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ABSTRACT 

Traffic congestion has become a major problem in urban areas due to the rapid increase in the number of vehicles. 

Traditional traffic signal systems operate using fixed timing intervals without considering real-time traffic conditions, 

which often results in inefficient traffic flow and increased waiting time. This paper proposes a Smart Traffic Signal 

Optimization System using Real-Time Vehicle Detection to improve traffic management at intersections. The system 

uses computer vision and deep learning techniques to detect and count vehicles from traffic camera video feeds. A pre-

trained YOLO (You Only Look Once) object detection model is used to identify vehicles such as cars, buses, trucks, 

and motorcycles in real time. Based on the detected vehicle count, the system dynamically calculates the green signal 

duration using a traffic density-based algorithm. The system is implemented using Python, OpenCV, YOLO, and 

Flask. Experimental results show that the proposed system improves traffic flow efficiency and reduces waiting time at 

intersections. 
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1. INTRODUCTION 

Traffic congestion has become a critical issue in urban 

environments due to the continuous growth of the 

number of vehicles and limited road infrastructure. 

Traditional traffic signal systems rely on fixed time 

intervals for controlling traffic flow at intersections. 

These systems operate without considering the actual 

number of vehicles waiting at each lane, which often 

results in inefficient traffic management. 

For example, a signal may remain green for a lane 

even when there are very few vehicles, while another 

lane with heavy traffic must wait for a long time. This 

imbalance leads to traffic congestion, increased travel 

time, and unnecessary fuel consumption. 

Recent advancements in Artificial Intelligence, 

Computer Vision, and Deep Learning have opened 

new opportunities for developing intelligent traffic 

management systems. These technologies enable 

computers to analyze visual information from cameras 

and make real-time decisions based on the observed 

data. 

The proposed Smart Traffic Signal Optimization 

System uses a real-time vehicle detection approach to 

monitor traffic conditions at intersections. The system 

processes video frames from traffic cameras and 

detects vehicles using the YOLO deep learning model. 

The number of detected vehicles is then used to 

dynamically determine the green signal duration. 

By adjusting signal timing according to traffic density, 

the system improves traffic flow efficiency and 

reduces congestion. This approach can play an 

important role in building intelligent transportation 

systems for future smart cities. 

2. LITERATURE REVIEW 

Several research studies have explored intelligent 

traffic management systems using artificial intelligence 
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and image processing techniques. Many existing 

systems use sensors such as inductive loop detectors 

and infrared sensors to monitor traffic conditions. 

However, these sensors are expensive and require 

physical installation on roads. 

Computer vision-based traffic monitoring systems 

provide a more flexible and cost-effective solution by 

using cameras to detect vehicles and analyze traffic 

patterns. Deep learning models such as Convolutional 

Neural Networks (CNNs) have shown significant 

improvements in object detection accuracy. 

One of the most widely used object detection 

algorithms is YOLO (You Only Look Once). YOLO is 

designed for real-time object detection and provides 

high accuracy with fast processing speed. It detects 

multiple objects in a single image by dividing the 

image into grid cells and predicting bounding boxes 

around objects. 

Recent studies have successfully applied YOLO for 

vehicle detection and traffic monitoring applications. 

These systems demonstrate that deep learning models 

can effectively identify vehicles and estimate traffic 

density in real time. 

The proposed system builds upon these advancements 

by integrating YOLO-based vehicle detection with a 

dynamic signal timing algorithm to optimize traffic 

signal control. 

3. PROPOSED SYSTEM 

The proposed Smart Traffic Signal Optimization 

system is designed to dynamically adjust traffic signal 

timing based on real-time vehicle detection. Unlike 

traditional traffic signal systems that operate using 

fixed time intervals, the proposed system uses 

computer vision and deep learning techniques to 

analyze traffic conditions and optimize signal duration. 

The system utilizes traffic camera video feeds as input 

and processes them using the YOLO (You Only Look 

Once) object detection algorithm. The video frames are 

analyzed to detect different types of vehicles such as 

cars, buses, trucks, and motorcycles. After detecting 

vehicles in each frame, the system counts the number 

of vehicles present in the traffic lane. 

Based on the vehicle count, the system calculates the 

green signal duration dynamically using a predefined 

formula. The calculated signal duration ensures that 

lanes with higher traffic density receive longer green 

signal time, while lanes with lower traffic density 

receive shorter signal duration. 

