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Abstract: Helmet and number plate detection using deep learning has become an important application in intelligent traffic
monitoring systems. With the rapid increase in the number of two-wheelers on roads, traffic rule violations such as riding
without a helmet have become a major safety concern. Traditional monitoring methods rely heavily on manual observation by
traffic authorities, which is time-consuming and inefficient. To address this issue, an automated system based on deep learning
techniques can be developed to detect helmet usage and identify vehicle number plates in real time.

The proposed system utilizes computer vision and deep learning models to analyze images or video streams captured from
surveillance cameras. Convolutional Neural Networks (CNN) and object detection algorithms such as YOLO are used to detect
motorcycles, riders, helmets, and number plates from traffic footage. The system first identifies the presence of a two-wheeler
and the rider, then determines whether the rider is wearing a helmet. If a violation is detected, the system extracts the vehicle’s
number plate using number plate recognition techniques and records the information for further action. This automated
approach improves traffic monitoring efficiency, reduces manual effort, and enhances road safety by enabling faster
identification of rule violators.

The implementation of such systems in smart city environments can support traffic management authorities in enforcing road
safety regulations effectively. By integrating deep learning models with real-time surveillance systems, the proposed solution
provides accurate detection, quick processing, and reliable identification of traffic violations.

Keywords: Helmet Detection, Number Plate Recognition, Deep Learning, Computer Vision, Convolutional Neural Network
(CNN), YOLO Algorithm, Traffic Monitoring System, Intelligent Transportation Systems.

L. INTRODUCTION
Road safety has become a major concern worldwide due to the increasing number of vehicles and the growing rate of traffic
accidents. Among various road users, motorcyclists are particularly vulnerable because they lack the protective structure available
in cars and other vehicles. Wearing a helmet significantly reduces the risk of severe head injuries and fatalities during road
accidents. Despite strict traffic regulations, many riders still fail to follow helmet safety rules, which contributes to a large number
of preventable injuries and deaths every year. As a result, traffic authorities require efficient and automated systems that can monitor
helmet usage and identify rule violations on roads in real time. Traditional manual monitoring methods are often inefficient, time-
consuming, and prone to human error, making automated solutions an important area of research in intelligent transportation
systems [1].
With the rapid advancement of computer vision and deep learning technologies, automated traffic monitoring systems have become
more effective and reliable. Deep learning models such as Convolutional Neural Networks (CNNs) have shown remarkable
performance in object detection, classification, and recognition tasks. These techniques enable machines to analyze visual data from
surveillance cameras and detect specific objects such as vehicles, persons, helmets, and license plates. Object detection frameworks
like YOLO (You Only Look Once) and SSD (Single Shot Detector) are widely used because of their high accuracy and real-time
processing capabilities. These models can efficiently process large volumes of video data and detect traffic rule violations
automatically, making them suitable for smart city surveillance and traffic management applications [2][3].
Helmet detection systems using deep learning aim to identify whether a motorcyclist is wearing a helmet or not by analyzing images
or video frames captured from road cameras. Once a rider without a helmet is detected, the system can further identify the
corresponding vehicle by extracting and recognizing its license plate number. Automatic License Plate Recognition (ALPR)
techniques are commonly used to read vehicle registration numbers from images using optical character recognition methods
combined with machine learning algorithms.
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By integrating helmet detection with license plate recognition, it becomes possible to automatically detect traffic violations and
record vehicle details for further enforcement actions [4][5].

Several research studies have explored the use of artificial intelligence for helmet detection and traffic surveillance. These systems
typically involve multiple stages such as image acquisition, object detection, violation identification, and number plate recognition.
The integration of deep learning models allows these systems to operate efficiently even in complex environments with varying
lighting conditions, different camera angles, and multiple vehicles in a single frame. The continuous improvement of neural network
architectures and the availability of large datasets have further enhanced the accuracy and reliability of these systems [6][7].

