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Abstract: With the rapid increase in urban vehicles, traffic violations such as overspeeding and non-
compliance with safety rules have become a major cause of road accidents. Manual traffic monitoring
systems require significant manpower and are often inefficient in detecting real-time violations. To
address these challenges, an intelligent and automated traffic monitoring solution is
required.TrafficGuard — Intelligent Traffic Violation Detection & Management System is an Al-
powered system designed to detect traffic violations using computer vision and deep learning
techniques. The system utilizes YOLOV8 object detection for identifying vehicles from video streams
and calculates vehicle speed using frame-based distance tracking. If a vehicle exceeds the specified
speed limit, the system automatically generates a challan and sends an email notification to the vehicle
owner. The system also includes a web-based payment portal developed using Streamlit, allowing users
to securely pay fines online using a unique challan ID. An Admin Dashboard provides real-time
statistics, revenue analysis, and violation management features. The system ensures automation,
accuracy, transparency, and scalability in traffic violation detection and management. The assessment is
conducted through a web-based interface developed using Streamlit, where users answer the generated
questions in real time. The system automatically evaluates responses, calculates scores, and performs
performance analysis using data analytics techniques. Detailed assessment reports are generated in PDF
format and delivered via email, enabling users to review their strengths and areas for improvement.
SkillGauge Al improves efficiency, scalability, and fairness in interview assessments, making it
suitable for recruitment processes, training institutions, and students seeking to evaluate and enhance
their technical capabilities.
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1. INTRODUCTION

With the rapid growth of urbanization and the increasing number of vehicles on roads, traffic violations
such as overspeeding, signal jJumping, and non-compliance with safety regulations have become major
concerns.Overspeeding alone accounts for a significant percentage of road accidents worldwide.
Traditional traffic monitoring systems rely heavily on manual supervision, speed guns, and physical
enforcement, which are time-consuming and require extensive manpower.

Recent advancements in Artificial Intelligence (Al), Computer Vision, and Deep Learning have
enabled the development of intelligent traffic monitoring systems capable of detecting violations
automatically. Object detection models such as YOLO (You Only Look Once) can identify vehicles in
real time with high accuracy. When combined with tracking algorithms and speed estimation
techniques, these technologies can automate traffic law enforcement.

TrafficGuard — Intelligent Traffic Violation Detection & Management System is an Al-based solution
designed to automatically detect traffic violations from video input. The system uses YOLOvVS8 for
vehicle detection, calculates vehicle speed using frame-based distance tracking, generates digital
challans for overspeeding vehicles, sends email notifications to vehicle owners, and provides an online
payment portal for fine settlement. An administrative dashboard is also included to monitor violations
and revenue statistics.

The system integrates deep learning, database management, web technologies, and automated
communication into a unified intelligent traffic management platform.

The primary purpose of this project is to automate the process of traffic violation detection and fine
management. Manual traffic enforcement systems face multiple challenges, including limited
monitoring coverage, dependency on human observation, delayed fine issuance, and lack of
centralized digital record management.

Furthermore, the system includes a web-based interface that enables traffic authorities to monitor
violations, generate reports, and manage enforcement processes effectively. The integration of
analytics tools allows authorities to identify traffic patterns, accident-prone zones, and high-risk areas.
This data-driven approach enhances decision-making and improves overall traffic management
efficiency.

In addition to improving enforcement, the proposed system contributes to road safety by ensuring
continuous monitoring and immediate detection of violations. It reduces dependency on manual
processes, minimizes human errors, and increases transparency in traffic regulation enforcement. Such
intelligent systems play a crucial role in the development of smart cities and modern transportation
infrastructure.
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2. LITERATURE SURVEY

The rapid development of Artificial Intelligence (Al), Computer Vision, and Deep Learning has
significantly transformed intelligent transportation systems. Modern traffic management solutions are
increasingly shifting from manual monitoring methods to automated systems that can detect violations
accurately and in real time. With the growing number of vehicles and road accidents, researchers have
focused on developing Al-based systems capable of detecting traffic violations such as overspeeding,
signal jumping, and helmet rule violations.

Traditional systems relied heavily on hardware devices such as radar guns and surveillance cameras.
However, these methods require continuous human supervision and lack automation in reporting and
penalty management. Recent research highlights the importance of integrating deep learning models
with automated reporting mechanisms to improve efficiency and reduce human intervention.

This chapter reviews existing research related to vehicle detection systems, speed estimation techniques,
automated challan generation systems, and intelligent traffic management platforms. The insights
gained from these studies form the foundation for the proposed TrafficGuard system.

