increases with k and decreases slightly and 

again increases with increase in k for Yb [Fig. no. 7]. Such 

trend is not observed in case of remaining rare earth metals.  

For trivalent metals, the maximum value of ΔE(k) is found 

to be more than the maximum value of divalent metals. For all 

the metals the maximum value of ΔE(k) is observed near 

Fermi surface which means at k=0.9kf. This is the strong point 

which goes in the favour of presently used pseudopotential’s 

capability to explain electron-ion interactions at melting 

temperature.  

In the next step of calculation we have computed Fermi 

energy by using following relations in atomic unit.  

     
   (  )   ( ) 

Δ(kf) can be obtained by replacing k with kf in eqn.4. The 

computed values of Ef are displayed in Table 1.  

The density of states at Fermi energy N(Ef) can be 

calculated as, 

 (  )   
  

 

   
 
  

  
    

 

Where n=number of atoms per unit volume. The calculated 

values of N(Ef) are also shown in Table 1.   

The order of computed values of N(Ef) are similar to those 

obtained by Srivastava [12] for simple metals. The calculation 

of N(Ef) at liquid density is important ingredient for the 

theoretical understanding of many liquid state physical 

properties like free energy due to electron gas, entropy, 

thermal conductivity etc. of liquid metals. 
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TABLE 1 

Metal Ef (x 10-12 erg) 
N(Ef) (x 109 

(energy-atom)-1) 

La 13.010 2.780 

Ce 13.560 2.900 

Gd 12.930 2.780 

Eu 8.160 3.010 

Yb 8.770 2.370 

Table. 1  The calculated values of Fermi energy (Ef ) and density of states at 

Fermi level  N(Ef) 

 

 Fig. 2  Pseudopotential Formfactors for lanthanum, Cerium and Gadolinium 

 

Fig. 2 Pseudopotential Formfactors for Europium and Ytterbium 

 
Fig. 3 Electron Dispersion for Lanthanum 

 
Fig. 4 Electron Dispersion for Cerium 

 

Fig. 5 Electron Dispersion for Gadolinium 

 

Fig.6 Electron Dispersion for Europium 

 

Fig.7 Electron Dispersion for Ytterbium 
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IV. CONCLUSIONS 

The present study confirms that local pseudopotential with 

proper form of exchange and correlation function can be used 

for the study of liquid state properties for transition and f-shell 

metals with good degree of success. It has been observed by 

us during literature survey that many researchers have 

employed the method of adjusting the valency for the better 

understanding of physical properties of this group of metals at 

solid and liquid phases. The presently used single parameter 

pseudopotential is better in the sense that pseudopotential 

parameters are obtained without favouring any physical 

quantities and it is free from adjustment of valency.  

Such study can also be carried out with the help of non-

local pseudopotential, but non-local pseudopotentials are 

conceptually complicated and mathematically lengthy while 

local pseudopotential is computationally simple and 

physically more transparent with accuracy. Looking to the 

success of present study we would like to extend present 

pseudopotential for the study of electronic properties of liquid 

metal alloys.   
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Abstract  The study of  Superconducting State Parameters 

[SSPs] namely (I) Electron phonon coupling strength (λ), (II) 

Coulomb pseudopotential (µ*), (III) Transition temperature (Tc), 

(IV) Isotope effect exponent (α), (V) Effective interaction strength 

(N0V) are studied using non-local pseudopotential. We have used 

Screened non-local pseudopotential with Hartree exchange and 

correlation. The computed results are found to be in good 

agreement with experiments and better than other theoretical 

results. Present study confirms that for such study non-local form 

of pseudopotential which is free from any kind of adjustment of 

parameters provides better understanding in comparison with 

local ones.  

Keywords – Superconductivity, Local pseudopotential, Non-local 

pseudopotential, Superconducting state parameters, Simple 

metals. 

I. INTRODUCTION 

n the past as well as in the recent years, it has been 

observed that pseudopotential theory has been used as a 

powerful tool to compute large number of static, dynamic and 

electronic properties of metals, liquid metals, alloys and 

metallic glasses with high degree of success [1] – [4]. The 

study of superconducting state parameters (SSPs) in the past 

are subject of interest for, many theoretical researchers [5] – 

[14]. They have used different forms of pseudopotentials 

(local & non-local) with different exchange and correlations. 

Local model pseudopotentials are very easy computationally 

and conceptually very simple, but at the same time requires 

lot of adjustable parameters in comparison with computation 

carried out with the help of non-local pseudopotentials. Non-

local pseudopotentials are lengthy but results generated using 

them are highly reliable.  

The theoretical studies of Superconducting State 

Parameters (SSPs) of metals and alloys are based on the 

famous BCS theory and McMillan formalism. For the study of 

superconducting state parameters (SSPs) one requires: (1) 

Pseudopotential form factor V (q), (2) Band energy at Fermi 

level Ef, (3) Averaged square of phonon frequency   2
. 

During literature survey we find lots of work has been carried 

out for the study of SSPs using pseudopotential formalism [7], 

[8], [9] and [12].  

Jain and Kachhava [12] have studied SSPs of 

superconducting and non-superconducting metals by adopting 

plane wave states for the electron phonon and coulomb matrix 

element and using Harrison’s two parameter pseudopotential. 

Gajjar et al. [7] have used their single parameter 

pseudopotential (core radius - rc) to compute SSPs of some 

simple and non-simple metals. They have examined the effect 

of exchange and correlation on the transition temperature Tc, 

by using different forms of exchange and correlation 

functions. In their calculation, core radius was determined 

from first zero of the form factor. Vora [8] has used 

Ashcroft’s empty core (EMC) model pseudopotential to study 

SSPs of several metals. He has fitted his potential parameters 

to reproduce theoretical and experimental values of transition 

temperatures. Recently, Jayprakash et al. [9] have used 

McMillan’s formalism along with Harrison’s first principle 

pseudopotential to study SSPs of Ga, Cd and In and in their 

study, they have examined the impact of eigenvalues on the 

form factors and consequently on Tc.  

    Looking to all above mentioned facts, we in the present 

communication, present some calculations of superconducting 

state parameters (SSPs) [i.e. Electron phonon coupling 

strength (), Coulomb pseudopotential (
*
), Transition 

Temperature (Tc), Isotope effect exponent (), and Effective 

interaction strength (N0V)] using non-local pseudopotential 

due to Appapillai and Williams [17]. The metals studied are 

Be, Hg, In, Tl, Pb, Sb, Bi, Se and  Te. 

Present paper is organized as follows: 

    In section-II, we describe theory for calculating SSPs with 

necessary expressions. Section-III is devoted for results and 

discussion. Finally, we conclude our paper with some 

concluding remarks. 

II. THEORY 

In the present study, we have used non-local 

pseudopotentials due to Appapillai and Williams [17]. 

The electron-phonon coupling strength λ is computed using 

following relation [7], 

 

I 
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In above equation, m* is effective electronic mass, M is ionic 

mass, z
*
 is effective valency, x=q/kf, where kf is the Fermi 

wave vector, V(x) is a screened pseudopotential form factors 

and ‹𝟂2
› is an averaged square of phonon frequency. We have 

used values of m
*
 and z

*
 from Appapillai and Williams [17] 

for all the metals. 

There are two ways to find ‹ 
2
›,  

(1) ‹𝟂2
›= (𝟂L+𝟂T)/2 

(2) ‹𝟂2
›=      

 
. Where, kB is Boltzmann constant and 

ƟD is Debye temperature at zero degree K. In the 

present calculation, we have used 2
nd

 approach.  

Coulomb pseudopotential 
*
 is computed using following 

relation [7], 
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Here,       Modified Hartree - Dielectric Function. Given 

by 
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The present study following Appapillai and Williams. We 

used Hartree form of exchange and correlation       .      

Transition temperature    is computed using [7], 
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Isotope effect exponent α is computed using [7], 
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Effective interaction strength N0V is computed using [7], 
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III. RESULT AND DISCUSSION 

In the present communication, we have used non-local 

pseudopotentials due to Appapillai and Williams [17].  

The variations of pseudopotential form factors up to 
fkq 2  

for Be, Hg, In and  Tl, Pb, Sb as well as Bi, Se, Te are shown 

in Figures (1), (2) and (3) respectively. The variation of 

pseudopotential form factors V (q) for all the metals are very 

smooth and are also in accordance with other local 

pseudopotential form factors. The first zero of the 

pseudopotential form factors (V (q) = 0 at q = q0) for all the 

metals are very close to its conventional values. Such 

observation is quite encouraging for the theoretical study of 

the physical properties which are depending on q which is 

changes from q = 0 to q = 2kf. 

 
Fig. 1. The Screened Pseudopotential form factors for Be, Hg, In. 

 

 
 

Fig. 2.  The Screened Pseudopotential form factors for Tl, Pb, Sb. 

 

 
 

Fig. 3.  The Screened Pseudopotential form factors for Bi, Se, Te 
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The input parameters used in the computation are displayed in Table:I 

TABLE I 

INPUT PARAMETERS USED IN THE CALCULATION [17] 

 

 

Our computed SSPs are compared with available experimental results and other theoretical finding in Table:II. 

TABLE II   

SUPERCONDUCTING STATE PARAMETERS FOR METALS 

 

Metals SSPs 
Present 
Results 

Exp. Results 
[6,8,15,16,18] 

Others 

Be 

λ 0.2674  
0.23 [15], 0.10 [10a], 0.26 [10b], 0.03 [12], 0.42 [13], 0.2353 [8d], 0.3154 [8e], 0.3292 [8f], 

0.3303 [8g], 0.2792 [8h] 

µ* 0.1082  0.06 [12], 0.17 [13], 0.1490 [8d], 0.1628 [8e], 0.1646 [8f], 0.1650 [8g], 0.1562 [8h] 

Tc[K] 0.0913 0.026 0.15 [10b], 0.665 [13], 0.0000[8d], 0.0116 [8e], 0.0251 [8f], 0.0261 [8g], 0.0009 [8h] 

α 0.0525  -3.423 [8d], -0.984 [8e], -0.814 [8f], -0.809 [8g], -1.566 [8h] 

N0V 0.1281  
0.17 [11c], -0.023 [12], -0.140 [11], 0.179 [13], 0.0711 [8d], 0.1186 [8e], 0.1267 [8f], 0.1272 

[8g], 0.0981 [8h] 

Hg 

λ 0.7932  
1.00 [15], 0.37 [11i], 0.84 [10a], 0.97 [10j], 0.98 [10k], 1.20 [13], 0.7575 [8d], 1.0531 [8e], 

1.1032 [8f], 1.1052 [8g], 0.9600 [8h] 

µ* 0.0918  0.10 [11i], 0.11 [13], 0.1207 [8d],0.1304 [8e], 0.1317 [8f], 0.1319 [8g], 0.1268 [8h] 

Tc[K] 2.9944 4.153 
2.5 [10a], 3.4 [10j], 3.4 [10k], 5.135 [13], 2.1238 [8d], 3.8746 [8e], 4.1452 [8f], 4.1529 [8g], 

3.3643 [8h] 

α 0.4734 0.50±0.03 0.472 [13], 0.46 [13i], 0.4419 [8d], 0.4572 [8e], 0.4589 [8f], 0.4588 [8g], 0.4544 [8h] 

N0V 0.4075  -0.049 [11c], 0.522 [13], 0.0751 [8d], 0.1909 [8e], 0.2146 [8f], 0.2153 [8g], 0.1510 [8h]  

In 

λ 0.7618  

0.69 [15], 0.34 [11i], 0.89 [10a], 1.16 [10l], 0.88 [10m], 0.72 [13], 0.8029 [6d], 1.0904 [6e], 

1.1377 [6f], 1.1529 [6g], 1.0164 [6h], 0.5313 [16d], 0.7610 [16e], 0.8044 [16f], 0.8079 [16g], 

0.6724 [16h], 0.90 [9n], 0.31 [9o] 

µ* 0.0922  
0.10 [11i], 0.12 [13], 0.1149 [6d], 0.1246 [6e], 0.1259 [6f], 0.1266 [6g], 0.1214 [6h], 0.1213 

[16d], 0.1309 [16e], 0.1322 [16f], 0.1324 [16g], 0.1272 [16h], 0.07 [9] 

Tc[K] 4.1312 3.404 

4.6 [10a], 7.2 [10l], 4.4 [10m],  2.884 [13], 3.8478 [6d], 6.3834 [6e], 6.7596 [6f], 6.8716 [6g], 

5.8009 [6h], 1.0164 [16d], 2.9967 [16e], 3.4035 [16f], 3.4332 [16g], 2.1939 [16h], 5.00 [9n], 
0.08 [9o] 

α 0.4713 0.45 
0.444 [13], 0.4534 [6d], 0.4636 [6e], 0.4637 [6f], 0.4649 [6g], 0.4624 [6h], 0.3863 [16d], 

0.4285 [16e], 0.4332 [16f], 0.4334 [16g], 0.4177 [16h] 

N0V 0.3955  
0.018 [11c], 0.197[13], 0.3977 [6d], 0.4850 [6e], 0.4974 [6f], 0.5011 [6g], 0.4652 [6h], 0.2765 

[16d], 0.3724 [16e], 0.3883 [16f], 0.3895 [16g], 0.3383 [16h] 

Tl 

λ 1.0652  
0.71 [15], 0.32 [11i], 1.07 [10a], 0.78 [13], 0.8835 [6d], 1.2152 [6e], 1.2728 [6f], 1.2912 [6g], 

0.9570 [6h], 0.4697 [16d], 0.7264 [16e], 0.7595 [16f], 0.7765 [16g], 0.5881 [16h] 

µ* 0.0925  
0.09 [11i], 0.15 [13], 0.1091 [6d], 0.1187 [6e], 0.1201 [6f], 0.1207 [6g], 0.1096 [6h], 0.1197 

[16d], 0.1290 [16e], 0.1303 [16f], 0.1305 [16g], 0.1255 [16h] 

Tc[K] 5.3152 2.39 
4.8 [10a], 2.54 [13], 3.8696 [6d], 6.0891 [6e], 6.4247 [6f], 6.5232 [6g], 4.4499 [6h], 0.4699 

[16d], 2.1483 [16e], 2.3908 [16f], 2.5246 [16g], 1.1409 [16h] 

α 0.4821 
0.50±0.10, 

0.45 

0.430 [13], 0.3 [13p], 0.4294 [6d], 0.5209 [6e], 0.5344 [6f], 0.5384 [6g], 0.4532 [6h], 0.3578 

[16d], 0.4254 [16e], 0.4291 [16f], 0.4314 [16g], 0.3978 [16h]  

N0V 0.4941 0.27 
0.033 [11c], 0.379 [13], 0.4294 [6d], 0.5209 [6e], 0.5344 [6f], 0.5384 [6g], 0.4532 [6h], 0.2453 

[16d], 0.3598 [16e], 0.3722 [16f], 0.3787 [16g], 0.3014 [16h] 

Metals 
  

 
    

  

(amu) 

   

(0K) 

Be 0.9397 2.1679 9.0121 1440 

Hg 0.9233 2.1294 200.59 71.9 

In 0.9280 3.2373 114.81 108 

Tl 0.9871 3.1101 204.38 78.5 

Pb 0.9628 4.2076 207.20 105 

Sb 0.9607 5.2286 121.76 211 

Bi 0.9964 4.9347 208.98 119 

Se 0.9751 6.1774 78.960 90 

Te 0.9694 6.2284 127.60 153 
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Pb 

λ 0.7414  

1.12 [15], 0.40 [11i], 1.12 [10m], 1.34 [10a], 1.32 [10q], 1.30 [12], 1.07 [13], 1.6306 [6d], 

2.1809 [6e], 2.2638 [6f], 2.2922 [6g], 2.0341 [6h], 0.8214 [16d], 1.2519 [16e], 1.3127 [16f], 

1.3400 [16g], 1.0107 [16h] 

µ* 0.0916  
0.10 [11i], 0.14 [12], 0.12 [13], 0.1091 [6d], 0.1180 [6e], 0.1193 [6f], 0.1198 [6g], 0.1150 [6h], 

0.1170 [16d], 0.1258 [16e], 0.127 [16f], 0.1272 [16g], 0.1223 [16h] 

Tc[K] 3.8068 7.193 
7.6 [10a], 7.5 [10q], 6.76 [12], 10.4 [11], 5.61 [13], 9.5563 [6d], 11.678 [6e], 11.930 [6f], 
12.010 [6g], 11.214 [6h], 3.5188 [16d], 6.8119 [16e], 7.3727 [16g], 5.0512 [16h] 

α 0.4706 0.48±0.01 
0.46 [12], 0.47 [12i], 0.473 [13], 0.3 [13p], 0.4836 [6d], 0.4850 [6e], 0.4852 [6f], 0.4852 [6g], 

0.4850 [6h], 0.4529 [16d], 0.4689 [16e], 0.4700 [16f], 0.4706 [16g], 0.4614 [16h] 

N0V 0.3881 0.411 
0.089 [11c], 0.460 [12], 0.540 [11],  0.482 [13], 0.6129 [6d], 0.6916 [6e], 0.7013 [6f], 0.7044 
[6g], 0.6736 [6h], 0.4033 [16d], 0.5267 [16e], 0.5406 [16f], 0.5468 [16g], 0.4630 [16h] 

Sb 

λ 0.4667   

µ* 0.0951   

Tc[K] 1.7889 3.6  

α 0.4259   

N0V 0.2608   

Bi 

λ 0.8652  
1.1482 [6d], 1.5315 [6e], 1.5904 [6f], 1.6096 [6g], 1.4289 [6h],  0.6347 [16d], 0.9549 [16e], 

0.9981 [16f], 1.0190 [16g], 0.7732 [16h] 

µ* 0.0943  
0.1113 [6d], 0.1204 [6e], 0.1217 [6f], 0.1222 [6g], 0.1173 [6h],  0.1189 [16d], 0.1279 [16e], 
0.1291 [16f], 0.1293 [16g], 0.1243 [16h] 

Tc[K] 5.7528 6.1 
7.9620 [6d], 10.775 [6e], 11.135 [6f], 11.243 [6g], 10.134 [6h], 2.1872 [16d], 5.4811 [16e], 

5.8945 [16f], 6.1018 [16g], 3.5902 [16h] 

α 0.4751  
0.4742 [6d], 0.4779 [6e], 0.4782 [6f], 0.4783 [6g], 0.4775 [6h], 0.4239 [16d], 0.4531 [16e], 
0.4549 [16f], 0.4561 [16g], 0.4393 [16h]  

N0V 0.4315  
0.5073 [6d], 0.5899 [6e], 0.6005 [6f], 0.6038 [6g], 0.5705 [6h], 0.3271 [16d], 0.4427 [16e], 

0.4556 [16f], 0.4618 [16g], 0.3810 [16h] 

Se 

λ 6.5951   

µ* 0.0855   

Tc[K] 17.8319 6.7  

α 0.4963   

N0V 0.9305   

Te 

λ 0.9796   

µ* 0.0918   

Tc[K] 9.1999 4.1  

α 0.4803   

N0V 0.4695   
 

 

a Reference [19] (HA)       i Reference [27] (MA) 

b Reference [20] (Tripp’s)       j Reference [28] (Brant) 

c Reference [21] (DP’s)       k Reference [29] (Bogle) 

d Reference [22] (Hartree)       l Reference [30] (Cohen) 

e Reference [23] (Taylor)       m Reference [31] (Ashcroft) 

f Reference [24] (Ichimaru-Utsumi)      n Reference [32] (Herman) 

g Reference [25] (Farid)       o Reference [33] (Clementi) 

h Reference [26] (Sarkar)       p Reference [34] (Swihart) 

        q Reference [35] (Anderson) 

 

 

As shown in table – II it is clear that presently computed 

results of Tc are in good agreement with experimental results. 

When we compared our results with other theoretical result 

see (Table:II). We find that presently obtained results are 

batter then those obtained by using different forms of local 

pseudopotentials. Vora [8] have studied effect of exchange 

and correlation functions on Tc. The author has used Hartree 

(H), Taylor (T), Ichimaru – Utsumi (IU), Farid (F) and Sarkar 

(S) forms of exchange and co-relation functions to obtain Tc, 

which are shown by 8a, 8b, 8c, 8d and 8e respectively. Here, 

we would like to comment that in the present communication 

we have used non-local form of the pseudopotential which is 

free from any kind of adjustment of parameters while in case 

of local pseudopotential  different philosophy are used to 

determine pseudopotential parameters. In this sense our 

results are better and not biased by any physical quantity.  The 

best of our knowledge first time we are presenting theoretical 

result of  Tc for Sb, Se and Te metals.  

IV.  CONCLUSION 

We would like to conclude present work with following 

important remarks.  

The non-local pseudopotential is providing better 

understanding in comparison with local pseudopotential for 

the study of SSPs of metals. Looking to the success, the use of 

non-local pseudopotential for the study of SSPs of metallic 

alloys as well as metallic glasses can be extended. The 

pressure dependence of Tc can also be studied using non-local 

form of the pseudopotential for metallic system because non-

local are free from any kind of adjustable parameters. So they 

are transferable to extreme environment in comparison with 

local ones. Further Tc for all the metals studied presently can 

be improved with effective non-local pseudopotential which 
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can be obtained from full non-local pseudopotential and 

computations carried out with the help of them are less 

complicated and more transparent physically. Such work is 

going on and results obtained are quite encouraging and will 

be published elsewhere. 
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Gluconobacter spp and Bacillus spp Isolated from 

Fruit Source 
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Abstract: - Dihydroxyacetone is in demand in various chemical 

and pharmaceutical industries. With increasing awareness, 

ecofriendly and non-hazardous method, microbial production of 

dihydroxyacetone is more advantageous than chemical method. 

It is also cheaper and easier method. An attempt was made to 

isolate the organisms from fruit, which can produce 

dihydroxyacetone. Among isolated organisms, Gluconobacter spp 

and Bacillus spp showed the production of dihydroxyacetone. 

Gluconobacter spp showed higher production than that of 

Bacillus cells. The yield of dihydroxyacetone using immobilized 

cells of Gluconobacter spp was more as compared to that of 

immobilized cells of Bacillus spp. 

Key words: Dihydroxyacetone, Ecofriendly, Gluconobacter spp, 

Bacillus spp, Immobilized cells. 

I. INTRODUCTION 

ihydroxyacetone (DHA) is used extensively in many 

industries. It is used in the cosmetic industry as sunless 

tanning agent to prevent from the harmful effects of UV rays. 

It reacts with the amino acids present on the uppermost layer 

of skin, i.e., stratum corneum to produce a darkening effect. It 

is also used for the treatment of vitiligo, due to its potential 

capacity to cause pigmentation. Dihydroxyacetone is used in 

the chemical industry as building block for the synthesis of a 

various fine chemicals. (Mishra et.al.2008). 

When combined with pyruvate, DHA is used as an athletic 

nutritional supplement which is claimed to be an orally 

administered fat-burner.   

It can affect the sensory quality of the wine with 

sweet/etherish property. Dihydroxyacetone has also been used 

to fi  nd the impaired metabolic step, which leads to diabetic 

beta cells. It has been found to have an antidotal effect 

towards cyanide poisoning.  It can be of physiological 

significance for synthesis of antimalarial drugs. It has 

antiproliferative effect on Trypanosoma brucei bloodstream 

forms.  

Corresponding Author:  Dr. (Mrs) Pradyna Joshi --Principal, Laxman 

Devram Sonawane of College of Arts, & Commerce, Science Kalyan (w) Pin 
Code-421304, Thane, Maharashtra, India.  

Co-Author:- Mr. Ajay Bhalerao --Head of the Department of Microbiology, 

Laxman Devram Sonawane of College of Arts, & Commerce, Science Kalyan 
(w) Pin Code-421304, Thane, Maharashtra, India.   

Dihydroxyacetone has several applications such as 

for enhancement of photo chemotherapy with PUVA 

(Psoralen+UVA) treatment for stable plaque psoriasis, 

synthesis of biomaterials with non-toxic degradation products 

(diblock polymers) for many applications including drug 

delivery. (Mishra et.al. 2008). 

Bertrand first observed production of 

dihydroxyacetone from glycerol through bacterial route in the 

year 1898.  He used bacteria called Sorbose bacillus.  Later 

this S. bacillus was found to be identical with the acetic acid 

bacterium Bacillus xylinum. Several organisms such as 

Klebsiella aerogenes, Pichia membranifaciens, Acetomonas 

sp., Candida boidinii 2201, Acetobacter xylinum A-9, 

Gluconobacter melanogenus IFO 3294, Escherichia coli 

(strain ECFS) are involved in production of 

dihydroxyacetone. (Mishra et.al.2008).  

Dihydroxyacetone (DHA) production from glycerol 

by Gluconobacter oxydans was studied and developed during 

the 1950s and 1960s (Claret C. et al. 1992). Gluconobacter is 

also distinguished from the acetobacter by its ability to rapidly 

carry out limited oxidation of organic compounds and to 

quantitatively excrete the oxidation products into the growth 

medium (Claus et.al. 1975). DHA is an oxidation product of 

glycerol produced by microorganisms (Gupta et.al. 2001). 

This study was done to isolate DHA producing bacteria from 

natural source further can be useful for industrial purpose. 

II. MATERIALS AND METHODS 

A. Enrichment Media for Isolation: Small pieces of fully 

ripened apple (1 gm) were added in100ml enrichment media 

and statically incubated for 5 days. After incubation, one 

loopful from each enrichment broth was streaked on calcium 

carbonate agar plates and incubated at RT. (W.Hanmoungjai 

et.al 2007) The colonies with clearing zone of calcium 

carbonate on the agar plates were acetic acid bacteria, as well 

as other non-acetic acid bacteria were also selected for further 

experiments. (Yamada et.al. 1999) 

 B. Characterization and Identification of an Isolated 

Bacteria: - The acetic acid bacteria were then characterized on 

the basis of their morphology, physiology and biochemical 

properties. Selective isolation between Acetobacter and  

D 

http://en.wikipedia.org/wiki/Pyruvate
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Gluconobacter spp was also done using acetate and lactate 

oxidation by modified Leifson’s method (W. Hanmoungjai 

et.al 2007). Biochemical tests for identification were 

performed as per Bergey’s Manual of Determinative 

Bacteriology. Non-Acetic acid bacterial isolates were also 

identified microscopically (Al-Allaf: 2011). 

C. Production of Dihydroxyacetone: - Dihydroxyacetone 

production was done using biphasic batch cultivation 

Gluconobacter and Bacillus. The organism was permitted to 

grow on the surface of nutrient medium of pH-5.5 at about 25-

30
0
C for about 3 days statically. Then were added to the 

medium and pH -5.5 and incubated at 28-30
0
C for 48 hrs on 

shaker at 280 rpm (W.Charney et.al 1978). DHA production 

by Gluconobacter spp. and Bacillus spp. was also done using 

immobilized cells (Patrick et al.1985).  

D. Estimation of Dihydroxyacetone: -  DHA was 

assayed by Seliwanoff’s test for ketoses (Batzing et.al, 1971, 

R.Asnis, et.al 1952).  

E. Identification of DHA: - Detection of DHA as a reaction 

product is done by paper chromatography using n-butanol-

pyridine-water (10:3:3) solvent system (Flickinger et.al. 

1977). 

III. RESULTS AND DISCUSSION 

A. Screening, Characterization and Identification of 

Gluconobacter and Bacillus spp: -  

From apple source, acetic acid as well as non acetic 

acid bacteria were able to be isolated and shown the 

production of DHA. In modified Leifson’s method, colour of 

medium changed from blue to yellow. The isolated spp also 

showed heavy growth on dextrose-sorbitol-mannitol medium. 

The isolated spp show positive growth at 30
0
C, but not at 

37
0
C and produced acid from sugars. It was Gram variable, 

Catalase positive, Oxidase negative and show growth in 

peptone. It was motile and non-endospore forming. Thus, the 

organism was confirmed as Gluconobacter spp.  

 Non-Acetic acid bacterial isolates were Gram 

positive, Endospore Forming Rod Shaped Bacteria, found to 

be positive in citrate utilization, oxidase, urease, gelatin 

hydrolysis, catalase, motility, nitrate reduction, Voges-

Proskauer and starch hydrolysis as well as they were grew 

well in 7 % NaCl. All Sugars were fermented by isolated spp. 

Thus, by Bergey’s Manual of Determinative, it was confirmed 

that isolated spp was Bacillus spp (Al-Allaf: 2011). 

B. Identification of Dihydroxyacetone as Reaction Product: 

By paper chromatography, it was confirmed that reaction 

product was dihydroxyacetone. (Rf = 0.68). 

C. Production of Dihydroxyacetone: -  

Table 1.  Average yield of DHA obtained after 30 hr of 

incubation of free, intact cells of spp. 

Table 2.  Average yield of Dihydroxyacetone obtained after 

30 hr of incubation of Calcium Alginate Immobilized cells of 

Gluconobacter and Bacillus spp.  

D. Production of Dihydroxyacetone (DHA) by Intact Free and 

Immobilized cells of Gluconobacter and Bacillus spp: -                              

The yield of dihydroxyacetone obtained by using 

free, intact cells of Gluconobacter (77.52%) was similar in 

range (75-90%) of yield shown by William et.al. 1978. It is 

confirmed that Gluconobacter spp were suitable for 

dihydroxyacetone production than of Bacillus spp. The DHA 

production after 30hrs of incubation; Gluconobacter spp show 

higher production as compared to Bacillus. spp. Similar 

production was reported with other strains of Acetomonas, 

Candida and microorganism from soil, Pichia 

membranifaciens by Mishra et al.2008.  

Immobilized Gluconobacter cells show increase in 

dihydroxyacetone production about 0.02g/ml after 6 hrs of 

incubation as compared to intact cells, where free, intact cells 

of Gluconobacter spp after 6 hrs show dihydroxyacetone 

production about 0.01428 g/ml. (Fig. 1.) Immobilized Bacillus 

cells show slight increase in dihydroxyacetone production 

about 0.0152g/ml after 6 hrs of incubation as compared to 

intact cells, where free, intact cells of Bacillus spp after 6 hrs 

show dihydroxyacetone production about 0.0125 g/ml. (Fig. 

2).    

  

Fig. 1. DHA production by Free, Intact cells of Gluconobacter and Bacillus 

spp. 

Yield Gluconobacter spp Bacillus spp 

g/liter 95.28 84.47 

Percentage (%) out of Glycerol added 86.01% 76.79% 

Yield Gluconobacter spp Bacillus spp 

g/liter 85.28 72.42 

Percentage (%) out of Glycerol added 77.52% 65.83% 
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Fig. 2. DHA production by Immobilized cells of Gluconobacter and Bacillus 

spp 

Calcium alginate immobilized Gluconobacter and 

Bacillus cells maintained consistent activity oxidation of 

glycerol to dihydroxyacetone, whereas in the case of free 

intact cells the activity was decreased in case of free, intact 

cells of Gluconobacter spp and Bacillus spp. Similar Results 

were reported by (Patrick et al.1985), which indicates that for 

batch fermentation such process can be adopted to increase 

the yield. 

 
Fig. 3. Dihydroxyacetone Production in Percentage. 

 

IV. CONCLUSION 

Gluconobacter species from ripen apple is a good source of 

dihydroxyacetone production which can be used as 

ecofriendly, cheaper microbial method. The yield of DHA by 

immobilized cells is higher than free cells suggest that the use 

of immobilized cells is recommended in industrial production. 
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Abstract— Bacteriocins are antimicrobial peptides (AMPs) 

produced in bacterial ribosomes. These peptides inhibit the 

growth of closely related or across a variety of species. 

Bacteriocins are usually considered as generally recognized as 

safe (GRAS) and thus can be used as preservatives in production 

of food products requiring fermentation. These are primary 

metabolites thus usually have no side effects on human body. In 

this study bacteria from various sources were isolated and 

cultured to identify a novel bacteriocin. The sources selected were 

of dairy origin considering their high possibility of finding LAB 

and of them being bacteriocin producing. These bacteriocins need 

to be extracted and purified using various separation techniques 

and its various applications like antimicrobial activities and use 

as food preservatives need to be tested. In further studies, more 

applications will be studied for better understanding of the 

bacteriocins. 

Keywords— Bacteriocins, antimicrobial peptides, ribosomal 

synthesis, AMPs, microcins. 

 

I. INTRODUCTION 

acteriocin is a toxic protein or peptide which is produced 

by bacteria that kill or inhibit the growth of other bacteria
 

[1]. They are synthesized in ribosome and are  bioactive 

peptides which are produced from bacteria that display 

antimicrobial activity against narrow spectrum or broad 

spectrum bacteria
 
[2]. The term ‗Bacteriocin‘ was introduced 

to denote toxic protein which is produced by any type of 

bacteria and it does not harm the producing microbe but is 

active on related bacteria
 
[1]. Bacteriocins are functionally, 

structurally and ecologically diverse. They are known as 

weapons against microorganisms because of their specific 

characteristics of large diversity of function and structure and 

its stability to heat. According to recent studies bacteriocins 

have been identified to have vast application in food 

technology, which aims at increased food preservation, 

probiotics, treating of pathogenic diseases and cancer therapy. 

It is also a potential drug candidate and is hence known as the 

next wave of conventional antibiotics [3]. 

Bacteriocins are ribosomally synthesized cationic 

antimicrobial bioactive peptide substances that are produced 

by bacteria that kill or inhibit the growth of other bacteria.  

II. CLASSIFICATION 

Bacteriocins are produced from Gram positive as 

well as Gram negative bacteria. They are usually prepared 

from: 

A.  Gram Negative – From E. coli 

Gram negative bacteria like E. coli produce bacteriocin 

known as Colicin. They are the longest studied bacteriocins. 

Colicins are now known as microcins. It is much smaller and 

produced and secreted in a different manner than the classic 

colicins [4]. 

TABLE I 

CLASSIFICATION SCHEME FOR GRAM NEGATIVE 

MICROCINS [3] 

Classification Characteristics Microcins 

Class I 

Low molecular  weight 

peptides, post translationally 
modified 

B17 

C7 /C51 

D93 

J25 

Class II 

Larger peptides, with or 

without post-translational 

modifications 

 

Class IIa 
Required more than one 
genes to synthesize and 

assemble functional peptides 

L 
V 

N/24 

Class IIb 
Linear peptides with post-
translational modifications or 

at C-terminal 

M 

H47 

 

B. Gram Positive – From LAB 

 Gram positive bacteria which produce bacteriocin include 

LAB. Bacteriocins of LAB have been classified on the basis 

of their biochemical characteristics in three groups namely: 

1) Class I: They are also known as lantibiotics.  They  

are membrane-active, small and heat-stable peptides which 

contain unusual thioether amino acids, like lanthionine and B-

methyllanthione. The model bacteriocin of this group is nisin, 

which is isolated from Lactococcus lactic and is probably the 

most well-known and studied bacteriocins produced by LAB 

[4].
 

2) Class II: They have emerged in recent studies as 

the most promising bacteriocin candidates for food 

preservation, because they display overall better performance 

in terms of their biological activity and physiochemical 

properties compared to most other classes of bacteriocins. 

Class II bacteriocins are further divided into: 

Class IIa: It contains small (4-6 kDa), heat-stable, non-

modified peptides. 

Class IIb: It consists of two–peptide bacteriocins; consisting 

in the association of two different peptides for full activity. 

B 
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Class IIc: This subgroup is suggested to contain sec-dependent 

secreted [4]. 

3) Class III: This class of bacteriocins is secreted by the 

 bacterial preprotein translocase. They are large (>30kDa), 

heat-labile proteins. This group is not well documented [4]. 

 

TABLE II 

CLASSIFICATION SCHEME FOR GRAM POSITIVE 

BACTERIOCINS 

Classification Characteristics Bacteriocins 

Class I 

The bacteriocins are post-

translationally moodified, 

linearor globular peptides 
containing lanthonine, β-

methyl lanthonine and 

dehydrated amino acids 

Nisin A 
Nisin U 

Nisin Z 

Mersacidin 
Labyrinthopeptin 

A2 

 

subtilosin A 

Class II 

 

 
 

 

 
 

Class IIa 

 
Class IIb 

 

Class IIc 
 

Class IId 

Heat stable, unmodified, non-
lanthonine-containing 

baceriocins, heterogeneous 

class of small peptides 
Pediocin PA-1 like bacteriocins 

Composed of two peptides 

Circular peptide 
 

Linear, non-pediocin like, 

single-peptide 

 

 
 

 

 
 

 

pediocin PA-1 

camobacterioin X 

lactacin F 

ABP- 118 
camocyclin A 

enterocin AS- 48 

epidermic NIO1 
lactococcin AC 

Class III Large, heat unstable proteins 

Caseicin 80  

Enterolisin A 

Helvetion J 

 

Bacteriocins have applications in various fields 

ranging from food industry to cancer therapy. This shows the 

versatile nature of bacteriocins.  

Bacteriocins are peptides which are considered as 

natural bio-preservatives and have potential application in the 

food industry
 
[2].

 
These bacteriocins act against the food 

spoiling bacteria such as L. monocytogenes and S. aureus [5]. 
 

Blend of bacteriocins into bioactive packaging films also plays 

an important role in food preservation
 
[5].

 
Food preservation is 

usually done by addition of preservatives, reduction of pH, 

thermal treatment. These methods of food preservation affect 

the organoleptic properties of the food product and have 

adverse health effects because of the presence of chemical 

additives. They are sensitive to some proteases present in the 

gastrointestinal tract, hence they are harmless. Bacteriocins are 

hence considered as safer and better option [3]. 

Problem of Multi Drug Resistant (MDR) pathogens 

has become a serious concern. MDR occurs because of the 

abuse of antibiotics. Bacteriocins have a bactericidal 

mechanism which is mainly located in receptor binding 

surfaces of bacteria and it is through this membrane, that 

bacteria cytotoxicity is caused. This leads to the treatment of 

pathogen associated diseases without having harmful effects 

on humans [3].
 

Bacteriocins show antimicrobial and antibiotic 

properties. They show a narrow inhibition activity spectrum 

and are confined to closely related species and relatively 

broad bacterial species [6]. Resistance to antibiotics is 

increasing at a rapid rate. Although antibiotics have a broader 

spectrum in comparison to bacteriocins, antibiotics have a 

numerous side effects. On the contrary, bacteriocins are 

considered natural and are GRAS. Research has also been 

carried out to show that bacteriocins are effective against a 

few clinical antibiotic targets [7]. Many properties of 

bacteriocins like their low toxicity, their in vitro and in vivo 

potential, availability of narrow as well as broad spectrum 

peptides, the ability of bioengineering the peptides and the 

possibility of in situ production by probiotics has lead 

bacteriocins to the title of the net wave of conventional 

antibiotics [8]. 

Cancer is a growing threat to humans but 

bacteriocins have shown a potential application in cancer 

therapy. According to some researchers, bacteriocins show 

activity against the cancerous tumour cells. Bacteriocins are 

added naturally and legally into food products which 

enhances their potential as an anti- tumour drug candidate [3].  

III. METHODS AND MATERIALS 

A. Isolation of LAB 

 Samples from raw cow and buffalo milk from Pune, India 

were collected. After sampling, LABs were isolated by 

growing on de-Mann, Rogosa and Sharpe (MRS) agar plates 

(peptone 1% , beef extract 1%, Yeast extract 0.4%, glucose 

2%, sodium acetate trihydrate 0.5%, polysorbate 0.1%, di-

potassium hydrogen phosphate 0.2%, tri-ammonium citrate 

0.2%, magnesium sulphate hepta-hydrate 0.02%, manganese 

sulphate tetra-hydrate 0.005%, agar 1%, pH 6.2). These plates 

were incubated for 24 hours at room temperature. Single 

colonies were picked from the plates and sub-cultured twice 

using 4 streak method to get a pure colony based on their 

morphology. Pure colonies were transferred on MRS agar 

slants and stored at 4°C. 

 

B. Screening of LAB for Inhibition 

Preliminary screening of the isolated Lactobacillus strains for 

their antagonistic activity was done with the help of an 

indicator strain L. monocytogenes (MTCC 657/ATCC 19111) 

using Cross-Streak method on Nutrient Agar 

C. Agar Well Diffusion Assay 

Selected strains were inoculated in 100 mL Nutrient Broth 

and incubated for 60 hrs at 37°C. These samples were then 

centrifuged at 5000 rpm for 30 to obtain the cell-free 

supernatant. This cell-free supernatant (50 µl) was aliquoted 
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in the wells of Nutrient Agar Plates which was seeded with 

indicator strain, Gram Negative P. aeruginosa. The zone of 

inhibition was noted for further analysis 

IV. RESULTS 
 

A. Isolation of LAB 

A total of 10 strains were isolated from the above-mentioned 

sources.  These strains were named according to sources for 

convenience as: 

TABLE III 

NAMES OF ALL THE ISOLATED STRAINS FOR 

CONVENIENCE 

Cow Milk C1, C2, C3, C4, C5 

Buffalo Milk B1, B2, B3, B4, B5 

B. Screening of LAB for Inhibition 

Isolates from various sources showed inhibitory effect against 

L. monocytogenes, results of which are given in the table 

below: 

TABLE IV 

SELECTED STRAINS AFTER PRELIMINARY ANALYSIS 

Source Strain number 

Cow milk C2, C3, C4, C5 

Buffalo milk B1, B3, B4, B5 

Other strains were discarded and these were selected for 

further analysis.  

Fig. 1 Cross screak method used for screening showing test of C2 and C4 

 

C. Agar Well Diffusion Assay 

From the above selected strains 3 strains showed 

inhibition against Gram Negative P. aeruginosa. These 

strains were selected for further analysis. 

TABLE V 

SELECTED STRAINS AFTER AGAR WELL DIFFUSION 

METHOD 

Source Strain number 

Cow milk C4 

Buffalo milk B1, B3 

Fig. 2 Agar Well Diffusion method showing zone of inhibition of C4 

 

V. DISCUSSION 

Screening of microorganisms isolated from naturally 

occurring habitats producing antagonistic activity was 

successfully carried out. This assessment of inhibitory action 

is crucial for evaluating the potential applications of 

bacteriocin-producing strains as either antibacterial agents or 

probiotics. As L. monocytogenes and P. aeruginosa are food 

borne pathogens affecting the quality of dairy products, the 

inhibitory effect shown by the microbes prove to be a turning 

point in the process of food preservation using living 

organisms. Agar well diffusion assay is now done using two 

more indicator strains. The characterisation of the bacteriocin 

and the producing strains is currently being investigated. 
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Abstract: Spirituality , as I understand , is the sum total ethical / 

unethical decision of the abstract mind with its similar abstract 

constituents viz. a) intellect- intelligence, memories, assumed to 

be located in the brain b)ego – abstract and eternal say Ego as 

the Self( representing the Almighty within one’s heart  located in 

the right side of the body ( not on the left side as the physical one) 

and  so ever &  ever for the entire span of the life of the 

concerned mortal soul for not only the concerned life but also for 

its all future incarnations till its merger with the ultimate bliss-

SELF . 

Entrepreneur can be, in this present day Mega world, either 

financier and / or consultant, technical adviser, secretarial 

adviser market etc. etc .So for the ethical growth, one has to 

follow the righteous track with no semblance for cut throat 

competition, nor any mix up ,for temporary illusory cartel with 

similar industry for cut throat competition. Instead the righteous 

ones should be located, consented and then run the cartel for fair 

and just function of each one of such healthy cartels. We have 

such ethical companies since a long past. of glorious 

decades/centuries of Tatas, Birlas etc and also with their growth 

and expansion with diversification. They have their slogan-I 

grow and you grow with clientele too happy as well. 

However the spirituality is not achieved in a day as they say 

Rome was not built in a day. 

Here after in this full paper it is minutely detailed out so that in 

the decades /centuries here after we go by the correct path all 

over and that is the land mark and target for all of us to 

overcome the existing mess and cobwebs in practically all 

disciplines and in all faculties commencing with the top-

Judiciary and ending up in the education and that too in all the 

world over. 

Key words:  ethics, entrepreneurship, spirituality in totality, 

healthy cartels. 

I. NECESSITY 

Financial crisis exists practically all over the globe- such as 

prices of daily used commodities and also needed by almost 

all categories-particularly the poor and middle class people, as 

a result of inflation, resulting in also the unhealthy practices 

and similar vices in the agriculture, industry and political 

governance, particularly in the developing democratic country 

that spirals up to unbearable level for its total ultimate 

collapse, through its correlated fraudulent growth of finance 

such as bribes and corruption. To day it has reached its peak, 

causing us to be aware and active through such  

transformation of operations at all levels with what is called 

Spirituality This calls for a  very intensive action by each & 

every one of us for a total change in our existing materialistic 

action & operations to  value base ones; in other words from 

selfish action to one with action enfolding all concerned in the 

field including ecology as well. This is possible with lot of 

patience, persuasion with only one purely ethical mind and 

also looking within our own self which is the spirituality. This 

is attainable with constant and deep concentration on our 

abstract mind that should have finally one aspect for mind and 

prevalent stock of thoughts with in it alone, and no other 

external contacts or pressures at all on our mind, as  detailed 

here under ,and as best as I could do from my horizon of  

knowledge and wisdom. 

II. EFFORTS TO ATTAIN OUR MIND IN TOTAL ETHICS 

AND SPIRITUALITY ONLY 

Primarily we have to take stock of actual facts that are 

prevalent in the whole world and along with it the 

materialistic approach for any of our activities, may be, to 

start first  with  the education-academy, societies & families, 

industry, business, professionals,-engineering, medical 

,commerce, politicians, ministers and also in the top of the  

judiciary. Thus from bottom to the top of ladder in almost all 

disciplines & activities, all have been engaged in the rat race 

with each other for their individual security and safety,  with 

respect to that of others. In short, there is no sense of 

conscience / clairvoyance / telepathy / subconscious mind in 

our execution of our daily activities; whereas, we talk of 

spirituality and its application in the whole world, for 

establishing   peace, tranquility and all round growth 

everywhere with ecology too. As an educationist, we first see 

how we have come to this level of selfish mode of working in 

not just 5-10 years but, I am afraid, it happened in 

decades/centuries. All our efforts are of spineless activities, 

not because of our head & heart missing but we are too 

humble to call a spade as spade. Here I shall give you an 

example of our ancient highly intellectual tale of  the called 

„Panch Tantra‟, as under. 

Once upon there was a king and his people were busy with his 

coronation and all activities and preliminaries for the same. 

All were busy with their respective duty; like others, the tailor 

was also extremely busy for the King‟s attire for the 

coronation. He was showing therefore all the king‟s principal 

citizens and finally got absolute o.k. for the king‟s dress as 

they all would like for the king for his coronation wear and 

the D-day arrived. He was attired in this special attire and all 

without any exception accorded its fantastic design and 

tailor‟s work The king was dressed with the said attire and the 

procession started for the all round tour of the town. All 

through and through the march was helloed profusely   by one 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 301 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  

 

and all and was about to return back to the palace, with the 

musical band and all instruments. All of a sudden, a small & 

innocent boy saw the king with his coronation attire and 

shouted at the pitch of his voice ’King is necked and 

without his attire’.  

This is what is existing at present all over the world. 

Never the less, we try our best to overcome it in a pessimistic 

guess of 5 years from now. 

We have lost a century and aggravated our miseries in this 

selfish materialistic basis for our individual aggrandizement 

for security and safety against fear of safety and security and 

health; so is done by all along with us for similar purpose. 

Now we all are awake and sincerely desire to bring this to 

knot and leave our present policy of activities „material base‟ 

for the new policy of activity „value base‟- live and let live; 

work is worship, hurt never, help ever and love and let love.‟ 

This is what the Indian vedic scriptures profess and in all 

scriptures unanimously and   also repeatedly impressed  by the 

realized saints and seers of the past as well. If we do not 

realize now even with the Nature (Almighty) who is also 

creating disasters of different kinds   [tsunami, volcano (snow) 

etc. etc.] and also their frequency and magnitude heavily 

increased, There is sure to be a total dissolution of the world 

as a whole, as is profusely professed in our vedic scriptures 

.This is the most opportune time for all of us in the world, 

who are more sensitive to most needed transformation from 

Material base to Value base in all our affair. So do it now and 

now only or never because the total collapse of the universe is 

popping out next door.     

1. Sit all alone in a room, if possible or any where you 

find tranquility so that you can coolly and 

consciously think of stock of your mind-say 

memories a) ethical, or otherwise, b) pertaining to 

your own involvement, c) related to ethics 

concerning you and you alone, d) start thinking with 

full concentration for weeding the undesired ones out 

and e) fixing all the ethical ones together. This last 

task is difficult and we should resort to follow the 

path of our favorite missionaries / visionaries as 

under; particularly when we can not find a solution 

from our common sense, on our first attempt. 

2. Study of the life style of our known visionary, say 

Mahatma Gahdhi, Ramkrishna / Sardamani devi, 

Vivekananda or Lord Krishna, Rama and Sita. 

3. On making a sincere and fight to a finish attempt, we 

are sure to succeed to weed out all undesired 

memories and then concentrate on only the ethical 

ones for the time being, one single job and its 

memory, for its application thoroughly and see its 

result, we may have to exert this, a number of times 

in the beginning till it is ethically resorted to. I give 

an example for its better and faster application. 

Suppose I behaved to my bosom friend in retaliation to his 

similarly assumed one, but soon I find that he had reason to do 

so as usual, and I should not do so from my projection of 

ethics, I should correct it for ethics. The next moment or so, I 

shall find my friend accordingly corrected in return. You may 

await his correction, perhaps for some time. You may have to 

repeat this for some more time, coolly till he gets corrected. 

There are very useful proverbs for patience -1)”Rome was not 

built in a day.2) Charity begins from home” Our international 

leader Gandhiji started alone his fight against the British 

government in Africa and the people then joined him there 

and a little after words his fight that ultimately succeeded; so 

much so that the similar struggle in India had a great success 

in getting India independent in 1945.Gandhiji so succeeded 

principally because his fight was for the right and justice 

against the  then ruler, his singular effort in the beginning 

flooded with one and all. Not only this, but followed 

successively by similar other nations of the world as well. 

Here we can see the abstract mind of Gandhiji   absolutely 

ethical and his all attempts were truly for the  masses ‟ s   

good and just that could attract the rest of the world in his 

single fold for the right.  

Abraham Lincoln said „So shall I not be the slave, so shall I 

not be the master‟ He was a shoe maker and became president 

of the U.S.A .and even as a the president he mended his old 

friend „s shoe when it was called upon by his friend to do so. 

Besides it is said that when he was running a shop, some one 

knowingly or other wise left 4 cents plus, in payment for his 

purchase. On checking his account after a long period of time, 

he remembered this plus money for the correct person; so he 

went in search of him and gave it back to him. He was the 

only and the first person to eradicate engaging slave in his 

country when he was the president of  the U.S.A.way back 

in1865.    

Tolstoy born reach as the millionaire in the Russian ministry„s 

family, was very kind to the poor and when the Tzar ministry 

was formed, his old colleague was poor, As he could not help 

the said poor because his father was in the ministry, and under 

its influence, he shifted out in the poor lane and left all 

parental rich estate of his father to be able to help the poor. 

This is enough for the mental training of mind. 

We shall discuss the physical therapy for the mind to be 

healthy through the Indian exercises viz.Yogasana & 

Pranayamas as against the western therapy –aerobics / work 

outs. The yogic exercise is cheaper, easier, less in time 

consumption, with no bars for the sex, age, period.and  place. 

III. YOGASANAS & PRANAYAMAS 

Prerequisites:  

1. Time- preferably morning ½ hr between 06:00-08:30 

hrs or late evening between 180:0-19:00 hrs.  

2. Frequency: daily: once only. either morning or 

evening. 
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3. Stomach: empty with preferably  bowels cleared.. 

4. Attire: simple T-shirt & short, glasses removed. 

5. Requirement: Simple carpet 2.5‟x 6‟ on solid floor. 

6. Body & mind fixed absolutely for the yogasana. 

7. Breathing normal and preferably without cough & 

cold. 

 Breathing cycle–inhale ( 1 unit), arrest (1.5unit), exhale (1 or 

< 1 unit )    Arrest (I.5 or < unit ) so  on , to continue during 

doing Yogasana; or at least 10 cycles daily in the 

morning/evening. This may be done at work also either sitting 

in a chair or squatting on the floor. 

This cycle should be so adjusted while doing any „asana‟ that 

it should exhale when the stomach is cave-in and inhale when 

the stomach is cave-out ( bulging out); this is necessary & 

useful for the control of breath; it becomes automatic in 

course of time. 

Most important: I would like to suggest, out of my own 

experience , while doing „asana‟  

with such control breathing , as this.-“ If we remember our 

choice deity, or the one whom we love the most-(Because he 

or she is also the visible and living  incarnation of the „Lord‟ 

deity only who is not visible and perceptible); the effect of it, 

will be experienced multiplied, because the loved one will 

transmit his or her love / regards to us invariably through 

vibrations / Sentiments implicitly in synchronism with our 

efforts for toning up our  body and mind. You may be already 

aware of the principle of synchronism that it   becomes 

multifold in strength in overall intensity / strength of love & 

regard. Example- The army is made to break their steps while 

marching on the river bridge to safeguard against the damage 

to the bridge for the same reason. 

IV. ASANAS 

Now we shall take a few „asanas‟ of the many existing ones, 

that are common, easier, and helpful for our health and 

development of our mind as under.  

1. Asanas while sitting. 

2. Asanas while standing and  

3. Asanas while lying on the floor. 

1. Asanas Sitting: 

1.1 Padmasana. 

Squatting on the floor with crossed legs; feet resting on the 

thighs; hands each stretched on separately & fully so that the 

respective palms rest on the  respective knees.- this is good for 

meditation, chest, stomach, diabetes control etc .etc.. Besides 

you may do a bit of a ‟swing‟ of your whole body in this 

‟squat position‟, with your both hands as the pillars one on 

each side for the swing; do it for 5/6 times . 

1.2. Shashankasana. 

Similar to1.1; but the hands are stretched here to touch the 

floor breathing in & out as in. 1.1.repeat - 3-4 times; with the 

breathing cycle as prescribed earlier. Gain; Menstrual  flow 

regulated, diabetes, blood deficit, gas emission etc. etc. 

2. Asanas Standing 

2.1. Surya namaskar- in 12 stages. 

1. Stand with folded hands for salutations to the Sun 

deity 

2. Hands raised fully and bending from the waist 

backward. 

3. Bend & bring hands to touch the floor or the toes. 

4. Stretch one leg parallel to the ground & the other 

bend from its knee with  hands firm on the ground, 

head high looking up  

5. Stretch the other leg on the ground parallel to the 

first leg. 

6. Take the body back concaving at the ground, & head 

looking down. 

7. Get the body forward and without touching the 

ground but parallel to ground, &  supported on the 2   

toes at the back & 2 hands bent from the elbow in the 

front with  head now high or raised. 

8. Get back to position 6 as above. 

9. Bring one leg near the hands still on the ground. 

10. Bring the second leg as done in 9 above with head 

still looking down.. 

11. Do as in 2 above. . 

12. Regain the position 1 as above. Do it for 5-7 times. 

Gain: all joints become Flexible / free for all 

movement easily ;  it is  the Sun (visible)deity that 

we are  Prostrating (bowing) to.  

2.2. Shirsa sana: 

 Note: It is a difficult one and also restricted to those who are 

not normal in their  heart; .but very gainful for many diseases, 

such as pulse control, brain, gases created by 

congestion/constipation, stresses in eye, deafness migraine, 

hernia, hydro cell, appendix, excess urination, tonsil, uterus, 

etc. etc. 

1.  Lie down on floor with   back on the floor. 

2. Clasp your hands & put them together folded from 

their elbows. 

3. Bring your head (back of the head) inside these 

folded hands. 

4. Try to lift your body (half- head to the waist) to its 

right angle gradually and with all care not to lose 

balance at all under any fear; feel free & confident of 

what you do is good for your self and others. Your 

legs are still touching the    floor as & for your 

safety. Once you are sure for the balance with your 

half body lifted up on your head safe, try to take your 

legs either one by one or together gradually & 

without fear, up till the whole body (head to foot) is 

lifted up vertically on the ground.  

Note: here you must remember that you walk on the 

ground with your body erect on the support of your 2 
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tiny feet spread about a foot and a half; whereas in 

this „asana‟, you have support of over two feet and 

that too in a triangular position that is built up by 

your own hands duly elbowed and with the central 

support of your head. So when you are confident   in 

your walk on legs, you need not have fears for this 

upside down stature. It needs only practice    with 

calm & concentrated mind. Here you may continue 

to breathe normal, Stay in this position for about 1 /  

2 minutes & get down after it in the same way as you 

did for the head rest 

 Note: relax after this asana with Shavasana,-lying 

down on the floor as described here under. 

3. Asanas lying on the floor.  

3.1. Shavasana 

       Simply lie down on the floor with chest facing ceiling or 

the sky. This is for total relaxation of the body and mind & 

hence attaining tranquility. Here all body  components have to 

be imagined & made without any sort of activities and also to 

be totally relaxed ;as if you are practically a dead body. 

      The difference between you and the real dead body is just 

the presence and absence of the continuance of breath, 

respectively. 

Note: Our realized seer of recent times –Sri Ramana Maharshi 

tried this just to know what happens when a person dies; and 

he thus confirmed that only the component ‟breath‟ is eternal / 

indestructible and different from all the rest of the body 

components that are temporal. 

Time- say 5 minutes. 

Diet control: simple diet with no fries/fats, less carbohydrates, 

but lot of milk, curd, fruits, vegetables. Our stomach is like 

the earth & the sea in between their distribution- 3/4 solid ¼ 

kept free for gas generated and  liquid; so we must never get it 

fully packed up during our meals; always keep space for the 

generation of gases out of our inputs.; so never be tempted to 

over eat the delicacy, you may like the most; because the love 

of taste is only tongue deep but the harm is created in almost 

all components of our body. 

Vedic scriptures are 1) Gita, Upanishads (major 11  as 

spiritually  commented by Adi Shankaracharya-the divine 

descendent of the Lord Almighty, but in reality the total runs 

into 400 or so)and Brahmasutra. These three together are call 

„Prasthan trayi‟ and Gita is the dialogue between the Almighty 

the charioteer and the Arjuna the warrior on the battle field of 

the two warring families viz Kauravas & Pandavas. In this 

battle field, the Almighty was in the Pandava group and the 

army of the Almighty was selected by the Chieftain of 

Kauravas.., Pandavas won the battle. This is not just the battle 

but a sermons of  lord Almighty to Arjuna and so also to each 

one of us in this world for maintaining ethics , spirituality and 

lead life with “hurt never, help ever; live & let live; work is 

worship and love / let love”. The third book is Brahma Sutra. 

This book is for solving all apprehensions and doubts that 

may arise in following / understanding any scriptures 

satisfactorily. Upanishads are the dialogue between the 

teacher & the taught in series of the teacher and the taught 

commencing from Lord Almighty Himself to cascading in the 

series of the teacher & the taught till the divine soul Adi 

Shankaracharya and his 4 disciples. Besides this, there are 

volumes of 18 Puranas and others for the seers of the past for 

reading as the light ones at leisure and get ready for further 

study with the teacher and the taught in series.  

 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 304 

 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

Development of Effective Broadcasting Model for 

Rural Programmes of ALL INDIA RADIO 

Rajni Rathi 

Department of Journalism and Mass Communication, BLS Institute of Technology Management, Bahadurgarh, Haryana 

Abstract - Electronic media especially Radio still plays a crucial 

role in developing countries like India in informing, 

educating& entertaining society members. It forms and reflects 

public opinion. It also reproduce the self-image of society. In 

rural areas it plays a major role in social learning process and 

has influence on how society members acquire new ideas, change 

their attitude, skill & orientation of the society. (Defluer & Ball-

Rokeach, 1988).  

McLuhan Marshall and Fluer Quentin (1964) is of the opinion 

that radio has been found responsible for structuring people's 

daily lives and routines. Radio has been playing an important 

role in dissemination & diffusion of agricultural 

innovations as sharply found out by a study conducted by Devesh 

Kishore (1967). The same research findings have been supported 

by study conducted by Rajesh Agrawal (2013). Programmes for 

rural peoples. They are not being listen by them. 

Bernard Lamijeet Ahmed Silem (1997) define radio as 

"exchange of communication in which emission (sound, music, 

words) are oriented directly to be received by listeners". It 

facilitates in exchanging subject matter related information 

between the sender & receiver. 

A research study entitled "Impact of Radio of Delhi Station in 

Rural Development in last five years" was undertaken. The 

study involved the whole interaction process in rural 

development between Media & Society. 

So, in this study, an effective BROADCAST MODEL have been 

developed based on research data which will be useful 

to broadcasters. 

Keywords - AIR, Rural programmes, broadcasting model, 

electronic media, rural development. 

I. INTRODUCTION 

adio has been playing has been playing a vital role in 

developing countries in informing, educating and 

entertaining the members of the society. It also helps in 

changing attitude, their opinion and skills related to their 

profession basically agriculture. To have better information 

regarding role of radio in rural areas in terms of effectiveness 

in behavioural changes, socio-cultural value system, living 

patterns. 

As India’s National Broadcaster and also the premier Public 

Service Broadcaster, All India Radio (AIR) has been serving 

to inform, educate and entertain the masses since its inception, 

truly living up to its motto – ‘Bahujan Hitaya : Bahujan 

Sukhaya’. One of the largest broadcasting organisations in the 

world in terms of the number of languages of broadcast, the 

spectrum of socio-economic and cultural diversity it serves, 

AIR’s home service comprises 419 stations today located 

across the country, reaching nearly 92% of the country’s area 

and 99.19 % of the total population. AIR originates 

programming in 23 languages and 146 dialects.     

Farm and Home programmes are broadcast by all stations of 

AIR. Programmes are designed based on the local day to 

day needs of the farming community 

incorporating latest information and technology for best 

agricultural output. These programmes create awareness about 

the ways & means to improve the agricultural productivity 

and quality of the country’s farming community. The 

programmes are broadcast daily in the morning, noon and 

evening with average duration of 60 to 100 Minutes per day 

for Rural Women, Children & Youth. The Farm & Home 

units of AIR broadcast composite programmes including 

equal segments of rural development scheme and hard-core 

agriculture programmes like animal husbandry, fisheries, 

dryland and wasteland agriculture and also on segments 

dwelling on employment schemes, loan and training facilities, 

sanitation, health hygiene and nutrition etc.       

Following are the broadcasted programmes on Indraprastha 

channel of All India Radio Delhi: 

1. Krishi Charcha 

2. Gunje Swar Gaon Ke 

3. Gram Sansar 

4. Krishi Jagat 

5. Aadha Aakash Hamara 

The first four programmes mentioned above are broadcasted 

under the ‘Agriculture and house unit’ whereas ‘Aadha 

Aakash Hamara’ programme is based on development of rural 

women. 

Objectives of rural development broadcasting of ALL INDIA 

RADIO: 

1. To provide development related different 

information to rural population 

2. To provide information 

3.  To fulfill the role of a guide 

4. To generate awareness among population 

 

R 
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The programmes are used to disseminate different information 

related to various topics pertaining to agriculture and rural 

development. The information broadcasted is used by rural 

population to find solution to various difficulties faced by 

them on daily basis and it also helps in increasing their 

knowledge in related fields. 

 

But the problem is that listening percentage of rural people is 

very less there is urgent need for developing and effective 

model for broadcast for rural programmes. 

II. OBJECTIVE 

Research is conducted with the objective to develop an 

effective broadcasting model for rural areas. 

III. METHODOLOGY 

To develop the model of effective rural broadcast, the items 

were collected from policy makers, producers, technician, 

listeners and script writers on the basis of ranking of these 

items a model was develop. 

In order to create broadcasting model, conversation was 

conducted with the following four categories of persons:  

A. Producer / Program Executive 

B. Script Writer 

C. Comparer / Anchor 

D. Engineer / Technician 

These persons were interviewed and were requested to 

provide their views and suggestions for effective broadcast of 

programmes. Based on information gathered from all of these 

persons, efforts were made to find out which points are 

important in enhancing the effectiveness of broadcasting 

programmes. The points which should be carefully considered 

in the creation and broadcasting of programmes were also 

discussed. The points provided by them were used as basis for 

creation of broadcasting model. 

A. Producer / Program Executive: For creating broadcasting 

model, four producers were interviewed and information on 

all important points/aspects were collected and listed. 

 

B. Script Writer: For creating broadcasting model, ten script 

writers were interviewed and information on all important 

points/aspects were collected and listed. 

C. Comparer / Anchor: For creating broadcasting model, ten 

comparers / anchors were interviewed and information on all 

important points/aspects were collected and listed. 

D. Engineer / Technician: For creating broadcasting model, 

ten engineers / technicians were interviewed and information 

on all important points/aspects were collected and listed. 

IV. RESEARCH FINDINGS AND DISCUSSION 

A. Points stated by Producer: 

Most Significant Points 

1. Relevant experts should be invited matching the 

profile of programmes 

2. The construction and arrangement of the profile of 

programmes should be based on special day and as 

per weather 

3. Construction of programmes after consultations with 

rural advisory committee. 

Significant Points 

4. Script writer should be advised to obey and stay 

within time limits 

5. Rural women should be provided appropriate 

platform 

6. Priority should be given to programmes spreading 

education and awareness 

Less Significant Points 

7. Necessary balance should be maintained between 

agricultural and rural development related 

programmes 

8. Special precautions should be taken for ‘phone in’ 

programmes 

9. All aspects of rural development should be included 

in programmes 

 

B. Points stated by Script Writer: 

Most Significant Points 

1. Script should be as per requirements of theme, 

headline and audience 

2. Writing should use ordinary and familiar 

conversation 

3. Sentences should be easy and short 

4. Theme material should be properly serialized 

5. Timeline should be kept in mind 

Significant Points 

6. Programmes should respect code of conduct set by 

ALL INDIA RADIO 

7. Technical words should not be altered and should 

remain same throughout the progamme 

8. Style should be effective, relation between we and 

you. 

9. Script should be either neatly written or computer 

typed 

10. There should be expertise in theme creation and 

sequence in thoughts 

11. There should not be glut of numbers   

Less Significant Points 

12. Content should revolve around a particular focus 

13. Sound words should not be written together 

14. Announcements should be educative and inspiring 
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C. Points stated by Comparer / Anchor: 

Most Significant Points 

1. Comparer / Anchor should have full knowledge of 

theme, should be sharp minded and should have 

good voice 

2. Capsule of programme should not leave out any 

significant point 

3. Parties speaking for and against should be fairly 

managed and moderated 

4. Theme should be presented in interesting manner 

5. Motif or important point should not be left out while 

dubbing or recording 

Significant Points 

6. Equipments to be used for broadcasting should be 

inspected properly  

7. Rural area language should be used 

8. Programme should be presented as conversation 

between two people 

9. Timeline of programme should be kept in mind 

Less Significant Points 

10. Summary of conversation should be conveyed in 

rural language 

11. Timely decision should be taken about what will be 

next question and who will be answering that 

question 

12.  Signature tune should be played first for 

identification of programme 

13. The programme should be concluded with brief 

summary of all beneficial points 

14. The programme should be ended or concluded in 

interesting manner using rural language  

 

D. Points stated by Engineer / Technician: 

Most Significant Points 

1. All equipments used for broadcasting should be 

properly checked 

2. There should be minimal use of microphone 

3. Unwanted additional voice should not be enforced 

4. Sound should be equal at all frequencies 

5. Sound producing equipment used in broadcasting 

should be properly checked 

Significant Points 

6. Engineer should have appropriate and relevant 

technical knowledge 

7. The voice coming out from studio should be adjusted 

appropriately (either increased or decreased) from 

the control room 

8. The audio tape, turn table and CD player should be 

all carefully utilized 

9. The audio tape, turn table and CD player are installed 

in broadcasting studio. These equipments should be 

played very carefully. 

