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Abstract- This project introduces an artificial intelligence-
powered traffic management system that detects helmet
and seatbelt infractions in real time to improve road safety
and enforce traffic compliance. The system uses YOLO
(You Only Look Once) object detection technology to
reliably identify violations at traffic stops, with immediate
alerts presented on an LCD in the control center for live
monitoring. The technology is based on a pre-registered
database of vehicle owner information, which eliminates
the requirement for license plate or facial recognition.
When a violation is identified, the system instantly
associates the occurrence with the car owner's profile,
ensuring efficient tracking and fee administration. Using
pre-existing data, the technology simplifies the
identification process while preserving accuracy. When a
violation is detected, the system uses a rule- based method
with predetermined records to calculate fines. Violators
receive SMS notifications with detailed payment
instructions, enabling easy compliance. Furthermore, an
email is delivered to the violator with the violation image,
incident details, and fee breakdown, ensuring open
communication and promoting speedy resolution. To
improve performance, the system incorporates image
preprocessing techniques like scaling, normalization, and
data augmentation, which improves detection accuracy
under a variety of traffic circumstances. The control room
interface, powered by an embedded Arduino system, shows
real-time notifications on an LCD screen, allowing traffic
officials to monitor offences as they occur. This end-to-
end technology transforms traffic enforcement by
automating infraction identification, fee calculation, and
notification.
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1. INTRODUCTION

The increase in traffic offences, particularly helmet
and seatbelt noncompliance, has a substantial impact
on road accidents and fatalities. Traditional
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enforcement systems rely on manual monitoring,
which is time-consuming and susceptible to human
mistake. This study offers an Al-powered traffic
violation detection system that uses YOLO-based
object identification to identify violations in real time.
The system utilises a pre-registered vehicle owner
database to automate offender identification, fine
computations, and notifications. This solution protects
privacy while increasing productivity by eliminating
the need for license plate and face recognition. The
system's automated monitoring and notification
capabilities are intended to improve traffic
compliance, reduce human intervention, and boost
road safety.
2. OBJECTIVE

This project's goal is to create an Al-powered traffic
violation detection system that will improve
compliance with road safety legislation. Real-time
Violation identification: Automate helmet and seatbelt
monitoring with YOLO-based object identification.

Automated Fine Calculation: Set up a rule-based
system for instant fine generation. Efficient
Notification System: Send automated SMS and email
notifications to  violators.  Privacy-preserving
identification: Instead of using license plates or face
recognition, use a pre-registered database. Traffic
Control Room Integration: Live violation notifications

are shown on an LCD panel for monitoring purposes.

3. EXISTING SYSTEM

Conventional traffic law enforcement relies on manual
monitoring by traffic officers or CCTV cameras,
which requires human assessment. While license plate
and facial recognition technologies are automated,
they confront problems such as privacy concerns,
occlusions, and environmental restrictions. These
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systems lack real-time response capability, resulting in
enforcement delays.

3.1 Disadvantages of the Existing System

Manual monitoring is inefficient and error-prone.
CCTV-based violation detection necessitates
significant human engagement. License plate
identification is unreliable owing to plate tampering
and ambient influences. Face recognition creates
privacy concerns and has limited accuracy. Data
fragmentation impedes seamless criminal
identification and fine processing.

4. LITERATURE REVIEW

Research on Al-powered traffic management
demonstrates the efficiency of real-time object
detection in monitoring traffic offences. YOLO-based
algorithms outperform other methods in terms of
accuracy and speed when detecting helmet and
seatbelt noncompliance. Automated notification
systems are also being investigated for their role in
enhancing compliance rates. Traditional enforcement
approaches have limitations, such as reliance on
manual assessments and privacy-invasive recognition
technology, which emphasises the need for Al-driven
solutions.

4.1 YOLO-Based Traffic Monitoring

YOLO (You Only Look Once) is frequently employed
in traffic surveillance due to its ability to detect objects
quickly and accurately. Studies show that combining
YOLO with pre-registered databases improves

efficiency by minimising dependency on external
identification methods.

4.2 Al in Traffic Law Enforcement

Machine learning algorithms improve traffic violation
detection by constantly learning from different
datasets. Al-powered automation reduces human
intervention, boosting the dependability of traffic
compliance systems.

5. PROPOSED SYSTEM

The suggested Al-powered traffic compliance and
infraction management system automatically detects
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and manages helmet and seatbelt violations. Unlike
existing enforcement approaches that rely on manual
monitoring or wasteful CCTV-based systems, this
system combines YOLO-based picture processing, an
automated fine calculation mechanism, and real-time
alarm communications. Using a pre-registered vehicle
owner database, the solution eliminates the
requirement for license plate or face recognition,
ensuring privacy while retaining enforcement
accuracy. The control room interface allows traffic
officials to monitor breaches in real time, expediting
the enforcement process and minimising human
interaction.

