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Abstract: This project presents an AI-based traffic detection and autonomous signal control system designed to 

improve traffic flow and reduce congestion at road intersections. The system utilizes an ESP32 microcontroller as the 

central processing unit, integrated with an image-based vehicle detection module that captures real-time traffic data 

using a camera. Advanced image processing and artificial intelligence techniques are employed to detect and count 

vehicles in different lanes. Based on the analyzed traffic density, the system dynamically adjusts signal timings, giving 

priority to heavily congested lanes while minimizing waiting time for less crowded ones. A signal switching module 

controls the traffic phases, and LED lights are used to display the signals accordingly. 
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I. INTRODUCTION 

In recent years, rapid urbanization and the increasing number of vehicles on roads have led to severe traffic congestion 

in cities. Traditional traffic management systems, which rely on fixed-time signal control, are no longer efficient in 

handling dynamic and unpredictable traffic conditions. These systems often result in unnecessary delays, fuel wastage, 

and increased air pollution due to idle vehicles at intersections. Therefore, there is a growing need for intelligent and 

automated traffic control systems that can adapt to real-time traffic situations and improve overall transportation 

efficiency. 

 

Artificial Intelligence (AI) has emerged as a powerful tool in solving complex real-world problems, including traffic 

management. By integrating AI with image processing techniques, it is possible to analyze live traffic conditions and 

make informed decisions. AI-based traffic systems can detect vehicles, estimate traffic density, and adjust signal 

timings dynamically. This not only reduces congestion but also enhances road safety and ensures smoother traffic flow. 

The use of smart technologies in traffic control is a significant step toward the development of smart cities. 

 

The proposed system focuses on an AI-based traffic detection and autonomous signal control mechanism using the 

ESP32 microcontroller. The ESP32 is a cost-effective and powerful device with built-in Wi-Fi and Bluetooth 

capabilities, making it suitable for IoT-based applications. It acts as the central controller that processes data from 

various modules and controls the traffic signals accordingly. The integration of IoT enables remote monitoring and 

future scalability of the system. 

 

A key component of the system is the image-based vehicle detection module. This module uses a camera to capture 

real-time images of traffic at an intersection. These images are processed using computer vision algorithms to identify 

and count vehicles in each lane. The collected data provides accurate information about traffic density, which is 

essential for making intelligent decisions regarding signal timing. Compared to traditional sensor-based systems, image 

processing offers higher flexibility and accuracy. 
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The system also incorporates a signal switching mechanism and LED traffic lights to control vehicle movement. Based 

on the traffic density analysis, the ESP32 dynamically adjusts the duration of green signals for each lane. Lanes with 

higher vehicle counts are given more time, while less congested lanes receive shorter durations. Additionally, an SD 

card module is used to store traffic data, which can be utilized for future analysis, system improvements, and traffic 

pattern studies. 

 

Overall, the AI-based traffic detection and autonomous signal control system provides an efficient, cost-effective, and 

scalable solution to modern traffic problems. By automating the decision-making process and reducing human 

intervention, the system ensures better traffic management and minimizes congestion. This approach contributes to 

improved fuel efficiency, reduced travel time, and enhanced road safety, making it highly relevant for smart city 

applications and future transportation systems. 

 

II. PROBLEM STATEMENT 

Conventional traffic signal systems operate on fixed timing mechanisms that do not consider real-time traffic 

conditions, leading to inefficient traffic management, increased congestion, longer waiting times, and unnecessary fuel 

consumption. In rapidly growing urban areas, traffic density varies significantly across different lanes and times, 

making static signal control inadequate. Additionally, the lack of automation and intelligent decision-making results in 

poor traffic flow and increased risk of accidents. Therefore, there is a need for a smart, automated traffic control system 

that can accurately detect vehicle density using image processing and dynamically adjust signal timings in real time to 

optimize traffic movement, reduce congestion, and improve overall road efficiency. 

 

III. OBJECTIVES 

• To develop an AI-based system for real-time vehicle detection using image processing techniques.  

• To analyze traffic density dynamically and make intelligent decisions for signal control.  

• To design an automated traffic signal system that adjusts signal timing based on vehicle count.  

• To reduce traffic congestion, waiting time, and fuel consumption at intersections.  

• To store traffic data using an SD card for monitoring, analysis, and future improvements.  

