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Abstract- In the present paper the authors have carried out 

the performance analysis of directional media access control 

(DMAC) protocol for optical wireless sensor networks 

developed around a microcontroller. In the recent years 

there has been extensive work carried out on the use of radio 

frequency (RF) communication for sensor networking. 

Keeping in view the limitations of RF communications in 

terms of its security aspects and interference it is of vital 

importance to avoid the use of RF communication. Till date 

less emphasis has been laid on the use of optical wireless 

communication (OWC) for sensor networking because of the 

widespread use of radio frequency but recent applications 

show increasing use of OWC in sensor networks.  The 

optical wireless (OW) sensor network technology based on 

direct-line-of-sight (DLOS) is advantageous in low power 

applications. In view of this in the present work the authors 

have developed the OWC system. The modulation, 
demodulation and control algorithms have been developed.  

Key words: Radio frequency (RF), Optical wireless 

communication (OWC), Directional Media access control 
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I. BACKGROUND 

 
he recent developments in the area of in wireless 

sensor communications and electronics and 

communications engineering has paved the way for the 
development of economically low-cost sensor networks. 

The sensor networks have been found very useful in the 

application areas, viz., forestry, health, military sensing, 

physical security, air traffic control, traffic surveillance, 

sea surveillance, industrial and manufacturing automation, 

distributed robotics, environment and habitat monitoring, 

and building and structures monitoring and home [1]. 

Depending upon the specific application area the 

deployment of wireless sensor networks has different 

levels of complexities. Rigorous research work is going 

on to address these issues for effective implementation of 

wireless sensor networks. The sensors collect information 
from entities of interest. The development process of 

sensor networks requires technologies basically from 

three different research areas, viz., context sensing, 

computing and communication, which includes hardware, 

software, and required algorithms [2]. Thus, the combined 

and also separate advancements in each of these areas 

have driven research in wireless sensor networks and 

attained the present state of wide spread applications. 

 

II. AN OVERVIEW OF WIRELESS SENSOR 

NETWORKS 

The present day sensor networks are able to take 

advantages of technologies that were not available some 

25 years ago and perform functions that were not even 

dreamt of at that time. The basic Sensors, the associated 
processors, and the advanced communication devices are 

all getting much miniaturized and of course economically 

viable. Some commercial manufacturers such as Ember, 

Crossbow, and Sensoria are now building and deploying 

small sensor nodes along with the appropriate systems [3]. 

With the state-of-the-art wireless sensor networks we 

have today, we are able to get a complete vision of how 

our daily lives will be enhanced through a network of 

ultra small, embedded sensor nodes. In addition to the 

available products from these companies, commercially 

ready off-the-shelf personal digital assistants (PDAs) 

using Palm top or Pocket personal computer systems 
contain significantly high computing power in a small 

package to support the wireless sensor networks. It is 

quite possible to make these systems robust in nature, 

functionally to become processing nodes in a wireless 

sensor networks. Some of these devices even have built-in 

sensing capabilities, such as cameras. These systems with 

the powerful processors can be integrated with MEMS 

devices and machines along with extensive databases and 

communication setups to bring about a exciting and new 

era of technologically advanced and sophisticated 

wireless sensor networks. Wireless sensor networks based 
upon IEEE 802.11 standards can now provide bandwidth 

approaching those of wired networks. At the same time, 

the IEEE has put up the low expense and high capabilities 

that sensor networks offer. Further, the organization has 

defined the IEEE 802.15 standard for personal area 

networks (PANs), with ―personal networks‖ defined to 

have a radius of 5 to 10 m. Networks of short-range 

T 
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sensors are found as the ideal technology to be employed 

in PANs. The IEEE encouragement and support for the 

development of technologies and algorithms for such 

short ranges ensures continued development of low-cost 

wireless sensor networks [4]. Furthermore, ever 

increasing chip capacity and also the processor production 
capabilities have phenomenally reduced the energy and 

cost per bit requirement for both computing and 

communication. The process of Sensing, computing, and 

information communications can now be performed on a 

single chip, which facilitates to further reducing the cost 

and allowing the deployment in even larger numbers. 

 
III. INTRODUCTION 

The overall system has been implemented on the low 

power Atmel ATmega644p microcontroller (MCUs). The 

important features of ATmega644p such as on-board 

analog-to-digital converter (ADC), 8 MHz RC oscillator 

and 8kb static random access memory (RAM) have been 

found very useful in the development process. These 

features make it most suitable for our application.   The 

authors in this paper have mainly carried out the 

performance analysis of the developed media access 
control protocol. The concentration has been on the 

analysis of random access (RA) times and the energy 

consumption [5]. The OW signals are of low power and 

do not leak through walls and at the same time do not 

interfere with sensitive wireless equipments. The 

developed media access control system (MACS) was 

implemented and tested using our protocol. The results 

obtained are able to give greater insight into the 

performance of DMAC system developed by us. In view 

of the above our work on OW sensor networks is 

important as it can serve as a replacement for RF sensor 
networks in low power applications and other situations 

where RF sensor networks become unsuitable because of 

interference and security aspects.  

