Cathrine Sheeba H/Student
Department of Electronics

and Communication
Engineering M.AM College
of Engineering and

Technology. Trichy,
Tamilnadu, India
cathrinesheeba.ece22 @mamcet.com

© 2026 JETNR | Volume 4, Issue 6 June 2026 | ISSN: 2984-9276 | JETNR.ORG

loT Based Smart E-Waste Segregation and
Monitoring System for Smart Waste

Management Applications

Mrs. S. Kavitha, M.E.,(Ph.D).,
Department of Electronics and Communication Engineering,
M.A.M College of Engineering and Technology.
Trichy, Tamilnadu, India.

Madhumitha C/Student
Department of Electronics

and Communication
Engineering M.A.M College
of Engineering and

Technology. Trichy.
Tamilnadu. India.
madhumitha.ece22 @mamcet.com

Dharshini S/Student
Department of Electronics
and Communication
Engineering M.A.M College
of Engineering and
Technology. Trichy,
Tamilnadu, India.
dharshini.ece22 @mamcet.com

Elatchiya Chagle/Student
Department of Electronics
and Communication
Engineering M.A.M College
of Engineering and
Technology. Trichy,
Tamilnadu, India.
elatchiyachagla ece22 @mamcet.com

Abstract— The rapid increase in electronic waste has
created a need for efficient and safe segregation methods to
reduce environmental impact and improve recycling
processes. This project proposes an automated e-waste
segregation system that utilizes artificial intelligence (Al)—
based image processing integrated with an embedded
control system to classify and sort electronic components
such as resistors, inductors, integrated circuits, and
transistors. The system employs a camera to capture images
of electronic components, and the Al model analyses these
images to identify the component type based on visual
features. The classification result is then transmitted to a
microcontroller, which controls a relaydriven DC motor to
rotate a bin toward the appropriate compartment. A
predefined delay ensures accurate positioning of the bin for
proper alignment. Once the bin reaches the desired position,
a servo motor mechanism opens a gate to allow the
component to drop into the correct section and then closes
it after disposal. To ensure complete automation and
reliability, a limit switch is used to detect the home position
of the rotating bin. After each sorting cycle, the system
automatically returns to its initial position. Additionally, an
LCD display provides real-time feedback on the detected
component and system status, enhancing user interaction.
The proposed system offers a cost-effective, efficient, and
intelligent solution for e-waste segregation by combining Al,
automation, and embedded systems, thereby reducing
manual effort and improving sorting accuracy.

I. INTRODUCTION

The rapid advancement of technology and the increased
usage of electronic devices have led to a significant rise
in electronic waste (e-waste) across the world.
Discarded components such as resistors, inductors,
integrated circuits, and transistors contain valuable
materials as well as hazardous substances that can harm
the environment if not properly managed. Efficient
segregation of e-waste is therefore essential to enable
safe recycling, resource recovery, and environmental
protection. Traditional e-waste segregation methods are

mostly manual, time-consuming, and prone to errors.
They also expose workers to toxic materials, creating
health risks. Although some automated systems exist,
they often rely on basic sensors that are limited in their
ability to accurately identify small and complex
electronic components. This creates a need for a more
intelligent and reliable system capable of handling
diverse e-waste materials. To address these challenges,
this project proposes an automated e-waste segregation
system based on artificial intelligence (Al) and image
processing techniques. A camera is used to capture
images of electronic components, and the Al model
analyses these images to classify them based on their
visual characteristics such as shape, size, and structure.
The classified output is then sent to a microcontroller,
which controls the mechanical system responsible for
sorting. The system incorporates a DC motor driven
rotating bin, controlled through a relay, to position the
correct compartment for each type of component. A
servo motor mechanism is used to open and close a gate
for controlled disposal of the waste. Additionally, a limit
switch is employed to detect the home position of the
bin, ensuring automatic reset after each sorting cycle. An
LCD display provides real-time feedback, making the
system user-friendly and easy to monitor. By integrating
Al, embedded systems, and automation, the proposed
system provides an efficient, accurate, and cost-effective
solution for e-waste segregation. This approach not only
reduces manual effort but also enhances sorting
precision, making it suitable for modern recycling
processes and smart waste management applications.

