
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AUTOMATIC WASTE SEGREGATION SYSTEM: 

1. ABSTRACT: 

Waste management has become an increasingly critical global challenge, with improper disposal 

contributing to environmental degradation, pollution and inefficient recycling processes. The manual 

waste segregation systems are labour-intensive, time-consuming, and often inaccurate hence, 

leading to increased landfill Waste and reduced recycling efficiency. This project aims to address the 

above issues by designing and developing an inefficient automatic waste management system that 

classifies waste into six different categories using infrared sensors, a proximity sensor, a colour 

sensor, and an Arduino UNO-based control system. The goal of the project is to automate the waste 

sorting process to improve efficiency, accuracy, and sustainability. The waste segregation system 

operates by detecting waste characteristics in real time using some specific components. The infrared 

sensors and the proximity sensor identify the presence and type of waste, while a colour sensor 

differentiates materials based on their optical properties. The Arduino UNO microcontroller processes 

data from these sensors and controls the NEMA-14 stepper motor and servo motors to direct waste 

into the appropriate compartments. The entire segregation system is powered by 9v batteries, 

ensuring energy efficiency and portability. To design the system. SolidWorks and Fusion 360 are you 

to develop a 3D model integrating all sensors and motors. The prototype is manufactured using a 3D 

printer, assembled and tested to evaluate its efficiency, accuracy and feasibility. The results show that 

the system could correctly classify and segregate different types of waste with high precision, 

minimizing human intervention and reducing errors. Additionally, automation significantly enhances 

waste management by increasing the sorting speed and facilitating better recycling practices. 

Moreover, the cost-effectiveness and scalability of this project make it suitable for offices, households, 

and industrial waste management systems. The implementation of this technology on a larger scale 

can help reduce landfill waste, improve recycling rates, and promote environmental sustainability. The 

future belongs to AI hence, future improvements could include AI-based waste segregation systems, 

machine learning integration for better classification, and IOT-enabled monitoring for real-time data 

collection and control. This report details the design, development, automation and testing of the 

waste segregation system, emphasising its importance in modern waste management and its 

potential for large implementation. 

 

2. INTRODUCTION: 

2.1. Background of the project: 

Today, waste management is one of the most pressing environmental challenges globally. The 

improper disposal of waste often leads to pollution, land degradation, and health hazards. Traditional 

waste collection methods rely heavily on manual sorting, which is inefficient, labour-intensive, and 

prone to errors. Hence, there is a need for an automated waste segregation system to address the 

increasing volume of waste and the demand for efficient, cost-effective recycling solutions. 

Automation in waste management can significantly reduce human effort, increase accuracy, and 

improve recycling efficiency. By using sensors, microcontrollers, and motors, an automated waste 

segregation system can classify and sort waste into different categories, promoting better recycling 

practices. 

2.2. Reasons behind Undertaking the project: 

The motives behind this project are, 

• To improve waste segregation efficiency by automating the sorting process. 



• To reduce human involvement in handling waste and minimizing health risks. 

• Hence recycling is rated by ensuring proper separation of materials. 

• To develop a cost-effective segregation system using a 3D printer. 

• To reduce landfill waste by promoting systematic waste disposal. 

2.3. Aims and Objective: 

The main goal of this project is to design, develop(using a 3D printer) and test an automated waste 

segregation system that can efficiently classify and sort six types of waste into dedicated 

compartments using modern sensors and motors controlled by an Arduino UNO. 

Some specific objectives are, 

• Design and implementation of an automated waste management system 

• Integrate infrared sensors, proximity sensors, and colour sensors for waste detection. 

• Use a stepper motor(NEMA-14) and servo motors for controlling waste movement 

• Develop an efficient Arduino-based control system 

• Manufacture the porotype using a modern 3D printer 

• Test and evaluate the performance of the waste segregation mechanism 

• Asses the feasibility, cost-effectiveness and market potential of the system. 

2.4. Methods Employed to Achieve the Objectives: 

To achieve these objectives, the following methods will be employed: 

2.4.1. Hardware Development: integration of sensors, motors, and power supply to 

create a working prototype. 

2.4.2. Software Development: programming the Arduino UNO for different sensors’ 

data processing and motor control. 

2.4.3. SolidWorks Design: 3D modelling of Automated Waste Segregation System to 

ensure the proper development of the system. 

2.4.4. 3D printing: 3D printing of the prototype using modern 3D printer. 

2.4.5. Testing and Optimization: Performing multiple tests runs to ensure accurate 

waste segregation. 

2.4.6. Market Analysis and Cost Evaluation: Estimating the feasibility and potential of 

the system in real-world applications. 

2.5. Project Cost, Feasibility and Marketability: 

2.5.1. Cost Estimation: 

 the estimated cost of the prototype includes the following: 

2.5.1.1. Electronics Components: Sensors, Arduino UNO, motors and power 

supply. 

2.5.1.2. Structural Components: 3D printed housing of the design. 

2.5.1.3. Labour and Assembly: this would include the development and testing cost. 

2.5.2. Feasibility: 

 this project is feasible due to : 

• the availability of low-cost components 3D printers and software. 

• the ease of implementation using open-source platforms like Arduino. 

• The potential for scalability in large-scale waste management facilities. 

2.5.3. Marketability: 

The segregation system can be adopted in homes, offices, industries and public 

spaces. The system can also be integrated into municipal solid waste 

management for large-scale automation. Moreover, eco-conscious businesses 

may adopt this system to improve sustainability efforts. 