In recent years, intelligent traffic monitoring systems have become an essential component of smart transportation infrastructure.
Automated helmet detection and license plate recognition systems can assist traffic authorities in enforcing road safety regulations
more effectively. These systems reduce the need for manual monitoring while ensuring continuous surveillance of traffic conditions.
Additionally, they can help generate digital records of violations, which can be used for automated fine generation and legal
enforcement. Such systems also contribute to safer road environments by encouraging riders to follow traffic rules and wear
protective helmets [8][9].

The proposed system focuses on developing a deep learning-based approach for detecting helmet violations and recognizing vehicle
number plates using surveillance video frames. The system utilizes advanced object detection algorithms to identify riders,
motorcycles, and helmets, and further applies license plate recognition techniques to extract vehicle numbers when violations occur.
By combining these technologies, the system aims to provide an efficient and scalable solution for automated traffic law
enforcement and road safety monitoring in modern transportation systems [10].

1. PROBLEM STATEMENT

Road accidents involving two-wheeler riders have become a major safety concern, particularly in developing countries where
motorcycles are widely used for daily transportation. One of the primary causes of severe injuries and fatalities in such accidents is
the failure of riders to wear protective helmets. Although traffic authorities have established strict regulations requiring helmet
usage, many riders still ignore these safety rules. Monitoring helmet compliance on busy roads using traditional manual methods is
highly challenging because traffic police cannot continuously observe every vehicle in real time. In areas with heavy traffic flow,
large numbers of vehicles move simultaneously, making it difficult for officers to identify violations accurately. Additionally, even
when a rider without a helmet is observed, recording the vehicle’s registration number immediately is often difficult due to high
vehicle speed, varying lighting conditions, different camera angles, and human limitations. Existing surveillance systems mainly
record video footage but do not automatically detect rule violations, which requires authorities to manually review long hours of
recordings. This process is inefficient, time- consuming, and prone to human error, resulting in many violations going unnoticed.
Therefore, there is a strong need for an automated intelligent system that can analyze traffic video streams, detect motorcyclists
without helmets, and accurately identify the corresponding vehicle by extracting its license plate number. Such a system should
operate efficiently in real-time conditions, handle complex traffic environments, and support traffic authorities in enforcing safety
regulations more effectively while reducing manual monitoring efforts and improving overall road safety.

1. OBJECTIVE

1) To develop a deep learning—based system for detecting helmet usage among two-wheeler riders using image, video, and live
camera inputs.

2) To design an efficient object detection model capable of identifying riders, helmets, and vehicle number plates in real-time
traffic environments.

3) To implement an accurate number plate detection mechanism to associate helmet violations with the corresponding vehicles.

4) To evaluate the performance of the proposed system using metrics such as accuracy, precision, recall, and processing speed.

5) To create a user-friendly interface that enables real-time monitoring and visualization of helmet detection and number plate
recognition results.

V. LITERATURE SURVEY
Paper Name: Automatic Helmet Detection for Motorcyclists Using Deep Learning
Author: Rajesh Kumar, Ankit Sharma
Year: 2019 Publication: IEEE
Journal: IEEE Access
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This research focuses on the development of an automated system capable of detecting helmet usage among motorcycle riders using
deep learning techniques. The authors proposed a computer vision framework that processes images captured from road surveillance
cameras and applies convolutional neural networks to detect motorcycles and riders. The system identifies whether the rider is
wearing a helmet by analyzing visual patterns and object features extracted from the images. The approach utilizes deep neural
network models for object detection and classification, allowing the system to accurately distinguish between helmeted and non-
helmeted riders under different environmental conditions.

The study highlights the importance of automated traffic monitoring systems in improving road safety and reducing manual effort
required for law enforcement. The experimental results demonstrate that deep learning algorithms significantly improve detection
accuracy compared to traditional image processing methods. The authors also emphasized that the integration of intelligent
surveillance systems can help traffic authorities monitor large traffic volumes efficiently and detect violations in real time.

Paper Name: Real Time Helmet Detection Using YOLO Object Detection

Author: S. Gupta, R. Patel

Year: 2020

Publication: Springer

Journal: International Journal of Computer Vision Applications

This study proposes a real-time helmet detection system based on the YOLO object detection algorithm. The researchers developed
a framework that captures video frames from traffic surveillance cameras and applies the YOLO model to detect motorcycles and
riders in the captured frames. The system analyzes the rider’s head region and determines whether a helmet is present or absent. The
use of YOLO allows the system to perform detection quickly, making it suitable for real-time applications in traffic monitoring.

