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ABSTRACT -This paper presents the design and implementation of an Al enabled Smart Traffic Light Control
System for a four-lane road junction using Raspberry Pi 4. The proposed system focuses on reducing traffic
congestion, improving emergency response time, and enhancing pedestrian safety through automation. A single
camera connected to the Raspberry Pi is used for real-time video monitoring and ambulance detection using image
processing techniques. Traffic density is measured using ultrasonic and IR sensors installed on each lane, and green
signal timing is adjusted dynamically based on vehicle flow. Emergency vehicle priority is provided using Al-based
detection, V21 communication through ESP32 modules, and authorized manual override buttons. A Flask-based
web dashboard displays live video feed, lane status, traffic density, and emergency alerts. The system reduces
manual traffic control, minimizes waiting time, and improves overall traffic management efficiency. The proposed
solution is cost-effective, scalable, and suitable for smart city applications and academic prototype
demonstrations.

I. INTRODUCTION

Traffic congestion has become a major problem in urban areas due to the rapid increase in the number of vehicles on
roads. Traditional traffic signal systems mostly operate on fixed timing and do not consider the actual traffic density at
intersections. This leads to longer waiting time, fuel wastage, and increased pollution. Emergency vehicles such as
ambulances also face delays because there is no automatic priority system. Therefore, there is a need for an intelligent
traffic control system that can manage signals based on real-time conditions.

The Al-enabled smart traffic light control system proposed in this project uses image processing and automation
techniques to improve traffic management. A camera captures traffic images, and a Raspberry Pi analyzes vehicle density
to adjust signal timing dynamically. The system also includes emergency vehicle detection and a web-based dashboard for
monitoring. The developed prototype demonstrates how artificial intelligence and embedded systems can improve traffic
flow efficiency.

II. Problem Definition

Traffic management at road intersections is becoming increasingly difficult due to the continuous growth in the number of
vehicles. Most of the existing traffic light systems operate on fixed time intervals without considering the actual number of
vehicles present on each lane. This results in inefficient signal control, longer waiting times, and unnecessary traffic
congestion, especially during peak hours. In addition, emergency vehicles such as ambulances and fire brigades often face
delays because there is no automatic mechanism to provide signal priority at intersections.

Manual traffic control by authorities is also not always practical, as it requires continuous human effort and monitoring.
There is a need for a smart and automated traffic control system that can detect real-time vehicle density and adjust signal
timing accordingly. Therefore, the main problem addressed in this project is to design and implement an intelligent traffic
light control system that reduces congestion, improves traffic flow, and provides priority for emergency vehicles using Al-
based techniques.

IIL. Objectives of the Project

The main objective of this project is to design and develop an Al-enabled smart traffic light control system that can manage
traffic signals efficiently based on real-time vehicle density. The system aims to reduce traffic congestion at road
intersections by automatically adjusting signal timing according to the number of vehicles present on each lane. Another
important objective is to minimize unnecessary waiting time and improve overall traffic flow efficiency compared to
traditional fixed-time traffic signal systems.
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This project also focuses on detecting emergency vehicles such as ambulances and providing immediate signal priority to
ensure faster movement during critical situations. Additionally, the system includes a web-based dashboard for real-time
monitoring and visualization of traffic conditions. The overall objective is to demonstrate how artificial intelligence and
embedded systems can be used to create an intelligent, automated, and cost-effective traffic management solution suitable
for future smart city applications.

IV. Literature Review

Many researchers have worked on smart traffic management systems using image processing, sensors, and artificial
intelligence techniques. Some systems use infrared sensors or inductive loops to detect vehicle presence, while others use
camera-based detection for better accuracy. Studies show that adaptive traffic signal control based on real-time vehicle
density can significantly reduce traffic congestion and waiting time compared to fixed-time systems. Recent developments
also include emergency vehicle detection methods to provide signal priority.

However, many existing solutions require expensive hardware or complex infrastructure, which makes implementation
difficult in developing regions. Therefore, there is a need for a cost-effective and efficient system that can perform real-
time traffic monitoring and control. The proposed project focuses on using affordable components like Raspberry Pi and
camera modules while implementing intelligent control techniques for better traffic management.

VI. Proposed System

The proposed system is an Al-enabled smart traffic light control system designed to manage traffic signals automatically
based on real-time vehicle density. In this system, a Raspberry Pi is used as the main controller, which receives input from
ultrasonic sensors and IR sensors installed on each lane to detect vehicle presence and measure traffic density. Based on
the sensor data, the controller calculates the required green signal time for each lane and controls the traffic lights
accordingly. A camera module is also connected to the Raspberry Pi to monitor the road continuously and detect
emergency vehicles such as ambulances using image processing techniques. When an emergency vehicle is detected, the
system overrides the normal traffic cycle and provides immediate priority to the corresponding lane.