10. The control room for broadcasting should be 

carefully operated 

Less Significant Points 

11. All microphones in studio should be properly 

checked 

12. The microphone kept in front of sound source should 

be  

13. checked thoroughly to ensure that it only catches the 

source sound 

14. The modulation done using transmitter should be 

correct and accurate 

Fig.1 Developed Broadcasting Model 
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V. MAIN RECOMMENDATIONS 

1. Significant information and announcements should 

be aired and broadcasted oftentimes on radio 

2. Promotion of radio prorgammes should be also done 

by other means of communication 

3. Broadcasting should take into consideration the 

requirements of location and area 

4. The creation of programmes should be in rural 

language(s) 

5. Programme should pay special additional attention in 

emphasizing the benefits of audiences  

 

VI. CONCLUSION 

On the basis of the ranking of the items which are responsible 

for effective broadcast in rural areas, an effective model as 

shown in Fig 1 has been developed for the use of policy 

makers, producers, script writers and announcers. The items 

which have been identified and ranked are: 

1. The programmes should be well designed keeping in 

view the basic principles of broadcasting i.e. they 

should not be heavily loaded with the contents and 

jargons.   

2. The languages should be simple, easy to understand 

and preferably the language used in the area where 

programmes are broadcast.   

3. The script writers should try to make programmes 

more interactive and use of flowery language should 

be avoided.  

4. The speed of the broadcast should be such so that 

listeners can retain the information for a longer 

period of time. 

5. The important information should be repeated so that 

even if it is missed first time it can be heard next 

time. 
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Abstract: In Gita 10 / 32 The Almighty says-” adhyamavidya 

vidyanam” lt means, the ‘science of mind is the sciences’. It 

means, the study, its grasp, its recap and its implementation 

/application for any sciences say education to start with at the 

root of all sciences, engineering, social, commerce,arts, 

information technology, industry, administration, judiciary / 

politics at the top of all sciences in our daily use for our ‘bread & 

butter’ is with the help of this science of mind only and nothing 

else. 

Let us, therefore, start our study with this science of mind only. 

Mind with its associated thoughts is different in each and every 

human being, on account of its own stock of thoughts of previous 

births unfruitified, present life till date, parental inheritance, 

effected through contacts, associations and the work  Besides we 

need to be ethical for a common cause of overall growth of all in 

general.. It is though difficult but not impossible; because they 

say ‘where there is a will, there is a way’. This is a puritan call of 

the day, particularly, when the whole world is full of impulsive 

activities under the fear of insecurities-pain in body and tension 

in the mind-and so is in rat race of the hoarding of any kind of 

security. Even then, despite the very grievous reward of the 

‘nature’ to us of frequency, type and intensity of the disasters, 

our longevity has increased and so we are sure to find a solution 

and its corresponding execution for understanding the mind, and 

its reorientation from its ‘impulse base’ to ‘value base’ activity, 

in line with universal ethics, for our overall growth with ecology 

as well. 

 We shall have, therefore to resort to what is repeatedly advised, 

by visionaries / emissaries, of realization in line with our 

scriptures, over 5000 years old and also other aspects, as given 

hereunder. 

1. digesting striking episodes of the visionaries 2.diet / sleep / 

speech control, 3. ‘yogasanas ’, 4.h.r.d./ h .r .m..  

Key words: mind study, why & when, control inputs, through 

h.r.d, ‘yogasanas etc. 

I. MIND STUDY 

omputer / black box of the air craft is a product of mind 

only; we may try to understand our mind through its 

product; because we are habituated to understand the material 

/ physical comodity faster than that of the abstract / 

metaphysical one. Abstract mind and its abstract components 

are- 

1) mind 

2) intellect 

3) stock of thoughts / memories 

4) 4)self-mortal & Self- eternal.  

Physical computer and its physical components are- 

1) principal unit of computer with screen 

2) p .c .u. with chips and hard disc 

3) key board 

4) speakers and contains (thinks) a variety of thoughts;  

let us therefore, first of all get to know what the „mind‟ is. It is 

metaphysical and has 4 divisions  within our physical body- 

1) mind located in our head 

2) heart located in the right side of our chest 

3) intellect metaphysically composed of {and located in 

the head, with other similar components viz 

intelligence, in combination of memories of our past 

incarnations including the present one as well and the 

souls(the mortal & the Eternal as the witness)}  

4) self-mortal and Self – Eternal & just a witness.  

Mind starts its process, to search the appropriate thought and 

memory in line with the subject matter of the assignment to do 

its job, with the help of the intellect and its memory/thought 

storage with in it self (intellect and storage as the key board & 

hard disc/chips- nos.1& 2 of the computer); if it is working 

with ethics, it will prefer the particular variety / tool for its 

ultimate selection and execution through the self-mortal 

associated with Self- Eternal and ultimate order to the 

concerned body components for final execution.; In case, of 

impulsive selection, there will not be accord with the Self-

Eternal and ultimately will lead to the final action /execution 

in total disarray, for our self and also for all  concerned with 

it. It is therefore essential to get to know this metaphysical 

complex thoroughly, for its fruitful utilization / exploitation 

for its study through out our life; because any thought that is 

ultimately so decided within the mind complex, will be 

translated in its respective execution through the respective 

components of our body and with corresponding objects of the 

world out side. Our Vedanta says so, that the study & ethical 

practice of our mind etc. will surely enable us for taking up 

with guaranteed success, any discipline, as stated above for its 

perfection. Reference : Gita 10 / 32  wherein the Almighty 

Him self states to  Arjuna (mortal soul like us)-Knowledge of 

Spiritual science i.e. the science of mind is more than enough 

to know any physical sciences-say, education, politics, 

industry , judiciary , engineering, commerce etc. etc ;because, 

this knowledge of  prime science brings us under the ethics 

and follows the proverbs‟ hurt never, help ever; work is 

worship, live& let live; love & let love‟ for our daily routine. 

This is possible only with our perpetually sustained sincere 

and honest, activities with „value based functions‟ and never 

‟impulse based activities at all‟ Besides, this philosophy is not 

just of the Vedanta but it is also equally professed in all other 

C 
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religions –Christianity, Islam, Buddhism, Jainism, and also in  

Communism, Maoism and Naxalism. I shall give one practical 

example to make easy to grasp these Abstract mind 

components. 

II. WHY & WHEN (OPPORTUNE TIME). 

This is the opportune time for our all out efforts with 

perseverance to reorient our selves from the „impulse based 

functions‟ to that of „value and so dilute or minimize the 

cruelty of the „Nature-Almighty‟ that is being experienced by 

us every where in the world through the variety and 

exponentially aggravating intensity of disasters- earth quakes, 

tsunami, volcanoes, global warming and the like. The „Nature 

„takes Its corrective toll of action in reply to our all misdeeds 

as stated hereto before. This is the opportune time for the 

implementation of spiritual yard sticks-„hurt never help ever‟ 

etc. etc following here to after.; because we have denatured 

ourselves to a level of „less‟ in our affair & activities .as will 

be seen in the following paragraph of seven social sins. 

2.1. 

1) Politics  w/o Principles  

2) Wealth w/o Work 

3) Pleasure w/o Conscience 

4) Knowledge w/o Character 

5) Commerce w/o Morality 

6) Science w/o Humilty 

7) Worship w/o Sacrifice. 

2.2. Besides, we must know that the skill of a person has 3 

stages 

1) Technical Skill: This is required for achieving 

material goal such as cooking , reading etc. 

2) Conceptual skill: This is required for grasping all or 

major of the underlying basics of things around one 

self; such as driving a vehicle, we need to know the 

traffic rules, mechanism of the vehicle, the public 

around on the road and their mental growth etc .etc. 

3) Human relations: pedestrians crossing- senior. 

citizens, ladies, children etc.; over taking without 

competition and at minimum required speed 

,changing of lane systematically etc.etc. 

4) Taking adequate care for the nature & ecology. 

Similarly we have to use our skill for the correct 

option of our activity for the safest and the best 

outcome of it in the end 

2.3. We are becoming „lesser„ day by day, in the following 

aspects covering the entire gamut of our activities. 

1. our dress- topless 

2. .telephone- cordless 

3. cooking –fireless 

4. youth-jobless 

5. food-fatless 

6. labour-effortless 

7. conduct-worthless 

8. relation-loveless 

9. attitude-careless 

10. feeling-heartless 

11. education-valueless 

12. follies-countless 

13. arguments-baseless. 

Remedial Measures. (control) 

1. Illustrious examples of present & past visionaries & 

emissaries  

2. Yogasanas & Pranayamas 

3. Dietary control of substantive nature. 

4. International conferences on spirituality. 

1.  Besides we have illustrious visionaries and emissaries of 

the past (vedic and of other religions) and the present to read, 

recap and imbibe their ethics for our transformation  from 

„impulse‟ to „value base‟ for the good of all, at a time and for 

ever. In brief, a few are given hereunder 

a) Ramkrishna Paramhansa & Sharda mani devi: A 

celibate couple without the study of any scripture and 

average education but divine as an incarnation of the 

Almighty ( Shiva & Shakti); Both guru dev  and guru 

devi  of Swami Vivekananda- all from West Bengal. 

b) Raman maharshi from Tiruvannamalai- Tamilnadu. 

He tried & experienced the pheno0menon of„ „death‟ 

while he was in his lying-down-on-the-floor-posture; 

that clicked him to his ultimate state of‟ „realisation‟ 

and showed all of us the „path of knowledge‟-one of 

the3 paths-„action, devotion and knowledge‟ of the 

Gita... 

c) Mahatma Gandhi: Truth & Non Violence.”  Thought, 

Speech and Action all in total synchronism for entire 

life-( in the present context –„nothing up the sleeve-

hidden‟).. 

d) Confucius: I give money, you no pay, I get mad; You 

ask money , I no give, you get mad; better you get 

mad. 

e) Abraham Lincoln: so shall I not be slave; so shall I 

not be Master. Some one of his old friend 

approached him when he was the president of U.S.A 

& asked for shoe repair; because he was originally a 

shoe repairer; instantly he repaired for him; so was 

his simplicity. 

f) Tolstoy: He was born millionaire, but when the then 

king tzar was cruel & not cooperative to the poor, he 

evicted his house, family riches and everything ;he 

stayed then with the poor for ever. 

g) Lord Krishna ate a simple food-“legume” at the 

house of Vidura- the uncle of Duryodhana 

disregarding  the heaviest and sweetest(56  bhogas) 

meal at the palace of the latter; having had a failure 

in the mediation for  „no war / battle‟ between the 

Pandavas & Kauravas.( full of ego and all malice 

multiplied) 
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h) Gopis pure and eternal love for lord  Krishna even 

surpassed that love of Auddhava to Krishna, as  

experienced by Auddhav himself when he was sent 

to gopis in Mathura by Krishna in Dwaraka for 

enlightening him to nullify his ego of devotion. 

i) Meera & Narasimha Mehta: true devotees to their 

core  and so we remember them as Almighty, even 

now. 

A few scientific similarities: 

a) Parallel lines never meet: it is proved by reduction 

absurdum like the vedic proof „neti-neti‟ for Self- 

Eternal,  

b) lateral inversion: a passenger in a moving train feels 

the trees side ways move and the train steady,  

c) Magnetism is tasted by repulsion and not by 

attraction, Realised person becomes him self / herself 

as the Self Eternal and so has to be a ‟witness‟ for the 

mortals to attract . 

d) Kitchen mate- mixer/juicer/ shredder / slicer / 

doughier can be taken as the mind apparatus for 

disintegrating the thoughts / memories to weed out 

the „Impulse base ones‟ from the total assemblage of 

thoughts /memories for selection of the „value base 

ones‟ only for  an ethical use. 

III. ASANAS 

Now we shall take a few „asanas‟ of the many existing ones, 

that are common, easier, and helpful for our health and 

development of our mind as under.  

1. Asanas while sitting. 

2. Asanas while standing and  

3. Asanas while lying on the floor. 

1. Asanas Sitting: 

1.1 Padmasana. 

Squatting on the floor with crossed legs; feet resting on the 

thighs; hands each stretched on separately & fully so that the 

respective palms rest on the  respective knees.- this is good for 

meditation, chest, stomach, diabetes control etc .etc.. Besides 

you may do a bit of a ‟swing‟ of your whole body in this 

‟squat position‟, with your both hands as the pillars one on 

each side for the swing; do it for 5/6 times . 

1.2. Shashankasana. 

Similar to1.1; but the hands are stretched here to touch the 

floor breathing in & out as in. 1.1.repeat - 3-4 times; with the 

breathing cycle as prescribed earlier. Gain; Menstrual  flow 

regulated, diabetes, blood deficit, gas emission etc. etc. 

2. Asanas Standing 

2.1. Surya namaskar- in 12 stages. 

1. Stand with folded hands for salutations to the Sun 

deity 

2. Hands raised fully and bending from the waist 

backward. 

3. Bend & bring hands to touch the floor or the toes. 

4. Stretch one leg parallel to the ground & the other 

bend from its knee with  hands firm on the ground, 

head high looking up  

5. Stretch the other leg on the ground parallel to the 

first leg. 

6. Take the body back concaving at the ground, & head 

looking down. 

7. Get the body forward and without touching the 

ground but parallel to ground, &  supported on the 2   

toes at the back & 2 hands bent from the elbow in the 

front with  head now high or raised. 

8. Get back to position 6 as above. 

9. Bring one leg near the hands still on the ground. 

10. Bring the second leg as done in 9 above with head 

still looking down.. 

11. Do as in 2 above. . 

12. Regain the position 1 as above. Do it for 5-7 times. 

Gain: all joints become Flexible / free for all 

movement easily ;  it is  the Sun (visible)deity that 

we are  Prostrating (bowing) to.  

2.2. Shirsa sana: 

 Note: It is a difficult one and also restricted to those who are 

not normal in their  heart; .but very gainful for many diseases, 

such as pulse control, brain, gases created by 

congestion/constipation, stresses in eye, deafness migraine, 

hernia, hydro cell, appendix, excess urination, tonsil, uterus, 

etc. etc. 

1.  Lie down on floor with   back on the floor. 

2. Clasp your hands & put them together folded from 

their elbows. 

3. Bring your head (back of the head) inside these 

folded hands. 

4. Try to lift your body (half- head to the waist) to its 

right angle gradually and with all care not to lose 

balance at all under any fear; feel free & confident of 

what you do is good for your self and others. Your 

legs are still touching the    floor as & for your 

safety. Once you are sure for the balance with your 

half body lifted up on your head safe, try to take your 

legs either one by one or together gradually & 

without fear, up till the whole body (head to foot) is 

lifted up vertically on the ground.  

Note: here you must remember that you walk on the 

ground with your body erect on the support of your 2 

tiny feet spread about a foot and a half; whereas in 

this „asana‟, you have support of over two feet and 

that too in a triangular position that is built up by 

your own hands duly elbowed and with the central 

support of your head. So when you are confident   in 

your walk on legs, you need not have fears for this 

upside down stature. It needs only practice    with 

calm & concentrated mind. Here you may continue 
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to breathe normal, Stay in this position for about 1 /  

2 minutes & get down after it in the same way as you 

did for the head rest 

 Note: relax after this asana with Shavasana,-lying 

down on the floor as described here under. 

3. Asanas lying on the floor.  

3.1. Shavasana 

       Simply lie down on the floor with chest facing ceiling or 

the sky. This is for total relaxation of the body and mind & 

hence attaining tranquility. Here all body  components have to 

be imagined & made without any sort of activities and also to 

be totally relaxed ;as if you are practically a dead body. 

      The difference between you and the real dead body is just 

the presence and absence of the continuance of breath, 

respectively. 

Note: Our realized seer of recent times –Sri Ramana Maharshi 

tried this just to know what happens when a person dies; and 

he thus confirmed that only the component ‟breath‟ is eternal / 

indestructible and different from all the rest of the body 

components that are temporal. 

Time- say 5 minutes. 

Diet control: simple diet with no fries/fats, less carbohydrates, 

but lot of milk, curd, fruits, vegetables. Our stomach is like 

the earth & the sea in between their distribution- 3/4 solid ¼ 

kept free for gas generated and  liquid; so we must never get it 

fully packed up during our meals; always keep space for the 

generation of gases out of our inputs.; so never be tempted to 

over eat the delicacy, you may like the most; because the love 

of taste is only tongue deep but the harm is created in almost 

all components of our body. 

Frequency of   international conferences: This needs to be 

increased .for better rapport and quick feed back; this is very 

essential, for its righteous impact on the society, industry and 

institution etc .etc. Organizers may have sources for its funds 

through its righteous success. 

IV. CONCLUSION 

Switch over from „impulse base‟ to „value base‟ action / 

operation  ( motto for this-hurt never, help ever; live & let 

live; work is worship.) set an ideal example for the rest of 

your neighborhood. 

REFERENCES  
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Abstract-- Patola sarees are very famous. Its production is 

considered as an art. Now a days selling of everything is becomes 

modern so Patola sarees can be marketed by e-business. E-

businesses offer opportunities to those who can't afford huge 

start up costs or full-time job. E-business is a broad 

phenomenon. Here modernization takes place for that type of 

art. This paper tries to things to see Patola related matters for 

modernization of selling. A case study of patola manufacturing 

weavers group in Saurashtra region was carried out. A 

questionnaire was designed to collect information along with 

personal interview of 50 woven workers of the units. Various 

factors ranging from Patola production and its demand, Patola 

market, Comparison of Patola selling by traditional methods and 

by e-business, benefits of Patola selling by e-business were 

studied. This paper also tried to find out the barriers for selling 

of Patola through e-business. Examples are also listed who sell 

the patola sarees through e-business. 

Key words-- E-business, Patola art, Patola sarees, selling, market.  

I. INTRODUCTION 

ndian Ladies dress in different type & style of sari. Patola is 

a one type of sari. PATOLA is one kind of silk cloth. 

PATOLA is deformed from Sanskrit word 'pattkalam'. Salvi 

cast's Patola were mention in 2000 years old Jain's religious 

book 'Kalpsutra'. Patan Patola represents characteristics of our 

heritage in the rich traditional art & crafts. The fabrics are 

woven on the handmade loom & ancient art of Patola is 

characterized by such fragile weaving that the design 

produced presents a soft finish on both sides of the fabric. 

Patola designs comprise traditional motifs. An ikat is a portion 

of cloth woven from fibres that have been dyed prior to 

weaving. The two basic types of ikat that are well known are: 

Single ikat and Double ikat. Single ikat fabric is created by 

interweaving tied & dyed warp with plain warp or resisted 

weft yarns is inserted in plain weft. For preparing a patola, 

skilled weft labour, precision, calculation and patience are of 

utmost importance. Double ikat Patan Patola is very costly at 

present. Saurashtra region single ikat Patola is going far 

beyond from its traditional look to modern as far as Patola is 

concern. For celebration Patan Patola is popular. 

Electronic Business, shortly known as e-business, is 

the online existence of business. It can also be defined as the 

business which is done with the help of internet or electronic 

data interchange i.e. is known as E-business. E-business is a 

huge term about the various business processes that aim to 

integrate the vendors or traders with the customers and 

suppliers using the Internet. 

 E-business is very popular at present. Lot of product 

being sold by this mode. In e-business, the entire process of 

setting up a website, helping the forthcoming customers 

navigate through the website, showing them the available 

products, offering discounts and vouchers and doing 

everything possible to encourage the prospective clients and 

converting them into customers, comes under the purview of 

this modern e-business. 

II. AREA OF STUDY 

It is in this dynamic environment that we need to 

understand for any business. The Patola art of our country is 

ancient. How to make this art more popular is important by 

production, by increase the demand, or by selling with hi-tech 

methodology. To safeguard any national heritage they can do 

very successfully as well as very cost-effectively by e-

business. 

III. OBJECTIVES OF THE STUDY 

1. To find out information about demand and supply of   

patola sarees. 

2. To compare of Patola selling by traditional methods 

and by e-business. 

3. To find marketing information regarding patola 

sarees. 

IV. METHODOLOGY 

The questionnaire can be used for target group for 

different issues regarding Patola sarees. Woven entrepreneurs 

are target group. Various types of questions are asked to 

assess the issues. Survey results were arranged for systematic 

analysis of content and requirements. Researchers survey 

various parameters like production, marketing strategy, selling 

through e-business etc by a set of questionnaire and personal 

interviews.  

V. RESULT AND DISCUSSION 

From the questionnaire, the remarkable results are 

obtained. To sustain such ancient art modern modes of selling 

is required. 

                                                                            

I 
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Table: (1) Information about demand and supply of patola 

sarees: 

Sr Assessment Yes (%) No (%) 

1 
Whether patola sarees demand are 

observed in market? 
88% 12% 

2 
Do you believe that Patola sarees are 
sold more compare to other sarees? 

2% 98% 

3 
Do you believe that patola sarees 

demand will increase in future? 

90% 10% 

4 
Will Patola sarees supplied 
satisfactorily by you? 

91% 9% 

5 
Is modernization required to be more 

approach at customers? 

72% 28% 

6 
Is more research required to enrich this 

art? 

79% 21% 

  *In future demand will increase. 

  *Supplied very satisfactorily to customers. 
  *Modernization is required to approach more consumers. 

 

Table: (2) Comparison of Patola selling by traditional 

methods and by e-business: 

1 

Assessment 

Mode of 

selling 

Options 

Do you believe 

that selling of 

patola is 
beneficial in? 

Yes No 

Yes if facility 

available at 

local 

Yes if 

help 
avai-

lable 

Tradi-
tional 

50% 7% 40% 3% 

e-busi-

ness 
56% 4% 30% 10% 

 

2 

Assessment 

Mode of 
selling 

Options 

Selling of 

patola will be 

more  

Yes No 
Yes if facility 

available  

at local 

Yes if 

help 

avai-
lable 

Tradi-

tional 
  35% 2% 33% 30% 

e-busi-
ness 

  28% 10% 25% 37% 

 

3 

Assessment Mode of 

selling 

Options 

Possibilities of 
obstacles to sell 

the patola  

Zero Low Moderate High 

Tradi-
tional 

25% 4% 65% 6% 

e-busi-

ness 
10% 2% 72% 16% 

 

4 

Assessment Mode of 

selling 

Options 

Safety of 

selling of patola 

Zero Low Moderate High 

Tradi-

tional 
1% 11% 12% 76% 

e-busi-
ness 

10% 14% 10% 66% 

 

5 

Assessment 

Mode of 

selling 

Options 

Do you believe 

that the 

turnover will 
increase? 

Yes No 

Yes if 
facility 

avai-lable 

at local 

Yes if 
help 

avai-

lable 

Tradi-
tional 

35% 9% 50% 6% 

e-busi-

ness 
45% 5% 41% 9% 

*Patola sarees can be sell more and much beneficial but facilities and help is 

needed.  

*Obstacles to sell are observed in e-business. 
*Safety is less in selling by e-business. 

*Turn-over can be increased if e-business is adopted. 

Following Fig. (1)  Illustrates assessment of gain/benefits in 

patola saree selling. 
 

 

Fig. (1)  Illustrates assessment of gain/benefits in patola sarees selling. 

Table: (3) Marketing Information: 

S

r 

Evaluation 

criterion 
Decision/data 

1 

Who is 

selling the 
products?  

 

Your- 

self 

Family   

members 

Sales 

Girls/ 
Boys 

Others 

65% 20% 10% 5% 

2 

Where was 

patola selling 

by your 
forefather? 

Home shop Exhibit-ion e-business 

54%   31% 15% 0% 

3 

Where was 

patola selling 
by your 

parents? 

Home shop Exhibit-ion e-business 

35% 54% 11% 0% 

4 

Where is 

patola selling 

by yourself? 

Home shop Exhibit-ion e-business 

25% 60% 10% 5% 

5 
Advertiseme
nt of product 

by e-business 

In news-
papers 

Pamph-
lets 

T.V. 
Channel 

internet 

32% 55% 7% 6% 

6 

Where 

maximum 

selling is 
possible?  

 

At 

exhibi-

tion 

At retail 

shop 

At Kutir 

Udhyog 

mela 

Industrial 

Mela 

30% 46% 20% 4% 

7 
Do you trust 
online trade? 

Not at all With care 
With enough 

confident 
With fully 
confident 

4% 67% 14% 15% 

8 

Barriers for 

selling of 
Patola 

through e-

business 

Lack of 

know-

ledge 

Lack of 
finance 

Lack of 

informa-

tion 

afraid of 
loss 

40% 23% 29% 8% 
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* First & second generation sell product by traditional  methods. 

* Patola selling by e-business is started in third generation of manufacturers. 

* Patola selling by e-business is observed through internet. 
* Enough trust is observed in e-business with care but lack of knowledge and 

information is obstacles. 

(a) Examples of Selling of Patola through e-business: 

The investigator identified nine e-commerce 

websites which put items for sell of Indian Handicrafts. 

These sites also provided a choice for opening an e-store 

on their website. The list of web sites is as follows: 

(1) www.craftsvilla.com 

(2) www.gurjari.co.in 

(3) www.etsy.com 

(4) www.aporv.com 

(5) www.cottageemporium.in 

(6) www.hhecworld.in 

(7) www.greatindianbasket.com 

(8) www.pothys.com 

(9) www.estoregurjari.com 

 

VI. FUTURE TRENDS 

As world moves forward to e-shopping, e- commerce can be 

one stop target to market the characteristically crafted 

products to a geographically spread customers without much 

investment of space and valuable time. This type of business 

requires internet, electronic media etc so we should be ready 

to adopt the high-tech matter. The internet has transformed 

trade marketing. The internet is likely to be at the heart of 

marketing strategy. A successful marketing strategy depends 

on understanding various customers, what they need and how 

we can persuade them to buy from us. In the future more 

perspectives related with Patola arts can be expanded by 

various supports. India is wide country. Lot of work required 

to approach every citizen with internet and electronic media. 

VII. CONCLUSIONS 

It was concluded that Patola weaving is very laborious and 

slow process art with little economic rewards. E-business can 

enhance the selling of patola sarees. The traditional or 

conventional modes of selling should be replaced with 

modern techniques. Weavers should get benefits from that 

one. E-business can provide wide platform for such art. 

Weavers or craftsmen were sustaining their life through the 

Patola craft which means that the craft and the technique of 

making that craft both will remain alive. Business 

opportunities for the craftsmen or weavers would improve 

with greater visibility through an electronic market space 

provided they keep their site regularly updated. Turn-over can 

be increased if e-business is adopted. 
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Abstract- Women Entrepreneurship is comparatively a recent 

phenomenon in Assam. Women entrepreneurship and their 

participation in entrepreneurial activities are gradually 

increasing. Quite a large number of women entrepreneurs have 

set up their enterprises and have been in business successfully.  

Self Help Groups (SHGs) have smoothened the way for 

entrepreneurship of rural women. The members of Self Help 

Groups are involved in Micro Entrepreneurship and work at 

micro level or cottage sectors. They are very much interested in 

entrepreneurial activities like, Handloom weaving, Piggery farm, 

Poultry farm, Dairy farm, Handicraft etc. The rate of growth of 

women entrepreneurship is not satisfactory till now. This is due 

to some basic problems arising in relation to entrepreneurial 

development in our societies. Hence the investigator carried out a 

study to find out motivating factors of entrepreneurship and also 

to find out the constraint faced by women entrepreneurs and 

suggesting remedial measures that would contribute to greater 

success rate among women entrepreneurs. Two hundred women 

(200) members from Self Help Group who are engaged 

themselves in various entrepreneurial activities are considered as 

respondents. The finding revealed that different factors 

compelled rural women to start their entrepreneurial activities 

but varieties of problems are faced by them in establishing and 

running their business ventures. The problems ranges from 

financial, Marketing Problems, Production Problem etc. The 

problems of women entrepreneurs are far more than their men 

counterparts due to the existence of societal taboos and 

restrictions. Considering the economic importance of developing 

entrepreneurship among women, the Government shall design a 

suitable scheme to attract women towards entrepreneurship and 

to help their enterprises to survive. 

Keywords:  Entrepreneurship, Cottage sector, Constraint, Self 

Help Group, Business Ventures    

I. INTRODUCTION 

ntrepreneurship is the dynamic process of creating 

incremental wealth. The wealth is created by individuals 

who take the major risks in terms of equity, time and career 

commitment of providing value to some product or service 

(Kuratko and Richard, 2001). According to A.H.Cole, 

“Entrepreneurship is the purposeful activities of an individual 

or a group of associated individuals undertaken to initiate, 

maintain or organize a profit oriented business unit for the 

production or distribution of economic goods and services”. It 

is a process where one person getting himself self employed 

and provides job to others also. The person is called 

'entrepreneur’. All activities undertaken by an entrepreneur to 

bring a business unit into existence are collectively known as 

entrepreneurship. In short, entrepreneurship is the process of 

creating a business enterprise. Entrepreneurship is breaded by 

self-employment and enhances economic growth of the 

country. Small-scale entrepreneurship reduces the 

concentration of wealth in few hands and helps for achieving 

balanced economic growth of the nation. In our countries, 

entrepreneurship development is considered as the way to 

promote self-employment, to sustain economic development 

and to augment the competitiveness of industries in the eve of 

globalization and liberalization. 

Women constitute about half of the world 

population. In traditional societies, they are confined to 

performing household activities. Hence women are generally 

called as home makers. But today, in modern society, they 

have moved out of the house and are taking part in all areas of 

life. Today, the entrepreneurial world is open to the 

womenfolk. The role of women entrepreneurs in the process 

of economic development has been recognized form nineties 

in various parts of the world. Today, in the world of business, 

women entrepreneurship has become an essential movement 

in many countries and has been accepted in all areas of 

working. The United Nations report has concluded that 

economic development is closely related to the advancement 

of women. In nations where women have advanced, economic 

growth has usually been steady. By contrast, in countries 

where women have been restricted, the economy has been 

stagnant. Therefore this study has been carried out to see the 

involvement of women for the economic upliftment of the 

country in general. 

        The prospective role of women entrepreneurs in Assam 

has been realized since long. The new industrial policy has 

emphasized the need of implementing the entrepreneurship 

programme for women in rural and urban area to uplift their 

status in the economic and social field. Product and process 

courses are framed to train the women group for their 

participation in industries and business. The five year plan has 

also categorically and emphatically stated that women section 

has to be given special recognition and provided with requisite 

facilities for bringing them in to the mainstream of economic 

growth. This paper with special interest to the promotion of 

entrepreneurship and leadership quality seeks to emphasized 

on the three important issues i.e.- to discussed the motivating 

factors for entrepreneurship,  to find out the difficulties faced 

by the women to become an entrepreneur, and the approaches 

to promote entrepreneurship and leadership qualities. 

E 
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        Women entrepreneurs in Assam have to cope with 

various socio-economic problems. Society’s attitude and 

support are the major determinants of women’s 

entrepreneurial success. The social and cultural roles played 

by women may place an additional burden on them. As a part 

of their social binding, women have to perform household 

duties with simultaneously operating as business owners. A 

woman entrepreneur is expected to perform the roles of wife, 

mother, daughter, daughter-in-law and businesswoman. On 

the other hand the  

Lakhimpur district of Assam where the study is carried out, is 

industrially backward area in compared with other districts.  

So, it is felt that this district is ideally suited for a study on 

women entrepreneurship. The study which aims in 

understanding the entrepreneurial development among women  

the factors encouraging the women to become entrepreneurs, 

the problems that faced by the entrepreneur and the attitudinal 

and general aspects of Assamese women entrepreneurs and 

their aspiration for achieving success is a unique one in the 

field of social research as a whole. 

II. OBJECTIVES OF THE STUDY 

1. To study the motivating factors for women 

entrepreneurship. 

2. To study the activities adopted by women 

entrepreneur. 

3. To study the major constraints faced by the women 

entrepreneurs.  

4. To suggest measures for promotion of women 

entrepreneur in Assam 

III. METHODOLOGY 

Universe of the Study 

 Since the study is related to women entrepreneurship 

development through SHGs in Lakhimpur District of Assam, 

the universe of the study constitutes all the SHGs constituted by 

Women under Community Development Block of Lakhimpur 

District. The Lakhimpur district has Nine Community 

Development Blocks. Out of the total Nine Development 

Blocks, two development blocks i.e. Lakhimpur and Baginadi 

Development block have been drawn out for the purpose of 

drawing samples for this study keeping in view of achieving the 

objectives and convenience of the study.  

Selection of Respondents 

  Since the study deal with the rural women 

entrepreneur who are engaged in different income generating 

activities. Therefore the respondents for the study were taken 

from the member of SHGs through which women are engaged 

themselves in different income generating activities i.e. small 

business  

              Ten SHGs from each Community Development 

Block has been selected following the purposive random 

sampling method consisted the total number of SHGs are 

Twenty (20). From this Twenty SHGs ten (10) members from 

each SHG were selected as a sample for the study made the 

total number of Two hundred (200) were the respondents for 

the present study. 200 women entrepreneurs were selected 

from these two Development Block to study and evaluate their 

motivating factors, the constraints faced by them and the 

guidance received by them.  

Development of tools and analysis 

The primary instrument for collecting the 

information was a set of structured interview schedule consist 

of Motivating and facilitating factors of entrepreneurship, 

Activities adopted by women entrepreneur, Constrained faced 

by the entrepreneur, Aspiration for achieving success etc. In 

addition to the structured interview scheduled, the 

researcher’s own observation during face to face interview 

also formed a part of the technique adopted in collecting 

information from the respondents.  

IV. RESULTS AND DISCUSSIONS 

Motivating Factors 

Growth of entrepreneurship depends upon certain 

motivating and facilitating factors. Entrepreneurs are 

motivated to start a business/ enterprise because of the factors 

like ambitious factors, compelling factors and others.  These 

motivating factors act as intervening variables to mediate 

between stimulus and response of the individual concerns and 

affects ones dedication towards any job or activity. If the 

individual is self motivated, the quality of work is better too. 

Women folk in Assam are motivated to peruse their 

opportunities to enter into a Entrepreneurship profession in 

order to satisfy many aspects like independence, recognition 

and gain of acceptance and appreciation in society, a means to 

get better the wellbeing of their families and finance the 

education of their children. The present study focuses on 

various motivational factors of women in rural areas that 

influence their entrepreneurial choice. TableI shows the 

various motivational factors of women entrepreneur in Assam. 

Table I 

Motivating Factors of Women Entrepreneurship 

Sl.No Factors Frequency 
Percentage 

(%) 

1. 
To earn money for increasing  

family income 
76 38.0 

2 To secure Self employment 43 26.5 

3 To apply professional Skill 18 9.0 

4 
To avail financial benefit  of 

government scheme 
31 15.5 
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5 To improve socio-economic status 27 13.5 

6 
Others (Death of husband, Family 

Responsibility) 
15 7.5 

The above table shows that 38% of respondents were 

compelled to start the entrepreneurial activities for increasing 

family income.  26.5% respondent was motivated to make 

themselves self employed. 15.5% of respondents started their 

entrepreneurial activities to avail financial benefit of 

government scheme. 9% respondents started their 

entrepreneurial activities to apply their professional Skill. 

13.5% of respondents were motivated to start small business 

to improve their socio-economic status. Family responsibility 

due to death of husband, relatives compelled 7.5% 

respondents to start the present activities. 

Activities Adopted by Women Entrepreneur: 

Generally different Economic activities are adopted 

by the SHG members on the basis of availability of local 

resources, traditional habit, market availability etc. The 

following table shows the different economic activities 

adopted by Women Entrepreneur. 

Table II 

Economic activities undertaken by respondents 

       From the above table it has been seen that out of total 

respondents highest 85 sample respondents i.e. 42.5% have 

taken Handloom and Handicraft activity as their economic 

activity under SHG microfinance programme. Another 

economic activity under taken by the sample respondents is 

piggery farming where 20% are engaged. Almost all the tribal 

respondents as well some other community traditionally prefer 

piggery as their economic activity. There are other economic 

activities undertaken by sample respondents such as Goatery 

rearing by 15.5%, Agricultural Farm activity by 9%, tailoring 

activity by 8% and fishery activity by 10 respondents i.e. 5% 

only. It is found from the study that though agriculture is the 

primary occupation of the most of the respondents, the 

Handlooms and Handicraft is found to be most profitable and 

preferable economic activity among rural women 

entrepreneur. They began this activity by manufacturing of 

women’s’ wear from Silk, Muga etc. 

Constraints Faced by Women Entrepreneur: 

The women are in recent time very much interested 

in entrepreneurial works like, Handloom weaving, Piggery 

farm, Poultry farm, Dairy farm, Handicraft etc. But it has been 

observed that the rate of growth of women entrepreneurship is 

not satisfactory among them. This is due to some basic 

problems arising in relation to entrepreneurial development in 

our societies. A variety of constraints are faced by the 

entrepreneurs in establishing and running their business 

ventures. The problem ranges from financial, Marketing 

Problems, Production Problem etc. The problems of women 

entrepreneurs are far more than their men counterparts due to 

the existence of societal taboos and restrictions. The following 

table shows the major constraint faced by women 

entrepreneur of Assam. 

Table III  

 Constraints faced by Women Entrepreneur 

Sl.no Constraints Frequency Percentage 

1 Financial Problem 66 33% 

2 Marketing Problems 52 26% 

3 
Production 
Problems 

49 24.5% 

4 Social Problems 33 16.5% 

From the above table it has been seen that majority 

of women entrepreneur i.e. 66% faced the problems of 

financial aspects. High cost of required machine or 

equipment, Lack of knowledge about government  subsidies 

and technical knowledge, difficulties in long procedure and 

complicated methods of availing financial aid, documentation 

etc are faced by women entrepreneur. 26% respondents faced 

constraint in respect of lack of demand in local market. They 

reported the major constraint in respect of competition from 

huge organizations, lack of proper Transportation etc. It has 

been found that 24.5% Women Entrepreneur faced difficulties 

regarding availability of raw material. According to them cost 

of raw material is too high due to non availability status and 

lacking in technical training. The data presented in table 

above revealed that 16.5% of women entrepreneur depends on 

their husbands for finance and male dominated decisions. 

Moreover, financial institutions also hesitate to finance 

women based projects due to lack of property in their own 

name. Increased work burden and responsibility of small 

children or dependent in-laws were major personal constraints 

and some women were faced constraints in their personal 

health problems.  

V. SUGGESTIONS AND CONCLUSION 

       The findings of the study have drawn attention to some 

aspects, which need to be considered for developing women 

entrepreneurship. A few such recommendations are: 

 Approach should be applied to select potential 

women of managerial skill who has systematically 

Sl. No Economic activities Frequency Percentage (%) 

1 Goatery 31 15.5 

2 Piggery 40 20 

3 
Handlooms and 

Handicraft 
85 42.5 

4 Agricultural Farm 18 9.0 

5 Fishery 7 3.5 

6 Tailoring 19 9.5 
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acquired the required philosophy and skill in the 

initial stage. 

 Entrepreneurs should provided required training by 

emphasis on Achievement-Motivation- Training with 

adequately backed by management inputs and the 

technical training orientation. 

 The entrepreneurs faced difficulties in selection of 

machinery and technology. Suitable organizational 

arrangement for supply of information about 

appropriate machinery and the process of transfer 

technology should be available to prospective 

women entrepreneur. “Creation of Machine and 

Process Bank’’ to provide all data of machines and 

processing will be a great support of women 

entrepreneurship development in Assam. 

 The entrepreneurs have to contract many agencies 

and departments for completing various formalities 

for registration and licensing. Promotional agency 

should come forward to help the Women 

Entrepreneurs in this regard. 

 Sufficient data and market intelligence should be 

available and the Government and Private agencies 

should patronize the product and service of the 

entrepreneurs. 

 Both the Government and Private agencies have to 

play a coordinated role with an integrated approach 

for making the movement of women 

entrepreneurship development a success. 

 For effective and quick women entrepreneurship 

development a special apex body should be set up at 

the state capital level with its district machineries to 

provide required assistance from government bank 

and financial agencies to the existing and prospecting 

entrepreneurs. 

                         The afore-said finding has provided useful 

information regarding the women entrepreneurship 

development in Assam involving motivating factors for 

entrepreneurship, activities adapted to different problems 

faced by them and thus has provided an insight in to the 

working of the women entrepreneurs dealing with self help 

group.  
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Abstract:- Madhya Pradesh as a favored industrial destination. 

Madhya Pradesh (MP) is amongst the leading states in India 

both in terms of area and population. The state has gained a 

significant position in the country based on investment and 

economic growth. Madhya Pradesh, the second largest state of 

India, is the 9th biggest state economy in the country. Blessed 

with vast natural resources and comparatively peaceful  

environment, the state still faces formidable challenge of 

removing historical constraints of development. It was felt to 

examine the development challenges of each state in light of the 

state-specific opportunities, constraints and resources. Madhya 

Pradesh government have taken great strides in improving the 

infrastructure including roads, power and irrigation in the last 

few years. However, great deal of efforts are still required to 

bring the state at par with the other developed states.  

Meticulous fiscal management has given a thrust to the state 

economy. The objectives of the study is to overview the Madhya 

Pradesh as a ‘LAND OF GROWTH AND OPPORTUNITIES’ 

and to study  the role of Madhya Pradesh Government in the 

growth and development of Small scale  industries and 

entrepreneurship. The secondary data is used for study and 

analyzed in general way . 

Keywords:-  Small scale  industries , Entrepreneurship, Growth 

and opportunities, Madhya Pradesh , Industry , Investment 

,Economic growth etc. 

I. INTRODUCTION 

adhya Pradesh, the second largest state of India, is the 

9th biggest state economy in the country. Blessed with 

vast natural resources and comparatively peaceful  

environment, the state still faces formidable challenge of 

removing historical constraints of development. It was felt to 

examine the development challenges of each state in light of 

the state-specific opportunities, constraints and resources. 

Madhya Pradesh government have taken great strides in 

improving the infrastructure including roads, power and 

irrigation in the last few years. However, great deal of efforts 

are still required to bring the state at par with the other 

developed states.  Meticulous fiscal management has given a 

thrust to the state economy. Centrally located, Madhya 

Pradesh (MP) is also known as the heart of India. Spread 

across an area of 308,000 sq km, MP is the second largest 

state of the country and ninth largest economy in India. The 

state is endowed with vast natural resources like forests, 

minerals, rare and valuable herbs and medicinal plants and 

eight important rivers flowing across the state. MP is the 

largest producer of oilseeds and pulses, garlic and coriander in 

the country. Low cost of basic infrastructure and availability 

of skilled manpower and cheap unskilled labour further paved 

the way for expanding existing industrial base to greater 

extent. Its rich cultural heritage and comparatively peaceful 

law and order situation, coupled with good connectivity with 

neighbouring states leverage the state as one of the emerging 

economy with high potential. The concept of 

Entrepreneurship has assumed prime importance for 

accelerating economic growth both in developed and 

developing countries. It is a basis of free enterprise. It 

promotes capital formation and creates wealth in the country. 

It is the hope and dream of millions of individuals around the 

world. It has the thrill of risk, change, challenge and growth. It 

builds wealth. It is a pathway to prosper. It reduces 

unemployment and poverty. Entrepreneurship is the process 

of identifying opportunities in the market place, arranging 

resources required to exploit the opportunities for long term 

gains. It is creating wealth by bringing together resources in 

new ways to start and operate an enterprise. It is the process of 

planning, organizing, operating and assuming the risk of a 

business venture. It is the ability to take risk independently to 

make more earnings in the market oriented economy. It refers 

to a process of action an entrepreneurship undertakes to 

establish an enterprise. It is a creative and innovative skill and 

adapting response to environment. Madhya Pradesh as a 

favored  investment and industrial destination. Madhya 

Pradesh (MP) is amongst the leading states in India both in 

terms of area and population. The state has gained a 

significant position in the country based on investment and 

economic growth. Entrepreneurs must  be given information 

that would facilitate to take best advantage of the schemes. 

This would give them encouragement, enhancement and 

handholding resulting in improving productivity of the 

enterprises. Development of enterprises in terms of 

establishment, expansion, modernization, acquisitions and 

M 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 320 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

mergers can take place. Organization structure in terms of 

proprietary, partnership, cooperatives, corporations, etc., can 

be planned. Issues like state development, infrastructure, 

fiscal issues, and export prospects, etc., paves way for 

economic prospects. 

Investors and entrepreneurs must be given information that 

would facilitate to take best advantage of the schemes. This 

would give them encouragement, enhancement and 

handholding resulting in improving productivity of the 

enterprises. Development of enterprises in terms of 

establishment, expansion, modernisation, acquisitions and 

mergers can take place. Organisation structure in terms of 

proprietary, partnership, cooperatives, corporations, etc., can 

be planned. Issues like state development, infrastructure, 

fiscal issues, export prospects, etc., paves way for economic 

prospects. Madhya Pradesh as a favored industrial destination. 

Madhya Pradesh (MP) is amongst the leading states in India 

both in terms of area and population. The state has gained a 

significant position in the country based on investment and 

economic growth. Over the years, the state has developed a 

robust infrastructure, favorable policy environment & 

industrial growth centres, which has expedited the growth of 

industrialization. As a result, Madhya Pradesh state domestic 

product grew at a CAGR of 10.3% during 2007-08 to 2012-13 

whereas India‟s GDP grew at a CAGR of 7.15% during the 

same period.  The state has been at forefront in promoting 

industrial growth by offering gamut of incentives to promote 

rapid industrialization, and is able to harness its strengths to 

expand its economy with the support of conducive policies. 

State has identified thrust sectors including Auto and auto 

components, Textiles, Tourism, IT/ITEs, Healthcare, Skill 

development, Pharmaceutical, Renewable energy, 

Biotechnology and Logistics & warehousing which provide 

the required impetus to the economic growth.  MP is centrally 

located and has excellent connectivity across major cities of 

the country. It has a total road network of 58,423 kms with 20 

national highways passing through the state. The state is well 

connected with rail services to all major cities and also to 

international export markets via Jawaharlal Nehru Port in 

Mumbai and Mundra Port in Gujarat. The Delhi Mumbai 

Industrial Corridor (DMIC) passes through 10 districts of the 

state, which enhances high-speed access to ports and Northern 

& Western markets of India.  MP provides a peaceful labour 

force and stable industrial environment. The state has large 

number of engineering colleges (224), polytechnics (114), 

ITIs (415), and other vocational training institutes to ensure 

availability of skilled manpower across various sectors in 

different regions of the state.  The state has developed a strong 

pipeline of investments during the last five years and would 

continue to attract more investors by developing an enabling 

industrial eco system which would lead to sustainable 

industrialization and ensure economic prosperity of the state   

Calling upon the youths that nothing is impossible with firm 

determination, Madhya Pradesh chief minister Shivraj Singh 

Chouhan said humility and patience are the key to success. 

Addressing the young entrepreneurs convention Yuva Udyami 

Sammelan at his residence  Chouhan said Refusal to accept 

defeat in any situation and continuous hard work are mantras 

of success. He exhorted them to keep updating techniques in 

their respective fields and not to consider success as 

destination, but a milestone. He said he is available every 

Monday if they have any difficulty. Chouhan said Madhya 

Pradesh Investment Promotion Scheme will be implemented 

for micro, small and medium industries in the state. Under 

Madhya Pradesh Land Management Rules, 90% concession 

will be given in prescribed rates for allotment of up to 5,000 

square feet plots to MSMEs. A new Madhya Pradesh will be 

carved out by laying a network of small and cottage industries 

in the state. For developing clusters as MSMEs, 15 industrial 

areas costing Rs 10 crore are being developed. In all industrial 

areas in the state, 20% land has been reserved for micro and 

small industries and they are given 15% capital subsidy and 

5% interest subsidy besides, electricity connections at reduced 

rates, he said. Commerce & Industries Minister Scindia said 

youths should become self-reliant and motivate others. The 

state government will extend every possible assistance to 

them in skill development. Citing examples of some young 

entrepreneurs, she said that if youths wish, they can provide 

jobs to others by becoming entrepreneurs.  CEO of Snapdeal 

Bahal told young entrepreneurs that Madhya Pradesh has 

given opportunity to them through Yuva Udyami Yojana. 

Such a scheme exists in very few states of the country. They 

should avail its maximum benefit. 

II. OBJECTIVES OF THE STUDY 

 The objectives of the study is to overview the Madhya 

Pradesh as a land of growth and opportunities and to study the 

role of Madhya Pradesh Government in the growth and 

development of  Small Scale Industries and Entrepreneurship 

Development.  

III. RESEARCH METHODOLOGY 

The secondary data is used for study and analyzed in a 

generalized way.The study is based upon secondary 

information collected from various annual reports of MSME 

and SSI, some information is also collected from different 

issues of economic survey published by government of India 

and certain other important books and journals. 

IV. ADVANTAGE WITH  MADHYA PRADESH 

The government of Madhya Pradesh recognizes the need for 

faster economic development in the state with a strategy for 

encouraging investment and achieving higher levels of 

economic development. 

 Strong economy : One of the fastest growing  states 

in India  backed by an impressive  CAGR of  9.5% 

during the period 2006-12 

 Robust industrial infrastructure: 231 Notified 

industrial Areas,19 growth centres, 4 notified Special 
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Economic Zones (SEZs) and 12 product specific 

industrial parks to facilitate industrial investments. 

 Strategic location: Located at the centre of India, 

within the close proximity of all major markets and 

tier- one cities across the country. 

 Stable government and peaceful work environment: 

The government of Madhya Pradesh has introduced 

several investor-friendly policies and created single 

window secretariat, MPTRIFAC for smooth 

facilitation of investment process in the state. 

 Excellent connectivity: A robust road network-99403 

km, making it an ideal destination as centralized 

manufacturing and distribution hub. 

 Large land parcels for industrial use: Over 16,000 

hectares of land for industrial use at various strategic 

locations across the state. 

 Strong consumer base: With population of over 70 

million, the state has decadal urbanisation growth 

rate of 26% with bigger cities growing as high as 

40%. 

 Rich Natural Resources 

 Madhya Pradesh has 11 different agro-climatic 

zones. 

 Rich mineral wealth of iron ore, diamonds, copper 

ore, manganese ore, bauxite, limestone, coal and 

marble, granite. 

 12% of India's forests are in Madhya Pradesh. 

 Scarce fuel resources such as coal and coal-bed 

methane are available in plenty. 

 14% of India's coal reserves are in Madhya Pradesh. 

 Asia's thickest coal seam is located in the district of 

Sidhi. 

 Madhya Pradesh has operational diamond mines in 

India. 

 144 BCM of coal bed methane reserves have been 

identified. 

 Prospecting for blocks available for captive mining 

for power, cement, iron and steel units. 

 Large reserves of limestone, which is the basic 

construction raw material. 

 Manganese and dolomite, key ingredients to iron and 

steel are found here. 

 Exotic varieties of dimensional stones i.e., marble, 

granite and flagstone are available. 

 Agri Bounty 

 Largest producer of oilseeds in, the country at 

23.92% of the total output. 

 The state is in first position by producing 25% of 

pulses and 40% of Grams of total Production of the 

country. 

 Commercially favoured varieties of wheat and potato 

grown. 

 Largest producer of garlic and coriander. 

 Massive wastelands and government farms 

measuring from 50 to 3000 acres ready to be offered 

for investment. 

 Government of Madhya Pradesh has prepared a 

policy for allotment of Non Forest Waste Land for 

the investors. 

 Contract Farming is allowed. 

Rich Biodiversity 

 30% of state under forest cover. 

 11 of 25 Global Agro-climatic Zones in the state. 

 A largely unexploited species of rare, valuable 

medicinal-herbal plants. 

Skilled Manpower & Education Centre 

 About 90,390 technical graduates and an overall 

figure of 2,70,000 graduates add to the workforce 

each year. 

 IIIT at Gwalior and Jabalpur, National Law Institute 

University and National Judicial Academy, Indian 

Institute of Forest Management (IIFM) at Bhopal, 

Indian Institute of Management (IIM) and Indian 

Institute of Technology (IIT) at Indore and a large 

number of such national level and renowned state 

level educational centre are located in Madhya 

Pradesh. 

 Cluster based development at 6 key places  

o Indore : Pharma, Textile, Food Processing, 

IT and Auto Components. 

o Bhopal : Engineering, Textile, Biotech, 

Herbal, IT and Food Processing. 

o Jabalpur : Garments, Mineral, Stone, 

Forest, Herbal and Food Processing. 

o Gwalior : Electronics, IT, FMCG, 

Engineering, Stone and Food Processing. 

o Rewa : Minerals, Cement, Agro and Forest 

Produces. 

o Sagar : Mineral Processing and Stone. 

Industry Facilitation 

Madhya Pradesh is fast emerging as new destination for 

industries with following facilitation:- 

 Creation of Industry - friendly administration and an 

incisive industrial promotion policy. 

 The state provides a facilitative environment for the 

development of small, medium and cottage 

enterprises. 

 It has Special Economic Zones. 

 Ensures reliable power to the industries. 

 Air connectivity with major industrial towns 

available. 

 Special package of incentives for Mega Investment 

Projects, with investment above Rs. 25 Crores. 

 Assistance for setting up of Industrial Parks. 
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 Concessions for Tourism Projects. 

 Single table clearance for mega projects through 

project clearance Implementation Board (PCIB). 

Projects worth aprox. Rs. 2,64,129 Crores facilitated. 

Key incentives of Industrial Promotion Policy 2010 (amended 

in 2012) 

 Value Added tax ( VAT ) refund for up to 10 years – 

limited to 100% of capital investment 

 Entry Tax exemption up to 9 years 

 Subsidy of 15% on fixed capital investment for 

micro and small scale industry 

 Land Subsidy for mega projects – 75% (on premium) 

 Interest subsidy of 5% for a period of 7 years with a 

limit of INR 2 million (USD 40,000) for micro and 

small scale industry. 

 Financial Assistance of 15% on infrastructure 

development cost on establishment of industrial 

parks with a limit INR 50 million (USD 1 million). 

 Special package of fiscal incentives for projects with 

an investment above or equal to INR 200,000 million 

(USD 4 billion). 

 Provision of customised package of fiscal incentives 

for projects with an investment more than INR 250 

million (USD 5 million). 

Additional Fiscal Incentives for Textile Industry 

 New textile units will be given an investment subsidy 

of 10% of eligible capital investment up to INR 10 

million (USD 200,000) 

 New units with fixed capital investment of more than 

INR1000 million (USD 20 million) will be given 

entry tax exemption for a period of 7 years. 

 Interest subsidy of 2% for a period of 5 years will be 

provided up to INR 50 million (USD 1 million) 

 25% subsidy will be given for establishment of 

Apparel Training Institute up to INR 2.5 million 

(USD50,000) 

Established Institutional Mechanism 

 MPTRIFAC is the Single Window Secretariat for 

investment facilitation 

 District Level Investment Promotion Empowered 

Committee- headed by District Collector 

 State Level investment promotion Empowered 

Committee- headed by Industries Minister 

 Apex Level Investment Promotion Empowered 

Committee- headed by Hon'ble Chief Minister. 

Investment Promotion 

Government took an initiative to project & promote Madhya 

Pradesh for its total economic development through 

investment in Agriculture, Industry, Infrastructure & services 

sector. 

  

 Single Window Investment Facilitation through MP 

Trade & Investment Facilitation Corporation 

(TRIFAC). 

 MP Investment Facilitation Act, 2008 enacted. 

 Industrial Policy facilitates cluster based 

development through Madhya Pradesh Audyogik 

Kendra Vikas Nigam Ltd. (MPAKVNs). 

 Combined Application form for entrepreneurs to get 

the necessary clearances in all concerned 

departments by applying to the Apex Level/State 

Level/District Level Committee. 

 A comprehensive database of land available in the 

state (16000 hectares), which is suitable for setting 

up the industries, has been prepared to facilitate 

entrepreneurs. 

 Power Policy for Industries in Madhya Pradesh 

 All possible steps will be taken to reduce the 

quantitative and qualitative shortfall in the supply of 

power, particularly for industries. The private sector 

will be encouraged to participate in efforts to 

increase the generation capacity.  

 An entrepreneur wishing to set up a captive diesel 

generating set, or a captive thermal generation unit 

with a capacity of 25 M.W. (which can also utilise 

waste hear) shall be accorded permission within 

fifteen days upon his submitting an application along 

with complete information to the Madhya Pradesh 

Electricity Board (MPEB) and the Chief Engineer, 

Electrical Safety/Chief Electrical Inspector in 

accordance with the provisions of the Electricity 

(Supply) Act, 1948 and the Indian Electricity Rules, 

1956 subject to the following conditions:-  

a. An entrepreneur wanting to set up a captive 

generating set for catering to all his own 

requirements will be accorded permission 

upon his submitting such an application. 

b. An entrepreneur wanting to set up a captive 

generating set for partially catering to his 

own requirements will be accorded 

permission, upon his submitting such an 

application, but in this case power from the 

MPEB will be made available to him on 

certain conditions. 

 Establishing of a thermal generating set above 25 

MW capacity requires permission of the Central 

Electricity Authority, Government of India. 

Applications and project reports in such cases will be 

forwarded by the Madhya Pradesh Electricity Board 

to the Central Electricity Authority within fifteen 

days of submission of these by entrepreneurs and 

efforts will be made to secure the permission of the 

authority, as early as possible.  

 An entrepreneur desirous of setting up tiny or small 

hydro- power or non-conventional power generating 
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units (such as wind energy, solar photo-voltaic, 

biogas etc.) for his own use be accorded permission 

within fifteen days of his application along with 

complete information to the MPEB and the Madhya 

Pradesh Urja Vikas Nigam.  

 If an entrepreneur establishes diesel/thermal/small 

and tiny hydro-power generating sets or equipment to 

generate non- conventional energy and intends to 

supply surplus power to other entrepreneurs in the 

vicinity, or sets up any type of power generating 

plant only with the intention of selling power to other 

entrepreneurs, he will be accorded permission under 

the provisions of the Electricity (Supply) Act, 1948 

by the MPEB within fifteen days of application. 

However, such an entrepreneur will also be required 

to obtain permission from the State Government 

through the Chief Engineer, Electrical Safety/Chief 

Electrical Inspector under the provisions of the 

Indian Electricity Act, 1910. Such applications will 

be decided expeditiously.  

 If an entrepreneur, as spelt out above, establishes 

diesel/thermal/small-tiny hydro-power generating set 

of more capacity than that required for his own use 

and wants to supply power to his won unit situated at 

a distance, or wants to supply surplus power to some 

other entrepreneur at a distance, or sets up any type 

of plant only with the intention of selling power to 

other entrepreneurs and intends to make use of the 

distribution network of the MPEB permission will be 

accorded by the Board on the condition of payment 

of wheeling charges/payment for transmission losses 

as under:-  

 10% of the total power supplied for a 

distance upto 40 kms. 

 12% of the total power supplied for a 

distance upto 60 kms. 

 17% of the total power supplied for a 

distance upto 100 kms. 

 20% of the total power supplied if the 

distance is more than 100 kms. 

 If an entrepreneur desires to sell surplus power to the 

MPEB from his captive generating set/plant, or sets 

up any type of generating plant to sell power to the 

MPEB, such an entrepreneur will be accorded 

permission under the provisions of the Electricity 

(Supply) Act, 1948. The tariff for supply of such 

power shall be fixed for the following time slots, 

under the provisions of the Electricity (Supply) Act, 

1948 and rules framed from time to time by the 

Central/State Government, as per mutual agreement 

between the entrepreneur and the MPEB:-  

 from 10.0 pm to 6.00 am of the next 

morning. 

 from 6.00 am to 10.00 pm. 

 The entrepreneur shall erect facilities for 

interconnection or synchronisation, at his own 

expense, for supply of power to the distribution 

system of MPEB.  

 Entrepreneurs located in Growth Centres and 

Industrial Areas will be accorded permission to form 

consortia to establish power generating sets/plants as 

spelt out above.  

  In all the above situations, the entrepreneur will 

need to obtain necessary permissions, or no objection 

certificates from other agencies, like the Central 

Electricity Authority, Coal Linkage Committee, Civil 

Aviation Ministry, Madhya Pradesh Pollution 

Control Board, etc.  

  Diesel/thermal/tiny or small hydro-power generating 

plants or non-conventional power generating sources 

established by entrepreneurs as per paras 3.2 to 3.7 

above, will be placed in the category of new 

industries and will be given all the facilities, as per 

rules, being made available to new industries.  

  New industries will be given power connection 

within fifteen days of all formalities being completed 

by the entrepreneurs, the completion of line 

expansion etc. work and the submission of the test 

report.  

  In order to strengthen the power supply 

arrangements in Growth Centres. Divisional 

Engineers will be posted, if not posted already, in 

selected Growth Centres so that power supply related 

problems of entrepreneurs are sorted out at the local 

level and better services are made available to them.  

  Inspection certificates will be issued within seven 

days of the entrepreneurs presenting work 

completion/test certificates after completing the work 

as per approved layout for new electrical installations 

in industries.  

  The existing facility as per notification of 6-11-1992 

of according exemption from electrical duty, without 

time limit, on captive generating sets/equipment 

above 125 KVA, will continue to remain in force.  

  As far as possible, 100% Export Oriented Units and 

continuous process units will be exempt from power 

cuts. 

Human Resources in Madhya Pradesh 

  Industrial mandays lost in Madhya Pradesh are the 

lowest in the Country.  

  The quality of the human resource base will be 

upgraded continually keeping in view the 

requirements of industry.  

  The Madhya Pradesh Council of Science & 

Technology, Madhya Pradesh Entrepreneurship 

Development Institute and the Madhya Pradesh 

Consultancy Organisation will closely in consultation 

with Industrial Associations employ a coordinated 

approach to develop suitable orientation programmes 
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for entrepreneurs. There will be special emphasis on 

promoting entrepreneurship among members of 

Scheduled Castes and Tribes, Other Backward 

Classes, and those below the poverty line. 

Entrepreneur Development Programmes will also be 

organised with special focus on women. A 

Committee of officials and no-officials will be 

constituted to co-ordinate these efforts.  

  Courses in Polytechnic and Industrial Training 

Institutes will be made more user specific in 

consultation with the end users.  

  Human resource requirements for the next ten years 

will be mapped out and developed, keeping in view 

the existing pattern and future potential of industrial 

development.  

  A scheme will be prepared for employment of local 

people in industries which are being established, so 

that industrialisation results in more employment, for 

them. Special incentives will be given to industrial 

units for training of employees/labour who are 

bonafide residents of the State. It will be ensured that 

opportunities for training under the provisions of the 

Apprenticeship Act are fully utilised, so that training 

can be imparted to the maximum number.  

V. NATIONAL POLICY ON SKILL DEVELOPMENT 

AND ENTREPRENEURSHIP 2015 

    Ministry is an integral part of the government policy on 

"Sabka Saath, Sabka Vikaas" and its commitment to overall 

human resource development to take advantage of the 

demographic profile of our country's population in the coming 

years. Developing a comprehensive and holistic policy 

document is an integral part of the process. This requires a 

fresh look at the already existing National Policy on Skill 

Development (NPSD), 2009. 

The objective of the National Policy on Skill Development 

and Entrepreneurship, 2015 will be to meet the challenge of 

skilling at scale with speed and standard (quality). It will aim 

to provide an umbrella framework to all skilling activities 

being carried out within the country, to align them to common 

standards and link the skilling with demand centres. In 

addition to laying down the objectives and expected 

outcomes, the effort will also be to identify the various 

institutional frameworks which can act as the vehicle to reach 

the expected outcomes. The national policy will also provide 

clarity and coherence on how skill development efforts across 

the country can be aligned within the existing institutional 

arrangements.This policy will link skills development to 

improved employability and productivity. 

Proposed Scheme on Entrepreneurship Development :-  

An entrepreneurship development scheme is currently being 

developed by Ministry of Skill Development and 

Entrepreneurship. The scheme will being designed around the 

following major elements: 

Educate and equip potential and early stage entrepreneurs 

across India: 

In partnership with experts, a world class entrepreneurship 

education curriculum will be developed. This curriculum will 

be delivered to all aspiring entrepreneurs at no cost. 

Leveraging online learning, entrepreneurship courses can be 

taken as and when needed by students and business people 

alike through Massively Open Online Courses (MOOCs). 

In addition, entrepreneurship education will be integrated into 

the mainstream curriculum in 3,000 colleges around India. 

Entrepreneurship education courses will also be delivered in 

approximately 325 industrial clusters across the nation. 

Through 50 nodal Entrepreneurship Hubs (E-Hubs) set up 

across all states, existing and potential entrepreneurs will be 

targeted for entrepreneurship education modules that suit their 

need. 

Support entrepreneurs through Entrepreneurship-Hubs(E-

Hubs):  

Support to entrepreneurs, including coordinated delivery of 

national and state government entrepreneurship programs and 

access to enabling resources, a national network of 

Entrepreneurship Hubs (E-Hubs) will be established.  One 

national, 30 state, 50 Nodal and 3,000 college based E-Hubs 

will be set up to deliver support. These E-Hubs will, 

collectively, cover the entire nation.  

Catalyse a culture shift to encourage entrepreneurship: 

To promote entrepreneurship, state and national level 

interactions with stakeholders will be convened. International 

linkages will be established through internship opportunities 

and exchange trips to global entrepreneurship hubs such as 

Silicon Valley and Israel. To build awareness, national brand 

ambassadors will be created to champion entrepreneurial 

culture in India. Awards will be instituted for young achievers 

and a National Entrepreneurship Day will be celebrated. 

Encourage entrepreneurship among underrepresented 

groups:  

Special focus will be given to the inclusion of scheduled 

castes & scheduled tribes, minorities, differently abled, etc., 

and regionally under-represented areas including large part of 

Eastern and North Eastern India in entrepreneurship 

programs. Special efforts will also be made to enrol 

incubators and mentors catering to these groups will in the 

national entrepreneurial ecosystem.  

Promote Entrepreneurship amongst Women: 

Focus will also be placed on encouraging women 

entrepreneurs through appropriate incentives for women 

owned businesses under the public procurement process.  It 

will also be ensured that gender neutral incubation/ 

accelerator, network of mentors, industry, resource centres 

and credit institutes are developed to facilitate Women 

Entrepreneurs. Priority will be given for mentorship and 

support system for women entrepreneurs in existing business 
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centres and incubators. Steps will also be taken to assemble 

gender disaggregated data.  

