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Abstract—The rapid urbanization and population growth
have led to increased waste mismanagement, particularly
in restricted areas. This project aims to address the issue
of unauthorized waste disposal using a robust Al-powered
surveillance system. The system integrates YOLOv5 for
object detection to identify both individuals and trash
within a restricted area. If a person is detected, a
Convolutional Neural Network (CNN) is utilized for facial
recognition to ascertain their identity. In cases where
facial recognition fails, the system switches to vehicle
number plate detection to identify the perpetrator. This
dual-layered identification approach ensures that
individuals or vehicles responsible for illegal waste
disposal can be identified effectively. Once the offender is
identified through facial recognition or vehicle number
plate detection, an automated fine system is triggered to
discourage such activities.

I. INTRODUCTION

Waste management has become a significant
challenge in urban areas due to rapid industrialization
and population growth. Despite numerous regulations
and guidelines, improper disposal of waste in
restricted zones remains a persistent problem. Such
unauthorized activities not only degrade the
environment but also pose serious health risks to the
community. This project aims to tackle this issue by
developing an Al-powered surveillance system that
can efficiently monitor restricted areas and identify
individuals or vehicles involved in illegal waste
dumping activities. The proposed system leverages
the power of YOLOV5, a state-of-the-art object
detection algorithm, to detect both trash and human
presence within the restricted zones. If a person is
detected, the system employs a Convolutional Neural
Network (CNN) for facial recognition to identify the
individual. This ensures that offenders can be held
accountable and fined accordingly. In scenarios where
facial recognition is not possible, such as when the
individual’s face is obscured or not visible, the system
switches to detecting vehicle number plates to identify
the responsible party. This dual-layer identification

approach enhances the system's reliability and ensures
comprehensive monitoring. The integration of
YOLOVS5 and CNN allows for accurate and real time
detection, making the system highly effective in
addressing unauthorized waste disposal. Additionally,
the vehicle number plate detection feature provides an
alternative  means of identification, further
strengthening the system's capability to track
offenders. The automated fine-issuing mechanism
acts as a deterrent, discouraging individuals from
disposing of waste in restricted areas.

Il. RELATED WORK

Several efforts have been made to leverage advanced
technologies such as Al, deep learning, and loT to
address waste management challenges. While these
approaches have demonstrated significant potential,
they often face limitations in offender identification,
enforcement, and scalability.

Automatic Waste Detection Using YOLO
YOLO-based models have been widely explored for
detecting waste in real-time. For instance, YOLOv4
was used to monitor urban areas, effectively
identifying waste types from CCTV footage. These
systems achieved high accuracy in detecting various
objects, including trash, in real-time. However, such
systems often focus solely on waste detection without
integrating mechanisms for offender identification or
enforcement, limiting their  application for
comprehensive waste management.

Disadvantage: Lack of offender identification and
automated enforcement mechanisms.

Facial Recognition in Waste Management

CNN-based facial recognition systems have been
utilized to enhance surveillance. These systems
successfully identified individuals involved in
unauthorized activities under controlled
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environments. However, facial recognition accuracy
dropped significantly under varying lighting
conditions or when the face was obscured.

Disadvantage: Limited robustness under challenging
environmental conditions, requiring alternative
identification mechanisms.

Vehicle Number Plate Recognition Using OCR
Vehicle number plate recognition has been deployed
in traffic and law enforcement applications. Deep
learning models for OCR enabled the automatic
detection of vehicles violating regulations. Despite
high accuracy in ideal conditions, these systems
struggled with poor-quality images or motion blur.
Disadvantage: Reduced accuracy under real-world
conditions, such as low-resolution imagery or high-
speed vehicles.

I1l. BACKGROUND

Waste management is a pressing global concern,

particularly in urban areas that are rapidly
industrializing and  experiencing  exponential
population growth. Improper waste disposal,

especially in restricted zones such as urban streets,
parks, and environmentally sensitive areas, has
resulted in severe environmental degradation, water
and air pollution, and increased health risks to the
community. Although several regulations and
guidelines have been established to control
unauthorized waste disposal, their enforcement
remains a significant challenge due to the limitations
of traditional monitoring systems.

Conventional waste management solutions, such as
manual patrolling or basic CCTV monitoring, are
labor-intensive and prone to human errors. These
methods often lack the capability to effectively detect
violations, identify offenders, or provide the evidence
required for regulatory enforcement. Moreover,
offenders frequently obscure their identity, making it
challenging to hold them accountable. As a result,
unauthorized waste disposal continues to escalate,
highlighting the need for an intelligent, automated
solution.