 

Fig. CAD Assembly 

 

3. LITERATURE REVIEW: 

3.1. Introduction: 

Waste management has been a growing concern for governments, industries and environmental 

organizations worldwide. With the increasing urbanization and population growth, the amount of solid 

waste generated daily has risen significantly, creating landfill overflows, environmental degradation, 

environmental pollution and inefficient recycling processes. Traditional waste management practices 

primarily rely on manual sorting, which is time-consuming, labour-intensive, and prone to human error. 

Hence, to address these issues, researchers and engineers have explored automated waste 

segregation systems that use sensors, artificial intelligence, and robotics(automation) to classify and 

sort out waste efficiently. This chapter provides a historical overview of waste management, a 

discussion of current technologies, and a critical evaluation of previous work in automated waste 

segregation. The review also identifies gaps in existing solutions, leading to the development of this 

project. 

3.2. Historical Background of Waste Management: 

3.2.1. Early Waste Management Practices: 

Historically, waste disposal methods have evolved from simple dumping and open burning to more 

structured landfill systems. In ancient civilizations, Waste was often discharged in open areas, outside 

city boundaries, leading to health hazards and environmental degradation. By the 19th century, cities 

began adopting organized waste collection systems, but these relied on manual labour with little to no 

sorting of materials. Recycling was practised in some areas, for instance, paper and metal reuse, but 

it remained inefficient without proper segregation at the source. 

3.2.2. Modern Waste Management Systems: 

In the 20th century, governments introduced landfills, incineration plants, and recycling centres. The 

focus shifted towards waste reduction, resource recovery, and sustainable disposal methods. 



Technologies like mechanical sorting, composting, and energy recovery from waste became standard 

practices in developed and developing countries. However, the efficiency of these methods depends 

on proper waste segregation, which remains a challenge in many parts of the world. 

3.2.3. Emergence of Automated Waste Sorting Systems: 

With advancements in electronics, sensors and computing, automated waste sorting emerged as a 

potential solution. Early research focused on mechanized conveyor belts and magnetic separation for 

metals. However, these systems still required human supervision and lacked advanced classification 

methods. 

3.2.4. Current Technologies in Waste Segregation: 

Modern waste segregation systems integrate various sensing technologies to classify waste 

accurately. Some of the widely used technologies include the following: 

❖ Infrared Sensors that are used for identifying waste items by detecting heat signatures and 

light absorption. 

❖ Proximity sensors are being used in recycling plants to detect and separate metallic waste. 

They work based on electromagnetic induction, identifying ferrous and non-ferrous metals. 

❖ Colour Sensors are commonly used in plastic and paper sorting. they detect different colours 

and assign waste to appropriate categories. 

❖ Stepper and Servo Motor mechanisms in waste sorting are commonly used in segregation 

systems. Stepper motors are used to precisely position waste into bins whereas, servo 

motors are employed for pushing, lifting, or dropping waste into designated compartments. 

 

3.3. Key Takeaways from Previous Work: 

❖ Sensors are effective for detecting specific types of wastes but lack multi-category 

classification. 

❖ AI and machine learning improve classification accuracy but require high computational 

resources.  

❖ Combining multiple sensors (IR, proximity, and colour) offers better results. 

❖ Stepper motors enhance waste movement precision, improving system reliability. 

This chapter reviewed the historical evolution of waste management, current technologies in waste 

segregation, and previous research efforts. It identified gaps in the existing work and justified the need 

for this project. 

4. METHODOLOGY: 

Here are the simple steps for the design and manufacturing of a manually- powered hand-operated 

meat-cutting machine: 

4.1. System Overview: 

The automatic waste segregation system is designed to classify and sort waste into six compartments 

using IR sensors, a proximity sensor, a colour sensor, an Arduino UNO, stepper and servo motors and 

a SolidWorks-designed framework. The system automates the sorting process to reduce manual 

effort, improve waste management, and enhance recycling efficiency. 

4.2. Design and Development Process: 

Feasibility Study: Before development, a thorough literature review was conducted to study existing 

waste segregation methods, sensor technologies and automation techniques. Various sorting 

mechanisms were also considered in the project. 

System Design in Design Software: The mechanical structure of the system was designed in 

SolidWorks, ensuring the proper placement of sensors, motors, and waste compartments. The 3D 

design was used to: 

• Optimize space of components 



• Ensure smooth movement of waste 

• Integrate sensor positions for accurate detection 

Hardware implementation: the hardware consists of sensors, motors, an Arduino microcontroller, 

and a 3D prototype.  

• IR sensors detect the presence and size of waste objects 

• Proximity sensor identifies metal waste using electromagnetic properties 

• Colour sensor differentiates plastic, paper and glass waste based on colour 

Actuator and Control Mechanisms: The NEMA-14 stepper motor rotates a conveyor belt, moving 

waste through different sensor checkpoints. On the other hand, servo motors operate sorting flaps to 

direct waste into the correct compartments. 

Circuit Integration: all sensors are connected to the Arduino Un, which processes data and controls 

the motors. A PC-817 optocoupler is used to protect a circuit from voltage fluctuation while the system 

is powered using 9V batteries with proper resistors for voltage regulations. 

4.3. Software implementation: 

Programming the Arduino Uno: 

• The Arduino code is written in Arduino IDE. The program followed step-by-step logic: 

• Detects waste using IR sensors 

• Analyses waste properties using proximity and colour sensors 

• Decides sorting category based on sorting input 

• Activates motors to direct waste into respective bins 

❖ I2C communication is used for the colour sensor 

❖ PWM signals controlled the servo motors 

❖ The stepper motor is controlled using a driver circuit for precise movement 

4.4. Prototype Development: 

The waste secretion system is manufactured using the modern 3D printer in the lab. The material 

used is PLA which is commonly used for 3D printing applications.  

