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ABSTRACT

With the rapid increase in the number of
vehicles, traffic congestion has become a major
issue in urban areas. Traditional traffic signal
systems operate on fixed time intervals, which
often leads to inefficient traffic management,
increased waiting times, and fuel wastage. To
address this problem, this project proposes a
density-based smart traffic control system
using the Canny Edge Detection algorithm for
real-time traffic analysis. The system captures
live video or images from traffic cameras and
them using image

processes processing

techniques. The Canny Edge Detection
algorithm is applied to detect vehicle edges and
estimate traffic density based on the number of
detected objects. Depending on the traffic
density in each lane, the system dynamically
adjusts traffic signal timings to optimize

vehicle flow. The implementation is carried out

using Python and OpenCV for image
processing, with simulation and testing
performed in a controlled environment.

Experimental results show that the proposed
system significantly reduces traffic congestion
and waiting time compared to traditional

methods. This approach provides an efficient,
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cost-effective, and scalable solution for

intelligent traffic management in smart cities.
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LINTRODUCTION

Traffic congestion is a growing problem in
many cities due to the increasing number of
vehicles and limited road infrastructure.
Conventional traffic signal systems operate
based on fixed timing schedules, which do not
consider real-time traffic conditions. As a
result, vehicles often experience unnecessary
delays at intersections, even when there is
minimal traffic on one side. This inefficiency
leads to increased fuel consumption, air
pollution, and driver frustration. Therefore,
there is a need for an intelligent traffic
management system that can adapt to real-time

conditions and optimize traffic flow.

Recent advancements in image processing and

computer vision have enabled the development
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of smart traffic control systems. These systems
use cameras to monitor traffic conditions and
analyze vehicle density. Among various image
techniques, the

processing Canny Edge

Detection algorithm is widely used for
detecting edges in images with high accuracy.
It helps in identifying the outlines of vehicles,
which can then be used to estimate traffic
density. By analyzing the number of edges or

objects in a given frame, the system can

determine the level of congestion in each lane.

This project proposes a density-based smart
traffic control system that uses the Canny Edge
Detection algorithm to dynamically adjust
signal timings. The system captures real-time
images, processes them to detect edges, and
calculates

traffic density. Based on this

analysis, traffic signals are controlled

automatically to reduce congestion and
improve traffic flow. The implementation is
done using Python and OpenCV, making it a
cost-effective and scalable solution for smart

city applications.

II SURVEY OF RESEARCH

[1] The study by John F. Canny (1986)

introduced the Canny Edge Detection

algorithm, one of the most widely used

techniques in  Computer Vision. The

methodology  involves  multiple  stages
including noise reduction using Gaussian
filtering, gradient calculation, non-maximum

suppression, and hysteresis thresholding to
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detect strong and weak edges. The results
showed that the Canny algorithm provides
optimal edge detection with low error rates and
precise localization. However, its performance
depends on proper parameter tuning such as
threshold values. This algorithm is highly
suitable for traffic analysis as it effectively
detects vehicle boundaries. In the proposed
system, Canny Edge Detection is used to
identify vehicle edges from traffic images,
forming the basis for estimating traffic density

and enabling intelligent signal control.

[2] The research by Navneet Dalal and Bill
Triggs (2005) introduced the Histogram of
Oriented Gradients (HOG) method for object
detection. The methodology focuses on
extracting gradient orientation features from
images to identify objects such as pedestrians
and vehicles. Results showed that HOG is
effective for detecting objects under varying
lighting conditions. However, it requires high
computational resources and may not perform
well in real-time applications without
optimization. This approach highlights the
importance of feature extraction in image-
based detection systems. In traffic management
systems, such techniques are useful for
identifying vehicles, but due to complexity,
simpler methods like Canny Edge Detection
are preferred in the proposed system for faster

and efficient processing.

Vol 26 Issue 04, April, 2026

Page 1929 of 1934



ISSN:2250-3676

International Journal of Engineering Science and Advanced Technology(IJESAT)

[3] The study by Viola Jones and Michael

Jones (2001) introduced the Viola-Jones
algorithm for real-time object detection. The
methodology uses Haar-like features and a
cascade classifier to detect objects efficiently.
Results demonstrated fast detection speeds
suitable for real-time applications. However,
the method may struggle with complex
backgrounds and varying object orientations.
This research laid the foundation for real-time
vision-based detection systems. In traffic
systems, such methods can be used for vehicle
detection, but the proposed work uses edge
detection due to its simplicity and lower
while still

computational cost providing

reliable density estimation.

[4] The research by Fei-Fei Li et al. (2015)

explored deep learning approaches for image

recognition and object detection. The
methodology uses Convolutional Neural
Networks (CNNs) to automatically learn

features from images. Results showed high
accuracy in detecting and classifying objects,
including vehicles. However, deep learning
models require large datasets and powerful
hardware such as GPUs. While CNN-based
systems are highly accurate, they may not be
cost-effective for all applications. In the
proposed system, lightweight image processing
techniques like Canny Edge Detection are used
to provide a balance between performance and

computational efficiency for real-time traffic

control.
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[5] The study by Rafael C. Gonzalez and
Richard E. Woods (2002) provided
comprehensive insights into digital image

processing techniques. The methodology
covers filtering, edge detection, segmentation,
and feature extraction methods. Results
emphasized the importance of preprocessing
steps such as noise reduction and contrast
enhancement for accurate image analysis.
However, selecting appropriate techniques
depends on the application. This research
forms the theoretical foundation for many
image processing systems. In the proposed
traffic control system, these concepts are
applied to preprocess traffic images and
improve the accuracy of edge detection for

better density estimation.

