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Automatic video surveillance using computer vision
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Abstract:- Background: Traffic safety is a significant
concern worldwide. Helmet usage among motorcyclists
is a crucial preventive measure to reduce fatalities in
road accidents. However, non-compliance remains an
issue. This research proposes an automated system for
helmet detection and number plate recognition to
identify and penalize violators efficiently.

Materials and Methods: The system utilizes deep
learning techniques for helmet detection and Optical
Character Recognition (OCR) for number plate
recognition. A YOLO-based convolutional neural
network (CNN) model is trained for helmet detection,
while Tesseract OCR is employed for license plate
reading. The dataset comprises images from surveillance
cameras. The model is evaluated based on accuracy,
precision, recall, and FI1-score.

Results: The system achieves an accuracy of 95.2% in
helmet detection and 92.8% in number plate recognition.
The approach demonstrates real-time processing
capability, making it suitable for smart traffic monitoring
systems. Conclusion: The proposed system enhances
traffic law enforcement by automating helmet detection
and vehicle identification. Integrating this technology
with police databases can aid in issuing automated
penalties to violators.
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[. INTRODUCTION

Road traffic accidents are a major cause of fatalities

worldwide.  Motorcyclists  are  particularly
vulnerable due to non-compliance with helmet laws.
Traditional monitoring methods are ineffective in
detecting helmet violations due to human error and
resource limitations. This study aims to develop an
automated system leveraging deep learning and
OCR techniques to detect helmet violations and
extract number plate information for further
processing.

II. MATERIAL AND METHODS

Study Design: This study employs an image
processing-based approach utilizing deep learning

algorithms for object detection and OCR-based text
extraction.

Page Study Location: The proposed system is tested
using real-world traffic surveillance footage
collected from various locations.

Dataset: A dataset comprising 10,000 images,
including helmeted and non-helmeted riders, is used
for training and testing the deep learning model.

Model Implementation:

*  Helmet Detection: YOLOVS is trained on a
labeled dataset to identify motorcyclists with
and without helmets.

* Number Plate Recognition: The detected
motorcycles are passed through an OCR
pipeline using Tesseract OCR to extract
license plate information.

* Database Integration: Recognized numbers
are  cross-checked with the vehicle
registration database for issuing automated
penalties.

Evaluation Metrics: The model performance is
evaluated using accuracy, precision, recall, and F1-
score.

Sample size calculation: The sample size was
estimated based on a single proportion design. The
target population for this study was considered
20,000. A confidence interval of 10% and a
confidence level of 95% were assumed. The actual
sample size obtained for this study was 96 subjects
per group. A total of 300 subjects were included,
divided into three groups (100 subjects each), with a
4% dropout rate.

Subjects & Selection Method: The dataset was
collected from surveillance cameras positioned in
high-traffic areas. The system processed video
frames to detect motorcyclists and identify helmet
usage. The study included 10,000 images with
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diverse lighting and weather conditions to ensure
robustness.

Inclusion Criteria:

1. Motorcyclists captured in surveillance
footage.

2. Clear visibility of the rider’s head and vehicle
number plate.

3. Vehicles registered within the regional
transport database.

4. Daytime and night time footage included for
evaluation.

Exclusion Criteria:

1. Obstructed or blurred images where the
helmet detection model cannot make accurate
predictions.

2. Vehicles without visible license plates.

3. Footage with severe motion blur or extreme
weather conditions affecting image clarity.

4. Cases where multiple motorcyclists are
overlapping in the frame, making
identification difficult.

Procedure Methodology: After data collection, the
video frames were processed using a YOLOVS-
based object detection model to classify
motorcyclists with and without helmets. The
detected motorcycles were then passed through an
OCR npipeline (Tesseract OCR) for number plate
recognition. The extracted plate numbers were
crossverified with the registered vehicle database to
identify violators. The following steps were
implemented:

1. Image Preprocessing:

o Frames were extracted from surveillance
video at 30 fps.

o Images were resized and normalized for
efficient deep learning processing.

2. Helmet Detection Using YOLOvVS: o Labeled
dataset of motorcyclists (with and without
helmets) was used.

o Model trained using transfer learning on a
dataset of 10,000 images.

3. Number Plate Recognition:

o The detected motorcycle regions were
cropped and passed through an OCR
engine.

o Noise reduction and adaptive thresholding
were applied for improved text recognition.
4. Database Integration & Violation Logging:
o Recognized numbers were matched against
the official vehicle registration database.
0 A log of helmet violations was generated
for further action by authorities.

Evaluation Metrics:

* Helmet Detection Accuracy: 95.2% with a
recall of 93.7%.

* Number Plate Recognition Accuracy: 92.8%
with an OCR error rate of 3.5%.

*  Processing Speed: 30 frames per second (fps),
making real-time surveillance possible.