Foster social entrepreneurship and grassroots innovations: 

Universities and academic institutions will be encouraged to 

launch a course on „Social Entrepreneurship‟, including 

through online distance education, to actively promote social 

entrepreneurship in the country. Additional support, including 

through fiscal incentives and incubation, will also be 

considered. To foster grass-roots innovation, a focus on 

innovations in hubs, collaborations with organisations such as 

the National Innovation Foundation and promotion of 

Intellectual Property Rights will also be encouraged.  

VI. GLOBAL INVESTORS SUMMIT (GIS) 

Global Investors Summit or GIS is a biennial summit 

organized by Government of Madhya Pradesh in Indore, the 

commercial capital of central India to attract domestic and 

foreign investment for development of state. Based on the 

theme– India's Growth Centre and aimed at bringing together 

business leaders, investors, corporations, thought leaders, 

policy and opinion makers; the summit serves as a perfect 

platform to understand and explore business opportunities in 

the State of Madhya Pradesh 

 Journey of Global Investors Summit (GIS)  

Growth in Investment Intentions  and  Growth in Participants 

during eight years of journey of Global Investors Summit 

(GIS) 2007-2014 

Year 
Growth in Investment 

Intentions 

Growth in 

Participants 

2007 18.3US$ (Billions) 301 

2010 36.0 US$ (Billions) 673 

2012 44.0 US$ (Billions) 2200 

2014 66.1 US$ (Billions) 5000 

Source: http://www.investmp.com/gis-2016-overview 

GIS 2007 - Signed 102 MOUs worth Rs 1.20 Trillion 

GIS 2010 - Signed 107 MOUs for setting up projects worth 

Rs 2.35 Trillion 

GIS 2012 - Signed 259 MOUs for setting up projects worth 

Rs 4.31 Trillion 

GIS 2014 - Signed 1,330 MoUs worth Rs 10,63,300 crore. 

Top names in Indian business who participated in the event 

were Mukesh Ambani, Anil Ambani, Cyrus Mistry, YC 

Deveshwar and Gautam Adani etc. Six countries including 

Canada, Australia and South Africa were partner-nations at 

the event. Ambassadors from 21 countries were attended the 

summit. Strategic Location Madhya PradeshLocated at the 

center of India with catchment area of approximately 50% of 

India's population. Well connected to all the major 

commercial hubs of India including New Delhi, Mumbai, 

Ahmedabad, Hyderabad and Kolkata .Has convenient access 

to all the major ports in the country including Kandla Port 

(Gujarat) and Jawaharlal Nehru Port (Mumbai, Maharashtra). 

It is one of the fastest growing major state in the county – 

reported GSDP CAGR of 9.5% over the last 3 years (FY13 to 

FY15) vs national GDP growth of about 6% during the same 

period .It has also reported GSDP growth rate of 10.2% in 

FY15 vs national growth of 7.3%. 

The Madhya Pradesh government will hold its flagship event 

„Global Investors‟ Summit‟ (GIS) in October in every two 

years, but it will have to improve its ability to convert offers 

into real investment to make the most of such summits, 

sources said on Thursday. The GIS 2016 will be held in 

Indore from October 21 to 23. The announcement to this 

effect was made during the ongoing Make in India conclave at 

Mumbai. Experts view the announcement of summit dates at 

the Make in India venue optimistically. But, they say the state 

would have to do some serious introspection to convert 

proposals into to investments as the past figures show a 

dismal conversion rate. Official figures show that out of total 

agreements worth Rs 5.89 lakh crore received during GIS 

2014, projects worth about Rs 1.96 lakh crore are in various 

stages of implementation. In rupee terms, the implementation 

rate has been about 34%. During that event, the government 

had received 3,165 investment proposals worth Rs 4.36 lakh 

crore from investors who registered on the official website. 

Also investments to the tune of Rs 1.53 lakh crore were 

announced by private sector companies during the summit. 

Confederation of Indian Industry‟s state council chairman 

Girish Mangla said, “The data indicates that many investors 

who had signed MoUs during previous summits were not 

serious, but it is also a reflection of global economic 

slowdown.” According to Assocham, the pace of 

implementation of projects in MP has remained tardy, and the 

state will have to remove certain bottlenecks in terms of 

availability of raw material, land and clearances if it wanted 

results on the ground. State industries commissioner VL 

Kantha Rao said the state government had not signed any 

MoUs but received „intent to invest‟ and most of them were 

online. So many investors might not have done their 

homework. “For instance, if an industrialist had proposed big 

investment for setting up a steel plant but had subsequently 

realized that he would not be able to get iron ore from 

Madhya Pradesh he would have pulled out,” he said. 

According to official figures, Madhya Pradesh received a total 

investment of Rs 1.82 lakh crore in the two year period 

between 2012 and 2014. However, more than 40% proposals 

received during that summit were also cancelled. The main 

objective of the Global Investor Summit (GIS 2016) is to 

make Madhya Pradesh a Global Investment Hub. This 

biennial event provides multiple business opportunities for 

private sector investment in the state and the rest of the 

World.  The summit will enhance strategic cooperation and 

develop synergies to strengthen multilateral relationships 
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between India and the rest of the world in the sector of 

investment. The GIS (GIS-2016) will continue to focus on the 

following Sector of Investment opportunities: Information 

Technology and Telecom, Automobile and Engineering, 

Defence,  Industrial Infrastructure, Technical education and 

Skill Development, Healthcare, Renewable energy, Urban 

Development, Agriculture-Business and Food Processing, 

Textile and Handloom and Tourism .The Participation in GIS- 

2016 would benefit the participants in three ways – Firstly; 

they will be apprised of the investment opportunities present 

across various sectors in Madhya Pradesh. Secondly, they will 

be apprised of the conducive policy framework and available 

fiscal support across sectors in Madhya Pradesh. Lastly, on 

account of participation of approximately 1,000 domestic 

companies and key head honchos in the summit, there will be 

abundant opportunity for B2B interactions that might lead to 

JVs/ strategic partnerships. GIS-2016 will serve as a platform 

to enhance strategic cooperation and develop synergies 

between players of the Investors in India with their Global 

counterparts. The Global Investors Summit 2014 had a 

participation of 9 partner countries, 5,000 business delegates, 

200 VIPs including Ambassadors and High Commissioners 

from 28 countries and 300 international participants from 10 

countries, participation this year going too increased 

substantially. GIS 2012 was held in Indore from 28–30 

October 2012 and many projects and MoUs were signed in the 

three days of summit. Of these investment plans, major 

investment are: 

 Setting up an air cargo hub at Indore, for which 500 

hectares of land would be acquired near existing Devi 

Ahilyabai Holkar Airport. 

 Reliance Anil Dhirubhai Ambani Group will enhance 

its integrated power plants in Madhya Pradesh at an 

investment of Rs 25000 crores. 

 HUDCO to invest Rs 2,000 crore to strengthen urban 

water supply and urban infrastructure development 

schemes. 

 MTech Metals & Mining has inked MoU to invest Rs 

9,000 crore in an integrated steel plant and an auto 

park to be set up in Jabalpur division. 

 Future Group plans to invest Rs 2,500 crore for an 

integrated food park and to create jobs for 21,400 

people. 

 Vellore Institute of Technology plans to invest Rs 500 

crore to set up a university in the state. 

 Bharat Forge will invest Rs 1,880 crore to set up a 

steel plant at Shahdol and auto-component plants near 

Indore. 

 Tata Consultancy Services will invest Rs 410 crore in 

Indore to create 12,000 jobs. 

 Steel Authority of India Limited plans to invest Rs 

5000 crore in an iron plant at Chhatarpur. 

 Stem Learning Ltd plans to invest Rs 80 crore to train 

20,000 students 

 Rockland Hospital will invest Rs 300 crore in a super-

speciality hospital. 

 NTPC has inked an MoU to invest Rs 9000 crore to 

set up a 1,200 MW thermal power station at Khargon. 

 American Copper Limited plans to invest Rs 1856 

crore in a 500 metric tonnes per   annum copper plant 

in Balaghat. 

 Official figures show that out of total agreements 

worth Rs 5.89 lakh crore received during GIS 2014, 

projects worth about Rs 1.96 lakh crore are in various 

stages of implementation. 

VII. RECOMMENDATIONS AND SUGGESTIONS FOR 

EFFECTIVE IMPLEMENTATION OF INVESTMENTS 

PLANS ENTREPRENEURSHIP DEVELOPMENT 

PROGRAMME OF MADHYA PRADESH GOVERNMENT 

EFFORTS 

Government should emphasis on promotion of small 

industries. The government has to create a wide network of 

institutions that supports emergence and growth of small 

enterprises in the country.  

 To promote job creation, innovation and economic 

growth, policies should focus on tackling market, 

system and government failures holding back new firm 

formation, healthy enterprise demographics and high-

growth SMEs.  

 Priorities include actions to create a conducive 

entrepreneurial business environment, facilitate the 

internationalization of SMEs and entrepreneurship, 

improve SME intellectual asset management, enhance 

entrepreneurship skills and increase the exploitation of 

public research and procurement opportunities.  

  Government should look for supporting staff 

development and managerial training in firm, 

developing formal ties between the sector and agencies 

in charge of promoting exports or securing foreign 

direct investment.  

  Governments are seeking to identify and assess 

policies that are relevant, effective and efficient in 

these areas. For this purpose, the analytical and 

empirical basis for informed policy design needs to be 

improved, Coordination between governments and 

regional and international organizations and institutions 

encouraged, and benchmarking and exchange of best 

practices supported.  

  Entrepreneur should look for opportunities 

internationally, focusing on market growth and 

potential.  Entrepreneur should plan now for the 

resources that will be needed when the economy 

stabilizes. Entrepreneur should prioritize the 

investment . 

 Professional advisors should emphasize for sound 

financial management in the recovery and make client 

aware of risk of overtrading. 
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VIII. CONCLUSION 

 It is noteworthy that in spite of Madhya Pradesh being an 

agricultural state, the growth in the industries in Madhya 

Pradesh has been tremendous as a result of initiatives and 

efforts taken by Madhya Pradesh Government. In fact, in 

Madhya Pradesh we find a number of agro-based industries 

like bio-fertilizer, organic manure, food processing, etc. that 

essentially helps the agricultural production of the state. Thus 

as it is evident, the small-scale industries are the life-line of 

Madhya Pradesh. These industries help Madhya Pradesh to 

take one stride further and inspite of this the real challenge is 

to bring small entrepreneurs into the network of efficient 

established entrepreneurs for ensuring their share in the 

success for which ,MP government has already started to take 

initiative for this. Entrepreneurship is essential for rapid and 

sustained economic growth and development. It creates the 

required man power and skills necessary for accelerated 

growth, reduce unemployment and poverty. For the 

entrepreneurs to be effective in creating wealth and 

employment opportunities. The initiative taken by the Madhya 

Pradesh Government in the  form of Global Investors Summit 

is the step taken in this direction as a result of this the 

governmentis trying to create an investor friendly 

environment, designing stable government policies and also 

developing the entrepreneurial attitude in the students so that 

they want to be the entrepreneur and contribute in the state 

growth rather going for a government job.  
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Abstract: The New Millennium sees Malaysia transform from 

production economy (P-economy ) into knowledge economy (K-

economy). Consequently the managers are now concerned with 

production efficiency workers’ productivity , dynamism 

creativity and product and service innovation ,work ethics and 

changing functional work, culture. The increasing use of 

computers in business and marketing of products and services is 

encouraging in line with the development of  information and 

Communication Technology (ICT) and Multimedia Super 

Corridor (MSC). At this moment there are approximately 503 

MSC status firms (Table 1). These firms are involved in the ICT 

sectors. As such many have noticed the rise of internet-business 

as a result of improvement  and development of ICT 

infrastructure and other government ICT incentives such as the 

National IT Council (NITC) that provides grants to applicants to 

develop the networks which enhance these five areas: E-Public 

Services, E-Community, E-Economy, E-Learning and E-

Sovereignty. A few examples of types of firs which use their 

websites for their businesses in Malaysia are shown in Table 2. 

This paper covers the study of selected real global dot.com 

retailers suggest that building the customers’ trust initiatives 

make these companies as the leading global shopping choices. 
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I. INTRODUCTION 

he New Millennium sees Malaysia transform from 

production economy (P-economy ) into knowledge 

economy (K-economy). Consequently the managers are now 

concerned with production efficiency workers’ productivity , 

dynamism creativity and product and service innovation ,work 

ethics and changing functional work, culture. The increasing 

use of computers in business and  marketing of products and 

services is encouraging in line with the development of  

information and Communication Technology (ICT) and 

Multimedia Super Corridor (MSC). At this moment there are 

approximately 503 MSC status firms (Table 1). These firms 

are involved in the ICT sectors. As such many  have noticed 

the rise of internet-business as a result of improvement  and 

development of ICT infrastructure and other government ICT 

incentives such as the National IT Council (NITC) that 

provides grants to applicants to develop the networks which 

enhance these five areas: E-Public Services, E-Community, E-

Economy, E-Learning and E-Sovereignty. A few examples of 

types of firs which use their websites for their businesses in 

Malaysia are shown in Table 2. This paper covers the study of 

selected real global dot.com retailers suggest that building the 

customers’ trust initiatives make these companies as the 

leading global shopping choices. 

II. THE RISE OF INTERNET BUSINESS 

The existence of internet technology has made internet 

business, i.e. e-purchasing, e-selling and other businesses on 

website as additional and complementary to traditional and  

conventional business. This internet business is an added-

value (Value for time) to the customers. It has been said that 

internet business (e-commerce) gives advantage to the 

business, customers suppliers and even the government. The 

advantages of e-commerce to are numerous. These include 

increasing market development  and deepening market 

penetration reduction in operation and administration costs, 

enhancing service and product quality as well as improving 

the business relations. Business to Business relationships and 

Customer to Customer (C2C) and even Business to 

Government (B2G) relationships. Such increased business 

opportunity and networks allow the internet business to be  

more efficient and even more profitable. The Amazon.com for 

example, stores over 1 million book titles, over 220,000 CDs 

and over 23,000 VHS and titles. In this sense, the 

Amazon.com is not only the e-retailer but also acts as a 

service provide. The Dell.com receives 500 million page 

request per quarter at 86 country sites in 21 languages 

/dialects and 40 currencies. The  drugstore.com boasts more 

than 1.8 million customers and employs 416 full-time 

employees. The computercarecentre.com offers online support 

services with minimum monthly rates. It is an online merchant 

for over 100,000 information technology (IT) products. The 

onlinesports.com offers tens of thousands of sports items and 

the catalog is constantly being updated. The ashford.cingom 

ships its 25,000 products from 400 leading brands to 23 

countries. The streamline.com a Boston based, offers for USD 

30 per month a regular housekeeping service which includes 

dry cleaning video rental, pizza delivery and photo processing 

and grocery delivery. These real dot.com companies also 

allow the customers to experience enjoyable shopping 

activities as it provides various customer services and not just 

selling. The cases of global leading e-retailers are examples. 

Table 1 show the reaction and comments of customers on 

internet shopping with one leading global e-retailer. Table-2 

shows the types of customer services and relationships the 

internet business could offer shopping assistance to the 

customers worldwide.   

 

T 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 329 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

Table -1 

Shopping Experience 

Thrilling 

Enjoying 

Exciting 

Miracle 

Simple transaction- 

Promising 

Easy to understand buying procedure 

Safer buying. 

Prompt delivery 

Quality product 

Quality customer services 

Professional advices 

Table-2 

Types of Customer Services and Relationships Offered by the 

Internet   Business 

Service Offer 

Recommendation of products//services 

Consultations 

Negotiation 

Brokering services ( meeting customers with suppliers) 

Customer services 

Invitation to Purchase 

Notification of current products and services 

Notification of new products/services launched 

Notification of offers and Sales 

In Malaysia  the types  of government agencies and businesses 

on the website are listed in Table-3. 

Table-3 

Malaysian Business on The Web 

General Information 

Banking, Finance, Stocks & Related 

Supplier, Manufacturing & Related 

Professional Services & Related 

Transportation, Shopping & Related 

Travel & Related. 

 

III. INTERNET BUSINESS: BUILDING TRUST 

  As  mentioned earlier internet business provides strategic 

business opportunities and advantages 

    To the internet business and offer “memorable” shopping 

experiences to the shoppers. It is widely understood that the 

internet business involves non-face to face transaction and 

these  

Commercial transaction may go beyond the national 

boundaries and jurisdiction. In this 

 “Borderless world” of globalization of commercial activities 

issues pertaining to the enforcement  of e-commerce 

transaction, capital market control and good corporate 

governance need serious attention. It has been found that the 

development of ICT architecture and infrastructure and the 

penetration of internet into the country to some extent may 

cause numerous crisis and disasters to the business and the 

society. Computer crime such as internet gambling, illegal 

internet share trading, illegal internet “get-rich-quick” 

schemes, internet frauds, sex-cyber, illegal internet “pyramid 

systems” are found to affect the integrity and sustainability of 

the internet business sector. As internet buying and selling 

involves cross-border transactions. problems of sale contract 

and purchases agreement between two or more parties from 

different countries (on-line contract)and negotiations need to 

be solved immediately.                                         

      In the case of Malaysia, the cyber laws (Computer Crime 

Act 1977;Multimedia and Communication Act 1998, Digital 

Signature Act 1997) and the future consideration for 

Electronic Transaction Act, the revision of Direct Selling Act 

1993 and the suggestion for Anti-Pyramid Act are  

constructive instruments to control the cyber/ multimedia 

explosion. On the part of the internet business, transparent and 

prudent corporate governance of internet business companies, 

good ethical conduct and being socially responsible, in fact 

will certainly build and  maintain the society’s trust on the 

internet business. The cases of selected real global retail 

dot.com companies in building their customers’ trust are 

explored. 

   A study  was conducted to examine the building trust 

initiatives of selected global dot.com companies. These six 

leading global dot.com companies are selected based upon 

their global business with global product range. Table-4 

shows the six selected dot.com companies and their business. 

    The study showed that these leading dot.com companies 

disclose their business profile and operations to their 

customers. Table-5 to Table-8 show the types of valuable 

information available on the website for building the customer 

trust on the companies. 

Table-4 

Selected Real Global Dot.Com Companies 

Dot.Com Companies                                                Business 
Amazon.Com Books greeting cards, CDs 

                                                                
Pal Video games, PC 

accessories 

                                                                
Toys and games and 
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electronics 

 

Ashford.Com Vintage watches ,jewellery, 

fragrances 
                                                                  

Leather accessories, 

diamonds, ties, 
                                                                 

Scarves,writing instruments 

Computercarecenters.com                         computer maintenance & 
diagnosis 

                                                                   

Computers, printers and IT products 

Del.com                                                     Servers & storage, notebooks 
& desktops,                    

                                                                  

Handhelds, software & 
peripherals,Services 

Drugstore.com                                            Health, beauty, wellness 

personal care 
                                                                   

Pharmacy products. 

 

Onlinesports.com                                        Sports memorabilia, products 

and services 

 

 

                                                    Table-5 

 Building Trust: Company General Information 

Company Profile 

          Name of CEO 

          Corporate biographies 

          Data of incorporation 

          Place of incorporation 

           Headquarter address 

           Equity structure 

           Size of company 

           Affiliation 

           Corporate philosophy 

           Mission statement 

           Financial report 

           Sales report  

Market Share/types of customers 

 
              Business partners.  

 

 

Table-6 

Building Trust: Product/ Service Information 

Product/Service 

List of product/services 

Brand names 

Contents 

Directions 

Usage 

Warnings 

Weights 

 

Table-7 

Building Trust: Transaction and Distribution 

     Transaction 

           Prices 

           Sales tax 

           Discounts, promotion, rebates          

           Payment procedures 

           Order policy 

            Purchase agreements (if any) 

            Purchase privacy policy 

     Distribution 

           Warehouses 

            Delivery time 

            Door to door delivery 

            Types of delivery services (sea, land, air)  

             Shipping costs 

             Local distribution center 

             International distribution networks 

             Delivery Tracking systems 

             Custom declaration , tariff, Taxes 

             International Shipping Procedure/restriction 

                                                           

Table-8 

Building Trust: Customer/Social Services 

       Customer Service 

               Returns policy 

               Cancellation policy 

               Customers inquiry 

               Product warranty 

               After sales services 

               Privacy policy 

               Money-back guarantee 

               Manufacturer warranty 

               Retailer warranty 

               Support services 
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    Company Social/ Community Activities 

               Company bulletin 

               Company Newsletter                                P.T.O 

 

          Company social events (spot teams)                                                          

                Company awards 

                Employment 

                Community initiatives 

III. CONCLUSION 

  It is not denied that the development of ICT and internet 

infrastructure in the New Economy are changing all walks of 

life (life at work and life at home). The availability of 

computer telephones, faxes, e-mail, mobile phone, and the 

easy access to internet facilities in urban as well as in rural 

areas have made the communication among individuals and 

businesses much faster cheaper and quicker. The internet 

business allows easy accessibility to business information; 

and by a simple “click” to the “offer” and the “invitation” at 

the site to just what he/she wants, the transactions are 

transmitted online. In the analysis of six selected global 

dot.com retailers, the internet business proves its advantages, 

benefits and added value to the shopping activities. In 

comparison to conventional marketing and shopping, the 

internet business (eSelling, eBuying,ePromotion and 

eDistribution of product and services) lets the customers 

navigate hundreds of sites  that provide shopping choices, 

shopping satisfaction, personalized shopping, convenience, 

time reduction and eliminating purchase-order processing cost 

to the customers. At the same time the internet business, 

particularly the real global dot.com retailers and service 

providers generate business and social  networks between 

customer to customer (C2C),business to customer (B2C), 

customer to business (C2B) and business to business (B2B). 

    In spite of the   appeal of the internet shopping and 

compelling for customers, the global internet transaction seem 

quiet confusing and complication as they involve individual 

customers, sellers, suppliers from all part of the world. Thus 

matters relating to leagality of the business, the validity of 

sale contract  and purchase agreement, business transparent, if 

not properly handled and solved, may affect the integrity and 

the sustainability of the internet business. Even so, the 

mistrust of internet business will damage the e-business 

industry. As such, the e-business industry needs to be 

monitored by the government and controlled through effective 

and comprehensive cyber law. At the same time, the internet 

business companies need to be very transparent about what 

and how they are doing and are going to be in the near future. 

The study of selected real global dot.com retailers suggest that 

building the customers’ trust initiatives makes these 

companies as the leading global shopping choices. 
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Abstract: In the old pedagogies, a teacher’s quality was assessed 

primarily in terms of their ability to deliver content in their area 

of specialisation. Pedagogical capacity was secondarily 

important; its development in colleges of education varied a lot 

by country and culture. In most places, “teaching strategies” 

overwhelmingly meant direct instruction. In recent decades, 

technology has been layered on top of content delivery and used 

primarily to support students’ mastery of required curricular 

content. The question of what and how students should learn has 

been occupying a central place in debates on education in many 

countries in the Asia-Pacific region (UNESCO, 2014). A relevant 

education is not limited to a classroom, but seeks to contextualize 

the issues by the surrounding areas and people as parts of the 

learning environment. With the introduction of ICT and online 

education, there is a considerable potential for increase and a 

transformation from a simple classroom to complex virtual 

classrooms with participants collaborating irrespective of time 

and place.  

Transformative pedagogy is defined as an activist pedagogy 

combining the elements of constructivist and critical pedagogy 

that empowers students to examine critically their beliefs, values, 

and knowledge with the goal of developing a reflective 

knowledge base, an appreciation for multiple perspectives, and a 

sense of critical consciousness and agency. 

 A transformative pedagogy underlies and contributes to the 

extent of the change, as more argue for a range of analytical and 

context-related skills to be developed in students. To 

operationalize education associated with sustainability, teaching 

approaches must focus on elements relating to the processes of 

learning, rather than the accumulation of knowledge—to develop 

graduates with capabilities to improvise, adapt, innovate, and be 

creative. 

Thus, the following research questions emerged,   

What is the impact of transformative pedagogy on fostering in-

service teachers' transformative learning? What practices of 

transformative pedagogy impact student transformative 

learning? The Faculties from 3 private universities of Baroda 

were the sample for study. The Questionnaire was sent by 

Google forms and some of the faculties were interviewed and 

their opinion was noted related to transformative pedagogy. The 

data was collected from 150 faculties of different streams. The 

data collected through questionnaire was analysed 

quantitatively, keeping in mind the significance of the study 

whereas the interviews and opinionnaire was analysed 

qualitatively. 

The purpose of the current article is to revisit transformative 

pedagogy in order to redefine its units of analysis, its objectives 

and its methodologies, in a way that would make it more 

meaningful in the context of today’s knowledge driven society. 

Key words: teaching approaches, transformative pedagogy, 

sustainability, accumulation of knowledge 

I. INTRODUCTION 

he question of what and how students should learn has 

been occupying a central place in debates on education in 

many countries in the Asia-Pacific region (UNESCO, 2014). 

In response to these debates, countries in the region are 

increasingly introducing various policy changes and curricula 

reforms. Such reforms recognize that existing curricula are 

not suitable for the needs of learners in the twenty-first 

century, and seek to introduce learning that will prepare 

people of the region to live peacefully and sustainably in a 

rapidly changing world (UNESCO, 2015). Reforms in 

curricula and in pedagogical practices have broadened in 

scope and magnitude in recent decades by integrating social 

dimension into the teaching of science, mathematics and 

technology (Olson et al., 1999). In addition, pedagogical 

innovations have been explored using information and 

communication technology at the school level (Harris, 2002; 

Janicki and Liegle, 2001; Martinez-Garcia et al., 2012; 

Hargis, 2001; Mioduser et al., 2003; Wu et al., 2008; Law, 

2006). Reforms of pedagogy have also been driven by 

theories of progressivism and human learning and 

development, such as socio-cultural models of human 

learning, as well as by theories about pedagogical content   

knowledge in the design of learning activities and community 

practices (John and La Velle, 2004; Ferdig, 2006; Goodyear 

and Casey, 2015). Reforms have also had an effect on teacher 

education (Peers et al., 2003; Koh et al., 2013; Laferriere et 

al., 2006; Michalova et al., 2002; Moon et al., 2003). The 

studies into future needs suggested that a gap exists between 

the current outputs of the education system and society‟s 

education needs, but that this could be bridged by a 

multipronged approach that involves making changes to 

curricula, teacher supply and training, infrastructure and 

technology (Lee et al., 2009; Yun et al., 2007).Thus, then the 

question arises as, How can education include the dialogue 

and actions necessary to create this kind of change? What role 

can transformative learning play in creating a more 

sustainable future? Concerns about the state of the world are 

echoed in concerns about higher education.“Sustainability is 

about the terms and conditions of human survival, and yet we 

T 
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still educate at all levels as if no such crisis existed” (Orr, 

1992, p. 83). growing number of academics are concerned 

with the current trends of society and call for a transformative 

shift in what universities teach and how universities create 

and regard knowledge production. In Sustainable learning we 

need to focus on all type of skill, i.e cognitive or non-

cognitive which would lead the recipients for knowledge 

gaining.  

II. TEACHING AND LEARNING OF NON-COGNITIVE 

SKILLS 

Non-cognitive skills (NCS) are increasingly considered 

important to student learning outcomes. Gutman (2013, p. 4) 

defines NCS as follows: Non-cognitive skills are those 

attitudes, behaviours, and strategies which facilitate success in 

school and workplace, such as motivation, perseverance, and 

self-control. These factors are termed „non-cognitive‟ as they 

are considered to be distinct from the cognitive and academic 

skills usually measured by tests or teacher assessments. Non-

cognitive attributes are skills and traits that are not 

specifically intellectual or analytical in nature. These skills are 

not directly related to specific subject and content. They 

include a range of personality and motivational habits and 

attitudes that facilitate functioning well in school and life, 

such as life skills, critical thinking, peaceful living, value-

based living, perseverance, motivation, self-control, and other 

aspects of conscientiousness (Rosen, Glennie, Dalton, 

Lennon, and Bozick, 2010) 

The eight non-cognitive skills that are considered by Gutman 

(2013, p. 7) as being key competencies in the twenty-first 

century are as follows: 

1. Self-perception; 

2. Motivation; 

3. Perseverance; 

4. Self-control; 

5. Meta-cognitive strategies; 

6. Social competencies; 

7. Investigate and research;  

8. Resilience and coping; 

9. Creativity 

Fiji‟s National Curriculum Framework, similarly, presents 

nine key characteristics that enable school graduates to 

„participate in a changing world‟ (Ministry of Education, 

Culture and Arts, 2013, p. 6) These are as follows: 

1. Communicate effectively; 

2. Handle change; 

3. Make wise decisions; 

4. Be innovative and enterprising; 

5. Learn how to learn; 

6. Solve problems; 

7. Realize that learning is lifelong; 

8. Participate in team work and cooperative learning 

III. COGNITIVE SKILLS 

Cognitive skills are concerned with knowing and thinking. It 

studies the structures and components for processing 

information. The fields of study encompassed are memory, 

attention, perception, language, reasoning, problem solving 

and creativity (Elliott et al., 2000). The cognitive foundation 

of learning theory was initially based on the study of human 

„memory‟, and it takes „mental representation‟ as a central 

proposition.   

The various instruction modes appropriate for the student 

traits. They are Direct teaching evasive, competitive, 

dependent Individualized teaching evasive, competitive, 

dependent Peer learning participatory, cooperative, 

independent/dependent Cooperative learning participatory, 

cooperative(intra team), competitive(inter team), independent 

Sport education participatory, cooperative(intra team), 

competitive(inter team), independent Inquiry learning 

participatory, cooperative, independent Teaching games for 

understanding evasive, competitive, dependent.( Min et al., 

2012, p. 267.) 

IV. TRANSFORMATIVE PEDAGOGY 

With regards to the nature of knowledge, knowledge in the 

traditional transmission model is defined as a set of 

information waiting to be acquired. In transformative 

learning, knowledge does not exist as a given truth before the 

process of learning. Students develop knowledge as a result of 

their inquiry, action or experimentation. In terms of the 

teaching and learning process, the teacher in a transmission 

system of education works as content expert and positions 

himself or herself  the primary or only source of knowledge. 

The teacher organizes and delivers information and 

procedures and expects students to throw back the given 

ideas. The teacher is deemed effective if he or she is able to 

present information in a clear and comprehensive way. The 

lecture format is the preferred and most often used method in 

class. Students appear passive and are hardly encouraged to 

question the information. On the other hand, the teacher who 

is engaged in transformative learning works with the students' 

questions about a particular topic. The teacher facilitates the 

students' identification of questions and develops with them a 

plan for answering their questions. While the teacher's own 

expertise remains a valuable resource, the teacher also 

employs a wide variety of resources and interventions to help 

students understand the questions they need to ask and change 

or deepen their own prior knowledge. The teacher challenges 

students to uncover facts and concepts in interdisciplinary 

contexts and build knowledge by observing, hypothesizing, 

experimenting, and discovering. 

 The teacher prompts students to take risks and explore 

multiple viewpoints by interacting and collaborating with one 

another. The teacher is considered effective if through such 

activities, the students are able to accomplish their plan of 

inquiry and consequently, change or deepen their prior 
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knowledge. With this process of collaborative inquiry, self-

assessment and reflection, students lay the foundations for 

lifelong learning. For students to succeed, the teacher has to 

create' an atmosphere in the classroom that enhances the 

students' sense of self-worth, increases their self-confidence 

and motivation to do their best and affirms their efforts 

towards self-improvement. The teacher also has to make the 

students feel that they can discuss or test their ideas, and 

questions freely without fear of being reproached, 

embarrassed or reprimanded. With this supportive 

atmosphere, the teacher is able to encourage critical and 

creative thinking and the expression of a variety of viewpoints 

and approaches to different issues or problems. One of the 

main criticisms of these practices is that they encourage rote 

instead of meaningful learning. In a system of transmission, 

such tests would be expected since instruction consists mainly 

of providing factual information and prescribing procedures. 

But within the perspective of transformative learning, results 

from such tests yield little information about the kind of 

cognitive growth that has taken place in the students, the 

changes that have occurred in their conceptual 

representations, or their ability to solve problems in the field. 

The application of the framework's focus on trans formative 

learning in the classroom will not be easy nor immediate due 

to varied factors such as administrative concerns.( e.g. class 

size, the trimester schedule, facilities), preparation of students 

for board or licensure exams, and faculty load and readiness. 

Transitioning from a system of transmission to transformation 

will bring about changes in curriculum design, syllabus 

construction, lesson planning, use of class time, grading 

system, faculty evaluation and others. 

V. IMPLICATIONS OF THE LITERATURE REVIEWED 

In the book Transformative Learning: Educational Vision for 

the 21st Century, O‟Sullivan (1999) suggested that a radical 

shift in education is necessary if we are going to create change 

agents who can put an end to the current ecological crisis. He 

envisioned the ecological crisis as a cue for moving education 

in a transformative direction at all levels. Mezirow (1997a) 

explained transformative learning as a process of effecting 

change in a frame of reference. Taylor (1997) concluded that 

the practices for fostering transformative learning are 

theoretically based and there is a need for more emphasis on 

the practical aspects of transformative learning in the 

classroom. He also suggested that more research is needed in 

the areas of cultural diversity and the role of critical reflection 

in transformative learning. .  Bushe and Khamisa (2004) 

found that many of these studies represent organizations that 

exhibited signs of transformation consistent with 

transformative learning resulting from appreciative inquiries.  

At the organizational level, these transformations consist of a 

major shift in the state of being or the identity of the 

organization, development of persistent generative metaphor, 

and development of a new set of background assumptions.   

According to Mezirow, TL is a transformation of meaning 

schemas, which takes place through three reflective processes: 

critical self-reflection, reflective dialogue, and reflective 

action, and they occur over ten stages.  These transformations 

result in the acquisition of new perspectives, attitudes, and 

behaviors integrated into new roles and relationships as these 

changes are integrated into the subject‟s life (Mezirow 1978; 

1990; 1991; 2000).  These transformations are evident both to 

the participant and to others.   

Most of the researches reviewed are mainly based on 

Mezirow‟s transformation theory. From the researches studied 

it is clear that the teachers have to change as per the time and 

demand. Earlier teachers were only the source of Knowledge 

to the students, but time has changed now, there are many 

knowledge sources. Therefore, a teacher has to be more a 

facilitator. Thus, there is a need for transformation in terms of 

perspective, attitude and behavior which cannot be taught by 

other sources but the teacher. For sustainable learning these 

are the main things which can be inculcated in the students. 

The studies also revealed that there is more a need of practical 

learning than the theoretical, this will boost the students with 

lifelong experiences. 

VI. RESEARCH CONTEXT 

Gujarat state is situated on the West coast of India between 

20.1 and 24.7 degrees North latitude and 68.4 and 74.4 

degrees East longitude. The boundaries of Gujarat are 

surrounded by the Arabian Sea in the West, Rajasthan in the 

North East, Madhya Pradesh in the East and Maharashtra in 

the South East. It shares a common border with Pakistan on 

the Northern side. After Indian independence in 1947, all of 

Gujarat except Saurashtra and Kutch became part of Bombay 

state. However, the Bombay state was bifurcated into States 

of Maharashtra and Gujarat on May 1960.  

Gujarat has population of 6.04 Crores, an increase from figure 

of 5.07 Crore in 2001 census. Total population of Gujarat as 

per 2011 census is 60,439,692 of which male and female are 

31,491,260 and 28,948,432 respectively.  Urban population of 

the state is 42.6% whereas rural population is 57.4%. Sex 

ratio is 919 and literacy rate is 78.03 % in which male literacy 

is 85.75 % and female literacy is 69.68 %. (census,2011). 

India‟s higher education system is the second largest in the 

world in terms of enrolment and largest in Terms of number 

of institutions, with 29.6 m students Enrolled in over 48,500 

institutions.( AISHE 2012 −13). Gujarat has noted 44 

universities, 10 research institutes and 8 institutes of national 

importance. Above these Gujarat boasts of 6 institutes of 

national importance, including IIM A, IIT, SVNIT, NID, PRL 

and EDI. 

Type of Higher Education Institutions in Gujarat 

Table- 1 
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Vadodara, one of India‟s most cosmopolitan cities, is located 

to the south east of Ahmedabad, on the banks of river 

Vishwamitri and the district is referred to as the 

“SanskarNagari” (City of Culture) due to its rich cultural 

traditions & Vadodara is famous for its palaces, parks, 

temples and museums known as the „Gateway to the Golden 

Corridor‟, as all the rail and road arteries that link Delhi, 

Mumbai and Ahmedabad also connect Vadodara, including 

the Delhi Mumbai Industrial Corridor (DMIC), Focus 

Industry Sectors, Chemicals & Petrochemicals, 

Pharmaceuticals and Biotechnology. The district has 12 

talukas, 15 towns and 1,548 villages, of which the major 

towns are Vadodara (District Headquarter), Savli, Waghodia, 

Padra, Dabhoi, Karjan and Sankheda. 

Gujarat‟s leading educational institutions are located in 

Vadodara district, offering skilled and intellectual manpower 

in abundance for various industries and R&D activities. 

VII. RESEARCH QUESTIONS 

 What is the impact of transformative pedagogy on 

fostering in-service teachers' transformative 

learning?  

 What practices of transformative pedagogy impact 

student transformative learning? 

VIII. OBJECTIVES OF THE STUDY 

 To study the perception of Teachers in Higher 

Education towards Transformative Pedagogy 

 To study the impact of Transformative Pedagogy on 

Quality improvement in Higher Education. 

IX. DELIMITATION OF THE STUDY 

There are total 14 private Universities in Gujarat state. There 

are 4 private Universities in Vadodara district. The study is 

delimited to 3 private universities in Vadodara. 

X. METHODOLOGY 

The present study is a school survey type of Study in which 

the researcher collected the necessary data from the large 

sample.   

A. Population 

The population of the present study comprise of all the Private 

Universities in Gujarat state.  

B. Samples for the present study 

The data collected from Sample for the study consists of 150 

Faculties of different streams from 3 private Universities of 

Baroda. 

C. Data Collection 

Data was collected with the help of interviews, opinnionaire 

and a questionnaire. The faculties of different streams were 

interviewed related to implementation of transformative 

pedagogy in the university and its impact on improving the 

Quality of teaching and learning in Higher Education. 

D. Data Analysis 

interviews and opionnaire was analysed qualitatively and the 

responses collected with the help of questionnaire were 

analysed quantitatively with the help of descriptive statestics. 

Qualitative as well as Quantitative data was triangulated to 

reach to the generalizations. 

XI. ANALYSIS OF THE STUDY 

The questionnaire was analyses on following dimensions: 

1. Demographic profile  

2. Existing system in education 

3. Teaching and learning process in adopting 

transformative pedagogy 

4. Teaching and learning process adopted by teachers 

should focus on improving the competencies 

5. Various transformative pedagogical activities 

6. The different learning approaches that can be used 

for teaching and learning 

7. Challenges in adopting transformative pedagogy 

8. Transformative pedagogy can help students and 

faculties  

9. Assessment in Higher Education  

Table-2 

Centr

al 

Unive

rsity 

Institu

tes of 

Nation

al 

Impor

tance 

State 

Public 

Univer

sities 

State 

open 

Univer

sities 

State 

Privat

e 

Univer

sities 

Deem

ed 

Unive

rsity 

Priva

te 

Deeme

d 

Univer

sity 

govter

nment 

aided 

To

tal 

1 2 25 1 18 1 1 49 

DIMENSIONS Mean 
Std. 

Deviation 

Std. Error 

Mean 

Achievement for 

sustainable change 
25.0 1.76 .44 

Improving competencies 
among students 

25.8 1.22 .30 

Transformative 

pedagogical activities 
13.7 1.12 .28 

Learning approaches 17.9 1.94 .48 

Factors affecting quality of 
Education 

17.8 1.54 .38 

Challenges 22.9 3.41 .85 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 336 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

Graph 1 

 

From the above graph it is clear that most of faculties teaching 

in private universities of Baroda are young, between the age 

of 30-40 years, post graduates and have 5-10 years of work 

experience. But while speaking to them it was clear that the 

teaching pedagogy should be a transformative pedagogy with 

different challenges and methods of teaching . 

A. Existing System in Higher Education 

Graph 2 

 

The above graph shows that to shift to transformative learning 

pedagogy the respondents preferred   experience as a teacher 

in higher education. 

B. Overall Results of Transformative Learning Pedagogy 

Graph: 3 

 

The above graph shows that most of the faculties of private 

universities in Vadodara strongly agreed that the teaching 

learning process adopted by the teachers should focus on 

improving the competencies of the students.(M=25.8).  

XI. FINDINGS OF THE STUDY 

The major findings of the study are: 

1. Most of the faculties in the private universities of 

Baroda were young and receptive. It was found that 

they wanted to actually implement the concept of 

transformative pedagogy. But they lack in 

appropriate knowledge related to it. 

2. The researchers also found that the faculties mainly 

felt that experience as a teacher would help them to 

adopt the methods of transformative pedagogy and 

also expressed that there is a need to adopt 

transformative pedagogy so as to stop the routinised 

mechanical environment, for reducing the 

race/competition among the students, students can be 

exposed to various subjects, linking students learning 

with practical ability, due to advancement in 

technology as well as  the learners seek diverse 

learning through diversified professionals; and 

changing tradition of current job market. 

3. It was also found that most of the faculties agreed 

that the role of the teacher should be as one who 

demonstrates awareness of how his/her actions affect 

both others and the environment as well makes 

choices to contribute to common good.(M=2.9) 

4. The respondents also expressed that the teachers 

should mainly focus on improving the competencies 

of the students such as, the ability to inquire, 

communication skills, ability to utilize information, 

creativity, perseverance and self-control. 

5. The respondents shared that various transformative 

pedagogical activities can be conducted in the class 

by using group effectively and by using positive 

reinforcement. 

6. It was also found during interaction that most of the 

faculties use different learning approaches such as, 

peer learning, co-operative learning, teaching games 

for better understanding and also inquiry learning. 

Through which they can help the students to learn 

better and sustain the learning. 

7. The respondents strongly agreed that transformative 

learning can help the faculties in improving their 

quality of teaching in the areas such as systematic 

thinking, partnership for change, collaborative 

learning and participation. 

8. The respondents also shared that assessment is an 

important aspect for quality improvement in Higher 

Education. Therefore, the students for sustainable 

learning should be assessed on Non- academic 

activities in the education tenure and group work and 

co-operative learning(M=2.8), they should also be 
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assessed on co-curricular approach and 

transformative skills in the student.  

9. The respondents expressed whole heartedly that for 

transformative learning pedagogy and sustainable 

learning environment it is necessary for the teachers 

to reach out to the average and below average 

students mass,  Teachers should get freedom to adopt 

and practice newer methods , Quality of students in 

terms of aptitude, knowledge and self effectiveness 

needs to be  accelerated, group discussions and group 

presentations can be adopted, industry interaction, 

vestibule training, industry internships, practical 

teaching & demonstration should also be the 

methods of teaching. 

10. Thus, it was found that to incorporate transformative 

pedagogy in Higher Education it is very important 

for the teachers to help the students increase their 

competencies. 

XII. CONCLUSION 

“The classroom remains the most radical space of possibility 

in the academy. For years it has been a place where education 

has been undermined by teachers and students alike who seek 

to use it as a platform for opportunistic concerns rather than as 

a place to learn”. (hooks, 1994). Thus, the paradigm shift from 

traditional learning to transformative learning will provide a 

platform to   the students and the teachers to show their 

abilities, potentials and capabilities. The role of the teacher is 

help the students in improving themselves in this journey so 

that they would be confident, strong and stubborn in their 

future. The researchers are concerned that transformative 

learning and sustainability education will become an 

important word and that academics will recognize the 

personal changes in students as well as in teachers taking 

place. If we are truly interested in social transformation 

toward a more sustainable future, then we need to consider the 

entire system of Higher Education to transform for better 

learning experiences. 
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Abstract:  Water is a vital resource for animals and plants to live 

and sustain. It was assumed as a resource in abundance but 

proves to be wrong. In the recent past access and affordability of 

water is becoming far reach. Environmentalists and researchers 

have cautioned the ignorance of water collection, consumption 

and conservation. This paper brings forth such research 

outcomes in the form of causes of water crisis and highlights the 

scenario at different levels. The causes are represented in the 

form cause and effect diagram and attached the responsibility. 

Further authors are proposing a framework for sustainable 

water management system.  

Key Words: C3 (Collect, Conserve and Consume), R3 (Reduce, 

Reuse and Recycle), Ignored consumption, Cause and Effect, 

Water Resource Management (WRM) 

I. INTRODUCTION 

ater is next to air as essentials for all living beings. 

Historically it was never considered as scared resource. 

19
th

 century onwards, rise in population, irrigation, 

industrialization, urbanization, deforestation and attach on 

environment have decreased rainfall and increased the 

demand for water. Today, Asia and Africa are facing acute 

shortage of water. Other continents may follow the suite soon. 

India in particular is facing severe water crisis. Last year 

drinking water to Lathur city in Maharastra was supplied 

railway wagons. This year it may recur in other parts of the 

country. In the years to come, water may be costlier than 

petrol if not addressed properly. The technology alone can‟t 

bring solution to the crisis but the behavioural change is 

essential. Hence, Water Resource Management (WRM) must 

evolve a sustainable solution with public, private and societal 

participation.   

WRM is the activity of planning, conservation, distributing 

and managing the optimum use of water resources. It is a sub-

set of water cycle management. Water is technically 

considered a renewable resource because it can be used over 

and over again and it has a rain cycle. However, it is only in 

the short-term that water can be thought of as a 

renewable resource and the sustainability of this renewable 

resource is questionable. 

This paper reviews the literature to understand water crisis 

better and attempts to put the crisis in right perspective. This 

will help others to find a systemic solution to the problem. 

This paper depicts the review based on territory from global to 

local. Finally proposes the causes of water crisis in the form 

of fish-bone diagram.  

II. WATER RESOURCE SCENARIO 

This paper attempted to group the reviews on the basis of 

territory like Global, India, Karnataka and Local (Hubballi) 

and given below: 

Global: 

Water is becoming scared everywhere across the globe. Many 

researchers have assessed the scenario time and then. Few of 

them have been quoted here.  

J. A. A. JONES (2004) argued that civilized ideas, aspirations 

and knowledge helped for the development of water science 

and engineering.The Royal bank of Canada (1950) said that 

we can live without housing or clothing for months, we can 

live without food for days, but to live without water is figured 

in terms of hours and minutes. It is only when crisis occurs we 

realize our dependence upon water. Andrew Keller R. 

Sakthivadivel and David Seckler explained scarcity of water 

in futurebecause of increase in population. The population 

will be a major problem in future for managing water resource 

and explained the need for development for additional storage 

facilities and techniques which will help in some extent to 

solve the water scarcity in future. 

UNICEF investigated that in the worldwide more than two 

billion people living in the water scarcity regions. 

Global water resource: freshwater resources are unevenly 

distributed, with much of the water located far from human 

populations. Many of the world's largest river basins run 

through thinly populated regions. 1. There are an estimated 

263 major international river basins in the world, covering 

231 059 898 km2 or 45.3% of the Earth's land surface area 

(excluding Antarctica). 2. Groundwater represents about 90% 

of the world's readily available freshwater resources, and 

some 1.5 billion people depend upon groundwater for their 

drinking water. 3. Agricultural water use accounts for about 

75% of total global consumption, mainly through crop 

irrigation, while industrial use accounts for about 20%, and 

the remaining 5% is used for domestic purposes. 4. It is 

estimated that two out of every three people will live in water-

stressed areas by the year 2025. In Africa alone, it is estimated 

W 
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that 25 countries will be experiencing water stress (below 

1,700 m3 per capita per year) by 2025. Today, 450 million 

people in 29 countries suffer from water shortages. 5. Clean 

water supplies and sanitation remain major problems in many 

parts of the world, with 20% of the global population lacking 

access to safe drinking water. Water-borne diseases from 

faecal pollution of surface waters continue to be a major cause 

of illness in developing countries. Polluted water is estimated 

to affect the health of 1.2 billion people, and contributes to the 

death of 15 million children annually. 

KalipadaChatterjee ( )explained that the importance of WRM 

because of the available fresh water in the globe is only 2.5% 

where rest of the 97.5% is saline water. So, the multi 

utilization of water such as drinking, cleaning, agriculture, 

transportation, industry recreation, and animal husbandry, 

producing electricity for domestic, industrial and commercial 

use has be to be managed within 2.5% of fresh water. 

William Blomquis (2004) as provided a recommendations for 

studying water institutions in a comparative context including 

methodological recommendations concerning approaches to 

comparative institutional research, and topics for comparative 

institutional research that appear especially fruitful at this time 

author has used the conjunctive management to illustrate the 

importance of institutional factors in water management, 

drawing to some extent on the authors‟ recent experience with 

a comparative study of conjunctive management institutions 

India: 

UNICEF also explored that by 2050 Indian population will 

overtake China‟s population, consecutively that may strain on 

water resources and  investigated that in India in the year 2006 

approximately 829 billion cubic meters of water used by 

different sectors (domestic, agricultural, and industrial). It is 

estimated that by 2050 supply of water demand will be 

doubled as compared to 2006. It‟s report on Indian water said 

that there will be constant competition for the usage of water 

for domestic as well as commercial purpose. 

The main rivers, the Ganges, Bramhaputra, Mahanadi, 

Godavari, Krishna, Cauvery, Indus, Narmada, and Tapti, flow 

into the Bay of Bengal and Arabian Sea. India receives an 

average of 4,000 billion cubic meters of rainfall every year. 

Unfortunately,  48% of rainfall ends up in India‟s rivers. Due 

to lack of storage and crumbling infrastructure, only 18% can 

be utilized. India possesses about 432 bcm of groundwater 

replenished yearly from rain and river drainage, but only 395 

bcm are utilizable. Of that 395 bcm, 82% goes to irrigation 

and agricultural purposes, while only 18% is divided between 

domestic and industrial. Total static groundwater available is 

approximately 10,812 bcm. 

SusantoSen ( ) said India has an average annual of 1,869 

Billion Cubic Metre of water is available and only 1,120 BCM 

is available for consumption. The large investment should be 

made to the solutions of addressing the water scarcity for 

creation of new water assets or for operating and maintaining 

the existing assets. 

India‟s agricultural sector currently uses about 90% of total 

water resources. Irrigated agriculture has been fundamental to 

economic development, but unfortunately caused groundwater 

depletion. 

According to the Ministry of Water Resources, industrial 

water usage in India stands at about 50 billion cubic meters or 

nearly 6 per cent of total freshwater abstraction.   

India‟s 1.1 billion people need access to clean drinking 

water. The demand for drinking water is divided between the 

urban and rural populations, and comprises about 4-6% of 

total water demand.  Due to the amenities of typical urban life, 

such as flush toilets and washing machines, people living in 

cities tend to lead more water intensive lives. The urban 

population has doubled over the past 30 years, now 

representing 30% of India‟s total population and is expected 

to reach 50% of the total population by 2025. Currently 30% 

of the rural population lack access to drinking water and of the 

all the states in India, only 7 have full availability of drinking 

water for rural inhabitants 

Historically, agriculture is the back bone of India. Pratap 

Singh Solanki , R. S. Thakur explained that economy is also 

based on the agriculture. Based on the literature reviewed the 

studies related to use of data mining techniques in the field of 

water resource sector for water management. Presently, the 

WRM has become most challenging, interesting and 

fascinating domain around the word since last many years. 

Ashim Das Gupta ( ) explained that Integrated Water 

Resources Management (IWRM) is a process, which 

promotes the coordinated development and management of 

water, land and related resources and IWRM involves 

collection and management of natural resources information, 

the understanding of the interactions that occur in the use of 

these resources, together with the implementation of policies, 

practices and administration structures, which enable the 

resources to be used. 

Achieving implementation of IWRM paper by The 

International Union for Conservation of Nature and Natural 

resources said that IWRM is practical and achievable. The key 

is a two-track strategy where IWRM planning is 

complemented by pilot actions demonstrating results that 

address local to national priorities.  

 David McKenzie ( ) said that India as a lens through which to 

view the problems of access to water in urban areas and the 

various options available for reform and also said that water 

conservation is also important which should be implemented 

by checking the leaks, taking shorter showers and practicing 

sound outdoor watering principles can reduce water bills and 

conserve this precious natural resource. 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 340 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

S. Sethuram(2014) explained that the water scarcity in 

Chennai caused due to the climatic change and he explained 

the water security and adaption strategies.  

S. Vigneswaran and M. Sundaravadivel ( ) explained recycle 

and reuse of domestic wastewater.The reuse of wastewater for 

domestic and agricultural purposes has been occurring since 

historical times. However, planned reuse has gained 

importance only two or three decades ago. The demands for 

water dramatically increased due to technological 

advancement, population growth, and urbanization, which put 

great stress on the natural water cycle. 

SandhyaThakkar(2012) explained  that WRMas the current 

rate of population growth, combined with the growing strain 

on available water resources, India could well have the 

dubious distinction of having the largest number of water-

deprived persons in the world in the next 25 years. 85% of 

India‟s urban population has access to drinking water but only 

20% of the available drinking water meets health and safety 

standards. It is estimated that by the year 2050, half of India‟s 

population will be living in urban areas and will face acute 

water problems Hence WRMis essential, not only in India but 

around the globe. 

Council on Energy, Environment and Water (2011) stated that 

India is fast running out of utilizable water resources. There is 

considerable room for improving the management and use of 

the available water supplies in order to close the growing gap 

between demand and supply.  

Karnataka: 

K. M. Murugesha (2013)estimated about the access to water 

resources of Karnataka, could be from canals (36%) tanks 

(6% ) wells (12 %) tube wells(34 %) lift irrigation (4 %) other 

sources (9%). Karnataka‟s water resources are fast dwindling 

due to population explosion and increased utilization of water 

for the rapidly growing economic activities. Water demand on 

the one hand for consumptive (drinking, health and sanitation 

needs) and productive uses (agriculture, industrial production, 

power generation, mining operations and navigation, and 

recreational activities) have increased tremendously, and on 

the other hand, water supply has declined with depletion and 

degradation of water resources causing water distress or 

scarcity in the state. Depletion of quantity and degradation of 

quality of water has restricted the availability of water for 

consumptive and productive uses and has consequently caused 

“negative externality” which imposes economic and social 

cost on society. The declining trend in the economic 

contribution of water resources has occurred due to physical 

and economic water scarcity which results in insufficient use, 

poor management, declining water productivity, and 

increasing environmental and economic costs. Obviously, the 

outcome is growing imbalance between water needs and 

supply augmentation capability of the state. 

Historically the dispute over sharing Cauvery, Krishna, 

Mahadiyi between Karnataka and neighbouring states is still a 

burning problem. This year the problem aggregated due to 

worst rain fall and even disturbing the social fabric of the 

region.  

M. G. Chandrakanth (2009) explained that availability of 

ground water is estimated at 485 TMC. Ground water 

resources have not been exploited uniformly throughout the 

state. Exploitation of ground water in the dry Taluks of North 

and South interior Karnataka is higher as compared to 

Coastal, Malnad and irrigation command areas. There is 

deficiency of water for drinking, agricultural and industrial 

use in dry taluks of North and South interior Karnataka. 

Thomas Fuller ( ) revealed that moving on to the utilization of 

available surface water resources, of the ultimate irrigation 

potential of 55 lakh hectares,   

the state has been able to create a potential of 35.35 lakh 

hectares (65 percent) from both surface and ground water . 

About 35 % of the potential area remains to be untapped. 

Hubblli-Dharawad  

ShaimaaKamelater (2015) tackled the lack of care towards 

sustainability issues on contemporary Egyptian campuses' 

design and management and explained that water 

sustainability for landscape depends mainly on reduction of 

consumption, collection of water and recycling of water 

Government of India ministry of water resources central 

ground water board (2013) Ground water information booklet 

Dharwad district, Karnataka state revealed  that in view of the 

Socio-Economic development with subsequent demand for 

fresh water and changes in the local environment it is 

necessary to conserve the water resource and adopt 

unconventional means to artificially recharge the ground 

water in the water level declining/prone to decline areas and 

prevent further decline in the water level and deterioration in 

the quality of water. In the groundwater “SAFE” category 

areas of the district it is advocated for the development of a 

water supply model so that the optimum utilization of 

resource is achieved. 

Priya Sangameswaran, Roopa Madhav, Clifton D‟Rozario ( ) 

explained that the HDMC  made provision for supply of water 

from public and private but water supply services were poor 

and there were heavy losses in the distribution system, which 

has been attributed to mismanagement by HDMC. There was 

also an inequity in distribution of water, with local variations 

in both frequency and duration of water supply.  

III. CONCLUSION 

The vitality of the water is more or less same at every level 

i.e. global or local. Water is essential for every living being 

and plants but becoming more and more scared. This problem 

must be addressed on priority basis. Goldman Sachs describes 

it as “the petroleum of the next century”.     Dr Upmanu Lall 

(Directir, Columbia Water  Center)  predicted that as soon as 

2025, large parts of the world could experience perennial 
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water shortage. The causes of shortage of water are given in 

figure 1. Each of these causes must be controlled by 

appropriate means to make it sustainable.  The causes can be 

categorised depending on the responsibility – government, 

community and individual  and is shown in table 1.  

 

 

 

 

 

 

 

 

Figure 1: Cause and Effect Diagram for Water Crisis 

Table 1: Responsibility-wise Categorization 

Government Community Individual 

Policies 
Ignored Consumption 

Collection 

Technology Crop pattern Consumption 

Population Maintenance Conservation 

Industrialization   

Disputes   

The conceptual framework is proposed as one of the 

remedy for water crisis. The framework has three main 

components C
3
 (conserve, collect and consume) and are 

self explanatory. The consume component can be 

effectively managed by R
3 
(Reduce, Reuse and Recycle). 

 

 

                 Figure 2: Conceptual C3 Framework 
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Abstract: - This research paper studied the impact of foreign 

investments on Indian equity market. For achieving such 

objective, the monthly data have been collected for BSE Sensex, 

NSE nifty and Foreign Equity Investments during year 2005 to 

2016. For data analysis and interpretation, various statistical 

tools have been used such as Augmented Dickey Fuller (ADF) 

Test, Granger Causality Test, Johansen Co-integration Test and 

Vector Error Correction Model. To conclude, foreign 

investments do not cause the movement of Indian equity market 

but the reverse present. Further, there is no long run causality 

from Indian equity market to foreign investments. 

Keywords: BSE Sensex, Foreign Institutional Investments, NSE 

Nifty, Granger Causality test, Vector Error Correction Model     

I. INTRODUCTION 

tock Market (also called Stock Exchange or Share Market) 

is one important constituent of capital market. Stock 

Market is an organized market for the purchase and sale of 

industrial and financial security. It is convenient place where 

trading in securities is conducted in systematic manner i.e. as 

per certain rules and regulations. 

A. Stock Market - India 

There are two leading stock exchanges in India as below: 

 Bombay Stock Exchange (BSE) 

 National Stock Exchange (NSE) 

Bombay Stock Exchange: Established in 1875, BSE Ltd. 

(formerly known as Bombay Stock Exchange Ltd.), is Asia’s 

first Stock Exchange and one of India’s leading exchange 

groups. Over the past 137 years, BSE has facilitated the 

growth of the Indian corporate sector by providing it an 

efficient capital-raising platform. Popularly known as BSE, 

the bourse was established as "The Native Share & Stock 

Brokers' Association" in 1875. BSE’s popular equity index - 

the S&P BSE SENSEX - is India's most widely tracked stock 

market benchmark index. It is traded internationally on the 

EUREX as well as leading exchanges of the BRCS nations 

(Brazil, Russia, China and South Africa). 

National Stock Exchange: The National Stock Exchange 

(NSE) is India's leading stock exchange covering various 

cities and towns across the country. NSE was set up by 

leading institutions to provide a modern, fully automated 

screen-based trading system with national reach. The 

Exchange has brought about unparalleled transparency, speed 

& efficiency, safety and market integrity. It has set up 

facilities that serve as a model for the securities industry in 

terms of systems, practices and procedures. NSE has played a 

catalytic role in reforming the Indian securities market in 

terms of microstructure, market practices and trading 

volumes. The market today uses state-of-art information 

technology to provide an efficient and transparent trading, 

clearing and settlement mechanism. 

Foreign Institutional Investments: Foreign Institutional 

Investor (FII) means an institution established or incorporated 

outside India which proposes to make investment in securities 

in India. They are registered as FIIs in accordance with 

Section 2 (f) of the SEBI (FII) Regulations 1995. FIIs are 

allowed to subscribe to new securities or trade in already 

issued securities. This is just one form of foreign investments 

in India. 

A SEBI registered FII (as per Schedules 2 of Foreign 

Exchange Management (Transfer or Issue of Security by a 

Person Resident Outside India) Regulations 2000) can 

invest/trade through a registered broker in the capital of 

Indian Companies on recognised Indian Stock Exchanges. 

FIIs can purchase shares / convertible debentures either 

through private placement or through offer for sale.  An FII 

can also invest in India on behalf of a sub-account (means any 

person outside India on whose behalf investments are 

proposed to be made in India by a FII) which is registered as a 

sub-account under Section 2 (k) of the SEBI (FII) 

Regulations, 1995.  Also, an FII can issue off-shore derivative 

instruments (ODIs) to persons who are regulated by an 

appropriate foreign regulatory authority and after compliance 

with Know Your Client (KYC) norms. 

B. Literature Review 

 Badhani (2005) applied Granger Causality Test on the 

monthly data from April 1993 to March 2004 and 

observed in the contemporary Indian scenario (i) bi-

directional long-term causality between FII 

investment flows and stock prices, but no short-term 

causality could be traced between the variables; (ii) no 

long-term relationship between exchange rate and 

stock prices, but short-term causality runs from 

change in exchange rate to stock returns, and (iii) 

S 

http://kalyan-city.blogspot.com/2010/09/what-is-capital-market-meaning.html
http://www.sebi.gov.in/sebiweb/home/list/1/3/0/0/Regulations
http://www.sebi.gov.in/faq/pubissuefaq.pdf
http://www.sebi.gov.in/faq/pubissuefaq.pdf
http://fiuindia.gov.in/identity-knowcustomer.htm
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exchange rate long term Granger causes FII 

investment flow, not vice versa. 

 Bhattacharya and Mukherjee (2006) investigate the 

nature of the causal relationship of FIIs with stock 

return and exchange rate in India by applying co 

integration and long term Granger Causality test and 

find a bi-directional causality between stock return 

and FIIs investments. But no causal relationship 

between exchange rates and net investments by FIIs 

investments is found. 

 Tripathy (2007) examines the inter linkage among 

stock market, market capitalization and net FII 

investments by applying both Ganger Causality and 

Vector Auto Regression test (VAR). The results 

indicate that there is no significantly causality 

between FII investment and market capitalization but 

there is an unidirectional casual relationship between 

market capitalization and stock market and net FII 

investment and stock market. 

 Kumar (2007) also found a causal relationship 

between foreign institutional investors and stock 

market returns by applying granger causality test and 

found that the movements in Indian stock market can 

be explained with the help of foreign institutional 

investors’ direction as they have positive correlation 

with stock returns in India. 

 Mishra (2009) has made an attempt to study the 

impact of FII on Indian capital market performance by 

using the monthly data on sensex based stock returns 

and net FII over a period of 17 years spanning from 

Jan 1993 to May 2009 and found that the movements 

in FII and Indian capital market are both positively 

correlated and explained fairly.  

 Bansal And Pasricha (2009) studied the impact of 

market opening to FIIs, on Indian stock market 

behavior. India announced its policy regarding the 

opening of stock market to FIIs for investment in 

equity and related instruments on 14th September 

1992. Using stock market data related to Bombay 

Stock Exchange, for both before and after the FIIs 

policy announcement day, they conducted an 

empirical examination to assess the impact of the 

market opening on the returns and volatility of stock 

return. They found that while there is no significant 

changes in the Indian stock market average returns, 

volatility is significantly reduced after India unlocked 

its stock market to foreign investors. 

 Dr. Mamta Jain, Ms. Priyanka Laxmi Meena, Dr. T. 

N. Mathur (2012) examined the contribution of 

foreign institutional investment in sensitivity index 

(Sensex) and examine the volatility of BSE Sensex 

due to FII. Foreign institutional investors have gained 

a significant role in Indian stock markets. The dawn 

of 21st century has shown the real dynamism of stock 

market and the various benchmarking of sensitivity 

index (Sensex) in terms of its highest peaks and 

sudden falls. 

C. Research Methodology 

Research Statement: “Impact of Foreign Investments on 

Indian Equity Market” 

Research Questions: For a given research statement, there are 

likely to be several research questions as below: 

 Is there any significant impact of Foreign 

Institutional Investments on BSE Sensex? 

 Is there any significant impact of Foreign 

Institutional Investments on NSE Nifty? 

 Is there any significant impact of BSE Sensex on 

Foreign Institutional Investments? 

 Is there any significant impact of NSE Nifty on 

Foreign Institutional Investments? 

Research Objectives:  

 To study the impact of foreign investments on Indian 

equity market. 

 To study the long run causality between the 

variables. 

 To study whether foreign investments cause BSE 

Sensex and NSE Nifty or BSE Sensex and NSE 

Nifty cause foreign investments. 

Constructs Defined: The important constructs for this study 

are BSE Sensex, NSE Nifty and Foreign Investments. 

Research Design: To study the cause and effect relationship 

between foreign institutional investments and NSE Nifty, the 

Causal Research Design is used. The descriptive research 

design is also used. 

Data Collection Method: Secondary Data have been collected 

from official websites of Bombay stock exchange, National 

Stock Exchange, journals, magazines, books etc. 

Sample: In order to fulfil the objectives of this study BSE 

Sensex, Foreign Institutional Investments and NSE Nifty have 

been considered. 

Sample Period: Monthly data of BSE Sensex, Foreign 

Institutional Investments and NSE Nifty have been collected 

during January- 2005 to June-2016. 

Statistical Tools: Statistical tools used in this study are 

Augmented Dickey Fuller (ADF) Test, VAR Lag Order 

Selection Criteria, Granger Causality Test, Johansen Co-

integration Test and Vector Error Correction Model by using 

Eviews7 and Microsoft Excel. 

Limitations of the Study: 

 This study is purely based on the secondary data 

collection method. So the limitations of secondary 

data cannot be neglected in this case. 
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 This study is limited to selected time period from 

year 2005 to year 2016. 

 In this study, only FII equity investments and sales 

are considered. 

D. Data Analysis & Interpretation 

Unit Root Test: A test of stationarity (or non stationarity) that 

has become widely popular over the past several years is the 

unit root test. The most popular method of stationarity is ADF 

test. The result of ADF test for this study is shown below: 

Table I ADF Test for BSE Sensex, NSE Nifty and FIIs 

H0: δ=0 (unit root) 

p value 

BSE 
Sensex 

NSE Nifty FIIs 

At Level – I(0) 0.3361 0.2495 0.0000 

At First Difference – I(1) 0.0000 0.0000 - 

Interpretation: The above table I depicts that at level I(0), the 

ADF test for BSE Sensex and NSE Nifty is statistically not 

significant at 5% level of significance as the p value is 0.3361 

and 0.2495 respectively which is more than 0.05. So the null 

hypothesis cannot be rejected at level I(0).  This means that 

BSE Sensex and NSE Nifty series have unit root problem and 

they are considered as non stationary series. Therefore, it is 

checked at first difference level I(1). At first difference level, 

the ADF test is statistically significant at 5% level of 

significance as the p value for both series is 0.0000 which is 

less than 0.05. So the null hypothesis can be rejected at level 

I(1). This mean that BSE Sensex and NSE Nifty series are 

considered as stationary series at first difference level i.e. at 

I(1). 