The proposed system improves traffic management 

efficiency by reducing waiting time, minimizing 

congestion, and improving vehicle flow at 

intersections. The system is implemented using Python 

with OpenCV for image processing and YOLO for 

vehicle detection. 

This intelligent approach enables the traffic signal 

system to adapt to real-time traffic conditions, making 

it suitable for modern smart city traffic management 

systems. 

4. SYSTEM ARCHITECTURE 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: System Architecture of Smart Traffic 

Signal Optimization 
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Architecture Description 

The system architecture is designed using a layered 

approach consisting of three major layers: 

Presentation Layer, Application Layer, and Data 

Layer. Each layer performs specific functions to 

ensure smooth operation of the system. 

Presentation Layer 

The presentation layer is responsible for interacting 

with the user and displaying the system output. This 

layer provides the interface where traffic monitoring 

results and vehicle detection outputs are visualized. 

The results of vehicle detection, bounding boxes 

around detected vehicles, and signal timing 

information are displayed through a graphical interface 

developed using Flask. 

This layer ensures that the system output can be easily 

monitored and understood by the traffic management 

authority. 

Application Layer 

The application layer performs the core processing 

operations of the system. It is responsible for analyzing 

the video input, detecting vehicles, counting the 

vehicles, and calculating signal timing. 

This layer includes several modules such as frame 

extraction, vehicle detection using the YOLO 

algorithm, vehicle counting, traffic density analysis, 

and signal timing calculation. The application layer 

processes each video frame in real time and generates 

the required signal timing output. 

Data Layer 

The data layer manages the input and processed data 

within the system. It handles the storage and 

processing of video frames captured from the traffic 

camera. The detected vehicle information and traffic 

density data are temporarily stored and used by the 

system for signal timing calculation. 

The data layer ensures that the required information is 

efficiently accessed by the application layer for further 

processing. 

 

5. System Modules 

The proposed Smart Traffic Signal Optimization 

system is divided into several functional modules. 

Each module performs a specific task in processing the 

traffic video, detecting vehicles, and calculating 

optimal signal timing. These modules work together to 

ensure accurate vehicle detection and efficient traffic 

signal management. 

5.1 Video Input Module 

The Video Input Module is responsible for capturing 

traffic video from the source. In a real-world 

environment, this module receives live video footage 

from traffic surveillance cameras installed at road 

intersections. For system testing and development 

purposes, pre-recorded traffic videos can also be used 

as input. 

The captured video stream serves as the primary input 

to the system. The quality and positioning of the 

camera play an important role in ensuring accurate 

vehicle detection. The video feed is continuously 

transmitted to the next stage of processing where 

frames are extracted and analyzed. 

5.2 Frame Extraction Module 

Using the OpenCV library, the video stream is 

processed and divided into frames at a specific frame 

rate. Each frame is then passed to the vehicle detection 

module for further analysis. 

This module plays an important role in preparing the 

video data for computer vision processing and ensures 

that the system can analyze traffic conditions 

continuously. 

5.3 Vehicle Detection Module 

The Vehicle Detection Module is the core component 

of the system. It uses the YOLO deep learning 

algorithm to detect vehicles in each video frame. 

YOLO is a real-time object detection model that can 

identify multiple objects within an image. It works by 

dividing the image into a grid and predicting bounding 

boxes and class probabilities for each object detected 

in the frame. 
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The model is trained to recognize various types of 

vehicles such as: 

• Cars 

• Buses 

• Trucks 

• Motorcycles 

Once the model detects a vehicle, it draws a bounding 

box around the object and labels it accordingly. This 

module ensures fast and accurate vehicle detection 

even in dynamic traffic conditions. 

5.4 Vehicle Counting Module 

After detecting vehicles in each frame, the Vehicle 

Counting Module calculates the total number of 

vehicles present in the traffic lane. The system counts 

the detected vehicles based on the bounding boxes 

generated by the YOLO detection model. 

The vehicle count provides an estimate of traffic 

density at the intersection. This information is essential 

for determining how long the traffic signal should 

remain green for a lane. 

5.5 Traffic Density Analysis Module 

The Traffic Density Analysis Module evaluates the 

level of congestion based on the vehicle count obtained 

from the previous module. It analyzes whether the 

traffic density is low, moderate, or high. 

By continuously monitoring vehicle count across 

frames, the system can determine the overall traffic 

conditions at the intersection. This analysis is crucial 

for calculating signal timing dynamically. 