II.OBJECTIVE

The proposed system aims to develop an intelligent
solution capable of identifying electronic components
such as resistors, inductors, integrated circuits, and
transistors through camera-based image processing
techniques. By incorporating Al-based classification,
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the system ensures accurate recognition and
differentiation of various types of e-waste components.
To enable automated segregation, a DC motor-driven
rotating bin mechanism is designed to sort components
into their respective compartments efficiently. The
motor operation is controlled using a relay module to
ensure smooth and reliable switching. Additionally, a
servo motor mechanism is integrated to manage the
controlled opening and closing of a gate, allowing
proper disposal of the identified components. A limit
switch is incorporated to detect the home position of the
system and facilitate automatic resetting after each
operation cycle. For better user interaction and
monitoring, the system provides real-time feedback
through an LCD display. Overall, the solution is
designed to minimize human intervention, reduce
exposure to hazardous e-waste materials, and offer a
cost-effective, scalable approach suitable for recycling
units and smart waste management systems.

I1l. LITERATURE SURVEY

A. AUTOMATED SORTING OF ELECTRONIC
COMPONENTS

Shubhangi Katti, Nitin Kulkarni, and Arvind Shaligram
in 2021 presented a vision-based automated system for
sorting passive electronic components such as resistors
and capacitors. The system used machine vision
techniques to identify components based on shape, size,
and colour patterns, while an Arduino-controlled
manipulator separated the detected components into
different bins. The proposed method aimed to reduce
electronic waste and encourage the reuse of functional
components collected from laboratories, thereby
minimizing human effort and improving sorting
accuracy. However, the system had several limitations.
It was mainly designed for through-hole passive
components and could not effectively handle complex or
surface-mount electronic components. The accuracy of
detection depended heavily on lighting conditions and
image quality, which could affect performa7nce in real-
world environments. The system also had limited
scalability for large-scale industrial e-waste processing
and required precise component placement for proper
identification. In addition, the mechanical sorting
process was comparatively slow for handling high
volumes of mixed electronic waste, reducing its
efficiency in large recycling applications.

B. DEEP LEARNING FOR HIGH-ACCURACY E-
WASTE IDENTIFICATION

P. Sengupta and colleagues in 2026 proposed an
Albased automated system for high-accuracy
identification and classification of electronic waste

using deep learning techniques. The study evaluated
different convolutional neural network models,
including Inception V3 and Mobile Net, for real-time
image-based classification of e-waste components such
as resistors, capacitors, and integrated circuits. Among
the tested models, Inception V3 achieved the highest
classification accuracy of 98.33%, demonstrating strong
performance in recognizing diverse e-waste materials.
The system also integrated explainable Al techniques to
improve transparency by highlighting the important
visual features influencing classification decisions. The
proposed approach aimed to enhance the efficiency,
speed, and reliability of e-waste sorting and recycling
processes. However, the system had several limitations.
The deep learning models required a large and
welllabelled dataset for effective training, making data
collection and annotation time-consuming and
expensive. High computational power and GPU
resources were necessary for training and real-time
processing, which increased implementation cost. The
model performance could decrease when handling
damaged, dusty, or partially visible components in
realworld waste environments. In addition, variations in
lighting conditions, background noise, and overlapping
components could affect classification accuracy. The
system also depended heavily on image quality and may
not generalize effectively to new or unseen e-waste
categories without additional retraining.

C. Al AND VALUATION-BASED SEGREGATION
SYSTEM

R. Regin and B. Sneha in 2025 proposed the “BINWA”
system, an Al-based automated solution for e-waste
segregation and valuation using image recognition
techniques. The system utilized the YOLOWS object
detection algorithm to identify reusable electronic
components from real-time images and estimate their
market value. With an approximate detection accuracy
of 75%, the model showed improved performance
compared to earlier versions such as YOLOV5. The
accuracy of detection depended heavily on lighting
conditions and image quality, which could affect
performance in real-world environments. The system
also had limited scalability for large-scale industrial
ewaste processing and required precise component
placement for proper identification. The system also
integrated a web-based platform that enabled business
to-business transactions for recovered electronic
materials, promoting efficient reuse and resale. The
proposed approach aimed to combine waste
management with economic utilization, making e-waste
handling more sustainable and profitable. However, the
system had several limitations, including moderate
detection accuracy, dependence on image quality, and
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challenges in accurately estimating market value in
dynamic conditions.