Similarly, at level I(0), the ADF test for FIIs is statistically 

significant at 5% level of significance as the p value is 0.0000 

which is less than 0.05. So the null hypothesis can be rejected 

at level I(0). This mean that FIIs series is considered as 

stationary series at level zero i.e. at I(0). So, there is no need 

to check it at first difference level.  

VAR Lag Order Selection Criteria: Before applying Granger 

causality test, it is necessary to find appropriate lag length for 

each pair of variables. For that, VAR lag order selection 

method is used as below: 

Table II VAR Lag Order Selection Criteria 

Lag AIC SC 

0 54.36346 54.43169 

1 49.56339 49.83632 

2 49.51414* 49.99177* 

* indicates lag order selected by the criterion 

    Interpretation: This technique uses criteria like Akaike 

information criterion (AIC) and Schwarz information 

Criterion (SC) for choosing optimal lag length. From the 

above table the optimum lag length is 2 according to AIC and 

SC methods.  

Granger Causality Test: The Granger causality test is a 

statistical hypothesis test for determining whether one time 

series is useful in forecasting another. The result of Granger 

Causality Test is as below: 

Table III Pair Wise Granger Causality Test for FIIs, BSE 

Sensex and NSE Nifty 

Null Hypothesis 
F-

Statistic 
p-value 

DBSE Sensex does not Granger 

Cause DFIIS 
5.63318 0.0191 

DFIIS does not Granger Cause 
DBSE Sensex 

0.63574 0.4267 

   

DNSE Nifty does not Granger 

Cause DFIIS 
5.63318 0.0005 

DFIIS does not Granger Cause 
DNSE Nifty 

0.63574 0.0862 

Interpretation: From the above Tale III it can be said that the 

null hypothesis i.e. DBSE Sensex does not granger cause FIIS 

and DNSE Nifty does not granger cause FIIS are significant at 

5% level of significance since the p value of both null 

hypothesis is 0.0191 and 0.0005 which is less than 0.05. It 

means that the first null hypothesis can be rejected. Thus it 

can be said that there is statistical evidence that the movement 

of Indian equity market causes foreign investors to invest in 

Indian equity market. 

Further, the null hypothesis i.e. FIIS does not granger cause 

DBSE Sensex and DNSE Nifty is not significant at 5% level 

of significance since the p value of both null hypothesis is 

0.4267 and 0.0862 which is more than 0.05. Thus it can be 

said that there is no statistical evidence that the movement of 

foreign investors do not cause the movement of Indian equity 

market. 

Johansen Co-integration Test: If two or more series are 

individually integrated (in the time series sense) then the 

series are said to be co-integrated. The Unrestricted Co-

integration Rank Test (Trace) and the Unrestricted Co-

integration Rank Test (Maximum Eigen Value) are used to 

check the co-integration between all variables. The result of 

this test is as below: 

Table IV Unrestricted Co-integration Rank Test 

Hypothesized 

No. Of CE(s) 

Trace 

p value 

Max-Eigen 

p value 

None* 0.0000 0.0009 
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At most 1* 0.0025 0.0035 

At most 2 0.1238 0.1238 

Interpretation: The above table IV provides the Unrestricted 

Co-integration Rank Test. Trace and Max-Eigen test statistics 

are used to interpret whether null hypothesis can be rejected at 

5% level or cannot be rejected.  As per both test statistics, null 

hypothesis can be rejected for all co-integrating variables 

since their p values are 0.0000 and 0.0009 which are less than 

5% and hence it is significant. It implies that there is one co-

integrating variable exists which confirm co-integration 

between the variables. 

Vector Error Correction Model (VECM): The Vector Error 

Correction Model is used only when if the variables are co-

integrated with each other. According to Johansen Co-

integration test used in this study, it has been confirmed that 

all variables of this study are co-integrated with each other.  

As per Granger causality test, it is found that the movement of 

BSE Sensex and NSE Nifty causes FIIs for the investments 

whereas the investments by FIIs do not causes the movement 

of BSE Sensex and NSE Nifty. Therefore, in this case BSE 

Sensex and NSE Nifty are taken as independent variables and 

FIIs as dependent variable.  

Table V Vector Error Correction Model for BSE Sensex, NSE 

Nifty and FIIs 

Vector Error Correction Estimates 

Dependent Variable: FIIS 

Included Observations: 135 after adjustments 

Lag Intervals: 1 2 

Standard errors in ( ) & t-statistics in [ ] 

Co-

integrating 

Eq: 

CointEq1    

FIIS(-1) 1.000000  R-squared 0.346013 

BSE Sensex(-

1) 
-0.178662  

Adjusted 

R-squared 
0.320683 

 (0.17067)  F-statistics 13.65137 

 [-1.04682]  
Prob (F-

statistics) 
0.000000 

C -1847.170    

     

 
Co-

efficient 
Std. Error t-Statistics Probability 

C(1) -0.473335 0.136711 -3.462304 0.056 

     

     

Co- CointEq1    

integrating 

Eq: 

FIIS(-1) 1.000000  R-squared 0.359541 

NSE Nifty(-1) -0.496074  
Adjusted 

R-squared 
0.334717 

 (0.56571)  F-statistics 14.48361 

 [-0.87690]  
Prob (F-

statistics) 
0.000000 

C -2387.402    

     

 
Co-

efficient 
Std. Error t-Statistics Probability 

C(1) -0.401986 0.142723 -2.816747 0.052 

Interpretation: The above table V exhibits the outcome of 

vector error correction model. In this case the coefficients are 

negative (-0.47 and -0.40) but their corresponding p values are 

0.056 and 0.052 respectively which are higher than 0.05. 

Therefore, the coefficients are not significant at 5% level of 

significance. It means the null hypothesis i.e. there is no long 

run causality from BSE Sensex and NSE Nifty to FIIs cannot 

be rejected. Therefore, it can be said that there is no long run 

causality running from BSE Sensex and NSE Nifty to FIIs.  F 

value and R squared value are calculated to check whether 

this model is fitted well or not. F values are 13.65 and 14.48 

and their corresponding p values are 0 which is less than 0.05. 

Therefore, F statistics is significant at 5% level of 

significance. R squared values are 0.35 and 0.36 which are 

comparatively less but they are positive. Thus, it can be said 

that this model is overall significance as F statistics is 

significant at 5% level of significance. 

 
II. CONCLUSIONS 

It can be concluded from the data analysis that there is 

causality from BSE Sensex and NSE Nifty to Foreign 

Institutional Investments and there is no reverse causation 

present on it. There is no direct relationship that foreign 

investments cause the movement of BSE Sensex and NSE 

Nifty, but a direct relationship could be established that the 

movement in BSE Sensex and NSE Nifty cause foreign 

investors to invest or disinvest in or from Indian equity 

market. It can be concluded from the VECM model that there 

is no long run causality running from BSE Sensex and NSE 

Nifty to FIIs. It can also be concluded from the R squared 

value that only 36% variation in foreign investments is 

explained by Indian equity market, it means that there can be 

other factors also which play their roles to affect foreign 

investments in Indian stock market.  
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Abstract :-  

Objective: This paper focuses on diverse parameters of 

organizational culture so as to determine and understand the 

culture of an organization effectively. The parameters are the 

key to recognize the employee’s mindset towards the 

organization and the various key factors that are driving the 

culture of the organization. Moreover it also provides insights on 

the impact of various parameters on the employee’s 

performance. 

Design/methodology/approach: A structured questionnaire is 

used for the purpose of research. It was divided into the various 

parameters of organizational culture so as to analyze its impact 

on the employee’s performance and satisfaction 

Findings: The paper reflects that the parameters of 

organizational culture has a major impact on the performance 

of employees. The organizational culture is a very important 

aspect of a successful organization. It affects the organizations 

productivity, efficiency and performance. A strong culture helps 

in retaining employees and it strengthens the company’s brand. 

Research limitations: The study is limited only to a certain 

group of employees 

Implications: The paper will show direction to the top 

management of organizations regarding the importance of 

diverse parameters of organizational culture such that it will 

impact the performance of employees so as to sustain in the 

current dynamic competitive era. 

Originality/value: Marking out the parameters of organizational 

culture where the management need to work so that the 

productivity of employees increases. 

Keywords: Leadership, Learning & development, PMS, 

Working conditions, Employee Engagement. 

I. INTRODUCTION 

rganizational culture works a lot like this. Every 

company has its own unique personality just like people 

do. Unique personality of an organization is referred to as 

organizational culture. In groups of people who work together 

organizational culture is an invisible but a powerful force that 

influences the behavior of the members of that group. So, 

organizational culture is a system of shared assumptions, 

values and beliefs which governs how people behave in 

organizations. These shared values have a strong influence on 

the people in the organization and dictate how they dress, act 

and perform their jobs. 

“The values and behaviors that contribute to the unique social 

and psychological environment of an organization”. 

Various factors like organization's expectations, experiences, 

philosophy, and values that hold it together, and is expressed 

in its self-image, inner workings, interactions with the outside 

world, and future expectations are included in organizational 

culture. Corporate culture also deals with the ways the 

organization conducts its business, treats its employees, 

customers, and the wider  community, freedom of decision 

making, developing new ideas, and personal expression, how 

power and information flow through its hierarchy, and how 

committed employees are towards organizational objectives.  

The following parameters will help to determine and 

understand the culture of an organization effectively. These 

parameters are the key to recognize the employee‟s mindset 

towards the organization and the various key factors that are 

driving the culture of the organization. 

 Employee Engagement 

 Leadership 

 PMS & Goals 

 Learning & Development 

 Rewards & working conditions  

 

II. LITERATURE REVIEW 

Deal & Kennedy (1982) have defined culture as simply as “A 

system of informal rules that spells out how people behave 

most of the time”. Barley (1983) suggests that a common 

thread runs through these definitions, which renders culture as 

“something” shared by organization members.   Uttal (1983) 

defined it as a system of shared values (what is important) 

and beliefs (how things work) that interact with a company‟s 

people, organizational structures, and control systems to 

produce behavioral norms. Kilmann (1985) defined 

organization culture as the shared philosophies, ideologies, 

values, assumptions, beliefs, expectations, attitudes and 

norms that knit an organizational together.  

According to Charles Handy (1993) model, there are four 

types of culture which the organizations follow which is 

Power, Task Culture, Person Culture and Role culture 

Deal (1986) defined it as the human invention that creates 

solidarity and meaning and inspired commitment and 

productivity. In a sample of United States firms O‟Reilly 

O 
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(1991) identified the following seven dimensions of 

organizational culture using an instrument they developed, 

the Organizational Culture Profile (OCP): innovative, stable, 

respecting of people, outcome oriented, detail oriented, team 

oriented, and aggressive. These dimensions are quite similar 

to Hofstede‟s dimensions. 

A widely accepted definition of organizational culture was 

offered by Schein (1990) as a pattern of basic assumptions – 

invented, discovered, or developed by a given group as it 

learns to cope with its problem of external adaptation and 

internal integration – that has worked well enough to be 

considered valid and, therefore, to be taught to new members 

as the correct way to perceive, think and feel in relation to 

those problems.  

Furthermore, culture could also be viewed as consisting of 

three levels with the most visible level being behavior and 

artifacts. This aspects of culture is easiest to observe in an 

organization and contains member behavior patterns and 

aspects of culture more transparent than most (e.g., work 

environment layout, technology, dress codes, building 

decorum). Further, Deshpande, Farley and Webster (1993) 

suggest that organizational culture reveals “why things 

happen the way they do”. Those who hold the interpretive 

view of culture believe that norms, values, rituals, structure, 

and ideologies are manifestations of culture.   

Quinn and Cameron (1999) suggest organizational culture 

refers to the taken-for-granted values the underlying 

assumptions, expectations, collective memories, and 

definitions present in the organization. It represents how 

things are around here. It reflects the prevailing ideology that 

people carry inside their heads. It conveys a sense of identity 

and provides unspoken guidelines for how to get along and 

enhances the stability of the social system to which they 

belong.    

Edgar Schein (2010), divided organizational culture into three 

different levels: Artifacts and symbols, Exposed Values & 

Basic underlying assumptions. Also known as the onion 

model, in practice, the three levels of the organizational 

culture model are sometimes represented as an onion model 

as it is based on different layers. The outer layer is fairly easy 

to adapt and easy to change. The deeper the layer, the harder 

it becomes to adjust it. Deeply embedded in the core of the 

onion we find the assumptions. Around the core we find the 

values. The artifacts and symbols can be found in the outer 

layers of the onion and these can be changed more easily. 

Between this layer and the layer in which the values are 

embedded, there may be another layer in which we find the 

so-called „heroes‟; people who play or have played an 

important role in the organization and who are admired. The 

core of the onion is made up of assumptions. These are about 

„how the world works‟ according to the all the people who 

belong to the organization and stem from experiences and 

perception. These have partly become unconscious 

assumptions nd they are considered to be self-evident 

therefore they need not be discussed.  

III. METHODOLOGY 

A. Objectives 

 To study the employees opinion towards attitude 

physical and social structure of the organization. 

 To assess various attitudes of the employees towards 

their welfare measures and towards the climate of the 

organization. 

 To study the different parameters of organizational 

culture like employee engagement, leadership, 

performance management system and goals, learning 

and development, rewards and work conditions. 

 

B. Respondents 

To study various parameters of organizational culture and its 

impact on performance, the research was conducted on the 

employees of ABEX department at Adani Enterprises Ltd. A 

sample 40 respondents was taken for the research. The 

samples were selected using the Random Sampling method. 

IV. DISCUSSION 

H01: Employees in the organization are not flexible and 

adaptable to changes. 

TABLE I  

EMPLOYEES ARE FLEXIBLE & ADAPTABLE 

One-Sample Statistics 

  N Mean 
Std. 

Deviation 

Std. Error 

Mean 

Employees in this 

organization are 

flexible and 
adaptable to changes 

40 3.45 0.504 0.08 

 

One-Sample Test 

  

Test Value = 3 

t df 

Sig. 

(2-

tailed) 

Mean 
Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Employees 

in this 

organization 

are flexible 
and 

adaptable to 

changes 

43.308 39 0 3.45 3.29 3.61 

From the above table I, it can be noted that significant value 

i.e. (.000) which is less than the set significant value (0.005) 
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so here we reject the null hypothesis and accept the alternate 

hypothesis which states that the employees in this 

organization are flexible and adaptable to changes. 

This proves that the company has a very flexible and 

adaptable culture which is very good because if an 

organization has such type of flexibility and adaptability the 

organization can go a long way achieving success. The 

organization is given any such different kind of projects it can 

easily achieve the same because employees readily adopt 

changes. 

H02: Employees do not work collaboratively as a team. 

TABLE II 

COLLABORATIVE TEAM 

One-Sample Statistics 

  N Mean 
Std. 

Deviation 

Std. Error 

Mean 

Employees believe in working 
collaboratively as a team 

40 3.6 0.496 0.078 

 

One-Sample Test 

  

Test Value = 3 

t df 
Sig. 
(2-

tailed) 

Mean 

Difference 

95% 

Confidence 
Interval of the 

Difference 

Lower Upper 

Employees 
believe in 

working 

collaboratively 
as a team 

45.891 39 0 3.6 3.44 3.76 

Table II highlights the importance of working collaboratively 

as a team. In this table the significant value i.e. (.000) which 

is less than the set significant value (0.005) so here we reject 

the null hypothesis and accept the alternate hypothesis which 

states that the employees believe in working collaboratively 

as a team. 

This proves that the employees share their ideas, knowledge 

and skills and work collaboratively. This shoes that the 

organization has an open and a friendly culture where in the 

employees take up task and try completing it by taking ideas 

from their colleagues. When there is collaboration the goals 

will be achieved in a good manner because it has been 

achieved through the ideas and suggestions of groups. 

H03: Managers do not encourage new ideas given by the 

employees 

TABLE III 

ACCEPTANCE OF NEW IDEAS 

One-Sample Statistics 

  N Mean 
Std. 
Deviation 

Std. 

Error 

Mean 

The manager willingly 

encourage new ideas given by 

the employees 

40 3.53 0.506 0.08 

 

One-Sample Test 

  

Test Value = 3 

t df 
Sig. 
(2-

tailed) 

Mean 

Difference 

95% 
Confidence 

Interval of the 

Difference 

Lower Upper 

The manager 

willingly 

encourage 
new ideas 

given by the 

employees 

44.082 39 0 3.525 3.36 3.69 

Table III analyses the approach of manager towards new idea 

given by employees. From one sample t test, significant value 

i.e. (.000) which is less than the set significant value (0.005) 

so here we reject the null hypothesis and accept the alternate 

hypothesis which states that the manager willingly 

encourages new ideas given by the employees. 

This proves that the mangers though have their own beliefs 

but they readily accept and encourage new ideas in the 

organization. This shows that the organization has a 

motivating culture and the leaders/managers encourage the 

employees to come out with new ideas. 

H04- Employees do not participate actively in defining goals 

TABLE IV 

PARTICIPATIVE GOAL SETTING 

One-Sample Statistics 

  N Mean 
Std. 

Deviation 

Std. Error 

Mean 

There is an active 
participation of 

employees in defining 

goals 

40 3.13 0.723 0.114 

 

One-Sample Test 

  

Test Value = 3 

t df 

Sig. 

(2-

tailed) 

Mean 
Difference 

95% 
Confidence 

Interval of the 

Difference 

Lower Upper 
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There is an 

active 

participation 
of 

employees 

in defining 
goals 

27.344 39 0 3.125 2.89 3.36 

The above table IV measures the participation of employees 

in defining goals. In this table the significant value i.e. (.000) 

which is less than the set significant value (0.005) so here we 

reject the null hypothesis and accept the alternate hypothesis 

which states that there is an active participation of employees 

in defining goals. 

This proves that the mangers value their employees and 

understand the importance of the employees knowing what 

the organization intends to do, or what its upcoming projects 

are because if the employees are aware about what is 

happening in the organization they will thrive to work 

towards the same. They will have an idea that will they go 

about achieving the same. 

H05- PMS system is not transparent and effective. 

TABLE V 

EFFECTIVE PMS 

One-Sample Statistics 

  N Mean 
Std. 

Deviation 

Std. Error 

Mean 

The PMS system 

is transparent and 
effective 

40 2.88 0.992 0.157 

 

One-Sample Test 

  

Test Value = 3 

t df 
Sig. 
(2-

tailed) 

Mean 

Difference 

95% 

Confidence 
Interval of the 

Difference 

Lower Upper 

The PMS 
system is 

transparent 

and 
effective 

18.331 39 0 2.875 2.56 3.19 

Table V signifies the effectiveness of PMS From the above 

analysis of one sample t test, significant value i.e. (.000) 

which is less than the set significant value (0.005) so here we 

reject the null hypothesis and accept the alternate hypothesis 

which states that the PMS system is transparent and effective. 

This proves that the organization is very clear and crisp in 

providing the ratings to its employees. The employees are 

rated as per their performance. There is no biasness in the 

organization which shows that the organization has positive 

culture. 

H06-Learning programs do not helps to develop personal and 

organizational efficiency.  

TABLE VI 

EFFECTIVENESS OF LEARNING PROGRAM 

One-Sample Statistics 

  N Mean 
Std. 

Deviation 

Std. Error 

Mean 

The learning programs 
have continuously helped 

the employees to develop 

their personal as well as 
organizational efficiencies 

40 3.43 0.594 0.094 

 

One-Sample Test 

  

Test Value = 3 

t df 

Sig. 

(2-

tailed) 

Mean 
Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

the learning 

programs 
have 

continuously 

helped the 
employees to 

develop their 

personal as 

well as 

organizational 

efficiencies 

36.448 39 0 3.425 3.23 3.62 

Table VI evaluates the impact of learning program on the 

efficiencies of employees as well as organization. From the 

above table, the significant value i.e. (.000) which is less than 

the set significant value (0.005) so here we reject the null 

hypothesis and accept the alternate hypothesis which states 

that the learning programs have continuously helped the 

employees to develop their personal as well as organizational 

efficiencies.  

This shows that the organization has a learning culture. There 

are learning and development programs continuously that 

help the employee to grow as an individual and develop the 

efficiencies which helps the employee to have organization 

efficiencies. 

H07- The working conditions are not flexible and favorable. 

TABLE VII 

WORKING CONDITIONS 
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One-Sample Statistics 

  N Mean 
Std. 

Deviation 

Std. 
Error 

Mean 

The working conditions 

are flexible and 

favorable 

40 3.25 0.776 0.123 

 

One-Sample Test 

  

Test Value = 3 

t df 

Sig. 

(2-

tailed) 

Mean 
Difference 

95% 
Confidence 

Interval of the 

Difference 

Lower Upper 

The 

working 

conditions 
are 

flexible 

and 
favorable 

26.48 39 0 3.25 3 3.5 

Table VII shows whether the working conditions are flexible 

and favorable. In the above table the significant value i.e. 

(.000) which is less than the set significant value (0.005) so 

here we reject the null hypothesis and accept the alternate 

hypothesis which states that the working conditions are 

flexible and favorable. 

This proves that the employees are satisfied with the working 

conditions in the organization. This motivates the employee 

to stay in the organization and work. The employees always 

want a flexible and favorable environment this motivates the 

employee to work harder. 

H08- The culture and climate of the organization is not so 

positive and supportive. 

TABLE VIII 

POSITIVE & SUPPORTIVE ORGANIZATIONAL 

CULTURE 

One-Sample Statistics 

  N 
Mea

n 

Std. 

Deviat

ion 

Std. 

Error 

Mean 

The culture and the climate of the 

organization is positive and 

supportive 

40 3.45 0.552 0.087 

 

One-Sample Test 

  Test Value = 3 

t df 

Sig. 

(2-
tailed) 

Mean 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

The culture 

and the 

climate of the 
organization 

is positive 

and 
supportive 

39.501 39 0 3.45 3.27 3.63 

 

Table VIII highlights whether the culture & climate is 

positive & supportive. From the above analysis the significant 

value i.e. (.000) which is less than the set significant value 

(0.005) so here we reject the null hypothesis and accept the 

alternate hypothesis which states that the culture and the 

climate of the organization is positive and supportive. 

This shows that the employees are quite satisfied with culture 

and climate of the organization. This again creates motivation 

in the employees to work harder. When the organization is 

positive and supportive the employees are happy to work in 

the organization and will continue working for a longer time. 

H09- Work relationships are not mature and impolitic. 

TABLE IX 

WORK RELATIONSHIP & POLITICS 

One-Sample Statistics 

  N Mean 
Std. 

Deviation 

Std. Error 

Mean 

The work relationships are 

mature and impolitic 
40 3.2 0.758 0.12 

 

One-Sample Test 

  

Test Value = 3 

t df 

Sig. 

(2-

tailed) 

Mean 
Difference 

95% 
Confidence 

Interval of the 

Difference 

Lower Upper 

The work 

relationships 

are mature 
and 

impolitic 

26.705 39 0 3.2 2.96 3.44 

 

Table IX analysis the work relationships stating whether it is 

mature as well as impolitic. Here the significant value i.e. 

(.000) which is less than the set significant value (0.005) so 

here we reject the null hypothesis and accept the alternate 
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hypothesis which states that the work relationships are mature 

and impolitic. 

This proves that the employees in the organization share a 

mature relationship and there is no type of work politics that 

occurs in the organization. The employees have mutual 

understanding among themselves and work accordingly as a 

team. Again this makes an organization a good place to work. 

Because in whole lot of organization there is politics which 

goes on which in turn compels the employee to leave the 

organization. So this organization has a positive and 

motivating culture.   

V. QUANTITATIVE FINDINGS 

Apart from the hypothesis testing there were several other 

questions asked in the survey. On that basis the entire 

findings has been divided under five major headings as per 

the research objectives which is employee Engagement, 

Leadership, Performance Management System and Goals, 

Learning and Development and Rewards and Working 

Conditions. The major finding of the study is 55% agree that 

employees in this organization are flexible and adaptable to 

changes. Moreover on Leadership, there is a mixed opinion 

about the leaders having a clear vision of the organization that 

guides them. 47.5% agree that the managers guide the 

employees in order to meet the organizational as well as 

individual needs. 55% agree that the managers ask for 

suggestions from their subordinates and consider them. 60% 

agree that the manager never differentiates among his team 

members based on his virtues. 50% agree that the managers 

constantly encourages feedback session for employees. On 

Performance Management System and Goals, 65% agree that 

the organization and the employees have clearly defined goals 

and mission. 62.5% agree that there is an active participation 

of employees in defining goals. 47.5% agree that there is 

cross collaboration between various groups to attain 

organizational goals. 40% agree that the PMS system is 

transparent and effective. 50% agree that the manager is 

helpful in defining KRA‟s/KPI‟s and guide them in achieving 

the same, 57.5% agree that the managers and superiors were 

objective enough in giving performance ratings and 67.5% 

agree that the feedback provided at the end of the 

performance system is performance and development 

oriented. For Learning and Development, there is a mixed 

opinion regarding the learning programs which have 

continuously helped the employees to develop their personal 

as well as organizational efficiencies. 60% agree that the 

learning programs have helped to bridge the gap between the 

existing and the required skills, knowledge and attitude and 

Regarding rewards and working conditions, there is a mixed 

opinion about the employees are measured and rewarded 

according to how well their goals are achieved, 50% agree 

that the reward system is fair and effective, 50% agree that 

the working conditions are flexible and favorable, 50% agree 

that the culture and the climate of the organization is positive 

and supportive and 55%  agree that the work relationships are 

mature and impolitic.  

VI. CONCLUSION 

On the basis of the research we can say that organizational 

culture is a very important aspect of a successful 

organization. It affects the organizations productivity, 

efficiency and performance. A strong culture helps in 

retaining employees and it strengthens the company‟s brand. 

A manager should be aware of the culture and should drive 

his employees accordingly. When there is unison of thought 

and actions results are bound to follow. So a company should 

thrive to develop this to have a strong culture. On the 

parameter of Employee Engagement, it can be concluded that 

the respondents in the organization are flexible and adaptable 

to changes occurring in the organization. They prefer working 

collaboratively as a team and have transparent 

communication with their bosses. They have a friendly 

atmosphere which motivates them to work. For Leadership, it 

can be concluded from the study that the managers are good 

leaders. They guide the employees whenever necessary and 

never differentiates among their team members. The manger 

willingly encourages new ideas but also has his own views 

for the same. For PMS, it could be figured out from the study 

that the performance management systems are transparent and 

effective and the managers are helpful in defining 

KRA‟s/KPI‟s and also guide them to achieve the same. The 

feedback at the end of the system is performance and 

development oriented. Regarding Learning and Development, 

it could be concluded from the study that the learning and 

development programs have helped to bridge the gap between 

the existing and the required skills, knowledge and attitude. It 

could also been figured that the learning programs have 

continuously helped the employees to develop their personal 

as well as organizational efficiencies and have constantly 

acted as a growth medium. Similarly Rewards and Working 

Conditions, employees are valued for their work, reward 

systems in the organization are fair and effective, and the 

employees are measured and rewarded according to how well 

the goals are achieved. It could also be figured out that the 

working conditions are flexible and favorable and the culture 

and climate of the organization is positive and supportive.  
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Abstract: India is very low penetrated country in health 

insurance with only around 20% of its population insured for 

health, has lowest public spending on health at only 1.4% of its 

GDP and very low per capita government spending on health at 

only 75$, making health insurance inevitable in India. The 

reliance on health insurance policies offered by public and 

private insurance companies is increasing in the present times. 

Over the years, the health insurance sector has expanded in all 

terms which is evident based on number of indicators. This 

paper tries to study the growth of health insurance sector post 

liberalisation in India. To study the growth of health insurance 

sector, various financial parameters such as total premium 

collection, total claims paid, claims paid ratio, premium per 

policy, claims paid per policy, premium per insured member, 

claims paid per insured member etc. along with non-financial 

parameters such as total number of policies, number of 

members, number of claims, number of health insurance 

companies etc. have been analysed over the years. For the 

purpose of study, secondary data on various parameters of 

growth have collected from Insurance Regulatory Development 

Authority’s reports and also from Insurance Information 

Bureau reports. The study has been carried out using various 

statistical methods such as graphical and descriptive measures 

and calculation of annual growth rate for various parameters. 

The study shows that there has been a phenomenal growth on 

almost all non-financial and financial growth parameters over 

the years indicating substantial development of health insurance 

sector post liberalisation in India. The rising cost of healthcare, 

increased awareness about the healthcare among people, the 

entry of efficient private players and the government thrust on 

achieving universal health coverage will fuel further growth in 

the health insurance sector in coming years. It is suggested that 

the government and IRDA should frame such policies that not 

only the health insurance sector rapidly grows but also 

maximum number of citizens of India are covered for health and 

get the benefit of health insurance. 

Key words: Growth, health insurance sector, post liberalisation, 

financial and non-financial parameters, IRDA, universal health 

coverage 

I. INTRODUCTION 

ndia became independent on August, 15, 1947. The 

population of the country at the time of independence was 

around 350 million i.e. 35 crore which has risen to around 

1.21 billion as per the census of 2011 and around 1.3 billion 

i.e. 130 crore at present. Thus, India is a country having 

17.8% i.e. one sixth of the world’s total population and is 

projected to overtake China and become world’s most 

populated country by 2030. It is interesting to note that above 

65% of our population is below 35 years with substantially 

high aspirations. So the challenge for the government is not 

only to meet the basic needs of food, shelter and clothing, but 

also to provide safe drinking water, electricity, sanitation and 

quality health care for a good standard of living of such huge 

highly aspirational population. 

Though India’s GDP growth rate is quite high as compared to 

GDP growth rate of many other developed economies, even 

after 69 years of independence, inadequate and poor health 

care facilities is a major area of concern and a challenge not 

only for the citizens but also for the government. It is very 

disappointing to note that India’s public spending on health 

care as % of GDP is lowest at only 1.4% among many other 

comparable countries. Among other BRICS countries Brazil 

spends 3.8%, Russian Federation spends 3.7% , China spends 

3.1%, South Africa spends 4.2%, and our neighbouring 

countries Srilanka spends 2.0% and Pakistan spends 0.9% of 

GDP as public spending on health care. On the other hand, 

developed economies public spending on health care is 

substantially high with United States spending 8.3%, United 

Kingdom spending 7.6%, Canada spending 7.4%, Spain 

spending 6.4%, Germany spending 8.7% and Italy spending 

7.0% of their GDP on health care. [World Bank Database – 

2014] 

Taking into account, a more revealing indicator such as per 

capita government spending on health, the difference becomes 

very stark. Indian government spends 75$ per capita on 

health, as compared to BRICS countries where in Brazil 

spends 947$, Russian Federation spends 893$, China spends 

420$, South Africa spends 570$, Srilanka spends 127$ and 

Pakistan spends 36$ per capita on health. On the other hand, 

the developed countries like United States spends 9,403$, 

United Kingdom spends 3,935$, Canada spends 5,292$, Spain 

spends 2,658$, Germany spends 5,411$ and Italy spending 

3,258$ per capital on health care. [World Bank Database – 

2014] 

The private health care expenditure in India is 3.3% of GDP 

which is 62.4% of total health care expenditure, much higher 

than in Brazil (25.5%), Russian Federation (45.8%), China 

I 
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(32%) and South Africa (6.5%) and Sri Lanka (42.1%). 

[World Bank Database - 2014]. At the same point of time, due 

to privatization of health care services in India and other 

global factors such as expiry of patents and so on, the cost of 

medicines and hospitalization have gone up substantially. In 

such a situation, reliance on health insurance has become 

inevitable and the health insurance policies offered by public 

and private insurance companies is increasing in the present 

time. There is very low level of penetration of health 

insurance in India with only around 20% of population having 

health insurance in one or other form. After the launch of 

Mediclaim policy in 1986, the health insurance sector had 

grown significantly mainly due to liberalisation of the 

economy and increased awareness of people about health 

insurance. Over the years, the health insurance sector has 

expanded in all terms which is evident based on number of 

indicators. This paper tries to study the growth of health 

insurance sector post liberalisation in India. 

II. LITERATURE REVIEW 

Few researchers have studied about the growth of health 

insurance sector in India. Mainly the work on this subject has 

been done by the High Level Expert Group instituted by the 

Planning Commission of India as well as Steering Committee 

on Health for the 12
th

 Five Year Plan, Health Division, 

Planning Commission and other few researchers who have 

studied about the other extension areas of health insurance.  

High Level Expert Group Report on Universal Health 

Coverage for India instituted by the Planning Commission of 

India, New Delhi (2011) gave a vision of Universal Health 

Coverage for India by 2020, discussed the physical and 

financial norms needed to ensure quality, universal reach and 

access of healthcare services and suggested critical 

management reforms in order to improve efficiency, 

effectiveness and accountability of the health care delivery 

system. Report of the Steering Committee on Health for the 

12
th

 Five-year plan, Health Division, Planning Commission 

(2012), gave an idea about framework for health in the 12
th

 

Five year plan and discussed various National Health 

Programmes, Health Information System and Public Health 

Management along with issues like strengthening territory 

care, human resources for health, promoting health research 

and regulations of food, drugs, medical practice and public 

health are also covered. Memon (2011) studied about the 

Indian and US health policy’s pros and cons. They found that 

US healthcare structure relies greatly on private and not-for-

profit health insurance, which was the key source of coverage 

for most Americans. More or less, the same type of of health 

insurance covers such as employer-sponsored, individual 

insurance, government health insurance for the poor or BPL 

were available in India. They also found that the quality of 

services provided and people’s awareness about health 

insurance facilities were much better in US compared to India. 

Memon (2011) studied about the satisfaction level of 

customers of healthcare in India through collecting data from 

375 policy holders from Ahmedabad and Baroda. They found 

that most of the policy holders were satisfied towards cost but 

were less satisfied with the quality. They suggested that India 

should implement healthcare facility like US for better 

customer satisfaction in healthcare sector. Anita J. (2008) 

studied about health insurance scenario, various health 

insurance products, and various health ratio prevailing in 

India using secondary data from WHO, along with studying 

long term care models in other countries. She found that 

though different types of health insurance schemes and 

products were available in India, our country lacks term 

countries as well as poor health ratios on various parameters 

as compared to other countries. 

III. OBJECTIVES 

The following are the objectives of this study: 

1. To study the growth of health insurance sector post 

liberalisation in India based on Financial parameters 

2. To study the growth of health insurance sector post 

liberalisation in India based on Non-financial 

parameters 

IV. RESEARCH METHODOLOGY 

1. This paper analyses the growth of health insurance sector 

post liberalisation in India mainly on the basis of 

Financial and Non-financial parameters. The following 

Financial and Non-financial parameters have been used 

for the purpose of the study. 

Financial Parameters of growth: 

1. Total Premium Collection 

2. Total Claims paid 

3. Claims paid Ratio 

4. Premium Per Policy 

5. Claims paid Per Policy 

6. Premium Per Insured Member 

7. Claims paid Per Insured Member 

Non-financial Parameters of growth: 

1. Total Number of Policies 

2. Total Number of Members 

3. Total Number of Claims 

4. Total Number of Public and Private Health Insurance 

Companies 

 

2. For the purpose of analysing the growth of health 

insurance sector post liberalisation in India, the secondary 

data on above mentioned various Financial and Non-

financial parameters of growth have collected from 

Insurance Regulatory Development Authority’s reports 

and also from Insurance Information Bureau reports. As 

there is some anomaly in the data published by IRDA and 

IIB due to some of the factors, the best fit data from 

either of the reports have been considered for the purpose 

of analysis.  
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3. For the purpose of the study, the annual growth rate and 

average growth rate of some of the parameters have been 

calculated and various suitable statistical methods such as 

descriptive and graphical measures have also been used 

as applicable. 

V. DATA, ANALYSIS AND RESULTS 

The growth of health insurance sector post liberalisation in 

India has been analysed on the basis of Financial and Non-

financial parameters. The data, analysis and its results have 

been divided and presented in two sections based on the 

Financial and Non-financial parameters. 

A. Analysis of Growth based on Financial Parameters: 

The growth of the health insurance sector post liberalisation in 

India can be measured by some of the Financial parameters 

such as Total Premium Collection, Total Claims Paid, Claims 

Paid Ratio, Premium per Inured Member and Claims Paid per 

Insured Member. Each of these parameters are analysed in 

details below: 

(1) Total Premium Collection, Total Claims Paid, Claims 

Paid Ratio: 

The data for total premium collection, total claims paid and 

claims paid ratio is given below: 

Table No: 1 

Total Premium Collection, Total Claims Paid, Claims 

Paid Ratio 

 

Year 

Total 

Premium 

Collection 

(Rs. in 
Crores) 

Growth 

Rate 

(%) 

Total 

Claims 

Paid 

(Rs. in 
Crores) 

Growth 

Rate 

(%) 

Claims 

Paid 
Ratio 

(%) 

2003-
2004 

944 --- 785 --- 83% 

2004-

2005 
987 4.56% 948 20.76% 96% 

2005-
2006 

1,947 97.26% 1,777 87.45% 91% 

2006-
2007 

2,820 44.84% 2,198 23.69% 78% 

2007-
2008 

2,758 -2.20% 2,904 32.12% 105% 

2008-

2009 
3,976 44.16% 4,087 40.74% 103% 

2009-

2010 
7,803 96.25% 7,456 82.43% 96% 

2010-

2011 
11,031 41.37% 10,797 44.81% 99% 

2011-

2012 
13,070 18.48% 12,286 13.79% 94% 

2012-

2013 
15,453 18.23% 14,526 18.23% 94% 

2013-
2014 

17,495 13.21% 16,970 16.83% 97% 

2014-
2015 

20,096 14.87% 20,297 19.60% 101% 

Analysis of Total Premium Collection, Total Claims Paid, 

Claims Paid Ratio: 

The first Mediclaim policy was launched in India in 1986. 

However, due to less awareness about the concept of health 

insurance in India, in the initial years the premium collection 

amount was much lower. 
 

As shown in Table No: 1, from 2003-04 to 2004-05, the 

growth rate in premium collection was very marginal only 

around less than 5%. During the same period, claims paid 

have grown by around 21%. As during the period, the increase 

in claims paid has been much higher as compared to increase 

in premium collection, the claims paid ratio have shoot up 

substantially from 83% in 2003-04 to 96% in 2004-05. 
 

In the year 2005-06, the growth rate in the premium collection 

has been phenomenal as it has grown by over 97% during this 

year making premium collection amount almost double over 

previous year. This may be attributed to increased popularity 

of the concept of health insurance during that period and also 

the starting of operations by standalone health insurance 

companies in India. Correspondingly, the claims paid during 

the same period have grown by around 87%. As the growth 

rate of premium collection was substantially higher during the 

period, the claims paid ratio have fallen to 81% as compared 

to 96% in the previous year. 

In the year 2006-07, the claims paid ratio have fallen further 

from 81% to 78%. This is because during this period, the 

premium collection have grown by around 45% while the 

claims paid have grown by around only 24%. Higher growth 

rate in premium collection and lower growth rate of claims 

paid have put a sizable surplus in the hands of the insurance 

company allowing the claims paid ratio to drop during the 

period. 
 

The year 2007-08 has been a year of substantial loss for the 

health insurance business of insurance companies. During this 

year, the premium collection has been flat to marginally 

negative. On the other hand, the claims paid have increased by 

around 32% over the previous year during this period. Due to 

this, the gap has widened between premium collection and 

claims paid during this period taking claims paid ratio to over 

105% and making health insurance business a loss making 

vertical for the insurance companies. 
 

Year 2008-09 was also a no relief year for health insurance 

vertical of the insurance companies. Due to the same pace of 

growth in the premium collection of around 44% and growth 

in claims paid of around 40%, the claims paid ratio stayed 

above 100% making it to 103% and another year of loss for 

health insurance vertical. 

 

After two years of blood bath loosing substantial amount in 

the year 2007-08 and 2008-09, to recover the losses, the 

health insurance companies substantially increased the health 

insurance premium by over 15% in the year 2009-10. Due to 

this the premium collection jumped substantially by around 
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96% due to coupling effect of increased health insurance 

premium and expanded health insurance business. The 

companies also exercised and increased efficiency in claims 

processing making claims paid increased by only 82% 

affecting the claims paid ratio positively and dropping it from 

103% to 96% during the year. 
 

In 2010-11, both the growth rate of premium collection and 

growth rate of claims paid was in the same range of 41-45%. 

However, due to higher growth rate of around 45% in claims 

paid as compared to 41% growth rate in premium collection, 

the claims paid ratio shoot up to 99% during the year. 
 

Year 2011-12 was the reversal of the trend of the previous 

year. Higher growth rate in premium collection and slightly 

lower growth rate in claims paid during the year improved the 

claims paid ratio in 2011-12 to 94%. In the year 2012-13, the 

growth rate of premium collection and growth rate of claims 

remained stagnant at around 18% making claims paid ratio 

remaining unchanged at 94%. 
 

In the year 2013-14, again the claims paid ratio inched 

towards 97% due to slower growth rate of 13% in premium 

collection and 17% growth rate in claims paid.  
 

Year 2014-15, once again marked red in health insurance 

vertical with claims paid ratio once again crossing 100% and 

its was at 101% during the year. During this period, the 

premium collection jumped by 15% as compared to 20% 

jump in claims paid making health insurance vertical 

commercially unviable for the insurance companies.

 
 

Thus, over the span of 12 years of analysis, except for the year 

2005-06 and 2009-10 where there was quantum jump both in 

premium collection and claims paid of around 95%, for the 

remaining years the growth rate has remained uneven in most 

of the years with wide differences. For some years however, 

the gap between premium collection and claims paid have 

remained narrow. However, it is to be noted that since 2007-

08, the claims paid ratio have stayed above 95% or even in 

some cases over 100% making health insurance business 

really challenging for the insurance companies. 
 

The average growth rate in total premium collection has 

remained at 35.5% over the period of analysis. On the other 

hand, the average growth rate in total claims paid has 

remained at 36.4% over the period of analysis. 

(2) Premium Per Policy, Claims paid Per Policy: 

The data for premium per policy and claims paid per policy is 

given below: 

Table No: 2 

Premium Per Policy, Claims Paid Per Policy 

 

Year 

Premium 
Per 

Policy 

(Rs.) 

Growth 

Rate 

(%) 

Claims 
paid Per 

Policy 

(Rs.) 

Growth 

Rate 

(%) 

Pay Out 

Ratio per 

Policy 

2003-

2004 
4,166 --- 3,465 --- 83% 

2004-

2005 
4,792 15.03% 4,606 32.93% 96% 

2005-
2006 

4,892 2.09% 4,642 0.78% 95% 

2006-

2007 
9,067 85.34% 7,066 52.22% 78% 

2007-
2008 

7,275 -19.76% 7,661 8.42% 105% 

-10%
0%

10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

G
ro

w
th

 R
at

e 
%

 

Year 

Premium Collection, Claims Paid Growth Rate & Claims Paid 
Ratio 

TPC Rate (%) TCP Rate (%) Claims Paid Ratio



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 358 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

 

2008-

2009 
8,689 19.44% 8,932 16.59% 103% 

2009-

2010 
11,333 30.43% 10,910 22.15% 96% 

2010-

2011 
14,120 24.59% 13,946 27.83% 99% 

2011-

2012 
13,303 -5.79% 10,333 -25.91% 78% 

2012-
2013 

13,753 3.38% 9,333 -9.68% 68% 

Analysis of Premium Per Policy: 

As shown in Table No:2, the premium per policy over the 

span of 12 years have grown steadily except for two years, 

2007-08 and 2011-12 where the premium per policy have 

decreased marginally. In the year 2006-07, the premium per 

policy jumped substantially from Rs, 4,892 to Rs. 9,067 with 

around 85% jump mainly due to increase in premium 

collection by 44% and reduction in total number of policies by 

around 19%. The increase may be attributed mainly to 

increase in premium collection due to expansion of health 

insurance portfolio by private players along with entry of 

standalone health insurance companies. Due to introduction of 

Family floater policies in the year 2007-08, the number of 

members increased rapidly and hence, premium per policy 

dropped by around 20%. After that the premium per policy 

rose by 20%, 30% and 25% respectively from 2008-09 to 

2010-11. After reaching a peak of Rs. 14,000 per policy in 

2010-11, it has remained in a narrow range of Rs. 13,700 to 

Rs. 14,000 till the end of the year 2012-13. The data for 2013-

14 and 2014-15 remains unavailable. 

Analysis of Claims paid Per Policy: 

As shown in Table No:2, the claims paid per policy also has 

increased around less than three fold over span of 12 years. In 

the year 2004-05, it increased by around 33% to Rs. 4,606 per 

policy, stayed almost flat in 2005-06 and then jumped by 

around 52% to Rs. 7,066 in 2006-07 due to increased claims 

along with increased premium per policy. After a small 

increase of around 8% in 2007-08, after words for consecutive 

three years, there was a steady increase of around 17%, 22% 

and 28% respectively from 2007-08 to 2009-10 and claims 

paid per policy reached to Rs. 13,946. Due to increase in 

number of policies and strict measures taken by insurance 

companies to reduce claims liability in the form of rigorous 

claims scrutiny and claims rejection, claims per policy 

reduced by around 25% to Rs. 10,333 in the year 2011-12 and 

Rs. 9,333 in the year 2012-13 

.  

The average growth rate in premium per policy has remained 

at around 17% over the period of analysis. On the other hand, 

the average growth rate in claims paid per policy has 

remained at around 14% over the period of analysis.  

It should be noted that pay-out ratio per policy has remained 

below 100% for almost all the years except for the year 2007-

08 and 2008-09 where it has remained above 100%. The 

average pay-out ratio per policy has remained at 89.5% over 

period of ten years of analysis. 

 (3) Premium per Insured Member, Claims Paid per Insured 

Member: 

The data for premium per insured member and claims paid per 

insured member is given below: 

Table No: 3 

Premium per Insured Member, Claims Paid per Insured 

Member 
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Year 

Premium 
Per 

Insured 

Member 
(Rs.) 

Growth 

Rate 

(%) 

Claims Paid 
Per 

Insured 

Member 
(Rs.) 

Growth 

Rate 

(%) 

Pay-out 

Ratio per 

Insured 

Member 

2003-

2004 
1,129 --- 939 --- 83% 

2004-
2005 

1,098 -2.75% 1,055 12.35% 96% 

2005-

2006 
1,146 4.37% 1,040 -1.42% 91% 

2006-

2007 
1,575 37.43% 1,227 17.98% 78% 

2007-

2008 
1,143 

-

27.43% 
1,204 -1.87% 105% 

2008-
2009 

1,216 6.39% 1,249 3.74% 103% 

2009-

2010 
1,421 16.86% 1,368 9.53% 96% 

2010-

2011 
2,082 46.52% 2,056 50.29% 99% 

2011-
2012 

3,756 80.40% 2,917 41.88% 78% 

2012-

2013 
3,724 -0.85% 2,528 

-

13.34% 
68% 

Analysis of Premium per Insured Member: 

As per Table No: 3, the premium per insured member have 

also increased three fold over the period of 12 years of 

analysis. From Rs. 1,129 in the year 2003-04, it marginally 

decreased and increased over next two years before taking a 

whopping increase of around 37% in 2006-07. Then it 

decreased by 27% in 2007-08, and then again showed a 

continuous increase of 6%, 17% and 47% for next three years. 

For the year 2011-12, again it showed a whopping jump of 

80% in the year 2011-12 due to the insurance companies 

substantially increasing the premium amount during this year. 

For 2012-13, it remained almost flat at Rs. 3,724 per member. 

Analysis of Claims Paid per Insured Member: 

As per Table No: 3, the claims paid per insured member is 

another parameter to measure the growth of the health 

insurance sector. From Rs. 939 in the year 2003-04, it 

increased to Rs. 2,528 in the year 2012-13. Up to year 2009-

10, the increase has remained below 20% per year with 

marginal reduction is two years. However, in 2010-11, it 

jumped substantially by 50% to Rs. 2.056 per insured member 

and 42% increase to Rs. 2,917 in the year 2011-12. This 

increase is mainly attributed to increased claim benefits taken 

by the insured members for the health insurance policy that 

they carry. In the year 2012-13, claims paid per insured 

member have stayed at Rs. 2,528 per member. 

It should be noted that pay-out ratio per insured member has 

remained below 100% for almost all the years except for the 

year 2007-08 and 2008-09 where it has remained above 

100%. The average pay-out ratio per insured member has 

remained at 89.7% over period of ten years of analysis. 

B. Analysis of Growth based on Non-financial Parameters: 

Along with the financial parameters of growth, the growth of 

the health insurance sector post liberalisation in India can also 

be measured by some of the Non-financial parameters such as 

Total Number of Policies, Total Number of Members, Total 

Number of Claims and Total Number of Public and Private 

Health Insurance Companies. Each of these parameters are 

analysed in details below: 

1. Total Number of Policies: 

The data for total number of policies is given below: 

Table No: 4 

Total Number of Policies 

 

Year 
Total 

Number of 

Policies 

Growth 
Rate 

(%) 

Year 
Total 

Number of 

Policies 

Growth 
Rate 

(%) 

2003-

2004 
22,65,451 --- 

2009-

2010 
68,84,687 50.46% 

2004-
2005 

20,59,449 -9.09% 
2010-
2011 

77,42,076 12.45% 

2005-

2006 
38,28,495 85.90% 

2011-

2012 
82,25,112 6.24% 

2006-

2007 
31,10,475 -18.75% 

2012-

2013 
94,10,044 14.40% 

2007-

2008 
37,90,838 21.87% 

2013-

2014 
99,94,013 6.20% 

2008-

2009 
45,75,725 20.70% 

2014-

2015 
1,09,00,000 9.06% 

As shown in Table No: 4, the total number of health insurance 

policies have continuously grown to over five times in the 

period of 2003-04 to 2014-15. The total number of polices 

which were only 22,65,451 in 2003-04 grew close to 

1,09,00,000 polices by the end of 2014-15 registering fivefold 

increase in around 12 years’ time span. Only in 2004-05 and 

2006-07, it has decreased marginally by 9% and 19% 

respectively, Rest for all the years it has shown increase over 

the previous years’ number of policies. Year 2005-06 and year 

2009-10 were the years which showed remarkable growth of 

86% and 50% respectively. 

The average growth rate in total number of policies have 

remained at 18.1% over the period of analysis. 

2. Total Number of Members: 

The data for total number of members is given below: 

Table No: 5 

Total Number of Members 

 

Year 

Total 

Number of 
Members 

Growth 

Rate 
(%) 

Year 

Total 

Number of 
Members 

Growth 

Rate 
(%) 

2003-
2004 

83,61,629 --- 
2009-
2010 

5,48,93,453 67.82% 

2004-

2005 
89,87,239 7.48% 

2010-

2011 
5,25,08,111 -4.35% 
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2005-

2006 
1,63,45,575 81.88% 

2011-

2012 
7,28,30,000 38.70% 

2006-
2007 

1,79,07,430 9.56% 
2012-
2013 

5,79,04,000 -20.50% 

2007-

2008 
2,41,21,625 34.70% 

2013-

2014 
6,05,36,000 4.55% 

2008-

2009 
3,27,10,604 35.61% 

2014-

2015 
7,37,00,000 21.75% 

 

As shown in Table No: 5, the concept of health has gained 

increased attention and popularity over last decade especially 

from 2003-04 onwards which is evident from nine fold 

increase in total number of members covered under various 

health insurance plans of public and private health insurance 

companies. Though the pattern of increase in the numbers 

have not remained same over the years, only the year 2012-13 

increased some reduction of around 20% over the previous 

years. The increased awareness among people about the 

concept of health insurance, rising medical expenditure and 

quest for better quality of health care services have fuelled the 

increase in the number of members every years. Still India has 

a long way to go as a large section of the population is still 

uncovered by health insurance of one or other form.  

The average growth rate in total number of members have 

remained at 25.2% over the period of analysis. 

 

3. Total Number of Claims: 

The data for total number of claims is given below: 

Table No: 6 

Total Number of Claims 

 

Year 

Total 

Number of 
Claims 

Growth 

Rate 
(%) 

Year 

Total 

Number of 
Claims 

Growth 

Rate 
(%) 

2003-
2004 

3,60,088 --- 
2009-
2010 

32,63,597 56.81% 

2004-
2005 

5,55,237 54.19% 
2010-
2011 

38,43,285 17.76% 

2005-
2006 

10,16,178 83.02% 
2011-
2012 

25,91,781 
-

32.56% 

2006-

2007 
10,60,047 4.32% 

2012-

2013 
35,17,795 35.73% 

2007-

2008 
14,36,998 35.56% 

2013-

2014 
30,29,066 

-

13.89% 

2008-

2009 
20,81,297 44.84%    

The rising number of claims is another indicator of the growth 

of health insurance in India. As shown in Table No: 6, the 

number of claims have gone up from around 3,60,088 in the 

year 2003-04 to 30,29,066 in the year 2013-14 showing a 

whopping tenfold increase in the number of claimants. As 

people became more conscious about health, they have started 

taking the benefit of the health insurance policy which is 

clearly evident from the increased claims number over the 

span of analysis.  

The average growth rate in total number of claims have 

remained at 28.5% over the period of analysis. 

 

4. Total Number of Public and Private Health Insurance 

Companies: 

The data for total number of public and private health 

insurance companies is given below: 
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Table No: 7 

Total Number of Public and Private Health Insurance Companies 

 
 Year Public 

Companies 

Private 

Companies 

Standalone 

Companies 

Year Public 

Companies 

Private 

Companies 

Standalone 

Companies 

2003-2004 4 --- --- 2009-2010 4 15 3 

2004-2005 4 8 --- 2010-2011 4 15 3 

2005-2006 4 8 1 2011-2012 4 17 4 

2006-2007 4 9 2 2012-2013 4 17 4 

2007-2008 4 12 2 2013-2014 4 17 5 

2008-2009 4 13 2 2014-2015 4 17 5 

 

As shown in Table No: 7, the total number of non-life 

insurance companies have grown substantially over the span 

of twelve years from total 12 non-life insurance companies in 

the year 2004-05 to 26 non-life insurance companies in the 

year 2014-15. The private players which were only 8 in the 

year 2004-05 grew to 17 in the year 2014-15. The standalone 

health insurance companies started operating in India with 

only one insurer named Star Health and Allied Insurance 

Company Limited who launched its operations in March, 

2006 and this number grew to 5 in the year 2014-15. Public 

payers have market share of 62%, private players have market 

share of 25% and standalone insurers have market share of 

around 13% at the end of the year 2014-15. The steady 

increase in the number of private and standalone non-life 

players in the health insurance sector in India shows 

promising future of health insurance sector in the years to 

come.  

 

VI. LIMITATIONS OF THE STUDY 

1. Though the process of liberalisation started in India 

from 1991 onwards, formal data about health 

insurance is available from 2003-2004 onwards. 

Hence, the analysis of the growth in health insurance 

sector is done on the basis of the available data from 

2003-2004 onwards. 

2. For some of the parameters, the data for 2013-2014, 

2014-2015 is not available. Hence, the analysis is 

limited only to the extent of the availability of the 

data. 

3. For the year 2015-2016, secondary data is not 

available for any of the parameters for the purpose of 

analysis. 

4. Health insurance data is being captured both by 

Insurance Regulatory Development Authority – 

IRDA and Insurance Information Bureau - IIB. For 

some of the parameters, there is some anomaly in the 

data provided by both the agencies. In such a 

situation, the best fit data has been taken for the 

purpose of the analysis. 

VII. SUMMARY AND CONCLUSIONS 

The study of health insurance sector post liberalisation in 

India has witnessed substantial and remarkable growth of 

health insurance sector post liberalisation in India. On all the 

Financial and Non-financial parameters which have been 

examined during the study period, the health insurance sector 

has witnessed remarkable increase. The following is the 

summary of the results of the analysis: 

1. Among the financial indicators, the total premium 

collection and total claims paid have grown significantly 

with the average growth rate of 35.5% and 36.4% 

respectively over the period of study. The total premium 

collection has grown 21 times and total claims paid have 

grown 26 times over the twelve years of study period. 

The claims paid ratio have remained below 100% for 

almost nine years except for three years, 2007-08, 2008-

09 and 2014-15 where the ratio have remained above 

1005 indicating loss in the health insurance vertical 

during those years. 

2. The claims paid ratio have stayed around 80% in three 

years, above 100% in another three years and for rest of 

the period around 95% making health insurance business 

as a really challenging vertical for the non-life insurance 

companies. 

3. Other financial indicator such as, premium per policy has 

increased at an average rate of  around 17% and claims 

paid per policy has increased at an average rate of around 

14% over the period of analysis.  

The average pay-out ratio per insured member has 

remained at 89.7% over period of ten years of analysis. 

4. Among the non-financial indicators, the average growth 

rate in total number of policies, total number of members 

and total number of claims have remained at 18.1%, 

25.2% and 28.5% respectively over the period of 

analysis. 

5. Along with these indicators, total number of non-life 

insurance companies offering health insurance products 

have grown from 12 companies in 2004-05 to 26 in 2014-

15 along with 5 standalone health insurance companies. 
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6. All financial and non-financial parameters have 

witnessed remarkable growth over the study period 

indicating that the health insurance sector has grown 

significantly post liberalisation in India. 

7. It is suggested that the government and IRDA should 

frame such policies that not only the health insurance 

sector rapidly grows but also maximum number of 

citizens of India are covered for health to achieve 

universal health coverage and get the benefit of health 

insurance.  

8. It also suggested that the health insurance companies 

should also make concentrated efforts such as huge 

investment in IT infrastructure, improved processes of 

claims settlement, large scale advertising and awareness 

campaigns for citizens, offering innovative health 

insurance products at reasonable premium etc. so as to 

bring more and more number people to come forward to 

take the benefit of health insurance.  

9. Due to rising cost of healthcare, increased awareness 

about the healthcare among people, the entry of efficient 

private players along with standalone health insurance 

companies and the government thrust on achieving 

universal health coverage, the health insurance sector will 

grow at much faster pace in the coming years. 
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Evolution of Fanaticism: Apple Inc 
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Abstract: This research paper cynosures at studying the company 

Apple Inc and understand the possible reasons behind a huge 

fanatic followers they have. Since the brand is blooming since 

past two decades , explicating high levels of fanaticism amongst 

customers , understanding the reasons behind it and studying the 

brand overall would enrich the readers with new possible ways 

of Advertising strategies and how to create a “ Bubble “ which 

would appeal to maximum consumers out in the market. This 

paper thus has covered maximum possible aspects of Fanaticism 

and how it works with the brand Apple . Certain conclusions has 

been derived based on the observations and secondary data set 

obtained.  

I. INTRODUCTION 

 fanatic is a person who can‟t change his mind and won‟t 

change the subject: By Winston Churchill 

Research has shown that some products and brands 

have „fanatical‟ followers who remain highly enthusiastic, 

devoted, and whose loyalty remains unwavering despite 

counter supportive facts / information, or persuasive 

arguments to switch. While many organisations would benefit 

from having such devoted „fans‟ within its customer base, 

some authors have pointed to the detriments associated with 

such rigidity, inflexibility, and dogmatism.  

The terms fanaticism and fanatic come from the 

Latin adverb fƗnƗticƝ (frenziedly, ragingly) and the adjective 

fƗnƗticus (enthusiastic, ecstatic; raging, fanatical, furious). 

From explanatory dictionaries we can take for example 

Websterms which describes a fanatic as a person with an 

extreme and uncritical enthusiasm or zeal, as in religion or 

politics. 

Fanatics, ideologues and absolutists are humanity‟s 

greatest scourge. Whether they‟re the leaders or the followers, 

fanatics are people who indulge in a heady, intoxicating and 

toxic concoction of self-affirming, know-it-all confidence that 

they have unique access to absolute truths, truths so perfect 

that they have to impose them on everyone. 

This research paper thus highlights how fanaticism 

has evolved in case of Apple Inc. 

Here we would try to understand how Apple Inc has 

created a fanatic world of its own and have revolutionized the 

electronic gadgets industry.  

There are certain arguments which needs to be 

answered in order to understand how the company Apple Inc 

has been going around creating their own world of fanaticism? 

 Are Apple consumers irrationally loyal to their 

brand? 

 Have iPhone consumers taken the brand too seriously 

to the extent of iReligion? 

 From 3.4% global market share in 2007 to 15.3 

percent in 2016 is accredited only to the Fanatic 

environment created by the company? 

II. APPLE AT A GLIMPSE 

Apple Inc., formerly Apple Computer, Inc., is 

a multinational corporation that creates consumer 

electronics, personal computers, servers, and computer 

software, and is a digital distributor of media content. The 

company also has a chain of retail stores known as Apple 

Stores. Apple's core product lines are the iPhone smart 

phone, iPad tablet computer, iPod portable media players, 

and Macintosh computer line. Founders Steve Jobs andSteve 

Wozniak created Apple Computer on April 1, 1976, and 

incorporated the company on January 3, 1977, in Cupertino, 

California. 

For more than three decades, Apple Computer was 

predominantly a manufacturer of personal computers, 

including the Apple II, Macintosh, and Power Mac lines, but it 

faced rocky sales and low market share during the 1990s. Jobs, 

who had been ousted from the company in 1985, returned to 

Apple in 1996 after his company NeXT was bought by Apple. 

The following year he became the company's interim 

CEO, which later became permanent.Jobs subsequently 

instilled a new corporate philosophy of recognizable products 

and simple design, starting with the original iMac in 1998. 

With the introduction of the successful iPod music 

player in 2001 and iTunes Music Store in 2003, Apple 

established itself as a leader in the consumer electronics and 

media sales industries, leading it to drop "Computer" from the 

company's name in 2007. The company is now also known for 

its iOS range of smart phone, media player, and tablet 

computer products that began with the iPhone, followed by 

the iPod Touch and then iPad.  

Apple Product Sales - Additional Information 

Since the introduction of the iPhone in June 2007, 

sales of the iPod have dramatically decreased from over 10 

million units per quarter on average to less than 3 million 

units in the third quarter of 2014. In contrast, sales of the 

iPhonehave increased rapidly, with over 150 million units sold 

A 
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worldwide in 2013 and over 50 million units sold in the first 

quarter of 2014 alone. In March 2014, sales of the iPhone 

brand reached 500 million devices and as of September 2014 

there are eight generations of iPhone models, each 

accompanied by one of the eight major releases of Apple‟s 

operating system, iOS. This operating system had a global 

market share of 15.2 percent in the first quarter of 2014, 

making it the second most popular operating system in the 

world behind only the Android OS.  

Apple released its first iPad in April 2010, with the 

two most recent models, the iPad Air 2 and the iPad Mini, 

announced in October 2014. There have been five versions of 

the iPad to date and as of June 2014, there have been over 200 

million iPads sold worldwide since its release. In the United 

States there are forecast to be 85 million iPad users in 2016, 

an increase from the 11.5 million in 2010. At the beginning of 

2012, the iPad was the dominant force in the global tablet 

market with a market share of 58.1 percent. This share 

decreased to 26.9 percent in the second quarter of 2014 as 

Apple faced competition from Google and Samsung. The iPad 

nevertheless remains a major product for Apple withunit 

sales of 13 million in the third quarter of 2014, 

generating revenue of almost 6 billion U.S. dollars. 

Apple product line: 

Mac iPad iPhone Watch TV Music 

Mac 
Book 

iPad 
Pro 

iPhone 
5 

Apple 
watch 

Apple 
TV 

Apple 
Music 

MacBook 
Air 

iPad 
Air 2 

iPhone 
5 s 

   

MacBook 

Pro 

iPad 

Mini 4 

iPhone 

6 
   

iMac 
iPad 

Mini 2 
iPhone 

6 s 
   

Mac Pro 
 

iPhone 
SE 

   

Mac 

Mini   
   

Why apple has grown beyond everyone‟s imagination 

fanatically? 

1. For any product that Apple creates, the people who 

create it have to want it themselves. 

2. The products have to be easy to use 

3. Keep things simple 

4. Offer great customer service and in-store experiences 

5. Apple only makes a product if Apple can do it better 

6. Apple stays at least two years ahead of its 

competitors 

III. LITERATURE REVIEW 

Apple Inc. is an American multinational corporation 

that designs and markets consumer electronics, computer 

software, and personal computers. The company's best-known 

hardware products include the Macintosh line of computers, 

the iPod, the iPhone and the iPad. Applesoftware includes the 

Mac OS X operating system; the iTunes media browser; the 

iLife suite of multimedia and creativity software; the iWork 

suite of productivity software; Aperture, a professional 

photography package; Final Cut Studio, a suite of professional 

audio and film-industry software products; Logic Studio, a 

suite of music production tools; and iOS, a mobileoperating 

system. As of August 2010, the company operates 301 retail 

stores in ten countries,and an online store where hardware and 

software products are sold.Apple Inc. started with producing 

only personal computers (first market). Later on, it expanded 

to producing its own revolutionary operating system (Mac OS 

X), which left an Apple's footprint´, in the OS industry 

(second market). It also produced creativity, productivity,and 

multimedia programs, such as the iTunes (a worldwide 

known/online music player andstore). The company kept on 

expanding until it came up with the iPod in 2001, to enter 

the portable music players market and become the leader of it 

(third market). In 2007, Apple Inc.entered its fourth market by 

launching its new invention, the iPhone. 

Apple‟s 1997 “Think Different” marketing campaign 

was one of its most memorable ever. Billboards and banners 

featured huge black-and-white portraits of performers, artists, 

scientists, and political leaders whose outsider ideas 

eventually became mainstream. The implicit message was that 

Apple‟s “insanely great” products were for quirky rebels who 

would one day dominate the world. The photo of Steve Jobs 

on the cover of his posthumous biography would have fit right 

in. 

The Apple of today is turning its back on that 

creative class. Apple no longer designs for creators of digital 

media, who tend to be very demanding about product quality. 

Instead, Apple builds for consumers—in both senses of the 

word: people who spend their own money, rather than their 

companies‟, and people who consume digital media, as 

opposed to people who produce it. Focusing on digital 

consumption has made Apple wildly profitable, but the 

company‟s products have trended downwards in quality, 

flexibility, and even reliability.  

Apple appears to be suffering from growing pains. 

The company—which declined to comment for this article—

seems increasingly overwhelmed by the wide range of 

products and services that it has created, and is responding 

(quite logically) by spending significantly less effort on items 

that appeal to a shrinking percentage of its customer base—a 

group that unfortunately includes digital creators. The danger 

is that by focusing on consumption, rather than production, 

Apple will jeopardize the very essence that first made its 

products insanely great. 
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The Good Apple 

From one perspective, Apple's world could not be 

rosier and its future shinier. Rising from the rubble of a 

disintegrating company in 1997, Apple has reached the 

pinnacle of success in 15 short years. With a market 

capitalization of over $500 billion, Apple is amongst the most 

valuable and highly profitable companies in the world. 

