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Abstract—This project offers an Al-powered smart
traffic management system that effectively monitors and
controls traffic by utilizing computer vision and machine
learning approaches. The technology dynamically
analyzes traffic conditions and detects vehicles by
processing real-time video data from security cameras. It
can accurately detect traffic infractions like speeding,
illegal parking, and signal jumping. The system
automatically creates an e-challan after detecting a
violation and utilizing OCR technology to extract the
vehicle number plate.

The suggested solution minimizes human error and
lessens the need for traffic authorities to manually
monitor traffic. Additionally, it reduces traffic congestion
and travel delays by adjusting traffic signal timings
based on vehicle density. The system guarantees quicker
enforcement of traffic laws by combining automation
and intelligent decision-making. For improved tracking
and administration, it also keeps a digital record of
infractions. All things considered, this strategy improves
traffic discipline, increases road safety, and advances the
infrastructure of smart cities.

Index Terms—Artificial Intelligence, Smart Traffic
Management, Computer Vision, Vehicle Detection,
Violation Detection, E-Challan System

[. INTRODUCTION

Due to the increased number of automobiles, traffic
congestion and road safety have become key concerns
in quickly expanding urban areas. Conventional traffic
management  systems  frequently result in
inefficiencies, delays, and human error because they
primarily rely on set signal timings and manual traffic
police monitoring. Due to these systems' inability to
adjust to current traffic circumstances, there is
congestion, longer travel times, and a higher chance of
accidents.
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It is now feasible to create intelligent systems that can
dynamically monitor, analyze, and control traffic
thanks to developments in artificial intelligence (Al)
and computer vision. Real-time video data from
security cameras can be processed by Al-based models
to detect cars, assess traffic congestion, and spot
infractions like unauthorized parking, speeding, and
signal jumping.

The goal of the proposed project, AI-Driven Smart
Traffic Management and Automated Violation
Detection with E-Challan System, is to create an
automated and intelligent approach to effective traffic
control. The technology automatically generates e-
challans by combining vehicle detection, number plate
recognition, and infraction tracking. The system
guarantees better traffic flow, increased road safety,
and efficient law enforcement by utilizing
contemporary technologies.

Overall, by offering a scalable, effective, and
automated traffic control solution that overcomes the
drawbacks of conventional systems, this research
advances the development of smart city infrastructure.

II. LITERATURE REVIEW

With the development of intelligent systems and smart
city technologies, traffic management and violation
detection have been extensively investigated. Fixed-
timing traffic lights and manual monitoring were the
mainstays of traditional systems, which are ineffective
in managing changing traffic circumstances. These
approaches frequently lead to more traffic, a slower
reaction to infractions, and a greater need on human
intervention.

Automated traffic monitoring using computer vision
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and machine learning approaches has been the focus
of recent study. Convolutional Neural Networks
(CNNs) and YOLO are two object detection methods
that many systems employ to recognize cars in real-
time video feeds. When compared to traditional
technologies, these approaches have greatly increased
the speed and accuracy of vehicle detection.
Additionally, automated number plate detection using
Optical Character detection (OCR) techniques has
made it possible to trace automobiles involved in
infractions digitally.

Intelligent traffic signal control systems that modify
signal timings in response to current traffic density
have been proposed in a number of studies. These
solutions enhance the effectiveness of traffic flow and
lessen congestion. Nevertheless, many of these
solutions lack automated means for detecting and
enforcing violations and instead concentrate solely on
traffic optimization.

While some sophisticated systems combine alert
mechanisms with infraction detection, they frequently
lack complete automation when it comes to producing
fines like e-challans. Furthermore, these systems'
performance is still impacted by problems including
low image quality, inconsistent lighting, and
occlusions.

III. PROBLEM STATEMENT

Due to the fast increase in the number of automobiles,
traffic congestion and road safety have become major
issues in contemporary metropolitan settings. The
majority of current traffic management systems rely on
manual traffic police surveillance and set signal
timings, both of which are ineffective at managing
dynamic and real-time traffic circumstances. Because
of this, these systems frequently result in severe traffic
jams, longer travel times, fuel waste, and an increased
chance of traffic accidents.