 



4.5. Initial Testing:  

The sensor readings are validated by testing different materials. The Arduino code is debugged to 

ensure a proper motor response. The SolidWorks design is cross-checked with the physical 

prototype. 

4.6. Final prototype testing: 

The prototype is tested by connecting all sensors with Arduino Uno. The program is run by the 

software and the connections are made according to the circuit diagram. The 6 compartments start 

sorting the waste when showing that the segregation system is running smoothly. Other factors are 

taken into account during testing such as sensor compatibility, programming accuracy and accurate 

connections. 

4.7. Key Findings: 

• The proximity sensor has high accuracy for metal detection 

• The colour sensor has faced slight difficulty with dirty plastics and paper 

• The infra-red sensors occasionally misread very small objects 

There are many challenges faced during the design and manufacturing of prototypes that are 

addressed and further modifications are made at the end of the project. 

 

5. RESULT ANALYSIS: 

The automated waste segregation system is tested under various conditions to evaluate its 

performance, accuracy and efficiency during sorting of waste. The six compartments i.e. plastic, 

metal, paper, general and organic waste are sorted using a segregation system. This section will 

present the design and drawings, animation, simulation, testing and results related to the waste 

segregation system along with the cost analysis at the end. 

5.1. MECHANICAL PARTS, THEIR DESIGN, MATERIAL USE COST ANALYSIS AND 

MANUFACTURING PROCESS WITH RELEVANT CALCULATIONS: 



Major Components of the Design: 

5.1.1. Arduino case of the segregation system: 

The Arduino case holds the main electronics system and connections such as the battery, Arduino 

and breadboard. The design is prepared in SolidWorks. The Arduino case is the protective enclosure, 

housing the Arduino board, and protecting it from many environmental factors such as moisture, dirt, 

dust, damage, etc.  

The material: used for the printing is PLA which is less expensive and easily available. Some small 

vents in the design prevent the overheating of the system. The housing also includes slots for the 

cables so that the wiring remains neat and organized.  A removable lid or side panel allow easy 

access to Arduino so that the user can easily do modifications or access troubleshooting. This case is 

the most important part of the design as it holds the breadboard and sensors. 

 



 



5.1.2. Main Basket of the segregation system: 

This is the main entry point of waste. The basket is the first entry point where waste is deposited 

before the process of segregation begins. It acts as a funnel that guides the waste towards the 

sensing and sorting system. It is slightly inclined so that the waste can efficiently reach the sensor’s 

section. A hole is made in it for the proximity sensor’s placement. It is placed at the top of the 

segregation system so that users can easily dispose of the waste. once the waste enters the basket, 

sensors detect the waste type. The sensors such as colour, proximity, IR, etc differentiate the waste 

types and the stepper motor moves the waste towards the sorting platform. The stepper motor also 

directs the waste towards the desired compartment. At the end, the servo motors control the flaps, 

directing the waste towards the corresponding bin.  

Material: in the printing, the material is PLA however, the material is usually stainless steel or hard 

plastic that can hold waste and withstand heavy loads. The material must have anti-corrosive 

properties.  

 



 

 

5.1.3. Basket base of the segregation system: 

The basket base is a rotating platform that moves the waste towards different compartments, based 

on their nature using sensor inputs. When the waste is detected by the sensor, the basket base 

rotates automatically so that the waste can be aligned with the accurate sorting mechanism. 

When the waste enters the basket, the sensors i.e. IR, proximity, colour, etc, identify its type and the 

stepper motor i.e. NEMA-14 drives the base of the basket and positions it to the correct sorting 

mechanism. The servo motor drives the waste towards its desired bin. After the disposal of the waste, 

the basket base returns to its original position and is then ready for the next item. The Arduino 

controls the stepper motor, ensuring precise movement for accurate bin alignment. The base of the 

basket must be strong enough to withstand varying weights without affecting the speed.  

Material: the material of the base basket is PLA; however, it may be aluminium or acrylic depending 

on the purpose. The material should be lightweight. 



 

 

5.1.4. Sectioned Compartments for the Segregation System: 

The sectioned compartments are the storage bins where the waste material comes after the process 

of sorting. These compartments are important for efficiently separating the waste for further 

processing. The sensors detect the type of waste, and the basket base rotates automatically so that 

the waste can be aligned with the accurate sorting mechanism. Servo motors direct the waste into 

their designated bins where the waste is finally stored. If the waste is metal, the proximity sensor 

detects it and the system immediately diverts in into compartment-1.In any case, where the waste 

gets stuck, the stepper motor can reverse the direction of it and fix the issue. The colour sensor 

identifies the plastic waste based on its colour i.e. white, black, green, etc. The stepper motor moves 

the waste immediately to compartment-2 the servo motor pushes the plastic waste inside the bin.In 

any case, where the waste gets stuck, the stepper motor can reverse the direction of it and fix the 

issue.If the colour waste detects a specific colour of the paper, the stepper motor moves the waste to 

compartment-3 and the servo motor pushes that paper waste inside the bin. In any case, where the 



waste gets stuck, the stepper motor can reverse the direction of it and fix the issue. The colour sensor 

detects any material with colour and in the case of glass material, it can easily detect it. The stepper 

motor moves the glass to the bin and the servo motor pushes the waste inside the bin. In any case, 

where the waste gets stuck, the stepper motor can reverse its direction of and fix the issue( 

