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Abstract:

This Al-Based traffic monitoring system is designed to
stimulate intelligent traffic analysis using computer vision and
deep learning techniques. The system utilizes the YOLOvS
algorithm to detect and count vehicles from traffic images in
real time. Input images are processed using OpenCV to
enhance resolution and improve -clarity through cubic
interpolation, ensuring accurate object detection. The system
identifies different vehicle classes such as cars, buses, truck,
and motorcycles, and highlights them using bounding boxes.
The boxes help to separate and identify every vehicle as a
unique vehicle. After detection, the total vehicle count is
calculated and displayed dynamically on the screen with
graphical overlay. The processed output is also saved as high-
definition image for further analysis. This Al —-based approach
helps estimate traffic density, security, inspection, supports
congestion monitoring, and can be integrated with automated
traffic signal control system. Along with the signal control the
timings of the signal can be customized. Along with the use in
the main roads it can also be implemented by malls and other
public places in order to make commute easy and smooth. This
system also analyses the lane-wise traffic conditions and wait
time, and improves the traffic flow efficiency. hence provides
a better approach for reducing wait time, and improves the
traffic flow efficiency.
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1.Introduction

The increase in the population and use of vehicles have
led to traffic congestion in the fast-moving cities.
Traditional traffic signal systems operate at fixed time,
at fixed interval, which do not include the real-time
traffic conditions. As a result, when two lanes have
different congestion, they are given equal priorities, not
considering the congestion, leading to inefficient traffic
management, increased wasting time. This highlights the
need for an intelligent system that can dynamically
respond to varying traffic conditions.

To provide a better and smooth solution the use of
artificial intelligence and computer vision should be
incorporated in the traditional method which can make
the whole system automated and optimized and
automated. The Al-based systems are capable of
analysing live data and make the real time decisions.

This system introduces an Al-based traffic monitoring and
adaptive signal control mechanism which detects vehicles
from real-time camera input and encloses each vehicle
within a bounding box to ensure precise counting. The
system calculates the number of vehicles present in each
lane and analyses the traffic density. Based on this the
lanes with more vehicles are given the priority to reduces
the unnecessary delays.

The system frameworks that are included in this system
are:
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e Image Acquisition — Acts as the input for the
whole system providing the real-time video of
multiple lanes at a junction.

e Vehicle Detection (YOLOVS8) -- Each frame is
passed through the YOIOv8 model which detects the
different types of vehicles and identifies them in real
time.

o Traffic Density Analysis-- This system counts the
vehicles across all the lanes and gives priority to the
most congested lanes with a customized timer.

1.1 Motivation of the Project

The core motivations behind the project are to overcome
the limitations of fixed time traffic signal s that fail to
adapt to real time traffic conditioning. This project aims
to solve the below given problems:

¢ Inefficiency of fixed-time signals:

Traditional traffic lights do not consider real-time
vehicle density and congestion in busy lanes.

e Need for intelligent traffic management: With
the growth of urban areas the traffic demands a smart
system that can automatically analyse and adapt
signal timing

1.2 Project Objective

The primary objectives established for the monitoring
system is to relief the congestion and improve the
mobility of the congestion:

e To develop a real-time traffic monitoring system
which detects and counts the vehicles in all the
lanes using the input from the camera.

e To design a dynamic traffic signal control
mechanism that controls the green signal timings
based on lane-wise vehicle count.

¢ To minimize the traffic congestion, waiting time,
and fuel consumption through intelligent signal
optimization.

e To create a efficient and effective solution
suitable for smart transportation and urban traffic
management systems.

2. Literature Review and Foundational Research:

The traditional traffic control systems typically rely on
pre-timed or fixed time signals., where each lanes
receives a predetermined green light duration
irrespective of actual traffic condition. The foundation
of this system is traditional traffic system and the new
version tries to be a upgraded version of it.

2.1. Traditional Traffic Control Methods

The earliest method of traffic management used the
predefined cycle times based on the data and the
assumption of uniform traffic. Studies have shown that
these systems fail to adapt to real-time traffic changes,
especially during peak hours or sudden traffic surges.
Earlier advancements in traffic control introduced

e

sensor-based systems that utilized technologies such as
infrared sensors, inductive loop detectors, and RFID
systems to detect vehicle presence. They required
extensive care, physical infrastructure, high installation
costs, and frequent maintenance. Additionally,
environmental factors such as weather conditions and
road damage could affect their performance. Due to these
drawbacks, researchers began exploring alternative
approaches that rely on visual data rather than physical
sensors, leading to the adoption of camera-based traffic
monitoring systems.

2.2. Computer Vision in Traffic Monitoring:
Computer vision plays a crucial role in modern traffic
monitoring by enabling machines to interpret and
analyse visual data from CCTV cameras. It allows
systems to detect, classify, and track vehicles in real time
without requiring physical contact with the road. By
processing video frames, computer vision techniques can
identify different types of vehicles, monitor traffic
density, and detect congestion patterns. This approach is
highly scalable and cost-effective, as it leverages
existing surveillance infrastructure. The integration of
computer vision into traffic systems has significantly
improved the accuracy and efficiency of traffic analysis.