The advancements in artificial intelligence (Al),
machine learning (ML), and computer vision have
opened up new possibilities for addressing waste
management challenges. Object detection algorithms
such as YOLO (You Only Look Once) have
revolutionized real-time monitoring by accurately

detecting objects, including trash, human presence,
and vehicles, in video footage. YOLOV5, an enhanced
version of this algorithm, is particularly effective due
to its high speed, accuracy, and ability to process
multiple objects in a frame.

In addition to object detection, technologies like
Convolutional Neural Networks (CNNs) and Optical
Character Recognition (OCR) have emerged as key
tools for offender identification. CNNs enable facial
recognition, allowing the identification of individuals
involved in illegal waste disposal. When facial
recognition is not feasible, such as in cases of
obscured faces or poor lighting, OCR can be used to
extract and analyze vehicle number plates, providing
an alternative means of identification. Together, these
technologies offer a robust framework for offender
detection and accountability.

Furthermore, the integration of loT (Internet of
Things) into waste management systems has enabled
continuous monitoring and data-driven analytics. 10T
platforms connect sensors, cameras, and cloud-based
systems, facilitating real-time data collection and
analysis. These systems allow authorities to monitor
waste disposal patterns, predict potential violations,
and optimize waste collection routes. However, such
systems often face challenges related to scalability,
environmental noise, and dependency on robust
network connectivity.

Despite these advancements, existing systems often
address individual aspects of waste management—
such as detection or offender identification—rather
than offering a comprehensive solution. For instance,
some systems focus exclusively on detecting waste
accumulation, while others emphasize offender
identification  without integrating enforcement
mechanisms.  Additionally, many solutions are
susceptible to external factors such as lighting
conditions, occlusions, and environmental noise,
which can significantly impact their performance in
real-world scenarios. The proposed system aims to
bridge these gaps by providing an integrated solution
that combines state-of-the-art technologies for waste
detection, offender identification, and automated
enforcement. It leverages YOLOV5 for accurate and
real-time detection of trash, humans, and vehicles,
CNNs for facial recognition to identify individuals,
and OCR for vehicle number plate recognition. The
system also includes an automated fine issuance
mechanism, ensuring that violators are penalized in a
timely and efficient manner. By addressing the
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limitations of existing approaches and integrating
multiple technologies, the system provides a scalable,
reliable, and effective framework for waste
management in restricted zones, contributing to a
cleaner and more sustainable environment.

IV. METHODOLOGY

The proposed system employs a multi-layered
approach to detect unauthorized waste disposal,
identify offenders, and enforce penalties. It begins
with real-time video feed capture from high-definition
surveillance cameras installed in restricted areas.
These cameras, equipped with night vision
capabilities, ensure effective monitoring even under
low-light conditions. The video footage serves as
input for the subsequent detection and identification
processes.

The core of the system is powered by YOLOV5, a
state-of-the-art object detection algorithm. YOLOvV5
processes video frames in real-time, identifying
objects such as trash, humans, and vehicles. When
trash is detected within the frame, the system analyzes
the surrounding context to determine the presence of
humans or vehicles near the detected waste. This
enables targeted offender identification. The
algorithm’s high speed and accuracy ensure that the
system can operate efficiently in real-time, making it
well-suited for continuous monitoring of restricted
zones.

To identify offenders, the system employs two
complementary methods. When a human is detected,
a Convolutional Neural Network (CNN) performs
facial recognition by matching the detected face
against a pre-existing database. This ensures
accountability for violations. In scenarios where facial
recognition fails, such as when the face is obscured or
lighting conditions are poor, the system switches to
Optical Character Recognition (OCR) to extract and
analyze vehicle number plates. This dual-layered
identification approach ensures robustness, as either
the individual or the vehicle involved in unauthorized
waste disposal can be identified reliably.

After identification, the system logs the violation
details, including timestamps, offender identification
(face or vehicle), and evidence such as captured
images, into a centralized database. An automated fine
enforcement mechanism then calculates penalties
based on predefined rules and sends notifications to
the violator via email or SMS. The system also
generates periodic reports, enabling authorities to

monitor trends, analyze violations, and optimize waste
management strategies. This integrated methodology
ensures accurate detection, reliable identification, and
efficient enforcement, contributing to a cleaner and
more sustainable environment.
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Fig. 1. Flow chart of algorithm

Implementation Framework for Waste Management
Using:

This project introduces an Al-powered waste
management system that integrates advanced
technologies like real-time CCTV monitoring, object
detection, facial recognition, and automated penalty
enforcement to combat unauthorized waste disposal in
restricted zones. The system aims to provide a
comprehensive solution to address the growing
problem of illegal waste dumping in urban spaces,
where enforcement is often limited or inefficient.

