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Abstract: Road accidents involving motorcyclists often result from non-compliance with helmet laws,
leading to severe injuries and fatalities. Manual enforcement is inefficient, prompting the need for
automation. This research presents a Deep Learning-Based Helmet and Number Plate Detection System
using YOLOVS for helmet detection and OCR for number plate recognition. The system ensures real-time,
high-accuracy violation detection, integrated with a Django-based interface for law enforcement.
Automated email alerts and a database-driven violation record system enhance efficiency. This Al-powered
approach contributes to smart city traffic management and improved road safety.
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I. INTRODUCTION
Road safety is a critical concern worldwide, with motorcyclists being one of the most vulnerable groups in traffic.
Despite strict laws mandating helmet usage, non-compliance remains a major issue, leading to an increased number of
injuries and fatalities. Studies indicate that wearing a helmet can significantly reduce the severity of head injuries and
fatalities in accidents. However, enforcing helmet laws manually is labor-intensive, inefficient, and prone to human
error. Additionally, identifying violators and their vehicles requires a streamlined and automated process that minimizes
reliance on manual intervention.
To address these challenges, we propose a Deep Learning-Based Helmet and Number Plate Detection System. This
system integrates computer vision, deep learning, and optical character recognition (OCR) to automate helmet detection
and extract vehicle registration details in real time. The primary objective of this research is to improve traffic
monitoring efficiency, assist law enforcement in penalizing violators, and contribute to smart city initiatives.
The system utilizes YOLOv8 (You Only Look Once), a state-of-the-art object detection algorithm, to detect
motorcyclists and classify them based on helmet usage. The second component, OCR (Optical Character Recognition),
extracts alphanumeric data from detected number plates, enabling automatic identification of violating vehicles. The
entire process is integrated into a Django-based web application, allowing law enforcement agencies to monitor and
manage violations seamlessly.
The importance of automation in traffic law enforcement cannot be overstated. Traditional monitoring methods rely on
physical checkpoints or CCTV surveillance, requiring human intervention to analyze footage and issue penalties. These
methods are slow, error-prone, and often ineffective in high-traffic areas. Our proposed system ensures real-time
detection, significantly reducing the response time for authorities while maintaining high accuracy levels.
This research aims to bridge the gap between road safety laws and practical enforcement by offering an efficient,
scalable, and easily deployable solution. By leveraging advancements in Al and deep learning, the proposed system
aligns with the vision of smart cities, improving public safety and reducing road accidents through technology-driven
enforcement mechanisms.

II. LITERATURE REVIEW
The research on helmet detection and vehicle number plate recognition using deep learning and image processing has
seen significant advancements. Various methodologies and techniques are being explored to improve accuracy,
efficiency, and real-time applicability in traffic surveillance and law enforcement.
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1. Approaches of Image Processing

Several image processing techniques are applied to detect helmets and recognize vehicle number plates. The general
steps include image acquisition, preprocessing, segmentation, and feature extraction. Techniques such as noise
reduction, contrast adjustment, and edge detection play a crucial role in improving detection accuracy.

Sharma et al. (2022) in "Helmet Detection Using Image Processing and Deep Learning" (IJARSCT) emphasized the
importance of image preprocessing in enhancing the visibility of helmeted and non-helmeted riders before classification
using deep learning models.

Patel et al. (2021) in "Automatic Helmet Detection System Using Computer Vision" (IEEE) implemented grayscale
conversion, histogram equalization, and contour detection for segmentation before passing the image to a classification
model.

2. Machine Learning and Traditional Classifiers

Traditional machine learning algorithms have been applied in helmet detection and number plate recognition using
various classification techniques, including Support Vector Machines (SVM), Decision Trees, Random Forest, and k-
Nearest Neighbors (k-NN).

Gupta et al. (2020) in "Helmet and Traffic Rule Violation Detection Using Machine Learning Techniques" proposed a
Random Forest-based model for helmet detection, achieving an accuracy of 85%.