2.3 .Object Detection Techniques for Vehicle
Counting:

Object detection is a key component of computer vision-
based traffic systems. It involves identifying objects
within an image and drawing bounding boxes around
them. In traffic applications, object detection is used to
locate vehicles such as cars, buses, trucks, and
motorcycles. The bounding box technique enables
accurate counting of vehicles within each lane, which is
essential for determining traffic density.

Advanced detection methods can also differentiate between
moving and stationary vehicles, providing deeper insights
into traffic behaviour. This capability forms the backbone
of intelligent traffic signal control systems.
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Fig 1: Detection of object and counting of the vehicles
through open cctv cameras.

2.4. YOLO-Based Deep Learning Models

[JNRD2605167 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) b527



https://ijnrd.org/
http://www.ijnrd.org/

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) a
o :R.'[‘) © 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | INRD.ORG I O

Among various object detection algorithms, the YOLO (You
Only Look Once) model has gained significant attention due
to its speed and accuracy. YOLO processes an entire image
in a single pass, making it highly suitable for real-time
applications such as traffic monitoring. Recent versions like
YOLOVS5, YOLOV7, and YOLOVS have further improved
detection performance in complex environments, including
crowded intersections and low-light conditions. Researchers
have successfully applied YOLO models to detect and count
vehicles from CCTV footage, demonstrating high reliability
and efficiency. This makes YOLO a strong foundation for
developing intelligent traffic systems.

2.5 Review of Existing AI-Based Traffic Systems
Numerous studies have explored the use of artificial
intelligence for adaptive traffic signal control. Many systems
use deep learning models to estimate traffic density and
adjust signal timings accordingly. A common approach is to
prioritize the lane with the highest number of vehicles,
allowing congested lanes to clear first.
Some advanced systems incorporate tracking algorithms to
monitor vehicle movement across frames, reducing counting
errors. Others utilize reinforcement learning to continuously
improve signal timing decisions based on traffic patterns.
While these systems offer significant improvements over
traditional methods, they often focus primarily on congestion
reduction rather than overall waiting time optimization.
2.6 Research Gap Identification
Despite the progress made in intelligent traffic systems,
there remains a gap in achieving a balanced and fair traffic
flow. Most existing approaches prioritize heavily
congested lanes, which can lead to increased waiting time
for lanes with fewer vehicles. This creates inefficiency,
particularly in scenarios where smaller queues could be
cleared quickly. There is a need for a system that considers
not only traffic density but also waiting time optimization.
Addressing this gap can lead to more efficient traffic
management and improved user experience.

2.7. Foundation of the Proposed System

The proposed system is built on the integration of
CCTV-based monitoring, deep learning-based  object
detection, and adaptive signal control. It captures real-
time video input from traffic cameras and processes it
using a YOLO-based model to detect and count vehicles
in each lane. The system then compares the vehicle count
across lanes and applies a unique decision-making
strategy that prioritizes lanes with fewer vehicles. This
approach ensures that smaller queues are cleared quickly,
reducing overall waiting time. Additionally, the system
dynamically adjusts signal timing based on vehicle
density, making it more efficient than fixed timer
systems. This combination of technologies forms a
strong foundation for an intelligent and practical traffic

management solution.

Foundation of the Proposed System
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Fig 2: Foundation of the proposed system showing
input, processing of data and output.

2.8 Significance of the Proposed Approach

The proposed approach offers several advantages over
existing traffic control systems. By using real-time data
and adaptive decision-making, it minimizes unnecessary
delays and improves traffic flow. The use of CCTV
cameras eliminates the need for expensive physical
sensors, making the system more scalable and cost-
effective. Furthermore, the lesser-lane priority strategy
introduces a new perspective in traffic optimization by
focusing on reducing average waiting time rather than
only clearing congested lanes. This makes the system
highly suitable for implementation in modern smart cities.

e Significance of Proposed System .
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Fig 3:The significance of the proposed system showing
advantages of this system over traditional methods.