[6] The research by S. S. Sengar et al. (2013)
focused on intelligent traffic management
systems using image processing techniques.
The methodology involved capturing real-time
images and analyzing vehicle density to control
traffic signals dynamically. Results showed
improved traffic flow and reduced congestion
compared to fixed-time signal systems.
However, challenges such as varying lighting
conditions and occlusions were identified. This
study highlights the effectiveness of adaptive
traffic control systems. The proposed work
builds upon this concept by using the Canny
Edge Detection algorithm for accurate and
efficient estimation,

density providing a

practical solution for smart traffic management.
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III. WORKING METHODOLOGY

The proposed density-based smart traffic
control system operates using image processing
real-time  traffic

techniques to analyze

conditions and dynamically adjust signal
timings. Initially, traffic images or video
frames are captured using cameras installed at
road intersections. These images are then
preprocessed to improve quality by removing
noise and enhancing contrast. Techniques such
as grayscale conversion and Gaussian filtering
are applied to simplify the image and reduce
unwanted disturbances. Preprocessing ensures
that the input data is clean and suitable for
further analysis. Once the images are prepared,
they are passed to the edge detection stage,

which plays a crucial role in identifying

vehicles present in each lane.

In the next phase, the Canny Edge Detection
algorithm is applied to detect edges in the
preprocessed images. This algorithm identifies
sharp intensity changes, which correspond to
object boundaries, such as vehicles on the road.
The process involves gradient calculation, non-
maximum suppression, and thresholding to
accurately detect edges. After edge detection,
the system calculates traffic density by
analyzing the number of edges or white pixels
present in each lane. A higher number of
detected edges indicates higher vehicle density.

Based on this analysis, the system assigns

priority to lanes with higher congestion. The
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traffic signal timing is then adjusted
dynamically, allowing more green signal time
for congested lanes and reducing waiting time

for vehicles.

Finally, the system integrates the image
processing module with a control mechanism
that manages traffic signals automatically. The
results are visualized using graphs and real-
time outputs to monitor system performance.
The implementation is carried out using Python
and OpenCV in Jupyter Notebook for
development and testing. The system can also
be integrated with embedded hardware or IoT-
based controllers for real-world deployment.
By continuously analyzing traffic conditions
and adapting signal timings, the proposed
system improves traffic flow, reduces
congestion, and minimizes fuel consumption.
This intelligent approach provides an efficient
and scalable solution for modern urban traffic

management systems.

IV RESULTS EXPLANATIONS
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Figl: Traffic Density vs Signal Time Graph
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This graph represents the relationship between
traffic density in different lanes and the
corresponding green signal time allocated by
the system. The x-axis shows different lanes
(Lane 1, Lane 2, Lane 3, etc.), while the y-axis
represents signal time duration. Lanes with
higher traffic density are assigned longer green
signal times, whereas lanes with lower density
receive shorter durations. This dynamic
allocation ensures efficient traffic flow and
reduces unnecessary waiting time. Unlike
traditional fixed-timer systems, this approach
adapts in real-time based on congestion levels.
The graph clearly shows that the system
prioritizes heavily congested lanes, leading to

better traffic management and reduced delays.
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Fig2 : Model Performance Comparison Graph
This graph compares the performance of the
traditional traffic system with the proposed
density-based smart traffic control system. The
x-axis represents two systems (Fixed Timer
and Smart System), while the y-axis shows
performance metrics such as average waiting
time or congestion level. The graph indicates
that the smart system significantly reduces
waiting time and congestion compared to the

fixed-timer approach. This improvement is
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achieved by dynamically adjusting signal
timings based on real-time traffic density. The
results demonstrate that the proposed system is
more efficient, responsive, and suitable for
modern urban traffic management, leading to
smoother traffic flow and better utilization of

road infrastructure.

V.CONCLUSION

The proposed density-based smart traffic
control system using the Canny Edge Detection
algorithm provides an efficient and intelligent
solution for managing traffic congestion in
urban areas. Unlike traditional fixed-timer
traffic signals, the system dynamically adjusts
signal timings based on real-time traffic density,
ensuring optimal vehicle flow across all lanes.
By utilizing image processing techniques and
edge detection, the system accurately estimates
vehicle presence and congestion levels with
minimal computational cost. The experimental
results demonstrate a significant reduction in
waiting time, traffic congestion, and fuel
consumption. Additionally, the system is cost-
effective, scalable, and suitable for integration
with modern smart city infrastructure. Overall,
this approach enhances traffic management
efficiency and contributes to safer and more

sustainable transportation systems.
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