The authors conducted several experiments using a dataset containing images of riders with and without helmets. The model
achieved high detection accuracy and demonstrated efficient performance even in complex road conditions. The research concludes
that real-time helmet detection using deep learning can significantly improve automated traffic rule enforcement systems and reduce
the workload of traffic police officers.

Paper Name: Automatic License Plate Recognition Using Deep Neural Networks

Author: Li Zhang, Wei Chen

Year: 2018

Publication: Elsevier

Journal: Pattern Recognition Letters

This paper presents a deep learning-based method for automatic license plate recognition (ALPR). The authors designed a system
that detects license plates from vehicle images and recognizes the characters using neural network models. The process begins with
identifying the region of interest containing the license plate, followed by segmentation and character recognition using deep
learning techniques. The proposed approach improves recognition accuracy even when the license plate images contain noise,
shadows, or varying lighting conditions.

The researchers emphasized that automatic license plate recognition plays an important role in intelligent transportation systems,
especially in traffic monitoring and law enforcement applications. By combining advanced image processing methods with deep
neural networks, the system can efficiently extract vehicle registration numbers from captured images. The results of the study
demonstrate that deep learning-based ALPR systems provide reliable performance for automated traffic management solutions.

Paper Name: Helmet Detection System Using Image

Processing and Machine Learning

Author: Amit Singh, Pooja Verma Year: 2021

Publication: IEEE

Journal: IEEE Transactions on Intelligent Transportation Systems

This research introduces a helmet detection system that combines traditional image processing techniques with machine learning
algorithms. The system analyzes traffic images captured by roadside cameras and identifies riders who are not wearing helmets. The
proposed approach extracts visual features from the rider’s head region and applies machine learning classifiers to determine helmet
presence. The system also integrates motorcycle detection to ensure that the helmet verification is applied specifically to riders on
two-wheelers.
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The study demonstrates that integrating machine learning with image processing improves the accuracy of helmet detection systems.
The authors also discuss the importance of automatedsafety —monitoring systems in modern transportation
environments. The results indicate that the proposed approach can effectively assist traffic authorities in identifying helmet rule
violations and enhancing road safety.

Paper Name: Deep Learning Based Traffic Violation Detection System

Author: K. Narayanan, M. Joseph

Year: 2022

Publication: Springer

Journal: Journal of Intelligent Transportation Systems

This paper presents a deep learning framework designed to detect multiple types of traffic violations, including helmet violations,
signal jumping, and lane violations. The proposed system uses convolutional neural networks to analyze video frames captured from
traffic cameras. By applying object detection algorithms, the system identifies vehicles, riders, and safety equipment such as
helmets. The model processes large volumes of video data and detects violations automatically.

The research highlights the advantages of deep learning in improving the efficiency of traffic monitoring systems. The authors
explain that automated violation detection systems can significantly reduce manual monitoring efforts while providing accurate
results. The experimental evaluation shows that the deep learning model performs well in real-world traffic environments and can be
integrated into smart city infrastructure for better traffic management.

Paper Name: Motorcycle Helmet Detection Using Convolutional Neural Networks

Author: Prakash Rao, Deepak Nair

Year: 2020

Publication: IEEE

Journal: IEEE Sensors Journal

This study focuses on detecting motorcycle helmet usage using convolutional neural networks. The proposed system captures
images of riders from surveillance cameras and analyzes them using deep learning models trained on a dataset of helmeted and non-
helmeted riders. The CNN model learns visual features related to helmet shapes and textures, allowing the system to classify riders
accurately. The authors also discuss the role of intelligent surveillance systems in enhancing road safety and reducing accident risks.
The experimental results demonstrate that CNN-based detection methods provide higher accuracy compared to conventional
feature-based approaches. The research suggests that integrating such models into traffic monitoring systems can help enforce
helmet regulations effectively.

