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Abstract: Generally, Improper waste disposal without segregation is a significant environmental issue, contributing to pollution, reduced 

recycling efficiency, and serious health risks. To address this challenge, this paper introduces a Smart Dustbin system that leverages 

Machine Learning (ML) to identify and classify waste. The system uses a web camera to capture an image when waste is placed in front of 

it. This image is then processed by a trained ML model, which categorizes the waste into biodegradable, others, or plastic types. Once the 

waste type is identified, the dustbin lid opens automatically, allowing the user to dispose of the waste without manual contact. This 

interactive feature encourages users to participate in maintaining cleanliness and sustainability. However, the current system has limitations. 

It does not yet support automatic segregation into separate compartments based on waste type. All waste is still deposited into a single 

container, which reduces the overall effectiveness of the solution. Future improvements can significantly enhance the system’s performance 

and usability. These include reducing processing time, improving model accuracy, and integrating motor-based mechanisms for automatic 

segregation into multiple bins. Additional upgrades may involve solar power integration for energy efficiency and connectivity with smart 

city infrastructure for real-time monitoring and data-driven waste management and two-way communication. Overall, this Smart Dustbin 

represents a promising step toward cleaner and more sustainable waste management practices. 

 Keywords: Smart Waste Management, Internet of Things (IoT), Machine Learning, Image Processing, ESP32, Waste Segregation, 

Automation 

                                   INTRODUCTION 

Rapid urbanization and population growth have led to a 

significant increase in waste generation, creating major 

challenges for modern waste management systems. 

Traditional waste disposal methods rely heavily on manual 

segregation, where different types of waste such as 

biodegradable, recyclable, and non-biodegradable materials 

are often mixed together. This improper segregation reduces 

recycling efficiency, increases environmental pollution, and 

poses serious health risks to sanitation workers. As cities 

move toward smarter infrastructure, there is a growing need 

for automated and intelligent waste management solutions. 

Recent advancements in technologies such as the Internet of 

Things (IoT), machine learning, and image processing have 

opened new possibilities for developing smart waste 

management systems. IoT enables seamless communication 

between devices, while machine learning algorithms allow 

systems to analyze and classify data with high accuracy. By 

integrating these technologies, waste management systems 

can be transformed from manual and inefficient processes 

into automated, data-driven solutions that improve 

efficiency, reduce human effort, and support environmental 

sustainability. 

The proposed Smart BinX system is designed to address 

these challenges by introducing an intelligent waste 

segregation mechanism at the source level. The system uses 

a webcam to capture images of waste materials, which are 

then processed using image processing and machine learning 

techniques to classify the waste into predefined categories. 

Based on the classification result, a microcontroller (ESP32) 

activates servo motors to open the appropriate bin 

compartment automatically. This ensures that waste is 

segregated correctly without requiring manual intervention, 

making the process more hygienic, efficient, and user-

friendly. 

Furthermore, Smart BinX supports the concept of smart 

cities by promoting sustainable waste management practices 

and reducing environmental impact. The system can be 

enhanced with IoT-based real-time monitoring, cloud data 

storage, and remote communication with municipal 

authorities for efficient waste collection and management. 

By combining automation, intelligence, and connectivity, 

Smart BinX provides a scalable and cost-effective solution 

for modern waste management challenges, contributing to a 

cleaner and healthier environment.  

LITERATURE SURVEY 

A. IoT-Enabled Smart Waste Management Systems (2022) 

Sosunova and Porras proposed an IoT-based waste 

management framework aimed at improving the efficiency of 

waste collection in smart cities. Their system utilizes sensors 

installed in garbage bins to monitor fill levels in real time and 

transmit data to a centralized monitoring platform.  

This approach helps municipal authorities optimize collection 

routes, reduce fuel consumption, and prevent bin overflow. 

While the system enhances operational efficiency, it does not 

address waste classification or segregation, which limits its 

effectiveness in promoting recycling and sustainable waste 

processing[1]. 

B. Sensor-Based Smart Waste Management System (2021)  

Chakraborty et al. developed a sensor-based system that 

detects garbage levels using embedded sensors and sends 

alerts when bins reach a predefined threshold. The system 

reduces manual inspection and improves waste collection 

scheduling. It also contributes to cost reduction and better 



International Journal of Science and Technology (IJST): ISSN(O): 2049-7318 | 2(4):88-91, 2026 | DOI:10.5281/zenodo.21449480 

 

89 

 

resource management. However, similar to other monitoring-

based systems, it lacks automation in waste segregation and 

depends on external processes for sorting different waste 

types [2]. 

