
www.ijcrt.org                                                         © 2024 IJCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882 

IJCRT2402017 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a154 
 

 TRAFFIC LIGHT COORDINATION AND 

PERCEPTION-DRIVEN IDENTIFICATION 

1Ms.A.A.Chaphadkar, 2Sushant Bhujbal, 3Rohan Chavan, 4Abhishek Alse, 5Suraj Akangire 
1Professor, 2Student, 3Student, 4Student, 5Student 

Department Of Electronics And Telecommunication Engineering,  

Sinhgad Institute Of Technology And Science, Pune, India 

    

Abstract:  Cities grappling with rapid population growth and urbanization confront a significant challenge in 

the form of traffic congestion. The increased population and urbanization rates contribute to elevated stress 

levels, primarily stemming from air and noise pollution, as well as heightened fuel consumption, thereby 

making urban life more challenging. The conventional operation of traffic lights relies on either pre-

established timing plans dictating green and red cycles or pavement loop detectors sensing when a car is 

waiting for a green signal. However, these mechanisms prove overly simplistic for dynamic urban 

environments like Karachi, where heavy traffic flows in multiple directions with varying fluctuations. Traffic 

lights, much like smartphones or any electronic devices, need to undergo evolution. In contemporary times, 

we possess cameras and wireless capabilities that enable the detection of the number of passing cars and the 

timing of their passage. Once we gather this real-time information from the traffic stream, the challenge 

transforms into a large mathematical equation, seeking an optimal distribution of green and red signals. 

Addressing this optimization problem is inherently straightforward—let artificial intelligence take the lead. 
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I. INTRODUCTION 

With a significant rise in population, the issue of traffic congestion is increasingly becoming a prominent 

concern in today's era. The congestion on Pakistan's roadways has never been worse, and the escalating number 

of traffic accidents turns our roads into a daily threat to life. The lack of traffic sense and non-compliance with 

traffic rules consistently contribute to individuals finding themselves in life-threatening situations (Cohen 

2014). We spend a considerable amount of time sitting in our vehicles and honking for thousands of valuable 

hours each day. This menace is growing every year, suggesting that the problem will worsen in the future, 

leaving our next generation yearning for a breath of fresh air.  

Traffic jams arise from the competition for a scarce and highly valuable resource. Despite living in the 21st era 

of driverless vehicles, we are still striving for the fundamental necessity of upgrading to a controlled traffic 

system. Traffic congestion can be effectively managed through the use of traffic signals, providing a 

dependable means to regulate the intersections of daily traffic worldwide. Therefore, this paper primarily 

focuses on traffic signals that perceive live traffic data and, with the assistance of artificial intelligence, 

proposes a real-time solution. 

At present, there are 3200 automotive manufacturing plants in our country, India, with an investment of 92 

billion. These plants produce 1.8 million motorcycles and 200,000 vehicles annually (Triana et al. 2013). 

Consequently, precautions must be taken to secure the future and make life less problematic. We reside in a 

technologically advanced world surrounded by sophisticated onboard sensors such as radar and sonar, mobile 

phones, cameras, and traffic control systems. All that is required is to compile and provide them with 

intelligence, namely artificial intelligence (AI) (Surden and Williams 2016). 

The proposed solution's pivotal element involves suggesting a traffic signal with the ability to detect high-

traffic areas and outline a timetable indicating when each lane experiences heavy congestion. The subsequent 

phase entails analyzing this data and devising a logical and efficient schedule that can accommodate intelligent 
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interventions. Once an appropriate congestion schedule is established, the traffic lights can be interconnected 

for communication. This communicative interaction has the potential to alleviate congestion issues 

significantly. 

Visualize a scenario at an intersection where traffic converges from four different roads simultaneously. Our 

task is to propose a traffic signal capable of adapting to provided data, adjusting its signals dynamically, 

displaying red, yellow, and green lights in a manner that mitigates congestion.. 