Paper Name: Smart Traffic Monitoring System Using Deep Learning

Author: Ahmed Hassan, Tarig Ali

Year: 2021

Publication: Elsevier

Journal: Future Generation Computer Systems

This paper proposes a smart traffic monitoring system that uses deep learning techniques to analyze real-time traffic data. The
system processes video feeds from surveillance cameras and detects different types of vehicles, pedestrians, and safety equipment.
Object detection models are used to identify traffic violations and monitor road conditions.

The researchers highlight the importance of intelligent monitoring systems in modern urban environments. By integrating deep
learning algorithms with traffic surveillance infrastructure, the system can provide continuous monitoring and automatic violation
detection. The study concludes that such systems can improve traffic regulation enforcement and contribute to safer road networks.

Paper Name: Real Time Vehicle Detection and License Plate Recognition System

Author: David Lee, Robert Brown

Year: 2019

Publication: Springer

Journal: Multimedia Tools and Applications

This research introduces a system that performs vehicle detection and license plate recognition simultaneously using deep learning
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models. The framework detects vehicles in traffic images and extracts the license plate region for character recognition. The system
utilizes neural networks to improve the accuracy of license plate detection and recognition.

The study demonstrates that combining vehicle detection with license plate recognition can significantly improve automated traffic
monitoring systems. The proposed approach can identify vehicles involved in traffic violations and record their registration numbers
automatically. The research highlights the potential of deep learning-based systems in intelligent transportation applications.

Paper Name: Automated Helmet Detection System for Traffic Safety

Author: Neha Joshi, Vikram Desai

Year: 2022 Publication: IEEE Journal: IEEE Access

This study presents an automated helmet detection system designed to monitor helmet usage among motorcyclists. The system
processes traffic images using deep learning algorithms to detect motorcycles and analyze whether riders are wearing helmets. The
model is trained using a dataset containing various riding scenarios to improve detection accuracy.

The authors emphasize that automated detection systems can help reduce road accident fatalities by ensuring compliance with
helmet safety rules. The research demonstrates that deep learning models provide reliable performance even in challenging
conditions such as crowded traffic and varying lighting environments.

Paper Name: Intelligent Traffic Surveillance Using Deep Learning Techniques

Author: Rahul Mehta, Sneha Kapoor

Year: 2023

Publication: Elsevier

Journal: Computer Vision and Image Understanding

This paper explores the use of deep learning techniques in intelligent traffic surveillance systems. The proposed framework analyzes
video streams captured from road cameras and detects vehicles, riders, and safety equipment automatically. The system uses
advanced object detection algorithms to identify traffic rule violations and generate alerts.

The study highlights that integrating deep learning into traffic surveillance infrastructure can significantly improve monitoring
efficiency and accuracy. The authors conclude that automated detection systems play a crucial role in developing smart
transportation systems and enhancing road safety in urban environments.

V. PROPOSED SYSTEM

A. System Overview

The proposed system introduces an intelligent and automated approach for detecting helmet violations and identifying vehicle
number plates using deep learning techniques. The system is designed to monitor traffic through surveillance cameras and analyze
video streams to identify motorcyclists who are not wearing helmets. By integrating computer vision and deep learning algorithms,
the system can automatically detect violations and capture the corresponding vehicle registration numbers. This automated approach
reduces the dependency on manual monitoring by traffic police and improves the efficiency of traffic law enforcement. The system
operates in real time and can be implemented in smart city environments where continuous monitoring of traffic activities is
required. The proposed framework consists of several stages including image acquisition, preprocessing, motorcycle detection,
helmet verification, violation identification, license plate extraction, and number plate recognition. Each stage performs a specific
function in the overall detection process. The deep learning model analyzes frames extracted from surveillance video and detects
motorcycles and riders. After detecting the rider, the system checks whether a helmet is present or absent. If the rider is not wearing a
helmet, the system identifies it as a violation and proceeds to detect the vehicle’s license plate for further action.