At the heart of the system is the continuous real-time
video feed captured by strategically placed high-
definition surveillance cameras. These cameras are
equipped with advanced night vision technology,
allowing them to function effectively under low-light
or nighttime conditions. By capturing a constant
stream of video, the system ensures that no activity
goes unnoticed. The high-resolution cameras produce
clear footage that is essential for precise object
detection, offender identification, and enforcement.

The video feed is processed using YOLOV5, one of
the most advanced and efficient object detection
algorithms. YOLOV5 processes each video frame by
dividing it into grids and identifying various objects
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within the frame, including waste materials, human
presence, and vehicles. Each detected object is
assigned a bounding box and a label, making it easier
for the system to differentiate between different types
of objects and track their movements. This step is
critical in real-time waste detection, as it enables the
system to identify unauthorized waste disposal
activities with high accuracy.

Once trash is detected, the system immediately
analyzes the area for potential offenders. If a human is
detected near the waste, the system utilizes a
Convolutional Neural Network (CNN) for facial
recognition. The CNN extracts feature from the
detected face and compares them with a database of
known offenders. If a match is found, the individual is
identified and logged as the violator. This approach
allows for precise identification, ensuring that
individuals responsible for illegal waste disposal are
held accountable. In cases where facial recognition is
not possible—due to poor lighting conditions,
obscured faces, or the absence of a human—the
system switches to vehicle identification using Optical
Character Recognition (OCR). This ensures that even
if a person is not identifiable, the system can still
capture data from the vehicle involved in the incident.
OCR scans the number plates of vehicles near the
waste and matches them against a central database of
registered vehicles, enabling the identification of the
offender based on their vehicle.

Once the offender is identified, the system
automatically logs the violation details into a
centralized database. This log includes the time and
date of the violation, the location, images of the trash
and the offender, and other relevant details. The
system then triggers an automated fine enforcement
mechanism, which calculates the penalty based on the
severity of the violation and any prior offenses. The
fine is then communicated to the violator through a
notification via email, SMS, or mobile app, which
includes details of the violation, evidence, the fine
amount, and instructions for payment.

For enhanced administrative oversight, the system
incorporates a real-time monitoring dashboard. This
dashboard allows waste management authorities and
administrators to track live feeds from surveillance
cameras, monitor activities in restricted zones, and
review violation logs. Administrators can also
generate periodic reports that provide insights into
trends and patterns in waste disposal, helping
authorities identify high-risk areas and optimize waste

management resources. The dashboard enhances
decision-making by providing valuable data that can
be used to improve waste management strategies and
enforcement actions.

In addition to the real-time monitoring capabilities,
the system’s automated penalty issuance process
reduces the need for human intervention, making it
more efficient and scalable. By leveraging Al
technologies, the system ensures that violations are
detected and handled promptly, promoting
accountability and compliance with waste disposal
regulations. The data-driven approach enables
authorities to make informed decisions on resource
allocation, improving overall waste management in
urban environments.

Overall, this Al-powered waste management system
offers a robust solution to the complex problem of
unauthorized waste disposal. By integrating advanced
technologies such as YOLOV5 for object detection,
CNN and OCR for offender identification, and
automated penalty enforcement, the system provides
an efficient, accurate, and scalable approach to
monitoring and managing waste. Its ability to operate
in diverse conditions, detect violations in real-time,
and automatically enforce penalties reduces the
burden on human resources and promotes cleaner,
more sustainable urban areas. Furthermore, the
system’s flexibility and adaptability make it an ideal
tool for deployment in various cities, offering
significant potential for improving waste management
practices and ensuring a cleaner, healthier
environment for all.

V. RESULTS

The waste management system has proven to be
highly effective in addressing unauthorized waste
disposal through its integration of advanced
technologies like YOLOvV5, CNN, and OCR. The
object detection module, powered by YOLOVS5,
delivered impressive results with a precision of 90%,
ensuring a low rate of false positives, and a recall of
87%, successfully identifying most instances of waste
in restricted areas. These metrics culminated in an
overall F1-score of 88.5%, showcasing a balanced
performance between accuracy and reliability.
However, it was noted that the system’s effectiveness
could decline in cluttered environments or under
varying lighting conditions, pointing to the need for
further optimization, particularly by enhancing the
training dataset to include diverse scenarios.
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The facial recognition module, using Convolutional
Neural Networks (CNN), demonstrated strong
performance with an accuracy of 92% under
controlled lighting conditions. It reliably matched
detected faces against a pre-existing database of
violators, ensuring accountability for unauthorized
activities. However, the module’s accuracy dropped to
84% when faced with challenging conditions such as
poor lighting, facial obstructions (e.g., masks or
sunglasses), or unusual angles. This limitation
suggests the need for incorporating more robust
techniques, such as 3D face recognition or advanced
algorithms like MTCNN or FaceNet, to improve
performance in real-world applications where ideal
conditions are not always guaranteed.

