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ABSTRACT: Traffic jams have become a common problem in growing cities, mainly because the number of vehicles
is increasing rapidly. Traditional traffic lights run on fixed time cycles, meaning they don’t consider how many
vehicles are actually on the road at any given moment. This often leads to unnecessary waiting, wasted fuel, and more
air pollution. In this paper, we introduce a smart traffic control system that adjusts traffic light timings based on the
number of vehicles in each lane. We use infrared (IR) sensors to count the vehicles and a microcontroller to decide how
long the green light should stay on. If a lane is busy, it gets more green time, and if a lane is empty, it’s skipped or gets
less time. We built a working model to test the idea and found that it reduced waiting times by around 35% compared
to regular traffic lights. This system is not only affordable and easy to set up but can also be improved in the future by
adding internet connectivity and artificial intelligence for even smarter traffic control.

KEYWORDS: Density-Based Traffic Control, Intelligent Traffic System, Real-Time Signal Control, Vehicle
Detection, IR Sensors, Microcontroller

L. INTRODUCTION

In recent years, urbanization and population growth have led to a dramatic rise in the number of vehicles on the roads.
This has resulted in severe traffic congestion, especially during peak hours. Traditional traffic light systems operate on
a fixed-time schedule, where each signal is given a predetermined duration, regardless of the actual number of vehicles
waiting at the intersection. Such systems fail to adapt to real-time traffic conditions, often causing unnecessary delays,
increased fuel consumption, and elevated levels of air pollution.

To address these challenges, there is a growing need for intelligent traffic management systems that can respond
dynamically to changing traffic conditions. A promising solution to this issue is a density-based traffic control
system, which adjusts the signal timings based on the vehicle density at each lane of an intersection. By detecting the
number of vehicles using sensors, this system ensures that heavily congested lanes are given more green light time,
while less crowded or empty lanes are given less priority, thereby improving overall traffic flow and efficiency.

The goal of this research is to design and implement a cost-effective, reliable, and adaptable traffic control system using
infrared (IR) sensors and a microcontroller. The system collects real-time traffic data, processes it using simple logic,
and changes signal timings accordingly. This approach not only reduces vehicle idle time and fuel consumption but
also contributes to cleaner urban environments and smoother transportation networks.

This paper presents the design, development, and evaluation of a prototype density-based traffic control system. It
discusses the hardware and software architecture, operational methodology, and performance outcomes. The system
shows great potential for real-world implementation in smart cities, especially in developing countries where cost-
effective solutions are vital.

The Density Based Traffic Control System (DBTCS) proposed in this study aims to optimize traffic signal timing
based on real-time vehicular density. By using sensors to monitor the number of vehicles at each lane, the system
dynamically adjusts the duration of green signals to prioritize lanes with higher traffic volume. This approach promises
to reduce congestion, improve traffic flow, and minimize waiting times, particularly during peak traffic hours.
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This research explores the design, implementation, and evaluation of the DBTCS, highlighting its advantages over
conventional fixed-time traffic signal systems. The study also delves into the technical aspects of sensor integration,
algorithm development, and system testing, providing a detailed assessment of the system's effectiveness in improving
urban traffic management.

II. LITERATURE REVIEW

Amit Kumar Bhakata. (2016) [1] Published paper “Density Based Dynamic Control System” He aimed at designing a
“Density Based Dynamic Control System” where the timing of signal will change automatically on sensing the traffic
density at any junction. Traffic congestion 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. This article studied about the dynamic
traffic control system and based on radio propagation model for predicting path loss &link. The author suggests in
concluded destination information for calculating load traffic on road for reducing the conjunction on road. The general
belief was more difficult to estimate and predict traffic density than traffic flow.