C. Smart City Waste Management System (2020)  

Sahu et al. proposed a smart waste management system 

designed for urban environments, integrating sensors and 

communication technologies to monitor garbage levels and 

notify authorities when bins are full. The system improves 

cleanliness and ensures timely waste collection. Although it 

enhances monitoring capabilities, the approach primarily 

focuses on collection efficiency and does not include 

mechanisms for automatic waste classification or segregation 

at the source [3]. 

D. IoT-Based Waste Monitoring Using Ultrasonic Sensors 

(2020) 

Kadus et al. introduced an IoT-based waste management 

system using ultrasonic sensors to measure the level of waste 

in bins. The system automatically sends notifications when 

the bin reaches its capacity, ensuring timely disposal and 

reducing overflow issues. While the system is effective in 

monitoring waste levels, it does not incorporate intelligent 

decision-making for waste segregation, which is essential for 

improving recycling efficiency and reducing environmental 

impact [4]. 

III.   PROPOSED METHOD 

The proposed system, Smart BinX, is an intelligent waste 

segregation system that integrates image processing, 

machine learning, and embedded systems to automate waste 

classification at the source level. The system is designed to 

reduce manual effort, improve hygiene, and enhance 

recycling efficiency by ensuring proper segregation of waste 

into predefined categories such as biodegradable, recyclable, 

and non-biodegradable. 

The overall working of the system begins when a waste item 

is placed in front of a webcam. The webcam captures the 

image of the waste material in real time and sends it to the 

processing unit (laptop). The captured image undergoes 

preprocessing steps such as resizing, noise reduction, and 

feature extraction to improve the quality of the image and 

make it suitable for analysis. The processed image is then 

passed to a machine learning model, which analyzes visual 

features such as color, shape, and texture to classify the 

waste into the appropriate category. 

Once the classification is completed, the result is transmitted 

to the ESP32 microcontroller through a communication 

interface such as USB serial communication or wireless 

communication (Wi-Fi/Bluetooth). The ESP32 acts as the 

control unit of the system and interprets the received 

classification result. Based on this result, the microcontroller 

generates control signals to activate the corresponding servo 

motor connected to a specific waste bin compartment. 

In the actuation stage, the servo motor rotates to open the lid 

of the appropriate bin, allowing the user to dispose of the 

waste correctly without manual sorting. After a short delay, 

the lid automatically closes, and the system resets for the 

next operation. This entire process is performed in real time, 

ensuring a smooth, efficient, and contactless waste disposal 

experience. 

 
Figure 1: System Architecture of Smart BinX 

The system architecture of the Smart BinX illustrates the 

complete workflow of the intelligent waste segregation 

process, integrating image processing, machine learning, and 

embedded system control. The process begins when a waste 

item is placed in front of the system, where a webcam acts as 

the input device to capture real-time images of the waste 

material. This captured image serves as the primary data for 

further analysis. 

The acquired image is then passed to the image processing 

stage, where preprocessing techniques such as resizing, noise 

reduction, and feature extraction are applied. These steps 

enhance the quality of the image and prepare it for accurate 

classification. The processed image is subsequently fed into 

the classification algorithm, which utilizes machine learning 

techniques to identify the type of waste based on visual 

characteristics such as shape, color, and texture. 

Once the classification is completed, the result is transmitted 

to the Arduino Uno microcontroller, which functions as the 

control unit of the system. Based on the classification output, 

the microcontroller generates appropriate control signals to 

activate the corresponding servo motor. Each servo motor is 

connected to a specific waste bin category, such as 

biodegradable, non-biodegradable, or others. 

In the final stage, the activated servo motor opens the lid of 

the appropriate bin, allowing the waste to be disposed of 

correctly without manual intervention. This automated 

process ensures accurate segregation at the source, improves 

hygiene, and enhances recycling efficiency. The system then 

resets itself to handle the next waste input, enabling 

continuous and efficient operation. 

PROPOSED ALGORITHM 

The proposed algorithm for Smart BinX is designed to 

automatically detect, classify, and segregate waste using 

image processing and machine learning techniques. The 

algorithm ensures real-time operation and accurate 

classification with minimal human intervention. 

The system follows a sequential process that begins with 

image acquisition and ends with automated waste disposal. 
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The algorithm integrates software-based classification with 

hardware-based actuation to achieve intelligent waste 

segregation. 

