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ABSTRACT 

The application of object counting for a real-time traffic control system is presented in this work. The system, 

which uses computer vision techniques to detect and count automobiles at junctions, was created and 

implemented using a Raspberry Pi 400 using COCO (Common Objects in Context) dataset is a large-scale 

object detection, segmentation, and captioning dataset widely used in computer vision research. It provides 

images, bounding boxes, segmentation masks, key points, and captions for real-world objects. This method 

drastically cuts down on needless waiting times by dynamically adjusting signal timing based on actual traffic 

circumstances, unlike traditional traffic light systems that run on set time cycles. The approach simplifies the 

design of the control system by doing away with the requirement for intricate networking architectures that are 

usually used to link cameras to centralized monitoring stations. The system reduces hardware needs and 

increases efficiency while lowering total costs by combining detection and control into a single processing 

unit. According to experimental data, traffic congestion significantly decreased, and vehicle flow, and 

improved flexibility in contrast to conventional systems. With an overall 48.94% reduction in time delays. An 

economical, scalable, and successful substitute for traditional traffic control techniques is provided by the 

suggested approach. 
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INTRODUCTION 

Traffic signal control systems have long been an important tool for controlling vehicular mobility and reducing 

congestion in metropolitan settings. As cities become more linked, traditional traffic management systems fail 

to adjust to changing traffic patterns. Leonard Casciato and Josef Kates designed the first automated traffic 

light system, which was implemented in Toronto in 1954, representing a significant leap in intelligent traffic 

control [1]. 

Traditional traffic signals follow pre-programmed time cycles, which can lead to inefficiencies, particularly 

during peak hours or in emergencies. These systems generally include a controller housed in a cabinet with 

power distribution panels, loop detector interfaces, detector amplifiers, conflict monitors, flash transfer relays, 

and a police panel for emergency [2] However, the absence of real-time adaptation causes needless delays and 

congestion. 

To overcome these constraints, new traffic control systems include Computer Vision (CV) and Artificial 

Intelligence (AI) to allow for real-time traffic flow analysis. The suggested system detects vehicles using 

OpenCV and manages signal transitions with an 8-channel relay, resulting in an adaptive response depending 

on real-time traffic density. Using camera-based monitoring, the system automatically modifies signal 

durations to optimize traffic flow and alleviate bottlenecks. Furthermore, this method improves emergency  

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/
https://doi.org/10.51584/IJRIAS.2025.100500073


Page 799 

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue V May 2025 

 

 

 

 

 

www.rsisinternational.org 

 
 

   

c 

response efficiency by recognizing high-priority cars and altering traffic signals accordingly [3, 4]. 

Statement of the problem 

Traffic congestion is a major issue in metropolitan areas, increasing travel time, fuel consumption, and 

environmental pollution. Conventional traffic signal management systems rely on set timers that are ineffective 

at responding to real-time traffic circumstances, resulting in needless delays and vehicle queuing. Existing 

intelligent traffic management systems often rely on complicated networking infrastructures to communicate 

between cameras and monitoring stations, which increases system complexity and implementation costs [6][7]. 

Furthermore, the high hardware requirements of typical adaptive traffic management systems make them more 

expensive and less scalable for wider use. There is a need for a low-cost, standalone intelligent traffic control 

system that can dynamically modify signal timing based on real-time vehicle detection, avoiding the 

requirement for large-scale infrastructure. This work tackles these issues by developing a traffic light control 

system that uses object counting for real-time traffic detection and control. The system streamlines traffic 

management by combining detection and control in a single compact unit lowering hardware costs, removing 

complicated networking dependencies, and improving overall traffic flow efficiency. 

Aim and Objectives 

This proposal aims to develop an intelligent traffic control light system using object counting.  

