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Abstract: In  recent years, computer
technology has found a significant application
in the realm of real time surveillance,
particularly in the automatic recognition of
motorcyclists wearing helmets. This endeavor
has been greatly facilitated by the rise of deep
learning methods, which excel in tasks such as
object detection and classification. However,
despite their efficacy, these methods encounter
several challenges that limit their accuracy in
identifying motorcycle helmets. Issues such as
limited resolution, poor lighting conditions,
adverse weather, and occlusion present
formidable obstacles. To address these
challenges, a novel approach leveraging the
Faster R CNN model has been proposed. This
method, unlike traditional approaches, adopts
a two-step training process. Initially, the
Region Proposal Network (RPN) is trained
using the input image. Subsequently, the
weights obtained from RPN are utilized to
train the Faster R- CNN model. This
methodology aims to enhance helmet
detection accuracy in live surveillance footage.
Experimental results have showcased
promising outcomes, with a remarkable 95%
accuracy rate achieved in identifying
motorcycle helmets within live surveillance
streams. These findings underscore the
potential of deep learning methodologies in
the domain of
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automatic helmet detection for motorcyclists in
real-time surveillance scenarios. Moreover, they
demonstrate the effectiveness of the proposed
strategy in mitigating the challenges faced by
existing models. By harnessing the power of deep
learning and refining the training process, this
innovative approach has demonstrated its
capability to overcome the inherent limitations of
current methods. It not only enhances the safety
measures for motorcyclists but also underscores
the broader applicability of deep learning
techniques in real-world scenarios. In conclusion,
the successful implementation of the Faster R-
CNN model in automatic helmet recognition
signifies a significant advancement in surveillance
technology. It not only showcases the adaptability
of deep learning algorithms but also underscores
their potential in addressing real-world
challenges. Moving forward, continued research
and development in this field hold the promise of
further enhancing safety measures and
optimizing surveillance systems for diverse
applications.

1. INTRODUCTION

Motorcycle accidents have seen a significant uptick
in recent years, with a multitude of factors
contributing to this troubling trend. Among the
primary culprits are the tendencies of riders
towards haste,
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negligence, and recklessness. These behaviors,
often compounded by inadequate training or
experience, create a hazardous environment on
the roads.[1] As a result, severe head injuries
have become alarmingly prevalent, accounting
for a substantial portion of fatalities stemming
from motorcycle accidents. The gravity of this
situation underscores the wurgent need for
proactive measures to address the underlying
causes and mitigate the devastating impact of
such incidents. The failure to adhere to safety
regulations and exercise caution while riding
exacerbates the risks associated with motorcycle
accidents.  Despite  the  well-documented
effectiveness of protective gear, such as helmets,
many riders overlook their importance or choose
not to wear them. This disregard for safety
measures not only endangers the individuals
involved but also poses a significant threat to
their families and communities. The tragic
consequences of such negligence highlight the
critical need for concerted efforts to promote
responsible riding behavior and instill a culture
of safety among motorcyclists. In combating the
rising incidence of motorcycle accidents, a
comprehensive approach is imperative, one that
addresses both individual behavior and systemic
issues.

While educational campaigns and awareness-
raising initiatives play a vital role in promoting
safety, they must be complemented by
improvements in infrastructure and the
enforcement of traffic laws. Without adequate
support from these areas, efforts to enhance road
safety are likely to 1 fall short of their intended
impact. Thus, a holistic strategy that integrates
various interventions is essential to create a
safer environment for all road

users. Furthermore, it is essential to acknowledge the
socio-economic factors that contribute to the
prevalence of motorcycle accidents, particularly in
regions with high rates of motorbike usage.
Inadequate access to education and resources,
coupled with systemic inequalities, exacerbates the
risks faced by riders, particularly those from
marginalized  communities.  Addressing  these
underlying issues requires more than just superficial
solutions; it demands a concerted effort to address
systemic inequities and create a more inclusive and
just society. The surge in motorcycle accidents and
the corresponding increase in severe head injuries
have created a ripple effect of devastation.

