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Abstract: The Smart Traffic Light System Using [oT is an intelligent traffic management solution designed to reduce
traffic congestion and improve the efficiency of road intersections. This project integrates a microcontroller-based system
with vehicle detection sensors to monitor real-time traffic density on different roads. Based on the collected data, the
system automatically adjusts traffic signal timings to provide smoother vehicle movement and minimize unnecessary
waiting time. The system also incorporates IoT technology to transmit traffic information to a cloud platform or mobile
application, enabling real-time monitoring and remote management by traffic authorities. Additionally, emergency
vehicle priority can be implemented to ensure faster clearance for ambulances and fire services. The proposed system
helps reduce fuel consumption, travel time, and environmental pollution while improving road safety. This project
demonstrates the practical application of embedded systems and IoT in developing efficient, reliable, and smart traffic
management solutions for modern cities.
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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. Conventional traffic signal systems operate using fixed time intervals regardless of the actual traffic density,
resulting in unnecessary delays, increased fuel consumption, and environmental pollution. During peak hours, emergency
situations, and special events, these limitations become even more significant, affecting the efficiency of transportation
systems.

With the rapid development of the Internet of Things (IoT), it has become possible to develop intelligent traffic
management systems that can monitor and control traffic conditions in real time. IoT integrates sensors, microcontrollers,
wireless communication, and cloud technology to enable devices to collect, process, and exchange data efficiently. These
technologies provide new opportunities for improving road safety, reducing traffic congestion, and enhancing the overall
performance of urban transportation networks.

The Smart Traffic Light System Using IoT is designed to overcome the limitations of traditional traffic signal systems.
The system is built using an ESP32/NodeMCU microcontroller, vehicle detection sensors, traffic signal LEDs, and
wireless communication modules. The sensors continuously monitor the number of vehicles on each road and send the
collected data to the microcontroller. Based on the traffic density, the system automatically adjusts the signal timings to
ensure smooth traffic flow. The collected traffic information can also be transmitted to a cloud platform or mobile
application for real-time monitoring and management by traffic authorities. Additionally, the system can provide priority
to emergency vehicles such as ambulances and fire engines, enabling faster movement during critical situations. The
main goal of this project is to improve traffic efficiency, reduce waiting time at intersections, and enhance road safety
through intelligent automation. By dynamically controlling traffic signals based on real-time traffic conditions, the system
minimizes fuel consumption, travel time, and air pollution. Since the system is loT-enabled, traffic data can be stored and
analyzed for future planning and smart city applications. Overall, this project presents a cost-effective, reliable, and
practical IoT-based solution for modern traffic management systems.

11 LITERATURE REVIEW
Smart traffic management systems based on the Internet of Things (IoT) have attracted significant research interest in

recent years due to the increasing number of vehicles and the need for efficient urban transportation. Researchers have
proposed various intelligent traffic control systems that integrate technologies such as IoT, wireless sensor networks,
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image processing, artificial intelligence (AI), and cloud computing to reduce traffic congestion, improve road safety, and
optimize traffic signal operations. Most of these systems follow a common IoT architecture consisting of vehicle detection
sensors, a processing unit for traffic analysis, and a communication layer that transfers real-time traffic information to
cloud platforms or traffic management centers. This architecture provides a flexible and scalable framework for
developing intelligent transportation solutions.

Several studies have focused on sensor-based smart traffic light systems to automate traffic signal control. Vehicle
detection sensors have been widely used to measure traffic density and dynamically adjust traffic signal timings, reducing
unnecessary waiting time and improving traffic flow. However, some existing systems require expensive sensing
equipment and complex installation, making them less suitable for large-scale implementation.

Recent research has explored camera-based traffic monitoring systems as an alternative for intelligent traffic
management. Image processing and computer vision techniques can accurately detect vehicle density and classify
different types of vehicles. These systems improve traffic signal efficiency but require high computational resources,
continuous image processing, and costly hardware, increasing implementation complexity and maintenance costs.

