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Abstract:-This paper encloses the advanced technology that can 

be adopted to an escalator to make it much efficient by using 

PLC. Today in the world of automation everything is getting 

automated. To make life more comfortable PLC plays a major 

role in the field of automation. This project “Innovative 

technique for safety function of escalator with power generation 

facility using PLC” is designed to operate the escalator with the 

maximum level of safety. A new approach of persons bending 

angle deviation and minimum height detection is            

implemented by the use of PIR/IR sensor. Using inductive and 

capacitive proximity sensors together a new proximity sensor 

named indo-capo sensor is used for detecting the metallic and 

non metallic objects found in the escalator. On moving to power 

generation concepts, most   developing countries needs a million 

tonnes of sources of energy. They demand on power generation, 

power storage ,and in power consumption. To meet the demand a 

conversation of unused forms of energy can be considered as 

renewable sources of energy in all fields of technology. Taking 

this in to account, electricity is produced from the rotation of 

escalator motor gives a wide path of renewable source of energy. 

With the above technique safe and sophisticated journey in 

escalator can be implemented with power storage perception. 

Keywords: Escalator, PIR/IR sensor, proximity sensor, 

Programmable Logic Controller, generation of electricity. 

I. INTRODUCTION 

his paper is divided into five phase. Phase I and II is 

implemented for secure travel in escalator using bending 

angle detection by IR sensor. Phase III deals with Escalator 

monitoring and control through PLC Phase IV is  

implemented for the purpose of generating electricity from 

unused forms of energy. 

In phase I, persons bending angle deviation and 

minimum height detection are found using using PIR/IR 

sensor. On travelling in the escalator, if the persons bending 

angle gets deviated beyond certain limit an alarm is indicated. 

Moreover, the escalator starts to move by detecting the person 

of above 100cm in height. For the motion and control of 

escalator PLC tool is used. Thus it ensures the safety of the 

children. 

       In phase II, It is common in dropping and missing of 

things we carry. Since we value the things it become unfair if 

we found missing our belongings. In this phase a new 

proximity sensor named INDO-CAPO sensor is used to detect 

the metallic and non metallic things found alone in the 

escalator for the time greater than the travelling time of 

escalator. INDO sensor or inductive sensor found the metallic 

objects which include metallic ornaments, coins, metal keys, 

metal watches, metal coated bags, metal toys. CAPO sensor or 

capacitive sensor includes non metallic objects which includes 

plastic bags, plastic toys, paper and glass particles, they also 

sense the water level. 

In Phase III energy conversion is implement by 

which generator is used for producing electricity from the 

escalator motor. In the escalator motor electrical energy is 

used for the rotation of motor. By the concept energy 

conversion rotation of motor is considered as the mechanical 

energy and given as input to the generator. For the purpose of 

generator Alternator is used. Alternator converts mechanical 

energy to electrical energy and is stored in the battery. This 

battery can be used as the power backup . 

II.INFRA RED AND PROXIMITY SENSOR 

A. Infrared sensor 

 Infrared sensors can be passive or active. In this paper active  

infrared sensors is use used. infrared sensor use infrared 

energy as the source of heat and are independent of 

wavelength.  Active infrared sensors consist of two elements: 

infrared source and infrared detector. Infrared sources include 

an LED or infrared laser diode. Infrared detectors include 

photodiodes or phototransistors. The energy emitted by the 

infrared source is reflected by an object and falls on the 

infrared detector.  

  

Fig.1.IR Sensor 

Infrared Transmitter is a light emitting diode (LED) which 

emits infrared radiations. Hence, they are called IR LED’s. 

T 
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Even though an IR LED looks like a normal LED, the 

radiation emitted by it is invisible to the human eye. 

 

Fig.2. IR Transmitter 

Infrared receivers are also called as infrared sensors as they        

detect the radiation from an IR transmitter. IR receivers come 

in the form of photodiodes and phototransistors. Infrared 

Photodiodes are different from normal photo diodes as they 

detect only infrared radiation. The picture of a typical IR                                   

receiver or a photodiode is shown below. 

 Fig.3. IR Receivers 

 B. Proximity sensors   

Proximity sensors are able to identify  metallic  and 

non-metallic   objects by sensing the object in both inductive 

and capacitive modes.  

C .Inductive Proximity sensors 

    

Fig 4.   Block diagram  of inductive proximity sensor 

   Inductive proximity sensors are used for non-contact                    

detection of metallic objects. Their operating principle is                    

based on a coil and oscillator that creates an electromagnetic 

field in the close surroundings of the sensing surface. The 

presence of a metallic object (actuator) in the operating area 

causes a damping of the oscillation amplitude. The rise or fall 

of such oscillation is identified by a threshold circuit that 

changes the output of the sensor. The operating distance of the 

sensor depends on the actuator's shape and size and is strictly 

linked to the nature of the material. The field sensor is usually 

used to identify the metal or non metal subjects by means of 

sending signal from the power supply to it’s next component 

oscillator in order to produce oscillations. Inductive sensors 

are typically rated by frequency, or on/off cycles per second. 

