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Abstract: Modern world meets lots of challenges that includes Smart waste management system. It is 

become matter of big concern if proper disposal system is not managed. Managing waste effectively and 

recycling efficiently, a nation can ahead one step forward. In this work, an automatic sorter machine is 

developed which can sort out the wastes in various categories to make waste management easier and 

efficient. It can be possible to sort out metal, paper, plastics and glass by developing an electromechanical 

system using microcontroller and operational amplifier. This conference paper presents the design, 

development, and implementation of an intelligent automatic waste sorting machine aimed at enhancing 

waste management processes. With the increasing global waste generation, efficient sorting and recycling 

methods are essential to minimize environmental impact. The sorting procedure will make recycling more 

efficient. By means of this waste sorter, the conventional waste management system will be transformed into 

SMART system. This SMART system will help to make our environment more suitable for living, reducing 

global warming and making the world healthier. 
 

Keywords: Automatic Sorter Machine, Smart waste management, Microcontroller, Microcontroller, Sensor 

implementation. 

 

I. INTRODUCTION 

In an era marked by escalating global waste generation and the imperative of sustainable resource management, 

innovative solutions are essential to address the challenges of traditional waste sorting methods. Manual sorting is 

labour-intensive, prone to errors, and inefficient, leading to increased environmental pollution and hindering recycling 

efforts. An automatic waste sorting machine emerges as a transformative technology designed to revolutionize waste 

management processes by incorporating advanced technologies such as artificial intelligence, computer vision, and 

robotics. As urbanization and industrialization continue to accelerate, the volume and diversity of waste generated 

worldwide have reached unprecedented levels. Traditional waste disposal methods, often reliant on human sorting at 

recycling facilities, struggle to keep pace with the scale and complexity of contemporary waste streams. 

The urgency to find sustainable waste management solutions is underscored by the environmental consequences of 

improper disposal and the finite nature of resources. Automatic waste sorting machines offer a crucial shift towards 

efficiency, precision, and environmental responsibility in handling diverse waste categories. Automatic waste sorting 

machines represent a technological leap forward in waste management. These machines leverage cutting-edge 

technologies to identify, categorize, and sort various types of waste materials swiftly and accurately. By reducing the 

reliance on manual labour, they enhance efficiency and enable the recovery of valuable resources from the waste 

stream. 

 

II. RELATED WORK 

“Automatic Waste Segregator and Monitoring System” Aleena V.J.*, Kavya Balakrishnan, Rosmi T.B., Swathy 

Krishna K.J., Sreejith S, T.D. Subha (January 2016): 

The proposed system would be able to monitor the solid waste collection process and management of the overall 

collection process. The inlet section is provided with open and close mechanism to regular the flow of waste on to the 

conveyor. Inductive proximity sensor is used to detect the metallic  waste. A blower mechanism is used to segregate dry 

and wet waste. The timing and movement of the conveyor belt is controlled by Arduino Uno, continuous and 

unnecessary operation of any particular section is thus avoided 
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“Automated Waste Segregator” Ashwini D. Awale, Akshada A. Margaje, akshay B. Jagdale (Nov 16 To Oct 17): 

Implementation of this system at a local level in multiple areas, corporate buildings, educational institutes, etc, can 

reduce the burden on the local authorities. The automatic waste segregator is one small step towards building an 

economic waste collection system with a minimum amount of human intervention and also no hazard to human life. 

With the help of this system, we also have taken a step toward automation leading to higher standards of living and 

indicating progress. The system consists of three bins each one for metal, one for plastic, and one for paper waste which 

is common waste generated in educational buildings, commercial buildings, and any corporate institutes. The waste 

material which is collected is non-biodegradable waste and for the proposal of the model. The waste level in each bin is 

monitored using an ultrasonic sensor that is connected to Arduino UNO. Once the bins reach to a particular level, the 

notification is then sent to the concerned authorities for emptying the bin. 