2. EXISTING SYSTEM

Various approaches have been proposed by
researchers to tackle the challenge of autonomous
helmet identification in real- time traffic scenarios.
Initially, computer vision techniques such as HOG,
SURF, and SIFT were utilized for machine learning
purposes to automatically discern  whether
motorcycle riders wore helmets or not. Over the
years, numerous analyses of road traffic have been
conducted, involving the identification,
categorization, and counting of vehicles, along with
helmet detection. The foundational step in any
research concerning vehicular traffic evolution is the
identification and classification of vehicles traversing
public roads. Therefore, several related studies have
been scrutinized in this context. Nevertheless, the
earlier methods relying on hand crafted features like
HOG, SURF, and SIFT encountered limitations,
particularly in coping with variations in lighting,
pose, and image resolution typical of real-world
traffic situations. As a result, researchers shifted
towards exploring more
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sophisticated techniques. In recent times, deep
learning has emerged as a potent tool for object
detection and classification.  Particularly,
Convolutional Neural Networks (CNNs) have
gained prominence for their capability to extract
intricate patterns from vast image datasets. This
paradigm shift has revolutionized helmet
detection methodologies. Researchers have
devised CNN-based models explicitly trained on
images depicting motorcyclists both with and
without helmets. These models have exhibited
significantly improved accuracy rates compared
to traditional methods, even when confronted
with challenging traffic conditions.

3. LITERATURE SURVEY

"A Swin Transformer-Based Approach for
Motorcycle Helmet Detection,” published in
IEEE Access 2024, propose a novel method for
detecting motorcycle helmets using Swin
Transformers.  Their  approach  extracts
hierarchical features from non- overlapping
image patches, enhancing feature representation.
The model integrates a Feature Pyramid
Network (FPN) for improved multi-scale object
detection and employs RCNN for refining
detection proposals in stages, achieving better
accuracy. Training involves fine- tuning a model
pre-trained on ImageNet-1K  with data
augmentation techniques such as resizing and
flipping. The evaluation results show a mean
average precision (MAP) of 30.4, outperforming
traditional CNN models. However, the method
faces limitations such as class imbalance,
insufficient dataset diversity, and challenges
posed by occlusions, overlapping objects, and
varying lighting conditions, which impact
detection accuracy and robustness.[1]

"YOLO-Based Helmet Detection System for Traffic
Safety”  (Sixth International Conference on
Computational Intelligence and Communication
Technologies, 2024) presents a real-time helmet
detection method using the YOLO algorithm. The
system integrates Non-Maximum  Suppression
(NMS) to eliminate overlapping detection boxes and
ensures accurate results. It is designed for real-time
monitoring by connecting to traffic cameras and
issuing alerts for non-compliance. The model uses
data augmentation during training to improve
performance and has been deployed in live
environments to monitor helmet usage. Despite its
efficiency, the system struggles with class imbalance,
occlusions, and lighting variability, which affect
detection accuracy in rare or complex scenarios.
These limitations highlight the need for enhanced
dataset  diversity ~and  robustness  against
environmental factors.[2]

"An Effective Motorcycle Helmet Object Detection
Framework for Intelligent Traffic Safety” (IEEE
Access, CVPRW 2024) introduces the MHOD
framework for detecting motorcycles and riders with
or without helmets. It employs Passenger
Recognition Module (PRM) for better passenger
detection and Category Refinement Module (CRM)
to address category errors. The framework leverages
the transformer-based DETA model to handle
challenging conditions, while NMS reduces
overlapping detections, and SORT ensures smooth
object tracking in video streams. However, the
system faces challenges from poor lighting, weather
conditions, and low resolution footage, which reduce
its effectiveness. Limited data for secondary
passengers and category- switching during tracking
are additional
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hurdles. Furthermore, the high computational
demand makes the system resource-intensive for
deployment.[3]