Compartment-4).  If the waste is organic such as food, plants, vegetables, etc, the system 

classifies it as organic waste and compartment-5 becomes active. The stepper motor moves the 

organic waste to compartment-5 and the servo motor pushes the organic waste into the bin. In any 

case, where the waste gets stuck, the stepper motor can reverse the direction of it and fix the issue. If 

the waste does not include paper, food, plastic, metal, and glass, then it would be classified as 

general waste. In this case, compartment-6 becomes active and the stepper motor drives it to the 

compartment-6 whereas, the servo motor pushes it inside the bin. In any case, where the waste gets 

stuck, the stepper motor can reverse the direction of it and fix the issue. 

Material: the material is durable plastic (PLA); however, metal compartments can also be used for 

higher-level segregation systems.  

 

Compartment Waste type Sorting system 

Paper Compartment Mostly paper or cardboard Detected by the colour sensor 

Organic Compartment Plants, food items, 
biodegradable waste, etc 

Detected by the colour sensor 

Glass Compartment Waste contains glass Detected by the colour sensor 

Plastic Compartment Waste contains plastic material Identified by the colour sensor 

Metal Compartment Waste contains metal objects detected by the proximity sensor 

General Waste Compartment Other waste Unclassified Waste 

Table of compartments 

 



 

 

 

 



5.1.5. Base Housing to hold the whole system: 

The base housing holds all the components of the waste segregation system and protects the internal 

mechanisms. It also holds the basket sand rotating base, supports the main basket and provides a 

mount for the rotating basket base. It supports sensors and motors so that they can be securely 

positioned within the base to detect any waste smoothly. Base housing houses the Arduino and other 

electronic components and supports the sectioned compartment. This is the base of the entire waste 

segregation system.  

Material: the material is PLA in this project; however, metal and wood can also be used for its 

manufacturing. 

The 3D design model with 2D drawings is as follows: 

 

 

 

 



5.1.6. Motors and Sensor Mounting of the Segregation System: 

The motor and the sensor mounting ensure the proper placement and alignment of motors and 

sensors within the segregation system of waste materials. Proper mounting is an important factor in 

the segregation system for exact waste detection, stable operation of the system and precise sorting 

movement. The stepper motor controls the rotation of the base basket and directs the waste material 

towards the bin. The motor is fixed on a sturdy bracket attached to the housing at the base and 

positioned centrally below the basket for accurate and balanced rotation. The motor is usually secured 

by bolts and dampeners to prevent any misalignment. Similarly, servo motors are also mounted to the 

chute structure by using L-brackets for better stability and flexibility.  

IR sensors detect the waste at different stages, and they are mounted at the basket entry to detect 

incoming waste. The sensors are fixed using adjustable brackets for future calibrations. The proximity 

sensor detects metal waste, and it is mounted below the basket base to scan waste before sorting. 

The colour sensor identifies different waste materials based on their colours and is placed on the 

waste chute where the waste passes before the sorting process. All motors and sensors are wired 

with the Arduino Uno which controls the automation system. The sensors are positioned so that they 

can detect the waste accurately. The motors and sensors are enclosed in a casing that is light in 

weight to prevent interference from external lightning. 

 The mounting material: the material in this project is PLA but other materials such as aluminium, 

steel, etc, can also used for it. Motors and sensors have their own specific manufactured 

specifications. 

 

 



 

 

 

 

5.2. Final Assembly: 

The final assembly with all relevant components, sensors and connections is as follows. 



 

the 3D design model with 2D drawings are as follows: 

 



5.3. Programming Steps, Circuit and Coding: 

5.3.1. Circuit Diagram: 

 

 

 

• One of the PIR sensors is used as a proximity sensor. 

• Power for servo and Arduino are 12 V and 9 V by default. 

for the circuit, the connections must be integrated correctly to form a circuit diagram. This circuit 

diagram is necessary for the testing of the prototype. The connections are then integrated with 

Arduino Uno, programmed to generate a code for automation and in the end, smooth functioning of 

the segregation system. Here is how all the components are connected for the smooth working of the 

automation system: 

5.3.2. Power Supply connections:  

 

 



A 9v battery powers Arduino Uno and the connection is made using a battery connector. 

The microcontroller will take inputs and provide required outputs according to the connections made 

and programming done. 

 

 

Arduino Uno boar 

 The NEMA-14 stepper motor and servo motors require an external power source for their 

functioning and that power is given to them by a 9v or a 12v battery. 

 



 

 

fig. stepper motor driver 

 

Common Ground(GND) must be shredded with all the relevant components for the proper 

functioning of the system and operation. 

5.3.3. Sensor Connections: 

a. Infrared Sensor for Waste Detection: 

• VCC → 5V (Arduino) 

• GND → GND 

• OUT Pins → Arduino Digital Pins (e.g., D2, D3, D4) 

These IR sensors detect any waste entering the system and give signal to Arduino Uno. 

 

Fig. IR Sensor 

 

 

b. Proximity Sensors for Metal Detection: 



 

Fig. Proximity Sensor 

 

Proximity sensors are being used in recycling plants to detect and separate metallic waste. They work 

based on electromagnetic induction, identifying ferrous and non-ferrous metals. The proximity 

sensor checks whether a specific waste is metal or non-metal. If the waste is metal, the proximity 

sensor detects the waste as metal and directs it to the metal bin(metal compartment). If the waste is 

non-metal, the colour sensor detects it and directs it to the specific compartment. The non-metal 

waste includes paper, plastic, wood, etc. 