Jain et al. (2019) in "Vehicle License Plate Recognition Using Machine Learning"” used SVM and k-NN algorithms to
classify number plate characters after segmentation. However, these methods struggled with complex backgrounds and
blurred images.

Hussain et al. (2021) in "Intelligent Traffic Monitoring Using Machine Learning” suggested that while traditional
classifiers work well on small datasets, they lack scalability and robustness in real-world scenarios.

3. Deep Learning in Traffic Surveillance

With the advent of deep learning, Convolutional Neural Networks (CNNs) have revolutionized helmet detection and
number plate recognition. YOLO (You Only Look Once) models, Faster R-CNN, and SSD (Single Shot MultiBox
Detector) have proven to be highly accurate and efficient in real-time applications.

Kumar et al. (2021) in "Helmet Detection using Deep Learning-Based YOLOv3 Algorithm" demonstrated that YOLO-
based models outperform traditional classifiers, achieving a detection accuracy of 92% in helmet recognition.

Ali et al. (2022) in "Real-Time Number Plate Recognition Using Deep Learning"” implemented YOLOv4 and Optical
Character Recognition (OCR) to extract number plate information, showing an accuracy of 94%.

Sahoo et al. (2023) in "Helmet and Traffic Violation Detection Using YOLOvS5 and OpenCV" proved that YOLO-based
models could detect multiple objects simultaneously, making them suitable for large-scale deployments.

4. Comparative Study and Performance Analysis

Comparative studies between traditional machine learning approaches and deep learning-based models have shown a
significant performance gap. While machine learning techniques require feature engineering and manual tuning, deep
learning models learn features automatically from raw data, resulting in superior accuracy.

Sharma et al. (2022) in IJARSCT compared SVM-based helmet detection with YOLOv4 and found that deep learning
models outperformed traditional classifiers by 18% in accuracy and 27% in processing speed.

Gupta et al. (2021) in /EEFE analyzed the efficiency of YOLOvV5 over YOLOV3 and concluded that YOLOVS5 requires
less computational power while maintaining high detection rates.

Patil et al. (2023) in IRJET observed that OCR-based number plate recognition systems struggle with low-resolution
images and require high-quality preprocessing for reliable results.

5. Future Directions
Recent research has focused on enhancing helmet detection and vehicle number plate recognition by integrating deep
learning with IoT and cloud computing. The following areas require further exploration: &
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Diversity in Datasets: Many existing models are trained on limited datasets, requiring better dataset diversity to
improve generalization across various traffic conditions.

Real-Time Processing and Edge Al: Implementing lightweight deep learning models optimized for edge devices (e.g.,
Raspberry Pi, NVIDIA Jetson Nano) can improve deployment efficiency.

Integration with Smart Traffic Systems: Al-powered helmet detection and vehicle identification systems should be
linked with government databases for automated e-challan generation.

Cross-Domain Learning: Transfer learning approaches can train models on global datasets and fine-tune them for
local traffic rules and conditions.

I11. PROPOSED SYSTEM
The proposed system aims to automatically detect helmet violations and recognize vehicle number plates using deep
learning-based object detection and image processing techniques. The system employs YOLOv8 (You Only Look
Once) for helmet detection and OCR (Optical Character Recognition) for number plate recognition. These models are
optimized for real-time performance, accuracy, and robustness in various lighting and environmental conditions.

1. Data Collection
A dataset of images and videos containing motorcyclists with and without helmets and vehicle number plates is
collected from public repositories and self-curated datasets. The dataset used for training includes:
e Helmet Detection Dataset: Collected from Kaggle, Open Images Dataset, and traffic surveillance footage,
containing over 30,000 labelled images with helmeted and non-helmeted riders.
e Number Plate Recognition Dataset: Includes Indian vehicle number plates with various fonts, sizes, and
angles. It consists of 30,000 images of license plates from different regions.
e Augmentation: The dataset is enhanced through flipping, rotation, contrast adjustments, and noise addition to
improve model generalization.