Its remarkable success lies in the company's ability to 

create truly innovative products with vast customer appeal. 

Apple flouts the conventional wisdom of the consumer 

electronics industry, which emphasizes low cost, "me-too" 

products, and a continuously shortened product life. Instead, 

Apple has opted for constant and discrete product innovation, 

resulting in fanatic consumer loyalty and a high level of 

profitability. 

The Bad Apple 

So why does Apple treat its customers and workers 

by two different standards? When it comes to customers, 

Apple is a bold innovator that leads the industry into new 

directions and forces others to follow. However, when it 

comes to the management of its supply chain and treatment of 

workers in the Chinese factories that make its products, it 

hides behind the constraints of prevailing industry practices. 

What is even more disconcerting is the fact that these 

practices are in violation of not only local and national laws, 

but also of Apple's own voluntary self-imposed code of 

conduct. It is important to note that this voluntary code of 

conduct breaks no new ground. It is at best a modest attempt 

to ensure that workers will be treated fairly and provided with 

a safe work environment. 

Rozanski, Baum, and Wolfsen (1999) warn that 

“fanatical followers” can be so attached to the existing brand 

or product(s) and can be so highly „resistant TO change‟ that 

they can retaliate against new product launches and/or brand 

repositioning. 

In particular, the downside for consumers is worth 

researching, especially with calls for transformative consumer 

research (Mick, 2006), and current concerns about 

materialism and issues of over-consumption negatively 

impacting on consumers‟ quality of life (Shankar, Cherrier, 

and Canniford, 2006; Shankar, Whittaker, and Fitchett, 2006).  

IV. RESEARCH METHODOLOGY 

This research paper has undertaken all the facts, 

figures and data from secondary sources. Hence several 

periodicals, articles and textbooks have been referred in order 

to understand the subject “Fanaticism” and get the right facts 

about it with respect to Apple Inc. It encloses the probable 

factors which has caused the fanatic following of the company 

which can be studied and reviewed in order to get the insights 

as to how the selling techniques of the products have been 

changing.  

Objectives of the study: 

1. This research paper aims to study the company 

Apple Inc and how it has risen over the years to 

become one of the most “drooled over” brands. 

2. To scrutinize the fanaticism theories and its evolution 

in the brand Apple. 

3. To examine and study how Apple has used the 

“Theory of fanaticism” to be in the mainstream. 

In a 2008 survey, Apple topped the list of brands that 

consumers can‟t live without (Sanderson, 2008). The survey 

of 2,000 respondents in 107 countries demonstrates Apple‟s 

global reach, its “inspiring” brand qualities and the degree to 

which it has become inextricably woven into contemporary 

culture. The perception of being hip had a huge impact on this 

success, and many of Apple‟s advertising campaigns identify 

and crossover well with a large and diverse number of 

consumers. Through innovative marketing campaigns, Apple 

created an iconic brand that is perceived as hip, whose 

consumers are technologically savvy and a loyal customer 

base (Jenkins, 2008). Bartholomew (2010) affirms that 

advertising, such as Apple‟s energetic silhouette ads for the 

iPod or famous “1984” commercial, plays an active role in 

shaping our identity and pulling us in a particular direction 

through symbols that represent who we are or embody the 

definition of who we would like to become. 

Perhaps Apple‟s most useful tactic for building buzz 

is understanding its audience. In recent years, advertisers have 

honed in on target audiences so closely that they are able to 

customize messages to resonate with unique groups and sub-

groups (Bartholomew, 2010). Apple, however, does not 

generate buzz by attacking a segregated target market; in fact, 

it doesn‟t have a target market. Scott (2011) says that Apple is 

not successful because of its products, per se; he believes that 

the company is a game changer because it solves problems, 

e.g., a need for simplicity, less viruses and feeling more hip 

(Scott, 2011) 

V. CONCLUSIONS 

Based on the data obtained, it has been observed that- 

 The brand has huge Fanatic followers. This 

Fanaticism is a bubble created by the brand Apple in 

the smartest ways possible.  

 Undoubtedly the quality of the products are 

unmatchable, but the ways through which the brand 

has fixed themselves in the Global market has set 

records to follow by new-bees. 

  The advertising strategies and the ways through 

which they have placed themselves in the market is 

incomparable.  

 New brands and upcoming followers can learn a lot 

from this World-class Leaders. 
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 Many newly set brands can use this strategy of 

Fanaticism for gaining more popularity amongst 

customers and creating  fanatic followers . 
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Quality Management-Using Six Sigma® 
Suresh .V. Menon*

      

Abstract: This paper gives the summary of the Entire framework 

of DMAIC of Six Sigma by applying the usage of statistical 

software tools like Minitab, Sigma XL & Quality Companion 

Software and discussing the intricacies of Define, Measure, 

Analyse, and Improve& Control Phase with examples. 

I. INTRODUCTION 

he paper gives a clear concept of the various phases of 

Six Sigma and the statistical calculations used in it, it has 

been derived by referring various books and concisely put 

together so that it is easy to understand Six Sigma. The 

Concept of Six Sigma begins with a process model and its 

implementation is called Business process Management 

(BPM) and the process of Six Sigma began at Motorola in the 

1980’s. Six Sigma is the letter σ in the Greek alphabet used 

to denote Standard deviation, a statistical measurement of 

variation. Standard deviation can be thought of as a 

comparison between expected results or outcomes in a group 

of operations versus those that fail. Bill Smith of Motorola 

Coined the term Six Sigma and is also called the father of 

Six Sigma; The Quality leader responsible for the term 

Total Quality Management is Feigen Baum; robustness in 

quality management was pioneered by Dr Taguchi; 

quality leader who did extensive work in Japanese 

industry is Dr Deming who paved the way for Quality 

Management Concept; Walter She wart is also one of the 

contributors in Six Sigma, he is sometimes referred to as 

father of Statistical Control.  With Six Sigma Standard 

deviation we arrive at 3.4 defects per million opportunities or 

99.9997 percent this would mean that at six sigma, an airline 

would only loose three pieces of luggage for every one 

million that it handles. The Three primary elements of Six 

Sigma are Customers, Processes & Employees. 

Comparing Six Sigma and Lean  

Essentially, Six Sigma and Lean systems have the same goal. 

They both seek to eliminate waste and create the most 

efficient system possible, but they take different approaches 

toward how achieving this goal. In simplest terms, the main 

difference between Lean and Six Sigma is that they identify 

the root cause of waste differently. 

Lean practitioners believe that waste comes from unnecessary 

steps in the production process that do not add value to the 

finished product, while Six Sigma proponents assert that 

waste results from variation within the process. 

*The Author © Suresh .V. Menon is a lean Six Sigma Black Belt Certified 
Accredited by IASSC and has an experience of 23 years in the IT Industry, 

Currently pursuing (PhD) in Computer Science is also a Six Sigma Trainer 

and Consultant.  

Of course, there is truth in both of these assessments, which is 

why both Lean and Six Sigma methodologies have been so 

successful in improving overall business performance in a 

variety of fields. In fact, these two disciplines have proven to 

be especially successful when working in tandem - hence the 

creation of Lean Six Sigma. 

Maturity Models –Process Based  

A Wide variety of process-based maturity models have been 

available for some time. Some are focussed specifically on 

departments such as Information technology while others 

include more of the broader aspects of organization. 

Regardless, most of these models have their roots in the area 

of software development. Common process based models 

include: 

 ITIL ( Information Technology Infrastructure 

Library) 

 ISO/IEC 15504 ( Software Process Improvement and 

Process Capability Determination) 

 CMMI (Capability Maturity Model Integration) 

Most of the above models are level based. For Example the 

CMMI model, which has grown significantly in popularity is 

structured into five levels 

 Initial (Ad Hoc)    

 - Level 0 – Person Dependent Practices 

 Managed (Repeatable)   

 - Level 1- Document Process 

 Defined (Defined and Measured)  

 - Level 2- Partial Deployment 

 Quantitative Managed ( Managed)  

 - Level 3- Full Deployment 

 Optimizing ( self-Optimizing)  

 - Level 4- Measured and Automated 

               

 - Level 5- Continuously Improving 

Six Sigma Encourages Improvement within the CMMI 

Framework 

Six Sigma success is not equivalent to compliance with 

standards and models, and vice versa. Industry models and 

standards frequently demand measurements, monitoring, and 

control. Frequently used standards include CMMI models, 

ISO, IEEE standards, and ISO 12207. Six Sigma can be used 

to achieve compliance with aspects of each of these 

standards. However, interpreting Six Sigma usage as 

achievement of model compliance, and likewise assuming 

Six Sigma when compliance is found, is a mistake. Six Sigma 

is not limited to use in high maturity organizations. In 

organizations that primarily use CMMI, many people 

T 
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associate Six Sigma with the high maturity process areas. 

However, there is a direct connection between Six Sigma and 

the generic practices, which are used for process areas at all 

maturity levels. Six Sigma enables a tactical approach to the 

implementation of the generic practices, and therefore much 

of the intent of the high-maturity process areas is 

implemented at lower maturity or within the continuous 

representation. This drastically accelerates the cycle time 

required for the final steps to high maturity by putting the 

building blocks for the high-maturity process areas in place. 

Six Sigma is not a competitor to CMMI or other process 

models and standards. There are many domain-specific 

models and standards. Six Sigma is not domain specific and 

can be a governance model or a tactical improvement engine. 

It can provide the problem definition and statement of benefit 

against which a decision about adopting a technology can be 

made. It can help solve specific problems and improve 

specific products or processes within the larger context of 

overall organizational process improvement. Or, in more 

general terms, it can serve as an enabler for the successful 

implementation of domain-specific improvement models. 

Integrate CMMI, Six Sigma, and all other improvement 

initiatives to provide a standard for the execution of every 

project throughout its life cycle. While the previous three 

approaches are tactical (i.e., they provide a course of action), 

this is an approach for setting an organization’s strategy. It is 

longer term and more visionary. It promotes the idea that an 

organization should take control of its destiny and manage its 

initiatives rather than be managed by them. Six Sigma 

methods can be leveraged to design the organization’s 

standard processes, but the focus here is embedding Six 

Sigma alongside other initiatives in the organizational 

business and engineering processes. This approach can be 

executed at any maturity level, with any maturity level as the 

end goal. When possible, it’s best to start while at low 

maturity 

CMMI is used to create an organizational process 

infrastructure by addressing particular domains, such as 

software and systems engineering. Six Sigma is a top-down 

initiative that cuts across the entire enterprise, including areas 

such as engineering, sales, marketing, and research. Six 

Sigma is intended to be implemented with a focus on 

problems and opportunities, often with narrow scopes, that 

will yield significant business benefits. It focuses on the 

performance of processes and practices as implemented 

rather than checking for compliance against a definition or 

model. While these two improvement initiatives are different 

by design, they are interdependent in their use. In practice, a 

back and forth focus is often effective. For instance, Six 

Sigma could be used to discover that processes need to be 

more repeatable, CMMI could be used to institute processes 

based on community best practice, and then Six Sigma could 

be used to optimize those processes. 

1.1.1 Challenges in Implementing Six Sigma 

There are several roadblocks if you try to implement Six 

Sigma in a respective organization there will be resistance 

stating that Six Sigma is too Statistical, non-cooperation from 

employees as they don’t want to come out from the comfort 

zone of their work and are afraid whether their performance 

will be measured during the rigorous process of 

implementing the Six Sigma Framework –DMAIC(Define-

Measure-Analyse-Improve-Control)  because Lean Six Sigma 

is all about reducing the waste, redundant processes and 

variation in the process ,so people from all the departments 

like Production , Finance , Planning have to cooperate in 

improving the process which they are likely to resist as the 

people in the organization feel that they might lose their job 

during the implementation activity. Typically in an 

Organization the percentages of people having neutral 

attitude towards the implementation of Six Sigma will be 

70% and 15% will be resistant towards the Six Sigma 

initiative the rest 15% will be supportive for the Six Sigma 

implementation initiative.  

There are some areas where the Six Sigma Consultant finds it 

difficult to do the formulation of problem statement. 

Resistance to implement the concepts, in all levels of 

management, leading to political intelligence coming into 

play and finding and freezing the right team members for 

implementing and spearheading the projects selected. 

Resistance from the employees or employers will be also like 

they disagree with benefits and return of investment on a Six 

Sigma Project, criticizing the statistical tools stating that that 

they are cumbersome to learn and whether the employees are 

trainable on these tools, sometimes the employees will delay 

the implementation to show that Six Sigma is just a fad and 

there are no benefits by implementing it.  

There is also a misunderstanding that Six Sigma is meant for 

large Manufacturing Companies and not small and Medium 

Companies so employers of small and medium companies 

resist to the implementation of Six Sigma. 

There can be resistance if the management is not qualified to 

understand the various business intricacies of their company. 

Stakeholders (People who are investing money in the Six 

Sigma Project) can also resist the change stating that Six 

Sigma is very Complex and whether the Company has the 

resources to understand the DMAIC Framework. 

Other kind of resistance will be from the workers in the 

factory because they don’t understand the value of 

implementing Six Sigma and don’t want interference in their 

day to day work. 

The degree of resistance to implement Six Sigma can vary 

from organization to organization depending on the 

environment, domain of the organization and people working 

there. 

1.1.2 How to overcome the challenges in implementing Six 

Sigma 
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These are some strategies as listed below to overcome the 

challenges while implementing Six Sigma which are as listed 

below: 

1. Convince the Management of the Return of 

Investment based on Operation Costs and 

Productivity efficiency also demonstrate the 

Software Minitab and explain its Simplicity by 

displaying various graphs in the Software so that 

they don’t avoid statistics. 

2. Convince the employees that nobody will be out of 

job but their participation will incur rewards in the 

form of financial bonus from the top management 

3. Select the best, qualified team in the organization and 

mentor them and train, certify them to be black belts 

or green belts. 

4. Form a very good Standard Operating Procedure for 

imparting training to the employees and prepare 

training manuals which are easily understood by the 

staff with day to day life examples. 

5. As per the respective organizational process assets 

the Six Sigma Consultant has to bring a cultural and 

smooth transition in the organization by getting the 

buy in from the top management and further 

convincing the staff about the importance of change 

management for the better and future prospects and 

not short term benefits. 

Six Sigma Deployment & Planning Readiness Assessment 

Cultural Assessment Operations Assessment 

How do Senior leaders cascade 

information 

How are important Decisions made 

Who makes the decision 

How fast are the decision made 

How are success and failure 

recognized 

How does the organization handle 
failures? 

Does everyone understand the 

mission vision and strategy 

Is everyone aware of critical 

customer, revenue, and expense 

issues? 

How are Corporate goals 

established? 

How clear are the goals? 

Are the goals measurable? 

How is success measured? 

Are the right things measured? 

How often are things measured? 

Are there a few metrics that all 

employees understand and use? 

Are decision based on assumptions 

or data? 

Who owns each critical process? 

Who owns the data? 

Are the data on spread sheets, 

laptops or in a data warehouse? 

Have the data been validated? 

Are reports written in simple terms 

and free from fuzzy language? 

Are updated process maps 

available for most of the critical 

process? 

Do executives know what a 

process map is? 

The Five Processes of PMP (Initiation, Planning, Execution, 

Monitor & Control, Closing Phase) 

The relationship of the project stages to the life cycle 

phases 

Stage Outputs Life Cycle 

Phases 

Starting the 

Project 

1. Charter 
2. Documentation of Need 

3. Clear Goals 

4. Quality Requirements 
5. Scope 

6. Initial Resource 

requirements 
7. Cost benefit Analysis 

8. Approval to proceed to 

next stage 

Initiating 

Process 

Organizing 

and Preparing 

1. Communication Plan 

2. Quality Plan 

3. WBS 
4. Resource Plan 

5. Project plan 

6. Risk management plan 
7. Approval to proceed to 

next stage 

Planning 

Process 

Carrying out 

the Work 

1. Project Results 

2. Progress Reports 
3. Communications 

4. Develop tracking 
Systems 

5. Team 

Management/Developm
ent 

6. Approval to Proceed to 

next Stage 

Execution 

Process 

Controlling 

and 

Monitoring 

Process 

 

 

Closing out 

the Work 

1. Demonstrating results 
2. External and Internal 

Approval for the project 

results 
3. Lessons learned 

4. Transitioning team 

members to new 
assignments 

5. Closing project 

Accounts 
6. Post-mortem and 

lessons learned 

7. Recognizing the team 
8. Adjourning the team 

Closing 

process 

Project Planning  

The planning process group has more processes than any 

other process group as a result a lot of time and effort goes 

into the planning process group of any company on some 

projects you might almost spend as much time planning with 

that of executing in a way it is a good sign as the project is 

properly planned. 

The define activities process is the further breakdown of the 

work package elements of the WBS  

Tools and techniques for defining activities 

 Decomposition 

 Rolling wave planning 

 Templates 

 Expert judgement 

Precedence Diagramming Method (PDM) 

The PDM Method is what most project management software 

programs use to sequence activities. 
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Precedence diagrams use boxes or rectangles to represent the 

activities called nodes the nodes are connected with arrows 

showing the dependencies this method is called AON activity 

on node. Diagram is given below. 

 

The four dependencies are as follows  

Finish to Start (FS) The finish to start relationship is the most 

frequently used relationship the relationship says that the 

predecessor or from activity must finish before the successor 

or to activity can start in PDM diagrams this is the most often 

used logical relationship. 

Start to Finish (SF) The Start to finish relationship says that 

the predecessor activity must start before the successor 

activity can finish this logical relationship is seldom used. 

Finish to Finish (FF) the finish to finish relationship says that 

the predecessor activity must finish before the successor 

activity finishes. 

Start to Start (SS) the start to start relationship says that the 

predecessor activity depends on before the successive activity 

can start. 

Critical Path Method (CPM) is a schedule network analysis 

technique it determines the amount of float or schedule 

flexibility for each network paths by calculating the earliest 

start date, earliest finish date , latest start date  and latest 

finish date for each activity. The Critical path is generally the 

longest full path on the project any project activity with a 

float time of zero is considered a critical path task. 

Calculating Expected Value : Say for example for a 

particular project you are given 38 days of optimistic time, 57 

days for the pessimistic and 45 days for the most likely so the 

formula for calculating expected value is (Optimistic + 

pessimistic +(4* most likely))/6 

The expected value for the sample project activity is as given 

below:- 

(38 + 57+ (4*45))/6 = 45.83 

The formula for standard deviation which helps to determine 

the confidence level is (pessimistic – optimistic)/6 

The standard deviation for your activity is as follows (57-

38)/6 = 3.17 

So we subtract 3.17 – 45.83 = 42.66 and we conclude that 

there is 68.26 % chance that the project will be completed in 

42.66 to 49 days. 

Project Oversight and Management (Forecasting, 

Measurements & Monitoring):- 

Every Project requires some measure of progress and in many 

cases, multiple forms of measurement must be used to gauge 

the overall health of the project, project measures might be 

used to answer basic questions like: 

 Is the project on track to finish on time? 

 Is the project expending funds within budget? 

Let us consider some of the common forms of measures used 

on most projects at the task(work package) level 

 Planned value (PV). This is the approved budget for 

work scheduled for completion by a specific date. It 

is also known as budgeted cost of work 

scheduled(BCWS) 

 Earned Value (EV). This is the approved budget for 

the work actually completed by a specific date. It is 

also known as Budgeted Cost of work Performed 

(BCWP). 

 Actual Value (AV). This is the actual cost incurred 

for work completed by a specific date. It is also 

known as actual cost of work performed. 

 Scheduled Variance (SV). The Schedule variance is 

the difference between the amounts budgeted for 

work performed and the planned cost. It is 

calculated as SV=EV-PC. 

If SV is positive, the project is ahead of schedule, if 

the SV is zero the project is on schedule and if SV is 

negative, the project is behind schedule a corrective 

action must be taken. 

 Cost Performance index(CPI) : This is a 

dimensionless index used to measure the project’s 

cost efficiency it is calculated as  

CPI = EV/AC = BCWP/ACWP. 

If the CPI is greater than 1 the project is under 

budget. If the CPI is equal to 1 , the project is on 

Budget and if the CPI is less than 1 , the project is 

over budget and corrective action must be taken. 

 Schedule Performance Index (SPI). This is a 

dimensionless index used to measure the projects 

schedule efficiency 

SPI=EV/PV = BCWP/BCWS 

If SPI is greater than 1, the project is ahead of 

schedule, if the SPI is equal to 1 the project is on 

schedule and if the SPI is less than 1 the project is 

behind schedule and corrective action should be 

taken. 

Budgets 

 Budgeting for a lean Six Sigma project can be 

difficult since the path from start to finish is unknown. In lean 

Six Sigma projects we follow data. Consequently, the path 

we follow could be circuitous. Fortunately there are several 

items we may able to budget for directly or alternately 

establish a reserve budget. For example we have an 

assembled team, with an estimated percentage contribution to 
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the project per week and estimated project duration. 

Therefore we can budget labour dollars for the project and in 

instances where doubt exits it may be possible to establish a 

project reserve budget. Such budgets may be set as a 

percentage (for example, 10%, 15%, and 20%) of the actual 

dollar budget. These budgets are typically set aside as 

contingency dollars to help mitigate risk 

Supply/Demand Management 

Two important aspects of supply and demand management 

are the ability to keep the pipeline full and the development 

of trained resources’ to sustain the lean six sigma deployment 

initiative. 

1.1.3 Basic Questions to be asked before Implementing Six 

Sigma 

Six Sigma has been successfully applied in banking, 

healthcare, Military Fast Food Chains, airlines, Hotels, retail 

stores if there’s a repetitive process with a problem you can 

apply Six Sigma. 

1.1.4 Below is some basic Questionnaire which can be used 

by a Six Sigma Consultant 

1. List four Problems your business is facing right 

now? 

2. Now think about the day to day operations of your 

organization list four of the major repetitive 

processes 

3. Next think about the defects affecting your products 

or services or outputs what four defects you see on a 

regular basis list them out 

4. Finally what variations you see in your business 

processes list the four variations it might include the 

differences in the way you do things from day to day 

or in your outputs. 

Dr Taguchi’s Loss Equation: Dr Taguchi Defined quality as 

―loss imparted by the product to society from the time the 

product is shipped‖. This loss includes not only to the 

company but also costs to the customer through poor product 

performance and reliability, leading to further loss to the 

manufacturer. 

According to Dr Taguchi the mathematical equation for 

quality loss function is given by L=k(Y-T) ^2 where L is 

Loss, K is a Constant and Y-T is the distance of the 

characteristic from the target thus increase in loss is 

proportional to the square of the distance from the target. 

Taguchi’s Contribution later became the foundation for 

design for Six Sigma (DFSS). 

II. DEFINE PHASE SOME TOPICS 

2.1 The objectives within the Define Phase which is first 

phase in DMAIC framework of Six Sigma are:- 

Define the Project Charter 

 Define scope, objectives, and schedule 

 Define the Process (top-level) and its stake holders 

 Select team members 

 Obtain Authorization from Sponsor 

Assemble and train the team. 

Project charters the charter documents the why, how, who 

and when of a project include the following elements 

 Problem Statement 

 Project objective or purpose, including the business 

need addressed 

 Scope 

 Deliverables  

 Sponsor and stakeholder groups 

 Team members 

 Project schedule (using GANTT or PERT as an 

attachment) 

 Other resources required 

2.2 Work break down Structure 

It is a process for defining the final and intermediate products 

of a project and their relationship. Defining Project task is 

typically complex and accomplished by a series of 

decomposition followed by a series of aggregations it is also 

called top down approach and can be used in the Define 

phase of Six Sigma framework.  

2.3 The Second is Pareto Analysis which is a vertical bar 

graph showing problems in a prioritized order so it, so it can 

be determined which problems or opportunities should be 

tackled first. In the define phase the Pareto diagram is used in 

conjunction with the WBS to quantify the opportunities 

inherent in each of the tiny elements resulting from the WBS. 

2.3.1 Deliverables 

Six Sigma project focus on one or more of the following 

three deliverables: Cost, Quality and schedule. Factors 

Critical to Cost (CTC), include parameters that impact work 

in progress, finished goods inventory, overhead, delivery, 

material and labour, even when the costs can be passed on to 

the customer. Critical to Quality (CTQ) factors are perhaps 

most familiar to operational personnel since they directly 

impact the functional requirement specified by the internal 

and external customers. Critical to Schedule (CTS) factors 

impact the delivery time of the product or service. 

2.3.2 Throughput Yield 

For a process, throughput is a measure of the productivity of 

the process in producing error free product or service. For a 

product, throughput is a measure of the quality of the product 

of the entire product as a function of the quality of its various 

features. 

The throughput yield is calculated based on the defects per 

unit (DPU) for each process step 

DPU = #errors / # items 
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Y = 1- DPU 

For example if there are 74 errors in products and 600 

products DPU = 74/600 = 0.12 and Y = 1-0.12 = .88= 88% 

2.3.3 Rolled Throughput Yield (RTY) 

RTY summarises stepwise throughput yields for a multiple 

step process or multiple featured product. RTY is the measure 

of the overall quality level rolled throughput yield YRT for a 

N Step process is calculated using the formula YRT= Y1 * 

Y2* Y3 *… Y 

In the Define Phase we also calculate the future value, 

present value and net present value of the project which the 

formulas are given in my earlier articles. 

2.3.4 Process Maps  

A process map is used in the define stage to document top 

level process activities and their stake holder. 

2.3.5 Assembling the team  

As soon as possible the project manager and project sponsor 

should arrange a short informal meeting with managers of all 

stakeholders groups to inform them that a project is proposed 

in their functional area with the permission and direction of 

the senior executives, this meeting represents an invitation for 

the middle managers to participate in the project by 

contributing a member of their team or to challenge the 

scope, objective or business needs addressed by the project 

proposal. 

Quality Function Deployment  

Quality function deployment (QFD) is a customer driven 

process for planning innovation in products or services. It 

starts with the voice of customer which becomes the basis of 

requirements. QFD Matrices are sometimes referred to as 

―House of Quality‖. In its simplest form QFD involves a 

matrix that represents customer requirements as rows and 

product or service features as columns. The Cell where the 

row and column intersect shows the correlation between 

individual customer requirements and the product or service 

requirement. The matrix is sometimes called as the 

―requirement matrix‖. 

 

2.3.6 Formulas Used In Six Sigma-Define & Pre-Define 

Phase 

In Previous articles I have discussed about the vital DMAIC 

phase of Six Sigma where I have explained the process in 

each phase that is Define, Measure, Analyse, Improve and 

Control (DMAIC), in this context we are going to learn about 

formulas used in Define phase of DMAIC which are critical 

to control variation in a process thereby making the process 

or the product defect free. 

We will discuss the First Phase that is given below: 

2.3.7 Define and Pre-Define Phase 

Takt time = Available time for production/customer demand.  

Available production time = Scheduled time – Break time – 

Meeting time. 

Production time is the time required in producing a product 

so for example if available production time is 400 minutes 

and customer demand is 20 units then Takt time = 400/20 

=20 minutes so the production has to make 1 unit every 20 

Minutes. 

Cycle time is split into four components:  

 Auto time – Time spent by machines running 

unattended;  

 Manual time – Time spent in loading, unloading, 

and adding components during the same process;  

 Delay time – Time spent waiting for operator or 

other process to finish, or parts or raw material 

availability; and  

 Machine time – Time spent by machine working on 

the part.  

In an ideal production process, the cycle time must be as 

close to the takt time as possible.  

Lead time is the time between customer order and delivery of 

the product.  

For Example in Delivering a Burger of Mc Donald’s to the 

customer the company takes 30 minutes so 30 minutes is the 

lead time. 

Reducing lead time should be the target, but to do so, you 

should reduce cycle time, set up time, and wait time. Lead 

time will automatically get impacted.  

 Calculating Batch Size 

 Number of machines – 10  

 Cycle time per part – 2 minutes  

 Average daily demand – 20 

 Work hours – 480 minutes  

 Average changeover time – 60 minutes (Once at the 

end)  

Solution  
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Step 1 – Production time needed  

Production time needed = No. of machines * cycle time per 

part * average daily demand  

= 10 * 2 * 20 = 400 minutes  

•Time available for set up = Available production time – 

production time needed  

= 480 – 400 = 80 minutes 

Step 2 – Calculate EPEI  

EPEI = number of setups possible in the 80 minutes set up 

time  

= (Total set up time calculated)/ (Average set up time 

provided)  

= 80/60 = 1.33  

•Number of machines = 10  

•If there are 10 machines, there would be 10 changeovers.  

•EPEI is the time required to cycle all the parts.  

•Working at 1.33 changeovers per day, it would take 7.5 days 

to complete all changeovers.  

That is,  

•EPEI = 7.5 days  

Batch size = EPEI * Daily demand.  

•From the calculation, batch size = 7.5 * 20 = 150.  

Interpretation: The daily demand is 20, but the batch size is 

150. That is over-production.  

Crew size is the number of people needed to man the 

production line.  

 

Example: A product works on a takt of 100 minutes and has 

production cycle time of 400 minutes. What is the crew size?  

Solution:  

•Crew Size = 400/100 = 4 

•4 staff are needed on the line to ensure takt target is met.  

III. COMMON FINANCIAL MEASURES 

Revenue growth is the projected increase in income that will 

result from the project that is calculated as the increase in 

gross income minus the cost. Revenue growth may be stated 

in dollars per year or as percentage per year. 

Conceptually margin refers to the difference between income 

and cost however there are multiple financial concepts of 

margin which is used to measure the efficiency and 

effectiveness of an organization’s financial capabilities and 

finesse. 

 Percent profit margin : This metric provides and 

overall sense of how efficiently an organization 

converts sales into profits it is computed as given 

below :- 

 

 Percent profit margin= (Sales of a product or service- 

Cost of a product or service/ Sales of a Product or 

Service) * (100) 

= (Net Profit/Net Sales) * 100 

 

 Percent Gross Margin: This metric measures the 

efficiency of producing sales. It is computed as 

Follows  

Percent Gross Margin = (Gross profit/Net 

Sales) * 100 

 

 Percent Operating Margin: This Metric Measures 

how effectively an Organization Controls Cost not 

related to production and sales of a product or service  

It is Computed as Percent Operating margin =      

(Operating profit/Net Sales) * 100 

 Gross Profit = Net Sales – Cost of Goods Sold 

 Cost of Goods Sold = Cost of Raw Goods + Cost of 

Labour + Cost of Inventory 

 Net Profit = Net Income = Net Earnings = Bottom 

Line = Total revenue – Total Expenses 

 Operating Profit = Operating Income = Earnings = 

Gross Profit – Operating Expenses 

3.1 Cost Benefit Analysis 

Top Management must approve funding for Projects that 

require significant financial resources, therefore before a 

proposed project is initiated, a cost-benefit analysis using 

projected revenues, costs and net cash flows is performed to 

determine the project’s financial feasibility. The analysis is 

based on estimates of the project’s benefits and costs and the 

timing thereof. The result of the analysis are a key factor in 

deciding which projects will be funded. Upon project 

completion accounting data are analysed to verify the projects 

financial impact on the organization. In other words the 

management must confirm whether the project added to or 

detracted from the company’s financial wellbeing. 

A cost-benefit analysis attempts to evaluate the benefits and 

costs associated with a project or initiative. Two types of 

benefits can be evaluated: direct or indirect. Direct benefits 

are easily measured and includes issues such as increased 

production, higher quality, increased sales, reduced delivery 

costs and lower warranty costs. Indirect benefits are more 

difficult to measure and include such items as improved 

quality of work life, increased internal customer satisfaction 

and better trained employees. 

The Simple formula for computing benefit-cost ratio is: 

∑ NPV of all Benefits anticipated/ ∑ NPV of all costs 

anticipated 
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Note: NPV Stands for Net present Value where NPV is 

calculated using the formula P = F (1+i) ^ -n where P = Net 

Present Value, F = Amount to be received n years from now 

also called as Future value:  and I = Annual interest rate 

expressed as decimal the formula assumes that the money is 

compounded annually and n stands for number of years. 

3.1.1 Strategizing 

SWOT 

A SWOT analysis is an effective strategic planning tool 

applicable to an organization or project objective. SWOT 

stands for: strengths, weaknesses, opportunities, and 

threats. It is attributed to Albert Humphrey from Stanford 

University during the 1950s and 1960s. 

Strengths and weaknesses are identified with respect to 

the internal capabilities of an organization. They provide 

an introspective view. Strengths and weaknesses should 

not be considered opposites. This will become apparent 

in the example below. 

Strengths address what the organization does well. This 

might be: research and development, production, 

marketing, acquisitions, partnering, and so on. Strengths 

need to be assessed fairly and objectively to bring 

credibility to the SWOT analysis. 

Weaknesses address the organization in terms of skills, 

capabilities, and competencies. For example, an 

organization continually fails to deliver its products to its 

customers on time. This might be due to a lack of skill, 

incapable processes, or poor training of employees. Note: 

A weakness should never be improved at the expense of 

a strength! On the other hand, opportunities and threats 

provide the organization with an external view. Quite 

simply, we are trying to identify opportunities for the 

organization to grow to new levels, and threats to the 

organization that will impede its progress. Threats are 

often barriers to an organization’s growth and can 

represent a competitive disadvantage. When analysing a 

SWOT, the question to ask is, ―How can the organization 

leverage its strengths and improve its weaknesses to take 

advantage of the opportunities while mitigating or 

eliminating the threats?‖ 

PEST 

An analysis similar to SWOT is the PEST analysis, 

which brings together four environmental scanning 

perspectives that serve as useful input into an 

organization’s strategic planning process: 

• Political. This perspective looks at political stability, 

threats of wars, regulatory issues, tax considerations, 

labour problems, laws, and so forth. For example, as 

this book is being written, we have: 

– Political stability. Mid-term congressional elections 

have shifted the dominating party from Democratic 

to Republican in the U.S. House of Representatives. 

– Threat of wars. The war in Afghanistan continues; 

arguably, the war in Iraq is over; an unstable ruler of 

North Korea recently died and leadership was 

assumed by his hardliner son; Iran is clamouring for 

its own nuclear weapons and attempting to threaten 

the world’s oil supply; and terrorist bombings are 

rampant. 

– Regulatory issues. The recent financial meltdown 

has resulted in strengthening the power and 

authority of regulatory agencies. 

– Tax considerations. In an attempt to stimulate the 

economy, the federal government has proposed 

special depreciation considerations designed to 

motivate organizations to purchase capital 

equipment. 

– Labour problems. Eight and a half percent 

unemployment continues to strain our government 

welfare systems, and public pension legacy issues 

continue to mount. 

– Laws. Broad-sweeping healthcare and financial 

reform laws were passed that will have significant 

impact to both organizations and individuals. 

• Economic. This perspective looks at currency 

exchange rates, market conditions, unemployment 

rates, inflation factors, interest rates, and so forth. 

Current examples include: the U.S. dollar against 

other major international currencies, rates of 

unemployment in the United States and in other 

major countries of the world, almost zero percent 

inflation, low GDP growth rates in the developed 

world, outsourcing to low-cost nations such as India, 

China, and those of Southeast Asia, and, in some 

cases, negative interest rates on bonds. 

• Social. This perspective looks at education 

considerations, demographics, health factors, 

cultural implications, and so forth. Current examples 

include: the widening educational gap between the 

United States and other first-world countries, and 

shifting demographics such that ―baby boomers‖ are 

now the largest group, and consequently place the 

biggest strain on the U.S. healthcare system. 

• Technological. This perspective looks at new 

technology developments, rate of technological 

change, cost impact of technology, and so forth.  

Aligning Training to Strategy: If training is to be 

positioned as supporting the needs of the 

organization senior leaders must be involved with 

and stand behind the training plans. Technically 

training plans are action plans that support the 
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strategic plans of the organization , if the plans do 

not have strategic outcomes, then the organization 

should not be supporting the training so the 

following sequence should be followed 1]Strategic 

planHuman Resource Strategic PlanTraining 

PlanTraining Needs Analysis. 

Training Plans Are Not a Panacea: Often poor 

Performance is attributed to a skill or knowledge 

deficiency that can be corrected by training. 

Nonetheless many times the root cause of poor 

performance is not skill related at all. However 

training cannot remedy a situation caused by poor 

performance or other root causes that are not skill 

related. For example, to expect training can fix 

operating systems problems is unrealistic. Consider 

the following points below where training would not 

be beneficial. 

Increased defects in a manufacturing environment 

caused by outdated or inadequate equipment 2] 

unsatisfactory help desk customer support resulting 

from poor morale and compensation issues 3] 

Mistakes caused by employees working overtime on 

a sustained basis. 

IV. DFSS 

While DMAIC may be traditionally viewed as the foundation 

for Lean Six Sigma, its application is primarily limited to 

improving existing processes; it does little to address the 

design of new products or processes. This concept is 

illustrated in the flowchart given in Figure 1.0 

 Fortunately, several additional structured 

methodologies exist. Several of the common 

methodologies are depicted in Figure 1.0. Each of 

these methodologies has its usefulness as long as the 

nuances of each are fully understood. 

 Table 1.1 has been created to provide a loose 

comparison between the DMAIC and DFSS 

methodologies. These comparisons are not exact, but 

do provide a sense of how the methodologies align. 

This table may be beneficial for readers who may be 

required to use multiple methodologies or find 

themselves in need of selecting one suitable for a 

particular project. 

    DFSS

  DMADV

 DMADOV

   DMEDI

    IDOV

 
Figure 1.0     The DFSS family of methodologies. 

Table 1.1 Comparing DMAIC and DFSS methodologies. 

 

DMAIC 

 DFSS  

DMADV DMADOV DMEDI IDOV 

Define Define Define Define 
Identify 

Measure Measure Measure Measure 

Analyse Analyse Analyse Explore* 
Design 

Improve 

 

Design Design Develop 

  Optimize Optimize 

 Verify** Verify** Implement Validate*** 

Control     

DMADV is a well-recognized Design for Six Sigma (DFSS) 

methodology and an acronym for define, measure, analyse, 

design, and verify. Note that the ASQ Black Belt Body of 

Knowledge replaces ―verify‖ with ―validate.‖ The difference 

is likely because, although different, ―verify‖ and ―validate‖ 

are often used synonymously.  

• Design. Quite simply, this means carrying out the 

process of designing a product or process. Many 

organizations have well-established policies and 

procedures for their respective design processes. One 

valuable Lean Six Sigma technique that supports the 

design process is quality function deployment (QFD), 

the details of which were discussed in Chapter 15. 

Additional tools useful in this phase include pilot runs, 

simulations, prototypes, and models. 

• Verify. This phase is directed at ensuring that the 

design output meets the design requirements and 

specifications and is performed on the final product or 

process. Basically, verification speaks to the design 

meeting customer requirements and ensures that the 

design yields the correct product or process. By 

contrast, validation speaks to the effectiveness of the 

design process itself and is intended to ensure that it is 

capable of meeting the requirements of the final 

product or process. 

Both verification and validation are necessary functions in 

any design process. As such, this suggests that DMADV 

might be more appropriately named DMADVV. 

V. SIX SIGMA (SARBANES OXLEY ACT-2002) 

The Sarbanes–Oxley Act of 2002 changed many of the rules 

under which corporations and executives were required to 

provide information to investors and to others. In many 

respects, the Act defined a customer service approach that 

corporations would be required to adopt (in addition to 

attempting to prevent a repeat of many abuses among 

corporate executives, accounting firms, and analysts that came 

to light in 2001 and 2002). For example, the new law 

―requires steps to enhance the direct responsibility of senior 
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corporate management for financial reporting and for the 

quality of financial disclosures made by public companies.‖4 

This ―direct responsibility‖ means that the officers of 

companies are required to personally certify the accuracy of 

financial statements. In a very real sense, this represents a 

government-enforced form of customer service. If we 

recognize that the investor is a customer of the company 

whose stock he or she owns, then what are the customer 

requirements and expectations? 

5.1   Where Lean Six Sigma meets Sarbanes-Oxley 

        A key requirement of Sarbanes-Oxley is that of internal 

control over financial reporting, which is covered under 

section 404 of the act further , the SEC has established rules 

that such internal controls satisfy the following three 

functions 

 Recordkeeping: This function addresses the 

processes associated with transactions an dispositions 

of a company’s assets.it Requires that a sufficient 

level of detail should be kept that is accurate and 

detail. 

 Compliance: This function addresses the processes 

that ensure transactions are actually recorded and 

receipts and expenditures are accurate and made 

only when authorized by the management. Also 

financial statements must be prepared according to 

the generally accepted accounting principles 

(GAAP). 

 Prevention and detection this function addresses the 

processes that ensure the prevention and/or detection 

of unauthorized use or disposition of company 

assets. 

From the above discussion, it should be clear that lean Six 

Sigma and Sarbanes-Oxley relate to each other through 

two central ideas 

 Processes: For Sarbanes- Oxley to be Successful, 

processes need to be inventoried, mapped and 

improved. Simplified process facilitate the 

compliance function 

 Control: Sustaining the gains is what improvement 

is all about consequently , tools like mistake 

proofing and control plans are beneficial and support 

prevention and detection of functions 

VI. TOOLS OF THE TRADE 

6.1 Tools used In Define Phase 

5 Whys Data Collection Plan 
Prioritization 

Matrix 

Activity network 

Diagrams 

Failure Mode and effect 

analysis 

Process Decision 

Program Chart 

Advance quality 

planning 

Flowchart/process 

mapping as is 
Project Charter 

Auditing Focus Groups Project 

management 

Benchmarking Force Field Analysis Project Scope 

Brainstorming Gantt Chart Project Tracking 

Cause and effect 

diagrams 
Kano Model 

Quality Function 

Deployment 
(QFD) 

Check sheets Matrix Diagrams Run Charts 

Communication plan Meeting Minutes Sampling 

Control Charts Multi voting 
Stakeholder 

Analysis 

Critical to Quality tree 
Nominal Group 

Technique 
SIPOC 

Customer feedback Pareto Charts Tollgate review 

Customer 
identification 

PERT 
Tree diagrams, Y= 

F(x) 

6.2 Tools used in Measure Phase 

Basic Statistics Histograms Regression 

brainstorming Hypothesis Testing Run Charts 

Cause and effect 

diagram 

Measurement System 

Analysis 
Scatter Diagrams 

Check Sheets Meeting Minutes 
Statistical process 

Controls (SPC) 

Circle Diagrams 
Operational 
Definitions 

SIPOC 

Correlation Pareto charts 
Taguchi loss 

Function 

Data Collection Probability Toll gate review 

Data collection Plan 
Process capability 

analysis 
Value Stream maps 

Failure Mode and 

effect analysis 
Process Flow metrics  

Flowcharts Process maps  

Gage R&R Project Management  

Graphical methods Project Tracking  

6.3 Tools used in Analyse Phase 

Affinity Diagrams Non Parametric Tests Y=f(x) 

Anova Parametric tests  

Basic Statistics Process Capability Analysis  

Brainstorming Project Management  

Cause and Effect diagrams Project tracking  

Components of Variation Regression  

Design of experiments Root cause analysis  

FMEA Run charts  

Gap Analysis Scatter diagrams  

Histograms Simulation  
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Hypothesis Testing SIPOC  

Meeting Minutes Tollgate review  

Multi vari Studies Tree diagram  

Multiple regression Waste analysis  

6.4 Tools used In Improve Phase 

Activity network Diagrams PERT 

Anova Process Capability Analysis 

Brainstorming Project Management 

Control Charts Project tracking 

Design of Experiments(DOE) Risk Analysis 

FMEA Taguchi designs 

Process Mapping ( to be –Future) Toll gate review 

Gantt charts Value Stream maps 

Hypothesis Testing 
Work breakdown Structure 

(WBS) 

Measurement System Analysis 

(MSA) 
Y=f(x) 

Meeting Minutes  

Pareto charts  

  

  

6.5 Tools used in Control Phase 

5S Pre control 

Basic Statistics Project management 

Communication Plan Project tracking 

Control Charts Run Charts 

Control Plan Six Sigma Story board 

Data Collection 
Standard Operating 

procedures(SOP) 

Data Collection plan Statistical process control (SPC) 

Kaizen Tollgate review 

Kanban Total productive maintenance 

Lessons Learned Training Plan deployment 

MSA Work instructions 

Meeting Minutes  

Mistake proofing / Poka Yoke  

 

VII. MEASURE PHASE SOME TOPICS 

As we have already discussed about DMAIC (Define-

Measure-Analyse-Improve-Control) phase of Six Sigma in 

my previous articles in this paper we will discuss about the 

formulas and the deliverables of the measure phase of Six 

Sigma. 

Before proceeding ahead a brief recap of the Measure phase. 

Every organization measures various performance parameters 

during the course of the day to access whether their plans are 

working and achieving the desired results. If there are no 

measurements it will be not possible to know whether the 

organization is meeting customer requirement and making 

profits. At the same time it is not economical to measure 

every activity and control all the parameters. When there is a 

specific problem in the organization to be eliminated the first 

step is to measure the extent of the problem. Measurement of 

key performance parameters of any process is a key to find 

solutions and eliminate the problem in the process. During 

measure phase the performance of the current process is 

measured to identify the problem area. 

We ask the following questions given below in measure 

phase: 

 What needs to be measured? 

 How to measure it? 

 What is the customer requirement? 

 What is the variation between the customer 

requirement and the current level of performance? 

 Is there any additional measurement required to 

precisely know the problem? 

 What measurements are required after the process is 

improved? 

In Measure phase we will be faced with 2 types of Data that 

is 1] Continuous Data 2] Discrete Data. 

Continuous data are the data which are measured to the finer 

elements and expressed in units of physical property such as 

length, height, diameter, temperature and weight and Discrete 

data is that data which cannot be measured these are data 

regarding characteristics like colour, odour, and count data 

such as pass/fail. 

To measure data to improve the process of a part 

manufacturing factory we should also determine the sampling 

plan from the sampling types such as 1] Simple random 

Sample here the lot we collect is homogeneous that is from 

the same category. 2] Stratified Sample this is a refined 

method of random sampling where the lot is segregated based 

on certain criteria from a heterogeneous lot. 3] Systematic 

Sample in this samples are taken after every fixed interval of 

time when the machine produces the part 4] Rational Sample 

is done when the team finds there are large numbers of data 

already existing, it is possible to identify a critical area from 

the past records and collect samples only from specific area. 

Central Limit Theorem: The Central Limit Theorem 

states that for Sufficiently Large populations, the normal 

distribution can be used to analyse samples drawn from 

populations that are not normally distributed or whose 

shapes are unknown. It can be also shown that the 

average of sample averages will equal to the average of 
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the population and that the standard deviation of the 

average equals to standard deviation of the population 

divided by the square root of the sample size. 

Formulas used in Measure Phase 

Some Little Statistics   

Central tendency is defined as the tendency for the values 

of a random variable to cluster round its mean, mode, or 

median. 

Central Tendency Population Sample 

Mean/Average µ =∑ (Xi)^2/N XBar =∑ (Xi)^2/n 

Median Middle value of Data 

Most occurring value in the data Mode 

Dispersion   

Variance σ ^2  = ∑(X- µ)^2/ N 
S^2 = ∑(Xi- 

XBar)^2/ n-1 

Standard Deviation σ=   ∑(Xi- µ)^2/ N 
S =    ∑(Xi- 

XBar)^2/ n-1 

Range Max-Min 

Calculate the Process Capability – Process Capability is 

measured by comparing the variation in the product to the 

upper and lower specification limits, assuming that the 

product mean value is exactly centred between the upper and 

lower specification limits 

The process capability is calculated using the formula CP 

= USL-LSL/6 * Standard Deviation where CP = process 

capability index, USL = Upper Specification Limit and 

LSL = Lower Specification Limit. 

The Process capability measures indicates the following  

1. Process is fully capable 

2. Process could fail at any time 

3. Process is not capable. 

When the process is spread well within the customer 

specification the process is considered to be fully capable that 

means the CP is more than 2.In this case, the process standard 

deviation is so small that 6 times of the standard deviation 

with reference to the means is within the customer 

specification 

Example: The Specified limits for the diameter of car 

tires are 15.6 for the upper limit and 15 for the lower limit 

with a process mean of 15.3 and a standard deviation of 

0.09.Find Cp and Cr what can we say about Process 

Capabilities ? 

Cp= USL-LSL/ 6 * Standard deviation = 15.6 – 15 / 6 * 0.09 

= 0.6/0.54 = 1.111 

Cp= 1.111 

Cr = 1/ 1.111 = 0.9  

Since Cp is greater than 1 and therefore Cr is less than 1; we 

can conclude that the process is potentially capable. 

Long term Potential Performance 

The long term process performance is calculated using the 

similar methods as Cp and Cpk with the difference being that 

the standard deviation used in this case applies to long term 

variations. 

Formula is Cp = USL-LSL/ 6 * Long term Standard 

Deviation. 

Calculation of Cp by the formula applied above would be 

able to say whether the process is stable it would not say the 

process is generating defects for that we use Cpk = (1-k) * Cp 

where k is called the K factor ; it measures the level of 

variation of the process mean from the specified target. 

Where k = (USL+LSL)/2- X Double Bar / (USL-LSL)/2 

K=0 means that the process is perfectly centred and therefore 

Cpk=Cp. 

Before and After Capability Analysis Using Minitab  

Open Minitab-.> Select Assistant->Select baseline Process 

data & Enter the before column values and in improved 

Process data -> Select the column where the improved data is 

there -> enter -> specify the lower specification limit and 

upper specification limit and the target value which you want 

to achieve and then click on OK. 

How to Determine Sample Size, Determining Sample Size 

In order to prove that a process has been improved, you must 

measure the process capability before and after improvements 

are implemented. This allows you to quantify the process 

improvement (e.g., defect reduction or productivity increase) 

and translate the effects into an estimated financial result – 

something business leaders can understand and appreciate. If 

data is not readily available for the process, how many 

members of the population should be selected to ensure that 

the population is properly represented? If data has been 

collected, how do you determine if you have enough data? 

Determining sample size is a very important issue because 

samples that are too large may waste time, resources and 

money, while samples that are too small may lead to 

inaccurate results. In many cases, we can easily determine the 

minimum sample size needed to estimate a process parameter, 

such as the population mean . 

When sample data is collected and the sample mean  is 

calculated, that sample mean is typically different from the 

population mean . This difference between the sample and 

population means can be thought of as an error. 
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Sample Size Calculation Example 

Problem 

A production manager at a call centre wants to know the 

average time an employee should spend on the phone with a 

customer.She wants to be within 2 minutes of the actual 

length of time and standard deviation of the average time 

spent is 3 minutes. What sample Size of calls should she 

consider if she wants to be 95% confident of her result? 

Solution 

We are solving for the sample size . 

A 95% degree confidence corresponds to  = 0.05. Each of 

the shaded tails in the following figure has an area of  = 

0.025. The region to the left of  and to the right of  = 0 

is 0.5 – 0.025, or 0.475. In the table of the standard normal (

) distribution, an area of 0.475 corresponds to a  value of 

1.96. The critical value is therefore  = 1.96. 

 

The margin of error  = 2 and the standard deviation  = 3 

,   = 1.96 Using the formula for sample size :  

 

n = (  * 3) ^2 /  2 ^2 = (1.96 * 3) ^2 /4 = 34.574 / 4 = 

8.643 

So we will need to sample at least 9 calls/ 

The Deliverables of the Measure are given in the table below: 

Project Stage Deliverables 

Measure Detail Process Map with points at which to gather data 

 Data collection forms 

 Measurement tools, include gauge R&R studies 

 Data on the Process 

 Process capability and Six Sigma Calculation 

 Cost of Quality 

 Project Status Form 

Gage Repeatability& Reproducibility (R&R) Study 

Repeatability also Known as Equipment variation and 

Reproducibility also known as appraiser variation. 

Attribute R&R study is for conducting study on discrete 

variables and not continuous variables which can be 

measured on a measuring scale. 

The MSA Manual published by Automotive Industry Action 

Group (AIAG) specifies the following Norms: 

 IF GRR is less than 10 percent the measurement 

system is acceptable 

 If GRR is between 10 and 30 percent equipment 

may be accepted based upon the importance of 

application, cost of measurement, device, cost of 

repair etc. 

 Measurement System is not acceptable for GRR 

beyond 30 percent. 

We can use Minitab to execute GAGE R&R Studies by 

Clicking on Assistant option then Click on Gage R&R. 

Gage Attribute MSA is for Categorical data (Good, Bad) 

to do this in Minitab Go to Assistant Menu -> Click on 

MSA(Measurement System Analysis) and Select Attribute 

Agreement Worksheet then select number of operators , 

how many times to repeat this procedure , number of 

items , Standard of items whether good or bad then you 

get worksheet created by Minitab in that enter in the 

results column the 2 categories (Good, Bad) then click on 

Attribute Analysis  and select the relevant columns and 

you get the thermometer graph which tells us accurately 

what the percentage accuracy of the Gage. 

Kindly note Gage R&R MSA  is For Continuous Data 

and Gage Attribute MSA is for Categorical Data. 

It is very important to know that if the process is found to be 

stable using Capability Analysis formulas and by Gage R&R 

Study we can directly move to the Improve or control Phase 

else we have to start again from Define Phase. 

About Minitab: In Minitab Options of Probability 

Distributions are available in Calc Option and all the 

formulas are available by clicking on the options Help 

Methods and Formulas. Glossary of all the terms in Six 

Sigma are served just by Clicking on Help Glossary. 

The Option Assistant is very important as it helps in 

executing all the tests with ease by the help of flow charts 

and fetching the data from sample data which can later be 

replaced by real data. 

Exercise: Use the Measurement System Analysis template 

provided in the in the Six Sigma template folder 

Probability is the chance or likelihood that something will 

happen. In statistics the words chance and likelihood are 

seldom used to describe the possibilities for the event to take 

place; instead the word probability is used along with some 

other basic concepts. An event is an outcome of an 
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experiment. Determining the number of defects out of a 

sample of 100 is an experiment and there are many possible 

events the possible outcomes can be anywhere between 0 and 

100. 

Discrete probability distributions 

A distribution is said to be discrete if it is built on discrete 

random variables. The discrete probability distributions are 

Binomial and Poisson 

Binomial distribution is one of the simplest probability 

distributions. It assumes an experiment with n identical trials 

with each trial having only 2 possible outcomes considered as 

success or failure. Each trial is independent of the previous 

one. 

Problem: An operations manager has 16 production lines 

that produce the exact same type of product. The Production 

lines are supposed to be operational at 6:00 AM every day. 

The Probability for a machine on a line to go down is 0.15. 

The operational manager wants to know how many lines will 

be operational at the start of the shift. He also wants to have 

the distribution for the probability of the lines not operating. 

Solution :- Open Minitab -> Click on Calc then Click on 

Probability Distribution and then on Binomial and in 

column C1 enter values 1 to 16  when the binomial 

Distribution box appears  in number of trials enter 16 and 

probability of success enter 0.15  and in input column 

enter C1 you get the probability as shown in the table 

below. 

Binomial with n = 16 and p = 0.15 

 x  P( X ≤ x ) 

 1     0.28390 

 2     0.56138 

 3     0.78989 

 4     0.92095 

 5     0.97646 

 6     0.99441 

 7     0.99894 

 8     0.99984 

 9     0.99998 

10     1.00000 

11     1.00000 

12     1.00000 

13     1.00000 

14     1.00000 

15     1.00000 

16     1.00000 

Poisson distribution: The binomial are used to calculate the 

probability for one outcome out of two. Not all situations 

exhibit only 2 alternatives. For instance an engineer might 

want to know the number of defects in a engine these 

examples do not state a number of trials nor do they state the 

number of alternative outcomes they only describe the 

occurrence of an event within a time frame. 

Problem: For Example the employee attrition rate at a 

company follows a Poisson distribution with a mean of 4 a 

month; the HR Director wants to know the probability that 

between five and seven employees would leave the company 

next month. 

We will use SigmaXLtoold to do the Poissson Distribution 

: Open SigmaXL->Templates & calculators->Poisson 

Distribution calculator->Poisson and enter the values in 

the macro enable sheet and you will find the probability 

of five employees leaving is = 0.156. 

Exponential Distribution: The exponential distribution is 

close to the poisson distribution but the poisson distribution is 

built on discrete random variables while the exponential 

distribution is continuous variables. 

Solution: - Open Minitab -> Click on Calc then Click on 

Probability Distribution and then on Exponential and in 

column C1 enter values from the file Acid1. 

Output as Shown Below:- 

Results for: Acid1.MTW 

 Cumulative Distribution Function  

Exponential with mean = 1 

    x P( X ≤ x ) 

0.123    0.115736 

0.109    0.103270 

0.110    0.104166 

0.109    0.103270 

0.112    0.105956 

0.109    0.103270 

0.110    0.104166 

0.110    0.104166 

0.110    0.104166 

0.112    0.105956 

0.110    0.104166 

0.101    0.096067 

0.110    0.104166 

0.110    0.104166 

0.110    0.104166 
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VIII. PARAMETRIC HYPOTHESIS TESTING (ANALYSE 

PHASE) 

A hypothesis is a value judgement made about a 

circumstance, a statement made about a population .Based on 

experience an engineer can for instance assume that the 

amount of carbon monoxide emitted by a certain engine is 

twice the maximum allowed legally. However his assertions 

can only be ascertained by conducting a test to compare the 

carbon monoxide generated by the engine with the legal 

requirements. 

 Number of Tails: The number of tails refers to the 

distribution used for testing the hypothesis. There 

are left and right tails for distribution. Depending on 

the objective of the test the left, right or both tails 

are considered in a hypothesis test and the number 

of tails decided. The Number can either 2 or 1 

inequality sign ≠ indicates 2 tail and less than or 

greater than indicates one tail. (˂ ˃). 

 In statistical significance testing, a one-tailed 

test and a two-tailed test are alternative ways of 

computing the statistical significance of 

a parameter inferred from a data set, in terms of 

a test statistic. A two-tailed test is used if deviations 

of the estimated parameter in either direction from 

some benchmark value are considered theoretically 

possible; in contrast, a one-tailed test is used if only 

deviations in one direction are considered possible. 

If the data used to make the comparison are parametric data 

that is data that can be used to derive the mean and the 

standard deviation, the population from which the data are 

taken are normally distributed they have equal variances. A 

standard error based hypothesis testing using the t-test can be 

used to test the validity of the hypothesis made about the 

population. There are at least five steps to follow when 

conducting hypothesis. 

1. Null Hypothesis: The first step consists of stating the 

null hypothesis which is the hypothesis being tested. 

In the case of the engineer making a statement about 

the level of carbon monoxide generated by the 

engine , the null hypothesis is  

H0: the level of carbon monoxide generated by the 

engine is twice as great as the legally required 

amount. The Null hypothesis is denoted by H0 

2. Alternate hypothesis: the alternate (or alternative) 

hypothesis is the opposite of null hypothesis. It is 

assumed valid when the null hypothesis is rejected 

after testing. In the case of the engineer testing the 

carbon monoxide the alternative hypothesis would 

be  

H1: The level of carbon monoxide generated by the 

engine is not twice as great as the legally required 

amount. 

3. Testing the hypothesis: the objective of the test is to 

generate a sample test statistic that can be used to 

reject or fail to reject the null hypothesis .The test 

statistic is derived from Z formula if the samples are 

greater than 30.  

Z = Xbar-µ/σ/ √n 

If the sample are less than 30, then the t-test is used 

T= X bar -µ/ s/√n 

4. Level of Risk: The level of risk addresses the kinds 

of errors that can be made while making an 

inference based on the test statistics obtained from 

the testing. Two types of errors can be made. The 

experimenter can falsely reject a hypothesis that is 

true. In that case we say that he made a type 1 error 

or α error. If he fails to reject a hypothesis that is 

actually false he makes a type II error or β error. In 

the case of the engineer testing the level of carbon 

dioxide is in fact twice as great as the prescribed 

level and he rejected the null hypothesis he would 

have made a type 1 error. If the carbon monoxide 

generated by the engine is less than the legally 

prescribed level and the experimenter fails to reject 

the null hypothesis he would have made a type ii 

error he would have failed to reject a null hypothesis 

that happened to be false. 

5. Decision Rule: Only two decisions are considered 

rejecting the hypothesis or failing to reject it. The 

decision rule determines the conditions under which 

the null hypothesis is rejected or failed to be 

rejected. The Decision to reject the null hypothesis 

is based on the alpha level. Before conducting the 

test the experimenter must set the confidence level 

for the test. He can decide to test the hypothesis with 

a 95% confidence level. That means he would be 

95% sure that the decision to reject or fail to reject 

the null hypothesis is correct. However 95% 

confidence level means that 5% chance that an error 

will be made. 

Example: A machine used to average a production rate of 

245 units per hour before it went for repair. After it came 

back from repair over a period of 25h. It produced an 

average of 249 units with a standard deviation of 

8.Determine if there is a statistically significant difference 

between the machines productivity before and after 

repair at a confidence level of 95%? 

Solution:- 

Since the sample is smaller than 30 we will use the t-test 

The null hypothesis is the following  

H0: The productivity before repair = Productivity after repair 

The alternate hypothesis should be the opposite 

HA: The productivity before repair ≠ the productivity after 

repair. 

https://en.wikipedia.org/wiki/Parameter
https://en.wikipedia.org/wiki/Test_statistic
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N=25, s=8, XBar=249, µ= 245 

Since the Confidence level is set at 95%, α= 1-0.95 = 0.05, 

since the null hypothesis is stated as equality we have a 2 

tailed curve with each tail covering the one half of alpha. We 

would need to find α/2 = 0.05/2 = 0.025. With degree of 

freedom df = n-1 = 25-1 =24 the t critical can be obtained 

from the t table which is = 2.064. 

If the calculated t-statistics falls within the interval [-2.064, + 

2.064] we would fail to reject the null hypothesis; otherwise 

the null hypothesis would be rejected. 

Let us find the calculated t-statistic: 

   T= Xbar - µ / s/√n = 249-245/8 √25 = 2.5 

The calculated t statistic is 2.5 since it falls outside the 

interval [-2.064, + 2.064] we will have to reject the null 

hypothesis and conclude that there is a statistically significant 

difference between the productivity of the machine prior to 

repair and after repair. 

We can also Use the confidence interval method: 

We can use the formula for confidence interval  

Xbar –t α /2, n-1 s/√n ≤ µ ≤ Xbar + α /2, n-1 s/√n 

There fore  

249-2.064 8/ √25 ≤ µ ≤ 249 + 2.064 8/ √25 

245.698 ≤µ≤252.302 

The null hypothesis is rejected because the mean µ (245) 

does not fall within the interval [245.698, 253.302] 

P-Value Method: In the previous example we rejected the 

null hypothesis because the value of the calculated t-statistic 

was outside the interval [-2.064, + 2.064] had been within 

that interval we would have failed to reject the null 

hypothesis the reason why [-2.064, + 2.064] was chosen 

because the confidence level was set at 95% which translates 

into α = 0.05. If alpha were set at another level the interval 

would have been different. The results obtained do not allow 

a comparison with a single value to make an assessment. Any 

value of the calculated t-statistic that falls within that interval 

would lead to a no rejection of the null hypothesis. 

The use of p-value method enables us not have pre-set the 

value of alpha , the null hypothesis is assumed to be true ; the 

p-value sets the smallest value of alpha for which the null 

hypothesis has to be rejected. For instance in the example 

above the p-value generated from Minitab was 0.020 and 

alpha = 0.05 there alpha is greater than the p-value and we 

have to reject the null hypothesis. 

a) So if p value is less than alpha we have to reject 

the null hypothesis and accept the alternate 

hypothesis where alpha is pre-set at 0.05. 

b) If p value is greater than alpha we fail to reject 

the null hypothesis and reject the alternate 

hypothesis. 

Two Errors in Hypothesis Testing:- 

Type I Error: - Error occurs when you reject the null 

hypothesis although null hypothesis is true 

α risk : Maximum probability of Committing a type I Error 

Type II Error: - Error that you accept Null Hypothesis 

although Null Hypothesis is False 

β risk : Probability of Committing a Type II Error. 

8.1 Non parametric hypothesis testing:- 

In the previous examples we used means and standard 

deviation to determine if there were statistically significant 

differences between samples. What happens if the data 

cannot yield arithmetic means and standard deviations? What 

happens if the data are nominal or ordinal? 

When we deal with categorical, nominal, or ordinal data non 

parametric statistics are used to conduct hypothesis testing. 

The Chi-square test and the Mann-Whitney U test, Kruskall 

Wallis, Moods Median are examples of nonparametric tests. 

Chi-Square test:- 

Chi Square goodness of fit test:-  

Fouta electronics and Touba Inc are computer manufacturers 

that use the same third party call centre to handle their 

customer services. ToubaInc conducted a survey to evaluate 

how satisfied its customers were with the services that they 

receive from the call centre, the results of the survey are 

given in the table below. 

Table A 

Categories Rating % 

Excellent 10 

Very good 45 

Good 15 

Fair 5 

Poor 10 

Very poor 15 

After having the results of the survey, Fouta electronics 

decided to find out whether they apply to its customers, so it 

interviewed 80 randomly selected customers and obtained the 

results as shown in table below. 

Categories Rating(absolute value) 

Excellent 8 

Very good 37 

Good 11 

Fair 7 

Poor 9 
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Very poor 8 

To analyse the results the quality engineer at Fouta 

electronics conducts a hypothesis testing. However in this 

case, because he is faced with categorical data he cannot use 

a t-test since a t-test relies on the standard deviation and the 

mean which we cannot obtain from either table. We cannot 

deduct a mean satisfaction or a standard deviation 

satisfaction. Therefore another type of test will be needed to 

conduct the hypothesis testing. The test that applies to this 

situation is the Chi-square test, which is a non-parametric 

test. 

Step 1: State the hypothesis 

The null hypothesis will be  

H0: The results of Toubainc Survey = the same as the results 

of Fouta electronics survey 

And the alternate hypothesis will be 

H1: The results of ToubaInc Survey ≠ the same as the results 

of Fouta electronics survey. 

Step 2: Test Statistic to be used: The test statistic to conduct 

hypothesis testing is based on the calculated  

ᵡ ^2 = ∑ (f0-fe) ^2/ fe where fe represents the expected 

frequencies and f0 represents the observed frequencies  

Step 3: Calculating the X^2 test statistic:- 

We will use the same table as given above if a sample of 80 

customers were surveyed the data in the table  

Table A 

Categories Rating % 
Expected 

frequencies fe 

Excellent 10 0.10 * 80 =8 

Very good 45 0.45 * 80 = 36 

Good 15 0.15 * 80 = 12 

Fair 5 0.05 * 80 = 4 

Poor 10 0.10 * 80 = 8 

Very poor 15 0.15 * 80 = 12 

Total 100 80 

We can summarize the observed frequencies and the expected 

frequencies in the table given below: 

Categories 
Observed 

Frequencies fo 

Expected 

Frequencies fe 
(f0-fe)^2/fe 

Excellent 8 8 0 

Very good 37 36 0.028 

Good 11 12 0.083 

Fair 7 4 2.25 

Poor 9 8 0.125 

Very poor 8 12 1.33 

Total 80 80 3.816 

 

Therefore we conclude X^2 = ∑ (f0-fe) ^2/ fe = 3.816. 