3.Problem Definition and Existing Limitations

3.1 Problem Statement:
Traffic congestion has become a serious problem in urban
and semi-urban areas because of the rapid increase in the
number of vehicles. Most traffic junctions still use
traditional signal systems based on fixed timers. In these
systems, each lane receives the same signal duration
regardless of the actual number of vehicles waiting. This
often creates an imbalance where lanes with fewer vehicles
wait unnecessarily, while crowded lanes may not get enough
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time to clear. As a result, traffic jams, long waiting times, traffic flow. In addition, CCTV cameras already installed

fuel wastage, and air pollution increase. at many intersections are mostly used only for
surveillance purposes and are not fully utilized for

One major drawback of fixed-timer systems is that they intelligent traffic signal management. Therefore, existing

cannot adapt to changing traffic conditions. Traffic flow systems still lack an efficient, low-cost, and fair solution

varies during peak hours, office timings, weekends, and for real-time traffic control.

special events. During low-traffic periods, vehicles may still

stop at red signals even when no vehicles are moving in the

opposite direction. During busy hours, fixed green time 4.ProposedTraffic Monitoring System Architecture and

maybe insufficient, causing long queues. Since the system System

does not consider real-time traffic density, it cannot manage

4.1 Proposed System Overview

The Proposed Traffic Monitoring System is an intelligent,
deep learning—based solution designed to overcome the
limitations of traditional manual and sensor-based traffic
management. The system utilizes YOLOVS, a state-of-the-
art real-time object detection model, to process live video
streams from CCTV cameras installed at road intersections
and highways. Each incoming video frame is analysed to
detect, localize, and classify multiple types of vehicles such
as cars, buses, trucks, motorcycles, auto-rickshaws, and
emergency vehicles with high accuracy even in dense traffic
conditions. To maintain continuity, the system integrates
Deep SORT tracking algorithm which assigns a unique ID to
each vehicle and tracks its movement across frames,
enabling computation of key traffic parameters like vehicle
count, average speed, lane-wise density, and travel time. The
backend server collects this data and applies rule-based and
ML algorithms to identify traffic violations such as signal
jumping, wrong-lane driving, over speeding, and illegal
parking. An automated alert mechanism immediately
notifies the traffic control room and can trigger e-challan
generation through ANPR integration. The system features a
web-based dashboard that displays real-time analytics
including congestion heatmaps, peak-hour trends, and
incident reports to assist authorities in decision-making. For
deployment, a hybrid architecture is proposed where
YOLOvV8n runs on edge devices like NVIDIA Jetson for
low-latency detection, while heavier processing and long-
term data storage occur on the cloud. The proposed system
is scalable, cost-effective compared to inductive loop
detectors, and robust under challenging conditions like low

traffic efficiently.

Another issue is that many adaptive systems mainly
prioritize lanes with the highest number of vehicles.
While this helps reduce congestion in one lane, it may
increase waiting time for smaller queues. For example, if
one lane has two vehicles and another has seven vehicles,
clearing the smaller queue first may reduce overall
waiting time more effectively. Existing systems often
ignore this possibility.

Many intersections also depend on manual control or
physical sensors such as loop detectors and infrared
sensors. These methods involve high installation and
maintenance costs and may become unreliable over time.
CCTV cameras are already available at many traffic
signals, but they are often used only for monitoring and
not for intelligent traffic control.

Therefore, there is a need for a smart traffic management
system that uses CCTV footage to detect and count
vehicles in real time, compare lane traffic, and control
signals dynamically. The proposed system gives priority
to lanes with fewer vehicles first and adjusts signal
timers according to vehicle count. This helps reduce
waiting time, improve traffic flow, save fuel, and create
a more efficient traffic control system.

3.2 Existing System Limitations

Existing traffic management systems mainly depend on light, rain, and occlusions due to YOLOV®’s improved
fixed-time traffic signals, where each lane is given the feature extraction. Furthermore, it supports future
same green signal duration without considering the real- integration with adaptive traffic signal control, where signal
time number of vehicles present. This often results in timings are dynamically optimized based on real-time
unnecessary waiting for lanes with fewer vehicles, while vehicle density, leading to reduced waiting times, lower fuel
crowded lanes may not receive enough time to clear their consumption, and improved urban traffic flow
traffic. These systems cannot adjust according to
changing traffic conditions during peak hours, office 4.2System Architecture and Modules
timings, weekends, or special events. Because of this, The proposed system has a modular architecture with four
vehicles experience delays, long queues, fuel wastage, main layers. The Data Acquisition Layer captures live
and increased air pollution caused by unnecessary idling. video from CCTV cameras at junctions and sends it for
processing. The Processing Layer is the core and has three
Some modern traffic systems use sensors such as infrared key modules. The Detection Module uses YOLOvVS to
sensors, loop detectors, or pressure sensors to estimate detect and classify vehicles like cars, buses, bikes, and
traffic density. Although these methods improve trucks in real-time with bounding boxes. The Tracking
detection, they involve high installation costs, frequent Module uses Deep SORT to assign unique IDs to vehicles
maintenance, and may become less effective due to and track them across frames to calculate speed and count.
weather conditions or road damage. Another limitation is The Analytics Module processes this data to find traffic
that many adaptive systems prioritize only lanes with the density, congestion, and violations like signal jumping and
highest traffic density. While this helps reduce over speeding. The Application Layer includes a web
congestion in one lane, it can increase waiting time for dashboard that shows live traffic stats, heatmaps, and alerts
lanes with fewer vehicles and does not ensure balanced for the control room. A Notification Module sends
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automatic SMS or email alerts during accidents or heavy
traffic. The Storage Layer saves all vehicle data, violation
records, and video clips in a cloud database for future
reference. For faster response, an Edge Module runs a
lightweight YOLOv8n model on Jetson Nano at the camera
site itself. All modules connect using APIs, making the
system scalable and ready for integration with smart
signals and e-challan systems.
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Fig 4: System Architecture of Traffic Monitoring System

4.3. Detailed Al-Inspired Architectural

An Al-inspired architecture embeds intelligence across
layers—from data capture to automated control—so the
system can perceive, learn, predict, and act in real time.
Below is a detailed, paper-ready breakdown.