The objectives of this proposal are as follows: 

i. To design a computer vision system that can detect and analyze traffic density in real time. 

ii. To develop a neural network-based algorithm that can adjust traffic light timings based on the traffic 

density information. 

iii. To evaluate the performance of the proposed system in reducing congestion and improving traffic flow. 

iv. Implement AI-based Traffic Control System 

MATERIALS AND METHOD 

Components Used 

i. Raspberry Pi 400 

ii. Two USB Cameras 

iii. 8-Channel Relay Module 

iv. Traffic Light Model 

v. Plywood for Road Model 

vi. Model Cars 

vii. OpenCV for Vehicle Detection 

System Design 

The system uses two USB cameras, each focused on a separate lane. Vehicle detection and counting are 

implemented using OpenCV. Based on the number of detected vehicles, the Raspberry Pi 400 decides which 

lane should be given the green light. The 8-channel relay switches the LEDs (traffic lights) accordingly. 

Data Collection 

The COCO dataset, a large-scale collection of labelled images, was utilized for vehicle detection in this 

research [8]. It contained 80 object categories, including relevant classes such as cars, trucks, buses, and 

motorcycles. These categories enabled the system to distinguish different vehicle types and optimize traffic 

control based on real-time congestion levels. 
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Object Detection and Counting 

A pre-trained YOLO model, trained on the COCO dataset, was integrated into the system for object detection. 

The model was loaded into OpenCV's deep learning module and used to process video frames captured from a 

Raspberry Pi camera. Each frame was analyzed to detect and classify objects within the predefined vehicle 

categories. The detection process involved extracting features from video frames and applying the YOLO 

model to identify vehicles. Bounding boxes were drawn around detected objects, and each vehicle was 

assigned a confidence score based on the accuracy of the detection. To improve reliability only objects with 

confidence scores above a set threshold were considered for traffic control decisions. Once vehicles were 

detected, an object-counting algorithm was implemented to determine the number of vehicles in the monitored 

area. This count was used to regulate traffic signals dynamically, ensuring that signal durations were adjusted 

according to real-time traffic density [9]. By leveraging the COCO dataset and OpenCV, the system 

successfully automated traffic management, reducing wait times and improving overall traffic flow efficiency. 

Design and Implementation 

The third chapter of this project report focuses on the design and implementation of an automated traffic 

control system using various technologies and hardware components. The system aims to improve traffic 

management at intersections by leveraging OpenCV for vehicle detection, an 8-channel relay for controlling 

traffic lights, and a Raspberry Pi 400 as the central processing unit. 

 

Figure 2.1: Block Diagram of an Intelligent Traffic Light Control System 

System Architecture 

The architecture of the traffic control system integrates several components to create an efficient and 

responsive traffic management solution. The primary components include: 

i. Raspberry Pi 400: The central processing unit that runs the software for vehicle detection and traffic 

light control. 
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ii. OpenCV: An open-source computer vision library used for detecting vehicles in each lane using 

cameras. 

iii. 8-Channel Relay: A relay module that controls the traffic lights for two lanes. Each lane has a set of 

three traffic lights (Red, Yellow, Green). 

iv. Cameras: Two cameras, one for each lane, to capture real-time traffic data. 

v. Plywood Model: A physical model representing the lanes and intersection, used for demonstration and 

testing.   

vi. Model Cars: Small-scale cars are used to simulate real traffic on the model lanes. 

 

Figure 2.2: Relay 

 

Figure 2.3. Model Design of Lanes 

Hardware Design 

The hardware setup involves connecting the Raspberry Pi 400 to the cameras and the 8-channel relay. The 

cameras are strategically placed to cover the two lanes, ensuring that vehicles in each lane are accurately 

detected. The relay module is connected to the Raspberry Pi via GPIO pins and is responsible for switching the 

traffic lights based on the input from the vehicle detection system. 

 

Figure 2.4. Traffic full view 
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Software Design 

The software component is developed using Python, leveraging the OpenCV library for image processing and 

vehicle detection. The main tasks include: 

i. Vehicle Detection: The cameras continuously capture frames, which are processed by OpenCV to 

detect the presence of vehicles in each lane. The detection algorithm uses background subtraction and 

contour detection techniques to identify moving vehicles. 

ii. Traffic Light Control: Based on the vehicle detection results, the system determines the appropriate 

traffic light signals. For instance, if a vehicle is detected in a lane, the system may prioritize that lane 

by switching the traffic light to green while keeping the other lane on red. 

iii. Integration with Relay Module: The traffic light control decisions are sent to the 8-channel relay, which 

switches the corresponding traffic lights on the physical model. 