Additionally, using standard ways to monitor and
enforce traffic laws is a challenging endeavor. It need
constant human supervision to detect infractions
including signal jumping, speeding, lane indiscipline,
and unlawful parking, which is labor-intensive and
error-prone. Law enforcement is less effective since
many infractions go unreported and the manual fine-
issuing process is cumbersome and ineffective.
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Furthermore, it takes longer to take action against
violators when traffic surveillance and penalty
management systems are not integrated. Additionally,
intelligent systems that monitor traffic patterns and
adjust signal control based on vehicle density are not
widely used.

An automated and intelligent traffic control system
that can precisely identify infractions using Al-based
methods, monitor traffic in real time, and
instantaneously generate e-challans is therefore
desperately needed. Delays in enforcement and
decreased adherence to traffic laws are caused by the
absence of automation in detecting infractions and
producing fines. A system like this would increase
road safety, decrease human labor, increase traffic
efficiency, and guarantee better adherence to traffic
laws.

IV. OBJECTIVE

1. Real-Time Traffic Monitoring:

To provide continuous monitoring of traffic using live
video feeds, enabling instant analysis of road
conditions and vehicle movement.

2. Automated Vehicle Detection and Tracking:

To accurately detect, classify, and track multiple
vehicles simultaneously using advanced Al and
computer vision techniques.

3. Intelligent Violation Detection:

To automatically identify traffic rule violations such as
signal jumping, over-speeding, lane indiscipline, and
illegal parking with high precision.

4. Automatic E-Challan Generation System:

To instantly generate digital fines (e-challans) for
detected violations, ensuring faster and more efficient
enforcement.

5. ANPR Integration:

To extract and recognize vehicle registration numbers
using OCR for proper identification and record
management.

V. SYSTEM ANALYSIS

By adding automation and intelligence, the suggested
solution, Al-Driven Smart Traffic Management and
Automated Violation Detection with E-Challan
solution, aims to evaluate and enhance current traffic
management procedures. The system's main goals are

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6105



© March 2026 | IJIRT | Volume 12 Issue 10 | ISSN: 2349-6002

accurate violation detection, real-time monitoring, and
effective  enforcement through the use of
contemporary technologies.

5.1 Existing System

Fixed-time traffic signals and manual traffic police
surveillance are the mainstays of the existing traffic
management system. The sole purpose of CCTV
cameras is surveillance, and infractions are frequently
found by hand. This causes a number of problems,
including slow response times, human error, and
ineffective traffic management.

5.2 Limitations of Existing System

High reliance on human observation.

Traffic infraction detection is delayed.

A higher likelihood of human error.

Ineffective procedure for collecting fines.
Inadequate tracking and administration of data.
For real-time traffic, fixed signal timings are
inappropriate.
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5.3 Proposed System

The suggested method automates traffic monitoring
and violation detection using computer vision and
artificial intelligence. It automatically generates e-
challans, detects vehicles, and recognizes infractions
by processing real-time video data. In order to
dynamically improve signal timings, the system also
examines traffic density.

5.4 Advantages of Proposed System

Less congestion and better traffic flow.
Traffic monitoring and analysis in real time.
Decreased human error and effort.

Precise and automatic detection of infractions.
Generation of instant e-challans.
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Improved record keeping and data management.

5.5 System Design

An effective, automated, and scalable architecture for
real-time traffic monitoring and enforcement is the
main goal of the AI-Driven Smart Traffic Management
and Automated Violation Detection with E-Challan
System's system design. To guarantee that every
component operates smoothly, it incorporates web
technologies, computer vision, and machine learning.
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Fig 5.1 System Design

5.6 Feasibility Analysis:

1. Technical Feasibility:

Python, OpenCV, Al models (YOLO), OCR and
Computer Vision tools are among the technologies that
can be used to create the system. Hardware that is
needed, such as servers and cameras, is readily
available.

2. Economic Feasibility:

The system is cost-effective because it minimizes
manual labor and increases efficiency, which lowers
long-term operating costs.

3. Operational Feasibility:

Traffic authorities may simply run the system with
little training because it is user-friendly.