B. Image Acquisition and Preprocessing

The first stage of the proposed system involves capturing video footage from traffic surveillance cameras installed on roads,
intersections, or highways. These cameras continuously record traffic activity and provide real-time video streams to the monitoring
system. The captured video is divided into individual frames that serve as input for the deep learning model. Since raw video frames
may contain noise, motion blur, or poor lighting conditions, preprocessing techniques are applied to improve the quality of the
images before analysis. Preprocessing steps include resizing the images to a fixed resolution, adjusting brightness and contrast levels,
and applying noise reduction techniques. These steps help improve the clarity of the image and make it easier for the deep learning
model to detect objects accurately.
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Image normalization may also be applied to standardize pixel values and enhance model performance. Effective preprocessing
ensures that the system can operate reliably under different environmental conditions such as daytime, nighttime, shadows, or
varying weather conditions.

C. Motorcycle and Rider Detection

After preprocessing the input frames, the next stage involves detecting motorcycles and riders present in the image. A deep learning-
based object detection algorithm such as YOLO is used for this purpose. The trained model scans the image and identifies objects
based on the features learned during the training phase. It generates bounding boxes around detected motorcycles and persons and
classifies them accordingly.

This stage is important because helmet verification should only be performed on individuals who are riding motorcycles. The
system ensures that each detected rider is associated with a corresponding motorcycle. By accurately detecting motorcycles and
riders, the system reduces false detections and improves the reliability of the helmet detection process. The object detection model
operates efficiently and processes multiple objects within a single frame, making it suitable for real-time traffic monitoring
applications.

D. Helmet Detection and Verification

Once the rider is detected, the system analyzes the rider’s head region to determine whether a helmet is present. A trained deep
learning model is used to detect helmets by analyzing visual features such as shape, texture, and color patterns. The model classifies
the detected object into two categories: helmet present or helmet absent. If a helmet is detected on the rider’s head, the system
considers it a valid condition and moves on to process the next frame.

However, if the model detects that the rider is not wearing a helmet, the system identifies it as a traffic rule violation. The detection
process is designed to handle different riding conditions, including varying camera angles, multiple riders on a motorcycle, and
crowded traffic scenes. Accurate helmet detection is crucial for ensuring that violations are correctly identified and that the system
produces reliable results.

E. Helmet Violation Identification

In this stage, the system evaluates the output of the helmet detection module to determine whether a violation has occurred. If the
rider is detected without wearing a helmet, the system flags the event as a violation. The frame containing the violation is then stored
for further processing. This step ensures that only relevant frames containing violations are analyzed for license plate recognition.
The violation detection module helps reduce unnecessary processing by focusing only on frames where helmet rules are not
followed. This selective processing improves the overall efficiency of the system and ensures faster response times. The system can
also mark the violation visually by highlighting the detected rider and motorcycle using bounding boxes.

F. License Plate Detection and Extraction

After detecting a helmet violation, the system proceeds to identify the vehicle’s license plate. The license plate region is detected
using an object detection model trained to recognize number plates in vehicle images. Once the license plate is located, the system
extracts the specific region containing the plate from the image.

This cropped image of the number plate is then processed further to prepare it for character recognition. Image enhancement
techniques such as edge detection and contrast adjustment may be applied to improve the readability of the characters on the plate.
Accurate license plate detection is essential for identifying the violating vehicle and recording its details for enforcement purposes.

G. Number Plate Recognition

In the final stage, the extracted license plate image is processed using Automatic License Plate Recognition (ALPR) techniques.
Optical Character Recognition (OCR) algorithms are used to detect and recognize the characters present on the license plate. The
system converts the visual characters into digital text representing the vehicle registration number.

Once the number plate is recognized, the system stores the vehicle number along with the captured image and violation details in a
database. This information can be used by traffic authorities to generate reports, issue fines, or take further legal action against the
violator. The automated recognition of license plates significantly improves the efficiency of traffic rule enforcement and reduces
the need for manual verification.
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H. System Output and Monitoring

The final output of the proposed system includes the detection of helmet violations along with the recognized vehicle number plate.
The system displays the processed results on the monitoring interface and stores the violation data for future reference. The stored
information may include the captured image, time of violation, and recognized vehicle number.