In addition to automatic control, the system also includes ESP32 modules for communication and emergency push buttons
for authorized manual override during special situations. A Flask-based web dashboard is developed to display live video
feed, lane status, traffic density values, and emergency alerts in real time, which helps in monitoring and management. The
main aim of the proposed system is to reduce traffic congestion, minimize waiting time, and improve emergency vehicle
movement with minimal human intervention. The system is designed to be cost-effective, scalable, and suitable for smart
city applications as well as academic prototype implementation.

VII. Block Diagram

Al-Enabled Smart Traffic Light Control System: Block Diagram
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Fig 1:- Block diagram of Al-Enabled Smart Traffic Light Control System
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The block diagram of the Al-enabled smart traffic light control system consists of three main sections: input section,
processing section, and output section.

1. Input Section

e Ultrasonic sensors are used to measure the traffic density on each lane by calculating the distance between
vehicles.

o IR sensors are used for vehicle detection and counting near the signal area.

e A camera module is connected to capture live video for monitoring and emergency vehicle detection.

e Emergency push buttons are provided for authorized persons to manually control the signals during emergency
situations.

e Allinput data from sensors and buttons is sent to the main controller for processing.

2. Central Processing Section

Raspberry Pi 4 acts as the main controller or brain of the system.

It receives data from sensors and the camera, processes the information, and decides the signal timing.

Image processing algorithms are used to detect emergency vehicles like ambulances.

ESP32 modules are used for communication between vehicles and the system using Wi-Fi or MQTT protocols.

w

Output and Monitoring Section

Traffic signal LEDs (Red, Yellow, Green) are controlled according to the decision made by the controller.

A Flask-based web dashboard displays live traffic data, lane status, and emergency alerts.

Traffic data can also be stored locally for record purposes.

IoT cloud platforms can be used for long-term monitoring and analysis.

Overall, this block diagram shows how different components are connected together to make the system work
automatically and efficiently with minimum human intervention.

VIII. Hardware and Software Requirements

Hardware Requirements

The following hardware components are required to implement the Al-enabled smart traffic light control system:
e Raspberry Pi 4 Model B

It acts as the main controller of the system. It processes the sensor data, camera input, and controls the traffic signal LEDs
based on programmed logic.

e ESP32 Modules

These modules are used for wireless communication and vehicle-to-infrastructure (V2I) communication using Wi-Fi or
MQTT protocol.

e Ultrasonic Sensors
Ultrasonic sensors are used to measure the distance between vehicles to estimate traffic density on each lane.
e IR Sensors

IR sensors help in detecting vehicle presence and counting vehicles near the signal point.
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e (Camera Module / USB Camera

The camera is used for live traffic monitoring and detecting emergency vehicles such as ambulances using image
processing.

e Traffic Signal LEDs (Red, Yellow, Green)
LEDs represent the traffic lights for each lane and are controlled through Raspberry Pi GPIO pins.
e  Push Buttons
Emergency push buttons are provided for manual override during critical situations by authorized personnel.
e Power Supply Unit
A regulated power supply provides required voltage to Raspberry Pi, sensors, and other components.
e Connecting Wires and Breadboard
Used for making circuit connections during prototype implementation.
Software Requirements
The following software tools are used for programming and system development:
e Python Programming Language
Python is used to write the main control program for traffic logic, sensor processing, and camera handling.
e Arduino IDE
Arduino IDE is used to program the ESP32 modules for communication purposes.
e Flask Framework
Flask is used to create a web dashboard for live monitoring of traffic data, lane status, and alerts.
e OpenCV Library
OpenCV is used for image processing and emergency vehicle detection through the camera.
e Raspberry Pi 0S
The operating system installed on Raspberry Pi to run the programs and manage hardware.
e MQTT / Wi-Fi Communication Protocols

Used for communication between ESP32 modules and Raspberry Pi for data transfer.
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IX. System Architecture

The system architecture of the Al-enabled smart traffic light control system shows how different hardware and software
components are connected and work together to control traffic automatically.

The Raspberry Pi 4 acts as the main controller of the system and works as the central processing unit.

Ultrasonic sensors and IR sensors are installed on each lane to detect vehicle presence and measure traffic
density.

A camera module is connected to the Raspberry Pi to capture live video for traffic monitoring and emergency
vehicle detection.

ESP32 modules are used for communication between vehicles and the traffic system using Wi-Fi or MQTT
protocol.

The Raspberry Pi processes all the input data and decides the signal timing based on traffic conditions.