 

“Automatic Waste Segregation and Management” Cherry Agarwal, Bhavesh Yewale, Chaithali Jagadish (June-

2020):  

The waste segregator is designed to provide ease in the disposal of waste that is collected. The system consists of three 

bins, each one for wet, metal, and dry waste. The conveyer belt system detects the incoming waste and classifies it as 

metal, dry or wet using different sensors connected to the system and deflects it in the respective bin. The deflection 

procedure is carried out by the servo motors which are programmed according to the working. This facilitates in 

processing the different kinds of waste as per the requirement. The garbage level in each of bins is monitored using the 

ultrasonic sensors present in every bin. The notification is then sent to the concerned authorities for emptying the bin. 

The whole setup brings about automation and hence reduces the human intervention required in segregating the waste 

and provides successful collection of the garbage from the bin at the appropriate time. The system is driven by a 

microcontroller- Arduino UNO, and the sensors are programmed using the language- Embedded C. 

 

“Automated Waste Segregator using Renesas Microcontroller”  Ashwini D. Awale¹, Akshada A. Margaje², Akshay 

B. Jagdale3: 

The main goal of the project is to design and develop a sorting system that sorts and waste automatically into four 

categories namely metal waste, wet waste, dry waste and glass waste. An upper enclosure waste does not fall out of the 

sensing area. Inside the enclosure is an infrared (IR) proximity sensor module. When the waste is dumped in by pushing 

the flap, the IR proximity sensor module gets activated and brings the micro controller LPC2138 out of low power 

mode. The system starts when the waste is pushed through a flap into the inclined plane having the inductive proximity 

sensor. The object slides over the incline to fall on the inductance coil which is used to sense any metal object. If the 

object is metallic a change in parallel resonant impedance of the metal detection system is observed. If the object is not 

a metal it continues and drops into the capacitive sensing module 

 

“Automatic Metal, Plastic and Other Dry Waste Sorter and Status Alert” Abdul Azeem*, Kalluri Jyothi Priya**, 

J. Parimala*, K.S.L. Prasanna* and S. Preethi* (15 Jun 2020):  

The nation and the world are challenging a massive issue of removal, separation and reusing of solid waste and 

inappropriate management of these wastes are dangerous to human well-being also natural framework to appropriately 

deal with the waste it must be separated, conveyed and arranged to decrease the dangers to the public life.The proposed 

strategy is simple and cost-effective. The separation of dry waste is proposed to categorize the trash into metallic waste 

and plastic waste. Since it is dry waste segregation, the technique uses a moisture sensing module to detect wet waste 

and if sensed thus stops working. The metal is identified by using a metal detector and the plastic by using a plastic 

sensing module after that they will be dumped into the allocated bins. If any other dry waste is placed which is not 

detected by metal, plastic and moisture sensors then the object will be dumped in other materials bin. Whenever the 

bins are filled the authorized persons will get notified and uploaded to cloud. 
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“Portable Automatic Waste Segregator for Non-Biodegradable Things” Gowthami A V, Harshini P, Karthik 

Venkatesh Devadiga, Manoj Y P, and Dr. Suma, (August 2022): 

The purpose of the proposed model is to identify, segregate, monitor, and develop a sorting system that sorts non-

biodegradable waste automatically into three categories namely metal waste, plastic waste, and paper waste. The system 

mainly consists of Arduino Uno, an Inductive proximity sensor, an ultrasonic sensor, a capacitive sensor, an IR sensor, 

and Servo motors when the waste is dumped into the waste segregator through the conveyor belt the waste is pushed to 

the platform where the inductive sensor is attached which detects the metal things. Once the IR sensors detect the waste 

it then initializes the sensor modules. The initialization of all modules ensures that any dynamic changes in the 

environment do not affect the sensing. The inductive sensor detects the waste material for segregation. If the waste is 

metal then the waste is pushed to the left side of the platform where the waste is dumped in its appropriate bin. And if 

the waste is non-metallic, then it is pushed to the right side of another platform where the capacitive sensor is attached. 