5.1 System Overview

The system serves as a comprehensive framework for
detecting and managing traffic violations, utilising Al
and embedded technology to monitor compliance in
real time. The following are the main components:
YOLO-Based Object Detection The technology uses
the YOLO (You Only Look Once) object detection
approach to detect helmet and seatbelt infractions.
The trained model scans traffic footage in real time,
identifying compliant and non-compliant riders/drivers.
Advanced image preprocessing techniques like
scaling, normalisation, and augmentation improve
detection accuracy in a variety of traffic
circumstances.

Pre-Registered Vehicle Owners Database The system
uses a pre-registered database of car owner
information, eliminating the requirement for license
plate recognition (LPR) or facial recognition. When a
violation is identified, the system compares the
vehicle's owner information to the database to
precisely identify the offender. This strategy improves
privacy, lowers computational overhead, and increases
efficiency.

Automated Fine Calculation Once a violation is
recognized, the system calculates fines automatically
using predetermined traffic infraction guidelines. Fine
amounts are set using a rule-based method, taking into
account repeat offences and penalty escalation
regulations. The technology ensures that fines are
enforced fairly and consistently, without human bias.
Instant SMS and Email Notifications Violators are
notified via automatic SMS and email alerts, which

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 514



© July 2025| JIRT | Volume 12 Issue 2 | ISSN: 2349-6002

include violation information (date, time, and
location). The violation image was captured for
transparency. Fine amount and due date. Payment
instructions provide a secure link for online
transactions. This promotes quick awareness and
compliance with traffic restrictions.

LCD Display Integration in Traffic Control Rooms
The system communicates with an LCD monitor
mounted in the traffic control center, delivering real-
time alerts when violations are detected. Live
monitoring allows traffic authorities to keep track of
continuing offences. Incident records and statistics
enable administrators analyze trends and implement
targeted interventions. This function increases
situational awareness and response efficiency.

5.2 Block Diagram
The system architecture is composed of five core
interrelated parts.

YOLO-Based Image Processing Captures real-time
traffic footage from strategically placed cameras. Uses
a trained YOLO model to detect helmet and seatbelt
violations. Preprocesses photos for greater accuracy.
Database Module Maintains a pre-registered vehicle
owner database. Connects identified violations to
owner profiles without requiring license plate
recognition. Keeps violation records, offender
information, and fine payment status for future
reference.

Fine Calculation Module Implements fine generation
based on traffic restrictions. Fine amounts are adjusted
dynamically based on repeat offences and the severity
of the infraction. Enables fair, automated, and tamper-
proof fine enforcement.

The Notification System sends real-time SMS and
email messages to violators. Include violation
photographs and fine information to ensure
transparency. Encourages compliance by providing
payment instructions and deadline reminders.

The LCD Monitoring System displays live violation
notifications in the traffic control center. Enables
traffic officials to monitor offences in real time.
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Supports data analysis for enforcement planning and
trend review.

Block Diagram
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6. APPLICATIONS FLOW

The Al-powered traffic compliance and violation
management system plays a crucial role in modern
traffic enforcement, smart city integration, and public
safety initiatives. By automating violation detection
and fine enforcement, the system improves
compliance with traffic laws while reducing the need
for manual monitoring. Below are the detailed
applications of this system
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System Architecture Diagram

6.1 Traffic Law Enforcement

This system's major application is automated traffic
enforcement, which ensures compliance with helmet
and seatbelt requirements.

Key Benefits Automates compliance monitoring. The
system constantly monitors traffic for helmet and
seatbelt violations using YOLO-based image
detection. Reduces manual effort. Unlike previous
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techniques, which require traffic officers to manually
identify and penalize violators, this system eliminates
human intervention, hence lowering enforcement
workload. Enhances fairness and transparency
Because the technology automatically recognizes and
analyses offences, it eliminates human prejudice and
inaccuracy in traffic law enforcement. Encourages
deterrence. The presence of Al-powered surveillance
cameras serves as a disincentive, prohibiting riders
and drivers from breaking seatbelt and helmet laws.
Tracks Repeat offenders. The violation database
tracks multiple offences by the same car owner,
allowing authorities to apply more severe penalties.?7.
Software Specifications

7.1 Arduino IDE

Programs the embedded system that displays real-time
violations on an LCD screen in the traffic control
room. Receives violation warnings from the Al
module and updates the LCD display with offender
information, timestamps, and fine amounts. The
Python-based Al system transfers detected violation
data to the LCD via serial communication protocols
(I2C, UART). When a violation is identified, visual
alerts appear on the LCD, allowing traffic officials to
monitor the situation in real time.