 

II. LITRATURE SERVEY 

 

Paper.no Title Technology 

/Methodology 

Hardware Devices Results 

[1]  
 

Leveraging 

Real-Time 

Road Traffic 

Data for 

Congestion 

Evaluation 

Real-Time Analysis 

of Traffic Data 

Traffic Sensors, GPS 

Devices, Data 

Collection 

Infrastructure 

Introduction of 

Enhanced 

Congestion 

Evaluation Methods 

[2]  
 

 

Exploring 

Urbanization's 

Impact on 

National 

Wealth 

Economic Analysis 

and Statistical 

Modeling 

Sensors, Smart 

Infrastructure, 

Communication 

Technologies 

Identification of a 

Positive Correlation 

between 

Urbanization and 

National Wealth 

[3]  
 

 

 

Ensuring 

Systemwide 

Safety in 

Intelligent 

Intersections 

Implementation of 

Intelligent 

Transportation 

Systems (ITS), 

Traffic Management 

Algorithms, 

Integration of 

Communication 

Technologies 

Traffic Signal Control 

Systems, Advanced 

Vehicle Sensors, 

Communication 

Infrastructure, 

Centralized Control 

Units or Edge 

Computing Devices 

Achieved Improved 

Traffic Flow, 

Enhanced Safety, 

Reduced Accidents, 

Lowered Congestion, 

and Systemwide 

Traffic Signal 

Optimization 

[4]  
 

 

 

 

Smart Control 

System for 

Emergency 

Ambulance 

Response 

| Intelligent Traffic 

Light Control 

Algorithm 

Traffic Light 

Controllers 

Significantly 

Improved Emergency 

Ambulance Response 

Time 

[5]  
 

 

 

Examining 

Current Trends 

in Smart City 

Initiatives 

IoT, Data Analytics, 

Urban Planning, 

Connectivity 

Solutions 

Sensors, Smart 

Infrastructure, 

Communication 

Technologies 

Analysis of Trends in 

Smart City Initiatives 

and Their Impacts on 

Urban Living 

[6]  
 

 

Simulation of 

Fuzzy Traffic 

Controller for 

Multilane 

Intersection 

MATLAB 

Simulation 

Traffic Sensors, GPS 

Devices, Data 

Collection 

Infrastructure 

Successful 

Simulation Results 

for Fuzzy Traffic 

Controller at 

Multilane Isolated 

Intersection 

[7]  
 

 

Implementation 

of Smart 

Traffic Control 

Using PLC and 

SCADA 

PLC and SCADA PLC, SCADA | Successful 

Implementation of 

Improved Traffic 

Control System 

[8]  
 

 

Technological 

Implications of 

Self-Driving 

Cars 

IoT, Data Analytics, 

Urban Planning, 

Connectivity 

Solutions 

Sensors, Smart 

Infrastructure, 

Communication 

Technologies 

In-Depth Analysis of 

Technological 

Implications of Self-

Driving Cars 
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[9]  
 

 

Resilience in 

Sindh, 

Pakistan: 

Prioritizing 

Sustainable 

Development 

Geographic 

Information Systems 

(GIS), Data Analysis 

Satellite Imagery, 

Computers 

Identification of Key 

Areas for Sustainable 

Development 

through GIS-Based 

Resilience Analysis 

 

 

III. SYSTEM ARCHITECTURE 

 
 

Fig 3.1 Block Diagram 

 

3.1.1 Block Diagram Description  
 

Traffic light detection and recognition involve a camera mounted on an autonomous car capturing real-time 

images of traffic lights, serving as input datasets for the computer. The primary use of the OpenCV2 module 

focuses on color detection, employing the Hough gradient method to minimize the loss function and utilizing 

Hough circles to outline a circle around the traffic light for recognition. The autonomous car makes decisions 

based on the detected colors: stopping for red lights, continuing for green lights, and starting its engine for 

amber lights. The system's architectural block diagram is outlined as follows: 

 

 

 

Design and implementation of traffic light detection and recognition: 

 

1. The camera, positioned on the windshield inside the autonomous car, captures images of the traffic light, 

serving as input datasets for the OpenCV2 module. 

 

2. The Python code uses the OpenCV2 module for color detection, converting RGB colors in the datasets into 

their equivalent HSV (Hue-Saturation-Value) counterparts. 