"PRE-YOLO: A Lightweight Model for
Detecting Helmet-Wearing of Electric Vehicle
Riders on Complex Traffic Roads" (Applied
Sciences MDPI, 2024) proposes a novel
lightweight model based on YOLOv8n for
helmet detection. PRE- YOLO enhances small
target detection and reduces the model size by
pruning unnecessary layers for large targets. The
introduction of RFCA Conv improves feature
extraction and spatial attention, while the EMA
module in the C2f layer enhances feature
perception. These advancements lead to a 2.6%
increase in detection accuracy and a 33.3%
reduction in model size. The model is
particularly optimized for complex traffic
scenarios, but its performance drops in extreme
lighting conditions and with fast-moving objects.
Additionally, the limited dataset size poses
challenges in detecting helmets in highly
dynamic environments.[4]

"Detection of Helmet Use in Motorcycle Drivers
Using Convolutional Neural Network™ (Applied
Sciences MDPI, 2023) presents a real-time
helmet detection system based on a CNN
architecture using Inception V3. The model
employs Transfer Learning to improve detection
accuracy and is trained on 15,145 images
captured using a GoPro camera. It achieves an
impressive accuracy of 97.24% for helmet
detection in real-world environments. However,
the system faces challenges in maintaining
accuracy under varying conditions, such as riders
wearing caps or masks. Limited diversity in the
dataset restricts the model's robustness,
particularly in environments with different
lighting or rider conditions. Addressing these
limitations requires a

more comprehensive dataset and refinements for
real-time adaptability.[5]

"Two-Wheeler Helmet Detection System Using
Object Recognition” (4th International Conference
on Pervasive Computing and Social Networking,
2023) introduces a real-time helmet detection system
utilizing machine learning integrated with a
Raspberry Pi and camera. The system automatically
disables the vehicle's ignition if a rider is not wearing
a helmet, promoting compliance. Custom datasets
were used for training to enhance detection accuracy.
Despite its innovative approach, the system struggles
with low- light conditions and requires higher-quality
cameras for better performance. Dataset limitations,
particularly in variations of lighting and viewing
angles, further reduce detection reliability. These
challenges highlight the need for improved hardware
and more diverse datasets to  enhance
effectiveness.[6]

"Helmet Use Detection of Tracked Motorcycles
Using CNN-Based Multi-Task Learning” (IEEE
Access, 2022) presents a CNN-based system to
detect helmet use by motorcycle riders. It identifies
motorcycles, tracks them across frames, and detects
helmet usage, leveraging a custom dataset called
HELMET with 91,000 frames. The system achieves
a real-time processing speed of over 8 frames per
second on standard hardware. While effective, it faces
challenges in detecting helmets in unusual traffic
environments and during occlusions or uncommon
viewing angles. The detection accuracy is also
impacted by parked motorcycles and high traffic
density. Addressing these issues requires refining the
model for complex scenarios and improving
robustness in varied conditions.[7]

© 2025,IJSREM | www.ijsrem.com

| Page 4


http://www.ijsrem.com/

&g! \33%

iz IISREM
%@Qﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)

A Volume: 09 Issue: 03 | March - 2025

SJIF Rating: 8.586 ISSN: 2582-3930

4.PROPOSED SYSTEM

Flipping, rotating, and scaling images help
detect helmets from different angles. Resolution
standardization ensures consistent input frames
for accurate inference.Noise reduction
and normalization improve
clarity and model accuracy in real time. High-
resolution cameras (CCTV, IP, drones) with >30
FPS provide smooth video input. Edge
devices like NVIDIA Jetson, RTX GPUs, or
TPUs enable fast model inference.Software
includes OpenCV, TensorRT, and RTSP for
real-time video processing. YOLOvV5 offers a
balance of speed and accuracy for edge-based
detection.YOLOv7 improves both detection
speed and precision in live scenarios.Single-
stage detection ensures real-time helmet
recognition with minimal delay. Handles
multiple riders, occlusions, and varying helmet
orientations efficiently. Deformable Attention
focuses on key regions, improving detection
accuracy. TensorRT optimization speeds up
inference for real-time performance. Frames are
extracted at 30 FPS, resized, and normalized for
consistency. YOLOvV7 or
Swin Transformer detects helmets and riders
in real time. Non-Maximum Suppression
removes overlapping detections for precise
output. Brightness and contrast enhancements
improve visibility in low light. Simulated
weather conditions in training improve detection
in rain or fog. Deformable Attention helps detect
helmets even under occlusions.