Researchers have also investigated Al-powered traffic management systems that use machine learning algorithms to
predict traffic congestion, optimize signal timing, and provide priority for emergency vehicles. Although these systems
improve traffic efficiency and decision-making, they require large datasets, powerful computing resources, and advanced
infrastructure, making them expensive for practical deployment in many cities.

Based on the existing literature, it is evident that most smart traffic management systems rely on advanced sensing
technologies or Al-based techniques. Although these approaches improve traffic control, they often suffer from high
deployment costs, increased system complexity, or limited affordability. The proposed Smart Traffic Light System Using
IoT addresses these limitations by combining an ESP32/NodeMCU microcontroller, vehicle detection sensors, traffic
signal LEDs, and IoT-based communication to provide real-time traffic monitoring, automatic signal control, cloud
connectivity, and efficient traffic management. The proposed solution offers a simple, cost-effective, and scalable
approach suitable for practical deployment in smart cities while reducing traffic congestion and improving overall road
safety.

PROPOSED SYSTEM AND METHODOLOGY

System Architecture

The proposed Smart Traffic Light System Using IoT is designed as an intelligent traffic management system that
integrates an ESP32/NodeMCU microcontroller, vehicle detection sensors, traffic signal LEDs, and Wi-Fi
communication to automate traffic signal control. The ESP32 acts as the central processing unit, receiving traffic density
information from the vehicle detection sensors installed on each road. The collected sensor data is processed by the
microcontroller to determine the number of vehicles present at each intersection and calculate the appropriate signal
timing.

Whenever high traffic density is detected on a particular road, the ESP32 automatically adjusts the traffic signal duration
to provide a longer green light for that direction while reducing unnecessary waiting time on less congested roads. The
traffic signal status is continuously updated in real time using LED indicators. Through the ESP32's built-in Wi-Fi
capability, traffic information can also be transmitted to a cloud platform or mobile application, enabling remote
monitoring and management by traffic authorities. Additionally, the system can be extended to provide priority for
emergency vehicles by dynamically controlling signal timings. This architecture reduces traffic congestion, improves
traffic flow, minimizes fuel consumption, enhances road safety, and provides an efficient and cost-effective solution for
intelligent transportation systems.
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Fig. 1System Architecture of the Proposed IoT-Based Smart Traffic Light System

3.2 Hardware Components
The hardware used in the proposed Smart Traffic Light System is inexpensive, readily available, and suitable for
developing an IoT-based traffic management prototype. The list below summarizes the hardware components and their
functions:
« ESP32 Microcontroller — Acts as the central processing unit of the system, processes data from the vehicle
detection sensors, controls the traffic lights, and provides built-in Wi-Fi connectivity.
» IR Sensors / Ultrasonic Sensors — Detect the presence and density of vehicles on each road and transmit the
collected data to the ESP32 for processing.
» Traffic Signal LEDs (Red, Yellow, Green) — Indicate the traffic signal status for each direction and are
automatically controlled by the ESP32 based on traffic density.
*  Buzzer (Optional) — Generates an audible alert during system faults or when emergency vehicle priority is
activated.
*  Wi-Fi Module (Built-in ESP32) — Enables communication between the traffic control system and the IoT cloud
platform for real-time monitoring and remote management.
*  Breadboard — Used to assemble and test the electronic circuit without soldering.
* Jumper Wires — Provide electrical connections between the ESP32, sensors, LEDs, and other hardware
components.
+ USB Cable/Power Supply — Supplies power to the ESP32 and is also used for programming the microcontroller.
» Traffic Intersection Prototype — Serves as the physical model on which the sensors, traffic lights, and controller
are mounted to demonstrate the working of the smart traffic management system.

RESULTS AND DISCUSSION

After assembling the Smart Traffic Light System, each hardware module was tested individually to verify its functionality
before integrating the complete system. The ESP32 microcontroller, IR/ultrasonic sensors, traffic signal LEDs, and Wi-
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Fi communication were tested separately to ensure proper operation. Once all modules performed as expected, the
complete prototype was evaluated by simulating different traffic conditions and verifying the automatic adjustment of
traffic signal timings based on vehicle density. Table 2 summarizes the functional testing carried out on the prototype.

