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ABSTRACT 
Now-a-days the wastes are dumped as landfill waste and 

the major problem in solid waste disposal is plastic bottles, 

glass bottles, metal can separation and they are separated 

manually and recycled. So it is necessary to have a suitable 

solid waste treatment plant. The economic value of waste is 

best realized when it is segregated. Currently there is no 

such system for it. This paper describes an automated 

waste segregation; we are developing a prototype for 

separating plastic, glass bottles and metal cans from solid 

waste material using programmable logic controller (PLC) 

MITSUBISHI Fx series. We will be using different 

infrared, proximity sensors . to detect each object which is 

moving on a conveyer belt and will be segregated into 

different bins with help of Ejectors(CD-Drives), which will 

be all controlled by plc. 
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I.  INTRODUCTION  

The field of automation has held a notable impact in a wide 

range of industries beyond manufacturing. Automation is the 

use of control systems and information technologies to reduce 

the need for human work in the production of goods and 

services .In the scope of industrialization, automation is a step 

beyond mechanism. Whereas mechanization provides human 

operators with machinery to assist them with the muscular 

requirements of work, automation greatly decreases the need 

for human sensory and mental requirements as well. 

Automation plays an important role in the world economy. 

One of the important applications of automation is in the soft 

drink and other beverages industries, where a particular liquid 

has to be filled continuously .For these kinds of applications. 

The trend is moving away from the individual device or 

machine toward continuous automation solutions. Totally 

Integrated automation covers the complete production line, 

from receipt of goods, the production process, filling and 

packaging, to shipment of goods. 

On the other hand waste management is an important 

requirement for ecologically sustainable development in many 

countries.  Due to rapid urbanization and uncontrolled growth 

rate of population municipal solid waste management has 

become acute in India. Efficient sorting of waste is a major 

issue in today’s society.  Selective sorting is another approach, 

which is often implemented to improve recycling and reduce 

the environment. When the waste is segregated into simple 

stream such as plastic bottles, glass bottles, metal cans, it 

becomes more easy to recycle them and reuse them .We aim 

in just doing that ,separating this recyclable solid waste and 

putting them into individual bins so that they can be 

distinguished and used separately. PLC helps us just doing 

that under harsh conditions. 

In the absence of process automation, plant operators have 

to physically monitor performance values and the quality of 

outputs to determine the best settings on which to run the 

production equipment. Maintenance is carried out at set 

intervals. This generally results in operational inefficiency and 

unsafe operating conditions. 

Process automation simplifies this with the help of sensors 

at thousands of spots around the plant that collect data on 

temperatures, pressures, flows and so on. The information is 

stored and analysed on a computer and the entire plant and 

each piece of production equipment can be monitored on a 

large screen in a control room. 

II. SYSTEM DESIGN 

    Programmable logic controllers, also called programmable 

controllers or PLCS, are solid-state members of the computer 

family, using integrated circuits instead of electromechanical 

devices to implement control functions. They are capable of 

storing instructions, such as sequencing, timing, counting, 

arithmetic, data manipulation, and communication, to control 

industrial machines and processes. 

The block diagram mentioned in Fig.1 explains the process in 

which our project is going to work. It has three main blocks 

namely:  

A. Input block 

The input block is used to interface input devices to the PLC 

i.e. in our case the sensor that we are using to detect different 

type of waste and switches etc. 

B. PLC 

 The PLC is the core of our project .The inputs from input 

module are given to the PLC .PLC processes the program 

loaded into it and accordingly provides output. The power 

supply is connected to this PLC. 

C. Output block 

The output block is interfaced with the output giving devices 

i.e. in our case the conveyor belt and the hydraulic cylinders 

used as mechanical flaps. It will behave accordingly as 

commanded by the PLC. 
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Figure: 1 Block Diagram 

 

III. OTHERS OLDERS METHODS OF SHORTING 

A. Normal Manual Segregation method  

In older days material like plastic, glass , metal are sorted 

by the help of workers they separate these materials by the 

help of their hands so basically it was a time consuming 

process and also unhygienic for workers and unsafe   .It 

creates health problems for the workers and directly affects the 

profit of a  firm. 

B. Microcontroller Based material sorting 

A simple 8051 microcontroller forms the heart of the 

system. It controls the working and timing of all the 

Subsections so as to sort the waste. Inductive proximity sensor 

is used to detect the metallic cans. The signal from the 

proximity sensor initiates the push mechanism to discard the 

metallic waste/cans. The timing and movement of the 

conveyor belt is controlled by 8051 microcontroller. 

Continuous and unnecessary operation of any particular 

section is thus avoided.  

The main limitations in this type of system are that the 

segregator device or equipment is more rightfully is used in 

harsh and rough conditions. Different parameters such as heat, 

dust etc. The microcontroller may be more prone to damage. 

