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ABSTRACT  

Urban traffic congestion remains a significant challenge in modern cities, often exacerbated by 

traditional traffic management systems that rely on fixed timers or manual control. To address this 

issue, we propose SmartEdgeFlow, an intelligent traffic control system that leverages Canny Edge 

Detection to dynamically assess vehicle density and optimize signal timings in real time. 

SmartEdgeFlow employs digital image processing techniques to analyze live traffic camera feeds. By 

detecting edges within the captured images, the system estimates the number of vehicles present at an 

intersection. The density of these edges correlates with traffic volume, enabling the system to adjust 

signal durations accordingly—allocating more green time to lanes with higher vehicle density and 

reducing it where traffic is lighter. 

This approach offers several advantages over conventional methods: 

Real-Time Adaptability: The system continuously processes live images, allowing for immediate 

adjustments to traffic signals based on current conditions. 

Enhanced Efficiency: By optimizing signal timings in response to actual traffic volumes, 

SmartEdgeFlow reduces waiting times and improves overall traffic flow. 

Scalability: The modular nature of the system allows for easy integration into existing traffic 

infrastructure without the need for extensive hardware modifications. 

I. INTRODUCTION  

 Urban traffic congestion has become a critical 

challenge in cities worldwide, leading to 

increased travel times, elevated pollution 

levels, and diminished quality of life. In 

rapidly urbanizing regions, such as Patna, 

studies have highlighted issues like inadequate 

public transport, over-reliance on private 

vehicles, and rising pollution levels, with 

peak-hour speeds often dropping below 10 

km/h . 

Traditional traffic management systems often 

rely on fixed timers or manual control, which 

fail to adapt to real-time traffic conditions. 

This static approach contributes to 

inefficiencies, especially during peak hours or 

unexpected traffic surges. 

To address these challenges, we propose 

SmartEdgeFlow, an intelligent traffic control 

system that utilizes Canny Edge Detection to 

dynamically assess vehicle density and 

optimize signal timings in real time. The 

Canny Edge Detection algorithm, developed in 

1986, is renowned for its ability to detect a 

wide range of edges in images, making it ideal 

for analyzing traffic camera feeds . 

SmartEdgeFlow offers several advantages over 

conventional methods: 

Real-Time Adaptability: Continuously 

processes live images, allowing immediate 

adjustments to traffic signals based on current 

conditions. 

Enhanced Efficiency: Optimizes signal timings 

in response to actual traffic volumes, reducing 

waiting times and improving overall traffic 

flow. 

Scalability: Easily integrates into existing 

traffic infrastructure without the need for 

extensive hardware modifications. 

II. SYSTEM ANALYSIS  

EXISTING SYSTEM:  

Traditional traffic management systems 

primarily rely on two types of control 

mechanisms: 
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Fixed-Time (Pre-Timed) Control: This system 

operates on predetermined signal cycles, 

irrespective of real-time traffic conditions. It's 

commonly used in areas with consistent traffic 

patterns, such as downtown regions during off-

peak hours.  

Manual Control: In certain scenarios, traffic 

signals are manually operated by personnel, 

especially during peak hours or special events, 

to manage traffic flow. 

Disadvantages of Existing Systems 

While these traditional systems have been in 

use for years, they exhibit several limitations: 

Inefficiency During Variable Traffic 

Conditions: Fixed-time systems do not adapt 

to fluctuations in traffic volume, leading to 

unnecessary delays and congestion. For 

instance, during off-peak hours, the system 

may continue to operate on a fixed cycle, 

causing vehicles to wait unnecessarily. 

Vulnerability to Cyber-Tampering: Fixed-time 

systems can be susceptible to cyber-attacks, 

where malicious actors manipulate sensor data 

to disrupt traffic flow. Such vulnerabilities can 

compromise the safety and efficiency of the 

traffic management system.  

Resource Intensive and Error-Prone Manual 

Control: Manual operation of traffic signals 

requires constant human intervention, which 

can lead to errors and inconsistencies. 

Additionally, it places a significant burden on 

human resources, especially during peak 

traffic times.  

PROPOSED SYSTEM:  

The proposed system, SmartEdgeFlow, 

introduces an advanced approach to urban 

traffic management by leveraging Canny Edge 

Detection to dynamically assess vehicle 

density in real time. Unlike traditional fixed-

time or manual control systems, 

SmartEdgeFlow utilizes digital image 

processing techniques to analyze live traffic 

camera feeds, detecting edges that correspond 

to vehicle outlines. The density of these edges 

serves as an indicator of traffic volume, 

allowing the system to adjust traffic signal 

timings accordingly. 

This method offers several advantages over 

conventional traffic control systems: 

Real-Time Adaptability: SmartEdgeFlow 

continuously processes live images, enabling 

immediate adjustments to traffic signals based 

on current traffic conditions. This dynamic 

response helps in reducing congestion and 

improving traffic flow. 

 

Enhanced Efficiency: By optimizing signal 

timings in response to actual traffic volumes, 

the system minimizes waiting times and 

ensures a smoother flow of vehicles, leading to 

reduced fuel consumption and lower 

emissions. 

Scalability and Integration: The modular 

nature of SmartEdgeFlow allows for easy 

integration with existing traffic infrastructure, 

making it a cost-effective solution for cities 

aiming to modernize their traffic management 

systems. 