7.2 Python IDE

Uses YOLO-based real-time object identification to
identify helmet and seatbelt violations in live traffic
footage. Improves detection accuracy under a variety
of situations by utilizing picture preprocessing
techniques (resizing, noise reduction, and contrast
enhancement). The detected offences are linked to a
pre-registered car owner database, allowing for
automatic offender identification without the need for
license plate recognition. Automates fine calculation
with a rule-based approach that adjusts penalty levels
for  recurrent offences. Uses integrated
communication APIs (Twilio, SMTP) to send quick
SMS and email notifications containing infraction
details, captured photographs, and payment
instructions. Stores violation history, fine records, and
analytics data, allowing authorities to analyze traffic
patterns and identify high-risk areas.
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7.3 Proteus Simulation

Simulates and tests Arduino-based LCD technology
ensures precise real-time display of traffic offences.
Validates data transfer between Python's Al module
and the microcontroller to ensure smooth
communication for real-time notifications. Prior to
deployment, voltage levels and circuit integrity are
checked to identify probable hardware faults. Allows
for the debugging of the LCD alert system, ensuring
that violation messages are displayed without delay or
confusion.

8. SYSTEM IMPLEMENTATION

8.1 Real-Time Violation Detection

The technology detects helmet and seatbelt violations
in real time using a YOLO-based deep learning model
and live traffic camera footage. Images are segmented
and classified to distinguish between complying and
non-compliant riders. The detection module integrates
with edge computing devices to enable faster
processing and lower latency, resulting in immediate
violation detection. Upon detection, infraction details,
such as timestamp, position, and vehicle information,
are saved in a pre-registered car owner database for
later processing.

8.2 Automated Notification System

Once a violation is confirmed, the system
automatically generates a fine based on predefined
traffic regulations. An SMS and email alert is sent to
the registered vehicle owner, including:

Captured image of the violation for transparency.
Violation details such as time, location, and offense
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type. Fine amount and due date with a secure payment
link for online transactions. The notification system
ensures that violators are immediately informed,
reducing disputes and encouraging compliance.
Integration with cloud-based messaging APIs (Twilio,
SMTP) enables seamless and automated notification
delivery.

8.3 Traffic Control Room Monitoring

A specialized LCD display unit in the traffic control
center gives real-time information on detected
violations. Authorities can examine real time alerts,
violation logs, and offender information, allowing
them to take action as needed. The system keeps a
constant feed of detected breaches, keeping traffic
personnel up to date on real-time compliance levels.
The control room interface supports manual
verification and intervention, allowing authorities to
cross-check breaches and approve fines.

8.4 Secure Data Management

The system securely stores offender records, violation
history, and fine payment status in a centralized
database. Access control mechanisms ensure that only
authorized traffic personnel can retrieve and manage
violation data. Encryption techniques safeguard
vehicle owner information, ensuring compliance with
data privacy regulations.

9. RESULTS AND DISCUSSION

The system successfully automates helmet and
seatbelt violation detection, reducing manual
enforcement dependency. The real-time detection
mechanism ensures instant identification of violators,
improving enforcement efficiency. Automated
notification delivery provides violators with
immediate feedback, increasing fine payment
compliance rates.
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The LCD display system enhances control room
monitoring, allowing traffic authorities to take
necessary actions based on real-time alerts. The secure
database storage enables long-term violation tracking,
allowing authorities to analyze compliance trends and
develop targeted traffic safety interventions.

9.1 Improved Enforcement Efficiency

The system avoids enforcement delays by substituting
human monitoring with YOLO-based real-time
detection, resulting in immediate detection of helmet
and seatbelt violations. The automated fine processing
technique eliminates the need for human interaction,
decreasing delays in issuing fines and the workload on
traffic officers. The integration of pre-registered car
owner data enables direct fine issuing without
additional verification, expediting the entire
enforcement procedure. The device operates
continually, ensuring consistent traffic surveillance
even in locations with low police presence.

9.2 Real-Time Compliance Monitoring

The technology sends instant violation alerts to traffic
authorities via an LCD monitoring system, allowing
enforcement teams to track violations as they happen.
Real-time data analytics aid decision-making by
enabling authorities to identify high-risk regions
where violations occur frequently and adopt focused
enforcement methods.

10. CONCLUSION

An Al-powered traffic compliance and violation
management system improves road safety and traffic
law enforcement by automating helmet and seatbelt
violation detection. The YOLO-based picture
identification model allows for real-time surveillance,
while the automated fine processing system avoids
delays and human intervention. The system's
scalability enables for future enhancements, such as
identifying new traffic offences like signal jumping
and overseeding. This system integrates Al and
automation to give a transparent, efficient, and
effective approach to traffic law enforcement,
resulting in higher compliance rates and improved
urban mobility.
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FUTURE ENHANCEMENT

Future enhancements can further elevate the system’s
capabilities. Integrating license plate recognition as an
optional feature could improve identification
accuracy, especially for unregistered vehicles.
Expanding detection to mobile phone usage, signal
violations, and lane discipline breaches would create a
more comprehensive enforcement system. Machine
learning models can enhance detection accuracy by
continuously adapting to evolving traffic patterns.
Cloud integration would enable centralized data
management, allowing multiple control centers to
access and analyze violations in real time. A mobile
app for violators to review records, pay fines, and
access traffic safety education could encourage
compliance. Real-time analytics would help
authorities identify high-risk areas, enabling targeted
enforcement and infrastructure improvements.
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