Also the scope for expansion of this equipment may not be 

possible due to circuit constraints unlike PLC. 

 

IV. ADVATAGE OF PLC OVER OTHER 

SYSTEM 

The advantages of waste separation systems lie in the 

modular design, which allows for any required short-term 

adjustments to the capacity level. The attributes “affordable 

and high quality” are characteristic for waste sorting systems 

and waste separation systems.       Every waste separation 

system can be used flexibly. Waste separation systems can be 

put in use for local communities, private investors, industry 

and commerce. The stress of competition forces companies to 

produce economically and rationally. A higher level of 

automation demands more and more programmable logic 

controllers (PLC). The advantage of PLC is the automation 

with a relatively small amount of cabling and a low error rate 

[1]. Productivity, flexibility and efficiency with only a few 

contactors (heavy duty relay) specify the controller. The 

system is completed by modifications and extensions of 

functions (without mechanical intervention) as well as by 

communication with other devices via analog, digital and 

serial interfaces. With programmable logic controllers, 

processes can be monitored and operated via a PC. 

V. DESIGN CONSIDERATION 

 This deals with the work flow of the total system from 

beginning till the end. As mentioned earlier, different modules 

have to be interconnected in such a way that they function in a 

proper sequence in a desired manner. 
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Figure2: Flow chart of the system 
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a. Sensors: Object sensor is used to detect whether the 

waste is glass bottle, plastic bottle, metal can etc. 

b. PLC, Computer and power supply for PLC: To take 

action on input and output as per program logic feed 

to PLC. 

c. Action performing components: It contains rotating 

conveyor belt, which keeps rotating .It also contains 

Ejectors which are used  to route a particular object 

amongst the selected items to their respective bin. 

VI. MAIN COMPONENTS USED IN SYSTEM 

1) PLC (Programmable Logic Controller) 

MITSUBUSHI FX 3CU works as the core of the 

project .The PLC controls the final control elements. The 

main function of PLC  is acquire the digital and analog 

data from input module and vary the output of the system 

as the input conditions change, this is necessary as the 

system designed is a real time system.Fig.3 represents the 

PLC. 

 
 Figure3: MITSHUBISHI PLC 

 

2) SENSORS USED 

The objective of the sensor is used to detect the 

presence of the object on the conveyor belt. When the 

object is detected the sensor will signal the PLC to stop the 

conveyor. In this system we used two types of sensors, for 

plastic and metal bottles/cans. 

i. Inductive Proximity Sensor 

When a metallic object is introduced in the vicinity of 

the coil, eddy currents are induced on its surface. The 

eddy currents are a function of the distance, size, surface 

area and composition of the target. 

  

 
 

Figure4: Inductive (metal) sensor 

The above Fig. represents the working of inductive sensor. 

The inductive coupling between the coil and the object creates 

a mutual inductance effect on the coil which decreases the 

parallel resonant impedance of the circuit which in turn is 

reflected by an increase in the proximity count value. 

Magnetic fields do not affect the metal detection system. It can 

detect any conducting material irrespective of its magnetic 

properties. 

 
 

Figure5: Metal sensor 

 

ii. Object Detector (IR Sensor) 

Infrared technology addresses a wide variety of 

wireless applications. The main areas are sensing and 

remote controls. In the electromagnetic spectrum, the 

infrared portion is divided into three regions: near infrared 

region, mid infrared region and far infrared region. The 

basic concept of an Infrared Sensor which is used as 

Obstacle detector is to transmit an infrared signal, this 

infrared signal bounces from the surface of an object and 

the signal is received at the infrared receiver. 

  
 Figure6: IR sensors 
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iii. Conveyor Belt 

The system consists of conveyor belt with object 

sensors clamped on it. The material passes over the 

conveyor belt get detected by sensor and pushed by the 

ejector into respective bins.  

 

VII. CONCLUSION 

In this paper we presented our work on developing an 

affordable and efficient method that can sort different 

categories of plastics bottles, glass bottles, metal can quickly 

and accurately using PLC. The system can segregate only one 

type of material at a time as the object moves on a conveyor 

belt one at a time behind each other. The entire sensing 

module can be placed along a single platform where the object 

is stable to ensure better result. Automated  segregation can be  

largely implemented in various companies, taking into 

consideration various factors such as reduction in manpower, 

avoid risk at hazardous places, improve accuracy and profit . 

VIII. FUTURE SCOPE 

 Adding weight sensor can help to sort it on the basis of 

weight.  

 Counter can be employed to count the number of objects 

rejected or produced in a factory. 

 We can implement additional sensors to detect more 

objects and segregate them depending upon the input 

output module of the PLC. 
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