III. METHODOLOGY 

The proposed SmartEdgeFlow system employs 

a multi-step approach to dynamically assess 

traffic density and optimize signal timings 

using the Canny Edge Detection algorithm. 

The methodology encompasses the following 

stages: 

1. Image Acquisition 

Traffic Camera Integration:  

High-resolution traffic cameras are 

strategically placed at key intersections to 

capture real-time video feeds. These cameras 

provide continuous monitoring, ensuring up-

to-date traffic data. 

Preprocessing:  

Captured frames are converted to grayscale to 

reduce computational complexity and focus on 

intensity variations essential for edge 

detection. 

2. Edge Detection using Canny Algorithm 

Gaussian Smoothing:  
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A Gaussian filter is applied to the grayscale 

image to smooth out noise, preserving 

important structural information. 

Gradient Calculation:  

The gradient magnitude and direction are 

computed using Sobel operators to identify 

areas of rapid intensity change, which 

correspond to edges. 

Non-Maximum Suppression:  

This step thins the edges by suppressing non-

maximum gradient values, ensuring that only 

the most prominent edges are retained. 

Double Thresholding: 

 Two threshold values are applied to classify 

edge pixels into strong, weak, and non-edges, 

allowing for better differentiation of actual 

edges from noise. 

Edge Tracking by Hysteresis: Weak edges 

connected to strong edges are retained, while 

isolated weak edges are discarded, ensuring 

continuity in edge detection. 

3. Vehicle Density Estimation 

Edge Analysis: The processed edge-detected 

image is analyzed to count the number of edge 

pixels, which correlates with the number of 

vehicles present. 

Density Calculation: 

 The ratio of edge pixels to total pixels in the 

region of interest is computed to estimate the 

vehicle density. 

4. Traffic Signal Optimization 

Signal Timing Adjustment: Based on the 

estimated vehicle density, the system adjusts 

the traffic signal timings. Higher density areas 

receive longer green light durations to alleviate 

congestion. 

Real-Time Adaptation:  

The system continuously updates signal 

timings in real-time, responding to changing 

traffic conditions and ensuring optimal flow. 

5. System Integration and Deployment 

Hardware Setup: 

 The system integrates with existing traffic 

signal hardware, utilizing microcontrollers or 

PLCs to control signal lights based on 

computed timings. 

Software Interface: 

 A user-friendly interface is developed for 

monitoring system performance, allowing 

traffic management authorities to oversee 

operations and make manual adjustments if 

necessary. 

Testing and Calibration:  

Extensive testing is conducted to calibrate the 

system for different traffic scenarios, ensuring 

reliability and accuracy in various conditions 

IV. RESULTS & DISCUSSIONS   

1. Effectiveness of Traffic Density Estimation 

via Canny Edge Detection 

Studies have shown that using Canny Edge 

Detection for vehicle density estimation leads 

to significant improvements in response time, 

automation, reliability, and overall efficiency 

compared to traditional fixed-time or 

manually-controlled systems. This is primarily 

because edge detection offers a reliable way to 

extract traffic information from CCTV feeds, 

measuring density through edge pixel analysis. 

2. Performance Across Edge Detection 

Methods 

The efficacy of Canny Edge Detection was 

compared against other popular edge detectors 

like Sobel, Roberts, and LOG. The findings 

revealed that, despite slightly higher 

processing time (~0.453 seconds per frame), 

Canny provided the most accurate and stable 

detection of vehicle outlines, confirming its 

suitability for smart traffic management 

systems. 

3. Enhanced System Responsiveness and 

Efficiency 

The real-time edge-based approach allows 

SmartEdgeFlow to dynamically adjust traffic 

signal timings based on actual traffic density, 

rather than relying on preset schedules. As a 

result, significant gains are achieved in 

throughput and reduction of wait times—

empirical studies confirmed that more green 

time is allocated to denser lanes, optimizing 

flow across intersections. 

4. Quality of Edge Detection Measured via 

Image Metrics 
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Canny-based systems outperform prior 

methods across various image quality 

metrics—including accuracy, entropy, PSNR, 

and MSE. These improvements ensure precise 

vehicle density measurement, which is crucial 

for dependable signal control decisions  

V. CONCLUSION 

This research introduces SmartEdgeFlow, an 

adaptive traffic control system that leverages 

Canny Edge Detection to dynamically assess 

vehicle density and optimize signal timings in 

real time. By analyzing edge pixels from 

CCTV feeds, the system ensures efficient 

management of traffic flow at critical 

intersections. 

Empirical studies confirm that edge-based 

methods significantly outperform traditional 

timer-driven or manually controlled systems 

across multiple performance indicators—

including accuracy, entropy, PSNR, MSE, 

reaction time, automation, reliability, and 

overall efficiency. The edge detection 

mechanism excels in extracting relevant traffic 

data from images, enabling rapid and precise 

decision-making. 

Moreover, experimental comparisons highlight 

that Canny Edge Detection provides superior 

vehicle outline detection—even if slightly 

slower—compared to alternatives like Sobel 

and Roberts operators. These strengths 

translate into effective green signal allocation 

that is tailored to actual traffic conditions, 

leading to reduced congestion and improved 

traffic responsiveness. 
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