D. SMART E-WASTE SORTER FOR RECYCLING
FACILITIES

Mohammad Meraj Mirza in 2025 proposed an Al-based
smart e-waste sorting and recycling system designed to
automate the classification and segregation of electronic
waste materials. The system used real-time image
capture and a convolutional neural network (CNN) to
classify e-waste items such as printed circuit boards,
batteries, and metal components placed on a conveyor
belt. Based on the classification results, a motorized
sorting mechanism directed the waste into appropriate
bins automatically. The proposed approach reduced
manual labour, minimized worker exposure to
hazardous materials, and improved the efficiency and
accuracy of recycling operations. However, the system
had several limitations, including dependence on image
quality, high computational requirements, and
challenges in handling mixed or damaged waste
materials in real-world recycling environments. The
proposed system operates by integrating real-time image
capture, deep learning-based classification, and
automated mechanical sorting. Initially, e-waste
materials are placed on a moving conveyor belt, where a
camera continuously captures images of the items.
These images are then processed and fed into a trained
convolutional neural network (CNN) model, which
classifies the waste into predefined categories such as
printed circuit boards, batteries, and metal parts. Once
the classification is completed, the output is sent to a
control unit that triggers a motorized sorting mechanism.

E. AUTONOMOUS PASSIVE ELECTRONIC
COMPONENTS SORTER

Vidya Academy Research Team in 2023 proposed an
autonomous passive electronic components sorting
system based on computer vision techniques. The
system used the Haar Cascade Classifier algorithm to
detect and identify through-hole components such as
resistors and inductors.

For resistors, an additional image processing module
decoded colour bands and calculated resistance values
automatically with high precision. A customized
SCARA manipulator controlled by an Arduino Uno was
used to place the identified components into designated
bins. The proposed system improved sorting accuracy,
reduced human intervention, and supported the efficient
reuse of electronic components in laboratory
environments. However, the system had several
limitations, including dependence on image quality,
restricted component compatibility, and limited
scalability for industrial-level applications. For resistors,
an additional image processing module is implemented

to decode colour bands and automatically calculate their
resistance values with high precision. The identified
components are then handled by a customized SCARA
manipulator controlled by an Arduino Uno, which places
them into designated bins.

F. AUTOMATED
CONSTRUCTION
WASTE SORTING VIACOMPUTER VISION

ELECTRO-

Prasad and Arsh pour in 2025 proposed an automated
electro-construction waste sorting system using
computer vision and deep learning techniques. The
system was designed to perform real-time classification,
object detection, and segmentation of mixed
electroconstruction waste materials such as wires,
connectors, and circuit elements. Advanced deep
learning architectures, including convolutional neural
networks (CNNs) and transformer-based models, were
used to improve accuracy and adaptability in complex
industrial environments. The model also supported part-
level segmentation, enabling precise identification and
separation of individual materials within cluttered and
overlapping waste streams. The proposed approach
aimed to improve waste sorting efficiency, reduce
human exposure to hazardous substances, and support
largescale industrial recycling applications. However,
the system had several limitations, including high
computational requirements, dependency on large,
annotated datasets, and challenges in handling
extremely complex waste conditions. This is particularly
important in electro-construction waste, where multiple
materials are often combined or entangled. The model is
trained on annotated datasets specifically created for
ECW, ensuring that it learns relevant features unique to
this domain. Through continuous learning and
optimization, the system improves its detection
performance and reduces misclassification rates, making
it suitable for large-scale industrial deployment.
Furthermore, the study highlights the practical
advantages of integrating such a system into automated
waste management pipelines.