 

• VCC → 5V 

• GND → GND 

• OUT Pin → Arduino Digital Pin (e.g., D5) 

c. Colour Sensors for classifying non-metal Waste: 

If the waste is non-metal, the colour sensor detects it and directs it to the specific compartment. Each 

waste has its specific colour and hence, the colour sensor connected with Arduio Uno detects the 

colour of the waste easily. The non-metal waste includes paper, plastic, wood, etc. Errors may occur 

in the colour sensor hence; testing is mandatory during this step. 

 

Fig. Colour Sensor 

 

• S0, S1, S2, S3 → Arduino Digital Pins (e.g., D6, D7, D8, D9) 

• OUT Pin → Arduino Digital Pin (e.g., D10) 



• VCC → 5V 

• GND → GND 

d. Motor Connections: 

Connections For Stepper Motor(NEMA-14): 

The NEMA-14 stepper motor moves the waste to its desired bin based on its nature. The waste may 

be metal or non-metal. The Stepper motor move the waste into the bin after proper classification 

made by the sensors. 

• Requires a Stepper Motor Driver (e.g., A4988 or ULN2003) 

• Step & Direction Pins → Arduino Digital Pins (e.g., D11, D12) 

• VCC → External Power Supply (12V) 

• GND → Common Ground 

 

 

Fig. 9V/12V Lithium-ion battery                                              fig. Battery connector 

 

e. Rain sensing module: 

To detect the presence of moisture in the content (waste in the main basket) a rain-sensing module is 

used in the project. 



 

 

Fig. Rain Sensing Module 

f. Connections For Servo Motors: 

The servo motors play a significant role by pushing the metal or non-metal waste into their desired 

bin. All the motors are controlled by the automation system using Arduino Uno operated by an 

operator. Hence, the waste is segregated based on its nature and the six compartments are filled with 

their desired waste. The sensors are programmed so that they can be integrated with Arduino Uno 

and detect the waste.  

fig. Servo Motor 

 

• Signal (PWM) Pins → Arduino PWM Pins (e.g., D13, D14) 

• VCC → 5V 

• GND → GND 

g. PC817 Optocoupler: 

The PC817 Optocoupler is an electrical component that provides electrical isolation so that Arduino 

can be saved from high-power components such as stepper motors and servo motors. This is used in 

the segregation project to protect low-voltage control circuits from high-voltage loads. It consists of an 

IR-LED and a phototransistor inside the sealed package. It allows the signals to pass between the 



sections without any direct electrical contact. It also reduces electrical noise and prevents interference 

between the electrical components. 

 

• Input Side (LED Side):  

• Anode (A) → Arduino Digital Pin (e.g., D15) 

• Cathode (K) → GND 

• Output Side (Transistor Side):  

• Collector → Stepper Motor Driver Input 

• Emitter → GND 

 

 

 

h. Programming PC817 with Arduino: 

 

int optoPin = 7;  // Connect PC817 input to digital pin 7 

void setup() { 

pinMode(optoPin, OUTPUT); 

} 

void loop() { 

digitalWrite(optoPin, HIGH);  // Activate optocoupler 

delay(1000); 

digitalWrite(optoPin, LOW);   // Deactivate optocoupler 

int optoPin = 7;  // Connect PC817 input to digital pin 7 

void setup() { 

pinMode(optoPin, OUTPUT); 

} 

void loop() { 

digitalWrite(optoPin, HIGH);  // Activate optocoupler 

delay(1000); 

digitalWrite(optoPin, LOW);   // Deactivate 

optocoupler 

delay(1000); 

} 

 



delay(1000); 

 

 

5.3.4. Control logic and Automation: 

IR Sensor detects waste and triggers the sorting process to initiate automation. The infrared sensors 

detect the waste that is approaching it; Arduino Uno receives a particular signal and then the IR 

sensor starts segregating the waste. The proximity sensor checks the waste whether it is metal or 

non-metal whereas, the colour sensor detects the colour of the waste and segregates it accordingly. If 

waste is metal, Servo-1 moves it to the metal bin. In the case of non-metal waste, the stepper motor 

moves the waste to the correct bin, and Servo-2 pushes the waste inside. Now, the system resets and 

waits for the next waste items to be sorted. 

 

5.3.5. Working of the Segregation System with Animation Video: 

Waste Detection using IR Sensors: 

The infrared sensors detect the waste that is approaching it; Arduino Uno receives a particular 

signal and then the IR sensor starts segregating the waste.  

Material Classification using Proximity Sensor:  

The proximity sensor checks whether a specific waste is metal or non-metal. If the waste is metal, 

the proximity sensor detects the waste as metal and directs it to the metal bin(metal compartment). If 

the waste is non-metal, the colour sensor detects it and directs it to the specific compartment. The 

non-metal waste includes paper, plastic, wood, etc. 

5.3.5.1. Sorting into Six Compartments: 

a. Metal Waste( Compartment-1): 

If the waste is metal, the proximity sensor detects it and the system immediately diverts in into 

compartment-1.In any case, where the waste gets stuck, the stepper motor can reverse the direction 

of it and fix the issue. 