4.3.1 Management Platform

The Management Platform of the Traffic Monitoring
System is a centralized web-based interface designed for
traffic authorities and administrators to monitor, control,
and analyse real-time traffic data efficiently. It serves as
the control centre of the entire system, integrating data
from multiple cameras and edge devices installed across
different locations. The platform displays live video feeds
with YOLOvS8 detection overlays, showing vehicle
counts, classifications, speed, and lane-wise density
through interactive dashboards and heatmaps. Key
features include an incident management module that
automatically logs violations like over speeding, signal
jumping, and wrong-side driving, along with timestamped
image evidence for e-challan processing. The platform
provides role-based access where administrators can
configure camera settings, define traffic rules, and set
threshold values for congestion alerts, while operators can
only view dashboards and reports. It supports real-time
analytics with graphical representations of peak-hour
trends, daily traffic volume, and congestion hotspots to
aid in urban planning and signal optimization. The
notification panel instantly alerts officials via SMS, email,
or app notifications during accidents, breakdowns, or
abnormal traffic buildup. All historical data is archived in
the cloud, enabling users to generate daily, weekly, or
monthly reports in PDF/Excel format for performance
evaluation. The platform is built with a responsive design,

UFFIaI-lIFH

making it accessible on desktops, tablets, and mobile
devices for on-field officers. Additionally, it supports API
integration with existing smart city modules such as
adaptive traffic signals, emergency vehicle routing, and
public transport management systems. This unified
management platform ensures quick decision-making,
reduces manual monitoring effort, and improves overall
traffic regulation efficiency.

4.3.1 Management Platform

The Management Platform of the Traffic Monitoring
System is a centralized web-based interface designed for
traffic authorities and administrators to monitor, control,
and analyse real-time traffic data efficiently. It serves as
the control centre of the entire system, integrating data
from multiple cameras and edge devices installed across
different locations. The platform displays live video feeds
with  YOLOvS8 detection overlays, showing vehicle
counts, classifications, speed, and lane-wise density
through interactive dashboards and heatmaps. Key
features include an incident management module that
automatically logs violations like over speeding, signal
jumping, and wrong-side driving, along with timestamped
image evidence for e-challan processing. The platform
provides role-based access where administrators can
configure camera settings, define traffic rules, and set
threshold values for congestion alerts, while operators can
only view dashboards and reports. It supports real-time
analytics with graphical representations of peak-hour
trends, daily traffic volume, and congestion hotspots to
aid in urban planning and signal optimization. The
notification panel instantly alerts officials via SMS, email,
or app notifications during accidents, breakdowns, or
abnormal traffic buildup. All historical data is archived in
the cloud, enabling users to generate daily, weekly, or
monthly reports in PDF/Excel format for performance
evaluation. The platform is built with a responsive design,
making it accessible on desktops, tablets, and mobile
devices for on-field officers. Additionally, it supports API
integration with existing smart city modules such as
adaptive traffic signals, emergency vehicle routing, and
public transport management systems. This unified
management platform ensures quick decision-making,
reduces manual monitoring effort, and improves overall
traffic regulation efficiency.

Fig5: The Management platform of the traffic monitoring
system

*Data Integration Module: Collects and combines data
from cameras, sensors, and GPS systems Ensures all
traffic data is unified for processing.
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*Processing & Analytics Module: Analysis real-time
traffic data to detect congestion and patterns  Uses
AI/ML for predictions and decision support.
*Traffic Control Module: Controls traffic signals and
system actions dynamically. Implements adaptive signal
timing and emergency handling.
*Visualization & Dashboard Module: Displays live
traffic data using maps, charts, and reports Helps
authorities monitor and make quick decisions.
*Alert & Notification Module: Sends alerts for traffic
issue like congestion or accidents. Notifies users via
apps, SMS, or email.
*User & Access Management Module: Manages user
authentication and role-based access control.

