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Abstract

Traffic congestion is a major problem in urban areas, leading to increased travel time, fuel consumption, and
pollution. Traditional traffic signal systems often operate on fixed timers, which do not account for the real-time
density of traffic at intersections. This project aims to develop a real-time, density-based traffic signal control
system using Arduino. By integrating IR sensors, an LCD display, and traffic lights, this system monitors the
number of vehicles at an intersection. Based on the density, the system dynamically adjusts the traffic signal

timings to optimize traffic flow. This approach reduces congestion and improves overall traffic management.

. Introduction
As the quantity and volume of vehicles populating the roads, especially in metropolitan cities, are increasing ,
intra-city roads are facing issues related to capacity, congestion, and control. The current traffic management
system requires a great deal of effort and manpower to avoid and prevent accidents and imposes long waiting
queues at the crossings. A more sophisticated system and infrastructure is required for better traffic management.
Intelligent transportation systems are the need of the hour for better traffic management. WSN (wireless sensor
networks) can be used in single and multiple intersections for controlling vehicle movement flow sequences [30].
Traditional traffic control systems involved manual operation of control systems, which required a good amount
of manpower, managing congestion by traffic police using signboards, a sign light, and whistles. Sensors and

timers play a crucial role in managing

After conducting an extensive literature review, various methods for detecting vehicle density and implementing
traffic control were identified. The drawbacks of traditional techniques, such as timer-controlled traffic lights and
manual control systems, were recognized. To address these issues, a decision was made to develop an adaptive
traffic control system that employs image recognition to identify objects and adjusts traffic signal timing
accordingly[31].The YOLO (You Only Look Once) approach plays a pivotal role in identifying the number of
cars, enabling the adjustment of traffic signal timers based on the density of detected vehicles in real-time. This
dynamic approach optimizes green signal intervals, leading to more efficient traffic clearance compared to static
systems. The result is a reduction in unnecessary delays,
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Literature Review:

Density, speed, and flow are the three critical parameters for road traffic analysis. High-performance road traffic
management and control require real-time estimation of space mean speed and density as input for large spatial
and temporal coverage of the roadway network. In Adaptive Traffic Control System which receive information

from vehicle such as position and speed and then it utilize to optimize the traffic signal.

A literature review on real-time traffic control systems highlights the increasing reliance on advanced technologies
to dynamically manage traffic flow, reduce congestion, and improve road safety. One key area of development is
adaptive traffic signal control systems, which adjust signal timings in real time based on current traffic conditions.
These systems offer significant improvements over traditional fixed-time signals by enabling more efficient
vehicle movement through intersections. Early implementations like SCOOT (Split Cycle Offset Optimization
Technique) and SCATS (Sydney Coordinated Adaptive Traffic System) have demonstrated the effectiveness of
such adaptive methods.

Another major focus is on Intelligent Transportation Systems (ITS), which integrate various technologies to
collect, analyze, and respond to traffic data. 10T-based sensors, including inductive loops, infrared sensors, and
radar detectors, are commonly used to monitor traffic density, vehicle speed, and road conditions. Vision-based
systems using surveillance cameras and computer vision techniques are also gaining traction, providing high

accuracy in detecting congestion, accidents, and violations.

In recent years, machine learning has emerged as a powerful tool for traffic prediction and optimization.
Algorithms such as decision trees, support vector machines, and deep learning models are being applied to forecast
traffic patterns and make real-time decisions that enhance traffic flow. These advancements suggest a strong shift
toward data-driven, intelligent solutions in urban traffic management.

The Density-Based Traffic Control System is an intelligent traffic management solution designed to regulate
vehicle movement at intersections by detecting real-time traffic density using infrared (IR) sensors. At the heart of
the system is the Arduino Uno microcontroller, which processes input from the sensors and controls traffic signal
lights accordingly. The system comprises several key components: IR sensors to detect the presence of vehicles in
each lane, shift registers (74HC595) to expand the Arduino's output capabilities, LED lights to represent traffic

signals, and a breadboard to connect and integrate all components.

The IR sensors are strategically positioned at each lane of the intersection to continuously monitor vehicle
presence. When a vehicle is detected, the sensor sends a signal to the Arduino, which processes this data to
determine traffic density. Based on a predefined threshold, the system calculates whether the density in a given
lane is low, medium, or high. Using this information, the Arduino controls the signal lights via the shift registers.
For example, lanes with lower density may be given a green light to keep traffic flowing smoothly, while higher-

density lanes may be delayed with a red signal to balance traffic flow across the intersection.

The system operates in a continuous loop, constantly updating its calculations and adjusting signal timings in real
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time. Timing and sequencing are managed using delay functions or timers within the Arduino code to ensure
smooth transitions and effective regulation. This dynamic approach reduces congestion, minimizes vehicle waiting
time, and improves overall traffic efficiency. Additionally, the system is easily customizable and expandable,
allowing for future enhancements such as pedestrian crossings or integration with a centralized traffic control
system. This project demonstrates how microcontroller-based automation can be used to address real-world urban
traffic challenges efficiently.