The module helps ensure that heavily congested lanes 

receive longer signal durations, while lanes with fewer 

vehicles receive shorter signal durations. 

5.6 Signal Timing Calculation Module 

The Signal Timing Calculation Module determines the 

optimal duration for the green signal based on the 

detected vehicle count. This module uses a predefined 

formula to calculate the signal duration dynamically. 

The signal timing is calculated using the formula: 

Green Signal Time = max (10, Vehicle Count × 2) 

This formula ensures that the signal duration increases 

as the number of vehicles increases, while maintaining 

a minimum green signal time of 10 seconds. 

By dynamically adjusting the signal duration, the 

system helps reduce waiting time and improves overall 

traffic flow efficiency. 

5.7 Traffic Signal Control Module 

The Traffic Signal Control Module is responsible for 

applying the calculated signal timing to control the 

traffic signals. Based on the calculated duration, the 

system determines how long the signal should remain 

green before switching to the next lane. 

In a real-world implementation, this module can be 

integrated with actual traffic signal hardware to 

automatically control signal lights at road intersections. 

 

6.DATA FLOW DIAGRAM(DFD) 

  
Figure 2: Data Flow Diagram of the Proposed 

System 

The Data Flow Diagram illustrates how information 

flows through the system. 

The process begins with video input from traffic 

cameras, which is sent to the vehicle detection module. 
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The detection module processes the video frames and 

identifies vehicles using the YOLO model. 

The detected vehicles are then counted and analyzed to 

determine traffic density. This information is 

forwarded to the signal timing module, which 

calculates the optimal green signal duration. 

Finally, the system sends the calculated signal timing 

to the traffic signal controller, which adjusts the signal 

duration accordingly. 

7. Methodology 

The proposed system follows a structured 

methodology to detect vehicles from traffic video and 

optimize traffic signal timing based on real-time traffic 

density. The system begins by capturing video input 

from traffic cameras installed at road intersections. The 

captured video stream is processed continuously and 

divided into individual frames to enable real-time 

analysis using image processing techniques. 

Each frame is analysed using the YOLO deep learning 

model, which is capable of detecting multiple objects 

within an image. The model identifies vehicles such as 

cars, buses, trucks, and motorcycles and generates 

bounding boxes around the detected objects. After 

vehicle detection, the system counts the number of 

vehicles present in each frame to estimate the traffic 

density at the intersection. 

8. Implementation 

The system is implemented using a combination of 

software technologies and libraries. 

Programming Language: Python 

Libraries Used: 

• OpenCV – For image processing and video 

frame extraction  

• YOLO – For real-time vehicle detection  

• NumPy – For numerical operations and 

calculations 

 

 

Framework 

Flask – Used to create a web-based interface for 

displaying vehicle detection results and signal timing 

information. 

The system processes video frames continuously and 

performs vehicle detection in real time. The detected 

vehicles are counted and used to calculate signal 

timing dynamically. 

9. Results Analysis 

The experimental results show that the proposed 

system can effectively detect vehicles from traffic 

video frames using the YOLO object detection model. 

The system successfully identifies different types of 

vehicles and generates bounding boxes around them, 

enabling accurate vehicle counting. During testing, the 

system was able to process video frames efficiently 

and adjust signal timing according to traffic density. 

Lanes with higher vehicle counts received longer green 

signal durations, while lanes with fewer vehicles were 

allocated shorter signal times. This adaptive signal 

control mechanism helps improve traffic flow and 

reduce waiting time at intersections. 

10. CONCLUSION 

The Smart Traffic Signal Optimization System 

demonstrates the effective use of computer vision and 

deep learning techniques for improving traffic 

management. By detecting vehicles in real time and 

dynamically adjusting signal timing, the system 

ensures efficient traffic flow and reduces congestion at 

road intersections. 

The use of YOLO for vehicle detection provides high 

accuracy and real-time performance, making the 

system suitable for practical applications in urban 

traffic management. The proposed system can be 

integrated with smart city infrastructure to develop 

advanced intelligent transportation systems. 

11. FUTURE ENHANCEMENTS 

Future improvements to the system may include: 

• Multi-intersection traffic signal coordination 

• Emergency vehicle detection and priority signalling  
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• Integration with IoT-based traffic management 

systems  

• Cloud-based traffic monitoring platforms 

• Use of more advanced deep learning models for 

improved detection accuracy 
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