G. AI-POWERED SORTING FOR ENHANCED E-
WASTE RECYCLING

Oreolorun Titobiloluwa Oluwavomi in 2025 presented a
review on Al-powered sorting systems for enhanced
ewaste recycling. The study focused on integrating deep
learning models, particularly Convolutional Neural
Networks (CNNs), with automated mechanical systems
such as robotic arms to improve the efficiency and
accuracy of e-waste sorting. By analysing multiple
existing studies, the paper highlighted that advanced
models like Inception V3 achieved high classification
accuracy and were suitable for real-time industrial
applications. The review emphasized that Al driven
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sorting systems could improve material recognition,
reduce landfill waste, increase recycling efficiency, and
support sustainable waste management practices. The
methodology involved evaluating various research
works, comparing deep learning models, and assessing
performance metrics such as speed, accuracy, and
reliability. However, the study had several limitations,
including dependence on existing research data, high
implementation costs, and challenges in real-world
industrial deployment. The methodology involves
collecting relevant research papers, evaluating their
experimental setups, and comparing the performance of
different deep learning models used for waste
classification. Attention is given to CNN architecture,
including Inception V3, for their ability to extract
complex visual features from waste images. The study
also examines the integration of these models with
robotic arms to enable automated, real-time sorting in
industrial environments. Performance metrics such as
accuracy, speed, and reliability are assessed to determine
the effectiveness of each approach.

H. REAL TIME AI-DRIVEN INSPECTION FOR
ELECTRONIC ASSEMBLIES

MDPI Electronics Research Group in 2024 proposed a
real-time Al-driven inspection system for electronic
assemblies aimed at improving quality control in
industrial production environments. The system utilized
high-resolution cameras and deep learning-based
computer vision models to detect defects such as
microcracks, corrosion, and structural deformities in
electronic components moving along a production line.
Unlike traditional manual or rule-based inspection
methods, the proposed system achieved approximately
99.5% accuracy with a processing time of nearly 5
milliseconds per component, enabling high-speed and
reliable inline inspection. The Al-driven approach also
supported proactive defect detection, reducing material
waste, rework costs, and production failures. In addition,
the continuous learning capability of the models allowed
the system to improve performance over time by
adapting to new data and variations in component
appearance. However, the system had several
limitations, including high implementation cost,
dependence on large datasets, and challenges in
handling extreme environmental variations. A key
strength of this methodology lies in its proactive
detection capability, meaning that defects are identified
at the earliest possible stage rather than after the product
is completed. This helps prevent defective components
from progressing further in the production cycle, thereby
reducing material waste, rework costs, and potential
system failures. The Al models used in the system can
extract complex visual features and adapt to variations
in component appearance, making the system robust and
reliable even in dynamic environments. Additionally, the

continuous learning capability of the models allows the
system to improve over time as more data is collected.

IV. PROPOSED SYSTEM

The proposed system presents a compact and cost-
effective Al-based e-waste segregation system designed
to classify and sort small electronic components such as
resistors, inductors, integrated circuits, and transistors.
Unlike existing systems that rely on conveyor belts and
complex infrastructure, this system uses a camera to
capture images of individual components placed in front
of the setup. The captured images are processed using
artificial intelligence techniques to identify the
component based on its visual features. Once the
component is classified, the result is transmitted to a
microcontroller, which controls a relay driven DC motor
connected to a rotating bin mechanism. Based on the
detected component type, the motor rotates the bin to a
predefined position corresponding to a specific
compartment. A controlled time delay is introduced to
ensure accurate alignment of the bin. After positioning,
a servo motor is activated to open a gate, allowing the
component to fall into the correct bin, and then closes it
after disposal. To enhance automation and ensure proper
system reset, a limit switch is incorporated to detect the
home position of the rotating bin. After each sorting
operation, the motor automatically returns the bin to its
initial position until the limit switch is triggered,
preventing over-rotation and ensuring readiness for the
next cycle. An LCD display is also integrated to provide
real-time information about the detected component and
system status. This proposed system offers a simple,
efficient, and low-cost solution for e-waste segregation
by combining Al, embedded control, and mechanical
automation. It reduces human effort, improves sorting
accuracy, and is suitable for small-scale recycling
applications and educational projects.
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Step 1: Dataset Collection
Images of components collected
Classes: Resistor, Inductor, IC, Transistor