Their speeds range from 10 to 20 Hz in ac, or 500 Hz to 5 kHz 

in dc. Because of magnetic field limitations, inductive sensors 

have a relatively narrow sensing range — from fractions of 

millimeters to 60 mm on average — though longer-range 

specialty products are available. 

D. Capacitive proximity sensors 

Capacitive proximity sensors can detect both metallic 

and non-metallic targets in powder, granulate, liquid, and 

solid form. This, along with their ability to sense through 

nonferrous materials, makes them ideal for sight glass 

monitoring, tank liquid level detection, and hopper powder 

level recognition. 

 

Fig 5..Block diagram of Capacitive proximity sensor 

 If the sensor has a  normally open configuration, its 

output is an on signal when the target enters the sensing zone. 

With normally closed, its output is an off signal with the target 

present. Output is then read by an external control unit (e.g. 

PLC, motion controller, smart drive) that converts the sensor 

on and off states into useable information.  

III. ESCALATOR MONITORING AND CONTROL 

THROUGH PLC 

 

Fig.6 Up And Down Motion in Escalator 

While moving up the escalator on addition of each 

passenger the motor function  in a little harder to pull the steps 

up. But while moving down the escalator on addition of each   

passenger motor helps in rotation towards the action of 

gravity. So journey towards the up escalator costs the energy 

more than   riding the down escalator.  

A. PROGRAMMABLE LOGIC CONTROLLER: 

B. Introduction: 

     PLC is a digitally operating electronic apparatus 

http://www.electronicshub.org/wp-content/uploads/2015/01/IR-Receiver.jpg
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which uses a programmable memory for the internal storage 

of instructions by implementing specific functions, such as 

logic, sequencing, timing, counting, and arithmetic to control 

through digital or analog I/O modules various types of 

machines or processes. 

  A programmable controller operates by examining 

the input signals from a process and carrying out logic 

instructions (which have been programmed into its memory) 

on these input signals, producing output signals to drive 

process equipment or machinery. Standard interfaces built-in 

to PLC allow them to be directly connected to process 

actuators and transducers without the need for intermediate 

circuitry or relays. A PLC is an assembly of solid –state digital 

logic elements designed to perform logical decisions and 

provide an output, which was previously accomplished by 

electro-mechanical relays. 

It is able to receive (input) and transmit (output) 

various types of electrical and electronic signals and can 

control and monitor practically any kind of mechanical and/or 

electrical system. Therefore, it has enormous flexibility in 

interfacing with computers, machines, and many other 

peripheral systems or devices.It is usually programmed in 

relay ladder logic and is designed to operate in an industrial 

environment 

C. Block diagram: 

 

Fig.7 Basic Block diagram of PLC 

D. Input module: 

The input module has two functions: reception of an 

external signal and status display of that input point. In other 

words, it receives the peripheral sensing unit's signal and 

provides signal conditioning, termination, isolation and/or 

indication for that signal's state.The input to an input module 

is in either a discrete or analog form. If the input is an ON-

OFF type, such as with a push button or limit switch, the 

signal is considered to be of a discrete nature. If, on the other 

hand, the input varies, such as with temperature, pressure, or 

level, the signal is analog in nature. 

Some typical types of input modules are listed below. 

 DC voltage (110, 220, 14, 24, 48, 15-30V) or current 

(4-20 mA). 

 AC voltage (110, 240, 24, 48V) or current (4-20 

mA).  

 TTL (transistor transistor logic) input (3-15VDC).  

 Analog input (12-bit).  

 Word input (16-bit/parallel)  

 Thermocouple input. 

E. Power supply section: 

The power supply (PS) section gets its input power 

from an external 120VAC or 240VAC source (line voltage), 

which is usually fused and fed through a control relay and 

filter external to the PS. In addition, the PS has its own 

integral AC input fuse. This line voltage is then stepped-down, 

rectified, filtered, regulated, voltage- and current-protected, 

and status-monitored, with status indication displayed on the 

front of the PS in the form of several LEDs (light-emitting 

diodes). The PS can have a key switch for protecting the 

memory or selecting a particular programming mode. The 

output of the PS provides low DC voltage(s) to the PLC's 

various modules (typically, with a total current capability of 

20A or 50A) as well as to its integral lithium battery, which is 

used for the memory backup. Should the PS fail or its input 

line voltage drop below a specific value, the memory contents 

will not change from what they were prior to the failure. The 

PS output provides power to every module in the PLC; 

however, it does not provide the DC voltages to the PLC's 

peripheral I/O devices. 

F .CPU module:  

  "CPU," "controller," or "processor" are all terms used 

by different manufacturers to denote the same module that 

performs basically the same functions. The CPU module can 

be divided into two sections: the processor section and the 

memory  

The processor section makes the decisions needed by 

the PLC so that it can operate and communicate with other 

modules. It communicates along either a serial or parallel 

data-bus. An I/O base interface module or individual on-board 

interface I/O circuitry provides the signal conditioning 

required to communicate with the processor. The processor 

section also executes the programmer's RLL software 

program. 