By implementing the proposed system, traffic authorities can automatically detect helmet rule violations and monitor road safety
more effectively. The integration of deep learning, computer vision, and license plate recognition technologies provides a reliable
and scalable solution for intelligent traffic surveillance and automated law enforcement

VI.  SYSTEM DESIGN
A. Image Acquisition and Preprocessing

Fig 1: System architecture

B. Input Video Acquisition

The first component of the system architecture is the input video acquisition module. In this stage, the system receives video footage
captured from traffic surveillance cameras installed on roads, intersections, or highways. These cameras continuously monitor traffic
activity and record video streams containing different types of vehicles, including motorcycles. The video input serves as the primary
source of data for the detection system.

The quality of the captured video plays an important role in the performance of the detection process because clear and high-
resolution images allow the model to identify objects more accurately. The system converts the video stream into individual frames
so that each frame can be analyzed separately by the deep learning model.

C. Image Annotation and Dataset Preparation

After collecting the images or frames from traffic videos, the next step involves preparing the dataset required for training the
detection model. In this stage, important objects present in the images are manually labeled using annotation tools. The annotation
process involves drawing bounding boxes around objects such as motorcycles, riders, helmets, and number plates. Each object is
assigned a label so that the deep learning model can learn the visual characteristics associated with that object.

Proper annotation is essential because the model learns object patterns based on the labeled training data. A well- annotated dataset
improves the ability of the model to detect objects accurately in real-world scenarios. The prepared dataset is then divided into
training and testing sets. The training data is used to teach the model how to recognize different objects, while the testing data is used
to evaluate the model’s detection performance.

D. Model Training Using Deep Learning

Once the dataset is prepared, the next stage is training the deep learning model. In this system, object detection algorithms such as
YOLO are commonly used because they can detect multiple objects in a single image with high accuracy and speed. During the
training phase, the model analyzes the labeled images and learns to identify patterns related to motorcycles, helmets, and riders.

The training process involves adjusting the internal parameters of the neural network to minimize detection errors. As the model
processes more training samples, it gradually improves its ability to recognize objects correctly. After completing the training
process, the system generates trained weights that store the learned features of the model. These trained weights are later used
during the detection stage to identify objects in new video frames.
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E. Loading Trained Model Weights

After the model has been successfully trained, the generated trained weights are stored and loaded into the detection system. These
weights represent the knowledge that the model has acquired during the training phase. When the system receives a new video input,
the trained model uses these weights to analyze each frame and detect objects.

Loading the trained weights ensures that the system can perform detection without repeating the entire training process every time.
This stage prepares the system for real- time monitoring by enabling the model to recognize motorcycles, helmets, and riders in
incoming video frames efficiently.

F. Frame Processing and Object Detection

In this stage, the input video is processed frame by frame using the trained deep learning model. Each frame is analyzed to detect
relevant objects such as motorcycles, riders, and helmets. The object detection algorithm scans the frame and generates bounding
boxes around the detected objects. Along with the bounding boxes, the system also assigns labels that identify the detected objects.
This step plays a critical role in the overall system because it identifies the presence of motorcycles and riders in the scene. The
system can detect multiple objects simultaneously, which is useful in real-world traffic environments where many vehicles may
appear in the same frame. The detection process helps isolate the rider and helmet regions that will be further analyzed in the next
stages.

G. Helmet Detection and Rider Analysis

After detecting the rider and motorcycle, the system focuses on analyzing the rider’s head region to determine whether a helmet is
present. The deep learning model checks for the visual features associated with helmets, such as shape and structure. If a helmet is
detected on the rider’s head, the system considers the situation compliant with traffic safety regulations.

However, if the model identifies that the rider is not wearing a helmet, the system marks the event as a violation. This step is
essential because it determines whether further processing is required. Only frames that contain helmet violations are forwarded to
the next stage for number plate extraction and recognition.

H. License Plate Extraction

Once a helmet violation is detected, the system attempts to identify the vehicle responsible for the violation. In this stage, the system
detects the license plate region of the motorcycle using object detection techniques. The detected license plate area is then cropped
from the frame so that it can be processed separately.

The extracted license plate image may undergo additional enhancement processes such as contrast adjustment or edge detection to
improve the visibility of the characters. This ensures that the characters on the number plate are clearly visible and easier to
recognize in the next stage.