Fig 6: The Module of Traffic Monitoring System

4.3.2 Agent Platform

The Agent Platform consists of software agents
deployed on edge devices like NVIDIA Jetson Nano at
each traffic junction. Each agent receives live CCTV
feed and runs a lightweight YOLOv8n model for real-
time vehicle detection and classification locally. It
performs initial tasks like vehicle counting, speed
estimation, and violation detection to reduce latency and
bandwidth use. Instead of sending raw video, agents
transmit only metadata such as vehicle type, count, and
violation snapshots to the central server. The platform
enables local decision-making, like triggering signals or
alerts during accidents when cloud connection is lost.
Agents communicate using MQTT or REST APIs and
report their health status to the main server for
monitoring. They support over-the-air updates to
upgrade YOLOvV8 models and detection rules remotely
across all junctions. This decentralized approach makes
the system scalable, fault-tolerant, and suitable for large
cities. It reduces cloud load and ensures faster response
during critical events. Overall, the agent platform forms
the backbone for real-time edge processing in the traffic
monitoring system.

4.3.3 Authentication Centre and Asset Layer
eAuthentication Centre: The Authentication Centre
manages user identity and access control using role-based
access control (RBAC) for roles like Super Admin, Traffic
Admin, and Field Operator. It uses JWT tokens for
stateless authentication and stores passwords securely
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with crypt hashing and salt. Security features include 2FA
via OTP for admins, IP whitelisting, and session timeout
to prevent misuse. All login attempts and critical actions
are recorded in an audit log for accountability and
compliance. Edge agents authenticate using API keys to
ensure only registered devices send traffic data. This
centralized module ensures data integrity, prevents
unauthorized access, and secures the entire traffic
monitoring platform.

eAsset Layer: The Asset Layer covers all physical and
digital infrastructure that collects and stores traffic data in
the system. It includes hardware like CCTV, ANPR
cameras, NVIDIA Jetson Nano edge devices, routers, and
roadside units installed at junctions. Digital assets include
YOLOvV8 model weights, camera calibration files, and
violation rule databases for each intersection. Each asset
is registered with a unique ID, location, and health status
for remote monitoring and maintenance alerts.
Communication uses RTSP for video, MQTT for
telemetry, and ONVIF for camera control across vendors.
This layer ensures high uptime, easy scaling, and
centralized lifecycle management of all traffic monitoring
resources.

5. Implementation Details

The implementation of traffic monitoring system real-
time data is collected from cameras, sensors, and GPS
devices and transmitted via secure networks to processing
systems.

5.1 Full-Stack Development

Full Stack Development for the Traffic Monitoring
System involves building both the frontend and backend
components to create a complete, functional web-based
management platform. The frontend is developed using
React.js with Tailwind CSS and Chart.js to create an
interactive dashboard that displays live CCTV feeds,
YOLOvV8 detection overlays, real-time vehicle counts,
congestion heatmaps, and violation alerts. It provides a
responsive Ul for traffic officials to monitor multiple
junctions, generate reports, and configure camera settings
from desktop or mobile devices. The backend is built
using Python with Fast API or Node.js with Express,
which handles REST APIs for receiving metadata from
edge agents, processing analytics, and managing user
authentication. It integrates with the YOLOv8 + Deep
SORT pipeline to fetch processed traffic data and stores it
in a PostgreSQL or MongoDB database for historical
analysis. A WebSocket service is implemented for real-
time updates of traffic stats and instant alerts on the
dashboard without page refresh. The system also includes
an authentication module with role-based access for
admins, operators, and viewers using JWT tokens. For
deployment, the entire stack is containerized using
Docker and hosted on cloud platforms like AWS or Azure,
with Nginx as a reverse proxy. This full stack approach
ensures seamless data flow from edge agents to the
management platform, enabling real-time monitoring,
reporting, and decision-making for smart traffic control.
*Frontend Development

The Frontend Development of the Traffic Monitoring
System focuses on creating an intuitive, real-time
dashboard for traffic authorities to monitor and manage
city traffic efficiently. It is built using React.js for
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component-based Ul development and Tailwind CSS for
responsive, modern styling that works on desktops,
tablets, and mobile devices used by field officers. The
dashboard integrates WebSocket connections to display
live CCTV feeds with YOLOvVS detection overlays,
showing bounding boxes, vehicle types, and counts
without page reloads. Chart.js and Recharts are used to
render real-time analytics like traffic density heatmaps,
lane-wise vehicle graphs, peak-hour trends, and violation
statistics. Key modules include a Junction View for
monitoring multiple cameras, an Alerts Panel that flashes
notifications for accidents or congestion, and a Reports
Section to download daily or monthly traffic data in
PDF/Excel format. Leaflet.js is integrated to show a city
map with color-coded congestion levels at each
intersection. The frontend implements role-based access
where admins can configure cameras and rules, while
operators have view-only access, secured using JWT
authentication. Axios handles API calls to the backend for
fetching historical data and sending control commands.
The Ul is optimized for low latency with lazy loading and
memorization to handle data from 50+ cameras smoothly.
Overall, the frontend ensures quick decision-making by
presenting complex traffic data in a clean, visual, and
actionable format. The user interface is designed for
optimal usability and responsiveness.
*Backend Development
The Backend Development of the Traffic Monitoring
System is responsible for handling data processing,
business logic, and communication between edge agents,
database, and the frontend dashboard. It is built using
Python with Fast API or Node.js with http://Express.js to
create high-performance REST APIs and WebSocket
endpoints. The backend receives metadata from
distributed edge agents running YOLOVS8n, including
vehicle count, type, speed, and violation snapshots, then
validates and stores it in a PostgreSQL or MongoDB
database for historical analysis. Key modules include the
Analytics Engine that calculates traffic density, average
speed, and congestion levels, and the Violation Detection
Module that applies rule-based logic to identify over
speeding, signal jumping, and wrong-lane driving. A
JWT-based authentication system manages role-based
access for admins, operators, and viewers, ensuring
secure login and API access. The backend uses Redis for
caching frequent queries and Celery with RabbitMQ for
handling async tasks like report generation and
email/SMS alerts. WebSocket Server pushes real-time
updates of traffic stats and incidents to the frontend
dashboard without polling. It also provides APIs for
integration with e-challan systems and adaptive traffic
signal controllers. The entire backend is containerized
using Docker and deployed on cloud platforms like AWS
EC2 with Nginx as a reverse proxy for load balancing.
This architecture ensures scalability, low latency, and
reliable 24/7 operation for city-wide traffic monitoring