Step 2: Annotation
Each object labeled using tools, Bounding boxes
created, Converted to YOLO format

Step 3: Training
Dataset given to YOLOV8, Model learns patterns,
Training runs for epochs (e.g., 15)

Step 4: Detection

Input: Image OR Webcam, Model detects objects
Outputs: Label name, Confidence score, Bounding
box

Step 5: Smart Logic
Avoids repeated detection, Controls time interval
between detections

Step 6: Output

Display with bounding boxes

Can be extended to:Sorting system, Automation
hardware

The block diagram represents an Al-based smart waste
segregation and monitoring system in which the
Arduino Uno acts as the central controlling unit. The
system begins with the camera, which continuously
captures images of the waste materials placed in front
of it. These images are sent to the PC, where Atrtificial
Intelligence and Machine Learning algorithms such as
OpenCV and YOLO are used to identify and classify
the type of waste, such as plastic, metal, paper, or
ewaste. After the waste is detected, the classification
result is transmitted from the PC to the Arduino Uno
through USB-to-UART serial communication. The
Arduino then processes this received data and controls
different output components accordingly. A servo
motor is connected to the Arduino to rotate or direct
the waste toward the appropriate collection bin based
on the detected category. The driver module acts as an
interface between the Arduino and the motor,
providing sufficient current and voltage required for
motor operation. A relay module is used to switch
high-power devices such as DC motors ON and OFF
safely using the low-power Arduino signals. The
motor provides the mechanical movement needed for
conveyor operation or automated segregation
mechanisms. A limit switch is included to detect the
movement limits of mechanical parts and to prevent
over-rotation or damage by providing feedback to the
controller. The LCD display connected to the Arduino
shows important information such as detected waste

type, system status, and operational messages for user
monitoring. The entire system is powered by a
regulated power supply that distributes appropriate
voltage to all hardware components. Overall, this
integrated system combines Al-based object detection
with embedded hardware automation to achieve
accurate, fast, and efficient waste segregation with
minimal human intervention.

VI. RESULT AND DISCUSSION

The proposed Al-based e-waste segregation system was
successfully developed and tested for sorting electronic
components such as resistors, inductors, integrated
circuits, and transistors. The system effectively captured
images using the camera and accurately identified the
components through image processing. Based on the
classification results, the microcontroller controlled the
relay driven DC motor to rotate the bin to the appropriate
position. The inclusion of a time delay ensured proper
alignment of the bin with the designated compartment.
The servo motor operated efficiently by opening and
closing the gate, allowing the components to be
deposited correctly into their respective bins. The limit
switch mechanism successfully detected the home
position and enabled the system to return to its initial
state after each operation, ensuring continuous and
reliable functioning. The LCD display provided real-
time information about the detected component and
system status. Overall, the system demonstrated reliable
performance with good accuracy, proper mechanical
operation, and effective automation, making it suitable
for practical e-waste segregation applications.

Fig.no:1 Hardware device

The developed e-waste segregation system demonstrates
an effective integration of artificial intelligence,
embedded control, and mechanical automation for
sorting electronic components. The use of image-based
classification improves the system’s ability to
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distinguish between components such as resistors,
inductors, integrated circuits, and transistors, which are
often difficult to separate using conventional sensor
based methods. The performance of the system shows
that the combination of a DC motor-driven rotating bin
and a servo-controlled gate provides accurate and
controlled disposal of components into their respective
compartments. The introduction of a delay mechanism
ensures proper alignment of the bin, reducing the
chances of misplacement. Additionally, the use of a limit
switch for detecting the home position enhances system
reliability by enabling automatic reset and preventing
over-rotation.