Proposed System

To overcome the drawbacks of fixed-time traffic signal systems, we propose a real-time, density-based traffic
signal control system. This system uses IR sensors to detect the number of vehicles at an intersection. The data
from the IR sensors is processed by an Arduino, which dynamically adjusts the traffic signal timings based on the
current traffic density. An LCD display shows real-time traffic information, and traffic lights are controlled
accordingly. This system ensures more efficient traffic flow, reduces congestion, and decreases pollution levels.
Additionally, by providing real-time monitoring and automated response mechanisms, it enhances overall traffic

management and safety.

I11. Block Diagram

Power supply

IR Sensor > Arduino
LCD
IR Sensor
IR Sensor
Traffic lights
IR Sensor
Foposed sys
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Arduino UNO

Arduino UNO Pin out Perhaps the most popular board in the Arduino line-up is the Arduino UNO. There are other
boards like the Arduino Nano and the Arduino Mega, but UNO has been the go-to board for quick prototyping,
Arduino Projects and DIY Projects

Arduino UNO in DIP and SMD Packages

Arduino UNO is based on ATmega328P Microcontroller, an 8-bit AVR Architecture based MCU from ATMEL.
Arduino UNO comes in two variants: one consists of a 28-pin DIP Microcontroller while the other consists of 32
lead Quad Flat Package Microcontroller. Arduino UNO Board Layout

The following image shows the layout of a typical Arduino UNO board. All the components are placed on the top
side of the PCB.

Layout of Arduino UNO Board

As you can notice, there is a Type-B USB connector on the left short edge of the board, which is used for powering
on the board as well as programming the Microcontroller. There is also a 2.1 mm DC jack to provide external
power supply.

Apart from that, the layout of Arduino UNO is very much self-explanatory.

I will discuss about the pins of Arduino UNO in the Arduino UNO Pin out Section.

Technical Specifications of Arduino UNO
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As Arduino UNO is based on ATmega328P Microcontroller, the technical specifications of Arduino UNO are
mostly related to the ATmega328P MCU. But none the less, let me give you a brief overview about some important
specifications of Arduino UNO.

MCU ATmega328P
Architecture AVR
Operating Voltage 5V
Input Voltage 6V — 20V (limit)
7V — 12V (recommended)
Clock Speed 16 MHz
Flash Memory 32 KB (2 KB of this used by boot loader)
IR Sensor:

IR sensor is an electronic device that emits the light in order to sense some object of the surroundings. An IR

sensor can measure the heat of an object as well as detects the motion. Usually, in the infrared spectrum, all

the objects radiate some form of thermal radiation. These types of radiations are invisible to our eyes, but
infrared sensor can detect these radiations.
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IR Transmitter or IR LED
Infrared Transmitter is a light emitting diode (LED) which emits infrared radiations called as IR LED’s. Even

though an IR LED looks like a normal LED, the radiation emitted by it is invisible to the human eye.

The picture of an Infrared LED is shown below.

IR Receiver or Photodiode

16x2 LCD:
16x2 LCD is named so because; it has 16 Columns and 2 Rows. There are a lot of combinations available like,

8x1, 8x2, 10%2, 16x1, etc. But the most used one is the 16*2 LCD, hence we are using it here.
All the above mentioned LCD display will have 16 Pins and the programming approach is also the same and hence

the choice is left to you. Below is the Pin out and Pin Description of 16x2 LCD Module:
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RESULT:

Fig:8.2-Sensor 1 is Activated
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Fig:8.3-Sensor 1 is Activated and Signal is Green

Fig:8.3-Sensor 2,3,4 is OFF Signal is Red

Traffic congestion is a major problem in urban areas, leading to increased travel time, fuel consumption, and
pollution. Traditional traffic signal systems often operate on fixed timers, which do not account for the real-time
density of traffic at intersections. This project aims to develop a real-time, density-based traffic signal control
system using Arduino. By integrating IR sensors, an LCD display, and traffic lights, this system monitors the
number of vehicles at an intersection. Based on the density, the system dynamically adjusts the traffic signal

timings to optimize traffic flow. This approach reduces congestion and improves overall traffic management.

The proposed real-time density-based traffic signal control system represents a significant advancement in urban
traffic management. By leveraging Arduino technology integrated with IR sensors and LCD displays, this system

dynamically adjusts signal timings based on actual traffic density. This innovative approach not only optimizes
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traffic flow but also reduces congestion, fuel consumption, and pollution, contributing to a cleaner and more
efficient urban environment. Furthermore, the system's ability to provide real-time monitoring and automated
control enhances safety and streamlines traffic management processes. With its adaptability and scalability, this

project offers a practical solution to modern traffic challenges and paves the way for smarter urban infrastructure.
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