Algorithm Steps: 

Step 1: System Initialization (System Reset Module) 

Initialize the webcam, machine learning model, 

communication interface, and microcontroller. Ensure all bin 

lids are in the closed position and the system is ready for 

operation. 

Step 2: Image Acquisition (Image Capture Module) 

Capture the image of the waste object using the webcam 

when waste is placed in front of the system. 

Step 3: Image Transfer (Image Transmission Module) 

Transmit the captured image from the webcam to the 

processing unit without loss of quality. 

Step 4: Image Enhancement (Image Pre-Processing 

Module) 

Apply preprocessing techniques such as resizing, noise 

reduction, normalization, and background filtering to 

improve image quality. 

Step 5: Waste Identification (Waste Classification 

Module) 

Input the processed image into the trained machine learning 

model to classify the waste into categories: 

• Biodegradable  

• Plastic 

• Others  

Step 6: Decision Making (Decision and Control Module) 

Analyze the classification result and determine the 

corresponding bin compartment for waste disposal. 

Step 7: Signal Conversion (Motor Driver Module) 

Convert the control decision into electrical signals suitable 

for driving the servo motors. 

Step 8: Bin Operation (Smart Bin Chamber Module) 

Activate the corresponding servo motor to open the 

appropriate bin lid and allow waste disposal. 

Step 9: System Reset (System Reset Module) 

After a short delay, close the bin lid and reset the system to 

its initial state for the next cycle. 

V.RESULTS 

The Smart BinX system was successfully implemented and 

tested using real-time image input through a webcam 

interface. The system integrates a web-based interface 

(running on localhost), a machine learning classification 

model, and an ESP32 microcontroller for hardware control. 

The experimental results demonstrate the effectiveness of the 

system in identifying and segregating waste materials 

automatically. 

 

Figure 1: System showing human ignored. 

 

Figure 2: System detecting bio degradable waste. 

During operation, the system first detects the presence of an 

object within the camera frame. As observed in Fig. 1, the 

system is capable of distinguishing irrelevant inputs such as 

human presence and ignores them to avoid incorrect 

classification. This ensures that only valid waste objects are 

processed, improving the reliability of the system. 

When a valid waste object is introduced, the system 

performs real-time classification using the trained machine 

learning model. As shown in Fig. 2, the system correctly 

identifies a biodegradable object (onion) with a high 

confidence score of 99%. The classification process is fast 

and efficient, with minimal delay, enabling real-time 

decision-making. The progress indicator (e.g., “Detecting 

Biodegradable…”) confirms continuous processing and 

system responsiveness. 

After classification, the result is transmitted to the ESP32 

microcontroller (IP: 10.200.237.175), which triggers the 

corresponding servo motor to open the appropriate bin 

compartment. The system was tested with multiple objects, 

and it consistently performed accurate classification and 

correct bin activation under normal lighting conditions. 

However, it was observed that system performance may 

slightly degrade under poor lighting or when objects are 

partially occluded. Despite these minor limitations, the 

overall system demonstrates high accuracy, reliability, and 

real-time operation, making it suitable for practical smart 

waste management applications. 
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Figure 3: System detecting bio degradable waste. 

 

 

 
Figure 4: System detecting bio degradable waste. 

 

 
Figure 5: Automatically lid opening for bio degradable waste. 

 

 
Figure 6:System Analysing the waste type. 

 

 
Figure 7: System detecting other waste. 

 
Figure 8: Hardware setup 

 

VI CONCLUSION 

In this work, an intelligent waste segregation system, Smart 

BinX, has been designed and implemented using image 

processing, machine learning, and embedded system 

technologies. The system automates the identification and 

classification of waste materials and directs them into 

appropriate bins without manual intervention.The 

experimental results demonstrate that the system is capable 

of performing real-time waste classification with high 

accuracy. The integration of a webcam-based image 

acquisition system with a machine learning model enables 

effective detection of different waste categories. The ESP32 

microcontroller successfully controls the servo motors to 

open the corresponding bin compartments, ensuring proper 

waste segregation. Additionally, the system is capable of 

ignoring irrelevant inputs such as human presence, 

improving overall reliability. 

The proposed system reduces human effort, enhances 

hygiene, and supports environmentally sustainable waste 

management practices. It is cost-effective, scalable, and 

suitable for deployment in smart homes, institutions, and 

urban environments. 

As future work, the system can be enhanced by integrating 

advanced deep learning models for improved classification 

accuracy, cloud-based monitoring systems, and IoT-enabled 

features such as real-time alerts and waste level detection. 

These improvements will further strengthen the system as a 

smart city solution. 
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