
        
     International Journal of Scientific Research in Engineering and Management (IJSREM) 

                          Volume: 10 Issue: 01 | Jan - 2026                                SJIF Rating: 8.586                                   ISSN: 2582-3930                                                                                                                    

 

© 2026, IJSREM      | https://ijsrem.com                                       DOI: 10.55041/IJSREM56331                                           |        Page 1 
 

Dynamic Traffic Signal Management Using IOT 
 

1Mr. S. H. Sangle, 2Aditya Navale* , 3Tejas Deore , 4Sumit Wagh, 5Anushka Kadam 

1. Lecturer, Department of Computer Technology, K. K. Wagh Polytechnic, Nashik 

2. Student, Department of Computer Technology, K. K. Wagh Polytechnic, Nashik 

3. Student, Department of Computer Technology, K. K. Wagh Polytechnic, Nashik 

4. Student, Department of Computer Technology, K. K. Wagh Polytechnic, Nashik 

5. Student, Department of Computer Technology, K. K. Wagh Polytechnic, Nashik 

 
Corresponding Author: 2Aditya Navale* (adityaknavale123@gmail.com) 

 

Abstract- Rapid urbanization and the continuous 

increase in vehicular population have made traffic 

congestion a critical challenge in modern cities. 

Conventional fixed-time traffic signal systems 

operate on predefined intervals and fail to adapt to 

real- time traffic conditions, resulting in longer 

waiting times, fuel wastage, increased air pollution, 

and delayed emergency response. This review paper 

presents an IoT-based Dynamic Traffic Signal 

Management System that utilizes real-time data 

collected from sensors installed at road intersections 

to optimize traffic signal timings. The proposed 

system dynamically adjusts green, yellow, and red 

signal durations based on vehicle density, ensuring 

efficient traffic flow and reduced congestion. 

Additionally, it incorporates an emergency vehicle 

prioritization mechanism to facilitate the rapid 

movement of ambulances, fire trucks, and police 

vehicles. Integration with cloud platforms enables 

data storage, monitoring, and traffic analysis for 

better decision-making and future planning. The 

review highlights system architecture, hardware and 

software requirements, advantages, feasibility, 

challenges, and future scope of IoT-enabled traffic 

management. Overall, the IoT-based dynamic traffic 

control approach offers a scalable, energy-efficient, 

and smart solution for sustainable urban traffic 

management and smart city applications. 
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I. INTRODUCTION 
In today’s rapidly growing urban environment, traffic 

congestion has become a serious challenge due to 

increasing population, rapid urbanization, and the 

continuous rise in the number of vehicles. Most existing 

traffic control systems operate on fixed-time signal 

mechanisms, where signal durations are predefined and 

do not adapt to real-time traffic conditions. This often  

results in unnecessary waiting at red lights even when  

 

 

Roads are clear, leading to fuel wastage, increased air 

pollution, traffic delays, and driver frustration. 

 

To address these limitations, the proposed Dynamic 

Traffic Signal Management System using IoT 

introduces an intelligent and adaptive traffic control 

solution. Instead of relying on fixed timers, the system 

monitors real-time traffic density using sensors installed 

at road intersections. The collected data is transmitted 

to a microcontroller such as Arduino, where it is 

processed using predefined algorithms to dynamically 

adjust traffic signal timings. 

 

The system operates in two main phases: 

 

• Traffic Monitoring Phase: Sensors continuously detect 

the vehicle on each lane. The real-time data is sent to the 

processing unit for analysis. 

 

• Signal Control Phase: Based on the analyzed traffic 

density, the system automatically adjusts the green-light 

duration. If no vehicles are detected in any lane, all 

traffic signals remain RED, preventing unnecessary 

green signals and reducing energy usage. When a 

vehicle is detected in a particular lane, that lane is 

immediately given a GREEN signal, while all other 

lanes remain RED to ensure safety. At any given time, 

only one lane is allowed to have a GREEN signal, 

maintaining proper traffic control and preventing 

accidents at the intersection. 

 

Additionally, the system includes an emergency vehicle 

detection feature. When an ambulance, fire truck, or 

police vehicle is detected, the system prioritizes that 

lane by turning the signal green, ensuring faster and 

smoother passage. 

 

The proposed solution integrates IoT communication, 

real-time data processing, and automated control 

mechanisms to enhance traffic efficiency. By 

implementing this system, traffic congestion can be 

reduced, fuel consumption minimized, emergency 

response improved, and environmental sustainability 

promoted. 
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This smart traffic management approach aims to create 

safer, more efficient, and intelligent transportation 

systems for modern cities, ultimately improving overall 

urban mobility and quality of life. 