 

3. Color range values are specified using arrays for the respective colors. 

 

4. HSV masking is applied to set threshold values, ensuring more accurate traffic light detection by filtering 

out unwanted red, green, or amber objects. 
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5. The Hough gradient method is employed to reduce the loss function. This involves drawing a line from the 

central coordinates of the circle to the frame of the image. The image is segmented into small frames during 

traffic light detection. A ratio of the circle's center to the number of times the iteration has gone outside the 

image bounds (count) is calculated. It is then compared to the optimal epoch value, significantly reducing the 

loss if the condition is met. 

 

6. Hough circles are used to draw circles around the detected color, providing the output of the traffic light 

detection and recognition system. 

 

3.2 Challenges 

Here are some challenges encountered in this domain.. 

 

3.2.1 Emergency Vehicle Stuck In Jam 

In some instances, emergency vehicles such as ambulances and fire brigades can get stuck on roadways even 

when there is no traffic, primarily due to incorrect alignment. This occurs because the traffic light displays a 

red signal temporarily, compelling emergency vehicles to wait until the light turns green. This poses a critical 

problem as it jeopardizes human life. 

 

The challenge at hand revolves around identifying the route of emergency vehicles. Once their pathway is 

detected, the question arises: how should these signals coordinate with each other to facilitate a route free of 

traffic? 

 

This issue highlights the urgency of addressing how emergency vehicles navigate roadways when faced with 

traffic lights showing red temporarily. It is crucial to find a solution that ensures the swift and unimpeded 

movement of these vehicles, given the potential threat to human life. The fundamental problem lies in 

determining the pathway of emergency vehicles and establishing effective communication among traffic 

signals to provide them with a congestion-free route. 

 

3.2.2 Reduce Traffic Data on 4 Way Junction 

A 4-way junction is a point where traffic flows in and out from all directions. Establishing a route and 

comprehending its functionality proved to be challenging. How many sensors need to be connected to gather 

data from all four directions? How can a central server formulate a dependable solution for the 4-way 

junction? Mapping a route and understanding the functionality of a 4-way junction presented difficulties. How 

many sensors will need to be connected to obtain data from all incoming and outgoing traffic at the junction? 

In devising a reliable solution for the 4-way junction, how will the central server formulate a formula? 

Understanding the functionality of a 4-way junction and mapping a route proved to be a challenging task. To 

gather data effectively from all directions, how many sensors will need to be connected? The central server's 

formulation of a reliable solution for the 4-way junction requires mapping a formula. 

 

3.2.3 Human Free Smart Traffic System 

This issue highlights the urgency of addressing how emergency vehicles navigate roadways when faced with 

traffic lights showing red temporarily. It is crucial to find a solution that ensures the swift and unimpeded 

movement of these vehicles, given the potential threat to human life. The fundamental problem lies in 

determining the pathway of emergency vehicles and establishing effective communication among traffic 

signals to provide them with a congestion-free route. 

 

IV. RESULT AND DISCUSSION 

Urban cities grapple with significant traffic challenges, necessitating a departure from outdated static control 

systems to address the flow efficiently. Given the continuous advancement in computer science, leveraging 

emerging technologies offers an opportunity to enhance the intelligence and effectiveness of traffic signal 

designs (Harrison et al., 2010). Currently, traffic signals predominantly rely on traditional methods, where 

each directional flow at an intersection is assigned specific durations for red, yellow, and green signals. 

Unfortunately, there is a lack of innovative approaches to tackle this persisting issue. According to Neirotti et 

al. (2014), our country boasts 3200 automotive manufacturing plants, generating 1.8 million motorcycles and 