Vehicle detection is a fundamental component of intelligent traffic monitoring systems. Earlier methods
relied on traditional image processing techniques such as background subtraction, edge detection, and
feature extraction. Although these approaches worked under controlled conditions, they were less
effective in dynamic environments with varying lighting and traffic density.

With the advancement of deep learning, Convolutional Neural Networks (CNNs) have been widely used
for object detection tasks. Models such as R-CNN, Fast R-CNN, and Faster R-CNN improved detection
accuracy but were computationally expensive for real-time applications.

The introduction of YOLO (You Only Look Once) revolutionized object detection by enabling real-
time detection with high accuracy. YOLO processes the entire image in a single pass, making it
significantly faster than region-based methods. Recent versions like YOLOvVS8 offer improved detection
performance, better tracking capabilities, and reduced inference time.

Speed estimation is a critical task in traffic violation detection. Traditional speed measurement systems
use radar-based or laser-based speed guns, which require manual handling and physical presence of
traffic personnel.Machine learning-based approaches, including Support Vector Machines (SVM) and
Random Forest algorithms, were later introduced to improve detection accuracy. These methods rely on
feature extraction and classification techniques to identify traffic violations. Although they provide
better performance than traditional methods, they require large amounts of labeled data and often fail to
generalize effectively across different environments [3].

Another important advancement in traffic monitoring is the use of multi-object tracking (MOT)
techniques. These methods not only detect vehicles but also track their movement across consecutive
frames, enabling the system to analyze behavior such as lane changes, illegal turns, and suspicious
driving patterns. Algorithms such as SORT (Simple Online Realtime Tracking) and Deep SORT have
been widely used for this purpose. While these approaches enhance tracking accuracy, they require
efficient integration with detection models to maintain real-time performance [8].

Several research works have demonstrated that frame-based tracking methods can accurately estimate
vehicle speed when calibrated properly. The key challenge lies in converting pixel measurements into
real-world units using reference distances.

With the advancement of deep learning, convolutional neural networks (CNNs) and real-time object
detection algorithms such as YOLO and Faster R-CNN have significantly improved the performance
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of traffic monitoring systems. These models can detect multiple objects simultaneously and provide
high accuracy in real-time applications. YOLO, in particular, has gained popularity due to its speed
and efficiency in processing video streams, making it suitable for real-time traffic violation detection

[4].

Another important area of research is Automatic Number Plate Recognition (ANPR), which uses Optical
Character Recognition (OCR) techniques to extract vehicle registration details. ANPR systems are
widely used in toll collection, parking management, and law enforcement. However, challenges such as
low image quality, motion blur, and varying plate formats can affect their accuracy [5].

Recent studies have focused on integrating object detection with OCR and cloud-based systems to
create comprehensive traffic management solutions. These systems not only detect violations but also
store data in centralized databases, enabling automated fine generation and analytics. Such integrated
approaches provide improved scalability, accuracy, and efficiency compared to standalone systems

[6].

Despite these advancements, existing systems still face challenges such as real-time processing
limitations, adaptability to diverse traffic conditions, and integration with smart city infrastructure. The
proposed Traffic Guard system addresses these challenges by combining deep learning-based
detection, OCR, and web-based management into a unified framework, ensuring accurate, scalable,
and efficient traffic violation monitoring.

Researchers have also explored cloud-based traffic management systems, where large volumes of
traffic data are processed and stored on cloud platforms. These systems provide scalability, high
storage capacity, and advanced analytics capabilities. Cloud integration enables authorities to access
traffic data remotely and perform long-term analysis such as traffic flow prediction and congestion
management. However, challenges such as data privacy, network latency, and dependency on internet
connectivity remain significant concerns in such systems [9].

In recent years, research has also focused on real-time traffic surveillance systems using edge
computing and Internet of Things (10T) devices. These systems deploy smart cameras and embedded
processors at traffic intersections to perform on-site data processing, reducing latency and dependence
on centralized servers. Edge-based solutions improve response time and enable faster violation
detection; however, they are often limited by hardware constraints and computational power, which
can affect the performance of complex deep learning models [7].

Furthermore, recent developments in smart city infrastructure emphasize the integration of intelligent
traffic systems with other urban services such as emergency response, public transportation, and law
enforcement systems. Advanced solutions combine Al-based traffic monitoring with predictive analytics
to forecast traffic conditions and prevent potential violations before they occur. Despite these
innovations, achieving seamless integration and maintaining system reliability in dynamic real-world
environments continues to be a challenging task [10].
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3. METHODOLOGY

The proposed Traffic Guard: Intelligent Traffic Violation Detection & Management System is
designed to provide an automated framework for real-time traffic monitoring and violation detection
using computer vision and deep learning techniques. The system integrates video processing, object
detection, OCR, and web-based management into a unified pipeline.