IV. SYSTEM DEVELOPMENT 

The cluster head (CH) and the sensor node are able to 

generate, modulate, transmit, and receive packets of 

information. The required software for modulation, 

demodulation, and control algorithms have been 

developed in C. The low-power Atmel ATmega644p 

microcontrollers (MCUs) is used for our application. The 

major parts of the system are viz., the receiver, the signal 

processing and logic circuits, the transmitter, signal 
processing hardware, microcontroller, optical signal 

section, data storage and back-up for off-line processing 

and section for comparison with the NS-2 results as 

shown in the figure 1. In this system the incoming optical 

signal from the optical section is converted into an 

electrical current signal by the photodiode and sent to 

amplifier and signal conditioned before it is sent to the 

analog comparator (AC) all present within the receiver. 

 

 

The AC receives the incoming analog voltage and after 

that produces continuously the hardware interrupt service 

requests (ISRs) whenever the input signal becomes 

greater than the given reference voltage signal. Then the 

decision logic in the data processing section produces a 

stream of logic ―1‖s and ―0‖s which is then demodulated 

using the data recovery logic and later is being processed 

by the network and communication control logic all 
within the data processing section. After that the system 

will carry out the interpretation of the message and 

respond if it is necessary [6]. In the event if a response is 

necessary, the proper packet of information is generated 

through the transmission logic and transmitted through the 

output pin of the microcontroller. The laser driver 

circuitry provides the necessary current to power each 

VCSEL and transmit the outbound packet. In our system 

the microcontroller serves as central processing unit 

(CPU) for transmitting , receiving and processing tha 

data. 

V. COMMUNICATION BETWEEN SENSOR NODES 
AND CLUSTER HEAD 

 
The basic principle of working of directional media 

access control protocol (DMAC) is such that upon 

switching on the sensor node starts sending the signal 

periodically. This signal informs the cluster head (CH) 
within its field of view (FOV) that the sensor node wants 

to send the information by connecting to the network. 

After the CH detects the signal from the sensor node, it 

will in turn send a unique DMAC address back to the 

sensor node. There after the sensor node receives the 

signal and will update its internal memory [7]. Then the 

sensor node stops transmitting the periodic alert signal 

and keeps on waiting for its time slot to begin data 

transmission. Here after, every packet of information that 

the sensor node sends contains its DMAC address, and 
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this will enable the CH to find out which node is exactly 

transmitting the data.  

 

The CH will assign a specific time slot to a 

sensor node after it receives a request for transmission. 

Now, during each of the time slot, the CH transmits a 
synchronization signal to the specific node whose time 

slot is going to begin. This signal alerts the node to 

transmit data back. The CH transmits through a single 

transmitter whose FOV contains the sensor node for that 

particular time slot. When one sensor node is transmitting 

data all the other transmitters are turned off. After that 

time slot is over, the CH transmits a synchronization 

signal to the next sensor node in the D-TDMA time slot as 

in the queue. This process will continue as long as there 

are no time slots left. Also, a time slot is taken to be 

dropped once the sensor node sends signal to indicate to 

the CH that it has no more data to transmit. 

At this point of time the node will enter the sleep 

mode to be able to save the energy. At times when a 

sensor node makes attempt to access the channel with a 

view to have a time slot from the CH or to send the data 

to the CH, the node will first transmit its DMAC address 

[8]. In case  the channel to the CH is free, the CH will 

come to know the DMAC address and send back an 
acknowledgement (ACK) and time slot to the sensor 

node. In the event if the CH detects an incoming 

transmission but not able to detect the DMAC address, the 

incoming information is taken as packet collision.  

 

The channel contention occurs when more than 

one sensor node try to communicate with the CH during 

the same time, giving rise to packet collisions at the 

destination node. After detecting packet collisions, the 

DMAC protocol will run the random access (RA) 

protocol. Two types of data communication situations will 

lead to packet collisions at the CH, viz., more sensor 
nodes channel contention and the unsuccessful data 

transmissions due to random degradations in the optical 

channel. With a view to help separate such types of packet 

collisions, the protocol has been developed so that when 

one sensor nodes request channel access, it will transmit a 

specific number of requests within a given time duration. 

If the CH is already communicating with some other node 

at this time, it is going to detect a certain number of 

packet collisions at a definite rate. In case the CH is able 

to determine a channel contention, the CH will initiate the 

RA protocol to resolve the channel contention and 
immediately update the time slots. 

 

 
VI. PERFORMANCE ANALYSIS OF DMAC 

PROTOCOL 

 
The CH will trigger all sensor nodes to wake up and 

access the channel, resolving channel contention, and 

assigning time slots to all the sensor nodes. All RA 

protocol measurements have been carried out made on 

the CH and then transmitted to the personal computer 
using a serial cable. The measurements that were carried 

out are viz., the number of synchronization frames (SFs) 

required to connect all sensor nodes, the number of 

packet collisions, the number of timeouts, and number of 

packets successfully received. At the time of testing the 

different number of sensor nodes and the resulting 

network loads were taken into consideration to represent 
different types of network burst rates (NWBR). The 

NWBR value corresponds to the number of nodes that 

wake up or made alert by the CH and try to access the 

channel simultaneously [9]. The NWBR values set the 

collision congestion rates of the sensor network. Here in 

this case higher values will generate more collisions and 

also longer RA times than the smaller values. 