Fig.no: 2 Webcam Output

The LCD display contributes to user interaction by
providing real-time system updates, making the system
easier to monitor and operate. The overall automation
reduces human effort and minimizes exposure to
potentially hazardous e-waste materials. However, the
system’s accuracy is influenced by external factors such
as lighting conditions, camera quality, and similarity
between components.In some cases, components with
similar and structure may lead to misclassification. The
reliance on delaybased positioning may also introduce
minor inaccuracies compared to more advanced position
control methods. Despite these limitations, the system
provides a cost-effective and efficient solution for
smallscale e-waste segregation. It demonstrates
significant improvement over traditional manual
methods and offers a foundation for further
enhancements such as advanced object detection,
improved hardware precision, and real-time processing
capabilities. Python is a high-level programming
language used to build this entire system. Python is
chosen for this system because it is easy to write,
understand, and widely supported for

Artificial  Intelligence and Computer Vision
applications. It offers a vast number of readymade
libraries that simplify development, making it highly
efficient for building detection systems. Python is used
to write the object detection code, handle model
training and testing, and control the webcam input and
output display, enabling smooth integration of all
system components. Deep Learning, a subset of

Artificial Intelligence, plays a key role in this project
by enabling the system to learn from data in a way like
human learning through experience. The model is
trained using images of electronic components,
allowing it to recognize patterns and features specific
to items such as resistors, integrated circuits,
inductors, and transistors. Once the training process is
completed, the model can automatically identify these
components with high accuracy. For real-time object
detection, the YOLO (You Only Look Once) algorithm
is used. YOLO is known for its high speed and
accuracy, making it suitable for detecting multiple
objects simultaneously. It can identify different
electronic components in a single frame and display
them with bounding boxes and labels. In this project,
Ultralights YOLOVS, an advanced version of YOLO,
is utilized due to its ease of use, availability of pre-
trained models, and support for custom dataset training
and real-time detection. Computer Vision is the
underlying technology that enables the system to
interpret visual data. It allows the computer to “see”
by capturing images or video through a webcam,
processing each frame, and sending it to the YOLO
model for detection. This integration of Python, Deep
Learning, YOLO, and Computer Vision makes the
system efficient in recognizing and classifying e-waste
components automatically.

VII. CONCLUSSION

The proposed Al-based e-waste segregation system
successfully demonstrates an efficient and automated
approach for sorting electronic components such as
resistors, inductors, integrated circuits, and transistors.
By integrating image processing with embedded control
and mechanical mechanisms, the system can accurately
identify and segregate components with minimal human
intervention. The use of a camera for component
recognition improves classification capability compared
to traditional sensor-based methods. The DC
motordriven rotating bin, controlled through a relay,
ensures proper positioning of compartments, while the
servo motor enables controlled disposal of components.
The inclusion of a limit switch enhances system
reliability by enabling automatic return to the home
position and preventing over-rotation. The system
provides real-time feedback through an LCD display,
making it userfriendly and easy to monitor. Overall, the
project achieves its objective of dewveloping a cost-
effective, reliable, and automated solution for e-waste
segregation. Although certain limitations exist, such as
dependency on lighting conditions and delay-based
positioning, the system offers a strong foundation for
future improvements. It contributes toward safer
handling of electronic waste and promotes efficient
recycling practices, making it suitable for small-scale
applications and educational purposes.
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VIII. FUTURE ENHANCEMENT

The proposed e-waste segregation system can be further
improved and extended in several ways to enhance its
accuracy, efficiency, and scalability. Some of the
possible future enhancements are as follows: Implement
advanced Al models for higher accuracy in identifying
similar-looking electronic components. The system can
be upgraded to perform real-time object detection for
handling multiple components simultaneously. Delay
based positioning can be replaced with encoder or
sensor-based feedback control for precise motor
positioning. Integrate a conveyor belt mechanism to
enable continuous and automated waste processing. The
entire system can be deployed on compact embedded
platforms such as Raspberry Pi 4 Model B for standalone
operation. loT connectivity can be added for remote
monitoring and data logging of waste segregation.
Weight sensors can be incorporated to monitor bin
capacity and prevent overflow. Improve the mechanical
design for handling larger and mixed ewaste materials.
The system can be enhanced with a mobile or web
application for real-time control and status updates. Use
solar power or energy efficient components for
sustainable operation.
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