5.7 System Architecture:

The AlI-Driven Smart Traffic Management and
Automated Violation Detection with E-Challan
System's layered system architecture guarantees
effective data flow and real-time processing. The three
primary layers of the architecture are input,
processing, and output. Traffic cameras record live
video, which is pre-processed into frames for analysis
at the input layer. The processing layer makes use of
Al and computer vision methods like OCR for number
plate identification, rule-based logic for violation
detection, and YOLO for car detection. A decision
engine verifies the infractions found and initiates
additional measures. The technology automatically
creates e-challans at the output layer, saves the
information in a central database, and presents the
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findings to traffic authorities on an intuitive

dashboard. Accurate detection, quick processing, and

effective traffic management are made possible by this

architecture's seamless integration of all components.
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VI. IMPLEMENTATION

In order to provide an automated and effective traffic
monitoring system, the Al-Driven Smart Traffic
Management and Automated Violation Detection with
E-Challan System integrates computer Vvision,
machine learning, and web technologies. Traffic
cameras provide real-time video data to the system,
which then converts it into frames for analysis.
Accurate vehicle tracking and identification are
achieved through the use of object detection
techniques like YOLO. After that, the system uses
preset criteria to identify traffic infractions like
speeding, unlawful parking, and signal jumping. When
a violation is found, OCR techniques are used to
extract the vehicle's number plate for identification.
The technology instantly creates an e-challan with
information including the vehicle number, the type of
infraction, the date, and the fine amount after
confirming the infraction. For convenience of access
and future analysis, every record is kept in a single
database. The frontend offers an easy-to-use
dashboard for tracking traffic and reading reports,
while the backend, created with Flask and Python,
handles data processing and system integration. All
things considered, the solution guarantees real-time
processing, minimizes human labor, and enhances
traffic control accuracy and efficiency.
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6.1 System Data Flow:

Real-time traffic footage is first captured by CCTV
cameras and supplied as a video stream for processing.
The Al processing layer receives the extracted frames
and uses them to detect, categorize, and analyze traffic
situations. After processing, the data is sent to the
violation detection layer, which uses OCR to identify
license plates and detects infractions including signal
jumping, speeding, and seatbelt or helmet violations.
The backend system receives this data and stores and
verifies the vehicle details and infraction records.
Following validation, the system instantly creates an
e-challan, notifies the offender by email or SMS,
permits online payment via the portal, and updates the
admin dashboard for tracking and analysis.

Al-Driven Smart Traffic Management and Automated Violation Detection with E-Challan System
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Fig 6.1 Data Flow Diagram

6.2 System Database Design:

To effectively store, manage, and retrieve traffic and
violation data, the system database is built utilizing a
structured relational approach. Vehicle details,
user/owner information, infraction records, challan
details, and payment transactions are just a few of the
interconnected tables that make up this system. While
the user table keeps private information like name,
address, and phone number, the vehicle table keeps
registration number, car type, and owner linkage. The
violation table contains information on detected
offenses, including location, timing, kind of violation,
and acquired video or image evidence. Fines,
including challan ID, connected vehicle, fine amount,
status, and due date, are generated and tracked by the
challan table. Transaction details like payment ID,
method, and payment status are also included in the
payment table. To preserve data integrity and
guarantee seamless data flow throughout the system,
primary and foreign keys are used to link all tables. In
order to facilitate real-time processing, reporting, and
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analytics via the admin dashboard, database
additionally provides indexing and query optimization
for quicker retrieval.