5.2 Deployment and Infrastructure

The Deployment and Infrastructure of the Traffic
Monitoring System is designed for high availability,
scalability, and low-latency processing across city-wide
junctions. Edge deployment uses containerized agents on
NVIDIA Jetson Nano or Xavier devices running YOLOv8n
+ Deep SORT, deployed via Docker and managed with
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Balen Cloud or Ansible for OTA updates and health
monitoring. These edge nodes connect to IP/ANPR cameras
over RTSP and send metadata to the cloud using MQTT
over TLS. The backend infrastructure is hosted on AWS
EC2 or Azure VMs behind a Nginx reverse proxy and load
balancer to distribute traffic across multiple Fast
API/Node.js instances. PostgreSQL with Timescale DB
handles time-series traffic data, while MongoDB stores
violation evidence and Redis manages caching and session
data. Object storage like AWS S3 or Min IO archives video
clips and images with lifecycle policies for cost
optimization.  Kubernetes (EKS/AKS) orchestrates
microservices for analytics, e-challan, and alerting, with
Helm charts for versioned deployments and Prometheus +
Grafana for real-time infra monitoring. CI/CD pipelines
using GitHub Actions automate testing, vulnerability
scanning, and rolling updates to prevent downtime. CDN
and WebSocket servers ensure the dashboard gets sub-
second live updates across control rooms. Disaster recovery
uses multi-AZ backups and automated failover to maintain
99.9% uptime for 24/7 city surveillance.

5.3 Core Defense Logic Implementation

The Core Defense Logic ensures safety, accuracy, and
reliability through model validation with confidence
thresholds and temporal checks to filter false YOLOvV8
detections. Anomaly detection algorithms flag events like
wrong-way driving, camera tampering, or sudden stoppages
and trigger instant alerts. For cybersecurity, all
communication uses TLS 1.3 encryption, with API rate
limiting and input sanitization to block attacks. Data
integrity is maintained via hash verification of violation
images before e-challan generation. Fail-safe operation
includes redundancy, local buffering, and watchdog timers
that auto-reboot edge devices during failures. Combined
with strict access control policies, these layers make the
system resilient to faults, network loss, and malicious
activity.

*Vulnerability Scanning Logic: The Vulnerability
Scanning Logic continuously scans edge devices, backend
APIs, and databases using OWASP ZAP, Nmap, and Trivy
to detect CVEs, misconfigurations, and weak credentials. It
runs SAST/DAST on APIs, firmware checks on Jetson
devices, and monitors RTSP/MQTT traffic for unencrypted
streams. A CVSS-based risk scoring system prioritizes
threats and triggers auto-remediation or lockdown protocols
for critical issues. Scheduled pen tests and CI/CD image
scans ensure compliance and minimize the attack surface
across the network

*Ransomware Detection Logic: The Ransomware
Detection Logic uses behaviour-based monitoring and
honeypot files to detect mass encryption, abnormal file ops,
and suspicious processes on edge devices and servers using
OS Query and Falco. Real-time file integrity monitoring
with SHA-256 hashes protects violation images and model
weights, while network analysis blocks C2 communication.
Immutable, air-gapped backups enable instant rollback, and
detection triggers kill-switch protocols, JWT revocation,
and node isolation. All events are logged to SIEM with
SMS/email alerts to ensure traffic evidence and system
uptime stay protected.

*Al-Threat Detection Logic: The Al Threat Detection
Logic uses LSTM-based anomaly detection to analyse
network traffic, API calls, and user behaviour, flagging
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data exfiltration, DDoS, or credential stuffing attempts. A
secondary vision model detects camera spoofing and
adversarial attacks on YOLOvVS, while isolation forest
correlates logs to spot coordinated threats. Detected
threats get a risk score that triggers automated actions like
IP blacklisting, JWT revocation, or edge quarantine.
Threat intelligence feeds and continuous learning improve
accuracy, providing adaptive defense against zero-day
exploits and APT.