RESULTS AND DISCUSSIONS 

This chapter details the testing procedures and results obtained from implementing the traffic control system. It 

aims to evaluate the effectiveness of the system in managing traffic flow and ensuring safety at intersections. 

The intelligent traffic system demonstrated a significant reduction in wait times compared to fixed-cycle 

systems. Our system achieved an average wait time reduction of 48.94%. 

Model Performance  

Figure 3.1 below shows the number of cars identified in each lane at various periods. It shows a visual picture 

of traffic conditions in Lanes 1, 2, and 3 during the system's operation. 

 

Figure 3.1: The traffic of each Lane 

The x-axis depicts time intervals, which go from left to right, while the y-axis reflects the number of observed 

cars. Taller bars indicate increased traffic density, whereas shorter bars indicate decreased vehicle numbers. 

Variations in bar height represent real-time variances in traffic flow across the monitored lanes. 
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Figure 3.2: traffic control decisions 

The choices taken for each lane's traffic control at each time step are shown in this line chart. According to the 

designated traffic control regulations, it shows whether a lane is permitted to move (1) or not permitted to 

move (0). 

i. The time steps, which show how the simulation advances over time, are represented by the x-axis. 

ii. The traffic control choices are represented on the y-axis by a binary representation, where '1' denotes 

that a lane is permitted to move and '0' indicates that it is not. 

These guidelines serve as the foundation for traffic control decisions: 

i. A lane cannot proceed if another lane is open, which has a large amount of traffic. 

ii. A lane cannot move when there is no traffic. 

iii. A lane may move if there is one to five vehicles in it. 

The graphic makes it easier to understand how the traffic control system changes over time to accommodate 

shifting traffic circumstances. At every time step, including when emergency vehicles are present and when 

lanes have different amounts of traffic, you can see the decisions made for each lane. 

Testing Procedures 

The testing phase involved setting up the plywood model with the model cars and running the complete system 

to simulate real-world traffic scenarios. The following steps were undertaken: 

i. Initial Setup: The cameras, Raspberry Pi 400, and relay module were set up according to the 

design specifications. The model cars were placed on the lanes to simulate traffic. 

 

Figure 3.3: Raspberry Pi 400 interfacing with Relay 
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ii. Calibration: The vehicle detection algorithm was calibrated to ensure accurate detection of the 

model cars. This involved adjusting parameters such as threshold values and contour sizes. 

iii. Simulation Runs: Multiple simulation runs were conducted with varying traffic conditions, 

including different numbers of vehicles and varying speeds. The system's responses were observed 

and recorded. 

 

Figure 3.4:  Realtime Display of Traffic Object Detection for Cars 

Wait Time Measurement 

Wait time was computed by recording the timestamp of vehicle arrival at a red light and subtracting it from the 

timestamp when the light turned green. The time logs were collected using Python's `time` module and verified 

by visual observation. The average wait time per lane was then calculated over multiple cycles to evaluate 

performance. 

 

Figure 3.5:  Waiting Traffic Analysis 

To determine the performance percentage of the traffic reduction time of the intelligent traffic control system, 

we would compare key metrics such as: 

Reduction in Average Wait Time: 

• Conventional System Wait Time:𝑇𝑐 

• Proposed System Wait Time:𝑇𝑝 
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• Performance Improvement (%): 

Improvement= (
𝑇𝑐−𝑇𝑝

𝑇𝑐
) × 100 

i. Low Traffic: 

• Fixed-Timer: 30s 

• Proposed System: 10s 

• Reduction: 
30−10

30
× (100) = 66.67% 

ii. Medium Traffic: 

