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Abstract : The increasing number of vehicles in urban areas has resulted in heavy traffic congestion and longer waiting times at road
intersections. Conventional traffic signal systems operate with fixed time intervals, which do not consider the actual traffic condition
of each lane. This project proposes a Density-Based Traffic Light Controller using Arduino Uno and Arduino Nano to provide an
efficient traffic management solution.

The proposed system uses ultrasonic sensors to detect the presence of vehicles and estimate the traffic density on different lanes. The
collected information is processed by Arduino Uno and Arduino Nano, which communicate through 12C communication. Based on
the detected vehicle density, the controller automatically adjusts the green signal timing for each lane. This allows lanes with higher
traffic to receive more signal time and helps in reducing unnecessary delays.

The developed system is simple, economical, and reliable. It improves traffic flow, reduces congestion, and provides a suitable solution
for smart transportation and intelligent traffic control applications.

Index Terms — Density Based Traffic Light Controller, Arduino Uno, Arduino Nano, Ultrasonic Sensors, 12C Communication,
Smart Traffic Management, Embedded System.

l. INTRODUCTION

Traffic management has become an important challenge due to the continuous growth of vehicles in cities. At many intersections,
traditional traffic lights use predefined timing for switching signals. Since these systems do not analyze the number of vehicles waiting
on each road, they may cause longer waiting periods and inefficient use of road space.

To overcome this limitation, an intelligent traffic control system based on vehicle density is proposed. The main objective of this system
is to control traffic signals dynamically according to real-time traffic conditions.UIltrasonic sensors are used to detect vehicles present
on each lane and provide information about traffic density.

In this proposed model, Arduino Uno and Arduino Nano are used as the controlling units. The sensor data is processed by the
microcontrollers, and communication between them is achieved using 12C protocol. According to the detected density, the green light
duration is automatically modified to manage traffic effectively.

This system helps to reduce traffic congestion, minimize fuel wastage, and improve the overall efficiency of transportation networks.
Due to its low cost and simple design, the proposed system can be implemented in smart city traffic management applications.

Il. LITERATURE SURVEY

Traffic management has become a critical area of research due to increasing vehicle population and urbanization. Various traffic
control techniques have been developed over the years to improve traffic flow and reduce congestion. Traditional traffic signal systems
use fixed timing mechanisms where each road is assigned a predefined signal duration regardless of actual traffic conditions. Although
these systems are simple and inexpensive, they often lead to inefficient utilization of road infrastructure, especially during peak traffic
hours.
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Researchers introduced sensor-based traffic control systems to overcome the limitations of fixed-time signals. These systems employ
sensors such as infrared sensors, ultrasonic sensors, magnetic sensors, and image-processing cameras to monitor vehicle movement.
The collected information is processed by a controller that adjusts signal timing based on traffic density. Such systems significantly
reduce waiting time and improve traffic flow efficiency.

Recent developments in intelligent transportation systems have integrated technologies such as the Internet of Things (IoT), Artificial
Intelligence (Al), and wireless communication networks. Smart traffic systems can analyze traffic patterns in real time and make
dynamic decisions. Some advanced systems also provide emergency vehicle priority and remote traffic monitoring capabilities.

Despite these advancements, many intelligent traffic systems require expensive infrastructure and complex maintenance procedures.
This limits their implementation in developing regions. Therefore, a low-cost density-based traffic light controller using ultrasonic
sensors and a microcontroller provides a practical and economical alternative. The proposed system offers efficient traffic management
while maintaining simplicity and affordability.

111. PROPOSED SYSTEM AND COMPONENTS

The proposed system is designed to overcome the drawbacks of fixed-time traffic signal systems by introducing an automatic density-
based control mechanism. The system continuously monitors vehicle presence on different lanes and changes signal timing according
to the traffic requirement.

Ultrasonic sensors installed on each lane detect the distance of vehicles and determine the traffic density. The sensor readings are given
to Arduino Uno, which processes the received data and communicates with Arduino Nano using 12C communication. Based on the
density information, the controller decides which lane should receive the green signal and for how much duration.

When the traffic density is high on a particular lane, the green signal time is increased to allow more vehicles to pass. When the traffic
density is low, the signal time is reduced. This adaptive approach improves traffic flow and decreases unnecessary waiting time.
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Figure 1: Block Diagram of Density Based Traffic Light Controller
The following are the primary elements needed to carry out this project:

1. Arduino Uno: Arduino Uno is an open-source microcontroller development board based on the ATmega328P microcontroller. It
consists of digital and analog input/output pins that allow interfacing with different electronic devices. In this project, Arduino Uno
acts as the primary control unit that collects information from ultrasonic sensors and processes the received data. It makes decisions
according to the detected vehicle density and controls the traffic signal operation.

The Arduino Uno is selected because of its simple programming environment, low cost, high reliability, and compatibility with various
sensors and modules. It can be easily programmed using the Arduino IDE to perform the required traffic control operations.

2. Arduino Nano: Arduino Nano is a small and compact microcontroller board based on the ATmega328P chip. It provides similar
functionality to Arduino Uno but with a smaller size, making it suitable for embedded applications. In this proposed system, Arduino
Nano is used as an additional processing unit.

It communicates with Arduino Uno through the 12C (Inter-Integrated Circuit) communication protocol. The Arduino Nano helps in
data handling and improves the efficiency of the traffic signal control process. Its compact design and low power consumption make
it suitable for smart traffic management systems.
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3. Ultrasonic Sensor: The HC-SR04 ultrasonic sensor is an important component used for vehicle detection in the proposed system.
It works based on the principle of ultrasonic wave transmission and reflection. The sensor sends ultrasonic waves towards an object
and calculates the distance by measuring the time taken for the reflected wave to return.