I.  Automatic License Plate Recognition (ALPR)

The cropped license plate image is then processed using an Automatic License Plate Recognition module. This module uses optical
character recognition techniques to read the alphanumeric characters present on the license plate. The system converts the visual
characters into a digital text format representing the vehicle’s registration number.

ALPR technology allows the system to automatically identify vehicles involved in traffic violations. The recognized license plate
number can be stored along with the captured violation image for further action. This automation reduces the need for manual
identification of vehicle numbers.

J. Output and Violation Reporting

The final stage of the system architecture is the output generation and violation reporting module. After successfully recognizing the
license plate number, the system records the violation details in a database. The stored information may include the vehicle number,
captured image, time of violation, and location.

This data can be accessed by traffic authorities for monitoring and enforcement purposes. The system may also generate alerts or
reports that help authorities issue fines or warnings to violating riders. By automating the entire process from detection to
reporting, the proposed system improves the efficiency of traffic rule enforcement and contributes to enhanced road safety.
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VII. RESULT
The developed Helmet and Number Plate Detection System was tested using multiple images and video inputs to evaluate its ability
to detect riders, helmets, and vehicle license plates accurately. The system integrates deep learning-based object detection with a
web-based interface, allowing users to upload images, videos, or use a webcam for real-time detection. The experimental results
demonstrate that the proposed model can successfully identify motorcycles, riders, helmets, and number plates in different traffic
scenarios. The following sequence describes the operational results obtained from the implemented system.

A. User Authentication and System Access

s 1Y 22 .€cn A vom 20N
Fig 2: Login page
The first stage of the system execution begins with the user authentication module. The system provides a login interface where
authorized users can enter their credentials such as username and password. After successful authentication, the user gains access to
the system dashboard. This security mechanism ensures that only authorized personnel can access the monitoring system and
analyze detection results. The login interface is designed with a simple and user-friendly layout, allowing users to quickly enter the
system and begin detection tasks.

B. Dashboard and Detection Interface

# e 29292 €cn® n oo 200

Fig 3: Detection interface

After logging into the system, the user is redirected to the main dashboard of the Helmet and Number Plate Detection System. The
dashboard provides three different detection options: image detection, video detection, and webcam detection. The image detection
module allows users to upload static images of traffic scenes to analyze helmet usage and number plates. The video detection module
enables the system to process recorded traffic videos and detect violations frame by frame. The webcam detection module allows
real-time monitoring using the device camera, which can instantly analyze incoming frames and display detection results. This
flexible interface enables the system to handle multiple types of inputs for different traffic monitoring applications.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |

878



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue IV Apr 2026- Available at www.ijraset.com

C. Image and Video Processing

% Helmet & Number Plate Detection

Helmet & Number Plate Detection

Advanced system for de
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Fig 4: Uploading img

Once the user uploads an image or video file, the system begins the image processing stage. In the case of video input, the system
extracts frames sequentially from the video stream and processes each frame individually. The frames are passed to the deep
learning detection model, which analyzes visual features to identify objects such as motorcycles, riders, helmets, and number plates.
Preprocessing techniques such as resizing and normalization are applied to ensure that the images are compatible with the trained
model. This step prepares the input data for accurate object detection.

D. Object Detection and Classification

Fig 5: Classification
After preprocessing, the trained deep learning model processes the input frame to detect objects. The system uses an object detection
algorithm to identify motorcycles, riders, helmets, and number plates by drawing bounding boxes around the detected objects. Each
detected object is labeled accordingly. For example, the system labels riders as “RIDER,” helmets as “WITH HELMET,” and
license plates as “NUMBER PLATE.” The bounding boxes help visually indicate the detected objects within the image. The system
can detect multiple riders and vehicles simultaneously, which is important for analyzing real-world traffic scenes.