Fig 1. Sample Dataset Images

2. Image Preprocessing
Before detection, images undergo preprocessing to improve clarity and contrast, ensuring accurate results. The
preprocessing steps include:

e Noise Reduction: Removes unwanted artifacts using Gaussian Blur and Median Filtering.

e Contrast Enhancement: Applies Histogram Equalization to improve the visibili

of helmeted and non-
helmeted riders.
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e Segmentation: Detects the motorcyclist’s head region to identify helmet usage and isolates the vehicle
number plate for text recognition.

3. Helmet Detection using YOLOVS
The YOLOV8 object detection model is used for helmet classification due to its real-time performance and high
accuracy. The model is trained to detect:

e Helmeted Riders

e Non-Helmeted Riders

e  Multiple Motorcyclists in a Single Frame
The system extracts bounding box coordinates around the detected objects and classifies them based on pretrained
weights and fine-tuned parameters.

4. Number Plate Recognition using OCR
After detecting a vehicle, the system extracts the number plate region and applies OCR-based character recognition to
retrieve the vehicle's registration number. The steps include:
e Segmentation of Number Plate using YOLO-based Region Proposal Network (RPN).
e  Character Extraction using Tesseract OCR with Adaptive Thresholding.
e Text Recognition and Formatting to ensure the output matches the Indian vehicle number plate format (e.g.,
MH-12-AB-1234).

5. Evaluation Metrics
The system is evaluated based on various performance metrics to ensure high accuracy and efficiency:
e Helmet Detection Accuracy: Measures the correctness of helmet vs. non-helmet classification.
e Precision and Recall: Evaluates the reliability of detections.
e OCR Accuracy: Compares extracted number plate text with the actual plate.
e Processing Time: Determines the speed of detection per frame.
e Confusion Matrix Analysis: Identifies misclassification errors and optimizes model performance.
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Fig 2. Proposed System Architecture for Helmet & Number Plate
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IV. ALGORITHM USED
Our Deep Learning-Based Helmet and Number Plate Detection system utilizes the YOLOvV8 (You Only Look Once
version 8) algorithm for object detection and EasyOCR for Optical Character Recognition (OCR). These algorithms
enable real-time detection of helmet violations and number plate extraction for traffic law enforcement. Below is a
detailed explanation of each algorithm used in the system:

1. YOLOVvVS for Helmet and Number Plate Detection
YOLO (You Only Look Once) is a state-of-the-art object detection algorithm known for its speed and accuracy in real-
time applications. YOLOVS, the latest version, provides enhanced detection capabilities with improved efficiency.
Working of YOLOVS:
Input Image Processing:
e The input image/video frame is resized and normalized before passing it to the model.
e  Feature Extraction:
e The Convolutional Neural Network (CNN) backbone extracts essential features from the input image, such as
edges, textures, and patterns.
Bounding Box Prediction:
YOLO divides the image into a grid and predicts bounding boxes, object classes, and confidence scores in a single pass.
Helmet and Number Plate Classification:
The model is trained to classify objects as "helmet", "no helmet", or "number plate" with confidence scores.
Output Detection Results:
The system highlights detected objects (helmets and number plates) with bounding boxes and confidence percentages.

Convolutional layers Dense layers

< -
b >

Input Images

Fig 3. Working of CNN Algorithm

2. EasyOCR for Number Plate Recognition

Once the number plate is detected, the EasyOCR (Optical Character Recognition) algorithm is applied to extract
alphanumeric text from the plate. EasyOCR is a deep learning-based OCR framework that supports multiple languages
and complex fonts.

Working of EasyOCR:

Image Preprocessing:

The detected number plate region is cropped and converted into grayscale for better text recognition.

Text Detection:

The model detects characters and symbols on the plate using a deep neural network.

Character Recognition:

The extracted text is classified and converted into readable alphanumeric format.