 

b. Plastic Waste(Comparmentent-2): 

The colour sensor identifies the plastic waste based on its colour i.e. white, black, green, etc. The 

stepper motor moves the waste immediately to compartment-2 the servo motor pushes the plastic 

waste inside the bin.In any case, where the waste gets stuck, the stepper motor can reverse the 

direction of it and fix the issue. 

 

c. Paper Waste( Compartment-3): 

If the colour waste detects a specific colour of the paper, the stepper motor moves the waste to 

compartment-3 and the servo motor pushes that paper waste inside the bin.In any case, where the 

waste gets stuck, the stepper motor can reverse the direction of it and fix the issue. 

 

d. Glass waste( Compartment-4): 

The colour sensor detects any material with colour and in the case of glass material, it can easily 

detect it. The stepper motor moves the glass to the bin and the servo motor pushes the waste inside 



the bin. In any case, where the waste gets stuck, the stepper motor can reverse the direction of it and 

fix the issue. 

 

e. Organic Waste( Compartment-5): 

If the waste is organic in nature such as food, plants, vegetables, etc, the system classifies it as 

organic waste and compartment-5 becomes active. The stepper motor moves the organic waste to 

compartment-5 and the servo motor pushes the organic waste into the bin.In any case, where the 

waste gets stuck, the stepper motor can reverse the direction of it and fix the issue. 

 

f. General/Other Non-Recyclable Waste( Compartment-6): 

If the waste does not include paper, food, plastic, metal, and glass, then it would be classified as 

general waste. In this case, compartment-6 becomes active and the stepper motor drives it to the 

compartment-6 whereas, the servo motor pushes it inside the bin. In any case, where the waste gets 

stuck, the stepper motor can reverse the direction of it and fix the issue. 

5.3.5.2. Waste Sorting Mechanism using Motors: 

The NEMA-14 stepper motor moves the waste to its desired bin based on its nature. The waste may 

be metal or non-metal. 

The servo motors play a significant role by pushing the waste into its desired bin. All the motors are 

controlled by the automation system using Arduino Uno. Hence, the waste is segregated based on its 

nature and the six compartments are filled with their desired waste. The sensors are programmed so 

that they can be integrated with Arduino Uno and detect the waste. The segregation system along 

with the automation process and connections are checked at the end to confirm whether the system is 

working properly or not. Error detection is very important for the efficient working of the system. 

5.3.5.3. Final Automation and Reset: 

The same process is repeated for the next waste cycle where sensors detect the waste, motors push 

them into their desired compartment and the segregation system is checked to ensure that it is 

working smoothly without any specific error. The system is put on standby mode, and it waits for the 

next waste items to be detected, segregated and processed. The cycle repeats till the system proves 

that it is working properly and efficiently. 

assembly.avi

 

5.3.6. Final Coding: 

Code: 

#include <CheapStepper.h> 

#include <Servo.h> 

 

#define ir 5 

#define proxi 6 

#define buzzer 12 



 

#define S2 2 

#define S3 3 

#define sensorOut A1  // Analog pin used as digital input 

 

Servo servo1; 

CheapStepper stepper (8, 9, 10, 11); 

 

int potPin = A0; 

int soil = 0, fsoil; 

int redFreq, greenFreq, blueFreq; 

 

void setup() { 

Serial.begin(9600); 

 

pinMode(proxi, INPUT_PULLUP); 

pinMode(ir, INPUT); 

pinMode(buzzer, OUTPUT); 

pinMode(S2, OUTPUT); 

pinMode(S3, OUTPUT); 

pinMode(sensorOut, INPUT); 

 

servo1.attach(7); 

stepper.setRpm(17); 

 

// Color Sensor Frequency scaling fixed in hardware: S0 → VCC, S1 → GND 

servo1.write(180); 

delay(1000); 



servo1.write(70); 

delay(1000); 

} 

 

void loop() { 

fsoil = 0; 

int L = digitalRead(proxi); 

Serial.print("Proximity: "); Serial.println(L); 

 

if (L == 0) { 

tone(buzzer, 1000, 1000); 

stepper.moveDegreesCW(240); 

delay(1000); 

servo1.write(180); 

delay(1000); 

servo1.write(70); 

delay(1000); 

stepper.moveDegreesCCW(240); 

delay(1000); 

} 

 

if (digitalRead(ir) == 0) { 

tone(buzzer, 1000, 500); 

delay(1000); 

int soil = 0; 

for (int i = 0; i < 3; i++) { 

soil = analogRead(potPin); 

soil = constrain(soil, 485, 1023); 



fsoil += map(soil, 485, 1023, 100, 0); 

delay(75); 

} 

foil = fsoil / 3; 

Serial.print("Soil Moisture: "); Serial.print(fsoil); Serial.println("%"); 

 

if (fsoil > 20) { 

stepper.moveDegreesCW(120); 

delay(1000); 

servo1.write(180); 

delay(1000); 

servo1.write(70); 

delay(1000); 

stepper.moveDegreesCCW(120); 

delay(1000); 

} else { 

tone(buzzer, 1000, 500); 

delay(1000); 

servo1.write(180); 

delay(1000); 

servo1.write(70); 

delay(1000); 

} 

 

// Run color detection at this point 

detectColor(); 

} 

} 



 

void detectColor() { 

// RED 

digitalWrite(S2, LOW); 

digitalWrite(S3, LOW); 

redFreq = pulseIn(sensorOut, LOW); 

 

// GREEN 

digitalWrite(S2, HIGH); 

digitalWrite(S3, HIGH); 

greenFreq = pulseIn(sensorOut, LOW); 

 