 

IV. LITERATURE SURVEY 

1. “Real-Time Traffic Density Estimation Using Deep Learning” – Zhang Wei et al., 2023, IEEE Transactions on 

Intelligent Transportation Systems 

This paper presents a deep learning-based approach for real-time traffic density estimation using convolutional neural 

networks (CNNs). The authors developed a model capable of processing live video streams from roadside cameras to 

accurately detect and count vehicles under varying environmental conditions such as rain, fog, and low lighting. The 

system demonstrated high accuracy compared to traditional image processing methods, especially in dense traffic 

scenarios. The study highlights the importance of using AI-based models for adaptive traffic control systems and shows 

how deep learning significantly improves detection performance. The proposed method also reduces computational 

complexity, making it suitable for real-time applications in smart traffic systems. 

 

2. “Smart Traffic Signal Control System Using IoT and Machine Learning” – Anjali Sharma et al., 2024, 

Springer Journal of Ambient Intelligence and Humanized Computing 

This research focuses on integrating IoT with machine learning to develop an intelligent traffic signal control system. 

The system collects traffic data using sensors and cameras and processes it using machine learning algorithms to 

predict traffic flow patterns. Based on predictions, signal timings are dynamically adjusted to reduce congestion. The 

paper emphasizes the role of IoT in enabling real-time data communication and remote monitoring. Experimental 
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results show improved traffic flow efficiency and reduced waiting time at intersections. The study supports the 

implementation of smart traffic systems in urban environments. 

 

3. “Vehicle Detection and Counting Using YOLOv5 for Intelligent Traffic Systems” – Rahul Mehta et al., 2023, 

International Journal of Computer Vision Applications 

This paper introduces the use of the YOLOv5 object detection algorithm for accurate vehicle detection and counting. 

The model is trained on large datasets to identify different types of vehicles such as cars, buses, and motorcycles. The 

system achieves high detection speed and accuracy, making it suitable for real-time traffic monitoring. The authors also 

discuss the integration of YOLOv5 with embedded systems for practical deployment. The research demonstrates that 

modern object detection techniques significantly outperform traditional methods and are highly effective for intelligent 

traffic management systems. 

 

4. “Adaptive Traffic Light Control Using Reinforcement Learning” – David Silver et al., 2022, IEEE Access 

This study explores the use of reinforcement learning (RL) to optimize traffic signal control. The system learns from 

traffic patterns over time and adjusts signal timings to minimize congestion and waiting time. The RL agent 

continuously improves its decision-making based on feedback from the environment. Simulation results show that the 

proposed system outperforms fixed-time and rule-based systems in terms of efficiency and adaptability. This paper 

highlights the potential of AI-driven learning techniques in creating fully autonomous traffic control systems. 

 

5. “Edge AI-Based Traffic Monitoring System Using ESP32-CAM” – Priya Nair et al., 2024, IEEE Embedded 

Systems Letters 

This paper presents a low-cost edge AI solution for traffic monitoring using ESP32-CAM. The system performs on-

device image processing to detect vehicles without relying on cloud computing, reducing latency and bandwidth usage. 

The ESP32 processes captured images and sends relevant data for signal control decisions. The study demonstrates that 

edge computing can be effectively used for real-time applications with limited resources. The proposed system is cost-

efficient, scalable, and suitable for deployment in developing regions, making it highly relevant to the proposed project. 

 

V. WORKING OF SYSTEM 

 
Fig 1: Design of the system 

 

• Power Initialization and System Setup 

The system begins with a regulated power source that supplies stable voltage to all the connected components. 

Proper power management is essential because fluctuations can affect the performance of the controller and 

other modules. Once powered, the central controller initializes all the connected units and prepares the system 
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for operation. It acts as the core unit that manages data flow, decision-making, and coordination between input 

and output sections 

 

• Real-Time Image Capture and Data Collection 

The operation of the system mainly depends on real-time data collection from the surroundings. A camera 

continuously captures images of the road at an intersection. These images are processed using artificial 

intelligence and computer vision techniques to detect and count the number of vehicles present in each lane. 

This method provides accurate and dynamic traffic information compared to traditional sensor-based 

approaches, making the system more reliable and efficient. 

 

• Traffic Density Analysis and Decision Making 

After capturing and processing the images, the obtained vehicle count is sent to the controller for analysis. The 

controller evaluates traffic density by comparing the number of vehicles in different lanes. Based on 

predefined conditions and logic, it determines which lane has higher congestion and requires priority. This 

decision-making process is automatic and continuously updated according to real-time conditions. 