Statistical analysis

Data was analyzed using SPSS version 20 (SPSS
Inc., Chicago, IL). Descriptive statistics such as
mean and standard deviation were computed for
detection accuracy, OCR recognition rates, and
processing time. Student’s ttest was used to compare
mean values between helmeted and non-helmeted
riders, as well as between correctly and incorrectly
recognized plates. The Mann-Whitney U test was
applied for non-normally distributed variables,
particularly when assessing detection performance
under varying lighting and weather conditions.
Paired t-tests were conducted to evaluate
improvements in detection accuracy before and after
image pre-processing. Chi-square tests and Fisher’s
exact tests were used to examine the association
between categorical variables, such as helmet
compliance rates across different regions. Pearson
correlation analysis was conducted to assess the
relationship between OCR recognition accuracy and
environmental factors like image quality and motion
blur. A p-value < 0.05 was considered statistically
significant for all tests, ensuring robust evaluation of
the system’s effectiveness.

III. RESULT

The proposed system achieved an accuracy of 95.2%
in helmet detection, with a recall of 93.7%, and
92.8% accuracy in number plate recognition, with an
OCR error rate of 3.5%. The system demonstrated
real-time processing capabilities, operating at 30
frames per second (fps), making it highly efficient
for continuous traffic surveillance. The performance
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of YOLOVS in helmet detection was compared with
traditional convolutional neural network (CNN)
models, confirming its superiority in accuracy and
speed. The OCR-based number plate recognition
system effectively extracted plate numbers under
varying lighting and environmental conditions, with
minimal misclassification. The statistical analysis
confirmed the system’s robustness, as significant
correlations were found between detection accuracy
and environmental factors. The results validate the
effectiveness of the proposed solution in enhancing
automated traffic law enforcement through real-time
surveillance.

I'V. DISCUSSION

The findings of this study highlight the importance
of automated video surveillance in enhancing road
safety and law enforcement. The proposed system
effectively integrates computer vision techniques to
detect helmet violations and recognize vehicle
number plates, providing a scalable solution for
traffic monitoring. The high accuracy rates of both
helmet detection and number plate recognition
demonstrate the reliability of deep learning-based
approaches in real-world applications. The system's
ability to process live video streams at 30 fps ensures
real-time monitoring, making it suitable for
deployment in urban environments. The study also
underscores the challenges faced in OCR-based
number plate recognition, particularly under varying
lighting conditions, motion blur, and occlusions.
Future improvements could involve enhancing the
robustness of OCR algorithms to different number
plate formats and integrating facial recognition to
identify repeat offenders. Additionally, collaboration
with law enforcement agencies can lead to
automated fine issuance, further improving road
safety compliance. The adoption of such Aldriven
surveillance systems has the potential to reduce
manual intervention, minimize errors, and enhance
the efficiency of traffic rule enforcement at a larger
scale.

V. CONCLUSION

The proposed system successfully detects helmet
violations and recognizes vehicle number plates
with high accuracy. Deploying this system in traffic
surveillance cameras can significantly improve law
enforcement and reduce manual intervention. Future
improvements include enhancing OCR accuracy for

different plate formats and integrating facial
recognition for rider identification.

REFERENCES

[1] Redmon, J., Farhadi, A. "YOLOV35: Real-Time
Object Detection". IEEE Conference on
Computer Vision and Pattern Recognition,

2021.
[2] Smith, R. "An Overview of the Tesseract OCR
Engine". International = Conference on

Document Analysis and Recognition, 2007.

[3] Chandra, S., Raj, A. "Deep Learning-Based
Helmet Detection for Traffic Surveillance".
Journal of Traffic Safety, 2020.

[4] Kumar, P., Sharma, M. "Number Plate
Recognition Using OCR and Image Processing
Techniques".  International  Journal of
Computer Science, 2019.

[5] Li, H., Zhao, X. "Advancements in Automated
Traffic Monitoring Systems". International
Journal of Artificial Intelligence, 2022.

[6] Gupta, R., Singh, P. "Machine Learning for
Smart City Traffic Management". IEEE
Transactions on Intelligent Transportation
Systems, 2021.

[7] Ahmed, M., Rahman, A. "A Review on
License Plate Recognition Techniques".
Journal of Computer Vision, 2019.

[8] Wang, Y., Chen, L. "YOLO-based Helmet
Detection for Real-Time Surveillance".
International Conference on Image Processing,
2020.

[9]1 Bose, T., Das, S. "Impact of Deep Learning on
Traffic Law  Enforcement". Al in
Transportation Journal, 2021.

[10] Patel, J., Mehta, N. "OCR Performance
Analysis for License Plate Recognition".
International ~ Conference  on  Pattern
Recognition, 2022.

[11] Shen, W., Lu, J. "Edge Al for Smart Traffic
Monitoring". Journal of Embedded Systems,
2020.

[12] Zhang, K., Liu, R. "Challenges in Computer
Vision-Based Traffic Monitoring". Journal of
Al Research, 2023.

IJIRT 175213 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2130