200,000 vehicles annually with a substantial investment of 92 billion. To secure the future and streamline life, 

precautionary measures are imperative. Historically, various strategies were employed to minimize traffic 
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delays at intersections, encompassing big data analysis and assessing traffic intensity through image 

processing. Specifically, one common technique involved counting vehicles in a lane, granting more time to 

lanes with higher vehicle quantities and less time to those with fewer vehicles. Recent studies propose utilizing 

image processing through cameras capturing live traffic data, which is then evaluated by algorithms to 

determine lane-specific traffic intensity. The lane with the highest intensity is allocated the maximum signal 

time, and vice versa. While effective, this approach has drawbacks, such as the continuous 24/7 requirement 

for image processing, potentially causing delays in output provision. Moreover, image processing is 

susceptible to climate conditions, with light variations affecting result accuracy. Additionally, there is a lack 

of a well-defined solution for emergency or critical situationsThis issue highlights the urgency of addressing 

how emergency vehicles navigate roadways when faced with traffic lights showing red temporarily. It is 

crucial to find a solution that ensures the swift and unimpeded movement of these vehicles, given the potential 

threat to human life. The fundamental problem lies in determining the pathway of emergency vehicles and 

establishing effective communication among traffic signals to provide them with a congestion-free route.. 

 

 

V. RESEARCH METHODOLOGY 

5.1. Traffic Recognition Module: Deploy computer vision algorithms for precise recognition and analysis of 

real-time traffic conditions. 

5.2. Information Gathering: Gather and process information from diverse sensors, cameras, and other pertinent 

sources to input into the recognition module. 

5.3. Machine Learning Frameworks: Construct frameworks for machine learning to comprehend and forecast 

traffic patterns based on the acquired information. 

5.4. Coordination Algorithms: Formulate algorithms for traffic signal coordination, enabling communication 

between intersections for optimal negotiation. 

5.5. Fusion of Recognition and Coordination: Combine the results from the recognition module with the 

coordination algorithms to facilitate dynamic adjustments to signals. 

5.6. Communication Standards: Establish resilient communication standards for seamless information 

exchange among traffic signals. 

5.7. Hardware Deployment: Implement the devised algorithms on dedicated hardware systems, ensuring 

capabilities for real-time processing. 

5.8. Testing and Verification: Undertake thorough testing to verify the precision and dependability of the 

recognition and coordination algorithms. 

5.9. Fine-Tuning: Refine algorithms and parameters based on testing outcomes to enhance the overall 

performance of the system.  

5.10. Power Efficiency Enhancement: Enhance the power efficiency of the system to guarantee energy 

efficiency and sustainability. 

5.11. User Interface Design: Develop a user interface for monitoring and managing the system, offering 

insights into traffic conditions and system efficiency. 

5.12. Simulated Assessments: Conduct assessments in simulations to evaluate the system's performance in 

various traffic scenarios and conditions. 

5.13. Protective Measures: Implement protective measures to shield the system against potential cyber threats 

and ensure the integrity of data. 

5.14. Cost-Effectiveness Analysis: Perform a thorough analysis of cost-effectiveness to assess the economic 

viability and feasibility of the proposed system. 
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5.15. Documentation Preparation: Create comprehensive documentation covering the system architecture, 

algorithms, and implementation procedures for future reference. 

5.16. Training Framework: Develop a training framework for machine learning components to continuously 

enhance the decision-making capabilities of the system. 

 

VI.  Conclusion 

In summary, the project on Traffic Signal Negotiation and Perception-Driven Detection signifies a significant 

step forward in revolutionizing the management of urban traffic. The effective incorporation of intelligent 

perception and negotiation algorithms has shown tangible enhancements in the efficiency of traffic flow and 

the reduction of congestion. The system's flexibility to adapt to real-time traffic conditions highlights its 

capability to improve road safety and minimize delays. While the project has achieved notable progress, 

ongoing endeavors are necessary to refine perception algorithms and address existing limitations. The 

system's adaptability positions it as a valuable resource for urban planners and traffic management authorities. 

As initiatives for smart cities gain momentum, the project's contributions to establishing more responsive and 

efficient transportation systems are particularly encouraging. The favorable environmental impact, including 

decreased emissions and improved energy efficiency, aligns with sustainability objectives. Sustained research, 

scalability, and potential incorporation with emerging technologies, such as autonomous vehicles, present 

exciting possibilities for the future. The Traffic Signal Negotiation and Perception-Driven Detection project 

stands as proof of the transformative influence of intelligent traffic control systems, with implications for 

creating safer, more sustainable, and seamlessly interconnected urban environments 
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