(A)User Interface and Monitoring Dashboard, (B)Video Data Acquisition, (C)Data Preprocessing, (D)
Violation Detection using Deep Learning, (E) Number Plate Recognition (OCR)

A. User Interface and Monitoring Dashboard

The system provides a web-based interface for traffic authorities to monitor violations and manage
enforcement activities. The interface is designed to be simple and user-friendly, enabling real-time
interaction.

Key functionalities include:

A. Live traffic monitoring through camera feeds
B. Display of detected violations

C. Automated report generation

D. Visualization of traffic analytics

B. Video Data Acquisition:
The system captures real-time video streams from surveillance cameras installed at traffic junctions
and roads.

Main features:
Continuous video capture
Support for multiple camera inputs
High-resolution frame extraction

These video feeds serve as the primary input for further processing and analysis.

C. Violation Detection using Deep Learning :
The core component of the system is the violation detection module, which uses deep learning
algorithms such as YOLO for object detection.

Detection capabilities:

» Vehicle detection (cars, bikes, trucks)
» Helmet detection for riders

« Triple riding identification

+ Signal violation detection

The model processes each frame in real time and identifies violations with high accuracy. Bounding
boxes are drawn around detected objects, and violations are flagged automatically.

D.Number Plate Recognition (OCR):
Once a violation is detected, the system extracts the vehicle number plate using OCR techniques.
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Figure 4.2 System Architecture

Process:

- Region of Interest (ROI) extraction
- License plate detection

- Character segmentation

- Text recognition using OCR

This enables automatic identification of vehicles involved in violations.

E.Database and System Workflow:

The system stores all detected violations and related data in a centralized database.

Workflow:

Video input is captured from cameras

Frames are preprocessed

Object detection identifies vehicles and violations
OCR extracts license plate details

Data is stored in the database

Results are displayed on the dashboard

This integrated workflow ensures efficient monitoring, storage, and retrieval of traffic violation
data.

o~ w DR

F.Real-Time Alert and Notification System:

The proposed system includes a real-time alert mechanism that notifies traffic authorities immediately
when a violation is detected. Once the system identifies a violation such as helmet absence or signal
jumping, an alert is generated and displayed on the monitoring dashboard. Additionally, notifications
can be sent via SMS or email to concerned authorities for quick action. This feature ensures rapid
response and improves enforcement efficiency. The alert system is designed to operate with minimal
delay, enabling authorities to take timely corrective measures and reduce the chances of repeated
violations.
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[1] Data Analytics and Visualization:

To enhance decision-making, the system incorporates data analytics and visualization tools. All recorded
violations are analyzed to identify traffic patterns, peak violation times, and high-risk zones. The
processed data is presented in the form of graphs, charts, and reports on the web dashboard. These
visual insights help authorities understand traffic behavior and plan better control strategies. For
example, frequent violations at specific intersections can indicate the need for additional signals or
stricter enforcement. This analytical capability transforms raw data into meaningful insights for efficient
traffic management.

[2] System Scalability and Integration:

- The Traffic Guard system is designed to be scalable and adaptable for deployment across multiple
locations such as highways, city intersections, and residential areas. The architecture supports the
addition of multiple camera inputs and can handle large volumes of data efficiently.

Furthermore, the system can be integrated with existing government databases and e-governance
platforms for automated fine generation and record management. Future integration with smart city
infrastructure and loT-based systems can further enhance its capabilities. This scalability ensures that
the system remains effective even as traffic volume and monitoring requirements increase.

4. RESULT AND DISCUSSION

The proposed TrafficGuard: Intelligent Traffic Violation Detection & Management System was
successfully developed and tested using real-time video inputs and sample traffic datasets. The system
integrates YOLOv8-based object detection, speed estimation using frame-based tracking, automated
challan generation, email notification, and a Streamlit-based web interface. The experimental
evaluation demonstrates that the system is capable of detecting traffic violations accurately and
managing them efficiently in real time.

A. Vehicle Detection and Tracking Performance

The YOLOvV8 model was used to detect vehicles such as cars, bikes, and trucks from video frames. The
model achieved high detection accuracy under different environmental conditions including daylight
and moderate traffic density. Bounding boxes were accurately drawn around detected vehicles,
enabling reliable tracking across consecutive frames.

The system successfully tracked vehicle movement using frame-based position changes, which is
essential for speed calculation. The tracking mechanism ensured that vehicles were continuously
monitored without loss of detection, even in moderately crowded scenes.
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B. Speed Estimation Accuracy

Vehicle speed was calculated using pixel distance tracking between consecutive frames and mapping it
to real-world distance. ~ The system demonstrated consistent performance in identifying overspeeding
vehicles based on predefined speed limits.