Now that we have found the calculated X^2 we can find the 

critical X^2 from the table. The Critical X^2 is based on the 

degree of freedom and the confidence level since the number 

of categories is 6 the degree of freedom df is = 6-1=5, if the 

confidence level is set at 95%, α = 0.05; therefore the critical 

x^2 is equal to 11.070 which we get from Chi-Square Table. 

Since the critical X^2 0.05,5 = 11.070 is much greater than 

the calculated X^2 =3.816 we fail to reject the null hypothesis 

and we have to conclude that the surveys done by Touba Inc 

and Fouta Electronics gave statistically similar results. 

Chi-Square using Tools:  Click on SigmaXL->Select Chi-

Square-Goodness test->Enter the values as shown in the 

table above you will get the same results. As the excel 

sheet is macro enabled. 

Mood’s Median Test 

This test is used to determine whether there is sufficient 

evidence to conclude that samples are drawn from 

populations with different medians 

Ho: The Population from which the samples are drawn have 

the same median 

Ha: At least one of the populations has a different median 

The procedure is best illustrated with an example. 

Example: - Three machines produce plastic parts with a 

critical location dimension samples are collected from each 

machine with each sample size at least 10. The Dimension is 

measured on each part. Does Mood’s median test permit 

rejection at the 90% significance level of the hypothesis that 

the median dimensions of the three machines are the same? 

The Data: 

Machine # 1: 6.48, 6.42, 6.47, 6.49, 6.47, 6.48, 6.46, 6.45, 

6.46 

      N= 10 

Machine # 2 : 

6.42,6.46,6.41,6.47,6.45,6.46,6.42,6.46,6.46,6.48,6.47,6.43,6.

48,6.47 

    N = 14 

Machine # 3: 

6.46,6.48,6.45,6.41,6.47,6.44,6.47,6.42,6.43,6.47,6.41 

   N = 11 

Procedure: 

1. Find the overall median of all 35 readings , overall 

median = 6.46 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 384 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

2. Construct a table with one column showing number 

of readings above the overall median and another 

showing number of medians below the overall 

category median or each category. Half of the 

readings that are equal to the median should be 

counted in the ―above‖ column and half in the 

―below‖ column. 

 
Observed Values 

 
Number above the 

overall Median 

Number below the 

overall median 

Machine #1 7 3 

Machine #2 7 7 

Machine #3 4.5 6.5 

 

If the three Populations have the same median, each 

should have half their readings in the ―above‖ column 

and half ―below‖. Therefore the expected value for 

number of readings would be half the sample size in each 

case, so the expected values would be as shown in the 

table. 

 
Expected Values 

 
Number above 

overall median 

Number below 

overall median 

Machine # 1 5 5 

Machine # 2 7 7 

Machine # 3 5.5 5.5 

 

The next step is to calculate (observed – expected) ^2 / 

expected. For each cell in the table 

The sum of these values in these cells =1.96 this is ᵡ ^2 

test statistic with degrees of freedom k-2 where k is the 

number of machines. Since the critical value for ᵡ ^2 1, 

0.95 = 3.84 the data do not justify rejecting the null 

hypothesis. 

 

(Observed-Expected)^2/ expected 

 
Number above 

overall median 

Number below 

overall median 

Machine # 1 2^2/5 = 0.8 2^2/5 = 0.8 

Machine # 2 0 0 

Machine # 3 1/5.5=0.18 1/5.5 =0.18 

 

To find the P-value for 1.96 using MS Excel, choose the 

statistical function CHIDIST and enter 1.96 for ᵡ ^ 2 and 

1 for the degrees of freedom. You get the value 

0.161513. 

 

Mann-Whitney Test (Non-Parametric Test) 

Mann-Whitney test is better explained thru an example 

Example: An operations manager wants to compare the 

number of inventory discrepancies found in two operating 

shifts. The inventory discrepancies are not normally 

distributed. The manager takes a sample of discrepancies 

found over 7 days for the first shift and 5 days for the second 

shift tabulates the data as shown below 

First Shift Second Shift 

15 17 

24 23 

19 10 

9 11 

12 18 

13  

16  

We can make several observations from this table. First the 

sample sizes are small and we only have 2 samples so the 

first thing that comes to mind would be to use t-test, however 

the t-test assumes that the population from which the samples 

are taken should be normally distributed which is not the case 

therefore the t-test cannot be used, instead the Mann-Whitney 

U Test should be used. The Mann-Whitney U test assumes 

that samples are independent and from dissimilar populations 

Step 1: Define the Null Hypothesis:  Just as the case of T-

Test the Mann-Whitney U Test is a hypothesis test the null 

and alternate hypothesis are 

H0: The number of Discrepancies in the first shift is the same 

as the one in the second shift 

H1: The number of Discrepancies in the first shift is different 

from the ones in the second shift 

The result of the test will lead to the rejection of the null 

hypothesis or a failure to reject the null hypothesis. 

Step 2: Analyse the data: The first step in the analysis of the 

data consists of naming the groups. In our case they are 

already named first and second shift. The Next Step consists 

of grouping the two columns in one and sorting the 

observations in ascending order ranked from 1 to n. Each 

observation is paired with the name of the original group to 

which it belonged 

The table below illustrates the fact: 

Observations Group Ranks 

9 First Shift 1 

10 Second Shift 2 
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11 Second Shift 3 

12 First Shift 4 

13 First Shift 5 

15 First Shift 6 

16 First Shift 7 

17 Second Shift 8 

18 Second Shift 9 

19 First Shift 10 

23 Second Shift 11 

24 First Shift 12 

 

We will call v1 the sum of the ranks of the observations of 

the first group called as first shift and v2 the sum of the ranks 

of the observations for group second shift 

  V1= 1+4+5+6+7+10+12 =45 

  V2 = 2+3+8+9+11 = 33 

Step 3: Determining the values of U Statistic by the formula 

given below  

   U1 = n1*n2 + n1*(n1+1) / 2 – v1 

   U2 = n1 * n2 + n2 (n2 + 1) / 2 – 

v2 

If any or both of the sample size are greater than 10 , then U 

will be approximately normally distributed and we could use 

Z transformation but in our case both sample sizes are less 

than 10 there fore 

   U1 = 7*5 +7(7+1)/2 – 45 = 35 + 

28 -45 = 18 

   U2 = 7 * 5 + 5(5+1) / 2 -33 = 35 + 

15-33 = 17 

Since the calculated test statistic should be the smallest of the 

two we will use U2 = 17 and n2=7 and n1=5 from the Mann 

Whitney table we find that p value is  5  therefore we fail to 

reject the null hypothesis and have to conclude that the 

number of discrepancies in the first shift are the same as the 

ones in the second shift. 

IX. NORMALIZING DATA 

 Non Normal data Outliers can cause your data to 

become skewed. The mean is especially sensitive to 

outliers. Try removing any extreme high or low 

values and testing your data again. 

 

When the data being analysed are not normal and the tools 

required for analysis require their normality then one option 

would be to normalize them. Normalizing the data means 

transforming them from non-normal to normal. This can be 

done using Box-Cox transformation, the Johnson 

transformation. 

From the menu bar of Minitab click on stat then click on 

quality tools and from the drop down list select Johnson 

transformation the graph shows the probability plot 

before and after transformation now the p value becomes 

greater than the standard (0.05) the data are therefore 

concluded to be normally distributed. 

Anova 

If for instance 3 sample means A, B, C are being compared 

using the t-test is cumbersome for this we can use analysis of 

variance ANOVA can be used instead of multiple t-tests. 

ANOVA is a Hypothesis test used when more than 2 means 

are being compared. 

If K Samples are being tested the null hypothesis will be in 

the form given below 

H0: µ1 = µ2 = ….µk  

And the alternate hypothesis will be  

H1: At least one sample mean is different from the others 

Annova are One-way, 2-way, 3 way etc. one way annova has 

one independent factor and 2 way annova has 2 Independent 

factors. 

The Sum of Squares between samples (or Treatments) is 

noted as SST and is obtained from the formula SST= ∑ n j 

(Xbarj- XDouble Bar)^2. 

Example: - An operations Manager is Comparing the 

Productivity per Hour of Four Machines. He takes sample 

of units produced from each Machine and tabulates them 

in the table given below. Can we say that the production 

of the four  machines are equal with a confidence level of 

95%? 

Table A: 

Sample 1 Sample 2 Sample 3 Sample 4 

23 25 25 23 

24 22 25 23 

25 22 25 23 

24 23 24 23 

24 24 24 24 

25 22 23 24 

26 23 26 25 

 

Solution: - The Grand Mean X Double Bar is = 23.893 

http://www.statisticshowto.com/find-outliers/
http://www.statisticshowto.com/mean/


3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 386 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

The null hypothesis will be  

H0: mean of sample 1= mean of sample 2 = mean of sample 

3 and the alternate hypothesis HA: At least one sample mean 

is different from others. 

Table B: Sum of Square for treatments 

Sample 1 Sample 2 Sample 3 Sample 4 

23 25 25 23 

24 22 25 23 

25 22 25 23 

24 23 24 23 

24 24 24 24 

25 22 23 24 

26 23 26 25 

xBar j 

=24.429 
23.00 24.571 23.571 

(xbarj-

xdouble 

bar)^2 =0.287 

0.797 0.460 0.103 

∑ (Xbarj- XDouble Bar) ^2=1.648. 

SST= ∑ n  (Xbarj- XDouble Bar)^2 = 7 * 1.648 = 11.536 

Table C: Sum of Squares for Error 

Sample 1 Sample 2 Sample 3 Sample 4 

(23-24.429)^2 
=2.041 By 

Applying the 

formula (Xij-
Xbar J)^2 

4.000 0.184 0.327 

0.184 1.000 0.184 0.327 

0.327 1.000 0.184 0.327 

0.184 0.000 0.327 0.327 

0.184 1.000 0.327 0.184 

0.327 1.000 2.469 0.184 

2.469 0.000 2.041 2.041 

5.714 8.000 5.714 3.714 

    

So SSE = 5.714 + 8.0000 + 5.714 + 3.714 =23.143 

So TSS = SST + SSE = 11.536 + 23.143 = 34.679. 

Degree of Freedom   

Degree of freedom between treatments: Since there are 

four treatments (Samples), the degree of freedom = 4-1 

=3. 

Degree of Freedom within treatments: Since there are 28 

observations and 4 treatments the degree of freedom will be 

28-4 = 24. 

Mean Squares MST = SST/ DFtreatment = 11.536 / 3 = 

3.845. 

MSE = SSE / DF error = 23.143 / 24 = 0.963. 

Calculated F Statistic F = MST / MSE = 3.845 / 0.963 = 

3.993. 

The Computed Statistics can be summarize in the ANOVA 

table  

Sources of 

Variation 

Sum of 

Squares 

Degree of 

Freedom 

Mean 

Square 
F-Statistic 

Between 

Treatments 
11.536 3 3.845  

Within 

Treatments 
23.143 24 0.963 3.993 

Total 34.679 27   

We can find the F-Statistics in the F-Table. The Critical F 

Statistic is based on the degree of freedom of the 

treatment, the degree of freedom for error based on the 

table. 

Based on the table the Critical F-Statistic is equal to 3.01 

which we get from the F-Anova table; while the calculated 

F-Statistic is = 3.993 the calculated F statistic is larger 

than the critical F-Statistic ; therefore we have to reject 

the null hypothesis an conclude that at least one sample 

mean is different from others. 

Problem of 2-way Anova: Consider an experiment on 

aluminium castings .Customer requires hardness to be 

controlled. Hardness is an important to quality characteristic 

(CTQ) we therefore want to evaluate the effect of two factors 

on hardness (y).The 2 potential contributors are percentage of 

copper and magnesium. We have Controlled Copper 

percentage at 3.5 and magnesium at 1.2 and 1.8 percent data 

is available in the file hardness.xls 

Solution: Open the XLS file AnovaHardness and the 

Minitab window opens click on stat->Annova-> and select 

2 way a window pops up in response select hardness and 

row factor select copper and in column factor select 

magnesium at 95% confidence intervals you will get the 

output as shown below 

Two-way ANOVA: Hardness versus Copper_1, 

Magnesium  

Source       DF      SS      MS      F      P 

Copper_1      1   1.125   1.125   1.29  0.320 

Magnesium     1  21.125  21.125  24.14  0.008 

Interaction   1  15.125  15.125  17.29  0.014 
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Error         4   3.500   0.875 

Total         7  40.875 

S = 0.9354   R-Sq = 91.44%   R-Sq(adj) = 85.02% 

Each MS(mean Square) value represents variance due to the 

source mentioned in the row we can conclude that 

magnesium an interaction between magnesium and copper 

have significant effect on the hardness of aluminium castings. 

In ANOVA if the calculations are done manually using 

formulas we apply the F-Statistic table and find the end 

result. 

X.  REGRESSION 

The Simple regression analysis is that it involves only 2 

variables the independent and the dependant variable so in 

the equation y=f(x) y is the dependant variable and x is the 

independent variable. 

Linear Regression: - In Linear regression the value of y 

increases proportionately to the independent variable x. 

Where it is necessary to calculate the value of y at a given x 

value the following important factors are to be borne in mind. 

1. The intercept or the point at which the slope starts 

when the value of x is zero. 

2. What exactly is the slope which represents the value 

of y with any changes in x? 

3. Whether there would be any deviation in the value 

of y from the expected value of x? 

 

We can explain the intercept in a simple equation y 

= a + bx. Where b is called the regression coefficient 

of the slope. 

Example: - A Six Sigma Project team in a chemical 

manufacturing company was analysing the customer 

complaints regarding the variation in specific gravity of the 

chemical being supplied. The team was interested to know 

whether there was any relationship between one specific 

chemical and the specific gravity of the solution they 

collected data of specific gravity at varying amounts of 

Chemical as given in the table below 

Quantity of a Chemical in gm 
Specific gravity of the 

Solution 

5 1 

6 1.04 

7 1.07 

8 1.12 

9 1.15 

10 1.19 

11 1.23 

12 1.27 

13 1.31 

14 1.35 

We can use the regression analysis tool in Excel by Clicking 

on the data option. 

SUMMARY 

OUTPUT 

       

         

Regression 
Statistics 

       

Multiple 

R 

0.99

959
623

5 

       

R Square 0.99

919
263

3 

       

Adjusted 
R Square 

0.99
909

171

2 

       

Standard 
Error 

0.00
354

623

1 

       

Observati

ons 

10        

         

ANOVA         

  df SS M
S 

F Sign
ifica

nce 

F 

   

Regressio
n 

1 0.12
4509

394 

0.
12

45

09 

99
00

.7

47 

1.16
221

E-13 

   

Residual 8 0.00

0100

606 

1.

26

E-
05 

     

Total 9 0.12

461 

         

         

  Coe
ffici

ents 

Stan
dard 

Erro

r 

t 
St

at 

P-
va

lu

e 

Low
er 

95% 

Upp
er 

95

% 

Low
er 

95.0

% 

Up
pe

r 

95.
0

% 

Intercept 0.80
393

939

0.00
3874

88 

20
7.

47

3.
26

E-

0.79
500

390

0.81
287

488

0.79
500

390

0.8
12

87

48
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4 47 16 5 2 5 82 

Quantity 

of 

Chemical 
in gm 

0.03

884

848
5 

0.00

0390

427 

99

.5

02
5 

1.

16

E-
13 

0.03

794

815
8 

0.03

974

881
2 

0.03

794

815
8 

0.0

39

74
88

12 

The above table clearly Shows that the intercept in the case 

was 0.803939394 and the coefficient x variable was 

0.038848485 the six sigma team calculated  

Y by the formula y = a + bx where a = 0.803 and b= 0.039 so 

using the formula y = 0.803 + 0.039 * x 

The relationship between y (Specific gravity of the Solution) 

and the quantity of the chemical was established and shows 

that the presence of chemical increases the specific gravity of 

the solution increases proportionately. 

Coefficient of Correlation The statistic used to determine the 

measure of relatedness between factors is the coefficient of 

correlation generally noted as R it is a number between -1 

and + 1. When the coefficient of correlation is equal to -1 

there is a perfect negative correlation between the factors; in 

other words an increase in the magnitude of the independent 

factor will necessarily lead to a decrease in the dependent 

factor in the exact same proportion and a decrease in the 

independent factor will lead to an increase in the dependent 

factor in the exact same proportion. 

If the coefficient of correlation is equal to 0 there is 

absolutely no relationship between the 2 factors and when it 

is equal to + 1 there is a positive correlation between the 

factors and increase in the independent factor leads to an 

increase in the dependent factor in the same proportions. 

Coefficient of Determination : While the coefficient of 

correlation measures the strength of the relation between the 

2 factors ,the coefficient of determination shows what 

proportion in the variations of the dependent factor(y) is due 

to the variations in the in the independent factor(x). The 

coefficient of determination noted r^2 is the square of 

coefficient of relation 

Multiple regression analysis: When more than one 

independent factor is used to explain the dependent factor a 

multiple regression analysis is used. The principle followed 

when conducting a multiple regression analysis is the same as 

when conducting a simple regression with the difference that 

more input factors (x’s) are used. 

FMEA is one of the special tools used during 

analyse/improve phase to verify whether the experiment 

being planned will have its effect and what are the chances of 

failure. Failure mode effect analysis is a tool for facilitating 

the process of predicting failures, planning preventive 

measures, estimating the cost of failure, and planning 

redundant systems or system responses to failures. The 

primary objective is to identify ways in which the process 

input variables x can fail and determine what effect that has 

on process outputs. 

Types of FMEA:- 

Design FMEA and the process FMEA are the two most 

commonly used tools by Six Sigma teams. A design FMEA is 

called DFMEA, analyses the design for potential failures that 

could arise as a result of weakness in the design of the 

product rather than due to its processes or manufacture. If 

both FMEAs are used the design FMEA is usually done first 

before production begins. The Process FMEA called as 

PFMEA is used to identify the failures caused by weakness in 

processes such as transaction, assembly or production 

processes. During the process FMEA it is presumed that the 

product meets the intent of the design. 

XI. IMPROVE PHASE 

In many projects when data is analysed using the six sigma 

tools there are good chances that a solution will emerge in the 

analyse phase itself. This Solution may pertain to anything 

from say finding a new supplier, change of a process 

parameter, modification in a layout or to provide a new 

software application, a new poka-yoke gadget; however if the 

solution is known implementing the process to get the desired 

result requires a great deal of effort. Take for instance the 

change in the measuring equipment; it may take a few weeks 

or even a month or two to procure or develop a new system. 

Similarly if we want to switch to a new supplier, it may 

involve negotiation, capacity creation etc. in Some Projects 

we may not be lucky enough to arrive at the final solution at 

this stage. In this case we need to use some more tools such 

as the design of experiments (DOE). 

Let us consider the example of an experimenter who is trying 

to optimize the production of organic foods. After screening 

to determine the factors that are significant for his experiment 

he narrows the main factors that affect the production of 

fruits to ―light‖ and ―water‖. He wants to optimize the time 

that it takes to produce the fruits. He defines optimum as the 

minimum time necessary to yield comestible fruits. 

To conduct his experiment he runs several tests combining 

the two factors (water and light) at different levels. To 

minimize the cost of experiments he decides to use only 2 

levels of the factors: high and low. In this case we will have 

two factors and two levels therefore the number of runs will 

be 2^2=4. After conducting observations he obtains the 

results tabulated in the table below. 

Factors Response 

Water –High Light High 10 days 

Water high – Light low 20 days 

Water low – Light high 15 days 

Water low – Light low 25 days 
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The coded form of the table above is given below: 

Water Light Response in Days 

+ + 10 

+ - 20 

- + 15 

- - 25 

The reading we make of the tables is that when the level of 

light is high and the level of water is high, it takes the fruits 

10 days of time to become comestible and when the level of 

water is low and the level of light is low it takes 25 days for 

the fruit to become comestible. So the factors water and light 

has a significant effect on the response variable which is days 

in this experiment. You can also illustrate this experiment 

using Minitab 17. 

Example: In Minitab open file Yield.mtw and take the 3 

levels time, temperature, catalyst which will affect the yield 

of the chemical. Go to Stat-> DOE->Factorial->Create 

Factorial Design Select 2 level factorial and number of 

factors as 2 and if you want to repeat the experiment 2 times 

choose the number of replicates as 2 or 3 etc. After Designing 

the factorial select the option Analyse Factorial Design to 

find out which factor time , temperature or catalyst gives the 

maximum yield of the chemical and in response column give 

yield as the response factor and select pareto graph the graph 

will show which factors contribute to high yield. By selecting 

terms option you can remove the non-contributing factors by 

double clicking on them and get the result of the contributing 

factors which give the maximum yield. 

Design of Experiments using Factorial Method 

How to Plan a Six Sigma 2
k
 Factorial Experiment  

Like in most other endeavours, time spent planning for Six 

Sigma is rewarded with better results in a shorter period of 

time. Planning 2
k
 factorial experiments follows a simple 

pattern: choosing the factors you want to experiment with, 

establishing the high and low levels for those factors, and 

creating the coded design matrix.  

Select the experiment factors  

The first thing to do is identify the input variables, the Xs that 

you’ll include in your experimental investigation. The factors 

you include should be potential contributors to the output Y 

you’re investigating and should be ones that are critical. How 

many factors you want in your experiment guides you in 

choosing the right experimental design. 2
k
 factorial 

experiments work best when you have between two and five 

Xs.  

If you have over five Xs in your experiment, full 2
k
 factorial 

experiments become relatively inefficient and can be replaced 

with pared down versions called fractional factorials, or with 

other screening designs. One good strategy is to include all 

potential Xs in a first screening experiment — even the ones 

you’re sceptical about.  

You then use the analysis of the experiment results to tell you 

objectively, without any guessing, which variables to keep 

pursuing and which ones to set aside. Remember, in Six 

Sigma, you let the data do the talking.  

Plackett-Burman experiment designs are an advanced method 

you may hear about for efficiently screening dozens of 

potential Xs. Although they don’t reveal all the detailed 

knowledge provided by a 2
k
 factorial design, Plackett-

Burman experiments quickly identify which experimental 

variables are active in your system or process. You then 

follow these screening studies up with more detailed 

characterization experiments.  

Set the factor levels  

2
k
 factorial experiments all have one thing in common: They 

use only two levels for each input factor. For each X in your 

experiment, you select a high and a low value that bound the 

scope of your investigation.  

For example, suppose you’re working to improve an ice 

cream carton filling process. Each filled half-gallon carton 

needs to weigh between 1,235 and 1,290 grams. Your Six 

Sigma work up to this point has identified ice cream flavour, 

the time setting on the filling machine, and the pressure 

setting on the filling machine as possible critical Xs to the Y 

output of weight.  

For each of these three factors, you need to select a high and 

a low value for your experiment. With only two values for 

each factor, you want to select high and low values that 

bracket the expected operating range for each variable. For 

the ice cream flavour variable, for example, you may select 

vanilla and strawberry to book-end the range of possible ice 

cream consistencies.  

Variable Symbol Low Setting High Setting 

Ice cream flavour X1 Vanilla Strawberry 

Fill time (seconds) X2 0.5 1.1 

Pressure (psi) X3 120 140 

 

2
k
 experiments are intended to provide knowledge only within 

the bounds of your chosen variable settings. Be careful not to 

put too much credence on information inferred outside these 

original boundaries.  

Explore experimental codes and the design matrix  

With the experiment variables selected and their low and high 

levels set, you’re ready to outline the plan for the runs of your 

experiment. For 2
k
 factorial experiments, you have 2

k
 number 
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of unique runs, where k is the number of variables included in 

your experiment.  

For the ice cream carton filler example, then, you have 2
3
 = 2 

× 2 × 2 = 8 runs in the experiment because you have three 

input variables. For an experiment with two variables, you 

have 2
2
 = 2 × 2 = 4 runs, and so on.  

Each of these 2
k
 experimental runs corresponds to a unique 

combination of the variable settings. In a full 2
k
factorial 

experiment, you conduct a run or cycle of your experiment at 

each of these unique combinations of factor settings. In a 

two-factor, two-level experiment, the four unique setting 

combinations are with  

• Both factors at their low setting  

• The first factor at its high setting and the second factor at 

its low setting  

• The first factor at its low setting and the second factor at 

its high setting  

• Both factors at their high setting  

These groupings are the only ways that these two factors can 

combine. For a three-factor experiment, eight such unique 

variable setting combinations exist.  

A quick way to create a complete table of an experiment’s 

run combinations is to create a table called the coded design 

matrix. Make a column for each of the experiment variables 

and a row for each of the 2
k
 runs. Using –1s as code for the 

low variable settings and +1s as code for the high settings, fill 

in the left-most variable column cells with alternating –1s and 

+1s.  

Repeat the process with the next column to the right, this time 

with alternating pairs of –1s and +1s. Fill in the next column 

to the right with alternating quadruplets of –1s and +1s, and 

so on, repeating this process from left to right until, in the 

right-most column, you have the first half of the runs marked 

as –1s and the bottom half listed as +1s.  

Run X1 X2 X3 

1 –1 –1 –1 

2 +1 –1 –1 

3 –1 +1 –1 

4 +1 +1 –1 

5 –1 –1 +1 

6 +1 –1 +1 

7 –1 +1 +1 

8 +1 +1 +1 

Remember that these three factors are coded values; when 

you see a –1 under the X1 column, it really represents a 

discrete value, such as ―vanilla‖ in the ice cream experiment; 

a +1 really represents the other value, like ―strawberry.‖  

XII. CONTROL PHASE 

Control Charts, Control Plan, Poka-Yoke, Project Closing. 

In this paper we are talking about the Monitor and Control 

phase of the project which comes before project closure. 

Maintaining Gains 

If your project has successfully entered the Monitor and 

control phase you have to make sure that you maintain this 

stability, here are some suggested ways to protect hard won 

gains. 

 Policy Changes – Which corporate policies should 

be changed as a result of the project – have some 

policies become obsolete are new policies needed 

 New Standards- Did the project bring the 

organization into compliance with a standard. If so 

having the company adopt the standard might 

prevent backsliding, there are standards like ISO, 

ANSI, ASTM etc. from which you can take your 

pick. 

 Modify procedures-procedures describe  the way 

things are supposed to be done , since the project 

produced better results we can find the best suited 

procedure which has resulted in better modification 

or change. 

 Change Manufacturing Planning-An organizations 

manufacturing plan describe in detail how a product 

is to be processed and produced. Often the Six 

Sigma team will discover better way of doing things. 

 Modify training-personnel need to become familiar 

with the new way of doing things. Be sure all 

employees are retrained. Evaluate the existing 

training materials and revise them as necessary. 

12.1 Tools and techniques useful for Control Planning 

 Project Planning-Many of the six sigma tools and 

techniques used during the define, measure, analyse 

and improve phases can also be used to develop a 

control plan. 

 Failure Mode and Effect Analysis use FMEA in the 

improve phase, please refer my earlier articles on 

FMEA. 

 Force Field diagram- A force Field diagram can be 

very useful at this point. Show the Forces that will 

push to undo the changes and create counterforces 

that will maintain them. 

12.2 Preparing the Process Control Plan 

Process Control plan should be prepared for each key 

process. The plans should be prepared by teams of people 

who understand the process. The team should begin with 

creating a flow chart of the process using the process 

elements. The flow chart will show how the process elements 

relate to each other which will help in the selection of control 
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point. It will also show the point of delivery to the customer 

which is usually an important control point. 

Process Audits 

The requirement for all processes should be documented. A 

process audit check list should be prepared and used to 

determine the condition of the Process prior to production.  

12.3 SPC (Statistical Process Control) 

Control Charts 

Variable Charts  

The Xbar and R Chart is the flagship of the control charts. It 

is called a variables chart because the data to be plotted result 

from measurement on a variable on continuous scale. This 

type of measurement occurs when for each pair of values 

there are infinite number of values between them. On an inch 

scale for instance there are infinite number of values between 

1.250 and 1.251, values such as 1.2503, 1.2508 and so on. 

The Xbar and S chart is another variable control chart with 

this chart sample standard deviation s is used to indicate 

dispersion instead of the range. The Standard deviation is a 

better measure of spread especially if the sample size is large 

so this chart is somewhat more precise than the xbar and R 

chart. TheXbar and S chart should be used when calculation 

of the standard deviation is feasible. Users who are 

comfortable with the standard deviation function on a 

handheld calculator will be able to calculate S almost as 

easily as R. The Xbar and S chart is also the preferred chart 

when the chart is constructed using a software package. 

 XBar and R Control Charts: 

To get Control charts in Minitab please do the following 

open Minitab  Click on Assistant? Click on Control 

Charts You will get flow chart of various types of 

Control Charts-> Select the data from the sheet column 

and then specify estimate control limits from the data  

you will get the different types of control charts which can 

determine whether the process is in control. 

Control limits for Xbar and R control charts are given by the 

following formulas 

Upper Control Limit for the average chart UCLx =Xbar + A2 

* RBar 

Lower Control Limit for the average Chart LCLx = Xbar – 

A2 * RBar 

Upper Control Limit for the Range Chart UCLr = D4 * Rbar 

Lower Control Limit for Range Chart LCLr = D3 * R Bar 

Where A2 and D3 are got from the Statistical constants table 

and XBr and RBar are calculated from the problem given to 

you arrived by collecting samples. 

Interpreting the X-Bar and R-bar chart:- 

1. If only one point is outside the UCL , it indicates 

one of the following: 

a. The Control limits have been miscalculated or 

have been drawn incorrectly. 

b. The plotted sample that is above the control 

limit has been miscalculated or plotted 

improperly. 

c. The within sample variation has increased from 

that of the past and the nature of excessive 

variation has to be investigated. 

2. An Upward trend of seven or more data points in the 

R-Bar Chart indicates that the process spread is 

increasing, this has to be investigated immediately 

because process capability is degrading and the 

variation is increasing. 

3. A downward trend of seven (7) or more data points 

in the R-bar chart means that the process spread has 

decreased. The Process is improving and the control 

limits may need to be recalculated 

Attribute Charts 

Attribute Charts are used for Count Data  

In attribute Control Charts every item would be either in one 

or two categories such as ―good‖ or ―bad‖. 

P control charts 

The P Chart is used to chart Binary Data where each item is 

in one or two categories. This chart would be the appropriate 

chart for plotting number of defectives. 

UCL for P Chart = PBar + 3 √pBar(1-pBar)/ nbar 

LCL for P Chart = PBar – 3 √Pbar (1-PBar)/ nbar 

Where nbar = Sum of Sample Sizes / Number of samples. 

And Pbar = Sum of Discrepancies / Sum of sample Sizes 

Analyse the P Chart for Process Control: - If all of the plotted 

data on the p- 

Chart are within control limits and randomly distributed 

around the centre line  

The defective rate for the process is stable and predictable.  

If there is a run of seven or more proportions (p) on one side 

of the centre line, 

It means one or more of the following. 

1. The process defective rate has changed (or is still 

different) from past. 

2. The measurement system or the definition of a 

nonconforming part  

Has changed. 

3. The Control limits calculated from these data are 

questionable and may  

Require recalculation. 

4. A trend (up or down) of seven or more sample 

proportions means that  
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The process defective rate is gradually changing or 

drifting. The process 

Must be stooped immediately and the cause of the 

drift investigated. 

Np Control Charts 

 If defectives are being counted and the sample size remains  

Constant the np chart can be used the np chart also has 

definite formulas to  

Calculate the upper and lower control limits 

U Control Chart Charts: The u Chart is appropriate when 

defects rather than  

Defectives are being counted for examples while inspecting 

panes of glass in which defects include bubbles, scratches, 

chips, waves etc. 

There are also standard formulas to calculate the upper and 

lower control limit of U control Charts. 

C Control Charts 

When defects are counted and the sample size is constant the 

c chart maybe used used instead of U CHART. 

Here also there are standard formulas to calculate the upper 

and lower control limitof C chart. 

A Process is said to be out of Control if  

1] One or more data points fall outside the control limit. 

2] Seven Consecutive data points increasing or decreasing. 

3] Eight consecutive data points are on one side of average. 

4] Fourteen Consecutive data points alternating up and down. 

EWMA Control Charts  in Many cases individual control 

chart (I Chart) will give results comparable to the EWMA 

control chart when this is the case it is better to opt for the 

simpler I Chart. 

CUSUM chart 

A type of time-weighted control chart that displays the 

cumulative sums (CUSUMs) of the deviations of each sample 

value from the target value.  Because it is cumulative, even 

minor drifting in the process mean will lead to steadily 

increasing (or decreasing) cumulative deviation values. 

Therefore, this chart is especially useful in detecting processes 

that are slowly slipping away from the target value due to 

machine wear, calibration issues, etc. The points on the 

CUSUM chart should fluctuate randomly around zero. If a 

trend develops upwards or downwards, it should be considered 

as evidence that the process mean has shifted, and you should 

look for special causes.  

Minitab generates two kinds of CUSUMs:  

   Two one-sided CUSUMs (the default). The upper 

CUSUM detects upward shifts in the level of the process and 

the lower CUSUM detects downward shifts. This chart uses 

control limits (UCL and LCL) to determine when an out-of-

control situation has occurred.  

   One two-sided CUSUM. This chart uses a V-mask, rather 

than control limits, to determine when an out-of-control 

situation has occurred. The V-mask standardizes the 

deviations from the target value, and plots the deviations from 

this value. 

For example, a manufacturer of centrifuge rotors wants to 

track the diameter of all rotors produced during a week. The 

diameters must be close to the target because even small shifts 

cause problems. The following CUSUM chart (two one-sided 

CUSUMs) resulted.  

12.4 Poka Yoke are Mistake proofing devices which can be 

used to reduce variation in a process for example introduction 

of speed bumper in a junction which has lots of accidents or 

fitting a sophisticated device in the factory to inform of gas 

leaks in a factory etc. 

 

A Brief of Tollgate Review table is given below which is done after every phase of DMAIC is Implemented 

Component Define Measure Analyse Improve Control 

Purpose Provide a Compelling 
business case 

appropriately scoped 

complete with SMART 
goals and linked to a 

hoshin Plan 

Collect process 
performance data and 

primary and secondary 

metrics to gain insight an 
understanding into root 

causes and to establish 
baseline performance 

Analyse and establish 
optimal performance 

settings for each X and 

verify root causes 

Identify and Implement 
process improvement 

solutions 

Establish and deploy a 
control plan to ensure that 

gains in performance are 

maintained 

Participants 

Required 

1. Sponsor 

2. Process owner 

3. MBB/BB 
Coach 

4. Deployment 

Champion1 
5. Project team 

6. Finance 

partner 

1. Sponsor 

2. Process owner 

3. MBB/BB 
4. Deployment 

Champion 

5. Project team 

1. Sponsor 

2. Process 

owner 
3. MBB/BB 

4. Deployment 

Champion 
5. Project team 

6. Finance Partner 

1. Sponsor 

2. Process 

owner 
3. MBB/BB 

4. Deployment 

Champion 
5. Project team 

 

1. Sponsor 

2. Process owner 

3. MBB/BB 
4. Deployment 

Champion 

5. Project team 
6. Finance Partner 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 393 

 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

Questions to 
Address 

 Is this Project 
Consistent 

with the goals 
of the 

organization 

 Do we have 
the right level 

of engagement 
from 

Stakeholders 

and business 
partners 

 Have resource 

been allocated 
to move into 

the next phase 

 Do Conflicts 
exist between 

other projects 
or activities 

 Is this Project 
Consistent 

with the goals 
of the 

organization 

 Do we have 
the right level 

of engagement 
from 

Stakeholders 

and business 
partners 

 Have resources 

been allocated 
to move into 

the next phase 

 Is this 
Project 

Consistent 
with the 

goals of the 

organization 

 Do we have 

the right 
level of 

engagement 

from 
Stakeholders 

and business 

partners 

 Have 

resources 

been 
allocated to 

move into 

the next 
phase 

 What are the 
market and 

timing 

dependencies 

 Is this 
Project 

Consistent 
with the 

goals of the 

organization 

 Do we have 

the right 
level of 

engagement 

from 
Stakeholders 

and business 

partners 

 Have 

resources 

been 
allocated to 

move into 

the next 
phase  

 Is this Project 
Consistent with 

the goals of the 
organization 

 Have Resources 

been allocated 
to move into 

replication 

 Is the 

replication 

schedule and 
plan appropriate 

 What are the 
market and 

timing 

dependencies 

 Have 

responsibilities 
assigned in the 

control plan 

transferred to 

appropriate 

parties 

 

Exit Criteria Sponsor Approval 

Finance Approvals 

Funding Approval 

Sponsor Approval Sponsor Approval 

Finance Approval 

Sponsor Approval Sponsor Approval 

Finance Approval 

Hand –off to process owner 

 

XIII. KEY PERFORMANCE INDICATORS (KPI’S) 

 Are measurements defined to show the state of the strategic 

goals or targets the organization has set for itself. 

What is Metrics: Combination of two or more measures used 

to compare s/w processes, projects and products. Set of 

Metrics derived from data collected from past projects at the 

organization level. These baselines are used as a basis to 

arrive at project specific quality goals for KPI’s. 

Effort Variation  

This metric is the difference between Estimated and Actual 

effort as compared against the Estimated Effort.  

Objective: The objective of this metric is to study the 

distribution of workload by Stage and to reduce the deviation 

of the actual effort expended as against the estimated effort. 

When it should be measured: It should be measured at overall 

project level, Stage level and Task level (Process level and 

Sub process level for SDLC stages) 

Input/Measure Formula Example 

Actual Effort 
Estimated 

Effort 

(Actual Effort - 
Estimated Effort)/ 

(Estimated Effort) 
*100 

Estimated Effort (in 
person days) = 5 

Actual Effort (in person 
days) = 7 

Effort Variation% =  =(7-

5)/5 * 100 =  
40% 

 

Schedule Variation  

This metric is the ratio of difference between the Actual End 

Date and Planned End Date Vs difference between Planned 

End Date and Planned Start Date for the project. 

Objective: The objective of this metric is to reduce the 

schedule variation by tracking it from beginning stage of the 

project through the end of the project, thereby reducing time 

overruns. Schedule Variation metric is mainly used as an 

indicator for capability to meet milestones 

When it should be measured: It should be measured at 

overall project level, Stage level and Task level (Process level 

and Sub process level for SDLC stages). Schedule variation 

need to be calculated only when the stage is completed. 

Input/Measure Formula Example 

Actual End Date 

Planned Start 

Date 
Planned End 

Date 

((Actual End date – 

Planned End date) /  

(Planned End date - 
Planned Start date)) * 

100 

Planned Start Date = 

1-Jan-13 

Planned End Date = 
31-Jan-13 

Actual Start Date = 2-

Jan-13 
Actual End Date = 1-

Feb-13 

Schedule Variation % 
= (1 / 31) * 100  

 = 3.22% 

Duration Variation 

This metric is the difference between Total Planned Vs Actual 

duration for the project 
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Objective: The objective of this metric is same as schedule 

variation metrics i.e. to reduce the duration variation by 

tracking it from beginning stage of the project through the end 

of the project, thereby reducing time overruns. Why we may 

need both Duration Variation and Schedule Variation is that at 

times the task/stage may be finished within Planned Duration 

(Delayed start compensated with delayed finish to the same 

extent as days it started late.) whereas it might have exceeded 

the committed deadline, which is ultimately the schedule 

slippage. 

When it should be measured: It should be measured at 

overall project level, Stage level and Task level (Process level 

and Sub process level for SDLC stages). Duration variation 

need to be calculated only when the stage is completed. 

Input/Measure Formula Example 

Actual End Date 

Actual Start 

Date 

Planned Start 

Date 

Planned End 
Date 

((Actual End Date – Actual 

Start Date) – (Planned End 

Date – Planned Start Date)) /  

(Planned End Date – 

Planned Start Date) * 100 

Planned Start Date - 

1-Jan-13 

Planned End Date - 
31-Jan-13 

Actual Start Date - 

2-Jan-13 

Actual End Date - 

1-Feb-13 

Duration Variation 
% = ((31 –31)/ 31) 

*100 = 0 % 

 

Work Efficiency Index  

Load Work Efficiency Index is the ratio of percentage of work 

completed to percentage of effort expended. 

Objective: This metric is particularly important and 

mandatory for fixed bid/fixed duration projects, and close 

monitoring is required to prevent effort overruns.  

When it should be measured: It should be measured at 

overall project level. 

Input/Measure Formula Example 

Percentage of Work completed - 

(Actual Effort) / (Actual Effort 

+ Effort required to complete 
remaining work) * 100  

Percentage of effort expended - 

(Actual Effort/ Estimated Effort) 
*100 

(Percentage of 
Work 

completed / 

Percentage of 
effort 

expended) 

Estimated Effort (in 
person days) = 10 

Actual Effort (in 

person days) = 5 

Effort Required to 

complete remaining 

work (in person days) 
= 7 

%Work Completed = 

(5/(5+7))*100 = 
41.66% 

%Effort Expended = 

(5/10)*100 = 50% 

Work Efficiency 

Index = (41.66 / 50) = 

0.83 

 

Risk Identification Efficiency % 

This metric determines the efficiency of identifying risk in a 

project. This helps in planning for the mitigation and 

contingency to be carried out in a project. This metric is 

computed as Number of Risk identified to Number of Risk 

occurred, expressed as percentage figure. 

When it should be measured: It should be measured at 

overall project level. 

Input/Measure Formula Example 

Total no of Risks 
Identified 

Total no of 

Unanticipated 
Risk  

Occurred 

(Total no of Risks Identified 

/(Total no of risks identified 

+ Total no of Unanticipated 
Risk Occurred))*100 

Total no of Risks 

Identified = 6 

Total no of 

Unanticipated Risk 

Occurred = 2 

Risk Identification 

Efficiency % = 

(6/8)*100 = 75% 

 

Benefits: 

• This metric determines the efficiency of identifying risk in a 

project 

• This helps in planning for the mitigation and contingency to 

be carried out in a project 

Risk Mitigation Efficiency % 

When it should be measured: It should be measured at 

overall project level. 

Input/Measure Formula Example 

Total no of Risks 

Identified for 

mitigation 

No. of Risk mitigated 

but occurred 

((No. of Risk identified for 

mitigation  

- No. of Risk mitigated but 

occurred) / (No. of Risk 

identified for mitigation)) * 
100 

Total no of Risks 

Identified for 
mitigation = 10 

No. of Risk 

mitigated but 
occurred = 1 

Risk Mitigation 

Efficiency % = 
(9/10)*100 = 90 % 

Benefits: 
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• Gives insight into efficiency to mitigate risk and take 

further actions. 

Review Efficiency 

It’s the ratio of number of review defects to total defects in 

software (review and testing) 

Objective: This metric shows the efficiency of the review 

process. A higher ratio of Review Defects to Total Defects 

indicates a very efficient Review Process. However, a lower 

ratio need not necessarily mean that the review is inadequate. 

This may be due to frequent changes in scope, requirements 

etc. Typically, the review defects include all reviews, starting 

from the Requirements Stage. All review comments that arise 

from the review of Code/unit / integration / system test plans / 

procedures / cases shall be counted under Review defects. The 

total number of Defects includes all the defects found in 

reviews and testing. 

When it should be measured: It should be measured at 

overall project level and stage level. 

Input/Measure Formula Example 

Number of Review 

defects 

Total number of 

Testing Defects 

including customer 
reported test defects 

(Number of Review 
defects) / (Total number 

of Review + Testing 

Defects [including 
customer reported test 

defects])*100 

Number of Review 

defects = 10 

Total number of 

Testing Defects 

including customer 
reported test 

defects = 100 

Review 

Efficiency% = 

(10/110)*100 =  

9.09 

Benefits: 

• This helps to know effectiveness of the reviews performed 

and to improve the review process. 

• Increase in review efficiency decrease the defect leakage to 

next stage. 

Case Study: 

Power Equipment Limited (PEL) is an Indian Subsidiary of an 

MNC that has its headquarters in Europe. The Company 

customizes designs of its parent company and manufactures 

machines for industrial use. Its annual turnover is Rs 1500 

crore. The Company Ships about 600 machines every month. 

Approximately 30% of this volume is exported to various 

countries such as UK, US and other European countries. Its 

turnover from the domestic market in India is approximately 

60%.PEL was a market leader and enjoyed a monopolistic 

position from 1970 to 1990. However Competition entered the 

scenario in 1990 resulting in pressures on quality, cost and 

delivery. As a result in the past few years profit did not 

increase in proportion to its turnover. The company is a 

certified to ISO 9000 since 1993 and has a fairly strong 

quality management system.PEL embraced various quality 

improvement programs and obtained fair gains from these. 

The engineer’s workers and staff were given training in 

technology and management practice such as JIT, Kaizen,and 

Six Sigma etc. The Company evolved its own excellence 

model and developed a check list of excellence norms. IN 

spite of that PEL has been losing some of its key personnel to 

its competitors. Retention of people has become a concern and 

a priority for the HR head.PEL spends about 3% of its sales 

turnover on warranty. 

PEL purchases about 60% of parts by value from suppliers. 

These parts include pistons, Crankshafts, heavy castings like 

cylinder block, Cylinder head, electrical parts, starters, 

radiators, cables, belts, hardware etc. The Company has 

developed a good supplier base and has enjoyed good 

relationship with most of them.in the past few years the 

company has been forced to negotiate with the suppliers to 

reduce costs. With the new initiative of senior management 

the supply base has been rationalized significantly. PEL has a 

modern machine Shop that has the capability to manufacture 

machine parts with High precision. This includes heavy 

medium and small parts. 

PEL Ships its machines to several original equipment 

manufacturers (OEMs) who assemble them on their 

equipment. Most of the OEMs are not happy about the quality 

performance of PEL now, since the inferior quality machine 

parts have resulted in dissatisfied end customers. Apart from 

the defects reported OEMs have been constantly complaining 

about the quality of the paint. They reported that the end 

customers have given a feedback that the machines do not 

look like new. Moreover the replacement of defective parts 

typically takes 2 weeks to reach OEMs .Under pressure of the 

delivery of the equipment , OEMs sometimes have to remove 

parts from other machines and use them in the place of 

defective ones. The top management of the company has 

assured the OEMs that it will make efforts to improve its 

performance within a year. They have assigned the 

responsibility of improving the performance to the existing 

Six Sigma Steering Committee. They have asked the 

committee to assess the current situation with inputs from the 

quality manager and recommend an action plan. 

After the review of the inputs the steering committee 

identified and finalized two six sigma projects: 

1. Reducing Shipment defects 

2. Improvement in the quality of the painting. 

Project Execution Phase 2: Improvement in the Quality of 

Painting 

PEL paints machine before dispatch. These machines are 

dispatched to the original equipment manufacturers (OEMs) 

for installation on their equipment. Many OEM’s had 

expressed dissatisfaction regarding the quality of paint. They 

had informed that the end users were unhappy.  

Some  customers even doubted whether the machines were 

new. 
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The Define Phase 

As customers were highly dissatisfied with the current 

quality of painting the management decided to take up a 

six sigma project to achieve break through improvement 

in that area. A partial charter of the project is shown 

below. 

PEL LTD 

Six Sigma Project Charter 

Product or Process Painting of Machines’ 

Category(BB/GB) BB      

Name of Belt XYZ      

Sponsor ABC      

Start Date 
5th September 

 2016 
     

Opportunity for 

 Improvement 
Paint Gloss improvement and Cost reduction due to excess coating 

Short Statement of the 

 project deliverable 

 (Problem to be Solved) 

Improve average paint gloss from 75 to 85 and capability better than 1.5 

 
 

 Current              Target                             Benchmark                                                           Units 

Objective and measures 

 (as applicable) 

External  

Customer Defects 
5 Per 100 0 Per 100  Number  

 
Reduction in  

COPQ 
250000 25000  US $/ Year  

 
DPMO/DPU/% 

Defective 
27 1    

 Cycle time  
Same  

or better 
   

 Productivity  
Same  

or Better 
   

 Sigma Level 2.1 4.5    

 Payback      

Project Scope 

Painting of  

Machine of Model 

 V Series 
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The Measure Phase 

Each machine was inspected for gloss and was reworked for 

conformance. However approximately 27% of machines did not 

meet the specification with the estimated Sigma level that was 

2.1. The target sigma level was 4.5. The existing process was 

mapped to identify KPOVs and KPIVs as shown in the table 

below 

KPIVs 

 (Xs) 

 C/U Process KPOVs  

 

X1 Type of  

Paint Gun 

C  

 

 

 

 

 

Painting of 

Machines 

Gloss Y1 

X2 Type of Paint C Adhesion Y2 

X3 Surface  

Cleanliness 

C Dry Film 

Thickness 

Y3 

X4 Paint Viscosity C   

X5 Distance of the 

 Gun 

C   

X6 Painting time C   

X7 Painter Skill C   

X8 Drying oven 

Temperature 

C   

X9 Drying time C   

X10 Ambient 

Temperature 

U   

 

Measurement system analysis showed that the system was 

adequate with R&R value of 9%. 

A cause and effect (C&E) matrix was evolved by the team 

members this is as shown in the table below. 

C&E matrix for the Painting Process 

Output Variable 

 (Y’s) 

Coating 

Thickness 

 T 

Gloss’ 

 G 

Adhesion  

Importance Score 

 (1-10) 

5 7 8  

 

Input/Process  

Variables (X’s) 

   Weighted  

Score  

Type of Paint Gun 3 9 1 86               

Type of Paint 3 9 3 102              

Surface Cleanliness 1 1 9 84                

Paint Viscosity 9 9 1 116              

Distance of the Gun 9 3 3 90                 

Painting time 9 3 1 74 

Painter Skill 3 9 3 102              

Drying oven  

Temperature 

0 9 9 135               

Drying time 0 9 0 63 

Ambient  

Temperature 

0 3 3 45 

Ambient Humidity 0 3 3 45 

 

The Improve Phase  

The team then decided to conduct an experiment with 5 factors 

refer table given below. 

Factors Name Type Low High 

A Paint Source Numeric 1 2 

B Gun type Numeric 1 2 

C Distance Numeric 50 80 

D Viscosity Numeric 20 24 

E Temp Numeric 120 140 
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Abstract- Urea based solid amide was prepared and used as a 

catalyst for  epoxidation  of various alkenes using hydrogen 

peroxide as an oxidant at 25C  in water. The catalyst has been 

screened for wide-range of substrate in high yield and high 

selectivity. The major advantage of the catalyst, it was recycled 

number of times without any loss of reactivity and selectivity. 

Keywords- Epoxidation, urea, cyanuric chloride, alkenes, amide 

catalyst. 

I. INTRODUCTION 

lkene epoxidation is the important area of research where 

epoxides have wide application in the industries and 

academics [1]. Particularly, they are the building blocks of 

various organic reactions and also used as a plasticizer. The 

main use of epoxides is in perfumery industries as fragrance 

and flavors [2-5]. Generally epoxides were obtained by 

oxidation of alkenes using percids i.e. meta per benzoic acid 

in stoichiometric amount, but major problem associated with 

this process is west generated which is not environment 

friendly and also not economically viable. There are lot of 

reports are available in literature where transition metals and 

their complexes have been used for epoxidation of alkenes 

using different oxidant [6]. In 1991 Hermann and his co-

workers have reported a methyltrioxorhenium (MeReO3, 

MTO) as an excellent catalyst for alkenes epoxidation using 

hydroperoxide as an oxidant and lot of attention was paid to 

MTO system for epoxidation of alkenes [7]. Manganese salen 

and porphyrin complexes have also been reported for 

epoxidation of alkenes but major problem associated with 

these systems of multistep synthesis of ligands which make 

system unattractive [8-14]. Lane and co-workers have also 

reported manganese based catalytic system using hydrogen 

peroxide as an oxidant for various alkenes epoxidation [15] 

which was further modified by Tong et al by using the same 

system in ionic liquid at room temperature [16]. Mesoporous 

catalyst of Mn was also reported in literature for epoxidation 

of alkenes but with tert- butylhydroperoxide as an oxidant, 

this system is not compatible with the use of hydrogen 

peroxide as an oxidant [17]. Various transition metal oxides 

like NiO, CoO, MoO3 and CuO were also reported for 

epoxidation of styrene using tert-butyl hydrogen peroxide as a 

oxidant but these catalytic systems decomposes hydrogen 

peroxide due to their high reactivity. In the present invention  

we have develop a urea based amide system which  epoxides 

alkenes using hydrogen peroxide as an oxidant with MnSO4 as 

a salt at room temperature with high conversion and  good 

selectivity and this catalytic system recyclable number of 

times. 

II. EXPERIMENTAL 

A. Materials and methods 

All procedures were carried out by using standard solvents 

and chemicals without further purification which were 

commercially available and used as purchased. The IR spectra 

were recorded on Shimadzu FT-IR 8400 spectrophotometer 

using KBR discs. The 
1
H NMR spectra were measured in 

CDCl3 solutions on the Bruker Av spectrophotometer (200 

MHz) using TMS as an internal reference. Powder X-ray 

diffraction (PXRD) analysis was done by Rigaku MINIFLEX-

II (FD 41521) powder X-ray Diffractometer, samples were 

scanned in the 2 range of 10–80 using CuKα (=1.54178 Å) 

radiation and a Ni filter. 

B. Synthesis 

Catalyst synthesis 

The synthesis of an urea based heterogeneous material was 

adopted from the our previously published method [18]. In a 

250 mL beaker, a crushed mixture of urea and cyanuric 

chloride was taken in 6:1 weight ratio respectively and slowly 

heated from room temperature to 70 
o
C with continuous 

stirring using a glass road. As the temperature reaches 70 C 

HCl fumes evolved from the reaction mixture. The 

temperature of the reaction slowly raised to 100 
o
C to remove 

the rest of HCl fumes from the reaction mixture. After 

complete removal of HCl, reaction mass was allowed to heat 

at 150 C temperature for further 3-5 h. After completion of 

reaction the white colored solid was treated with acetone to 

remove unreacted cyanuric chloride from the desired product, 

which was then subsequently filtered and washed with water 

and dried at 80 
o
C for 12 h. Melting point: >300 C. Possible 

polymeric structure of solid amide catalyst is displayed in 

Scheme 1. 
 

Scheme 1. Possible reaction for prepare amide catalyst 
 

A 
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Table 1. Optimization of epoxidation reaction 

 
Sr . Catalys

t(%) 

Base(mm

ol) 

H2O2(e

q.) 

Temp.(
oC) 

Conversi

on 

(%) 

Selecti

vity 

(%) 
1 1 1.5 1 20oC 48 96 

2 2 1.5 1 20oC 58 97 

3 3 1.5 1 20oC 59 97 
3 2 2.0 1 20oC 61 97 

4 2 2.5 1 20oC 70 96 

5 2 2.5 1.5 20oC 78 97 
6 2 2.5 1.8 20oC 81 97 

7 2 2.3 1.8 20oC 92 98 

8 2 2.3 2.0 20oC 90 94 
9 2 2.3 1.8 30oC 94 96 

10 2 2.3 1.8 35oC 12 99 

11 2 2.3 1.8 25oC 99 99 

 

Epoxidation reaction 

In a two necked round bottom flask placed in water bath fitted 

with magnetic stirrer, solid amide catalyst (500 mg), sodium 

bicarbonate (46 mg), manganese sulfate (2 mg) and tert-

butanol (50 µl) was added with 2 mL of water. Stirring of the 

reaction was set up to 800 rpm in magnetic stirrer. Olefin (2 g) 

was then added with continuous stirring. Hydrogen peroxide 

was then added dropwise in four fractions in duration of 6 h. 

The reaction temperature was maintained 25-27 C. After 

completion of reaction catalyst was recovered by simple 

filtration and washed with acetone followed by water. The 

product containing aqueous layer was extracted with three 

portion of ethyl acetate (3×20 ml) dried over sodium sulfate 

and solvent was removed in reduced pressure to get final 

epoxide product. The conversion and selectivity of epoxide 

was determined by gas chromatography. 

III. RESULTS AND DISCUSSION 

In this article, we are mainly focusing on a greener, recyclable, 

cheap, and industrially preferable catalytic epoxidation 

process of olefins by using heterogeneous urea based amide 

material as a catalyst, sodium bicarbonate as a base, 

manganese sulfate as metal source and tert-butanol as a phase 

transfer catalyst. Sodium bicarbonate was added in to four 

fractions together with the addition of hydrogen peroxide to 

maintain the basic pH of the reaction and manganese sulfate 

for the activation of hydrogen peroxide. The dropwise addition 

of hydrogen peroxide was completed in four fractions 

throughout the reaction to avoid its decomposition in presence 

of manganese sulfate. 

Epoxidation reaction is strongly affected by 

temperature, when the reaction temperature raised up to 35 
o
C, 

sodium bicarbonate was decomposed in to the sodium 

carbonate, which immediately stops the reaction because of 

the high pH of the reaction (Table 1). Basically, epoxidation  

Table 2. Epoxidation of various olefins 

 

 

No. Alkenes Time 

(h) 

Conversion 

(%) 

Selectivity 

(%) 

1 

 

6 99 99 

2 

 

6 94 99 

3 

 

6 98 99 
 

4 

 

6.5 95 99 

 

5 

 

6 97 99 

 

6 

 

7 99 75 

 

7 

 

7 99 79 

8 

 

6 96 99 

 

9 

 

5 94 98 

 

10 

 

7 89 97 

 

11 

 

6 98 96 
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12 

 

6 98 99 

 

13 

 

6.5 97 98 
 

14 

 

7 88 99 

 

14 

 

6 92 99 

15 
 

6 99 96 

16 
 

7 92 95 

17 

 

5 99 96 

18 

 

11  58 61 

19 
 

6 99 98 

20 

 

6 97 81 

Reaction conditions: Catalyst (500 mg), Alkene (2 g), NaHCO3 (46 mg), 

MnSo4 (2 mg), Water (2 mL) 

 

reaction is an exothermic reaction and temperature 

maintenance is necessary to get excellent conversion and 

selectivity. The best epoxidation reaction temperature is 25 
o
C, 

which generally gives >99 % conversion and >9 % selectivity 

of styrene oxide. 

Substrate screening 

Substrate screening data are summarize in the Table 2. 

Aromatic and aliphatic alkenes have been studied for the 

epoxidation reaction. All the selected substrates gives good 

conversion and selectivity of their respective epoxides (Table 

2). Slow addition (6 h) of hydrogen peroxide is required 

during the reaction; early and fast addition of hydrogen 

peroxide leads to the formation of side products and decreases 

the selectivity with incomplete reaction. Manganese sulfate is 

used as an additive for activation of hydrogen peroxide. 

Epoxidation without manganese sulfate gives only 10 % 

conversion of the alkenes. Limonene and -pinene gives full 

conversion and less selectivity of their corresponding 

epoxides. Verbanol and verbanone is produce as a side 

product in the case of the epoxidation of-pinene. 

Currently, -pinene oxide is highly demanding industrial 

compound because of its use in fragrance engineering. 

 

Table 3. Oxidant variation in epoxidation of -pinene 

 

Sr 

no. 

Oxidant Temp. Conversion (%) Selectivity (%) 

1 H2O2 20oC 99 94 

2 m-CPBA -10oC 99 95 

3 UHP 15oC 99 90 

4 Oxone 15oC 89 94 

5 m-CPBA 10oC 99 96 

6 m-CPBA 5oC 99 95 

7 m-CPBA 15oC 99 98 

9 m-CPBA 0oC 78 91 

Reaction conditions: Catalyst (500 mg), -pinene (2 g), NaHCO3 (46 mg), 

MnSo4 (2 mg), Water (2 mL), oxidant (1.2 g) Reaction time (7 h) 

 Epoxidation of limonene gives chemo selective 

product limonene oxide and minor limonene dioxide produce 

as a side product. Both limonene oxide and limonene dioxide, 

and mixture of both compounds are used in the polymer 

industry as reactive diluents in the cationic and UV-cure 

applications [18]. -Pinene oxide is highly demanding 

molecule, which do not give satisfactory selectivity (< 80 %) 

in the optimized reaction conditions for the olefins. Therefore, 

-pinene was tried to synthesize by using another suitable 

oxidant (Table 3). -pinene give good results when m-CPBA 

was used as an oxidant at 15 C temperature in 7 h. 

Catalyst recyclability 

Solid urea based amide catalyst was recycled up to five 

catalytic cycles without any significant lose in conversion and 

selectivity of the epoxides (Figure 1). The efficiency and 

stability of this catalyst was found to be an admirable even 

after five cycles. 

Fig. 1 Recyclability of solid amide catalyst with epoxidation of styrene. 

 

IV. CONCLUSION 

Amide containing urea based heterogeneous catalyst has been 

synthesized and characterized and productively employed as a 

catalyst in epoxidation reactions. Epoxidation of styrene oxide 

has been taken up to 50-100 gram scale reaction by using 

organic promoter, inorganic base, transition metal salt and 

hydrogen peroxide in excellent yield (>99 % conversion and 
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>99 % selectivity, having benzaldehyde as a side product). 

The catalyst was recovered and recycled five times without 

any lose in catalytic activity. 
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Fig.2 1H NMR of Styrene Oxide 
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Fig. 3 13C NMR of styrene oxide  

 

 Fig.4 XRD of Cyanuric amide catalyst 
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Fig. 5 IR spectrum of Cyanuric amide catalyst  

 

Fig. 6 Catalyst Preparation 
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Abstract- chiral Cu (II) complexes 1-5 were generated in situ by 

the interaction of different sources of copper(II) salts with chiral 

monomeric and monomeric macrocyclic salen ligands derived 

from (1R,2R)- (-)-1,2-diaminocyclohexane, (1S,2S)- (+)-1,2-

diaminocyclohexane, (1R,2R)-(+)-1,2-diphenyl-1,2 diaminoethane 

and (R)-(+)-1,1′-Binaphthyl-2,2′-diamine with bis(aldehyde) and 

trigol-bis(aldehyde). All the complexes were screened for 

catalytic asymmetric Henry reaction using Isatin as a model 

substrate. The reaction conditions were optimized and 81% yield 

with good enantioselectivity (70%) was reached at 10 ˚C with the 

in situ generated catalyst having a trigol linker and (1R,2R)-(-)-

1,2-diphenyl-1,2-diaminoethane collar in combination with 

cupric acetate as the metal source. The catalytic system worked 

very well for up to four cycles with retention of activity and 

enantioselectivity of β-hydroxy nitro compound. 

Keywords-Recyclable catalyst, β-hydroxy nitro compound, Cu(II) 

macrocyclic complexes.   

I. INTRODUCTION 

satin motifs are very relevant building blocks of 

pharmaceutics [1-3]. Mainly nitroalkyl added 

enantiomerically pure 3-substituted-3-hydroxyindolin-2-one is 

a basic structure underlying in natural products and synthetic 

intermediates [4-11] shown in Figure 1. In the face of addition 

of nitroalkane to isatin, it is still challenge to regulate 

enantioselectivity at  quarternary carbon. In this route the 

enantioselective Henry reaction reported by M.Q. Li et al [12] 

using cinchona alkaloid derivative carriage a C9-OBn group. 

Y. Zhang et al [13] did Henry reaction in the presence of   

C6’-OH cinchona alkaloid as a organocatalyst. P. S. Prathima 

et al [14] reported Henry reaction with the use  of  a bis-

cinchona alkaloid as a chiral catalyst. W. Wang and co-

workers [15] have made use of cupreine as a catalyst in 

enantioselective Henry reaction. None of these catalyst are 

recyclable.  Chiral catalysts are often too expensive, their 

recyclability is bloom task in chiral reaction. Our group 

reported recyclable catalyst in Henry reaction of aldehyde [16] 

and aza-Henry reaction of isatin derived N-Boc ketimine  with 

using chiral Cu(II)-salen complex[17]. In this manuscript we 

performed chiral Henry reaction of isatin with monomeric 

salen ligands L1-L4, monomeric macrocyclic salen ligands L5 

(Scheme 1), nitromethane as nucleophile to synthesize 

valuable  β-hydroxy nitro derivative. L1 to L5 combination 

with different copper salt were used as catalysts for 

asymmetric Henry reaction of various isatin with nitromethane 

in the absence of an external base at 10˚ C. Catalyst were 

successfully recycled four time with  retention of catalytic 

activity and enantioselectivity.  

 

 
Figure.1 Natural products and pharmaceutics which can be derived from 

Henry product 

II. EXPERIMENTAL 

A. Material 

Starting materials viz., copper (II) acetate monohydrate, 

copper (II) triflet, copper (II) chloride, copper (I) iodide, 

nitromethane, (1R,2R)-(−)-1,2-diaminocyclohexane, (1S,2S)-

(+)-1,2-diaminocyclohexane,1R,2R-(+)-1,2-diphenyl-1,2-

diaminoethane, (R)-(+)-1,1-binaphthyl-2,2-diamine and istin 

derivatives were purchased from Aldrich Chemicals and used 

as received. 

B. Synthesis 

Synthesis of chiral salen ligands L1–L5 [18,19] and their 

precursors was carried out by the reported procedure [20,21].  

C. Characterization 

NMR spectra were obtained with 500 MHz/200 MHz and are 

reference internally with TMS. Enantiomeric excess (ee) of 

the products were determined by HPLC (Shimadzu SCL-

10AVP) using Daicel Chiralpak IA colmn with 2-

propanol/hexane as eluent.  

 

III. RESULTS AND DISCUSSION 

I 
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At the very beginning, the role of the steric property of 

diamine collar of chiral monomeric salen ligands L1-L4 (10 

mol%) (Scheme 1) in combination with Cu(OTf)2 (10 mol%) 

was examined for their catalytic performance in the Henry 

reaction of isatin (0.2 mmol) with nitromethane (5 eq.) in THF 

with DIPEA (0.2 eq.) as a external base. Data in Table 1 notify 

that the in situ generated complexes with salen ligands L3 

having 1,2-diphenyl-1,2 diaminoethane collar (1R, 2R) worked 

better than complex derived from L1, L2 and L4. So, this collar 

was retained to form macrocyclic ligand L5. Among these all 

ligands, macrocyclic ligand L5 with Cu(OTf)2 gave better 

result in term of enantioselectivity and Yield. The improved 

performance of the catalyst Cu(II)-L5 is possibly due to the 

flexibility of trigol linker. To further check the effect of 

counter ion, we screened different metal source of copper(II) 

(Table 1). Among them Cu(OAc)2 with L5 proved to be the 

best catalyst (Table 1, entry 7) with DIPEA as a external base 

for asymmetric Henry reaction.  

  
Scheme 1. Structure of ligand L1-L5 

Table 1. Variation of Ligands and metal source for Henry 

reaction
a
. 