Traffic signal LEDs are connected to the GPIO pins of the Raspberry Pi and are controlled according to the decision
taken by the system.

Emergency push buttons are provided to manually override the system during special situations if required.

A Flask-based web dashboard is developed to display live traffic status, lane information, and emergency alerts for
monitoring.

Traffic data can also be stored locally or sent to cloud platforms for future analysis and record keeping.

X. Working Principle

The working principle of the Al-enabled smart traffic light control system is based on real-time traffic monitoring and
automatic signal control using sensors and a controller.

When vehicles arrive near the junction, the ultrasonic sensors measure the distance between vehicles to estimate
traffic density on each lane.

At the same time, IR sensors detect the presence of vehicles near the signal area and help in counting vehicles.

All the sensor data is sent to the Raspberry Pi, which processes the information and calculates the required green
signal time for each lane.

The system compares traffic density of all lanes and gives priority to the lane with more vehicles.

A camera module continuously monitors the road and checks for emergency vehicles such as ambulances using
image processing.

If an emergency vehicle is detected, the system immediately overrides the normal signal cycle and gives a green
signal to that particular lane.

ESP32 modules can also send emergency signals through communication if required.

Traffic signal LEDs are controlled automatically based on the decision taken by the Raspberry Pi.

A Flask-based web dashboard displays live traffic status, lane conditions, and emergency alerts for monitoring.
The system keeps repeating this process continuously to maintain smooth traffic flow with minimum human
intervention.

© 2026,IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page679



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 13 Issue: 02 | Feb 2026 www.irjet.net p-ISSN: 2395-0072

XI. Flowchart

XI. System Flowchart ‘
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Fig 2:- System Flowchart

The flowchart of the Al-enabled smart traffic light control system explains the step-by-step working process of the system
from starting to signal control.

e  First, the system is powered ON and all components such as sensors, camera, and communication modules are
initialized.

e The Raspberry Pi starts reading data from ultrasonic sensors and IR sensors installed on each lane.

o The system calculates the traffic density based on the sensor readings.

e After that, the controller checks whether any emergency vehicle is detected using the camera or communication
module.

e Ifan emergency vehicle is detected, the system immediately gives priority green signal to that lane.

If no emergency vehicle is detected, the system compares traffic density of all lanes and selects the lane with the

highest traffic.

The controller then turns ON the green signal for the selected lane and keeps other lanes on red.

After the assigned time is completed, the system switches signals and repeats the process for the next lane.

At the same time, the Flask dashboard updates the traffic status and alerts in real time.

This cycle continues continuously to maintain smooth traffic flow.

XII. Methodology

The methodology of the proposed Al-enabled smart traffic light control system mainly focuses on detecting vehicle density
and identifying emergency vehicles in real time so that traffic signals can be controlled automatically. The system uses a
combination of sensors, camera processing, and communication modules to improve accuracy and reliability.

Vehicle Density Detection

Ultrasonic sensors are installed on each lane to measure the distance between vehicles.

When traffic increases, the distance measured by the sensor decreases, which indicates higher traffic density.
IR sensors are placed near the signal area to detect the presence of vehicles and help in counting vehicles.
The data from ultrasonic and IR sensors is sent to the Raspberry Pi controller.
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The controller analyzes this data and calculates the traffic density level for each lane.
Based on the density value, the system decides how much green signal time should be provided to each lane.

Emergency Vehicle Detection

A camera module is connected to the Raspberry Pi to continuously monitor the road.

Image processing techniques are used to detect emergency vehicles such as ambulances.

ESP32 modules are used for communication, which can send emergency signals from vehicles to the system if
required.

Emergency push buttons are also provided for manual override by authorized personnel.

When an emergency vehicle is detected through any method, the system immediately overrides the normal traffic
cycle.

The corresponding lane receives a green signal so that the emergency vehicle can pass without delay.

XIII. Circuit Diagram

I Smart Traffic Light Control System - Circuit Diagram I
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Fig 3 :- Circuit Diagram

The circuit diagram of the Al-enabled smart traffic light control system shows how different hardware components are
connected to the Raspberry Pi controller. The Raspberry Pi acts as the main control unit and all sensors and output devices
are connected through its GP1O pins.

Ultrasonic sensors are connected to the GPIO pins of the Raspberry Pi for measuring vehicle distance on each lane.
IR sensors are connected as input devices to detect vehicle presence near the signal area.

Traffic signal LEDs (Red, Yellow, Green) are connected to the output pins of the Raspberry Pi through current
limiting resistors.

The camera module is connected using the USB port or CSl interface of the Raspberry Pi for live video monitoring.
ESP32 modules communicate with the Raspberry Pi using Wi-Fi for sending and receiving data.