• Fixed-Timer: 45s 

• Proposed System: 25s 

• Reduction:  
45−25

3045
× (100) = 44.44% 

iii. High Traffic: 

• Fixed-Timer: 70s 

• Proposed System: 45s 

• Reduction:  
70−45

70
× (100) = 48.94% 

Overall Performance Improvement 

Taking the average of all cases: 
66.67+44.44+35.71

3
= 48.94% 

The AI-based traffic control system demonstrated a 48.94% reduction in average wait time, significantly 

optimizing traffic flow. Compared to the traditional fixed-timer system, it achieved a 66.67% reduction in low-

traffic conditions, 44.44% in medium traffic, and 35.71% in high-traffic scenarios, effectively minimizing 

congestion and improving overall efficiency. We assessed the two traffic control methods using the following 

metrics: accuracy of detection of pedestrians and vehicle counts in lanes. 

Comparison of AI Traffic System with Traditional Method 

Flexibility: AI-based traffic control systems adapt to changing traffic conditions, whereas traditional methods 

are rigid and less responsive to real-time data. 

Efficiency: AI systems optimize traffic flow and reduce congestion, leading to shorter travel times and lower 

fuel consumption. Traditional methods are less efficient, particularly during peak hours. 

AI traffic controllers are capable of recognizing and prioritizing emergency vehicles, contributing to enhanced 

safety. Traditional methods lack this feature. 

Comparative Analysis with other AI Traffic control Systems 

A comparison with similar AI-based systems showed that our design is cost-effective and provides faster 

response times due to the use of lightweight object detection. While other systems may incorporate cloud 

connectivity or heavier models (e.g., YOLOv5), our approach is optimized for real-time local processing as  

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


Page 806 

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue V May 2025 

 

 

 

 

 

www.rsisinternational.org 

 
 

   

c 

detailed in table 3.1. 

Table 3.1 Comparative Analysis of Designed System with Other AI-based Traffic Control Systems 

System Average Wait Time Reduction Hardware Cost Processing Type 

Our System 48.94% Low Edge (Local) 

Ref [5] 35% Medium Cloud-based 

Ref [6] 52% High Edge (Jetson Nano) 

Limitations and Scalability Considerations 

The current system is designed for controlled lighting conditions and two-lane setups. In real-world 

deployments, challenges such as poor lighting, adverse weather, and vehicle occlusion must be addressed. 

These can be mitigated by integrating infrared or thermal cameras, enhancing pre-processing algorithms, and 

improving image resolution. Scalability to multi-lane or urban intersections would require synchronized 

camera feeds and more complex logic controllers. 

CONCLUSION 

The implementation and testing of the traffic control system demonstrated its potential to effectively manage 

traffic at intersections using object counting in computer vision. The integration of OpenCV for vehicle 

detection and an 8-channel relay for traffic light control proved to be a successful approach. The system's 

accuracy, efficiency, and responsiveness were validated through extensive testing with the plywood model and 

model cars, reducing traffic time by an average of 48.94%. This project showcased the capabilities of 

leveraging modern technologies such as computer vision and microcontrollers to address real-world problems 

like traffic management. Future improvements could include scaling the system for larger intersections, 

incorporating additional sensors for enhanced accuracy, and implementing advanced algorithms for predictive 

traffic control. The successful completion of this project lays the groundwork for further research and 

development in intelligent traffic management systems. 

Contributions to Knowledge 

i. Demonstrates effective use of real-time object detection to enhance traffic flow and safety at 

intersections. 

ii. Provides a practical example of using dual cameras to improve vehicle detection accuracy and 

coverage using object counting. 

Future Work 

The intelligent traffic light system effectively reduces traffic congestion by dynamically adjusting signals 

based on vehicle density. Future work will focus on integrating cloud-based data analytics for remote 

monitoring, using edge-AI platforms such as NVIDIA Jetson for real-time image processing, and incorporating 

V2X communication for connected vehicles. Enhancing the system's adaptability to complex road 

environments and harsh weather conditions is also a key direction. 
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