In this project, ultrasonic sensors are placed near each lane to detect the presence of vehicles. The measured distance values are used
to determine the traffic density. This information is provided to the Arduino controller for adjusting the traffic signal timing.

4. Light Emitting Diode (LED): Light Emitting Diodes (LEDs) are used to represent the traffic lights in the prototype model. Three
different LEDs are used to indicate the three basic traffic signal conditions:

e  Red LED: Indicates vehicles must stop.
. Yellow LED: Indicates vehicles should wait.
. Green LED: Indicates vehicles can move.

The LEDs provide a clear visual indication of the signal status and help demonstrate the working of the proposed traffic control
system.

5. 12C Communication: 12C communication is a serial communication method used for transferring data between electronic devices.
It uses two main communication lines:

e  SDA (Serial Data Line) — Used for data transmission.
e  SCL (Serial Clock Line) — Used for clock synchronization.

In this system, 12C communication is used to establish data exchange between Arduino Uno and Arduino Nano. It provides reliable
communication with fewer connection wires and improves system efficiency.

6. Bread Board: A breadboard is used for developing the prototype circuit without permanent soldering. It allows easy connection,
testing, and modification of electronic components. The Arduino boards, sensors, LEDs, and resistors are connected on the breadboard
during the experimental setup.

7. Jumper Wires: Jumper wires are used to connect different components of the circuit. They provide electrical connections between
Avrduino boards, ultrasonic sensors, LEDs, and other modules. Different types of jumper wires such as male-to-male, male-to-female,
and female-to-female can be used depending on the connection requirements.

8. Power Supply: A regulated DC power supply is used to provide the required operating voltage for Arduino boards, sensors, and
LED indicators. A stable power source ensures proper functioning and reliable performance of the complete system.

9. Arduino IDE: Arduino IDE is a software development environment used for writing, compiling, and uploading programs to
Arduino boards. The program written in embedded C/C++ language controls the operation of sensors, communication between
controllers, and traffic signal timing.

1IV.WORKING PROPOSED SYSTEM
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Figure 2: Circuit Diagram of Density Based Traffic Light Controller
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The proposed density-based traffic light controller works by detecting the number of vehicles present on each lane and controlling the
traffic signals according to the detected density. The system consists of Arduino Uno, Arduino Nano, ultrasonic sensors, and LED
traffic lights.

Initially, the ultrasonic sensors installed on each lane continuously monitor the presence of vehicles. The sensors measure the distance
between the sensor and the vehicle by transmitting ultrasonic waves and receiving the reflected signals. Based on the measured
distance values, the system determines the traffic density of each lane.

The data collected from the ultrasonic sensors is processed by the Arduino Uno microcontroller. The Arduino Uno acts as the main
controlling unit and analyzes the traffic condition of different lanes. The processed information is transferred to the Arduino Nano
through 12C communication for further control operations.

According to the vehicle density information, the controller decides the signal sequence and adjusts the green light duration. If a lane
has a higher number of vehicles, a longer green signal time is provided to clear the traffic quickly. If the vehicle density is low, the
green signal duration is reduced to avoid unnecessary waiting time.

The LED traffic lights indicate the current status of each lane using red, yellow, and green signals. The red light stops the vehicles,
the yellow light indicates a transition state, and the green light allows vehicles to move. This automatic adjustment of signal timing
helps in reducing traffic congestion, improving traffic flow, and making the traffic management system more efficient.

This proposed system provides a low-cost and reliable solution for intelligent traffic control and can be used in smart city transportation
applications.

V. RESULT AND DISCUSSION

Figure 3: Result When the Traffic Density is High

The proposed density-based traffic light controller was successfully implemented and tested using Arduino Uno, Arduino Nano,
ultrasonic sensors, and LED traffic signals. The prototype model was able to detect the presence of vehicles on different lanes and
control the traffic lights according to the detected vehicle density.
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During the testing, the ultrasonic sensors monitored the vehicles present on each road. The controller analyzed the sensor information
and provided signal priority to the lane having higher traffic density. As shown in the prototype model, when more vehicles were
detected on a particular lane, the green signal duration was increased to allow smooth movement of vehicles. Lanes with fewer vehicles
received comparatively less green time.

The experimental results demonstrate that the proposed system can automatically adjust traffic signal timing according to real-time
traffic conditions. This dynamic control method helps in reducing unnecessary waiting time, improving traffic flow, and minimizing
congestion compared to conventional fixed-time traffic signal systems.

The developed prototype provides a simple, low-cost, and efficient approach for intelligent traffic management. The system can be
further enhanced by integrating 10T-based monitoring and real-time traffic data analysis for large-scale smart city applications.

VI.CONCLUSION

The Density-Based Traffic Light Controller using Arduino Uno and Arduino Nano provides an efficient solution for managing traffic
flow at road intersections. The proposed system overcomes the limitations of conventional fixed-time traffic signals by adjusting the
signal timing according to real-time vehicle density.

The use of ultrasonic sensors helps in detecting the presence of vehicles on different lanes, and the Arduino controllers process this
information to control the traffic lights automatically. The system provides more green signal time to lanes with higher traffic density,
which helps in reducing waiting time and traffic congestion.

The developed prototype is simple, reliable, and cost-effective. It demonstrates the effective use of embedded systems for intelligent
traffic management. In the future, this system can be improved by integrating IoT technology, cameras, and real-time traffic
monitoring features to develop advanced smart transportation solutions.
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