 

II. LITERATURE SURVEY 
 

In recent years, several research studies and pilot 

projects have focused on leveraging IoT, Artificial 

Intelligence (AI), and wireless communication for 

intelligent traffic management. The goal has been to 

replace traditional static systems with responsive, data-

driven solutions that can handle real-time traffic 

challenges. 

  

This study proposed an intelligent traffic control 

architecture that uses Infrared (IR) sensors in 

combination with Raspberry Pi boards installed at road 

intersections to monitor and count vehicles in real time. 

The IR sensors continuously detect the presence and 

movement of vehicles in each lane, while the Raspberry 

Pi processes this data to determine traffic density. Based 

on the detected vehicle count, the system dynamically 

adjusts traffic signal timings to allocate green signals 

more efficiently, thereby reducing unnecessary waiting 

times. 

 

The implementation results showed a significant 

reduction in vehicle idle time, especially at intersections 

with low or uneven traffic flow, where traditional fixed-

time signals often cause delays. By adapting signal 

durations according to real-time traffic conditions, the 

system improved traffic flow and reduced congestion 

during off-peak hours. However, the proposed 

architecture did not incorporate cloud integration, 

which limited its ability to store historical traffic data or 

perform advanced data analysis. As a result, long-term 

traffic pattern analysis, predictive modeling, and 

centralized monitoring were not supported in this 

system [1]. 

 

A wireless sensor network (WSN) was implemented to 

collect real-time traffic flow data from multiple points 

within the road network. Sensor nodes were 

strategically deployed to monitor vehicle movement and 

transmit the collected data to a central controller. An 

optimization algorithm was then applied to this data to 

dynamically control traffic signal timings, with the aim 

of improving traffic flow and reducing congestion at 

intersections. 

 

The proposed approach emphasized low power 

consumption to extend the operational lifetime of the 

sensor nodes and utilized mesh networking to enable 

reliable data transmission between nodes. Mesh 

networking allowed sensors to relay data through 

neighboring nodes, enhancing network flexibility and 

coverage. However, despite these advantages, the  

 

 

System faced challenges in maintaining stable long-

term connectivity in dense urban environments due to 

interference, signal obstruction by buildings, and 

increased network complexity. These issues affected 

communication reliability and limited the overall 

effectiveness of the system in large-scale urban 

deployments [2]. 

 

IoT and AI-driven dynamic traffic signal manipulation 

is a smart transportation system that uses IoT sensors to 

collect real-time data about vehicle movement on roads. 

This data is processed using AI algorithms to 

understand traffic conditions and automatically adjust 

traffic signal timings. By responding to actual traffic 

flow, the system helps reduce unnecessary waiting at 

signals. 

 

The system uses Vehicle-to-Infrastructure (V2I) 

communication, which allows vehicles to share 

information directly with traffic signals. This 

communication helps control signals more accurately, 

reducing traffic congestion and improving road safety. 

As a result, traffic flows more smoothly, travel time is 

reduced, and overall urban mobility efficiency is 

improved [3]. 

 

 

III. IMPLEMENTATION 
The implementation of the Dynamic Traffic Signal 

Management System using IoT involves integrating 

sensors, microcontrollers, communication modules, and 

cloud-based analytics to create an intelligent and 

automated traffic control solution. The system replaces 

traditional fixed-time traffic signals with a real-time 

adaptive control mechanism based on vehicle density 

and emergency detection. 

 

System Architecture 

The system follows an IoT-based client-server 

architecture. Each traffic intersection acts as a smart 

node (client), while a centralized cloud server stores and 

analyzes traffic data. 

 

The key modules include: 

1) Vehicle Detection Module – 

IR sensors are installed at each lane to detect vehicles in 

real time. These sensors continuously monitor traffic 

density and send data to the microcontroller. 

 

2) Control & Processing Module – 

A microcontroller such as Arduino processes the sensor 

data using predefined algorithms. Based on the detected 

vehicle presence: 

If no vehicles are detected in any lane, all signals remain 

RED. 

If a vehicle is detected in a lane, that lane immediately 

https://ijsrem.com/
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receives GREEN. 

Only one lane is allowed GREEN at a time, while others  

 

 

remain RED for safety. 

 

3) Dynamic Signal Timing Module – 

Signal durations (Green, Yellow, Red) are dynamically 

controlled according to real-time traffic conditions. 