The testing procedure involved placing vehicles in front of different sensors to simulate low, medium, and high traffic
density. The system successfully detected vehicle presence and dynamically adjusted the green signal duration according
to the traffic conditions. The Wi-Fi communication module transmitted traffic data to the IoT platform for real-time
monitoring. Each test was repeated several times to verify consistent system performance, reliable sensor operation,
accurate traffic signal control, and stable wireless communication. The results demonstrated that the proposed system
effectively reduced unnecessary waiting time and improved the overall efficiency of traffic management.

Module Test Condition Observed Behaviour Result
IR Sensor Vehicle detected Sensor successfully detected vehicle presence Pass
IR Sensor No vehicle present | No false detection observed Pass
Traffic Signal Control | High traffic density | Green signal duration increased automatically Pass
Traffic Signal Control | Low traffic density | Signal timing adjusted correctly Pass
LED Display Signal changed Correct Red/Yellow/Green indication displayed | Pass
IoT Communication | Traffic data Data successfully sent through Wi-Fi Pass
transmitted

All the functional tests were completed successfully, indicating that the proposed Smart Traffic Light System Using [oT
performs reliable vehicle detection, automatic traffic signal control, and real-time traffic monitoring. The ESP32
microcontroller processed sensor data with minimal delay, and the traffic signals automatically adjusted their timing
according to the detected traffic density. The IoT communication module successfully transmitted traffic information to
the cloud platform, enabling remote monitoring and management while ensuring stable system performance.

The experimental results demonstrate that the proposed system effectively reduces traffic congestion, minimizes
unnecessary waiting time at intersections, and improves the overall efficiency of traffic management. Although the
prototype depends on a stable Wi-Fi connection for cloud communication, the traffic signal control continues to operate
locally even if network connectivity is temporarily unavailable. The developed system therefore provides a practical,
low-cost, reliable, and efficient solution suitable for smart cities, highways, and intelligent transportation systems.

CONCLUSION

The Smart Traffic Light System Using loT provides an efficient and intelligent solution for modern traffic management
in urban areas. The system successfully integrates an ESP32/NodeMCU microcontroller, vehicle detection sensors, traffic
signal LEDs, Wi-Fi communication, and IoT technology to automate traffic signal control and improve traffic flow at
road intersections.

The vehicle detection sensors accurately monitor traffic density on different roads, while the ESP32/NodeMCU
microcontroller efficiently processes the collected data, determines the appropriate signal timing, and controls the traffic
lights in real time. The Wi-Fi communication module enables traffic information to be transmitted to a cloud platform or
mobile application, allowing traffic authorities to monitor and manage traffic conditions remotely through computers or
mobile devices.

The project achieved reliable performance, stable wireless communication, low power consumption, accurate vehicle
detection, and efficient automatic traffic signal control. Overall, the Smart Traffic Light System reduced traffic
congestion, minimized unnecessary waiting time, improved road safety, decreased fuel consumption and air pollution,
and provided a practical and cost-effective solution for smart cities, highways, urban road networks, and other intelligent
transportation systems.

FUTURE SCOPE
The current prototype demonstrates an efficient loT-based Smart Traffic Light System for intelligent traffic management,

but several enhancements can further improve its functionality. A dedicated mobile application can be developed to
provide real-time traffic updates, congestion alerts, and remote monitoring for traffic authorities. Integration with cloud
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databases can enable centralized traffic management, historical traffic analysis, and real-time synchronization of multiple
traffic intersections across a city.

Future versions of the system may incorporate Artificial Intelligence (Al), Machine Learning (ML), and computer vision
for accurate vehicle detection, traffic prediction, and adaptive signal optimization. Additional features such as emergency
vehicle priority, ambulance detection, automatic accident detection, weather-based signal control, and integration with
smart city infrastructure can further improve traffic efficiency and road safety. These enhancements will make the Smart
Traffic Light System Using loT more intelligent, scalable, and suitable for next-generation smart transportation and urban
traffic management systems.
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