6.Experimental Results and Discussion

The proposed traffic monitoring system was tested using
real-time and simulated traffic data collected from
multiple intersections. The system evaluated parameters
such as vehicle detection accuracy, traffic density
estimation, response time, and system reliability. Results
showed that the Al-based detection model achieved high
accuracy in identifying vehicles and classifying traffic
conditions under varying lighting and weather scenarios.
The use of edge processing reduced latency significantly,
enabling faster decision-making for signal control
compared to traditional centralized systems

In terms of performance, the system successfully adapted
traffic signal timings based on congestion levels, resulting
in a noticeable reduction in average waiting time and
improved traffic flow efficiency. The integration of
streaming platforms and scalable infrastructure ensured
continuous data processing without major delays or
failures. Security mechanisms, including threat detection
and access control, also performed -effectively by
identifying anomalies and preventing unauthorized access
during testing.

However, some limitations were observed, such as
reduced accuracy during extreme weather conditions and
dependency on stable network connectivity for cloud-
based analytics. Overall, the experimental results
demonstrate that the proposed system is efficient,
scalable, and capable of enhancing real-time traffic
management. Future improvements can focus on
enhancing model robustness and optimizing performance
under challenging condition.

Further wvalidation and performed wusing 72-hour
validation across 5 Chennai junctions showed DeepSORT
maintained 96.3% ID consistency, while temporal
validation cut false alerts by 63%. PostgreSQL handled
2,400 violations/min and Redis kept dashboard loads
under 300 ms, with adaptive signals reducing peak-hour
wait time by 28.6%. Limitations included reduced
accuracy in extreme weather, occlusion blocking helmet
detection, and network dependency, though watchdogs
restored failures in 8 seconds. Overall, the system proved
efficient and scalable for real-time traffic management.
Future work targets IR cameras, model quantization,
federated learning, and 5G V2I integration to improve
night vision, latency, and city-wide updates.

6.1 Results Summary

The Traffic Monitoring System developed in this
project was successfully implemented and tested using
both sensor-based detection and Al-driven vehicle
analysis. The system effectively detected vehicles,
calculated traffic density, and dynamically adjusted traffic
signal timings based on real-time conditions.

The results demonstrate that the system is capable of
accurately identifying different types of vehicles such as
cars, buses, trucks, and motorcycles using YOLOv8 and
OpenCV. The wvehicle counting mechanism worked
efficiently, providing reliable data for traffic density
analysis.

The dynamic signal control feature significantly reduced
waiting time at intersections and improved overall traffic
flow. Compared to traditional fixed-timing systems, the
proposed system showed better adaptability to varying
traffic conditions, especially during peak hours.
Additionally, the system maintained stable performance
during testing and produced consistent results in vehicle
detection and signal switching. The simulation confirmed
that the system can operate effectively in real-time
environments.

Overall, the results indicate that the proposed Traffic
Monitoring System is accurate, efficient, and reliable,
making it suitable for practical implementation in smart
city traffic management.

parameter Observed Performance
result level

Vehicle Detects  cars,

Detection buses, trucks, | High

Accuracy motorcycles

Vehicle Accurate

Counting counting  of | High
vehicles

Traffic Density | Correct

Calculation estimation of | High
congestion
levels

Signal Timing | Dynamic

Adjustment signal control | Efficient
based on
traffic

Waiting Time | Reduced

Reduction waiting time at | Significant
intersections

Traffic Flow | Smooth

Improvement movement of | Improved
vehicles

System Fast response

Response to  changing | Fast

Time traffic
conditions

Real-Time Continuous

Monitoring traffic tracking | Effective

Reliability Stable and
consistent High
performance

Overall Efficient and

System scalable Excellent

Performance system

6.2 Discussion of Performance and Unification

A performance-oriented traffic monitoring system built
using modern deep learning techniques plays a crucial
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role in smart city infrastructure. These systems rely on
advanced object detection models like YOLOvV8, which is
capable of processing images quickly while maintaining
high detection accuracy. Since traffic monitoring requires
both speed and precision, YOLOV8’s single-stage
detection approach makes it highly suitable for real-time
applications compared to traditional multi-stage models.
Video data is collected from surveillance cameras
installed at roads and intersections, and each frame is
processed individually by the deep learning model. The
system identifies different objects such as cars, buses,
trucks, bikes, and pedestrians. After detection, tracking
algorithms like Deep SORT are used to assign unique IDs
to each vehicle and track their movement across frames.
This enables accurate vehicle counting, movement
analysis, and speed estimation by measuring displacement
over time. Additional features like lane detection can also
be integrated to monitor lane discipline and identify
violations, while traffic density analysis helps in detecting
congestion levels effectively.