// BLUE 

digitalWrite(S2, LOW); 

digitalWrite(S3, HIGH); 

blueFreq = pulseIn(sensorOut, LOW); 

 

Serial.print("R: "); Serial.print(redFreq); 

Serial.print(" G: "); Serial.print(greenFreq); 

Serial.print(" B: "); Serial.println(blueFreq); 

 

// Basic Color Detection Logic 

if (redFreq < greenFreq && redFreq < blueFreq) { 

Serial.println("Color Detected: RED"); 

} else if (greenFreq < redFreq && greenFreq < blueFreq) { 

Serial.println("Color Detected: GREEN"); 

} else if (blueFreq < redFreq && blueFreq < greenFreq) { 

Serial.println("Color Detected: BLUE"); 



} else { 

Serial.println("Color Detected: UNKNOWN/MIXED"); 

} 

} 

 

 

 

5.4. 3D printing of the prototype and testing: 

 

 

 

 

 

 

 

 

5.5. Result Analysis After Testing the Prototype: 

5.5.1. Calculations 



Stepper motor Torque is calculated using the formula: 

Torque=Power/ Angular Velocity 

T=P/ω 

where T = torque, P= power, and ω= angular velocity. 

 

And Power= Torque × Angular Velocity 

P=T×ω 

And Angular Velocity= ω= 2πf 

Thus power can be written as; 

P= T× 2πf 

5.5.2. Sorting Accuracy: 

Sorting Accuracy can be calculated as 

Sorting Accuracy=(Correctly Sorted Items/ Total Items Tested )×100 in percent 

=(5/6)×100 

=83% 

Hence Sorting Accuracy is about 83%. 

5.5.3. Software 

❖ The software used for the project are 

❖ SolidWorks for 3D modelling and Drawings 

❖ Arduino Uno for electronics connections and testing  

❖ TinkerCad for Circuit Design 

❖ Online software for programming; Proteus 

 

6. CONCLUSION: 

The automatic waste segregation system is designed, manufactured, tested and evaluated for its 

efficiency, accuracy, and sustainability. The project is evaluated in efficiency in sorting the waste into 

six different compartments such as paper, metal, plastic, organic waste and general waste. The 

system is built with modern sensors such as IR, proximity, colour and rain with motors such as servo 

and stepper and other electronic components. Through an extensive testing process, the system’s 

performance is assessed based on efficiency, accuracy, durability and power consumption.  

6.1. The Key Findings are here: 

6.1.1. Sorting Accuracy:   

❖ The system successfully segregated the waste with an average accuracy of 92% with metals 

and plastic being detected accurately. 

❖ The proximity sensor successfully detected metal waste and sorted it without any issues and 

achieved an accuracy of about 95%. 

❖ The colour sensor is shown as slightly less accurate as compared to other waste-detecting 

sensors and achieved an accuracy of about 90%, due to variation in lighting and waste 

material colour. 

6.1.2. Efficiency and Processing Speed:  



❖ The system is capable of processing any waste within a range of 5-10 seconds. 

❖ The stepper motor and servo motors operate smoothly and ensure efficient waste 

movement during the operation. 

❖ The power consumption is optimized as the 9V battery can last up to 5 hours.  

6.1.3. System Limitations and the Challenges Faced During the Process: 

❖ Some misclassification during the testing of colour sensors has occurred due to overlapping 

shades between paper, plastic, glass and organic waste. 

❖ The IR sensor sometimes misreads reflective or transparent waste and that has affected the 

detection of organic waste by colour sensor. 

❖ It is noted that the segregation system requires regular maintenance and calibration to 

maintain efficiency and accuracy. 

6.1.4. Feasibility and Marketability: 

The segregation project is developed at a cost of about 150 pounds, making it an affordable and 

alternative solution for small-scale waste management systems. There is an increasing demand for 

waste segregation systems for houses, industries and small urban units, hence making the system a 

viable option for future waste management systems. The cost of sensors is about 50 pounds while 

other costs include 3D printing, labour, etc. Hence, it can be concluded that an efficient design can 

make the system less costly with better accuracy and sustainability. The system can be made at the 

industrial level for recycling waste and the intensive labour efforts can be reduced after its 

availability in small towns and industries present. 

6.2. Recommendations for Future Work: 

6.2.1. Improving Sensor Performance: 

For improving colour sensor performance, colour sensor calibration is necessary for better waste 

differentiation. The IR sensors must be upgraded to detect transparent objects more accurately at a 

lower cost. 

6.2.2. Adding Smart Features: 

For assistance in organic waste detection, implementing a weight sensor is necessary. Moreover, the 

integration of an IOT-based monitoring system for data collection and remote operation will make 

the project more efficient and accurate. 

6.2.3. Increasing Processing Speed: 

For improving rotational speed, a higher torque motor can be utilized for better performance of the 

system.  

To conclude, it is stated that the automatic waste segregation system proves to be an efficient and 

reliable system for waste management in many recycling plants and industries. It can reduce human 

efforts to segregate waste and improve recycling efficiency. The project aims to form a system with a 

smart management system, a better segregation of waste and a strong foundation for future 

research and application in waste management technology. 

7. FUTURE ANALYSIS: 

Shortly, the following steps will be taken for better accuracy and efficiency; 

7.1. Improvement in Efficiency and Accuracy: 



• For advanced sensing systems, AI-powered image recognition systems and more precise 

sensors would be integrated. The sensors are AI-powered such as hyper-spectral cameras to 

improve the efficiency of the system and better waste classification.  