Lanes with low or no traffic are skipped or given 

minimal green time, ensuring efficient time allocation. 

 

4) Emergency Vehicle Prioritization Module – 

Using GPS System, emergency vehicles such as 

ambulances, fire trucks, and police vehicles are 

detected. The system automatically provides a GREEN  

 

 

signal in their direction for smooth and uninterrupted 

passage. 

 

5) Real-Time Monitoring & Dashboard Module – 

Traffic data is displayed on a web-based dashboard.  

Authorities can monitor live traffic density, signal 

status, and emergency alerts in real time. 

 

6) Data Storage & Analytics Module – 

All traffic data is stored in a cloud database for historical 

analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig -1: System Architecture diagram for Dynamic Traffic Signal Management System using IoT 

 

 

Technology Stack 

 
Table -1: Technology Stack Table 

Component Technology Used 

Sensors IR Sensors & GPS 

Microcontroller Arduino (ESP32 Dev 

Module) 

Communication Wi-Fi Module (ESP32) 

Frontend 

(Dashboard) 

HTML, CSS, JavaScript 

Database MySQL 

Cloud Platform IoT Cloud / Firebase / AWS 

Security SSL/TLS Encryption for 

Secure Data Transfer 

 

 

Working Process 

 

• Sensors detect vehicle presence and send data 

to the microcontroller. 

• The controller analyzes lane conditions. 

• Based on vehicle detection logic, signals are 

dynamically adjusted. 

• Emergency vehicles are given immediate 

priority. 

• Data is transmitted to the cloud for storage and 

monitoring. 

• Authorities monitor traffic through a live 

dashboard. 
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Advantages of the Proposed System 

1) Real-Time Traffic Adaptation 

Minimizes congestion and reduces waiting time at 

intersections by dynamically adjusting signal timing. 

 

2) Emergency Vehicle Prioritization 

Ensures faster movement of ambulances, fire trucks, 

and police vehicles. 

 

3) Energy Efficiency 

Reduces unnecessary idling time, leading to fuel 

savings and lower carbon emissions. 

 

4) Data Analytics & Prediction 

Historical traffic data enables predictive traffic 

management and better urban planning. 

 

5) Improved Road Safety 

Ensures only one lane has a GREEN signal at a time, 

reducing collision risks. 

 

IV. EXPERIMENTAL ANALYSIS: 
 

We compared the existing traffic signal system with the 

proposed new system to evaluate their effectiveness. In 

the current system, both sides of the road are allotted 

almost fixed signal timings, regardless of the actual 

number of vehicles present. Even when one side has 

very low traffic, it still receives the same green signal 

duration. This inefficient allocation of time often leads 

to unnecessary waiting and causes traffic congestion on 

the more crowded side of the junction. 

 

In the proposed system, signal timing is dynamically 

adjusted based on traffic density. The unused or extra 

time from the less crowded road is transferred to the 

road with higher traffic volume. As a result, more 

vehicles are allowed to pass through the busy side of the 

junction. This approach significantly reduces traffic 

congestion, improves overall traffic flow, and enables a 

faster and smarter traffic management system. 

  

 

 
Graph-1: Performance Analysis of Proposed Smart 
Traffic Control System 

 

 

 

 

V. CONCLUSION 
 

The IoT-Based Dynamic Traffic Management System 

provides a smart and adaptive solution for urban traffic 

control, effectively addressing the growing challenges 

of congestion in modern cities. By utilizing real-time 

vehicle detection, dynamic signal timing, emergency 

vehicle prioritization, and cloud-based analytics, the 

system enhances traffic flow, reduces waiting times, and 

improves overall road safety. Its hybrid design, which 

includes a fallback fixed-time mode during sensor or 

network failures, ensures continuous and reliable 

operation under all conditions. 

 

The project successfully completed all phases, 

including requirement gathering, system design, 

module development, prototype testing, and operational 

feasibility assessment. These stages confirmed that the 

system is technically feasible, operationally effective, 

and economically viable for real-world deployment. 

The use of IoT and smart sensor technologies 

demonstrates a significant improvement over 

conventional fixed-time traffic signals, making traffic 

management more efficient, environmentally friendly, 

and scalable. 

 

In summary, the system delivers a reliable, user-

friendly, and future-ready solution for dynamic traffic 

management, supporting safer roads, smoother traffic 

flow, and better resource utilization. It lays the 

foundation for modern smart city initiatives and 

provides a framework for further technological 

enhancements. 
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