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Abstract—Traffic congestion has become a major issue in
urban areas due to the increasing number of vehicles on
roads. Conventional traffic signal systems generally
operate on fixed timing mechanisms that do not consider
real-time traffic conditions. As a result, some roads
remain congested while others remain empty, causing
unnecessary delays, increased fuel consumption, and
environmental pollution.

This project proposes an Adaptive Traffic Signal
Management System using Computer Vision and Deep
Learning techniques. The system uses traffic video input
to detect and count vehicles using the YOLO (You Only
Look Once) object detection model and OpenCV for
image processing. Vehicles such as cars, buses, trucks,
and motorcycles are automatically detected and counted
from video frames. Based on the detected vehicle density,
the system dynamically calculates the optimal green
signal duration for efficient traffic management.

The proposed approach aims to reduce traffic
congestion, improve traffic flow efficiency, and support
the development of intelligent transportation systems.
This paper presents the system architecture,
methodology, key features, challenges, and future
improvements of the proposed adaptive traffic signal
control system.

Index Terms—Traffic management, Computer vision,
YOLO, OpenCYV, Vehicle detection, Smart traffic signals,
Intelligent transportation systems.

I. INTRODUCTION

Rapid urbanization and population growth have led to
a significant increase in the number of vehicles on
roads. Traffic congestion has become a serious issue in
many cities worldwide, resulting in increased travel
time, fuel consumption, and air pollution. Traditional
traffic signal systems operate on fixed time intervals,
where each lane receives the same signal duration
regardless of the actual number of vehicles waiting.
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This fixed-time approach is inefficient because traffic
density varies throughout the day. During peak hours,
some lanes may experience heavy congestion, while
others remain relatively empty. As a result, vehicles
may unnecessarily wait at signals even when there is
no traffic in other directions.

Recent advancements in computer vision and machine
learning technologies have enabled the development
of intelligent traffic management systems. By using
cameras and image processing techniques, traffic
conditions can be analyzed in real time. Deep learning
models such as YOLO can detect and classify objects
in images with high accuracy and speed.

In this project, an adaptive traffic signal control system
is developed using OpenCV and YOLO object
detection. The system processes traffic video frames,
detects vehicles, counts them, and dynamically adjusts
traffic signal timings based on the detected traffic
density. This approach aims to improve traffic flow
efficiency and reduce congestion in urban
environments.

II. PROBLEM STATEMENT

Traffic congestion is a major challenge faced by

modern cities due to the increasing number of vehicles

and limited road infrastructure. Most traffic signal

systems currently operate using fixed timing

mechanisms, which allocate equal signal duration to

each lane regardless of the actual traffic conditions.

This leads to several inefficiencies such as:

* Vehicles waiting unnecessarily at empty
intersections

* Increased travel time and fuel consumption

»  Traffic congestion during peak hours

*  Poor utilization of road infrastructure
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Manual traffic control is not always practical and
requires significant human effort. Therefore, there is a
need for an automated system capable of analyzing
traffic conditions in real time and dynamically
adjusting signal timings.

The proposed system aims to address these issues by
using computer vision and deep learning techniques to
detect vehicles and determine traffic density. Based on
the detected traffic volume, the system automatically
allocates appropriate green signal time for each lane,

improving traffic flow efficiency.

III. LITERATURE SURVEY

Sr No Publication Inference
1 Joseph Redmon et al. - YOLO: YOLO introduced a fast and efficient deep learning model capable of
Real-Time Object Detection detecting multiple objects in real time. It significantly improved object
detection speed and accuracy compared to previous methods.
2 Smart Traffic Monitoring System This research proposes using camera-based traffic monitoring to
using Computer Vision analyze traffic density and improve traffic signal control mechanisms.
3 Intelligent Traffic Management Deep learning techniques can automatically detect vehicles from traffic
System using Deep Learning video streams and help optimize traffic signal timings.
4 Vehicle Detection using CNN-based models provide high accuracy in detecting vehicles and
Convolutional Neural Networks other road objects in complex traffic scenes.
5 Adaptive Traffic Signal Control Image processing techniques can be used to measure traffic density and
using Image Processing dynamically control signal timings, improving traffic flow efficiency.

SSS These studies highlight the importance of computer vision and machine learning in developing intelligent

transportation systems capable of managing traffic efficiently.

IV. METHODOLOGY

The proposed system uses computer vision and deep
learning techniques to detect vehicles and control
traffic signals dynamically.

i. Video Input

Traffic camera footage or recorded traffic videos are
used as input to the system. The video stream provides
real-time traffic information for analysis.

ii. Frame Extraction

OpenCV is used to capture frames from the video
stream. Each frame represents a snapshot of the traffic
situation at a specific moment.

iii. Vehicle Detection
The YOLO object detection model processes each
frame and detects vehicles such as:

e Cars
* Buses
¢ Trucks

*  Motorcycles
Bounding boxes are drawn around detected vehicles.
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iv. Vehicle Counting
The detected vehicles are counted to determine the
traffic density in each lane.

v. Traffic Density Analysis
Based on the number of vehicles detected, the system
calculates traffic density levels such as:

*  Low traffic

*  Moderate traffic

*  Heavy traffic

vi. Dynamic Signal Timing

The system dynamically calculates the green signal
duration based on vehicle count. Higher traffic density
results in longer green signal duration.

vii. Output Display

The system displays the detected vehicles, vehicle
count, and calculated green signal time using OpenCV
visualization.
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Fig 1: Proposed Methodology
V. KEY FEATURES

The proposed adaptive traffic signal system provides

several important features:

*  Real-time vehicle detection using deep learning
models

* Automatic vehicle counting from traffic video
frames

*  Dynamic traffic signal timing based on traffic
density

+ Efficient traffic flow management to reduce
congestion

*  Reduced waiting time at intersections

e Scalable architecture suitable for smart city

applications

*  Cost-effective solution using existing camera
infrastructure

IJIRT 194498

VI. CHALLENGES AND RESEARCH GAPS

Despite the advantages of computer vision-based

traffic systems, several challenges remain:

*  Variations in weather conditions such as rain or
fog can affect detection accuracy.

* * Poor camera angles or low lighting conditions
may reduce detection performance.

*  Real-time processing requires efficient hardware
and optimized algorithms.

» Large-scale deployment requires integration with
existing traffic infrastructure.

* Data privacy and security issues must be
considered when using surveillance cameras.
Further research is required to improve detection
accuracy, scalability, and integration with smart

transportation systems.

VII. CONCLUSION

The proposed adaptive traffic signal management
system demonstrates the potential of computer vision
and deep learning technologies in improving urban
traffic management. By using YOLO object detection
and OpenCV-based image processing, the system can
automatically detect vehicles and analyze traffic
density from video streams.

Based on the detected traffic conditions, the system
dynamically adjusts signal timings to ensure efficient
traffic flow. This approach can significantly reduce
traffic congestion, minimize waiting time, and
improve road utilization.

The system represents an important step toward the
development of intelligent transportation systems and
smart city infrastructure.

VIII. FUTURE SCOPE

Future improvements of the proposed system may

include:

» Integration with IoT-based smart traffic lights

*  Deployment on embedded systems like Raspberry
Pi

* Implementation of real-time multi-intersection
traffic coordination

* Use of advanced models such as YOLOvVS for
improved detection accuracy

*  Emergency vehicle detection to provide priority
signals for ambulances and fire trucks
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These enhancements will make the system more
intelligent, scalable, and practical for real-world
deployment.
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