The vehicle number plate recognition module also
showcased promising results. It achieved a
recognition accuracy of 95% for clear, static plates,
effectively identifying vehicles involved in violations.
However, the performance declined to 80% in
scenarios involving motion blur, angled views, or
partially obstructed plates. These challenges highlight
the importance of adopting advanced localization and
tracking techniques to enhance the system's reliability
under dynamic conditions. Such improvements would
be particularly valuable for high-traffic areas or when
monitoring moving vehicles in real-time.

The system’s real-time processing capabilities further
enhance its practicality and scalability. It processed
video feeds at a speed of 15-20 frames per second
(FPS) on standard GPU hardware, ensuring minimal
delays in detection and identification tasks. The
system demonstrated its ability to detect multiple
objects, such as trash, humans, and vehicles, within
the same frame without significant degradation in
performance. The time taken for complete detection,
recognition, and penalty enforcement remained under
2 seconds per frame, making it suitable for live
monitoring and prompt action in restricted areas. For
larger-scale implementations, however, additional
optimizations and potentially more robust hardware
will be necessary to maintain consistent performance
across multiple surveillance feeds.

The fine enforcement and alert system functioned
efficiently, successfully issuing notifications and
penalties with an accuracy of 95%. Alerts were
generated automatically based on the system’s
detections and were sent to violators and relevant
authorities.  While the system minimized false
positives, occasional misidentifications occurred due

to factors like image quality or extreme environmental
conditions, such as very poor lighting. These instances
suggest that upgrading surveillance cameras and
further  refining detection algorithms could
significantly reduce such errors. Despite these minor
challenges, the fine issuance and notification
mechanism remained reliable and effective in holding
violators accountable for improper waste disposal.

Overall, the system integrates advanced technologies
to automate waste detection, offender identification,
and penalty enforcement, offering a comprehensive
solution to a pressing urban challenge. The project’s
results demonstrate its potential to reduce manual
intervention, improve compliance with waste disposal
regulations, and promote a cleaner, more sustainable
environment. While the current system has shown
strong results, future enhancements could focus on
improving robustness under challenging conditions,
scaling for large urban areas, and integrating with
smart city infrastructure to provide a more holistic and
intelligent approach to urban waste management.

Analysis:

The fine enforcement and alert system functioned
effectively, ensuring accountability for waste disposal
violations. However, occasional false alerts,
particularly in low-resolution images or during
extreme lighting conditions, were noted. Improving
image quality through better camera placement or
upgrading the system’s recognition algorithm could
reduce such occurrences.
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The system’s ability to issue fines and raise alerts
when a violation is detected is a crucial aspect of its
application. The performance of the fine enforcement
mechanism was evaluated by checking the system’s
ability to trigger an alert and correctly associate the
violation with the identified face or vehicle number
plate.

VI. CONCLUSION

The Al-powered waste management system
introduced in this project offers a comprehensive and
efficient solution to the growing challenge of
unauthorized waste disposal in urban areas. By
integrating real-time CCTV monitoring, YOLOV5 for
object detection, and advanced offender identification
methods such as facial recognition and vehicle
number plate recognition, the system ensures high
accuracy in detecting violations. Its ability to monitor
restricted zones continuously, even under varying
lighting conditions, combined with precise object
detection, allows for quick identification of illegal
waste disposal activities. The dual-layered offender
identification approach, along with automated penalty
enforcement, ensures  accountability  while
minimizing the need for human intervention, thus
streamlining the entire enforcement process.

This system's scalability and adaptability make it an
ideal tool for deployment in urban environments of
varying sizes. The real-time monitoring dashboard
provides administrators with valuable oversight and
insights, enabling better resource allocation and more
effective waste management strategies. By leveraging
Al and automation, the system not only reduces
operational costs but also improves compliance with
waste disposal regulations. In doing so, it contributes
to cleaner, more sustainable urban environments,
promoting accountability and enhancing overall waste
management practices. This innovative approach has
the potential to transform how cities handle waste
disposal, ensuring a more efficient, proactive, and
data-driven solution for tackling environmental
challenges.
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