5. SCOPE OF PROJECT

Enhancing Road Safety through Automation
The primary objective of this project is to

improve road safety by enforcing helmet compliance
using automated video-based detection. Motorcycle
accidents often result in severe head injuries, which
can be prevented by wearing helmets. By leveraging
computer vision and deep learning techniques, this
system aims to identify riders without helmets in real-
time. The implementation of such technology can
significantly reduce fatalities and injuries, ultimately
contributing to safer roads.

Real-Time Surveillance and Law Enforcement
This project provides a real-time monitoring solution
for traffic authorities to detect and address helmet
violations efficiently. Traditional manual
enforcement is often inconsistent and resource-
intensive. By integrating this automated detection
system with existing traffic cameras, authorities can
streamline helmet law enforcement. The system
ensures that violations are flagged immediately,
allowing for prompt action to be taken against non-
compliant riders.

Scalability and Adaptability Across Environments
The system is designed to be scalable and adaptable
to various environments, including urban roads,
highways, and industrial zones. It can be deployed in
different surveillance setups, such as CCTV networks,
drone-based monitoring, and traffic management
centers. Additionally, the model can be fine-tuned to
work under different lighting conditions, weather
scenarios, and traffic densities, ensuring robust
performance in diverse real-world settings.

Advanced Al and Deep Learning Integration
The project utilizes state-of-the-art deep
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learning models such as YOLO and Swin
Transformer to achieve high accuracy in helmet
detection. These models process real-time video
streams and classify riders based on helmet
usage. The integration of advanced Al
techniques, such as deformable attention
mechanisms and real- time optimization
frameworks like TensorRT, enhances detection
efficiency, even in challenging conditions like
low visibility and occlusions.

Potential for Expansion and Additional
Features

Beyond helmet detection, this system has the
potential to be expanded for broader traffic law
enforcement applications. Future developments
could include detecting triple riding, monitoring
speed violations, and identifying unauthorized
vehicles. Additionally, integrating the system
with automated alert mechanisms and penalty
issuance frameworks could further improve
compliance and road safety measures.

Social  and  Economic  Impact The
implementation of this project can lead to a
significant reduction in motorcycle- related
injuries and fatalities, alleviating the burden on
healthcare systems and law enforcement
agencies. By promoting helmet usage and
reducing traffic  violations, the project
contributes to a safer commuting environment.
Moreover, improved compliance with helmet
laws can foster a culture of responsible riding,
benefiting both individuals and society as a
whole.

6. CONCLUSION

The implementation of an automated helmet
detection system using deep learning and
computer vision significantly enhances road
safety. By leveraging real- time video
surveillance, the system

efficiently identifies motorcyclists without helmets,
ensuring compliance with traffic regulations. This
reduces the risk of severe head injuries and fatalities
in road accidents. Automated enforcement also
minimizes the need for manual monitoring, making
law enforcement more effective.

The project’s integration of YOLO and Swin
Transformer models ensures high detection accuracy
in various conditions, including poor lighting and
occlusions. Optimized inference using TensorRT
enables real-time processing without significant
delays. The system’s adaptability across different
surveillance setups, such as CCTV networks and
drones, increases its effectiveness. These features
make it a reliable tool for large-scale deployment in
urban and highway environments.

Beyond helmet detection, the project paves the way
for future advancements in Al- driven traffic law
enforcement. Additional functionalities, such as
identifying triple riding, speed violations, and vehicle
tracking, can be integrated for a more comprehensive
monitoring system. This expansion would further
enhance road safety measures and ensure stricter
compliance with traffic regulations. The scalable
nature of the system makes it suitable for widespread
adoption across different regions.

Overall, this project contributes to fostering a culture
of responsible riding and increased public safety. By
automating helmet detection and law enforcement, it
reduces accidents, alleviates healthcare burdens, and
improves road discipline. Continued research and
development in Al- powered surveillance can further
optimize traffic management. With technological
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advancements, such systems can revolutionize
road safety and significantly reduce traffic-
related fatalities.
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