 

Entry Ligand Metal Source Yieldb (%) eec (%) 

1 L1 Cu(OTf)2 69 53 

2 L2 Cu(OTf)2 69 54 

3 L3 Cu(OTf)2 72 57 

4 L4 Cu(OTf)2 73 50 

5 L5 Cu(OTf)2 72 60 

6 L5 CuCl2 26 14 

7 L5 Cu(OAc)2 74 62 

8 L5 CuI 10 06 
aAll reactions were performed with 1a (0.2 mmol), nitromethane (5 eq.), L1-

L5(10 mol%), CuX2/CuX (10 mol%) in 1 mL dry THF. bIsolated yields after 

10 h by flash column chromatography. cDetermined by HPLC (chiralpak IA). 

 

It is well known that bases have a pronounced effect on the 

enantioselective reaction. Hence we have screened different 

bases such as Et3N, 2,6-Lutidine, DIPEA, tBu3N, 

Triisopropylamine. None of them proved to be better than 

DIPEA (Figure 2). In order to improve the yield and 

enantioselectivity of chiral β-hydroxy nitro compounds, the 

catalyst Cu(OAc)2-L5 (most promising among screened) was 

subjected to optimization of catalytic reaction parameters like 

solvents, reaction temperature and catalyst loading (Table 2). 

From these screening we  have observed that 7.5 mol% 

catalysis in 1,4-dioxane worked better in term of yield and 

enantioselectivity at 10˚C with DIPEA as a external base 

(Table 2, entry 9). 
 

 
       Figure 2. Variation of external base for Henry reaction of isatin. 

 

Table 2. Optimization of reaction condition for 

enantioselective Henry reaction
a
. 

 

 
 

Entry Catalyst 

loading 

(mol %) 

Solvent Temp.(˚C) Yieldb 

(%) 

eec 

(%) 

1 5 THF 27 62 51 

2 7.5 THF 27 73 63 

3 10 THF 27 74 62 

4 7.5 DCM 27 70 59 

5 7.5 1,4-Dioxane 27 84 60 

6 7.5 Acetonitrile 27 63 52 

7 7.5 Chloroform 27 68 54 

8 7.5 1,4-Dioxane 15 82 63 

9 7.5 1,4-Dioxane 10 81 70 

10 7.5 1,4-Dioxane 5 79 70 

aAll reactions were performed with 1a (0.2 mmol), nitromethane (5 eq.), L5(10 

mol%), Cu(OAc)2 (10 mol%)  in 1 mL dry THF. bIsolated yields after 10 h by 

flash column chromatography. cDetermined by HPLC (chiralpak IA). 
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Having recognized the optimal reaction protocol for Henry 

reaction, we then evaluated the efficacy of the catalyst 

Cu(OAc)2-L5  for a variety of isatin (Scheme 2). 5-substituted 

isatin gave better yield than 6-substituted isatin While 

enantioselectivity remained  unaffected by substituents and 

their position. 

 

 
aAll reactions were performed with 1a-1f (0.2 mmol), nitromethane (5 eq.), 

L5(10 mol%), Cu(OAc)2  (10 mol%)  in 1 mL dry THF. bIsolated yields after 

10 h by flash column chromatography. cDetermined by HPLC (chiralpak IA). 

 

Scheme 2. Variation of substrates in enantioselective Henry reactiona. 

Recyclability study of the Complex 

At the end of the catalytic run the solvent was completely 

removed from the reaction medium of macrocyclic salen 

complexes under reduced pressure. The residue was extracted 

with hexane to remove the reactants. The remaining solid was 

further washed with hexane, dried under reduced pressure for 

2 h, and used as recovered catalysts for recycling experiments 

of an asymmetric Henry reaction of isatin as a model substrate 

with nitromethane as a nucleophile (Figure 3) From the 

recycling experiments it is evident that the complex is stable 

during the course of the asymmetric Henry reaction, 

confirmed by the IR spectra (Figure 4). 

 

 

Figure 3. Recyclability study of catalyst Cu(OAc)2-L5 in Henary reaction of 

isatin 

 Fresh catalyst

 Catalyst (after 4 cycle)
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Figure 4. IR Spectra of fresh and recyclable catalyst. 

IV. CONCLUSION 

Five chiral monomeric salen ligands and their respective 

bimetallic Cu(II) complexes were synthesized and 

characterized. All these ligands were screened for their 

catalytic activity in chiral Henry reaction. The ligand L5 in 

combination with Cu(OAc)2 was found to be the catalytically 

most suitable, and was chosen for further fine tuning of the 

catalytic studies to obtain the best results. Although we have 

tested various metals, cupric acetate generates the most active 

catalytic system with ligand L5, giving high yield and 

enantiomeric excess. 
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Abstract- Internet is the rapidest growing media during the past 

decade. Especially, online shopping is a rapidly growing e-

commerce area. Online shopping basically provides the way 

consumers go shopping and purchase services and goods with 

reasonable price on the Internet. For some consumers, shopping 

and purchasing online have become part of their daily lives, 

while others may not even care about it.  

Present study was done with the given below mentioned two 

objectives: 

1. To study the consumer practice in terms of shopping. 

2. To compare thepractice of consumers regarding online 

and onstore shopping. 

General results of the study show that people prefer clothing and 

fashion articles most to buy onstore, while online shopping is 

mainly focused on mobile devices. Flipkart and Snapdeal apps 

are most popular amongst consumer. Simultaneously, 55 per cent 

favoured for online shopping as this can save time and energy. 70 

per cent of the consumer respondents face problems while 

purchasing on store while there are less complaints by the 

respondents (51.67 %) while buying online, because there is 

option of product return as well as money back and exchange 

offers. Pros and cons are there in both methods, but they are 

different.  

Keywords: Consumer, Consumer Practices, On store shopping, 

Traditional shopping, Online shopping.  

I. INTRODUCTION 

hopping is probably one of the oldest terms used to talk 

about what we have all been doing over the years, if 

possible, eras. Then again, in ancient times, the terms that 

would have been used would be ‘trading’ or ‘bartering’ and 

probably even ‘market.’ So what has traditional shopping have 

to offer now that the internet has opened up a wider and more 

enticing market to the current consumers? 

Shopping has certainly gotten a new definition since the 

arrival of the internet. Because of what the internet has to 

offer, that is, any person or company from any part of the 

world who is able to post and sell goods on the internet via a 

website is able to sell. What’s more, any consumer does not 

have to worry about having to find means to exchange 

monetary paper because not just online banking is made 

available, the consumer is given the option to pay through 

different payment methods. In fact, there are more and more 

advantages and benefits to online shopping and why people 

choose to do this type of shopping over traditional shopping.  

A. What is onstore or traditional shopping? 

‘Shopping’is an activity in which a customer browses the 

available goods or services presented by one or more retailers 

with the intent to purchase a suitable selection of them. In 

some contexts it may be considered a leisure activity as well 

as an economic one. 

These days there are different shopping venues such as, 

Shopping hubs, Stores, Home Shopping, Neighbourhood 

Shopping, Party shopping, Malls, Window shopping.  

Affordability, Short-term Commitment, Generating Buzz, 

Testing & Experimentation of new as well as local brands, 

Encouraging Spontaneous Purchases, Brand Extension etc. are 

several advantages of traditional buying. However, onstore 

shopping is time consuming but it can be most convenient for 

those who are rarely at home and don’t have time to compare 

prices. It’s especially convenient for those who work outside 

of home and students on campus. Onstore shopping can also 

be a lot quicker since one don’t have to worry about shipping. 

All you have to do is grab the item you want, step in line, and 

buy it.  

B. What is online shopping? 

Online shopping is defined as purchasing items from 

Internet retailers as opposed to a shop or store [2]. In modern 

days customer focus is more transferred towards online 

shopping; worldwide people order products from different 

regions and online retailers deliver their products to their 

homes, offices or wherever they want. The process has made it 

easy for consumers to select any product online from a 

retailer's website and have it delivered to the consumer within 

no time. The consumer does not need to consume his energy 

by going out to the stores and saves his time and cost of 

travelling.  

The benefits of online shopping include better prices, 

convenience, accessibility, rate and variety comparability, 

more variety, fewer traps, discreet shopping and privacy. 

There are several disadvantages also viz., security concerns 

surrounding payment by credit card, not being able to 

physically inspect the goods before purchase, goods getting 

damaged during transport, goods not arriving in time or at all 

and it concerns over what information retailers are storing 

about customers, e.g. buying habits. 

S 

http://www.differencebetween.net/category/technology/internet/
http://www.differencebetween.net/business/difference-between-consumer-goods-and-industrial-goods/
http://www.differencebetween.net/science/health/difference-between-worry-and-anxiety/
http://www.differencebetween.net/language/words-language/difference-between-how-come-and-why/
https://en.wikipedia.org/wiki/Leisure
https://en.wikipedia.org/wiki/Online_shopping
https://en.wikipedia.org/wiki/Online_shopping
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C. Objectives of the study 

The objectives of the study were: 

1. To study the consumer practice in terms of shopping. 

2. To compare the practices of consumers regarding 

online and onstore shopping. 

D. Justification /Reason of the study  

Present study was done to find out the general practices 

ofconsumers of Amreli City of Gujarat State. Amreli city is 

far located and comparatively products and services are less 

available. The choice is not much among products and 

services and expensive as well in comparison to other big 

cities.People are bound to purchase items whatever is 

available. But these days, mobile and internet services are 

used extensively, then how can common men will keep 

themselves aloof to use this? Hence, shopping is being done 

from the websites using internet services. 

A survey was done using questionnaire through interview 

method, is purposive. The study was done to compare the 

practice of shopping among consumers, whether they like 

traditional shopping or online shopping, and why? 

II. MATERIALS & METHODS 

The present study was done on the consumers of proper 

Amreli city. More than 100 respondents were surveyed first. 

Amongst those, who were using online shopping or have ever 

done that, chosen for the study. Thus, the selectedsample was 

of 60respondents aged 15 years to 45 years of Amreli 

city,Gujarat.Sample was covered from the various areas of 

Amrelicity,like Bhojalpara, Hanumanpara, Near Mahilavikas, 

Gajerapara, Sarvoday Society, Sastrinagar, Manekpara, 

Railway crossing, Ganga Park Society, Giriraj Nagar and 

nearby. After making survey of more than 100 persons, 60 

respondents of various areas of Amreli city were selected on 

the basis of their awareness about online shopping. Those 

consumers who involved in online shopping or had done any 

in his or her life were selected purposively for further study. 

Survey cum interview method was used.A questionnaire 

was prepared and then it was used to interview the sample 

chosen for the study. With this, a keen observation was also 

done to reduce unnecessary confusion.The interview schedule 

was framed using close ended questions only. 

III. RESULTS AND DISCUSSION 

It is divided into different sections,are given below. 

 Background information of the respondents 

 Onstore or Traditional Shopping 

 Online Shopping 

 Difference between Onstore and Online Shopping 

A. Background information of the respondents 

Regarding education of the respondents data shows that 

40 per cent respondents were graduates and no respondent was 

less than 10
th

 pass. More than halfof the respondents (58.34 

%) were falling into the young age group, i.e., 15-25 years.  

The present research tells that half of the respondents (50 

%) were doing private job in different firms. Nearabout 21.67 

per cent respondents were still studying. 6.67 per cent 

respondents were working as Government employees and the 

same share is of housewives. Only 2 respondents (3.33 %) 

were having their own gruhudyog. Regarding family 

composition, maximum of sample size (71.67 %) were having 

3 to 5 family members. Maximum of the respondents (39 %) 

were earning Rs. 30,000/- above per month, while 11.67 per 

cent respondents were having their family monthly income 

less than Rs. 10,000/-.  

B. Onstore or traditional shopping 

On asking the respondents, what they buy from stores or 

shops, maximum of respondents (86.67 %) prefer clothing and 

fashion articles from shop. The reason behind this might be 

that they can try things on the spot, feel the material type and 

comfort and any damage before buying. After this, electronics 

and appliances category comes. 58.34 per cent respondents go 

for onstore shopping as they can verify that whether the article 

is in working condition.  

66.67 per cent respondents don’t prefer any single shop 

for buying one kind of products. 78.34 per cent sample 

persons prefer particular kind of store for particular product. 

38 out of 60 respondents prefer buying from branded shop/ 

store. 

These days, most noticeable standard mark was Hallmark 

for jewelry. 55 per cent now-a-days prefer to see Vegetarian 

or Non-Vegetarian mark on the food products. Very few 

respondents were aware that they have seen and prefer buying 

on seeing other standard marks like ISO series, CE, FPO, 

Ecomark, Energy star, Woolmark etc. while none of the 

consumer was aware about latest 3 R’s. 60 and 80 per cent 

respondents have heard about organic and eco-friendly 

products, respectively. Nearly half of the respondents (49 %) 

go to those shopkeepers, who were good with them. More than 

85 per cent respondents are buying products from a particular 

store, that too of good quality. When asked what payment 

mode they prefer, 65 per cent respondents prefer paying cash 

on delivery. 26.67 per cent respondents prefer to pay via debit 

card. Very few of sample go payment by cash after sale 

service, credit card and net banking. 

TABLE I 

DATA IN F & % OF SAMPLE RELATED TO ONSTORE SHOPPING 

   N=60 

S.No. Particulars F (%) 

1. What things you buy from stores & shops? 

Grocery  19 (31.67) 

Equipment & Utensils   12 (20) 

Furniture & Furnishing 23 (38.34) 

Clothes & Fashion 52 (86.67) 

Electronics & Appliances 35 (58.34) 
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Any Other - 

2. What criteria you keep in mind before buying any 

product? 

Brand name  26 (43.34) 

Need 26 (43.34) 

Standard Mark Of Quality  16 (26.67) 

Instructions for use / cautions 5 (8.34) 

Batch No. & Lot No. 3 (5) 

Price 44 (73.34) 

Amount /Quantity 25 (41.67) 

Manufacturing date 7 (11.67) 

Expiry Date 31 (51) 

Any Other 2 (3.33) 

3. Do you find one kind of products at single shop? 

Yes 20 (33.34) 

No 40 (66.67) 

4. Do you prefer by particular products from the particular 
kind of store? 

Yes 47 (78.34) 

No 13 (21.67) 

5. Do you prefer by buying from branded shop store? 

Yes 38 (63.34) 

No 22 (36.67) 

6. Have you noticed standard marks given below on the 

products? 

ISI/BIS 12 (20) 

ISO-14001 7 (11.67) 

ISO-22000 2 (3.33) 

CE 2 (3.33) 

HALLMARK 38 (63.34) 

FPO 2 (3.33) 

ECOMARK 6 (10) 

ISO-90001 10 (16.67) 

ISO-18001 2 (3.33) 

AGMARK 13 (21.67) 

ENERGY STAR  7 (11.67) 

WOOL MARK 9 (15) 

VEGETARIAN / NON-VEG. 33 (55) 

3 R’s - 

7. Have you heard about organic products? 

Yes 36 (60) 

No 14 (23.33) 

8. Have you heard about eco-friendly products? 

Yes 48 (80) 

No 12 (20) 

9. Whether shop keeper where you go to buy, is good with 

you? 

Yes 49 (81.67) 

No 11 (28.34) 

10. Whether the products you are buying from particular store 

are of good quality? 

Yes 52 (86.67) 

No 8 (13.34) 

11. How do you pay on store from where you prefer buying? 

Credit card 1 (1.67) 

Net banking 1 (1.67) 

Cash after sale service 3 (5) 

Debit card 16 (26.67) 

Cash on delivery  39 (65) 

Any other 16 (26.67) 

12. Do you compare from online price range of the product or 

service before purchasing anything? 

Yes 39 (65) 

No 21 (35) 

* Note: Answers other than Yes or No are in multiple choices. F is 

Frequency & Percentage in Parentheses. 

0 

It is important to mention that, before doing onstore 

shopping, respondents also asked whether they compare price 

range of the product or service from online shops or sites? 65 

per cent respondents’ answer was in ‘Yes’. 

C. Online Shopping 

Data from table 2 shows that cent per cent respondents do 

purchase online. More than 100 persons were surveyed, then 

those 60 persons were selected as sample of the study who 

have purchased online or who regularly purchase online. 83.34 

per cent respondents prefer mobile device for purchasing 

online from different sites or online stores. Major reason 

behind this may be that mobile is a small device and can be 

taken and used anywhere. Simultaneously, various online 

stores have launched apps for mobile users only which give 

more benefit to those users who buy from that app. 96.67 per 

cent respondents were aware of various app for online 

shopping.  

It is revealed from the table 2 that 80 per cent respondents 

prefer online shopping from Flipkart app. After that Snapdeal 

app is preferred by 75 per cent respondents for online 

shopping.More than 71 per cent respondents prefer to buy 

clothes, bags and shoes from online apps. 63.34 per cent 

respondents in each purchase Fashion accessories as well as 

Mobile & accessories.  

70 per cent respondents make account and then purchase 

online from various apps. Generally most of the respondents 

(48.34 %) prefer buying famous products only. On asking 

about payment mode for online shopping, 86.67 per cent 

respondents prefer paying cash on delivery.  

TABLE II 

DATA IN F & % REGARDING ONLINE SHOPPING 

N=60 

S.No. Particular F (%) 

1. Do you shop or purchase online? 

Yes 60 (100) 

No - 

2. How do you purchase online? 

On computer 10 (16.67) 

On mobile 50 (83.34) 

3. Are you aware of various apps for online shopping? 

Yes 58 (96.67) 

No 2 (3.33) 

4. Which application software you prefer for online 
shopping? 

Snapdeal 45 (75) 

Amazon 27 (45) 

Home Shop 18 2 (3.33) 

Lime Road 2 (3.33) 

Myntra 12 (20) 

Zopper - 

Flipkart 48 (80) 

Jabong 5 (8.34) 

Shopclues 8 (13.34) 

Napptol 11 (18.34) 

Voonik 16 (26.67) 

5. Which kind of products or services you prefer to shop 

online? 

Computers & laptops 15 (25) 
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Food & Beverages 1 (1.67) 

Home appliances 2 (3.33) 

Cameras 12 (20) 

Office products 3 (5) 

Sports & Fitness Products 4 (6.67) 

Health & Beauty products 17 (28.34) 

Toys & Gifts & Cakes 9 (15) 

Tour Packages - 

Banking 1 (1.67) 

Fashion Accessories 38 (63.34) 

Clothes, Bags  & Shoes 43 (71.67) 

Mobile & Accessories 35 (63.34) 

Kitchen Utensils 3 (5) 

Books 7 (11.67) 

Movies/ Music & Video Games 2 (3.33) 

Furniture 3 (5) 

Motor Vehicles 1 (1.67) 

Travelling - 

Any Other - 

6. Do you prefer shopping by making account on site or 

app ? 

Yes 42 (70) 

No 18 (30) 

7. What type of product you prefer in online shopping? 

Locally Available 19 (31.67) 

International 11 (18.34) 

Big Branded 19 (31.67) 

Famous only 29 (48.34) 

8. How do you pay on store from where you prefer 

buying? 

Credit card 1 (1.67) 

Net Banking 3 (5) 

Debit card 22 (36.67) 

Cash on Delivery 52 (86.67) 

Any other 2 (3.33) 

9. Do you prefer purchasing on the basis of discount/ 

offers? 

Yes 56 (93.34) 

No 4 (6.67) 

10. Which type of offers you find during Purchasing online? 

Combo offer 33 (55) 

Free Gift on shopping 17 (28.34) 

Gift Vouchers/ Verification Codes/ 
Gift Coupons/ Scratch Cards 

16 (26.67) 

Cash Back 12 (20) 

Free Delivery 40 (66.67) 

Exchange Offer 10 (16.67) 

Any other 2 (3.33) 

11. What criteria you keep in mind while shopping online? 

Most Used 7 (11.67) 

Quality 39 (65) 

Brand 36 (60) 

Famous 10 (16.67) 

Quantity 27 (45) 

Any other - 

12. Have you complained or returned backed the product or 

service, you shopped online? 

Yes 44 (73.34) 

No 16 (26.67) 

* Note: Answers other than Yes or No are in multiple choices. F is 
Frequency & Percentage in Parentheses. 

 

Maximum of the respondents (93.34 %) prefer purchasing 

online when there is any discount or special offers on the 

products or service. Most of the respondents found free 

delivery options and they go for it generally. Combo offers 

(by 55 % respondents) and free gift (by 28.34 % respondents) 

were also noticed.65 per cent and 60 per cent respondents, 

were quality and brand minded, respectively. 45 per cent 

sample considered quantity and amount also but in 

comparison with price. If the amount is more in less price, 

they prefer that criteria in mind. After that famous products 

and most used products reviews were also main points to be 

considered by the respondents. 

More than 73 per cent respondents made complaint or 

returned back, when they purchased online. The reasons were 

damaged, non-working, not expected colour, quality of the 

products. 

D. Difference between Onstore and Online Shopping 

It was asked from the respondents that which type of 

shopping is easy, 55 per cent favoured for online shopping. Ifs 

and buts are applicable here. More than 60 per cent 

respondents given response that actual view is possible in 

onstore shopping, 48.34 per cent told that suitable amount of 

the desired product can be chosen, 41.67 per cent said actual 

feel can be done and same amount of respondents felt that 

frauds can be avoided. Exactly half of the respondents said 

laughingly that bargaining can be done only in onstore 

shopping. 

On the other hand, half of the sample was in favour of 

online shopping as this can save time and energy. 43.34 per 

cent felt that online apps and stores provide more choices and 

options. As there are offers, 36.67 per cent accepted that 

money could also be saved via online shopping. Less than 

1/3
rd

 of the respondents (31.67 %) agreed that it is quick 

method at the time of urgency. As there are more choice 

available online, only 26.67 per cent respondents said that 

they can select the product which is within there budget.  

Negative points of onstore as well as online shopping 

were also asked to the respondents.  70 per cent respondents 

were regretted that there are less choices available at one 

store, they have to wander shop to shop. More than half of the 

respondents (58.34 %) felt that products they want to buy 

come in particular size and amount only; (56.67 %) and 

frauds, irritations and mishaps cannot be avoided in online 

shopping. 70 per cent of the consumer respondents face 

problems while purchasing on store, if the complaint comes 

after going home, there is an exchange offer but no money 

will be returned. While there are less complaints by the 

respondents (51.67 %) while buying online, because there is 

option of product as well as money back, exchange offer etc. 

Pros and cons are there in both methods, but they are different.  

TABLE III 

DATA IN F & % REGARDING DIFFERENCE BETWEEN ONSTORE 

AND ONLINE SHOPPING 
  N=60 

S.No. Particulars F (%) 

1. Which type of shopping you feel is easy for you? 

Onstore Shopping 27 (45) 

Online shopping 33 (55) 
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2. Is online shopping more costly then onstore shopping? 

Yes 28 (46.67) 

No 32 (53.34) 

3. What facilities are there in Onstore shopping? 

Actual feel 25 (41.67) 

Suitable Amount can be chosen 29 (48.34) 

Bargaining can be done 30 (50) 

Actual View 38 (63.34) 

Any fraud can be avoided 25 (41.67) 

Any other  

4. What facilities are there in Online shopping? 

Time & Energy Saving 30 (50) 

Many times money saving 22 (36.67) 

Can select things within the budget 16 (26.67) 

Quick at the time of urgency 19 (31.67) 

More choices/ options 26 (43.34) 

Any Other  - 

5. What negative points you feel are in Onstore shopping? 

We have to go to the store at Least 

and spend time and energy for 

choice   

31 (51.67) 

Less choices are available at one 

store, have to wander from shop to 

shop 

42 (70) 

Have to buy even if we are not 
getting fully suitable products 

27 (45) 

Have to adjust in monetary terms 

when in urgency 

31 (51.67) 

6. What negative points you feel are there in online 
shopping? 

Actual feel & Actual View cannot be 

possible 

38 (63.34) 

Products come in particular size or 
amount only 

35 (58.34) 

Frauds, irritations and mishaps 

cannot be avoided 

34 (56.67) 

If any complaints are there it takes 
much time to solve 

26 (43.34) 

7. Have you faced any problem or complaint while 

purchasing Onstore? 

Yes 18 (30) 

No 42 (70) 

8. Have you faced any problem or complaint while 

purchasing online? 

Yes 29 (48.34) 

No 31 (51.67) 

*Note: Answers other than Yes or No are in multiple choices. F is 
Frequency & Percentage in Parentheses 

 

IV. SUMMARY AND CONCLUSION 

Internet is the rapidest growing media during the past 

decade. Especially, online shopping is a rapidly growing e-

commerce area. Online shopping basically provides the way 

consumers go shopping and purchase services and goods with 

reasonable price on the Internet. For some consumers, 

shopping and purchasing online have become part of their 

daily lives, while others may not even care about it. At this 

point, what factors influence online purchasing behavior and 

explain the difference in online buying behavior among 

Internet users [1]. These days, it is even easier to find the most 

difficult of all products, by easily typing in the product or item 

that you are looking for. One doesn’t have to worry 

about location because logistic companies are also joining the 

bandwagon, so to speak, and helps in making sure that their 

products would be available to any and all destinations in the 

world.  
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Abstract-- From the preceding century Kutch embroidery has 

become famous worldwide. Kachhi Rabari embroidery is one of 

the marked techniques of surface embellishment of Kutch 

district of Gujarat states, done by Kachhi Rabari community’s 

women. The purpose of the study was to document the 

traditional Kachhi Rabari embroidery’s motifs and unique piece 

of 50 years former for the future generation. To study the 

prevailing practices used in Kutch for Kachhi Rabari 

embroidery. For the present study survey along with interview 

method was used to collect the data. 60 ladies from 6 villages of 

two talukas like Mundra and Nakhtrana were selected by 

purposive sampling method. Data was collected using questioner 

and observation technique. Special motifs of their community 

like Mor (peocock),Sudo (parrot),Ambo (mango tree), 

Panihari(women bringing water),Sandiyo (camel), Deri (temple), 

Vinchhi(scorpion), Hathi (elephant),Bajubandh(upper arm 

bend)are used in Kachhi Rabari  embroidery.  The Broad chain 

stitch, Button hole stitch, Mirror work, Hearing bone 

stitch(vano), Patch work, Interlaced stitch(bavliyo), Bound 

mirror are used in Kachhi Rabari embroidery. It also consists of 

additional enhancement stitches are called bakhiyo and dana. By 

this embroidery Kachhi Rabari women make Batvas, Chaklas, 

Toran, Kachliyo, Ghaghra, Zuldi, Vanzno, Bandi, Caps and 

Kapdas. By selling this articals through different institute like 

Shrujan, Kalaraksha, Garvi gurjari or by themselves in domestic 

market, Kachhi Rabari women earn bread and butter and also 

helps to cherished treasure of art. 

Keywords— Kachhi Rabari embroidery, community, treasure of 

art, stitch, motif.     

I. INTRODUCTION 

rom the preceding century Kutch embroidery has become 

famous the world over. Kachhi Rabari embroidery is one 

of the marked techniques of surface embellishment of Kutch 

district of Gujarat state, done by Kachhi Rabari community’s 

women. Kutch is not a name of city but it is the name of area.  

       Rabari is one of the pastoral community of Kutch district. 

Today three subgroup of Rabari’s dwell in Kutch. The three 

subgroups are as follows – (1) Kachhi Rabari (2) Dhebariya 

Rabari (3) Vagdiya Rabari. Style of Rabari embroidery varies 

from subgroup to subgroup. One of them Kachhi Rabari is 

having different and distinct embroidery. A thousand dialects 

in stitches. Women of Kachhi Rabari sew their colorful 

dreams with the help of needle. Embroidery plays very 

important role of Kachhi Rabari’s nomadic culture.  

What is Kachhi Rabari embroidery? 

      Interlacing stitch (bavaliyo), Broad chain 

stitch,Harringbone stitch, Mirror work, Dana(basting),  Button 

hole stitch, Square chain stitch, Interlaced Button hole filling, 

Patch work, Bound mirror(bandha kach) stitches. It also 

consists of additional enhancement stitches are called bakhiyo 

and dana  are  used in Kachhi Rabari embroidery. 

Motifs 

          Special motifs of their community identity like Mor      

(peacock), Sudo(parrot), Ambo(mango tree), Panihari(women 

bringing water), Sandiyo(camel), Vicchi(scorpion), 

Bajubandh  (upper arm bend). Hathi(elephant), Deri(temple), 

Zarmar(necklace) and  Makodiy(zigzag) are used in Kachhi 

Rabari embroidery. 

Fabric 

      Cotton or silk fabric like Yellow, Pink, Green, Violate and 

Red colored fabric are generally used in Kachhi Rabari 

embroidery. 

Threads 

     Cotton and silk threads like White, Green, Yellow, Saffron 

and Red are used in Kachhi Rabari embroidery. 

     Human civilization born, developed and destroyed as the 

time passes. Each and every civilization has interested in their 

heritage, how much progress mankind achieved compare to 

their ancestors. 

      Now the above discussion leads the researcher to conduct 

this study.   

II. OBJECTIVES OF THE STUDY 

1) To document the traditional Kachhi Rabari 

embroidery’s motifs and unique pieces of 50 years 

former for future generation.                       

2) To study the prevailing practices used for Kachhi 

Rabari embroidery.                

III.    METHODOLOGY 

         For the present study survey along with interview 

method was adopted. The two talukas and 6 villages selected 

for the survey. The three villages like Tundavandh, Khakhar 

and Bhujpur of Mundra taluka and other three villages like 

Sumarasar, Dhaneti and Bhujodi of Bhuj  taluka were 

F 
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selected. 60 ladies artisan with different age group were 

selected by purposive sampling method are mentioned below. 

TABLE I 

 

 
No 

 

 
Taluka 

 

 
Villages 

 

Age group 
 

Above 20 to 

30 years 

Above 50 to 

60 years 

1  
Mundra 

1)Tundavandh 
2)Khakhar 

3)Bhujpur 

5 
5 

5 

5 
5 

5 

2  
Bhuj 

 

1)Sumarasar 
2)Dhaneti 

3)Bhujodi 

5 
5 

5 

5 
5 

5 

      Data was collected using questionnaire and observation 

technique. Researcher also visited shrujan-bhujodi and 

kalaraksha – shumrasar. Researcher also visited Kutch 

museum, Bhartiya Sanskruti Darshan museum of Bhuj. 

IV.     RESULT AND DISSCUSION 

 Result revealed that – Kachh iRabari used big size 

mirror extensively in their embroidery because they 

believe that mirror reflects the evil spirit.  

 They mainly used bright gaudy colors like red, 

yellow, green, saffron in their embroidery work to 

bring some life the dull desert land and make them 

forget their hardship. 

 The cottan and silk with various texture was used for 

former fabric of embroidery. Presently they used 

smooth cottan, synthetic fabric such as nylon and 

polyester were also widely used for embroidery. 

 In present they adorn the costume with glittering 

gaudy lace and machine embroidery instead of the 

hand embroidery. All the works of Kachhi Rabari 

embroidery are money driven activity in the battle of 

this urbanization due to their survival.  

 In present Rabari community settled down from 

nomadic life. That’s why the embroidery of Kachhi 

Rabari is found in modern era in high and posh 

locality for fashion. 

 Motifs of Kachhi Rabari Emboidery 

 

 

 

 

 

 

 

                           Motif  1.Mor (peacock) 

 

                       

 

 

 

 

 

 

 

                                      Motif  2. Vinchhi (scorpion) 

 

 

 

 

 

 

 

 

 

 

       Motif  3. Ambo (mango tree) 

 

 

 

 

 

 

 

 

               

                            Motif  4. Hathi (elephant) 

   

 Motif  5. Sudo (parrot) 
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Motif 6. Deri (temple) 

   Garments of Kachhi Rabari Emboidery 

 

 

 

 

 

 

 

 

 

 

                        Garment  1. Zuldi (upper garment of boy) and Cap 

 

 

 

 

 

 

 

 

 

 

 

                              

           Garment  2. Kapada 

 

 

                                V.     CONCLUSION  

By doing Kachhi Rabari embroidery’s various 

garments and articles Kachhi women use their potent skill 

and time. By this Embroidery Kachhi women make Batvas, 

Zuldi-Vanzna, Kanchliyo-Ghaghras ,Torans, Chaklas, Caps, 

Kapdas, Bandis etc. By selling these articles through 

different institute like Shrujan, Kalaraksha, Garvi gurjari or 

by themselves in domestic market, Kachhi Rabari women 

earn bread and butter and also help to cherished treasure of 

art. 

 This study would be also useful for fashion designer 

to create new fashion using Kachhi embroidery in garment. It 

would also helps the models, film stars, politicians to give 

themselves enhancing and eye catching look by wearing 

garment and Shoulder Shawl made of Kachhi embroidery. It 

helps to the garment industry as they earn a lot of foreign 

exchange for the country by exporting Garments, Shawls and 

articles made from Kachhi embroidery. It will enhance 

Indian economy too. 
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Tangaliya Rare Unique Textile of Saurastra Region, 

Gujarat, India 

Binaben T. Gajjar 

C.A.C.D.&D.M. Department, C. U. Shah Polytechnic, Surendranagar 

Abstract: India is developing country, Indian are practiced 

creativity, innovation and technology in their traditional art and 

life style. Because of Indian are replaced their traditional art by 

the western culture or left their tradition, some of the precious 

Indian traditional art were at dyeing stage or verge to extinct 

stage, so the people, NGOs and government put their great effort 

to revive them. Tangaliya rare unique textile weaving art of 

Surendranagar district, Gujarat in India is one of them thus, it is 

necessary to document Tangaliya a traditional craft for the 

younger generation to understand their tradition and culture 

before it is completely change or extinct. 

Keywords – Tangaliya, Traditional craft, Unique traditional 

textile, Geographical Indications, NIFT, Surendranagar District 

of Gujarat, India 

I. INTRODUCTION 

Human beings are thinking creatures, their brains 

work really actively when they have problems to solve or/and 

decisions to make, which is the base of derives the traditional 

craft. Creativity is the act of turning new and imaginative 

ideas into reality so we describe craft as most beautiful 

creativity. Science changing the era the changes seen in the 

traditional craft, this significant positive change is Innovation 

which is not execute without proper technology- the study and 

knowledge of the Practical, especially industrial, use of 

scientific discoveries. Thus the innovation and technology is 

helps to bring out the creativity such as traditional crafts from 

era to era. 

The crafts of India are diverse, rich in history and 

religion. It has a wide range of traditional textiles and 

craftsmanship which provide artistic and exotic range of 

products. The aesthetics of each state in India reflect the 

influence of different empires. Gujarat is one of the most 

vibrant states of India. Gujarat‘s arts and crafts are essentially 

the legacy of its glorious past. The truly reflected the lifestyle, 

culture and the spirit of the state. Tangalia is a handicraft 

textile which is made solely in Gujarat in the district of 

Surendranagar. The Dangasia community is the only maker of 

this peculiar craft. Tangalia is a sarong like garment worn by 

the Bharvad women on special occasions such as weddings, or 

when they visit their relatives. The Ramraj Tangalia is a 

unique kind of motif worn by Motabhai Bharvad community. 

Tangaliya was earlier practiced in villages of Rajkot, 

Ahmedabad, Dhandhuka, Bavala, and Surendranagar of 

Gujarat but nowadays it practiced only in villages of 

Surendranagar District, Gujarat. Tangaliya also known as 

Dana work, this tiny dana, extra weft are twisted around the 

warp, gives an effect of bead embroidery done on the fabric.  

The Tangaliya shawl — which uses a unique 

weaving technique and was almost on the verge of extinction 

— has been given GI (Geographical Indications) recognition 

by the Central government. It is among the few handicrafts of 

Gujarat — others being Sankheda furniture, agate of Cambay, 

and Kutch embroidery — to get this recognition. 

II. METHODOLOGY 

The major objective of the study was to document 

the history, process, motifs, colours, type of fibre used for 

making Tangalia a unique textile of saurastra District, Gujarat, 

India. A descriptive research design was planned. The 

interview schedule and participatory observation technique 

were undertaken to get complete and authentic information. 

The data was collected with the help both interview and 

observation method. The schedule prepared by open and close 

ended questions, which dealt with demographic details, 

history, process, motifs, colours. Sample selection was done 

through purposively sampling method. The sample sizes 

comprised of ten families, two family from each village – 

Vastadi, Wadhawan, Dedadara, Godavari, Bajana. 

III. RESULT AND DISCUSSION 

Tangaliya this beautiful and rare unique textile 

weaving art is found in Saurastra region of Gujarat in India. 

Tangaliya as the name is derived from the word Tangalio - the 

lower part of the body. Tangaliya unique weaving technique 

was basically produced by Dangasia community for self-

sufficiency and sustainability, usually used as shawl and wrap 

around skirt by women of Dangasia community. The 

Dangashiya community is a mixed community of weavers and 

shepherds (Bharwad). Tangaliya less addressed by the craft 

historians but consistently practices and continued as a 

cultural identity and symbol to the Dangasia and the 

Bharward community of Saurashtra region. 

The respondents also clarified that Tangaliya was 

practiced in five villages of surendranagar district, Gujarat. 

Two of the ten respondents claimed that he was the 9
th
 

generation in his family practiced the craft. Tangaliya was 

evolved in saurastra around 700 years ago and produced by 

Dangasia community mainly for their own use so it was 

unnoticed for the years. Due to lack of exposure indigenous 
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artisans were pushed into oblivion and the craft was almost on 

the verge of extinction. In 2007 National Institute of Fashion 

Technology (NIFT), Gandhinagar was formed Tangaliya 

Hastakala Association to support the artisans. Futher the Saath 

(NGOs), Suvas (federations), Rweavers (Crftroots exhibition) 

also helped the artisans of Tangaliya. Tangaliya Hastakala 

Association has 226 member artisans spread over five villages 

although today such a handful of artisans were actually 

involved ,and rest of them pushed away thus, apathy leaves 

tangaliya in tangles. 

A. Geographical Indication ( GI )  

GI is a name or sign used on certain products which 

correspond to a specific town, region or country.GI certifies 

that the product possesses certain qualities or enjoys a certain 

reputation due to its geographical origin.  

Tangaliya shawl would be registered on behalf of the weavers' 

association under GI by National Institute of Fashion 

Technology ( NIFT ), Gandhinagar,which would help to 

protect and add value to this craft.Fig. 1 is Geographical 

Indication certificatre of Tangaliya Shawl made at Vastardi 

village of Surendranagar District got GI under GI application 

No. 127, Class – 24(Textile and Textile Goods), 25 (Clothing 

Includes Shawla, Sarees, Stoles including rumals), & 

27(Home furnishings, Rugs and Mats.) whose applicant was 

Hastkala Association.  

 

Fig.1 Geographical Indication Certificate 

B. History and Origin 

  Tangaliya, was a 700 year old indigenous craft of 

Saurashtra region. This indigenous craft has deep rooted 

origin and history. According to local legend, proof of 

existence of the craft is deep rooted in the tradition, which the 

people of that particular region uphold even today. There was 

a belief that long back in the history Saurashtra, there lived 

three ‗Bharwaad‘ brothers. The middle brother fell in love 

with a girl of the weaver community. Because of social 

restrictions of caste the two families were against the 

marriage. However the boy & girl mule and decided to got 

married. This new incident ostracized them and they lived in 

the outskirts of the village. Because of social stigma a new 

caste was born out of these two couple and the offsprings 

formed a separate community – came to known as Dangasia 

Community. It was this new community that evolved this 

exquisite technique of weaving using the raw wool yarn that 

came from the sheep of Bharwaad community. It was this new 

community that named the new weaving technique and craft 

as ―Tangaliya‖. Now, the Dangasia community is known as 

the wool-weaving community of Gujarat. 

C. Types of Tangaliya 

The respondent clarified that in early years there 

were three types of Tangaliya made, in which Zalawadi made 

with only white and maroon danas, while Halari and Bhadar 

made with colourful danas. Types of Tangaliya were also 

known as Ramraj with heavy dana work done in brite colours 

like Maroon, Green, Orange, Yellow, Pink, White and the 

background was black with maroon horizontal line,border 

decorated with wovwn zari.The Second type of Tangaliya was 

Charmalia – majorly white and a few maroon danas in fabric 

made by black and maroon warp yarn and black coloured weft 

yarn. Dhunslu third type of Tangaliya has less dana work of 

white and maroon colour with black background, worn by 

aged women. Lobadi was forth type of Tangaliya used for 

head covering of bua, made in maroon colour with white 

danas.  

D. Motifs  

Motif of Tangaliya made with the special 

arrangement of danas. Tangaliya motifs have a very geometric 

and graphic feel to it. Traditionally the most basic motif of 

Tangaliya is the Ladawa (an Indian Sweet). Peacock, 

Temples, trees, aeroplane, some geometric forms like circles, 

squares, triangles were traditional basic motifs used for 

Tangaliya. Another motifs like phandi, pag(feet of the 

peacock), ambo(mango ree), bajariya ni zhaadavi, chakalo, 

karoliyo, piyali ka zhaad, kangasi ki zhaad, navdhari ki zhaad, 

sitamadhi, tower ka zhaad, mor ki zhaad, haveli etc. made 

with the help of these basic  motifs. These motifs are a 

selection from natural surroundings, daily life and religion of 

the craftsmen. Fig 2 to 13 Shows Motifs of Tangliya 

 

http://timesofindia.indiatimes.com/topic/Spread-(musician)
http://timesofindia.indiatimes.com/topic/Indigenous-(musician)
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Fig.2 Button 

 

 

 

 

Fig.3 Mor (Peacock) 

 

 

 

 

Fig.4  Mor (Peacock) 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Fig.5 Tavar ni Jhadavi                                   Fig. 6 Aroplen 

 

 

 

 

 

 

 

 

 

 

 

          Fig.7 Moti Aash                      Fig. 8 Ambo ni Jhadavi 

 

 

 

 

 

 

 

 

 

 

 
                     Fig. 9 Bajariya ni Jadavi                    Fig. 10 Karoliya nu Zaad 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 11 Mor (Peacock) nu Zaad 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
                         Fig. 12 Bangalo                                        Fig. 13 Sitamadhi 
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E. Colours  

Motifs are made using Dana work. Mainly black and 

maroon coloured yarn used for the main fabric. White and 

pink yarns were used to create the motifs in the traditionally 

made Tangalia but today so many colours were used for 

Tangaliya like Blue, Green, red, pink, black, grey, maroon, 

purple and orange. 

F. Process of Preparing Tangaliya 

Each and every stages of the process was as 

informed by the weavers. The process of Tangaliya making 

was very time consuming and needed most accuracy they 

stated. Making of Tangaliya involves levels of workmanship 

including procuring of raw material, spinning, sizing, dyeing, 

warping and final weaving with dana making. Plain weave 

used for Tangaliaya weaving. Traditionally Tangaliya woven 

by wool yarn, dana making by cotton fibres.  Today they use 

wool, cotton, acrylic & viscose also. As per requirement yarn 

was bring form Ahmadabad or made at home by the process 

of procuring of raw material, spinning, sizing, dyeing for 

Tangaliya weaving. After this bobbin and creel were prepared 

by the yarn. For the warpin banboo stitcks were placed at six 

places and yarn pass alternatively over and under. Now warp 

was ready. Tangaliya was produced on pit loom. The motifs 

were made by danas, the weaver picks up little bit of the faber 

of the required colour and twists it around the raised warp 

thread, wherever required and beats it in with the beater. After 

all the danas were made on one pick, the weft yarn was 

inserted and beaten up. This secures the danas at their 

respective places. Danas made with the contrast colour thread, 

along with the warp yarn so it creates the effect of raised dots. 

Since the yarn dots are wrapped around the warp with the 

weft threads, the design can be seen on both sides of the 

fabric. 

G. Products  

Treditionally the Tangaliya products like Ramraj, Charmalia, 

Dhunslu, Lobadi, Tangaliya the shawl were produce but now 

various kinds of cloth products from Tangaliya like dress 

materials, dupattas, cotty ( Jacket), bedsheets, cushion covers 

etc. Traditional Tangaliya Shawl is shown in Fig. 14 while 

Kurti (refers Dress material) of current popularity is shown in 

Fig.15  

 

 

 

 

 

 

 

                                  Fig. 14 Tangaliya Shawl 

 

Fig. 15 Kurti 

IV. CONCLUSION 

The artisans were aware of the history and traditional method 

of produce the craft. The method has changed due to meet the 

great growing market although they could not came out to the 

poverty. The basic production process has not changed but the 

designs and ingredients are change. Traditionally the 

Tangaliya products like Ramraj, Charmalia, Dhunslu, Lobadi, 

Tangaliya the shawl were produce but now various kinds of 

cloth products from Tangaliya like dress materials, dupattas, 

cotty ( Jacket), bedsheets, cushion covers etc. Exhibitions 

provide platform to the artisans. After playing an instrumental 

role in getting GI for `Tangaliya, the NIFT is now trying to 

revive and give a new identity to this dying art and different 

kind of the help provide to the artisans but Apathy leaves 

tangaliya in tangles. Due to lack of awareness artisans face 

difficulty in marketing their products. The younger 

generations are better in learning skill and technological 

knowledge but they have mostly don‘t want to face such 

difficulties as their guardians have facing till the day. Only 

few youngsters are practicing their traditional profession. 
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Abstract:- 

Introduction: Mental well-being is an important aspect of health. 

Many disorders have been identified; among these existing, 

bipolar affective disorders is 2-4%. Over the years many drugs 

have been used in the treatment of bipolar mood disorders, but 

Lithium still remains the drug of choice for treatment and 

prophylaxis of bipolar disorder.  

Material & Methods : a quasi-experimental, one group pre-test, 

post-test design  was adopted to measure the effectiveness of 

Teaching Plan  on knowledge, for patients on lithium carbonate 

therapy in Psychiatric Centre of Jaipur City. The study was 

conducted on 50 patients who were put on lithium carbonate 

therapy and had completed at least one week duration of 

treatment. Data was collected from Jan 2016 to May 2016 A 

structured questionnaire was used to assess the knowledge about 

general self-care, side effects, Do’s, don’ts, and precaution to be 

taken while patient is put on Lithium therapy. And an teaching 

plan was prepared to provide pertinent information about the 

same. 

Results: The data revealed that, there is significant difference in 

mean of pre-test score (60.12) and mean of post-test score (79.44) 

of patient who were put on Lithium Carbonate Therapy. Major 

findings of study revealed that teaching plan on Self Care with 

Lithium Carbonate Therapy is effective in enhancement of 

patient’s knowledge. Knowledge of patients about Self Care with 

Lithium Carbonate Therapy was significantly associated with 

age, sex, and other type of occupation like housework, farmer 

and shopkeeper. 

Conclusion: After the detailed analysis of this study shows that 

professional students may have more Perceived level of stress 

compared to non-professional and it could be also undoubtedly 

concluded that stress management protocol make aware the 

college students regarding the impact of stress on their life and to 

manage their own affairs.  

Key Words: Lithium Carbonate Therapy, Teaching Plan, 

Psychiatric Centre of Jaipur City.  

I. INTRODUCTION 

ithium salt has been used in medicine for over a century, 

originally in treatment of gout. In the 1940s it was 

employed as a substitute for Sodium Chloride for cardiac 

patient taking a salt free diet.Previously, the patients having 

bipolar mood disorders were treated by confining them into 

cells without food and water. Gradually trends have changed 

and they started giving them high dose of insulin to create a 

state of unconsciousness. But, as every coin has two sides, 

good & bad, Insulin also has bad effects apart from its 

positive benefits. Later, electric shock therapy came into 

existence, which was later on modified by giving anesthetic 

drugs along with it to decrease its harmful effects. This 

therapy is still practiced in existing Indian context and found 

to be effective.  

Lithium is an effective treatment for bipolar mood disorders. 

The effect of drug occurs very rapidly by lithium carbonate as 

compared to other drugs Schou, M. (1957). Recent studies 

have indicated that approximately half of acutely manic 

patients respond positively to lithium Kukopules et al. (1980), 

Small et al. (1988, 1991). The benefits of response appear to 

be more compromised to adverse effects than previously 

thought Grof et al. (1987), Vesteagaured and Aaguard (1991). 

Kaur Davinder (2003) conducted a study to determine the 

effectiveness of instructional module for staff nurses caring 

for patient having chest tube drainage and found 76% gain in 

knowledge after posttest. 

75% of relapse in-patients on lithium carbonate therapy are 

thought to be due to poor compliance Bastrap (1971), Faedda 

et al. (1992). The relapse rate is higher than 50% because of 

discontinuation due to high side effects like dry mouth, 

increase frequency of urine, diarrhea, and vomiting 

Baldessorini et al. (1996). 

A study conducted by Neoman, S.G. and Malcom. P. (1991) 

on Lithium maintenance, standard education programme for 

patient, concluded that compliance group of patient had more 

knowledge than those who were non-compliant. It is the 

responsibility of nurses to make the patients and their relatives 

understand: 

L 
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Researches shown that efficient knowledge about any drug 

reduces non-complacence to treatment regimen and reduces 

side effect as patient can care for self.  

Objectives of study  

1) To assess the knowledge of patients on lithium 

therapy before giving teaching plan.  

2) To develop teaching plan.  

3) To assess the knowledge of patients on lithium 

therapy after administration of the teaching plan.  

4) To compare the knowledge of patients before and 

after giving teaching plan.  

5) To co relate knowledge of patients on Lithium 

therapy with selected demographic variables. 

II. MATERIAL & METHODS 

A quasi-experimental study was carried out on 50 patients 

who started on Lithium Carbonate Therapy to assess the 

effectiveness of Teaching Plan on self care in Psychiatric 

Centre of Jaipur City city, The sample for the study comprised 

of 50 patients who were put on Lithium Carbonate Therapy. 

The sample who met sampling criteria and available during 

the month of Jan 2016 to May 2016 were selected as the 

subject for the study. They were selected by non-probability 

convenient sampling technique.  

In Phase I of the study, a descriptive survey approach was 

adopted to assess the knowledge of patient about self care 

with Lithium Carbonate Therapy. In Phase II of the study an 

evaluative approach was used to measure the effectiveness of 

teaching plan on self care with Lithium Carbonate Therapy. 

The research design used was Quasi-experimental, one group 

pre-test, post-test design to measure the effectiveness of self 

care with Lithium Carbonate Therapy for patient who are put 

on Lithium Carbonate Therapy.   

A self-structured self care with Lithium Carbonate Therapy 

assessment questionnaire was developed which consists 

general self-care, side effects, Do’s, don’ts, and precaution to 

be taken while patient is put on Lithium therapy. And an 

Teaching Plan  was prepared to provide pertinent information 

about the same.  

Section A: This section contained (17)questions about the 

demographic profile of sample such as age, sex, education, 

occupation, duration of disease, duration of treatment, income 

etc.  

Section B: This section contained (35) questions in 2 main 

categories such as general information and self-care, related to 

Lithium Carbonate drug. 

The content validity of self care with Lithium Carbonate 

Therapy and Teaching Plan on self care with Lithium 

Carbonate Therapy was established by experts. The experts 

were selected on the basis of their clinical expertise, 

experience and interest in the problem being studied. They 

were from different specialties i.e. Psychiatry, Psychology, 

Education, Research, Statistics and Mental Health Nursing. 

They were requested to give their opinions on the 

appropriateness and relevance of the items in the tool. 

Necessary modifications were made as per the expert's advice. 

The reliability of the questionnaire was established by Split 

Half method and was found to be r-0.862.  

    A final study was carried out on 50 patients who were put on 

Lithium Carbonate Therapy. Data were collected from Jan 

2016 to May 2016. The sample for the study comprised of the 

patients, who met the designated criteria were selected 

through convenient sampling technique. Objectives of study 

was discussed and obtained consent for participation in study. 

Existing knowledge about self care with Lithium Carbonate 

Therapy was assessed by administering a structured self care 

with Lithium Carbonate Therapy assessment questionnaire, 

followed by administration of Teaching Plan on self care with 

Lithium Carbonate Therapy. Post test was taken after 7 days. 

Based on the objective and the hypothesis the data was 

analyzed by using various statistical tests i.e. percentage, 

mean, and standard deviation. Statistical methods The 

significance would be calculated by using mean, Standard 

deviation, unpaired t statistics, paired t statistics for 

comparison and the Chi-square statistics is used to find the 

independence of difference. Significance was accepted at 0.01 

and 0.05 level of probability. 

III. RESULTS 

Section I :  Description of Socio demographic data of patient 

put on Lithium Carbonate Therapy 

Findings of section I show that majority 24(48%) were 

between age group of 19-28, 30(60%) were male had 

education only between 5th -9th standard. Majority 13(26%) 

were doing housework and 12(24%) were not doing any work. 

Majority of samples 27(54%) were earning below 1000 rupees 

per month. 35(70%) samples were taking Lithium Carbonate 

therapy since 1 month to 1 year where as majority 23(46%) 

were suffering from bipolar mood disorder since 1 year to 5 

year.  

Majority 35(70%) of samples scored between 54-64 in pre-

test where as in post-test majority 47(94%) scored between 

74-84. 

Mean percentage of knowledge score about general self-care 

during Lithium Carbonate therapy in pre-test was 60.70% 

where as in post-test it has increased to 94.70%. 

Mean percentage of knowledge score about Lithium 

Carbonate therapy in pre-test was 75.24% where as in post-

test it has increased to 95.28%. 

Table 1: Description of total knowledge score in Pre-test by 

frequency and percentage. (N=50) 
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Sr. Scores Frequency Percentage 

1 

2 

3 

4 

44-54 

54-64 

64-74 

74-84 

07 

35 

06 

02 

14 

70 

12 

04 

Table 1 shows that majority 35 (70%) lies between the 

knowledge score of 54-64 in pre-test where as minority i.e. 02 

(04%) samples lies between 74-84 knowledge score. 

Table 2 :   Description of total knowledge score in Post-test by 

frequency and percentage. (N=50) 

Sr. Scores Frequency Percentage 

1 

2 

3 

4 

44-54 

54-64 

64-74 

74-84 

00 

00 

03 

47 

00 

00 

06 

94 

Table 2 shows that out of 50 samples majority i.e. 47 (94%) 

lies between 74-84 knowledge score in post-test where as 

minority 03 (06%) lies between 64-74 knowledge score.  

Table 3 : Area wise mean percentage of knowledge of the 

patients about general self care during Lithium carbonate 

therapy in pre and post-test. (N=50) 

Sr
. 

 

Area of 

knowledge 

Max. 

possible 
score 

n=1 

Max. 

possibl
e score 

n=50 

 

Max. score 

obtained 

 

Mean 
% of 

score 

1. 

General self 
care with 

Lithium 

Carbonate 
therapy 

 

34 

 

1700 

Pre-test 

1032 

 

60.70 

Post-test 

1610 
94.70 

Table 3 depicts that mean percentage of pre-test knowledge 

score of general self care about Lithium Carbonate therapy is 

60.70 where as mean percentage of post-test knowledge score 

of same is 94.70 which is 30% more than pre-test. Thus shows 

that Teaching Plan is effective in providing pertinent 

information to patients who are receiving Lithium Carbonate 

therapy. 

Table 4 : Area wise mean percentage of knowledge of the 

patients about Lithium carbonate therapy in pre and post-test. 

(N=50) 

Sr

. 

 

Area of 

knowledge 

Max. 

possible 

score 

n=1 

Max. 

possibl

e score 

n=50 

 

Max. score 

obtained 

 

Mean % 

of score 

1. Related to 

Lithium 
Carbonate 

 

50 

 

2500 

Pre-test 

1881 

 

75.24 

therapy Post-test 

2382 

 

95.28 

Table 4 shows that mean percentage of pre-test knowledge 

score about Lithium Carbonate therapy is 75.24, whereas 

mean percentage of post-test for the same is 95.28 which is 

20.04% is greater than pre-test. Thus it would be concluded 

that booklet provides pertinent information. 

 

Figure 1 Multiple bar diagram showing area wise mean percentage of 
knowledge score in pre and post-test. 

Section II : Comparison of total knowledge scores between 

pre-test and post-test by frequency and percentage. 

Table 5: Comparison of total knowledge scores between pre-

test and post-test by frequency and percentage. (N=50) 

Sr. 

No. 

 

Scores 

 

Pre-test 

 

Post-test 

 Frequency 

07 

35 

06 

02 

Percentage 

14 

70 

12 

04 

Frequency 

00 

00 

03 

47 

Percentage 

00 

00 

06 

94 

1. 

2. 

3. 

4. 

44-54 

54-64 

64-74 

74-84 

From above table 5 it is clear that majority i.e. 35 (70%) of 

samples in pre-test scored between 54-64 and minority i.e. 02 

(04%) scored between 74-84, where as in post-test majority 

47 (94%) scored between 74-84 and minority 03 (06%) scored 

between 64-74. Hence it makes clear that there is significant 

gain in knowledge after administration of Teaching Plan. 
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Figure: 2 Line diagram showing Comparison of total knowledge scores 

between pre-test and post-test. 

Table 6 : Mean, Mean difference, Standard deviation and 't' 

value of pre-test and post-test knowledge scores of patients 

receiving Lithium Carbonate therapy. 

 
Knowledge 

test 

Mean Mean 

difference 

SD 't' 

Value 

Level of 

significance 
(df = 49) 

 

Pre-test 

 

Post-test 

 

60.12 

 

79.44 

 

 

09.32 

 

5.5014 

 

2.5311 

 

 

4.5201 

Significant at 

level of 5% 

and 1% level 
of significance 

't'(49) = 1.96 P < 0.05, 0.01 

From above table it is clear that at 0.01 as well as at 0.05, 't' 

calculated value < table value at df = 49, hence we accept 

research hypothesis. 

Mean total of pre-test score of patients knowledge on self-care 

and Lithium Carbonate therapy is less than that that of post-

test. Hence teaching plan on "Lithium and Self-care" provides 

pertinent information and is effective.    

Section III: Relationship between various demographic 

variables with pre-test knowledge score about lithium 

carbonate therapy 

From the findings it is clear that there is significant 

association between age, sex, other type of occupation like 

housework, farmer shopkeeper. Whereas no work, education, 

income and duration of treatment and disease have 

insignificant association with pre-test knowledge score. 

IV. DISCUSSION 

The present study revealed that Analysis of phase I revealed 

that majority (54%) of samples were adult male and had only 

primary education and their monthly income was below 1000 

rupees. Also majority 70% stated that they are on this 

treatment since 1 month to 1 year. And it is also clear that 

majority is suffering from disease since 2-5 years. Hence 

samples having less knowledge due to primary education but 

as more experience they are able to care for self.  

Majority of samples scored high in post-test than that of 

pre-test and mean percentage score of samples regarding 

general self-care during Lithium Carbonate therapy as well 

Lithium Carbonate therapy was higher in post-test than that of 

pre-test.  

There is significant association between age, sex, and 

other type of occupation like housework, farmer and 

shopkeeper. Whereas no work, education, income and 

duration of treatment and disease have insignificant 

association with pre-test knowledge score.  

Significance association clarifies that people those who 

work, are in contact with the other people hence acquire 

knowledge from various other sources.  

Also from statistical analysis it is found that Teaching 

Plan  is useful for all age groups, and education level. 

Recent studies on Lithium prophylaxis and education 

showed the following figures on the ratio of hospitalization 

per year in bipolar illness, before and during lithium 

prophylaxis in combination with psycho-education: 0.32-0.65, 

0.15-0.22 and 0.16-0.07 Schmidt (1998) and Peet and Harvey 

(1991). 

A study done on number of patients in UK suggested 

that 60% patients who have insufficient education about drugs 

to make appropriate decision about continuation of therapy 

Lepin et al. (1997). 

The trust pharmacy World Mental Health Day telephone 

help line identified a significant percentage of calls from 

people in the community not associated directly with the 

service but with important drug therapy problems. Established 

services in need of further development and support. 

Provision of substantially improved drug education and 

counseling services would improve drug attitudes, compliance 

and reduce relapse rate. 

These above studies highlights that patient on specific 

psychiatric drugs which have more side effects. Need to be 

educated specifically to prevent discontinuation of therapy 

and relapse. 

The findings revealed that there is significant association 

between age, sex, other type of occupation like housework, 

farmer shopkeeper. Whereas no work, education, income, 

duration of treatment and disease have insignificant 

association with pre-test knowledge score.  

V. CONCLUSIONS 

The present study explore that there is significant effect of 

Teaching Plan  on knowledge for patients on Lithium 

Carbonate therapy revealed that there is highly significant 
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gain in knowledge. The correlation finding which was done to 

find the relationship with selected demographic variables, was 

done by using 't' test. Educating people on drugs by booklet 

have significant effect in improving their knowledge. Thus for 

better compliance with treatment and for prevention of 

relapse. The nurse may encounter many situation where 

planning for discharge and patient education can be carried 

out by her in best possible way by means like booklet or 

Teaching Plan .  

VI. IMPLICATION & RECOMMENDATION 

The findings of study have implication at various level of 

nursing like nursing practice, nursing education, nursing 

administration and nursing research in following ways:- 

 When such booklet on each drug which have less 

cost and better effect for disease, are made will 

provide sound and comprehensive knowledge to 

practice better discharge planning and health 

teaching to patient. Thus will enable the client to care 

for self and to maintain regular follow up visits. 

 Nursing education is developing rapidly in India. We 

are training nurses to achieve an International 

standard. To achieve high level of educational 

standards nursing education needs to be raised to a 

greater extent. This is achieved if all aspects of 

health needs are considered as a whole. 

 The education curriculum must include preparation 

of such booklet. Diet plan, health teaching on various 

drugs, and disease as a project work to help them to 

learn about various methods of health teaching to 

their clients. 

 Preparation of such project work can be included in 

the nursing education curriculum. 

 Nurse administrator can utilize this type of booklet 

material to enhance in the knowledge of student and 

staff nurses. And also discharge planning and 

education to client can be done in better manner. 

 There is a need for extended and intensive nursing 

research in the area of heath education and discharge 

planning foe client to improve their knowledge for 

better compliance with treatment and to prevent 

relapse. 

Keeping in view the findings of the study, the following 

recommendations are made: 

1. It is suggested that the study may be replicated using 

a larger population of the patients on Lithium 

Carbonate therapy, for longer duration.  

2. Similar study can be replicated but interval between 

pre-test and post-test should be more than 3-7 days. 

3. A study may be conducted to evaluate the 

effectiveness of Teaching Plan  versus other methods 

of health teaching on similar problem. 

4. A study can be done on association between various 

demographic variables, which were significant, on 

larger samples. 

5. A study may be done to determine cost effectiveness 

of the Teaching Plan . 
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Abstract- Vegetarian diets are now considered as nutritionally 

adequate and provides healthful benefits and helps in prevention 

of chronic diseases. Blood pressure and bioelectrical impedance 

are two tests used to determine the health level of individuals. 

The purpose of this study is to compare the blood pressure, 

resting heart rate, anthropometric measurements and body 

composition of vegetarians to non-vegetarians. The findings 

showed that vegetarians did not demonstrate a significant 

difference in body composition, systolic blood pressure and 

diastolic blood pressure compared to non-vegetarians. 

 

Keywords- Vegetarian, Non-vegetarian, Body composition, Blood 

Pressure, Hypertension. 

 

I. INTRODUCTION 

n the past, many viewed vegetarianism as strange and 

faddish but appropriately planned vegetarian diets are now 

recognized by many, including the American Dietetic 

Association, as being nutritionally adequate, and providing 

healthful benefits in the prevention and treatment of chronic 

diseases [1]. A large body of scientific literature suggests that 

the consumption of a diet of whole grains, legumes, 

vegetables, nuts, and fruits, with the avoidance of meat and 

high-fat animal products, along with a regular exercise 

program is consistently associated with lower blood 

cholesterol levels, lower blood pressure, less obesity and 

consequently less heart disease, stroke, diabetes, cancer, and 

mortality. Hypertension can lead to stroke, blood vessel 

damage, heart attack, heart failure, and kidney failure [2,3]. 

Blood pressure and bioelectrical impedance are two tests 

used to determine the health level of individuals. Blood 

pressure is the force that blood exerts on arterial walls. Blood 

pressure is usually measured with a sphygmomanometer. 

Normal blood pressure is 120/80. Bio-electrical impedance is 

quick and non-invasive procedure that measures a person’s fat 

free mass, (FFM) or also referred to as lean body mass 

(LBM). Bioelectrical impedance measures body composition 

by calculating the body’s resistance to electrical flow. Body 

composition composed of >25% for men and >32% for 

women is typically indicates an increased risk of morbidity 

[4]. A heart rate of 60-100 beats per minute (BPM) is the 

normal range for adults. “Epidemiological data suggests that 

plant-based dietary patterns are associated with a significantly 

lower prevalence of hypertension”[5].  Past studies have 

found a correlation between diets high in fruits and vegetables 

and lower rates of hypertension compared to general 

populations. A study in the Journal of Nutritional Medicine 

found diets abundant in fruits and vegetables help to lower the 

significance of hypertension. This eight-week study found a 

12-mmHg drop in systolic and diastolic blood pressures in the 

study group with no change in the control group. A 2003 

study found that vegetable-based diets are associated by lower 

instances of hypertension and cardiovascular disease.  

The purpose of this study is to compare the blood 

pressure, resting heart rate, anthropometric measurements and 

body composition of vegetarians to non-vegetarians. The 

hypothesis of this research study is that the vegetarians will 

have lower blood pressure, leaner bodies, and a lower resting 

heart rate compared to their omnivore peers. 

II. METHODS 

A. Subjects 

Subjects for this study were adult age group people 

ranging from 20-40yrs. Twenty subjects were selected. The 

female subjects were randomly selected from the home 

science hostel, MPUAT, Udaipur and male subjects from the 

Hiranmagri area, sector-4, Udaipur. The samples were 

selected according to the convenience. 

B. Dietary Measures 

Subjects were given a comprehensive health questionnaire 

adapted from previous studies and scheduled for measurement 

of BP and anthropometrical characteristics within a two-day 

period. Subjects categorized themselves as vegetarian (no 

consumption of meat, fish, or poultry) or non-vegetarian and 

answered a food frequency questionnaire to which the 

subjects reported the amount and frequency of their usual 

consumption during the previous three months. 

C. Blood Pressure Measurement 

Following a five-minute rest, two seated BP measurements 

were taken for each subject using an automatic BP instrument. 

The left arm of subjects was used for blood pressure reading. 

I 
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D. Anthropometric Measurements 

Following the BP measurements, height, weight, waist and 

hip circumference were assessed. Height without shoes was 

measured to the nearest one-quarter inch using a hand made 

scale and converted to centimeters. Subjects were weighed 

wearing lightweight clothing on a balance beam scale and the 

waist circumference was measured in centimeters using a non-

stretchable tape. Hip circumference was measured in 

centimeters at the widest hip girth. All circumference 

measurements were taken without removal of subjects’ 

clothing. 

E. Body Composition 

Bioelectrical impedance (BIA) was utilized to measure the 

subjects’ body composition. BIA instrument used in 

measuring body composition was a handheld model (Body 

Logic model HBF-306BL body fat analyzer).  

F. Statistical analysis 

This study compared a vegetarian to a non-vegetarian diet 

using mean and standard error. We compared diastolic, 

systolic and body composition data to determine if a 

vegetarian diet is healthier than a non-vegetarian diet. The 

sample size was equal number of vegetarian and non-

vegetarian subjects. 