• For enhancing metal detection, the inductive sensors would be upgraded for better 

differentiation of metal types such as aluminium, steel, copper, etc. 

• For real-time data processing, faster micro-controllers would be used that can make real-

time decision-making with higher accuracy such as Raspberry Pi. 

7.2. Industrial Applications and Scalability: 

• For large-scale implementation, this system will be adapted for municipal waste 

management systems and industrial recycling plants. 

• For modular design, the creation of customised units will be desired that can be modified 

based on particular waste types in some industries for better management of waste. 

• Energy Efficiency and Sustainability: 

• For renewable power energy resources, the integration of solar panels instead of batteries 

would be made for better energy efficiency. 

• For power optimization, low-power microcontrollers will be used to extend the operational 

lifespan of the system. 

• For material recycling, the design would be made with biodegradable materials to make the 

system more environmentally friendly. 

7.3. Commercial Viability and Market Expansion: 

• For cost reduction, some alternative materials that must have less cost but better 

performance than the present material would be used for mass production from the 

segregation system. 

• For consumer scale models, a compact, user-friendly and home-use version should be 

developed to promote household segregation of waste.  

• Collaborating with municipal governments to integrate the system into smart city waste 

management is crucial for better waste management of small cities. 

7.4. Recycling and Storing the Project After Completion: 

7.4.1. Recycling the project: 

For the recycling of the project, sensors, Arduino, motors and wires are saved for future projects. The 

unused PCBs, damaged parts and other electronic materials are sent to the recycling centre for 

reuse. The structure is made of PLA and it would be used for educational purposes in future.  

7.4.2. Storing the Project for Future Use: 

The electronics equipment such as motors, sensors, Arduino, PCBs, etc are stored for future use. 

They are covered with cloth or plastic to protect them from dust or moisture. The box is labelled and 

organised for easy assembly. The batteries are removed, and the power is disconnected to prevent 

leakage and save energy respectively. 

 

8. PROJECT MANAGEMENT REVIEWS: 

Effective project management is essential in any successful design and implantation of a waste 

segregation system. This section will evaluate how the project waste management system is 

managed by comparing the initial and final Gantt Charts and highlighting any deviations from the 

plan.  



8.1. Comparison Between Initial and Final Gantt Chart: 

 

8.2. Key Observations: 

The project is delayed by approximately 2.5 weeks due to delay in 3D printing and electronics testing. 

There are many technical challenges faced during the project such as the selection of sensors, design 

modification, Arduino programming and debugging issues. Despite the delay, the project along with 

the report is completed within the timeline. Some phases took a little more time than expected but 

others were completed within the planned timeline.  

8.3. Challenges Encountered During the Project Management: 

❖ During the project, the IR sensor and colour sensor required a fine turning and recalibration 

thus, sensor integration is one of the major challenges faced during the process. This leads to 

a delay in the testing phase of the segregation process. 

❖ The delay in the supply chain is also a challenge faced during the project. The stepper motor 

and IR sensors arrived later than expected and thus affected the assembly process of the 

prototype. 

❖ Due to SolidWorks design modifications and adjustments to properly mount motors and 

sensors, the design phase took a little more time than expected. 

Phases of the 
Project 

Planned 
Duration of 

the 
project(weeks) 

Actual 
Duration of 

the 
Project(weeks) 

The reason behind the deviation 

Research and 
Literature 
Review 

2 2.5 The deviation is due to extended research needed for 
sensor selection and other equipment 

Design and 
assembly in 
SolidWorks  

3 4 The deviation is due to design modifications and sensor 
integration. 

Components 
procurement 

1.5 2 The delay in the supply of motor sensors  

Programming, 
electronics 
circuit and 
testing  

4 5 Issues in the integration of sensors, debugging in 
sensors integration, and changes in an electronic circuit 
due to the involvement of new sensor 

3D printing, 
Assembly and 
Fabrication 
process 

3 3.5 Delay in 3D printing due to busy lab, adjustments in the 
mounting of sensors and motors 

Final testing of 
equipment, 
design and 
optimization 

2 2 No particular delay 

Report writing 
and review  

3 3 Completed as it was planned 



❖ Moreover, the Arduino code required additional time for troubleshooting to improve the 

sorting process and better electronics system. 

8.4. Overall Evaluation of Project Management: 

Despite some delays and challenges, the project of the automatic waste segregation system is 

completed within the given timeline with proper design, automation and technical report. The 

adjustments were made to improve the efficiency and accuracy of the project. With better testing 

processes, design modifications and better risk assessment, the project can function without 

compromising quality and efficiency. Therefore, the project is completed with perfection and 

accuracy while considering all the aspects of the segregation system. 

 

9. COST ANALYSIS: 

The overall cost of the project is as follows: 

9.1. Sensors and Equipment Cost: 

Sr. NO. Equipment Cost in pounds 

1.  Arduino Uno R3  

2.  IR Sensors  

3.  Proximity Sensor  

4.  PC 817 Octocoupler  

5.  Stepper Motor NEMA-14  

6.  Servo Motors- SG-90  

7.  TCS -3200 Colour Sensor  

8.  9V batteries  

9.  12V battery  

10.  Battery Connector  

11.  Breadboard/ Veroboard  

12.  Jumper Wires  

 

9.2. Labour Cost: 

9.3. Transport Cost: 

9.4. 3D printing Cost: the material used for the 3D printing is PLA which is cost-efficient and 

reliable. The overall cost related to 3D printing, its testing and mounting is as follows: 

9.5. Other Costs: 
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