 

The two important parameters that explain the DMAC 

performance are keeping the RA time to the minimum 

and the energy efficiency. Generally the energy is wasted 

under situations when the collisions ( C )  occur or when 
the timeouts (T) are detected at the CH. Whenever the T 

occurs, only the CH is going to waste the energy, on the 

contrary whenever the C occurs, at such times not only 

the CH wastes the energy but also the sensor nodes that 

transmitted a reply wastes it’s energy. One important 

aspect that we have to note here is that the term MC 

denotes the total number of sensor nodes that are involved 

with causing a collision at the CH during a single SF. The 

energy used to transmit a packet can be calculated by the 

relation given below. 

   

 

                 

 

Where I is the current through the laser diode, V is the 

voltage across the laser driver circuit, (#1 bits) is the 

average number of ―1‖ bits within a packet, and B is the 

data rate. The average energy wasted at CH depends upon 

the initial conditions of the algorithm and the number of 

NWBR that occur and is given by the following 
relationship. 

 

 

                

 

Where W is the window size of the algorithm,  po  is the 

initial p value, and  X  represents the NWBR that occur, 

that is the number of sensor nodes contending for channel 

access [10]. The numerical 5 present in the above 

expression indicates that the CH is having five laser diode 

transmitters. The average energy that is wasted by all the 

sensor nodes can be calculated from the relationship given 
below. 

 

                 

The total average energy wasted is then expressed by the 

relationship given below. 
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The energy loss function for each NWBR value can be 

combined, and the general form of the RA protocol total 

energy cost function, denoted by H, can be defined by the 

following expression. 

 

 

 

 

Where  N stands for the total number of sensor nodes in 

the net work, OT
X  represents the expected energy loss 

value, and λ1, λ2,  λ3, … .…, λN are the weighting 

coefficients having the value of either 0 or 1. The units of 

H are given in microjoules. The λ coefficients set the 

number of NWBR value for which the cost function H 

needs to be optimized [9]. The distinct number of NWBR 

values occur when only a single λ coefficient is equal to 1. 

For instance, NWBR3 corresponds to λ3= 1 and all the 

other λ coefficients are equal to 0. Based on the specific λ 

coefficients, the optimal parameters can be found by 

finding the minimum of H. Therefore, each                      

 product term will be referred to as a 
NWBR minimizing term, or minimum-term. The results 

of H are being optimized with all 10 minimum-terms for 

three different parameterizations of the RA algorithm. 

The window size and quantity factor are being held 

constant for each parameterization, but po was kept 

varying. The DMAC protocol that provides efficient 

operation of master-slave OW sensor network is 

discussed. DMAC protocol provides optimal network 

performance under the circumstances illustrated above. 

This protocol will mainly operate with efficient direct 

media access control protocols to minimize random 

access times for the independent transmitting nodes 
within the network.  

 
VII. RESULTS  AND DISCUSSION 

The quantity factor value   is a vector containing the 
number of timeouts (QT), successful transmissions (QS), 

and packet collisions (QC). The developed algorithm 

continuously adjusts the value of p depending on the 

number of collisions (QC), number of successful 

transmissions (QS) and number of timeouts (QT) [11]. The 

figure 2 given below describes plot of number of nodes 

contending for channel access versus probability of 

transmission.  

 

 

 

 

It is evident from this plot that as the number of 

nodes contending for channel access increases the 

probability of transmission decreases as expected.  After 

the CH transmits a number of SFs that is equal to W,   
is checked to see if any of its three elements is greater 

than the other two. If it is true, then CH adjusts the value 

of p by an adjustment value , where the 

sign depends on whether the max is QS, QT, or QC. 

 

VIII. DISCUSSION AND CONCLUSION 

The authors have attempted to bring out the current 
state of the art of optical wireless sensor networks in this 

paper. Here the various aspects of minimum RA time and 

energy efficiency have been discussed under their related 

domains of applications. The authors also intend to point 

at the present research issues and eventually intends to 

spark a possible new interests and developments in this 

field. 

IX. SCOPE FOR FUTURE WORK 

The network must deal with resources—energy, 

bandwidth, and the processing power—that are 

dynamically changing, and the system should operate 

autonomously, changing its configuration as required. 

Since there is no planned connectivity in ad hoc 

networks, connectivity must emerge as needed from the 

algorithms and software. Since communication links are 

unreliable and shadow fading may eliminate links, the 

software and system design should generate the required 

reliability. This requires research into issues such as 
network size or the number of links and nodes needed to 

provide adequate redundancy. Also, for networks on the 

ground, RF transmission degrades with distance much 

faster than in the free space, which means that 
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communication distance and energy must be well 

managed. Protocols must be internalized in design and 

not require operator intervention. 
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