III. RESULTS 

As shown in Table I, non-vegetarians exhibit significantly 

greater waist and hip circumference but lower body weight 

and BMI. 

TABLE I 

ANTHROPOMETRIC CHARACTERISTICS OF VEGETARIANS 

AND NON-VEGETARIANS 

Anthropometric 

characteristics 

Vegetarian 

(n=10) 

Non-vegetarians 

(n=10) 

Weight (Kg) 57.75  1.2 55.75  4.14 

Body Mass Index (Wt/Ht2) 21.4  0.7 19.87  0.44 

Waist Circumference (cm) 81.2  1.84 81.8  2.86 

Hip Circumference (cm) 95.1 1.4 96.3  0.98 

Waist/Hip (WHR) 0.85  0.009 0.84  0.08 
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Fig. 1 Body Composition comparison using Body Composition Analyzer: 

Vegetarian vs. Non Vegetarian 

 

There was no significant difference in fat per cent 

(V=13.53, NV=10.56) lean percent (V=44.93, NV=45.24) and 

total fat (V=58.54, NV=55.8) -- body composition between 

the vegetarian group and the non-vegetarian group. 

 

 
Fig. 2 Systolic and Diastolic blood pressure: Vegetarian vs. Non-

Vegetarian 

 

There was no significant difference in systolic and 

diastolic blood pressure between the vegetarian group and the 

non-vegetarian group. 

1) Eating Behaviour 

Intake differences between vegetarians and non-

vegetarians were as expected, but indeed non-vegetarian had 

more similar diet to the vegetarian. Despite similarities in age, 

anthropometric characteristics and exercise habits, vegetarians 

still exhibited a higher prevalence of diagnosed hypertension 

and a higher average systolic and diastolic blood pressure than 

non- vegetarians. 

IV. DISCUSSION 

The main objective of our study was to determine if a 

vegetarian diet led to lower blood pressure, lower W/H ratio 

and a healthier body composition. This study found no 

significant difference in systolic and diastolic blood pressure 

between the vegetarians and non-vegetarians. 

1) Interpretation of Findings 

The findings showed that vegetarians did not demonstrate 

a significant difference in body composition, systolic blood 

pressure and diastolic blood pressure compared to non-

vegetarians. Possible explanations for the similar findings can 

include a more physically active non-vegetarian group, 

genetic predisposition for high or low blood pressure among 

subjects, or the frequency of consuming non-vegetarian foods 

were low among omnivores peers. The small numbers of 

subjects in each group could lead to inaccurate test means. 

V. CONCLUSIONS 

The purpose of the study was to determine if adults can 

improve their systolic and diastolic blood pressure and body 

composition by choice of diet. Looking at our findings a 

vegetarian diet does not produce significant differences in 
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blood pressure, body composition. There are a number of 

different versions of a vegetarian diet; some may be healthier 

than others. The vegetarian diet may have contributed to the 

similar research data between the two groups; dairy products 

contain cholesterol, saturated fats, and some products are high 

in sodium. Cholesterol, saturated fats and excessive amounts 

of sodium have been identified as factors of high blood 

pressure and cardiovascular disease. Further research needs to 

be conducted with larger number of subjects to prevent 

possible skewing of data. Further research could be conducted 

looking a smaller age range, different types of vegetarian 

diets, or the effects of a vegetarian diet on cardiovascular 

Disease. 
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Abstract - The purpose of present work was to prepare optimized 

novel Cisplatin loaded polymeric micelles administered via 

inhalational route through Dry Powder Inhaler for the 

treatment of Non-Small Cell of Lung Cancer. Cisplatin loaded 

micelles were prepared incorporating Pluronic F-127 using 

rotary vacuum evaporation, spray drying and ultrasonic 

homogenization technique. The critical process as well as 

product related parameters identified and screened by Plackett 

and Burman Design and further optimized by 32 factorial 

design.  Prepared batches were evaluated for morphology, 

particle size, entrapment efficiency, drug loading, in-vitro 

diffusion study and aerodynamic behavior. Aspiration rate and 

Polymer concentration were identified as critical variables using 

Plackett and Burman design. Then, 32 full factorial design was 

selected for optimization of Polymeric micelles using Aspiration 

rate and Polymer concentration as independent variable and % 

Encapsulation efficiency and micelle size as dependent 

variable.32 factorial design suggested optimized parameters as 

Aspirator capacity-42.51 and Polymer concentration- 103.98 mg. 

The average micelle size of the optimized batch was found to be 

264 nm with an entrapment efficiency of 89%. Micelles were 

found to be uniform spherical shape and size was less than 5μm 

on the basis of Zeta sizer and Transmission Electron Microscopy 

study.  

Key Words - Cisplatin, Pluronic F-127, Polymeric micelles, Spray 

Drying, Plackett and Burman Design, 32 Full Factorial Design. 

I. INTRODUCTION 

urrently, Cancers remains the leading cause of death 

worldwide. One million of the current 5 million deaths 

occur because of lung cancer in world. Smoking is responsible 

for upwards of 80% of all lung cancers worldwide. In India, 

smoking is prevalent: 29% of adult males, 2.5% of adult 

females, 11.7% of male collegians, 8.1% among school 

children and adolescents. A quarter of the cigarette or beedi 

smokers in India would be killed by tobacco at the ages of 25-

69 years, losing 20 years of life expectancy. Non-smokers 

account for 15% of lung cancer cases and these cases are 

often attributed to a combination of genetic factors, radon gas, 

asbestos, pesticides and air pollution including passive and 

static smoking.[1] 

 There are two major types of lung cancer, non-small 

cell lung cancer (NSCLC) and small cell lung cancer (SCLC). 

Non-small cell lung cancer accounts for about 85 percent of 

lung cancers and includes: Adenocarcinoma, the most 

common form of lung cancer in the United States among both 

men and women; Squamous cell carcinoma, which accounts 

for 25 percent of all lung cancers; Large cell carcinoma, 

which accounts for about 10 percent of NSCLC tumors. [2] 

 At present, many clinical therapeutics options 

available for the treatment of lung cancer includes 

radiotherapy, chemotherapy, and surgery. The 

chemotherapeutic agents like Cisplatin, Carboplatin, 

Paclitaxel(Taxol®), Gemcitabine (Gemzar®), Albumin 

bounded Paclitaxel(Nab-Paclitaxel, Abraxane®), Vinorelbine 

(Navelbine®)most widely used for NSCLC.
 
[3] 

 Cisplatin (Cis-diamino-di-chloroplatinum, CDDP) is 

first line treatment for NSCLC because of its very strong anti-

cancer effects and no cross- resistance. Most of commercial 

dosage forms available for cisplatin are inform of injection. 

Major drawbacks with these formulations are life threatening 

toxicities and allergic skin reactions. Mainly life threatening 

toxicities includes renal toxicity, Cytotoxicity; in which 

nephrotoxicity depend on dose and concentration of cisplatin 

and Non-reversible tissue damage caused by drug’s 

cytotoxicity. [4] 

  Traditional routes of administration for cytotoxic 

agents were incompliance to the patients because of invasive 

chemotherapy, skilled personnel required every time for the 

administration. For this many inconvenience, novel route for 

administrating the cytotoxic agents is inhalation route. The 

advantages of the lungs as a site of drug application is their 

large surface area, thin alveolar epithelium, easily permeable 

membrane and extensive vasculature, which allow substantial 

and rapid absorption of soluble and permeable active 

substances. Therefore, drugs can be absorbed in the lungs to a 

relatively high extent after inhalation delivery.[5] 

 Lipidic nanocarriers are designed to give the 

inhalation therapy which has ability to target at lungs such as 

micelles, liposomes, microspheres and nanoparticles. 

Polymeric micelles are formation of amphiphillic block 

copolymers comprising of encapsulated drug within them. It 

is more promising approach to overcome systemic toxicity is 

application of drug- loaded nano-sized drug carriers. The size 

of micelles can be fabricate in the range of 20-200nm and 

C 
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better bioavailability can be achieved through it. The lipid 

based nano carriers having higher ability to accumulate in 

lungs and can passively target able on tumor site with EPR 

(Enhance permeability and retention) effects without 

increasing more the toxicities of cisplatin in body.[6] 

 The use of novel excipients and nano-micelles in 

respiratory drug delivery is limited by the understanding of 

how these molecules interact with biological systems. The 

micelles used in this study are based on Pluronic F-127, a 

non-biodegradable polymer broken down through non-

enzymatic hydrolysis into certain monomers. This polymer is 

currently FDA approved and by developing a robust 

understanding of particle - cell interaction; it might bolster the 

argument for approval of its use in the lungs for specific 

clinical indications such as Lung Cancer.[7] 

 For controlling the release of drug at tumor site as 

well as prolonged distribution, exposure of drug to cells of 

tumor, polymer conjugation done by Pluronic
®
 co block 

polymer.[8] Pluronic
® 

is promising excipient with wide range 

of its application, including sustained release formulations. 

Due to nontoxic, biocompatible and overcome the resistance 

in cancer and  it has ability to enhance penetration of 

molecules across the mucosal surfaces.[9] And it has gained 

attention for the formulation of spray dried PMs (Polymeric 

Micelles) for inhalational delivery. The suitable modes of 

administration Nebulizers, Dry Powder Inhaler (DPI), 

Metered Dose Inhaler (MDI) [10][11]. Amongst these DPI 

can be used as it not contains the propellants and quick to use. 

 In this context, Objectives of the present 

investigation are, Fabrication of polymeric micelles through 

optimizing critical parameters (process and product related) 

of ultrasonic homogenization and spray drying methods. 

II. MATERIAL AND METHOD 

A. Material 

Cisplatin was a kind gift from S.G. Biopharm (Himachal 

Pradesh, India). Pluronic F-127 and PLGA was a kind gift 

from BSAF Corporation (Mumbai) and Evonik Industry 

(Mumbai) respectively. All other chemicals were of reagent 

grade. 

B. Drug-Polymer Compatibility studies  

1) Fourier Transform Infrared Spectroscopy study: 

The Infra red spectra of  Cisplatine, Pluronic F-127 (PF-127) 

and Cisplatin and PF-127 physical mixture were obtained 

using Fourier Transform Infrared Spectrophotometer in order 

to detect the interaction between drugs and polymer. Drug / 

polymer/ drug – polymer mixture grounded in motor-pestle 

with KBr then being compressed on plates. These prepared 

plates were placed in light path and spectrum was recorded at 

resolution of 2 cm
-1 

over a frequency range of 4000 to 400 

cm
-1

.The background spectrum of KBr was used as blank for 

determination.[12][13] 

2) Differential Scanning Colorimetery study: 

The DSC thermograms were recorded on a differential 

scanning calorimeter (Jade DSC, Perkin Elmer, Japan). DSC 

was performed to study the thermal behavior of pure drugs, 

physical mixture of drug and excipients during 

preformulation study. The samples of Cisplatin + PF-127 

(50%+50%) were placed in pan  which was heated from 45 

°C to 320.00°C  at scanning rate of  10.00 °C/minutes.[14] 

C. Solvent Evaporation (Rotatory Flask Evaporation)  

Weigh Cisplatin and PF-127 in required amount. Disperse 

them in Dich oromethane or Dimethy  Formamide and 

sonicate the fina  dispersion using u trasonic homogenizer for 

30 minute at norma  amp itude. The resu ting dispersion was 

ref uxed using rotary vacuum evaporator for 24 hrs at 60  C at 

constant speed of 100 RPM. [7][13] 

D. Spray Drying 

Weigh the required quantity of Cisplatin and PF-127 

accurately, dispersed them in Dimethyl Formamide and made 

homogenous dispersion. Dispersion was sonicated using 

ultrasonic Homogenizer for 30 minute.  A laboratory scale 

spray-drying was carried out by using the Bu¨chi mini spray 

dryer B-191 (Buchi Laboratory-Techniques, Switzerland) 

with a standard nozzle (0.7 mm diameter) to prepare various 

types of Cisplatin polymeric micelles. The operating 

conditions were set as follows: Aspirator capacity of 45, feed 

rate 5 ml/minute and inlet temperature 175°C.Then after it is 

collected them from cyclone separator. The obtained 

microspheres were stored in a vacuum dessicator at room 

temperature. The important process related parameters that 

can affect quality of product of micelles are Aspiration 

Capacity, The boiling point of solvent, Inlet Temperature, 

Flow rate at which gas will flow, Feeding rate of solvent, 

Type of Solvent.[15] 

E. Screening of processing and product related parameters 

using Plackett-Burman Design 

PBD is used to screen out those independent variables which 

are most significant to the responses. The major limitation of 

PBD is that it would not able to detect interaction term 

between factors.
 
Plackett-Burman Design was used for the 

screening of spray drying related process  parameters, where 

total no. of 12 experiments were performed for 7 factors at 

two level of each that is low and high that is two Centre 

points.[16] 

 A set of 12 experiments were used for preparation 

of drug loaded polymeric micelles. This design mostly 

investigating every factors and arranges them on the bases of 

magnitude of its significant influence on responses. Total 7 

independent factors and 2 dependent variables selected for 

the design were shown in Table 1.[17] 
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Total twelve experimental trials as shown in Table 2, 

involving seven independent variables were generated using 

Minitab 16 English Software
®
. The variables were correlated 

using the following polynomial Eq...1 with PB design. 

Y = A0 + A1X1+ A2X2 + A3X3+ A4X4 +…………+AnXn ……. 

Eq…. 1 

Where, Y is the response, A0 is the constant, and A1, A2…An 

are the coefficients of the response. 

Suitable polynomial equation involving the individual main 

effects and interaction factors was selected based on the 

estimation of several statistical parameters, such as the 

multiple correlation coefficient (r
2
), adjusted multiple 

correlation coefficient (adjusted r
2
) and the predicted residual 

sum of squares (PRESS), provided by the Minitab 16 English 

software®. Suitable model was selected according to the data 

which is mentioned in the table and validated.   

Table 1: The independent variables and level, Dependent variables and their limits of Plackett-Burman Design 

 

Table 2: Design matrix of Plackett - Burman design 

All data generated from Minitab 16 English software® (9.0.0.8) version  

Number of 

variables 
Name of independent variables 

Levels 

Coded values Transform values 

Low High Low High 

1. Drug : Polymer Ratio -1 +1 1:5 1:10 

2. Ultrasonication time (minutes) -1 +1 20 40 

3. Ultrasonication Amplitude (%) -1 +1 60 100 

4. Solvent Volume (ml) -1 +1 30 50 

5. Aspiration Speed -1 +1 40 45 

6. Feed Rate(ml/min) -1 +1 5 10 

7. Inlet Temperature(°C) -1 +1 160°C 173°C 

Dependent variables and their limits 

 Name of Dependent variables Limits (Range) 

1. %EE 60%-90% 

2. Micelles Size (Avg. Size) Less than  5 µm 

I.V B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 

Ultrasonic amplitude (%) 100 100 60 60 60 100 100 100 100 60 60 60 

Ultrasonication time(min.) 20 20 20 20 40 40 40 40 20 40 20 40 

Aspiration speed 45 45 45 40 45 40 40 45 40 40 40 45 

Feed rate (ml/min.) 5 10 10 5 10 10 10 5 5 5 10 5 

Inlet Temperature(°C) 153 153 173 153 153 173 153 173 173 153 173 173 

Drug: Polymer ratio 1:5 1:10 1:5 1:5 1:10 1:5 1:5 1:10 1:10 1:10 1:10 1:5 

Solvent Volume(ml) 50 30 50 30 50 50 30 30 50 50 30 30 
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F. Validation of statistical analysis for optimization: 

One optimum checkpoint was selected by intensive grid 

search, performed over the entire experimental domain, to 

validate the chosen experimental design and polynomial 

equations. Formulation at specific spray drying condition 

corresponding to the checkpoints was prepared and evaluated 

for various response properties. Subsequently, the resultant 

experimental data of response properties were quantitatively 

compared with that of the predicted values and % Prediction 

error was calculated. Statistical validity of the polynomials 

was established on the basis of ANOVA provision in the 

design expert software. Subsequently, the feasibility and grid 

searches were performed to locate the composition of 

optimum formulations. Also Pareto graphs and 2-D contour 

plots were constructed using the Minitab 16 English software. 

The ANOVA results are used to determine the most 

influencing effect. [18]  

G. Optimization of data by factorial 3
2 
design : 

The prepared formulations were chosen according to full 

factorial design with 2 factors namely, Amount of PF – 127  

and aspiration speed utilized in Polymeric micellar 

preparation each at 3 levels as shown in Table 3. % 

Encapsulation efficiency and micelle size were selected as 

responses to be measured for each batch. Experimental design 

and analysis were performed using Design Expert® software 

(version 9.0.0, Stat-Ease, Inc., Minneapolis, MN) and total 10 

batches were prepared as shown in Table 4. [19] [20] 

Polynomial model including interaction terms were generated 

for all the response variable. The Polynomial equation as 

fo  ows…. 

Y=B0+B1X1+B2X2+B12X1X2………Eq.2 

Where, B0 is intercept the arithmetic mean response of 10 

runs, B1 and B2 is regression coefficient X1 and X2 represents 

the interaction terms.[21] 

H. Optimization data analysis and validation of optimization 

model 

Also, statistical validity of polynomials was established on the 

basis of ANOVA Provision in the design expert software. 3-D 

surface plots and 2-D contour plots were constructed using 

DoE software where one optimum checkpoint was selected by 

intensive grid search, performed over the entire experimental 

domain, to validate the chosen design and polynomial 

equation. 

Table 3: Independent variables and there levels and 

Dependent variables and theirs desired ranges in 3
2
 full 

factorial design 

Independent 

variables 

Low 

level (-1) 

Medium 

level(0) 

High 

level(+1) 

X1-Amount of 

Polymer 
100 150 200 

X2-Aspiration 40 42.5 45 

Speed 

Dependent variables and theirs desired ranges 

Dependent Variables Ranges 

Y1 - %Encapsulation Efficiency 75% - 90% 

Y2 – Micelle size (nm) 200-300 nm 

Table 4: Design matrix generated from DoE for 3
2
 factorial 

design 

Number of runs Amount of polymer (mg) Aspiration speed 

1. 150 42.50 

2. 200 42.50 

3. 200 45.00 

4. 100 40.00 

5. 100 42.50 

6. 150 40.00 

7. 200 40.00 

8. 150 45.00 

9. 150 42.50 

10. 100 45.00 

Subsequently, the resultant experimental data of response 

property were quantitatively compared with that of predicted 

values and percentage error was calculated. [22] 

I. In vitro characterization of prepared polymeric micelles 

1) Particle-size, polydispersity index and zeta-potential 

measurements: 

The particle size, polydispersity index and zeta potential 

measurements for all of the prepared micelles were 

determined using dynamic light scattering (DLS) and laser 

Doppler velocimetry techniques using a Nano ZS® zetasizer 

(Malvern Instruments, Worcestershire, U.K.). The particle 

size measurements were intensity-based and were performed 

at an angle of 90°. Disperse 10 mg polymeric micelles in 20 

ml solvent. The aqueous polymeric micelles dispersion was 

added to the sample dispersion unit containing probe.[23] 

2) Morphological studies: 

Surface morphology of micelles was captured using a 

scanning electron microscope. Drop of cisplatin polymeric 

micelles was placed on carbon coated (with the help of micro 

pipette) grid to form a thin liquid film and then do not forgot 

to remove excess solution. The slide was examined and 

image was taken at an accelerating voltage of 120Kv. 

(Philips, Philips XL 30 ESEM).[24] 

3) Critical Micelle Concentration (CMC): 

Iodine UV-visible spectroscopy method was used for 

determination of CMC of polymers (Wei et al. 2009). UV 

absorbances of various dilutions (0.00001-0.1% w/v) of 
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po ymers containing standard KI/I2 so ution (25 μ ) were 

recorded at 225 nm using UV–visible spectrophotometer after 

overnight storage at room temperature. Absorbance values 

were plotted against polymer concentration. [20] 

4) In –vitro Diffusion study and kinetic study: 

 The in vitro drug diffusion was performed with the help of 

Franz diffusion cell using Dialysis membrane 110 which 

having tubing size 0.22 µm. The receptor compartment was 

filled with 22.0 ml Phosphate buffer pH 7.4 and maintained at 

37°C ± 0.5°C. 10 mg accurately weighed micelles putted on 

dialysis membrane. Samples were periodically withdrawn 

from the receptor compartment & replaced with the same 

amount of fresh buffer solution, and were assayed by U. V. 

spectroscopy at 705nm. Then, mechanism of drug release was 

determined using various types of kinetic models.[25]
 
To 

study the release kinetics of optimized formulation data 

obtained from in vitro drug release studies was plotted in 

various kinetic models like zero order, first order, Higuchi, 

Kosmeyer – peppas model.
 

5) %Encapsulation Efficiency: 

10 mg accurately weighed micelles were dissolved in 1 ml 

OPDA and 2 ml buffer solution (PBS 7.4) and allowed to heat 

up to 80°C, when the color of solution  changes from yellow 

to light blue, allow to cool it. Further dilution was made up 

with DMF and absorbance was measured in UV 

Spectrophotometer (Shimadzu
®)

 at 705 nm. Finally, Calculate 

%EE using following Eq...3.[26] 

% Encapsulation efficiency = 𝐏r𝐚𝐜𝐭𝐢𝐜𝐚𝐥 𝐝𝐫𝐮𝐠 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 
/𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐝𝐫𝐮𝐠 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 * 𝟏𝟎𝟎 ……Eq. 3 

6) Drug loading: 

10 mg accurately weighed micelles were dissolved in 1 ml 

OPDA and 2 ml buffer solution (PBS 7.4) and allowed to heat 

up to 80°C, when the color of solution  changes from yellow 

to light blue, allow to cool it. Further dilution made up with 

DMF and absorbance was measured in UV 

Spectrophotometer (Shimadzu
®)

 at 705 nm. Finally, Calculate 

%EE using Eq…4. [27][28]
  

Drug Loading% = Drug Concentration (mg/ml) / Polymer 

concentration (mg/ml) *100…..Eq.4 

7) Aerodynamic Evaluation: 

The aerodynamic properties of the optimized dry polymeric 

micelles were investigated using Anderson cascade impactor.  

20mg of optimized sample of polymeric micelles loaded into 

a hard gelatin capsule manually. The experiment was carried 

out at an air flow rate of 60 ml/min. A capsule filled with 

particles was loaded and an actuation time of 4 s was allowed 

for each capsule to completely disperse all the particles. 

Particles remaining in the capsule, inhaler, throat, pre-

separator, individual impaction plates, and stages were 

extracted using phosphate buffer and were assayed using UV 

spectrophotomatrically. [29] 

III. RESULT AND DISCUSSION 

A. Drug-Polymer Compatibility Study 

1) Fourier Transmission Infra Red:  

The Spectra of FTIR of drug and drug + polymer mixture is 

shown in Fig. 1, which indicate absence of any well-defined 

interaction between Cisplatin and Pluronic F 127. Thus, 

polymer and drug is compatible to each other and no any 

additional pick is observed.  

 

Figure 1: FT-IR Spectra of pure Cisplatin and Cisplatin and Pluronic F-127 

physical mixture 

2) Differential Scanning Colorimetery:  

The sharp peak of polymer was observed at 55.10ºC and 

peak of drug was observed at 253.28 ºC. DSC pattern of drug 

and polymer was shown in Fig. 2 which indicate negligible 

change in the melting endotherms of pure drug and exotherm 

of the prepared physical mixture of drug and polymer. From 

the result of DSC thermogram it was observed that drug and 

polymer are compatible with each other. 

 

Figure 2: DSC of Pure Cisplatin and Cisplatin and Pluronic F-127 

B. Screening of variables using Plackett and Burman Design 

Total twelve experimental trials involving seven independent 

variables were generated using Minitab 16 English Software
®
 

and the entrapment efficiency and micelle size were set as 

response variables.  The measured responses were shown in 

Table 6. 

Factors that gives the higher p values i.e. above 0.05 was 

taken as the non- significant. Table 7 shows that in first 
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response Y1 encapsu ation efficiency’s P va ue found to be of 

0.04 that was significant as well as micelle size’s P va ue was 

found to be 0.04 that also significant to all the dependent 

variable. 

Table 3: Outline and observed responses by Plackett-burman 

design 

Batches Matrix * 
Response -1 

(%EE) 

Response-2 

(Micelle Size µm) 

B1 +-+---+ 91.00±0.15 0.14 

B2 +-++-+- 72.95±0.24 0.30 

B3 --+++-+ 93.18±0.12 0.16 

B4 ------- 85.40±0.10 0.18 

B5 -+++-++ 75.55±0.15 0.30 

B6 ++-++-+ 83.50±0.15 0.18 

B7 ++-+--- 88.17±0.18 0.20 

B8 +++-++- 67.7±0.70 0.30 

B9 +---+++ 67.25±0.15 0.30 

B10 -+---++ 69.50±0.18 0.30 

B11 ---+++- 70.35±0.20 0.30 

B12 -++-+-- 77.1±0.16 0.15 

1) Influence of process parameters on Entrapment Efficiency: 

Pareto chart was shown in Fig. 3, indicate that drug: polymer 

ratio and feed rate having significant effect on response Y1% 

i. e. EE. As the feed rate increases, the encapsulation was 

increased. From Pareto chart, it was clearly observed that 

amount of polymer significantly affect the Encapsulation 

Efficiency.  

Contour Plots of Response Y1 (%EE) vs. Significant factors 

X1 and X2 in Fig. 3 shows that when aspiration speed(X2) 

increased from -1 to +1 level and drug: polymer ratio 

decreased from +1 to -1 level the % EE was found to be 

Higher and in acceptable range. As well as by keeping the 

aspiration speed at low level and when amount of polymer 

increased from -1 to +1 level the encapsulation was found to 

be in decreased in limit and non-acceptable range. And 

aspiration speed increased from low-1 to high level+1 and 

amount of polymer is at low level, it increases the 

encapsulation efficiency. It concludes that when aspiration 

speed is high then it increases the encapsulation efficiency.  

When aspiration speed and amount of polymer increases the 

size of micelles are gradually increases.  

Table 4: Summary of Analysis of variance for dependent 

variables 

Source DF 
Seq. 

Square 

Mean 

Square 
F value P value 

Response Y1- % EE 

Regression 7 896.58 192.08 6.67 0.04 

Residual Error 4 76.861 19.21 - 

Total 11 11 973.44 - 

ResponceY2- Micelle Size(μm) 

Regression 7 0.0328 0.0046 0.87 

0.04 Residual Error 4 0.0216 0.0054 - 

Total 11 0.0544 - - 

 

 

Fig. 3: Pareto chart of the standardization effect of Independent factors on 

response Y1 Entrapment efficiency and contour plot 

2). Influence of process parameters on Particle Size: 

Pareto chart as shown in Fig. 4 shows that Amount of 

polymer and addition effect of aspiration speed affect 

significantly on average particle size (i.e response Y2) among 

all the factors. Hence, significant factor were amount of 

polymer and aspiration speed affecting average size of 

polymeric micelles. 

 

Figure 4: Pareto chart of Standardization effects of Independent factors on 

response Y2 (Avg. size). And Contour plot of Size (Y2) vs. X1 and X2 

Fig. 4 contour plot shows that when the amount of polymer 

(X1) increased from -1 to +1 level and aspiration speed (X2) 

increased -1 to +1 level average micelle size was found to be 

low and optimum. 

Represented figure of contour plot of size vs. amount of 

polymer and aspiration speed shows that by keeping 

aspiration speed at low level and amount polymer increased 

form low to high level the average size was found to be 

increased. Whereas amount of polymer at low level and 

aspiration speed increased from low to high then size is 

decreased. Thus, When amount of polymer is at above 0.5 

and aspiration speed at medium level the average size was 

found to be optimum and within the desired range.  When 

aspiration speed and amount of polymer increases the size of 

micelles was gradually increases. From the PB design, it was 

concluded that X1 (Amount of polymer) and X2 (Aspiration 
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Speed) were selected as critical parameter which affect the 

final product quality.  

C. Optimization of polymeric micelles formulation by 3
2
full 

factorial design 

Table 5: The experimental runs of 3
2
 with independent 

variable and the observed responses for the formulation 

Number of 

runs 
Factor X1 Factor X2 Response Y1 Response Y2 

1. 150 42.50 89.00±0.15 272 

2. 200 42.50 80.00±0.10 259 

3. 200 45.00 81.1±0.12 258 

4. 100 40.00 90.0±0.19 266 

5. 100 42.50 89.00±0.10 260 

6. 150 40.00 86.00±0.15 275 

7. 200 40.00 83.00±0.10 260 

8. 150 45.00 85.00±0.18 276 

9. 150 42.50 87.00±0.20 278 

10. 100 42.50 88.00±0.18 264 

Amount of PF127(X1) and Aspiration rate (X2) were the 

primary independent variables affect the dependent variables 

viz. micelle size (Y2) and EE (Y1) shown in Table 8. Factorial 

design has been reported to highlight the relationships 

between variables through minimum experimentation and 

reduced possibility of experimental error (Fisher 1926). The 

data obtained for all the batches were analyzed using Design 

Expert software. 

D. Data analysis and optimization of formula 

1) ANOVA Study for Y1and Y2 responses: 

Factors that gives the higher p values i.e. above 0.05 was 

taken as the non- significant. In to first response Y1 only 

amount of polymer X1was found to be significantly affecting 

%Encapsulation Efficiency.  

As shown in Table 9, all other interaction terms X1X 

including X2 variable non-significantly affecting the 

encapsulation efficiency i.e response Y1. As far as concern 

with the regression co-efficient for response Y2 , it had no 

effect on the independent variable i.e X1 and X2. Whereas the 

model found to be significant. No any X1.X2interaction terms 

affecting on average size  i.e.Y2 response. And X1
2
 terms of 

amount of polymer was significant found impact on average 

size. 

Table 6: ANOVA analysis of Y1 and Y2 Response 

Source 

of 

variation 

SS DF MS F value P value 

Y1 response (%EE) 

Model 107.70 - - - - 

(X1) 96.80 1 96.80 33.22 0.0045 

(X2) 6.20 1 6.20 2.13 0.2184 

X1.X2 0.30 1 0.30 0.10 0.7634 

X1
2 3.81 1 3.81 1.31 0.3164 

X2
2 0.18 1 0.18 0.06 0.8154 

Pure 

Error 
2.64 1 2.64 - - 

Total 119.36 9 - - - 

Y2 response (Average Size) 

Model 511.98 8 102.40 12.95 0.00140 

X1 28.17 1 28.17 3.56 0.1321 

X2 1.50 1 1.50 0.19 0.6856 

X1.X2 0.00 1 0.00 0.00 0.0000 

X1
2 480.96 1 480.96 60.84 0.0015 

X2
2 6.30 1 6.30 0.80 0.4225 

Pure 

Error 
18.00 1 8.00 - - 

Total 543.6 9 - - - 

 

2) Polynomial equation and regression analysis for both the 

responses: 

To study all the possible combinations of all factors at all 

levels, three leval, two-factor full factorial design and 

conducted in fully randomized order. A suitable polynomial 

equation  involving the individual main effects and 

interaction factors was selected based on the estimation of 

several statistical parameters, such as the multiple correlation 

coefficient (r
2
), adjusted multiple correlation coefficient 

(adjusted r
2
) and the predicted residual sum of squares 

(PRESS), provided by the Design-Expert software® (8.0.7.1) 

Trial Version as shown in Table 10.  Here, Quadratic model 

was selected as a suitable statistical model for optimized 

formulation because they had the smallest PRESS values. 

PRESS is measure of the fit of models which the points of the 

designs. The responses obtained at various levels of 2 

independent variables (X1 and X2) were subjected to multiple 

regression to yield a second order polynomial equation (full 

model). The equation clearly reflects the wide range of values 

for coefficients.  

Table 7: Regression analysis of encapsulation efficiency (Y1) 

and Average size (Y2) 

Regression Statistics for Y1- %EE 

R square 0.9023 

Adjusted R Square 0.7803 

Coefficients P value 

X 0.0045 

Y 0.2184 
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X.Y 0.7634 

X2 0.3164 

Y2 0.8154 

Regression Statistics for Y2-Average size 

R square 0.9418 

Adjusted R Square 0.8691 

Coefficients P value 

X 0.1321 

Y 0.6856 

X.Y 1.000 

X2 0.0015 

Y2 0.4225 

3) 2-D and 3-D contour plots of response Y1: 

Two dimensional contour plot and three dimensional 

responses surface plots are presented, to show the 

relationships between the dependent and independent 

variable. The different graph shown here is graphical 

representation of the various mathematical models.  

 

Figure 5: 2-D and 3-D plots of Response Y1-% Encapsulation Efficiency 

It’s for the easy interpretation of arrived resu t. The graphs 

will able to overlap and helps to define design space per 

current requirements of FDA and ANDA application. Here, 2-

D, contour plots and 3-D response surface plots were plotted 

for both response i.e. Y1 and Y2. 

The best way to look at the output is to draw two- dimensional 

contour plot. The contour plot of %EE reveals non-linearity 

(curved lines). The following contour plot Fig. 5 reveled that 

relationships between the two independent variables (X1= 

Aspiration Speed) (X2=Amount of Polymer) and response Y1 

(%Encapsulation Efficiency) was found to be non-linear in 

nature. When amount of polymer kept at low level 100 and 

aspiration speed increased from 40 to 45 encapsulation 

efficiency found to be increased from 82.17 to 88.88. When 

the amount of polymer increased from 100 to 200 and by 

keeping low level of aspiration the encapsulation efficiency 

was found to be decreased. Here, aspiration speed and amount 

of PF - 127 both had role in contribution of increment of 

encapsulation efficiency. 

4) 2-D and 3-D plots of response Y2: 

3D surface plot as shown in Fig. 6 shows that the relationship 

between X1 and X2 is non-linear in nature and it shows that 

as the amount of polymer increases entrapment efficiency 

decreases and aspiration speed has less influence on average 

size. By keeping amount of polymer at low level 100 and 

aspiration speed increased from 40 to 45 the average size was 

found to be constant at medium level of aspiration speed. And 

by keeping the low level of aspiration speed 40 and increased 

level of polymer 100 to 200 the size was increased till 

medium level and then decreased. Thus, conclusively the both 

the Independent variable influencing on the average size at 

medium level of polymer.  

 

Figure 6: 2-D and 3-D plots  of Response Y2-% Average Size 

5) Overlay plot and validation of design: 

The overlay plot is the plot which is generated by 

superimposing the contour plots of all the regions and the 

common region which is obtained is the overlay plot by which 

we can get some predicted standard batches which is called 

Check point analysis. The range selected for the overlay plot 

was ± 10 as per USFDA criteria. 

𝐏𝐫𝐞𝐝𝐢𝐜𝐭𝐞𝐝 𝐯𝐚𝐥𝐮𝐞     𝐞𝐫𝐯𝐞𝐝 𝐯𝐚𝐥𝐮𝐞

𝐩𝐫𝐞𝐝𝐢𝐜𝐭𝐞𝐝 𝐯𝐚𝐥𝐮𝐞
   𝟏𝟎𝟎 

The relative error should not be more than 5% as per USP. A 

checkpoint analysis was performed to confirm the role of the 

derived polynomial equation and contour plots (overlay plots) 

in predicting the responses. From the extensive grid search, 

values of independent variables were taken at 1 check point as 

levels of the factors. In the region of the design space as seen 

in Fig. 7 shows that any point selected among the region falls 

well within the constrains set for the response variables. 

 

Figure 7: Overlay Plot 
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The theoretical values of R1 were calculated by substituting 

the values in the polynomial equation. The final formulation 

Check point batch 1 were selected after taking trials of the 

obtained formulations as they were having significantly lower 

amount of error as can be seen in Table 11 which consists of 

the dependent and the independent variables 

6) Checkpoint Batch: 

% Entrapment efficiency and micelles size of check point 

batches were experimentally determined. They were 

compared with the predicted values found from the equation. 

The % relative error obtained from checkpoint batch was in 

the range of 0.171.73 hence, close resemblance obtained 

between observed value and predicted response assessed the 

robustness of prediction. This is shown in Table 11 and Fig. 8 

and Fig. 9. This value indicates the validity of generated 

model. The model suggest that Run 5 which has amount of PF 

127 100 mg and aspiration rate 42.5 was optimized. 

Table 8: Checkpoint batches with observed responses 

Batc

h 

I.

V 

Opt. 

value 

Depe

ndent 

Facto

r 

Predicte

d 

Respons

e 

Observe

d 

Respons

e 

%Predictio

n Error 

Run 

5 
X1 103.9 Y1 89.42 89.00 0.46 

 X2 42.58 Y2 264.25 262 1.6 

 

Figure 8: Linear correlation plot between actual and predicted values b) the 

corresponding residual plot for response Y1 (% EE) 

 

Figure 9: Linear correlation plot between actual and predicted values b) the 

corresponding residual plot for response Y2 (% Particle size) 

E. Characterization of optimized spray dried polymeric micelles 

1) Particle size and Zeta Potential: 

Fig. 10 shows that avg. size was found to between 200-300 

nm, which came in the range of pluronic block co-polymer 

micelles i. e 80-200nm. The average size distribution was 

evaluated by zeta analysis. If the micelle size was less than 

5µm, it has good target ability. Here the micelle size was 200-

300nm, so it is acceptable. Whereas Fig. 10 shows that zeta 

potential was found to be -26.0mV and with deviation 

observed   ±4.24mV. This was in the range of pluronic 

micelles i.e. -23.33 to -24.21mV with deviation of ±2.7 mV. 

Hence it is acceptable and result was that the prepared 

micelles carrying charge that static charge as they were 

prepared by spray drying technique and it helps to 

disaggregate the micelles particle form each other and it was 

found to be stable. 

 

Figure 10: Size distributions by intensity and Zeta potential 

2) Transmission Electron Microscopy Study: 

The study of TEM micrograph, Fig. 11 shows that the 

micelles had size of 200 to 300 nm ranges and spherical in 

shape. The micelles observed as separate entity and not in 

aggregate form. The observed size was found to be good 

target ability over the lungs at the site of cancer, as the all the 

derived data of TEM monograph was found to be less than 5 

μm. Moreover, TEM study reve ed that a   the mice  es were 

in uniform shaping which easily gone through the surfaces of 

alveoli of the lungs. 

 

Figure 11: TEM Morphology of Micelles 

3) Critical Miceller Concentration: 

The CMC of optimized batch was found to be 0.6 µg/ml. At 

this point micelles formation in vesicular structure got started. 

As the polymer concentration increases the absorbance also 

increases. At the point of 0.6 μg of concentration of po ymer 

the threshold of micelle prepared were very much faster. The 

CMC of Pluronic micelles generally within the range of 0.2 to 

0.6 µg/ml. 
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Figure 12: Critical Micelle Concentration 

4) In-vitro Diffusion Study: 

 

Figure 13: Cumulative Drug release profile of optimized Cisplatin polymeric 

micelle 

In vitro drug release study of optimized batch was performed 

by Franz diffusion cell. The drug release profile of cisplatin 

loaded optimized polymeric micelles showed release up to 10 

hrs as shown in Fig. 13.  In the study of drug release 

mechanism of cisplatin polymeric micelles, the release data 

were fitted to the different kinetics models like zero order, 

First order, Higuchi order and Kosmeyer peppas. Korsmeyer-

Peppas model describes the release mechanism of drug from 

matrix. Release profile of log fraction released versus log time 

was p otted and its s ope va ue which is indicated by ‘n’ was 

calculated. It was found that n values were obtained 0.5018 

which indicates non-fickian diffusion. Maximum R
2
 i.e. near 

to 1 and minimum SSR value was found in case of Higuchi 

model which indicated that Higuchi was the best fitted model. 

5) Aerodynamic Behavior Study: 

Aerodynamic property of polymeric micelle was investigated 

by Anderson cascade impactor. The optimized formulation 

was subjected to in vitro lung deposition study using 

Anderson cascade impactor. The deposition of total amount 

of remaining in capsule, device, throat, preseperator and 

stages 0-7 polymeric micelle was found to be 82%. 

Percentage deposition at stages 6-7 of the cascade impactor 

indicates Percentage respirable fraction was used to evaluate 

the possibility of delivering the particles to deep parts of the 

lung such as alveoli. Percentage respirable fraction was 54% 

indicates the high aerosol performance of polymeric micelle 

as shown in Fig. 14. 

 

Figure 14: Bar graph representing amount of micelles deposited different 

stages and Logarithmic graph of cumulative behavior in terms of Diameter 

These kinds of polymeric micelle possess high aerosolization 

efficiency, which improve the flow ability of the particles of 

the inhaler and promotes the disaggregation into fine particles. 

After plotting graph as shown in Fig. 14, Mass Median 

Aerodynamic Diameter and Geometric Standard Deviation 

was found to be 1.73 μm and 1.49 μm respective y. Optimum 

range is defined as 0.5-5μm because partic es <0.5μm are 

usua  y exha ed whereas partic es >5.0μm are impacted in the 

oropharynx. Hence the powder is suitable for the delivery to 

the peripheral alveolar airway. Thus resultant data shoes that 

 ess than 5μm nanopartic es ab e to target on  ung site easi y. 

IV. CONCLUSION 

Optimized batch containing Cisplatin and Pluronic F-127 ratio 

of 1:5 having novel effective safe and patient friendly and 

overcome the all the drawback of conventional chemotherapy. 

Moreover, prepared novel formulation DPI did not causes side 

effects as maximum part reaches to the lung. In a future this 

would be suitable for effective delivery of anti-cancer therapy 

ultimately leads to more patient compliance. The excipients 

used in present work can also result in improvement of 

bioavailability and they are approveed by FDA for use in 

medicine. As the preparative technology and the raw materials 

are well known, the scale up work can be easily taken up at 

industry. The equipments in preparation of dosage form are 

easily available. Better profit expected as such formulation is 

not available currently in the market. 
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Abstract: - According to World Health Organisation (WHO), 

only about 0.01 percent in India donate their organs after death. 

There is a major lack of awareness about organ donation, and 

recent polls and surveys reveal that people would come forth 

with their wish to donate if they had received more information. 

A descriptive research study was conducted to assess the 

knowledge of undergraduate students regarding organ donation 

in selected colleges at Abu road. A structured questionnaire was 

prepared and used to assess the knowledge regarding organ 

donation. The study was carried out in Shri USB group of 

educations, Abu road, through simple random sampling 

technique using lottery method, 100 under graduate students 

were selected from three departments of the institution like 

Nursing, Physiotherapy and engineering. Structured knowledge 

Questionnaire was administered to collect the needed data. Data 

was analyzed by using descriptive and inferential statistics. With 

regard to the knowledge assessment, 43(43%) had moderate level 

of knowledge, 57(57%) had low level of knowledge and none of 

them had high level of knowledge, the mean score was 7.12. and 

also result shows that there is significant association between the 

knowledge of graduate students regarding organ donation with 

their selected demographic variables.  

Key words: organ, organ donation, knowledge, donor card, under 

graduate students, organ transplantation. 

I. INTRODUCTION 

“IT IS SAID THAT THE SOUL IS INVISIBLE, KNOWING 

THIS YOU SHOULD NOT GRIEVE FOR THE BODY” 

                           -Bhagavad Geeta 

Of a total of 9.5 million deaths annually in India, nearly 

100,000 are due to organ failure. To save and extend lives, 

organ donation and organ transplantation have become the 

only hope[1]. Organ donation takes healthy tissues and organ 

from one person so that they can be transplanted into another 

person, replacing organ that are not healthy. When a person 

allows healthy transplantable organs to be removed, either 

after death or while the donor is live and transplant into 

another person, called as organ donation[2].  

Common transplantation includes: kidneys, heart, liver, 

pancreas, intestine, lungs, bones, bone marrows, skin, and 

corneas. Some organs and tissues can be donated by living 

donors, such as kidney or part of the liver, but most donations 

occurs only after death[3]. There are two types of donors- 

Live donor and Cadaver donor (brain dead) these donors are 

further divided into two types of donor – Related donor and 

unrelated donor[4]. 

The decision of organ donation can be taken by any person in 

any stage of his/her life. But permission of his/her family is 

needed at the time of cadaver donation. The registration is 

necessary for the organ donation. Any person can register 

his/her organ donation at NGO, hospital or organ donation 

foundation or any affiliated institution from the organ 

donation. The foundation will issue a card with brief 

information of person and his/her organ donation. That card is 

called is called as organ donation card[5]. Assessment of 

knowledge regarding organ donation is essential for better 

understanding of the people on different aspects of organ 

donation. It will further help us in improving health education 

initiatives thereby removing the hurdles behind organ 

donation. 

II. REVIEW OF LITERATURE 

A cross sectional study was conducted to assess knowledge, 

attitude and practices about organ donation among college 

students in Chennai, Tamil Nadu -2012. Purpose of the study 

was to assess the knowledge, attitude and practice about organ 

donation among college students in Chennai, Tamil Nadu and 

to study the association of sociodemographic factors with 

knowledge, attitude and practice of organ donation among 

college students in Chennai, Tamil Nadu. 440 students aged 

18 years and above were interviewed with a pre tested 

questionnaire in Hindustan Arts & Science College. Result 

shows that 86.1% were not aware of legislation. 75%of 

respondents were in favour of organ donation, but only about 

2% were registered for organ donation [6].   

A study was conducted to assess Knowledge, Attitude and 

Practice Regarding Organ Donation among Indian Dental 

Students. Objective of the study was to To assess and compare 

the knowledge, attitude, and practice regarding organ donation 
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among undergraduate dental students. A cross-sectional study 

was conducted among 298 undergraduate dental students of 

the Panineeya Institute of Dental Sciences and Hospital, 

Hyderabad, India. A 27-item self-administered questionnaire, 

which assessed the levels of knowledge (Q1–13), positive 

attitude (Q14–24) and practice habits (Q25–27) regarding 

organ donation with dichotomous scale (Yes/No). results 

shows that As compared to males, females reported better 

mean±SD scores in knowledge (8.22±1.51) and practice 

(0.91±0.8); higher mean±SD attitude scores (8.55±1.56) were 

reported among males (p<0.001). While second year dental 

students had higher scores for their knowledge (8.55±1.56) 

and practice (1.02±0.44) compared to other year of training, 

third year students showed a significant higher mean attitude 

score (1.73±1.17) (p=0.02). Hindus and Muslims scored 

significantly lower mean knowledge, attitude and practice 

habits compared to others (Christians, Jains and Athesists) 

(p<0.001). There was a positive correlation between mean 

knowledge, attitude, and practice habits[1]. 

III. OBJECTIVES OF THE STUDY 

 To assess the  level of knowledge of under graduate 

students  regarding organ donation, 

 To find out the association between knowledge of 

under graduate students regarding organ donation 

with selected demographic variables. 

Hypotheses  

H1: There will be a significant association between the 

knowledge on organ donation among under graduate students 

with their selected demographic variable 

IV. MATERIALS AND METHODS 

Research design: The research design used in this study was 

descriptive research design. 

Population: In this study the population comprised of under 

graduate students. 

Target population: The target population of this study 

comprised under graduate students in USB group of colleges. 

Setting of the study: Setting is the physical location and 

condition in which data collection takes place in a study. 

Study was conducted in USB group of colleges Abu road.  

Sample Size: In this study the sample size was 100 under 

graduate students. 

Sampling Technique:  Simple random Sampling Technique 

was  used to select the samples. Using lottery method 100 

samples was selected from department of nursing, 

physiotherapy and engineering  33, 33 and 34 samples 

respectively 

Data collection instrument: 

 Section – A It comprised of 7 items seeking information on 

demographic data such as age, gender, education, habitat, 

religion, occupation of parents and previous knowledge on 

organ donation. Section – B It consisted of 20 structured 

questions on organ donation. 

Reliability of the tool: 

Reliability refers to the degree of consistency of the tool. 

Reliability of the structured knowledge questionnaire was 

established by the split half method. The reliability score 

obtained for questionnaire was (R) = 0.70. Hence the tool was 

found to be highly reliable to proceed for the data collection 

V. FINDINGS 

Section- A: Description of sample characteristics 

 

 

Table I. Distribution of frequency and percentage analysis of selected variables             N=100 

SL No Demographic variables Variables No of subjects Percentage 

 
1 

 

Age in years 

18 – 20 59 59% 

21 – 23 28 28% 

24 and above 13 13% 

 

2 
 

Gender 

Male 41 41% 

Female 59 59% 

 
3 

Education 

Nursing 33 33% 

Physiotherapy 33 33% 

Engineering 34 34% 

 

4 
 

Habitat 

Rural 62 62% 

Urban 38 38% 

5 Religion 

Hindu 75 75% 

Muslim 08 08% 

Christian 06 06% 

Others 11 11% 

6 Occupation of parents 
Medical related 16 16% 

Non-medical related 84 84% 

7 
Pervious knowledge on organ 

donation 

Yes 28 28% 

No 72 72% 
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Section- B: Assessment of knowledge of under graduate students regarding organ donation 

 

Table II. Knowledge score of under graduate students regarding organ donation.   N=100 

Level of 
knowledge 

frequency percentage Mean Median Mode 
Standard 
deviation 

Low level 57 57% 

7.12 6 5 2.61 Moderate level 43 43% 

High level - - 

 

Table II illustrate that 57% of samples had low level of 

knowledge, 43% had moderate level of knowledge and none 

of them had high level of knowledge regarding organ 

donation. The mean test score was 7.12 with the standard 

deviation of 2.61.  

 

 

Fig.I. Knowledge score of under graduate students regarding organ donation. 

Table III: Association between  knowledge score with selected demographic variables N=100  

Sl. No. Variables Poor Average Df Table  

value 

 

χ 2 

value 

1 Age in Years 18-20 29 30 2 5.99 3.96 

(NS) 21-23 20 08 

23 and above 08 05 

2 Gender Male 23 18 1 3.84 0.023 

(NS) Female 34 25 

3 Education Nursing 16 17 2 5.99 8.029 
(S) Physiotherapy 15 18 

Engineering 26 08 

4  

Habitat 

Rural 33 29 1 3.84 0.754 

(NS) 
Urban 24 14 

5 Religion Hindu 43 32 3 7.81 0.929 
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Muslim 05 03 (NS) 

Christian 04 02 

Others 05 06 

5 Occupation of parents Medical related 5 11 1 3.84 5.152 

(S) Non-medical related 52 32 

6 Previous 

knowledge on 

organ donation 

Yes 10 18 1 3.84 7.188 

(S) 
N0 47 25 

               S: Significant at 5%                                                                            NS: Not significant                       

Table-III findings reveal that the chi-square value was 

significant at 5% level of significance for the demographic 

variables such as education, occupation of parents and 

previous knowledge on organ donation. Hence the research 

hypothesis H1 was accepted. It indicated that there is 

association between knowledge score and selected 

demographic variables of under graduate students. 

VI. DISCUSSION 

Today, in India the demand for organs for transplantation far 

exceeds the supply. Transplant technology and surgical 

methods continue to improve enhancing chances of survival 

and improved quality of life for the recipient.[7] However this 

rapid enhancement in research pertaining to transplantation of 

organs has not been accompanied by a parallel increase in the 

availability of donor organs. There is a huge shortage of donor 

organs today all over the world. The success of deceased 

donor program in any region is dependent on the knowledge 

and attitude of the people residing in that region towards 

organ donation. [8] In the present study, authors have assessed 

the knowledge of under graduate students regarding organ 

donation. 

The response to the questionnaire provided us with valuable 

insight in to the understanding of the participants about organ 

donation. In the present study most of the participants were 

between the age of 18 to 20, majority of the students were 

girls, large number of participants were from rural area, 

majority of the samples were Hindu’s, most of the participants 

parents occupation is non-medical profession and majority of 

the participants had no previous knowledge regarding organ 

donation.   

Out of the 100 participants 57% were having low level of 

knowledge, 43% had moderate level of knowledge and none 

of them had high level of knowledge. The mean test score was 

7.12. the demographic variables like education, occupation of 

parents and previous knowledge regarding organ donation has 

significant association with their knowledge score at 5% of 

significance level, hence the H1 is accepted.  

A similar study was conducted, a survey on attitudes toward 

organ donation amongst undergraduate nursing students. They 

administered a self-rated quantitative questionnaire and the 

Organ Donation Attitude scale. They found no significant 

correlations between attitude toward organ-donation and the 

age and sex of the students. They concluded that awareness 

and attitude levels of nursing students toward organ donation 

was inadequate [9]. 

VII. CONCLUSION 

Donated organs transplanted into patients suffering from end 

stage organ failure have changed the course of many illnesses 

today. However the crucial factor is availability of a donor for 

which there has to be awareness. The present study not only 

assessed the level of knowledge among the under graduate 

students but also developed a pamphlet containing 

information related to organ donation and discussed various 

aspects of it with the respondents.  

This study found that the under graduate students are having 

poor knowledge regarding organ donation. In countries like 

India, there is a significant demand for organ donation in spite 

of availability of organs. The implications of this study are to 

emphasize the need to educate students about organ donation 

and registration for organ donation. This can be accomplished 

through the continuous mass media campaign in the form of 

short films, advertisement, celebrity endorsement, etc.; panel 

discussion utilizing experts in that field and inculcating in 

their curriculum regarding its importance. 
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Abstract: The aim of the present study is to investigate the levels 

of teacher candidates’ Facebook addiction. The study used 

quantitative model. Facebook Addiction Scale was used to collect 

data and t-Test analyses were used to determine whether there is 

a difference between gender, own a smartphone and access to 

internet according to the Facebook addiction. The survey data 

were collected from 204 teacher candidates who attending 

Primary Education Programme in Inonu University. 

Key words:  Facebook addiction, teacher candidates, primary 

education 

 

I. INTRODUCTION 

oday, the internet is an essential tool in the field of life[1]. 

In the absence of the internet began to bother mankind 

such as physiological needs. The most popular use of the 

internet social networking sites but due to the prevalence of 

mobile devices the excessive use of social networking sites 

has become a global phenomenon [2,3]. “The presence of 

individuals who communicate in traditional communication, 

receiving position and corresponds to limited communication 

intervention, interacting on the internet user‟s communication 

process is more pronounced in sovereignty” [4].The new 

communication environment in the world that turned into a 

global village, social networking sites is starting to become an 

indispensable part of everyday life. One of the most popular 

social networking sites, Facebook, in recent years,   great 

interest and the excessive use [3]. Facebook was founded in 

February 2004 by Mark Zuckerberg with his college 

roommates and fellow Harvard University students Eduardo 

Saverin, Andrew McCollum, Dustin Moskovitz and Chris 

Hughes [5].  Mark Zuckerberg, said, “More than 175 million 

people use Facebook. If it were a country, it would be the 

sixth most populated country in the world.”[6] 

With 1.090 million daily active users-%90 mobile 

users- Facebook is the most popular social networking site in 

the world has received considerable attention 

recently[7]Facebook providing  to its users maintaining and/or 

establishing relationships, to share media contents and 

experiences with friends, and to easily communicate with 

them[8]. Facebook users  often are not signing onto Facebook, 

but also spend a lot of time on Facebook [9]. For this reason 

Facebook users, who  are actively uses Facebook. Facebook 

provides their users receive suggestions from friends, “like” 

and messaging functions. Social companionship involves 

spending time with others in free time activities [2]. A 

Facebook user finds herself/himself in a world that its bricks 

are virtual.  

Walker, has been defined addiction as “a persistent 

behavioral pattern characterized by: a desire or need to 

continue the activity which places it outside voluntary control;  

a tendency to increase the frequency or amount of the activity 

over time; psychological dependence on the individual and 

society [10].” For this reason it has  been argued that against 

the ordinary and essential activities such as eating,  exercising, 

shopping, and working excessive and compulsive behaviours 

such as workaholism and nomophobia should the discussion 

as a addictions [11]. Maiden effort to describing internet 

addiction is to see where the emotion and mental attachment 

lie [6]. Kardefelt-Winther,remark that people will be online on 

social networking sites to escape from the daily problems 

which result in with negative outcomes [12]. 

“Just like substance-related addictions, it would appear 

that in some individuals, social networking site addiction 

incorporates the experience of the „classic‟ addiction 

symptoms, namely mood modification salience, tolerance, 

withdrawal symptoms, conflict and relapse” [13].Three 

overarching theoretical perspectives can explain the formation 

of  addiction  toward   social networking sites: (1)  the 

cognitive behavioral model; (2) the social skill model; and (3) 

socio-cognitive model [14]. In contrast with Facebook 

provided innovative and social features, researches on 

Facebook highlights that  Facebook usage will be worse 
effects on people especially the younger ones[8]. 

”Facebook addictionmay be a specific form of internet 

addiction” [15].Facebook addiction is an escape for addicted 

ones who unable to socialize in the real life. “Facebook 

addiction is defined as a subtype of Internet addiction which 

focuses on the addiction one of the most popular social 

networking sites – Facebook”[3]. 

Notwithstanding Facebook has a variety of 

behaviours and deep psychological effects in people‟s lives 

the vast majority of research highlights such as number or 

friends, how many hours per day person spends on Facebook, 

frequency of wall posts or the number of photos [16]. The 

primary aim of the study is to identify primary teacher 

candidates‟social networking (Facebook) addiction levels via 

demographic variables. Based on this aim, the following 

questions addressed in this study are as follows: Are there any 

significant differences in different levels of primary teacher 

candidates‟ social networking (Facebook) addiction through; 

T 
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(1) their gender, (2) their belonging smart phone situation, (3) 

their access to internet situation. 

Method 

This study is a descriptive research. Screening model 

was employed in this study which aimed to identify the 

addictions levels of primary teacher candidates. Screening 

models are the research approaches used to describe a 

situation that exists in the past or currently [17]. 

In this regard Bergen Facebook Addiction Scale 

(BFAS) was used. The scale was developed to assess overuse 

of Facebook. The BFAS consists of 18 items and each item 

was presented in the form of a 5-point Likert scale (1: Very 

Rarely and 5: Very Often). The BFAS has six sub dimensions, 

namely salience, mood modification, tolerance, withdrawal, 

conflict, and relapse. Also, the BFAS gives a total score 

ranging from 18 to 90, and higher scores indicate greater 

Facebook addiction. The Cronbach alpha coefficient of the 

original form was .83. Turkish adaptation of this scale was 

done by Akın &Demirci, 2013. According to Akın &Demirci, 

the results of the confirmatory factor analysis indicated that 

the scale was well fit (x² = 291,88, df = 118, p < 0,001, 

RMSEA =0,061, CFI = 0,95, GFI = 0.92, IFI = 0,95, and 

SRMR = 0,040) [18]. The internal consistency reliability 

coefficient of the Turkish BFAS was 0,93. In this study, the 

internal consistency coefficient was found as 0,896. 

The participants of this study were primary teacher 

candidates studying at the education faculty of Inonu 

University during 2016-2017 academic year. Data has been 

collected between September and November 2016. 370 for 

distributed to teacher candidates, 304 of them returned. 

Initially, 304 teacher candidates participated but 100 

questionnaires were withdrawn from the study as teacher 

candidates don‟t have a Facebook account.   

At the end of the data collection process, SPSS 17.00 

was used to analyze the quantitative data. The students‟ 

personal information and answers about Facebook addiction 

were entered to SPSS program. Descriptive statistics including 

percentage and frequency were used in the analysis of 

personal information and Facebook addiction, and t-test .t– 

test was employed to identify whether there were any 

relationships between their gender, belonging smartphone, and 

access to internet with their Facebook addiction levels. 

Results 

Table 1. Facebook Addiction Levels of Primary Teacher Candidates Related 
to Mean and Standard Deviation 

 
Nu Scale Items  ̅ Sd 

1 
I spent a lot of time thinking about 

planning to use Facebook. 
1,84 1,12 

2 
I thought about how can I have more 

free time to use Facebook. 
1,70 1,09 

3 
I thought too much about what is 

going on recently on Facebook. 
2,02 1,23 

4 
I spent much more time on Facebook 

than intended at the beginning. 
2,41 1,43 

5 
I have always felt the need to use 

Facebook even more. 
1,82 1,23 

6 

I felt myself having to use Facebook 

even more to get the same pleasure 

from it. 

1,67 1,08 

7 
I used Facebook to forget my personal 

problems. 
1,94 1,28 

8 

I used Facebook to reduce my guilt, 

anxiety, weakness, despair and 
depression. 

1,83 1,16 

9 
I used Facebook to reduce my 

discomfort. 
1,91 1,21 

10 
People always said I should reduce my 

use of Facebook; but I did not listen 

them. 

1,71 1,24 

11 
I have tried to cut my use of 

Facebook, which resulted in failure. 
2,06 1,42 

12 
I decided to use Facebook less often; 

But I failed. 
1,92 1,20 

13 
If I was prohibited from using 

Facebook; I would be disturbed and  

troubled. 

1,84 1,21 

14 
If I was prohibited from using 

Facebook; I would be angry. 
1,91 1,27 

15 

If I could not enter Facebook for a 

long time because of different reasons; 

I would felt bad myself. 

1,91 1,20 

16 
Using too much Facebook negatively 

affected my lessons and my work. 
2,04 1,28 

17 
I decided to use Facebook less often; 

But I failed. 
1,80 1,19 

18 
I neglected my wife, my family 

members and my friends because of 

Facebook. 

1,78 1,24 

T  32,44 22,08 

When we look at the Table 1 we saw that Item 

4(Mean=2,41)  “I spent much more time on Facebook than 

intended at the beginning.” So we clearly highlight that most 

of the primary teacher candidates addicted to Facebook 

without realizing it.Item 11 “I have tried to cut my use of 

Facebook, which resulted in failure.” (Mean=2,06) shows us 

that teacher candidates want to break off with Facebook but 

then they can‟t do it completely. 

Table 2. According to The Gender Variable Facebook Addiction Levels of 

Primary Teacher Candidates 

 Group N  ̅ Sd t df p 

T
o
ta

l 

Male 
65 37,30 14,86 2,36 202 0,019 

Female 
139 32,64 12,31 

   

S
al

ie
n
ce

 

Male 
65 5,74 2,75 0,71 202 0,480 

Female 
139 5,47 2,34 

   

M
o

o

d
 

M
o

d

if
ic

at

io
n

 Male 
65 6,09 3,24 1,31 

202 0,191 
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Female 
139 5,49 2,97 

   

T
o
le

ra
n
ce

 Male 
65 6,32 2,95 1,31 

202 0,164 

Female 
139 5,71 2,93 

   

W
it

h
d
ra

w
al

 Male 
65 5,98 3,13 0,99 

202 0,324 

Female 
139 5,52 3,15 

   

C
o
n
fl

ic
t 

Male 
65 6,48 3,43 2,74 

202 0,007 

Female 
139 5,22 2,85 

   

R
el

ap
se

 

Male 
65 6,69 3,10 3,40 

202 0,001 

Female 
139 2,75 2,75 

   

 

In table 2, primary teacher candidates‟ total and 

subdimension scores of Facebook addiction levels were 

compared according to the gender variable. There is a 

significant difference in total score of Facebook addiction 

levels according to the gender variable. It was founded that 

primary teacher candidates who are male ( ̅=37,30)are more 

addicted to Facebook then who are female( ̅=32,64). There is 

a significant difference in conflict and relapse subdimension 

score of Facebook addiction levels according to the gender 

variable. It was founded that primary teacher candidates who 

are male( ̅=6,48;6,69) are more addicted to Facebook then 

who are  female ( ̅=5,22;2,75). 

Table 3. According to The Own A Smart Phone Variable Facebook Addiction 

Levels of Primary Teacher Candidates 

 Group N  ̅ Sd t df p 

T
o
ta

l 

Yes 
194 34,42 13,41 1,37 202 0,171 

No 
10 28,50 10,42 

   

S
al

ie
n
ce

 

Yes 
194 5,61 2,47 1,26 202 0,210 

No 
10 4,60 2,55 

   

M
o
o
d

 

M
o
d
if

ic
at

io
n

 Yes 
194 5,75 3,11 1,36 

202 0,176 

No 
10 4,40 1,71 

   

T
o

le

ra
n

c

e 

Yes 
194 5,95 2,96 0,99 

202 0,323 

No 
10 5,00 2,76 

   

W
it

h
d
ra

w
al

 Yes 
194 5,72 3,15 0,99 

202 0,320 

No 
10 4,70 2,91 

   

C
o
n
fl

ic
t 

Yes 
194 5,65 3,12 0,55 

202 0,585 

No 
10 5,10 2,64 

   

R
el

ap
se

 

Yes 
194 5,75 2,97 1,01 

202 0,072 

No 
10 4,70 2,00 

   

 

In table 3, primary teacher candidates‟ total and 

subdimenson scores of Facebook addiction levels were 

compared according to the own a smart phone variable. There 

is no significant differences of them in both total and 

subdimension scores of Facebook addiction levels according 

to the own a smart phone variable.  

 
Table 4. According to The Access to Internet Variable Facebook Addiction 

Levels of Primary Teacher Candidates 

 Group N  ̅ SS t Sd p 

T
o

ta
l 

Yes  
160 33,14 13,04 -2,04 202 0,043 

No 
44 37,73 13,86 

   

S
al

ie
n

ce
 

Yes  
160 5,41 2,47 -1,69 202 0,093 

No 
44 6,11 2,43 

   

M
o
o
d

  

M
o
d
if

ic
at

io
n

 Yes  
160 5,58 2,99 -0,89 

202 0,375 

No 
44 6,05 3,35 

   

T
o
le

ra
n
ce

 

Yes  
160 5,71 2,94 -1,76 

202 0,080 

No 
44 6,59 2,93 

   

W
it

h
d
ra

w
al

 

Yes  
160 5,41 2,93 -2,28 

202 0,024 

No 
44 6,61 3,71 

   

C
o

n
fl

ic
t 

Yes  
160 5,45 3,07 -1,53 

202 0,129 

No 
44 6,25 3,11 
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R
el

ap
se

 

Yes  
160 5,58 2,98 -1,07 

202 0,288 

No 
44 6,11 2,76 

   

 

In table 4, primary teacher candidates total and 

subdimension scores of Facebook addiction levels were 

compared according to the access to internet variable. There is 

a significant difference in total score of Facebook addiction 

levels according to the access internet variable. It was founded 

that primary teacher candidates who no access to internet 

( ̅=37,73)are more addicted to Facebook then who access 

internet( ̅=33,14). There is a significant difference in 

withdrawal subdimension score of Facebook addiction levels 

according to the access internet variable. It was founded that 

primary teacher candidates who no access to internet ( ̅=6,61) 

are more addicted to Facebook then who access 

internet( ̅=5,41). 

 

II. CONCLUSION 

At the end of the research we found that there is no effect 

on Facebook addiction levels of primary teacher candidates 

through own a smartphone variable.  We found that males are 

more addicted than females in total score and conflict and 

relapse subdimension. Teacher candidates who no access to 

internet is more addicted than who access to internet in total 

score and withdrawal subdimension. We have seen that if 

teacher candidates easily access to internet they may less 

addicted to Facebook. It is suggested that every location 

should has free internet access via government or free hotspot 

areas. This research may be conducted in different 

departments or different cities. Researchers may study 

Facebook addiction via different addiction typesof primary 

teacher candidates.  
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