Although minor variations were observed due to camera angle and perspective distortion, the overall
speed estimation was sufficiently accurate for practical enforcement purposes. Calibration
techniques can further improve accuracy in real-world deployment.

Fig. 3 —Pending Challans

c. Violation Detection and Challan Generation

The system effectively identified overspeeding vehicles and automatically generated a unique challan
ID for each violation. Once a violation was detected:

- Vehicle details were recorded
- Speed limit breach was confirmed
- Adigital challan was generated instantly

This automation sinificantly reduces the delay associated with manual challan processing and ensures
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consistency in enforcement.

D. Email Notification System

An automated email notification system was integrated to inform vehicle owners about violations. The
system successfully sent emails containing:

 Violation details
 Captured vehicle image
« Challan ID

« Payment link

The notification process was fast and reliable, ensuring that violators are informed immediately. This
improves compliance and reduces the need for physical enforcement.

TRAFFICGUARD
e

VICLATION SETECTION Svs

Nowtgation
@ Upload video
@ Live Camess

@ Admin Panel

Fig. 4 — Admin dashboard

E. Web-Based Payment Portal

The Streamlit-based web application provided a user-friendly interface for fine payment. Users could
enter their unique challan ID and securely complete the payment process.

Key features observed:
« Simple and responsive Ul
+ Secure payment workflow

« Instant payment status update

This digital payment system eliminates the need for manual fine collection and enhances user
convenience.
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Fig. 5— Web-Based Payment Portal

F. Admin Dashboard and Data Management
The Admin Dashboard displayed real-time statistics and analytics, including:

e Total number of violations
+ Paid and pending challans
* Revenue generated

« Violation trends

The centralized database ensured efficient storage and retrieval of records. The visualization of data
through charts and summaries helped in better understanding traffic patterns and enforcement
effectiveness.

G. System Efficiency and Advantages

Compared to traditional traffic monitoring systems, the proposed system demonstrated several
advantages:

- Reduced human intervention
Real-time detection and processing
Automated communication and reporting
Improved accuracy and transparency

The integration of Al and web technologies significantly enhanced the overall efficiency of traffic
violation management.

H. Limitations and Challenges
Despite its effectiveness, the system has certain limitations:

» Speed estimation accuracy depends on camera calibration
« Performance may vary in low-light or extreme weather conditions
» Occlusion in heavy traffic may affect detection
IJCRT26A4244 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | k757



http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882
» Dependence on camera positioning and video quality

These challenges can be addressed in future improvements using advanced tracking algorithms and
better hardware setups.

I. Overall Discussion

The experimental results confirm that the TrafficGuard system is a reliable and scalable solution for
automated traffic violation detection and management. The combination of YOLOVS, speed estimation,
OCR (if extended), and web-based services provides a complete end-to-end solution.

The system not only improves enforcement efficiency but also promotes digital governance by enabling
automated challan generation, online payment, and real-time monitoring. It is well-suited for smart city
applications and can be extended to handle additional violations and large-scale deployments.

5. CONCLUSION

The proposed TrafficGuard: Intelligent Traffic Violation Detection & Management System
successfully demonstrates the application of artificial intelligence and computer vision in automating
traffic law enforcement. By integrating YOLOvV8-based vehicle detection, speed estimation, and
automated challan generation, the system effectively identifies traffic violations in real time. The
implementation of such an intelligent system reduces dependency on manual monitoring and
enhances the accuracy and consistency of violation detection.

The system also incorporates a complete digital workflow, including automated email notifications and a
web-based payment portal developed using Streamlit. This ensures that once a violation is detected, the
entire process—from challan generation to fine payment—is handled efficiently without human
intervention. The inclusion of an Admin Dashboard further enables authorities to monitor violations,
analyze trends, and manage records through a centralized platform, thereby improving operational
transparency and efficiency. Experimental results indicate that the system performs reliably under
various conditions and provides accurate detection of overspeeding vehicles. The real-time processing
capability and automated communication features significantly reduce delays associated with traditional
traffic enforcement systems. Additionally, the system contributes to improved road safety by
encouraging compliance with traffic regulations through timely notifications and easy fine payment
options.

In conclusion, the TrafficGuard system presents a scalable and efficient solution for modern traffic
management and smart city applications. Future enhancements may include integration of additional
violation detection such as signal jumping and helmet detection, improved speed calibration
techniques, and deployment across multiple locations using cloud-based infrastructure. With further
development, the system has the potential to become a comprehensive intelligent traffic management
solution that enhances safety, efficiency, and digital governance.
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