Post-processing:

Filtering techniques are applied to refine the recognized text and remove errors.
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V. EXISTING SYSTEM
Several systems have been developed for helmet detection and vehicle number plate recognition using image
processing and deep learning. Some of the key existing systems include:

1. Automatic Helmet Violation Detection System (AHVDS)

This system uses traditional image processing techniques such as edge detection and color segmentation to identify
helmet violations. It works by detecting a motorcyclist's head and checking for the presence of a helmet.

Technology Used: Edge detection, color segmentation

Accuracy: 75% under controlled conditions

Limitations: Fails in low-light conditions and with different helmet colors

2. Real-Time Helmet Detection System (RTHDS)

This system employs Convolutional Neural Networks (CNNs) to detect helmets on riders in real time. The system is
trained on a dataset of motorcycle riders and achieves better accuracy than traditional methods.

Technology Used: Deep learning (CNN-based YOLO model)

Accuracy: 85% on a large dataset

Limitations: Requires high computational power for real-time processing

3. Automatic Number Plate Recognition System (ANPR)

ANPR systems are widely used for vehicle identification. These systems use Optical Character Recognition (OCR) to
extract text from number plates.

Technology Used: OCR (Tesseract), image preprocessing

Accuracy: 80-90% for standard number plates

Limitations: Struggles with low-quality images, different fonts, and non-standard plates

VI. FUTURE SCOPE
The Helmet Detection and Number Plate Recognition System has vast potential for future enhancements and
advancements. Some promising directions for further development include:
1. Real-Time Deployment in Smart Cities: Integration with CCTV cameras in smart cities for automated traffic rule
enforcement. Cloud-based monitoring to detect violations across multiple locations.
2. Mobile Application for Instant Reporting: A mobile app where users and traffic authorities can scan for helmet
violations and number plates. Alerts sent directly to offenders via SMS or email.
3. Enhanced Accuracy with Larger and More Diverse Datasets: Training models with real-world, high-resolution
images from different lighting conditions and environments. Incorporating various helmet types, number plate formats,
and regional variations to improve detection accuracy.
4. Al-Powered Automated Fine System: Direct integration with RTO databases to automate the fine-generation
process. Facial recognition to identify repeat offenders.
5. IoT and Edge Computing for Faster Processing: Using edge devices (Raspberry Pi, NVIDIA Jetson) for real-time
processing at traffic signals. Reducing dependence on high-end cloud servers, making the system more scalable and
cost-effective.
6. Night Vision and Low-Light Detection Capabilities: Implementing infrared and thermal imaging to detect helmet
usage in low-light conditions. Al-based image enhancement for better number plate recognition at night.
7. Integration with Law Enforcement and Public Awareness Campaigns: Direct linkage with police departments to
issue warnings and penalties. Al-driven analytics to identify high-violation zones for better traffic management.

VII. CONCLUSION
Road safety is a crucial concern, and helmet detection combined with number plate recognition can significantly reduce
accidents and improve law enforcement efficiency. The proposed system leverages deep lga and computer vision
techniques, including YOLOVS for object detection and OCR for number plate recognitiq ‘yj
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time violation detection. By automatically identifying helmetless riders and sending alert emails, the system provides a
cost-effective and scalable solution for traffic rule enforcement.

The integration of advanced image processing, deep learning, and automated alert systems demonstrates the feasibility
of Al-driven traffic monitoring solutions. Future enhancements, such as real-time IoT deployment, smart city
integration, and better dataset training, can further improve accuracy and operational efficiency. This system serves as a
step toward smarter, safer roads and promotes better compliance with traffic laws.

A major advantage of this system is its high accuracy and speed, which are crucial for real-world deployment in busy
urban areas where large volumes of vehicles pass through every second. The use of deep learning models trained on
extensive datasets ensures that the system performs well under varying environmental conditions, including different
lighting, angles, and weather scenarios. Additionally, the system is scalable and adaptable, meaning it can be integrated
into smart traffic management systems, urban surveillance networks, or even mobile-based applications for real-time
monitoring and reporting.
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