 G. Memory section:  

 Memory section stores (electronically) retrievable 

digital information in three dedicated locations of the memory. 

These memory locations are routinely scanned by the 

processor. The memory will receive ("write" mode) digital 

information or have digital information accessed ("read" 

mode) by the processor. This read/write (R/W) capability 

provides an easy way to make program changes.The memory 

contains data for several types of information. Usually, the 

data tables, or image registers, and the software program RLL 

are in the CPU module's memory. The program messages may 
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or may not be resident with the other memory data.A battery 

backup is used by some manufacturers to protect the memory 

contents from being lost should there be a power or memory 

module failure. Still others use various integrated circuit (IC) 

memory technologies and design schemes that will protect the 

memory contents without the use of a battery backup. 

A typical memory section of the CPU module has a 

memory size of 96,000 (96K) bytes. This size tells us how 

many locations are available in the memory for storage. 

Additional memory modules can be added to your PLC 

system as the need arises for greater memory size. These 

expansion modules are added to the PLC system as the 

quantity of I/O modules are added or the software program 

becomes larger. When this is done, the memory size can be as 

high as 1,024,000 (1024K) bytes. 

H. Output module: 

The output module transmits discrete or analog 

signals to activate various devices such as hydraulic actuators, 

solenoids, motor starters, and displays the status (through the 

use of LEDs) of the connected output points. Signal 

conditioning, termination, and isolation are also part of the 

output module's functions. The output module is treated in the 

same manner as the input module by the processor. 

Some typical output modules available today include 

the following: 

* DC voltage (24, 48,110V) or current (4-20 mA). 

* AC voltage (110, 240v) or current (4-20 mA). 

* Isolated (24VDC). 

* Analog output (12-bit). 

* Word output (16-bit/parallel). 

* Intelligent output. 

IV. GENRATING ELECTRICITY FROM ROTATING 

ESCALATOR 

          Any rotating object could be used to generate 

electricity. There are so many rotating objects rotating 

wastefully  in the surroundings. In this paper unused energy 

from escalator is converted to useful resource by the use of 

alternator. If we can attach a small generator with permanent 

magnets to these objects, and make a conductor rotate in the 

magnetic field – we might be able to generate some 

electricity. 

A generator uses mechanical force of a moving 

(spinning) conductive object like a wire or bar within a 

magnetic field (which can be created by permanent magnets in 

small generators, or electromagnets in larger generators) to 

generate electricity.   

A. Description of Block Diagram  

 

 

 

Fig 8 .Block diagram of escalator automation 

This detector consists of two parts, the transmitter 

and the receiver. The transmitter emits a beam of infrared (IR) 

light and the receiver picks up this beam. When the beam is 

interrupted, the receiver alerts its alarm control panel by 

opening a relay. Most beams used in security applications use 

multiple IR beams in order to reduce false alarms and to 

increase the area covered. Active IR emits IR light to 

illuminate an area to be "seen" with it's CCD that is sensitive 

to IR. 

  SMPS is the switch mode power supply is used to 

provide the DC regulated supply required for PLC.PLC of this 

project required 25 V DC which is provided by voltage 

regulator. One of the most common types of outputs available 

is the relay output.  Existence of relays as outputs makes it 

easier to connect with external devices. A relay is non-

polarized and typically it can switch either AC or DC. 

Monitoring and control  of escalator is done by PLC through 

ladder logic diagrams. 

 In an alternator, electricity is produced when a 

magnetic field spins inside the stator (windings of wire). In a 

generator, on the other hand, the armature or windings of wire 

spin inside a fixed magnetic field to generate electricity. 

Alternators are considered more efficient than generators. 

Alternators conserve energy by using only the energy that is 

needed, while generators use all the energy that is produced. 

Alternators have a higher output than generators. 

 

Fig 9.. prototype of escalator 

http://www.differencebetween.net/tag/electricity/
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B. ladder logic using MITSUBISHI PLC 

 

Fig.10. ladder logic program for automation 

The input X0 is the person entering the escalator, 

when they get sensed; it calls the memory address X0. 

By giving memory address X0 as input, the DC motor starts 

running which is the output X0.If the person is not present 

there also, the escalator will rotate continuously which results 

in wastage of energy. To avoid this problem the timer is used. 

With reference to memory address M1, the timer is set for 

100s which is the rotational time of the escalator. When the 

timer reaches 100s, the memory address M1 stops the rotation 

of escalator. When the person bend beyond the certain limit it 

gets sensed and taken as input X1 then it produces the output 

X1 which the buzzer sound. When the buzzer sound starts 

alerting the person, simultaneously the escalator stops 

rotating. 

The escalator stops rotating by the use of memory address 

M2, then the cycle repeats. 

  

Fig 11.Thingspeak IOT 

 

 

Fig 12.Data Analytics in IOT showing harvested energy 
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