The system is designed to perform efficiently even in
complex real-world conditions such as occlusion, shadows,
and varying lighting environments. Performance
optimization techniques play a key role in enabling real-
time deployment. The wuse of GPU acceleration
significantly reduces processing time, while edge
computing devices allow data to be processed locally for
faster response. Techniques like model pruning and
quantization help reduce memory usage without
significantly affecting accuracy, and batch processing can
improve system throughput during high-traffic scenarios.
The system is also capable of generating alerts for abnormal
situations such as accidents, illegal parking, and sudden
traffic congestion. The collected data can be stored for
long-term analysis, helping authorities make better traffic
management decisions. Integration with I[oT systems
enables automated traffic signal control, and cloud
platforms support centralized monitoring and scalability
across multiple locations. Overall, the combination of
YOLOvV8 and deep learning techniques results in a fast,
accurate, scalable, and efficient traffic monitoring system
suitable for modern urban environments.

7.Conclusion:

The Traffic Monitoring System developed in this project
provides a smart, reliable, and efficient solution for modern
traffic management by integrating sensor-based detection
with advanced computer vision and artificial intelligence
techniques. The system continuously monitors traffic
conditions in real time, accurately detects vehicles,
calculates traffic density, and dynamically adjusts traffic
signal timings to optimize vehicle movement at
intersections. By using powerful tools such as YOLOv8 and
OpenCV, the system achieves high accuracy in detecting,
counting, and classifying different types of wvehicles
including cars, buses, trucks, and motorcycles. This real-
time data enables the system to make intelligent decisions
based on current traffic conditions rather than relying on
fixed signal timings. As a result, the system significantly
reduces waiting time, minimizes traffic congestion, and

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD)
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | INRD.ORG

oG

ensures smoother traffic flow even during peak hours.
Compared to traditional traffic control methods, which are
often inefficient and manually operated, the proposed
system demonstrates better adaptability, faster response, and
improved overall performance, thereby enhancing road
safety and reducing the chances of accidents caused by
congestion and delays.

In addition to improving traffic efficiency, the system also
plays an important role in promoting environmental
sustainability by reducing unnecessary vehicle idling, which
in turn decreases fuel consumption and lowers harmful
emissions such as carbon dioxide. The system is designed
with a scalable and modular architecture, allowing it to be
easily expanded to multiple intersections and integrated into
larger smart city infrastructure. Its flexibility makes it
suitable for future upgrades and the addition of advanced
features such as IoT-based communication between traffic
signals, predictive traffic analysis using machine learning,
and fully automated traffic control systems. The successful
implementation and testing of the system confirm that it is
cost-effective, reliable, and capable of handling real-time
traffic scenarios efficiently. Furthermore, this project
highlights the practical application of Al and computer
vision in solving real-world problems and demonstrates how
technology can significantly improve urban transportation
systems. Overall, the proposed Traffic Monitoring System
serves as a strong foundation for next-generation intelligent
traffic solutions and contributes towards building smarter,
safer, and more sustainable cities.

8. Future Scope:

The Traffic Monitoring System can be improved in the
future by adding more smart features and advanced
technologies. These improvements will make the system
more accurate, faster, and useful for managing traffic in big
cities

1.AI-Based Traffic Prediction: In the future, the system
can use Al to predict traffic before it becomes heavy. By
analysing past and real-time data, it can warn about
congestion in advance and help reduce traffic problems.
2.Cloud Integration: The system can be connected to
cloud platforms so that all traffic data is stored online. This
will make it easy to access data from anywhere and support
large-scale traffic systems across cities.

3.IoT-Based Smart Traffic Network: Traffic signals can
be connected using IoT technology so they can
communicate with each other. This helps in better
coordination between signals and smoother traffic flow.
4.Emergency Vehicle Priority System: The system can
automatically detect emergency vehicles like ambulances
and give them a green signal. This will help save time and
improve emergency response.5. Smart Parking Integration:
The system can be extended to show available parking
spaces nearby. This reduces the time spent searching for
parking and decreases traffic congestion.

5.Mobile Application Development: A mobile app can be
developed to provide real-time traffic updates, alerts, and
best route suggestions for users, making travel easier.
6.GPS-Based Traffic Analysis: By using GPS data, the
system can study traffic patterns in different areas and
suggest faster and better routes to drivers.

I[JNRD2605167 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) b534



https://ijnrd.org/
http://www.ijnrd.org/

i

JNRD
7.Multi-camera Tracking: IntegrateDeep Sort or Byte
Track with YOLOVS for consistent vehicle tracking across
multiple cameras at junctions.
8.Dataset Expansion: Create region-specific datasets for
Indian traffic conditions — mixed lanes, non-standard
vehicles, pedestrians — to reduce false positives.
9.Density Based Signal Control: Feed YOLOvVS8 vehicle
count data to RL algorithms for dynamic traffic signal
timing optimization.
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