 

“Automatic Waste Segregation using Image Processing and Machine Learning” Boudhayan Dev, Aditya Agarwal, 

Chinmay Hebbal, Aishwarya H S , Kiran Agarwal Gupta (May 2018):   

This project is an imperative that we examine the process of waste collection, segregation and automation for better 

management of the waste materials.  

This paper provides a solution that can detect, identify and segregate waste items into biodegradable and non-

biodegradable categories without any human assistance. The waste segregator is a centrally partitioned movable bin that 

travels in the area of interest and picks up any waste item in its path. This work is an integration of machine learning 

concept, Image processing and embedded application using Raspberry Pi. The robotic arm places the object on a 

rotating 

two compartments. Machine Learning is used to identify the category of the waste item. The proposed system does not 

use any sensors and is totally based on training hardware using artificial intelligence. The waste item is then dropped 

into its respective compartment by the rotating flap. The system continues to travel in its path until the end of the 

area is reached. The designed segregation of bio-degradable and non-biodegradable items is carried out with 92% 

accuracy in short time.  

 

III. PROPOSED WORK 

System Architecture: 

Present the architecture of the proposed automatic waste sorting system, outlining the components including 

ESP32CAM, Edge Impulse for model deployment, servo motors for sorting, and Arduino Nano for motor control. 

Describe how these components will interact to perform waste detection, classification, and sorting. 

 

Software Development: 

Explain the software development process, including programming the ESP32CAM for image capture, preprocessing, 

and communication with edge impulse 

• Describe how to train a machine learning model using Edge Impulse platform for waste classification. 

• Outline the integration of the trained model with ESP32CAM for inference. 

 

Algorithm Implementation: 

• Provide pseudocode or flowchart for the algorithm implemented on ESP32CAM for waste detection and classification 

using Edge Impulse model. 

• Detail the decision-making process based on classification results and servo motor control for sorting. 

 

IV. METHODOLOGY 

Initialization: Set up the ESP32 camera, Arduino Nano, and servo motors. Load the trained model onto the ESP32. 

Detection and Classification: Capture an image using the ESP32 camera. Preprocess the image if necessary (e.g., resize, 

normalize). Pass the image through the trained model on the ESP32 for inference. Receive the classification results 

(e.g., plastic bottle, metal can, orange) from the model. 
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Decision Making: Based on the classification result, determine the appropriate action:  

 If plastic bottle: activate servo motor to sort it into the plastic bottle bin. 

 If metal can: activate servo motor to sort it into the metal can bin. 

 If orange: activate servo motor to sort it into the organic waste bin or another designated location. 

Servo Motor Control: Send signals to the Arduino Nano indicating which servo motor to activate and in which 

direction. Control the servo motors to move the sorting mechanism accordingly. 

Feedback: Provide feedback to the user or system administrator:Display classification results on a screen or send them 

to a remote server for monitoring. Log data for analysis and performance evaluation. 

Repeat: Continuously loop through steps 2-5 to process incoming waste items. 

This algorithm outlines the main steps involved in the garbage detection and sorting process using the ESP32 camera, 

Edge Impulse model, and Arduino Nano. Adjustments may be needed based on specific hardware configurations and 

requirements of your project. 

 

V. CONCLUSION 

In conclusion, the integration of Edge Impulse with ESP32CAM presents a promising solution for the development of 

an automatic waste sorting machine. By leveraging the capabilities of Edge Impulse and the hardware capabilities of 

ESP32CAM, a robust and efficient system can be created to sort waste items in real-time. 

Through Edge Impulse, developers can easily collect data from the ESP32CAM's camera, preprocess it, train machine 

learning models for waste classification, and deploy these models directly onto the ESP32CAM for inference. This 

streamlined workflow significantly reduces development time and complexity. 

The ESP32CAM's compact form factor, low power consumption, and built-in Wi-Fi connectivity make it an ideal 

candidate for deployment in waste sorting machines. Its ability to capture high-resolution images in real-time enables 

accurate classification of various types of waste. 
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