 

• Signal Control and Switching Mechanism 

Once the decision is made, control signals are generated and sent to the switching mechanism. This part of the 

system is responsible for selecting the appropriate signal phase such as red, yellow, or green. It ensures that 

the signals change according to the instructions given by the controller. The switching process is carried out 

efficiently so that there is no delay in signal transition. 

 

• Data Storage and Monitoring 

At the same time, all important data such as captured images, vehicle count, and signal decisions are stored in 

a storage unit. This data can be used later for analysis, performance evaluation, and improvement of the 

system. Maintaining such records helps in understanding traffic patterns and optimizing the system for better 

results in the future. 

 

• Signal Output and Continuous Operation 

Finally, the processed signals are given to the output section, where traffic lights operate accordingly. The 

system dynamically adjusts the duration of signals based on traffic density, giving longer green signals to 

congested lanes and shorter durations to less crowded ones. This entire process runs continuously in a loop, 

enabling real-time, automated, and intelligent traffic management, reducing congestion, saving time, and 

improving overall road efficiency. 

 

VI. SYSTEM DESIGN 

ESP32 Microcontroller 

 
Fig 2: ESP 32 main controller 
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The ESP32 acts as the main controller of the system, responsible for processing vehicle data and controlling traffic 

signals. It receives input from the image processing unit, analyzes traffic density, and sends control signals to the output 

module. Its fast processing speed and built-in connectivity make it ideal for real-time applications. 

Specifications: 

• Operating Voltage: 3.3V  

• Clock Speed: Up to 240 MHz  

• Processor: Dual-core  

• Connectivity: Wi-Fi & Bluetooth  

• GPIO Pins: 30+  

• Communication Protocols: UART, SPI, I2C  

 

Camera Module 

The camera module captures real-time images of traffic at intersections. These images are used for vehicle detection 

and counting using AI algorithms. It continuously provides visual data to the controller for analysis. 

 

Specifications: 

Resolution: 640×480 (VGA) or higher  

Image Sensor: OV2640 (commonly used)  

Operating Voltage: 3.3V–5V  

Frame Rate: Up to 30 fps  

Interface: Serial / Wi-Fi (ESP32-CAM)  

 
Fig 3: camera module 

Image Processing & AI Module 

This module processes captured images to detect and count vehicles using computer vision techniques. It plays a key 

role in determining traffic density and enabling intelligent decision-making. 

Specifications: 

• Techniques Used: OpenCV, YOLO (object detection)  

• Processing Type: Real-time image analysis  

• Output: Vehicle count per lane  

• Accuracy: High (depends on algorithm and training)  

• Platform: Embedded / Edge computing  

 

Signal Switching Module 

This module controls the switching of traffic lights based on commands from the controller. It ensures proper activation 

of red, yellow, and green signals without delay. 
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Specifications: 

• Type: Relay / Transistor-based  

• Operating Voltage: 5V  

• Channels: 2–4 channel relay module  

• Load Handling: AC/DC loads  

• Response Time: Fast switching  

SD Card Module 

 
Fig 4: SD card module 

 

The SD card module is used for storing system data such as images, vehicle counts, and logs. It helps in monitoring and 

analyzing system performance. 

Specifications: 

• Operating Voltage: 3.3V  

• Communication: SPI protocol  

• Storage Capacity: Up to 32GB (or more)  

• Data Type: Images, logs, timestamps  

• Compatibility: Micro SD card  

 

LED Traffic Lights 

 
Fig 5: LEDs 

LEDs are used to display traffic signals. They indicate stop, ready, and go conditions for vehicles based on system 

decisions. 

Specifications: 

• Colors: Red, Yellow, Green  

• Operating Voltage: 2V–3V per LED  

• Power Consumption: Low  

• Brightness: High visibility  

• Life Span: Long  
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Power Supply Unit 

The power supply unit provides stable and regulated voltage to all system components. It ensures smooth and 

uninterrupted operation of the system. 

Specifications: 

• Input: AC 230V / Battery  

• Output: 5V and 3.3V DC  

• Components: Voltage regulator (7805), buck converter  

• Protection: Over-voltage & short circuit protection  

• Stability: Regulated output  

 

VII. RESULTS 

 
Fig 6: Prototype model 

 

The developed AI-based traffic detection and autonomous signal control system was successfully implemented and 

tested on a prototype model. The system effectively captured real-time images of vehicles at the intersection and 

accurately counted the number of vehicles in each lane using image processing techniques. Based on the detected 

traffic density, the ESP32 controller dynamically adjusted the signal timings, ensuring that lanes with higher congestion 

were given longer green signals while less crowded lanes experienced reduced waiting time. The LED traffic signals 

responded correctly to control commands, demonstrating smooth and efficient signal transitions. 