Emergency push buttons are connected to GPIO input pins to provide manual override control when required.

A regulated power supply is used to provide stable voltage to Raspberry Pi and other components.

All components share a common ground to ensure proper circuit operation.
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XVI. Actual Model

Fig 4 :- Actual Model

XVII. Results and Observations

The Al-enabled smart traffic light control system was successfully implemented and tested for a four-lane intersection
prototype. During testing, the sensors were able to detect vehicle presence and traffic density accurately, and the
Raspberry Pi controller adjusted the signal timing based on the traffic conditions. It was observed that lanes with higher
vehicle density received longer green signal duration, which helped in reducing congestion compared to fixed timing
systems.

The emergency vehicle detection feature also worked properly using the camera and communication modules. When an
emergency condition was triggered, the system immediately provided priority to the respective lane by turning the signal
green. The Flask-based dashboard displayed real-time traffic data, lane status, and alerts correctly, which made monitoring
easier. Overall, the system showed improved traffic flow, reduced waiting time, and better efficiency compared to
traditional traffic control methods.

XVIII. Applications

The Al-enabled smart traffic light control system can be used in different areas where proper traffic management is
required. Some of the important applications of this system are:

e Urban Traffic Intersections

The system can be used at busy city junctions to reduce traffic congestion and waiting time by adjusting signal timing
automatically.

e Smart City Projects

It can be integrated into smart city infrastructure for intelligent traffic monitoring and management.
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o Emergency Vehicle Management

The system helps in providing priority to ambulances, fire vehicles, and police vehicles so that they can move quickly
without delay.

e Parking Management Systems
Similar technology can be used for smart parking systems to monitor vehicle movement and availability.

e Traffic Monitoring Centers
The live dashboard feature can be used by traffic authorities for real-time monitoring and decision making.
XIX. Advantages

The proposed Al-enabled smart traffic light control system provides several benefits compared to traditional traffic signal
systems:

e Automatic Traffic Control

The system works automatically based on real-time traffic conditions, so manual control is not required most of the time.
e Reduced Traffic Congestion

Signal timing is adjusted according to vehicle density, which helps in reducing unnecessary waiting time at intersections.
e Emergency Vehicle Priority

Ambulances and other emergency vehicles can get immediate green signals, which can help in saving lives.
¢ Real-Time Monitoring

The web dashboard provides live traffic status, lane information, and alerts for easy monitoring.
o Improved Traffic Flow Efficiency

Vehicles move more smoothly because signals are controlled based on actual road conditions instead of fixed timing.
e Cost-Effective Solution

The system uses affordable components like Raspberry Pi and sensors, making it suitable for practical implementation.
e Scalable System

The system can be expanded to multiple intersections or integrated with smart city infrastructure.

XX. Limitations

The proposed Al-enabled smart traffic light control system has a few limitations:
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e Environmental Dependency

The system performance may decrease during poor lighting conditions, rain, or fog because camera-based detection
becomes less accurate.

e Hardware Limitation

Since Raspberry Pi is used, the processing capability is limited compared to high-performance systems, which may affect
performance under heavy traffic conditions.

e Prototype Level System

The project is developed as a prototype model, so real-time implementation on large road networks will require further
testing and improvements.

XXI. Future Scope
The proposed Al-enabled smart traffic light control system can be further improved in several ways in the future:
e Integration with Advanced Al Algorithms

More accurate vehicle detection can be achieved by using advanced deep learning models and high-performance
processors.

e  Multiple Junction Implementation

The system can be expanded to control multiple traffic intersections simultaneously for better city-wide traffic
management.

e (Cloud Connectivity and Data Analytics
Traffic data can be stored on the cloud and analyzed to predict traffic patterns and improve signal timing efficiency.
e Smart City Integration

The system can be integrated with smart city infrastructure such as surveillance systems, GPS tracking, and emergency
response systems.

e Mobile Application Support
A mobile app can be developed for real-time monitoring and control by traffic authorities.
XXII. Conclusion

In this project, an Al-enabled smart traffic light control system was successfully designed and implemented to improve
traffic management efficiency at road intersections. The system uses real-time vehicle detection through a camera and
processes the data using Raspberry Pi to control traffic signals dynamically based on vehicle density. The integration of
emergency vehicle detection provides priority passage, which can help in critical situations such as ambulance movement.

The developed prototype demonstrates that intelligent traffic control can significantly reduce waiting time, improve traffic
flow, and minimize manual intervention. The web-based dashboard also enables real-time monitoring, making the system
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more practical and user-friendly. Overall, the proposed system shows good performance and has strong potential for future
implementation in smart city traffic management applications with further improvements.
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