E. Helmet Detection Analysis

-
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Fig 6: About page
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During the detection process, the system specifically analyzes the head region of the detected rider to determine whether a helmet is
present. The deep learning model evaluates the visual characteristics associated with helmets and classifies the object accordingly. If
a helmet is detected on the rider’s head, the system marks the rider as compliant with traffic safety rules. In the experimental results
shown in the detection output, the system successfully identified riders wearing helmets and labeled them appropriately. This
confirms that the model can accurately recognize protective gear under different viewing conditions.

F. Number Plate Detection and Extraction

In addition to helmet detection, the system also detects the vehicle’s number plate. The model identifies the rectangular region
containing the license plate and draws a bounding box around it. Once detected, the license plate region is extracted and processed
for recognition. In the tested image, the system successfully detected the license plates of both vehicles present in the scene. The
detected plates were highlighted and labeled as “NUMBER PLATE,” demonstrating the system’s ability to locate license plates
even in crowded traffic environments.

G. Detection Output Visualization

The final detection output is displayed with visual annotations on the image. The system marks the detected riders, helmets, and
number plates using colored bounding boxes and labels. These visual indicators help users easily understand the detection results. In
the result image, the riders are clearly identified, the helmets are labeled correctly, and the number plates are highlighted. The system
successfully detected multiple objects within the same frame, showing that the model can handle complex traffic scenarios involving
more than one vehicle.

H. Performance Observation

The experimental results show that the system performs well in identifying riders and detecting helmets with high accuracy. The
model is capable of recognizing objects even when vehicles are moving or partially overlapping in the frame. The detection results
indicate that the system can effectively monitor helmet usage and identify vehicle number plates simultaneously. The combination
of deep learning-based object detection and license plate recognition enables the system to operate as an intelligent traffic
monitoring solution.

I.  Overall Result

The obtained results confirm that the proposed Helmet and Number Plate Detection System can successfully detect riders, identify
helmet usage, and locate vehicle number plates using deep learning techniques. The system provides a reliable and automated
approach for monitoring traffic safety compliance. By integrating image processing, object detection, and license plate recognition,
the system can assist traffic authorities in identifying rule violations and improving road safety management.

VIII.  CONCLUSION

The Helmet and Number Plate Detection System presents an automated solution for monitoring traffic safety by combining deep
learning and computer vision techniques. The developed system is capable of detecting motorcycles, identifying riders, analyzing
helmet usage, and locating vehicle number plates from images, videos, or real-time webcam inputs. By using an object detection
model, the system can accurately identify multiple objects within a single frame and classify them appropriately, which helps in
determining whether a rider is following helmet safety regulations. The integration of number plate detection further enables the
system to identify vehicles involved in violations and record their registration details for monitoring and enforcement purposes. The
experimental results demonstrate that the system performs effectively in different traffic scenarios and provides reliable detection
outputs with clear visual labeling. In addition, the web-based interface allows users to easily upload input data and analyze detection
results, making the system practical and user-friendly. Overall, the proposed approach reduces the need for manual traffic
monitoring and provides a more efficient method for identifying helmet violations, thereby supporting traffic authorities in
improving road safety and implementing intelligent traffic management systems.

IX. FUTURE SCOPE
The proposed Helmet and Number Plate Detection System can be further enhanced by improving the accuracy and efficiency of the
detection models through the use of larger and more diverse datasets. Training the system with images captured under different
weather conditions, lighting variations, and traffic densities can significantly improve the model’s robustness and reliability.
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Future improvements may also include the use of more advanced deep learning architectures that can detect helmet violations with
higher precision and faster processing speed. Additionally, integrating the system with real-time traffic surveillance networks can
allow continuous monitoring of multiple road locations simultaneously, which would greatly enhance the ability of traffic
authorities to detect violations and maintain road safety.

Another potential development is the integration of the system with smart city infrastructure and automated traffic management
platforms. The system could be connected with centralized databases to automatically generate violation reports, send alerts, or issue
electronic fines to vehicle owners. Future versions may also incorporate additional traffic rule detection features such as triple riding
detection, signal violation detection, and speed monitoring. Mobile and cloud-based deployment of the system could further expand
its usability by allowing authorities to monitor traffic conditions remotely from any location. These enhancements would transform
the system into a comprehensive intelligent traffic surveillance solution capable of supporting modern transportation safety and
management systems.
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