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ABSTRACT

Road surface damage such as potholes, cracks, and
uneven patches poses serious risks to vehicles and public
safety. This project presents an loT-based road surface
analysis system that uses MEMS data and artificial
intelligence for automatic fault detection. The system
continuously collects vibration and motion data while
tracking real-time location information. Advanced
machine learning algorithms analyze the data to
accurately identify and classify road defects The
processed information is transmitted to a cloud platform
and accessed through a mobile application for monitoring
and decision-making. This approach reduces manual
inspection efforts, lowers maintenance costs, and
improves response time.

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 ewaste 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.

[I.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,
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
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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.

IIl. LITERATURE SURVEY

Road surface monitoring and fault detection have
become important research areas in intelligent
transportation systems due to the increasing need for
safer and smarter roads. Traditional road inspection
methods are time-consuming, expensive, and inefficient
for continuous monitoring. To  overcome these
limitations, researchers have proposed loT-based systems
integrated with MEMS sensors, Avtificial Intelligence
(Al), and Machine Learning (ML) techniques for
automated road surface analysis.A review by Internet of
Things researchers A. Alrajhi et al. discussed the use of
multiple sensors and loT technologies for road defect
detection. Their work highlighted the importance of
accelerometers, gyroscopes, and vibration sensors in
identifying potholes, cracks, and road anomalies. The
study also emphasized that Al and machine learning
methods improve detection accuracy and support real-
time monitoring systems. Another important review by
Artificial Intelligence researchers Eshta Ranyal, Ayan
Sadhu, and Kamal Jain focused on smart sensing and Al
techniques for road condition monitoring. The authors
explained that modern systems use distributed sensors,
computer vision, and deep learning models to classify
and localize pavement damage effectively. Their study
compared different sensing platforms and highlighted the
advantages of Al-driven monitoring approaches. Xuejing
Chen and other researchers presented a survey on
computer vision and machine learning techniques for
automated road surface defect detection. Their work
analyzed image-processing methods, deep learning
models, and datasets used for pavement distress
detection. The study concluded that Al-based systems
can significantly improve road safety and maintenance
efficiency. Furthermore, recent surveys on pavement
distress detection using machine learning algorithms
highlighted the use of Convolutional Neural Networks
(CNNs), deep learning, and anomaly detection
techniques for classifying road surface damages such as

potholes, cracks, and bumps. These studies demonstrated
that Al-based systems provide higher accuracy and faster
detection compared to traditional approaches.Recent
studies have focused on integrating loT platforms with
edge computing and deep learning techniques. A 2024
study from SRM TRP Engineering College proposed an
Al-based real-time road analysis system using MEMS
data and loT applications. The system used vibration
pattern analysis and deep learning models to identify
pavement defects accurately in real time

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.

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
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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.

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.

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
costeffective 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
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control, and mechanical automation. It reduces human
effort, improves sorting accuracy, and is suitable for
small-scale recycling applications and educational
projects.

V. BLOCK DIAGRAM
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Fig 1.1-Block diagram

The presented block diagram illustrates the overall
architecture of the loT-based Road Surface Analysis and
Fault Detection System developed using an ESP32
microcontroller as the central control unit. The system
integrates sensing modules, processing components,
communication interfaces, and output devices to enable
real-time road condition monitoring and intelligent
decision-making. Each block plays a specific functional
role in ensuring accurate detection, data transmission,
and system response . At the center of the architecture is
the ESP32 microcontroller, which serves as the primary
processing and communication unit. The ESP32 is
selected due to its high computational capability, built-in
Wi-Fi module, multiple analog-to-digital converter
channels, and energy-efficient operation. It collects input
signals from connected sensors, performs signal
processing and decision-making tasks, and controls
output peripherals. The microcontroller acts as the bridge
between sensing, analysis, and cloud communication
layers.The Power Supply Unit provides regulated DC
voltage to all components of the system. Since sensors
and the microcontroller require stable voltage levels for
accurate operation, the power supply ensures proper
voltage conversion and filtering. It protects the circuit
from fluctuations and maintains consistent performance
during vehicle movement .On the input side, three
primary sensors are interfaced with the ESP32. The
ADXL335 sensor is a three-axis MEMS accelerometer
used to measure vibration, tilt, and acceleration along X,
Y, and Z axes. When the vehicle moves over damaged
road surfaces such as potholes or cracks, sudden
variations in acceleration occur. These variations are
captured as analog signals and transmitted to the ESP32
for analysis. The accelerometer plays a critical role in

identifying abnormal vibration patterns associated with
road defects .The Ultrasonic Sensor is integrated to
measure the distance between the sensor module and the
road surface. It operates by transmitting ultrasonic waves
and calculating the time required for the echo to return.
Any sudden depression or uneven patch on the road
surface results in measurable distance variation. This
sensor enhances detection accuracy by validating surface
irregularities detected through vibration analysis .The
GPS module provides real-time geographical
coordinates including latitude and longitude. Whenever
a road defect is identified, the system tags the
corresponding location data. This enables precise
mapping of damaged road segments and facilitates
efficient maintenance planning. The integration of GPS
ensures spatial accuracy in reporting and monitoring .On
the output side .The loT communication module utilizes
the built-in Wi-Fi capability of the ESP32 to transmit
processed data to a cloud server. Sensor data, defect
classification results, and GPS coordinates are uploaded
to the cloud platform for storage and analysis. A mobile
application accesses this data wirelessly, allowing
authorities to monitor road conditions in real time. The
application displays defect locations, severity levels, and
time stamps on a digital interface .Additionally, a Motor
Driver module is connected to the ESP32 to control two
DC motors labeled M1 and M2. This setup represents
vehicle movement control in a prototype model. The
microcontroller can adjust motor speed or trigger alerts
when severe road damage is detected .Overall, the block
diagram demonstrates a comprehensive loT-based
system  that integrates  sensing,  processing,
communication, and response mechanisms for
automated road surface monitoring and intelligent
infrastructure management.

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.
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Fig 1.2-Prototype

Overall, the system demonstrated reliable performance
with good accuracy, proper mechanical operation, and
effective automation, making it suitable for practical e-
waste segregation applications.

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 distinguish
between components such as resistors, inductors,
integrated circuits, and transistors, which are often
difficult to separate using conventional sensorbased
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. 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 delay based
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 small scale 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.

—

Fig 1.3 -

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 YOLOWS, 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.
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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 motor
driven 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 user
friendly and easy to monitor. Overall, the project
achieves its objective of developing 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.

VI FUTURE ENHANCEMENT

The future enhancement of the 10T Platform for Road
Surface Analysis Using MEMS Data Al Based Fault
Detection System focuses on improving accuracy,
scalability, and intelligent automation. Advanced deep
learning algorithms can be integrated to enhance defect
classification and reduce false detections under varying
environmental conditions. The system can be upgraded
with high-resolution cameras and computer vision
techniques for multimodal road analysis. Integration with
5G communication and edge computing can provide
faster real-time processing and reduced network latency.
Solar-powered sensor units may improve energy
efficiency for long-term deployment. Future versions can
support predictive maintenance by analyzing historical
road deterioration patterns. Integration with smart city
infrastructure and government databases can enable
automated maintenance scheduling, traffic management,
and large-scale monitoring of highways and urban roads
more efficiently
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