Al-Driven Smart Traffic Management System
Database Design & Structure

A Y [ @ vehides ® Cameras & Trafic Densty

Fig 6.2 Database Diagram
VII. EXPERIMENTAL RESULTS

To make sure the AI-Driven Smart Traffic
Management and E-Challan System operates
precisely, effectively, and dependably under various
circumstances, system testing is carried out. To verify
each module and its interactions, the testing procedure
consists of several stages, including unit, integration,
and system testing. Features like vehicle detection,
number plate recognition, violation identification, and
e-challan generation are verified by functional testing.
Performance testing guarantees that the system can
analyze massive amounts of traffic data and videos in
real time without experiencing any delays. To assess
how well Al models detect infractions and identify
license plates, accuracy testing is done. Additionally,
user acceptability testing (UAT) makes sure the system
satisfies real-world needs, and security testing is used
to safeguard sensitive user and vehicle data. All things
considered, system testing ensures that the solution
runs well, reduces errors, and produces dependable
outcomes in real-world traffic management situations.
The suggested method effectively uses computer
vision and artificial intelligence to identify traffic
infractions in real-time. It detects infractions like
signal jumping and speeding, properly identifies cars,
and reads license plates. Enforcement is accelerated
and manual labor is decreased by the automated e-
challan generation. The method facilitates easy online
payments and guarantees quicker SMS notifications to
violators. All things considered, the project increases
road safety, increases the effectiveness of traffic

IJIRT 194926

monitoring, and guarantees better adherence to traffic
regulations.

7.1 Dashboard:
With important information including total violations,
e-challans issued, income collected, pending cases,
detection accuracy, and active cameras, the dashboard
offers a real-time summary of traffic surveillance.
Administrators can easily examine data and effectively
monitor system performance with its visual charts for
daily infractions and violation kinds.

BTl

Dashboard

Moniy Renus Trang i Vinition Fesa

Fig 7.1 Dashboard

7.2 Violation:
In real time, the infractions section shows
comprehensive details about every traffic infraction
that has been found. It contains information about the
type of offense, the vehicle number, the date and time,
the location, and the evidence that was captured. This
area guarantees proper enforcement and record
keeping while assisting administrators in effectively
monitoring, verifying, and managing infractions.

Violations

Fig 7.2 Violation

7.3 E-Challans:

By digitizing the issue and payment procedure, the E-
Challan system aims to simplify the administration of
traffic fines. It makes it possible for citizens to safely
pay fines online, for law enforcement to electronically
create challans for traffic infractions, and for the

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6108



© March 2026 | IJIRT | Volume 12 Issue 10 | ISSN: 2349-6002

information to be automatically recorded in a central
database. This improves overall traffic control
efficiency by cutting down on paperwork, minimizing
errors, and offering real-time tracking of infractions
and payments.

—

E-Challans

4,500

Fig 7.3 E-challan

7.4 Traffic Monitor:

Fig 7.4 Traffic Monitor

By monitoring vehicle movement, traffic density, and
flow patterns, the traffic monitoring section offers real-
time insights into road conditions. It monitors lane
usage, finds anomalous activity, and detects
congestion using real-time video feeds and Al
analysis. In order to increase road safety and lessen
congestion, this aids authorities in effectively
managing traffic and making prompt choices.

7.5 Analytics:

Wit Fisk by Hour (WL Preeicton - Ferxdon Forusi}

Fig 7.5 Analytics
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Through graphic reports and trends, the analytics area
offers insights into traffic and infraction data. It
examines trends like income generation, peak traffic
hours, and the frequency of infractions. This improves
traffic management tactics, lets administrators make
data-driven decisions, and boosts system performance.

IX. CONCLUSION

The Al-Driven Smart Traffic Management and
Automated Violation Detection with E-Challan
System effectively illustrates how computer vision and
artificial intelligence may be used to enhance law
enforcement and traffic monitoring. In order to
minimize human mistake and effort, the system
effectively detects infractions, identifies vehicle
details, and automates the e-challan generating
process. It facilitates smooth digital payment,
guarantees quicker contact with infractions, and
improves real-time traffic control. In general, the
project advances smart city infrastructure
development, increased road safety, and better
adherence to traffic regulations.

X. FUTURE ENHANCEMENTS

In order to improve the accuracy of vehicle detection
and number plate recognition, particularly in difficult
situations like poor light, rain, or heavy traffic, the
project can be further improved by incorporating
cutting-edge Al models. In order to improve signal
timing and lessen congestion, future iterations may use
deep learning-based real-time traffic prediction.
Automatic vehicle and owner information retrieval for
quicker processing is made possible by integration
with government databases. It is possible to create a
mobile application that allows users to read challans,
get notifications, and make payments. The system's
capabilities can also be increased by adding features
like multi-city deployment, emergency vehicle
prioritizing, and accident detection. Implementing
cloud-based infrastructure and strengthening security
with data encryption can help boost system
performance, scalability, and dependability.
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