 

The overall performance of the system showed a significant improvement in traffic management compared to 

traditional fixed-timing systems. The adaptive signal control reduced unnecessary delays and improved traffic flow at 

the intersection. Additionally, the system was able to store traffic data in the SD card, which can be used for further 

analysis and optimization. The prototype results indicate that the system is reliable, efficient, and suitable for real-time 

applications, with the potential to be implemented in smart city traffic management systems for reducing congestion 

and enhancing road safety. 

 

VIII. CONCLUSION 

The AI-based traffic detection and autonomous signal control system successfully demonstrates an intelligent approach 

to modern traffic management. By utilizing image processing and real-time vehicle detection, the system is capable of 

dynamically adjusting traffic signal timings based on actual road conditions. The integration of the ESP32 

microcontroller ensures efficient processing, while the use of automated decision-making reduces the need for manual 

intervention. This results in improved traffic flow, reduced congestion, and optimized use of road infrastructure. 
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The system proves to be cost-effective, scalable, and suitable for implementation in urban areas and smart city 

environments. The inclusion of data storage further enhances its capability for future analysis and system improvement. 

Overall, the project provides a reliable and efficient solution to overcome the limitations of traditional traffic systems, 

contributing to reduced travel time, lower fuel consumption, and enhanced road safety. 

 

REFERENCES 

1. Zhang, W., Li, X., & Chen, Y. (2023). Real-time traffic density estimation using deep learning. IEEE 

Transactions on Intelligent Transportation Systems, 24(3), 2156–2167.  

2. Sharma, A., Gupta, R., & Verma, S. (2024). Smart traffic signal control system using IoT and machine 

learning. Journal of Ambient Intelligence and Humanized Computing, 15(2), 1123–1135.  

3. Mehta, R., Singh, P., & Kaur, J. (2023). Vehicle detection and counting using YOLOv5 for intelligent traffic 

systems. International Journal of Computer Vision Applications, 12(4), 45–56.  

4. Silver, D., et al. (2022). Adaptive traffic light control using reinforcement learning. IEEE Access, 10, 98765–

98778.  

5. Nair, P., & Kumar, S. (2024). Edge AI-based traffic monitoring system using ESP32-CAM. IEEE Embedded 

Systems Letters, 16(1), 25–29.  

6. Redmon, J., & Farhadi, A. (2018). YOLOv3: An incremental improvement. arXiv preprint arXiv:1804.02767.  

7. Bochkovskiy, A., Wang, C. Y., & Liao, H. Y. M. (2020). YOLOv4: Optimal speed and accuracy of object 

detection. arXiv preprint arXiv:2004.10934.  

8. Jocher, G., et al. (2023). YOLOv5 documentation and implementation. Ultralytics.  

9. Bradski, G. (2000). The OpenCV library. Dr. Dobb’s Journal of Software Tools.  

10. Szeliski, R. (2022). Computer Vision: Algorithms and Applications. Springer.  

11. Goodfellow, I., Bengio, Y., & Courville, A. (2016). Deep Learning. MIT Press.  

12. Kato, S., et al. (2022). Autonomous driving systems and traffic control technologies. IEEE Intelligent 

Transportation Systems Magazine, 14(1), 45–60.  

13. Barea, R., et al. (2023). Vision-based vehicle detection for traffic monitoring. Sensors, 23(5), 2456.  

14. Ghosh, S., & Roy, A. (2024). Intelligent traffic management using AI and IoT. International Journal of Smart 

City Applications, 8(1), 12–20.  

15. Khan, M., et al. (2023). Real-time vehicle detection using deep neural networks. IEEE Access, 11, 33456–

33468.  

16. Patel, D., & Shah, N. (2022). IoT-based smart traffic light system. International Journal of Engineering 

Research & Technology, 11(6), 789–793.  

17. Liu, H., et al. (2023). Traffic flow prediction using machine learning techniques. Transportation Research 

Part C, 145, 103921.  

18. Chen, L., et al. (2024). Edge computing for intelligent transportation systems. IEEE Network, 38(1), 102–109.  

19. Verma, P., & Singh, K. (2023). Smart city traffic management using embedded systems. Journal of Embedded 

Systems, 9(2), 55–63.  

20. Wang, J., et al. (2022). Deep learning-based traffic surveillance systems. IEEE Transactions on Neural 

Networks and Learning Systems, 33(8), 3456–3468.  

 