[2] Jan St Tulsiramji Gaikwad-Patil (2019) published paper on “Density Based Traffic Control System with Priority for
in that system time manipulation was used for controlling Traffic Light. This system Controls Traffic over multiple
intersections, such as, it is becoming very crucial to device efficient, adaptive and cost-effective traffic control
algorithms that facilitate and guarantee fast and smooth traffic flow that utilize new and versatile technologies. In a
dynamic vehicle detection method and a signal control algorithm to control the state of the signal light in a road
intersection using the Wireless sensor networks (WSNs) technology was proposed. Traffic light controlling or
optimization is a complex problem. With multiple junctions, the problem becomes even more complex, as the state of
one light agree the flow of traffic towards many other traffic lights. The complication is the fact that flow of traffic
frequently changes, depending on the time. In this paper, an intelligent traffic light control system based on WSN is
presented. The system has the potential to revolutionize traffic surveillance and control technology because of its low
cost and potential for large scale deployment. This system gives priority to the emergency vehicles such as ambulance.

[3] Saiba Afeefa Aruna (2017) published paper on “Density Based Traffic Signal System Using PLC and
Microcontroller” In Traffic System track traffic density at junctions using Road Side Unit (RSU) and control the traffic
signals Red &Green indication. The delay given for Red or Green Signal at a square will dynamically determine traffic
density by communicating with the vehicles Road Side Unit (RSU). The uniqueness of our work is that the control is
not just based on traffic density calculation but also priority. The Improved Priority Based Signal Management in
Traffic system is capable enough to track multiple priority based vehicles. Vehicular Ad Hoc Network (VANET) is a
network in which each node represents a vehicle equipped with wireless communication technology and can
communicate with other nodes like other vehicles or Road Side Units.

[4] Gerard P. Michon (1985) published paper on “Priority Based Traffic Management Systems” The main goal of
VANET is to provide safety and comfort for passengers on road. A Road Side Units (RSUs) is an access points, used
together with the vehicles, or collect count of the traffic from no of vehicles to allow information dissemination in the
roads. The concern data can be used to create Priority Based Traffic Management Systems, which can automatically
update traffic light delay. Congestion in road traffic is a serious issue and timing of traffic light is pre-defined or fixed
in the traffic light and it is independent on traffic density. the entire year, UPI managed 74 billion transactions totaling
Rs 125.94 trillion, reflecting a significant rise in both the number of transactions and their values. A key insight from
the study is the increasing trend of individuals using UPI for payments to merchants, indicates

III. RESEARCH METHODOLOGY
his study follows a design-experimental methodology to develop a Density Based Traffic Control System (DBTCS)
that dynamically manages traffic signals based on real-time vehicle density. The research process includes system

design, data collection, algorithm development, simulation, and performance evaluation. The methodology is outlined
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as follows:

e System Design: A microcontroller-based system is designed using components such as IR/ultrasonic sensors or
cameras, Arduino/Raspberry Pi, and LED traffic lights.

e Data Collection: Sensors placed at each lane detect and count vehicles, transmitting real-time data to the
controller.

e Algorithm Development: A dynamic algorithm is implemented to allocate green light time based on vehicle
density using the formula:
Green Time = Base Time + (Vehicle Count x Time Factor)

e Simulation and Testing: Tools such as MATLAB, Proteus, and SUMO are used to simulate traffic scenarios and
test the system’s responsiveness.

e Performance Evaluation: Metrics like average waiting time, traffic clearance rate, and queue length are analyzed
and compared with fixed-time traffic systems.

IV.FLOW CHART:

A

Initialization of miocrocontroller |

01 densi based traffic control system

4

| Initialization of IR sensor |

It indicate the green

It indicate the yellow

Itindicate the red |

Figure 1: Flowchart of DBTCS

1. Start:
The system is initialized, and all components such as sensors, microcontroller, and signal lights are powered on
and set to default.

2. Sensor-Activation:

Sensors (IR, ultrasonic, or cameras) placed at each lane detect the number of vehicles approaching or waiting at
the traffic signal.
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3. Data-Collection:
The sensor data is transmitted to the microcontroller or processing unit, where the vehicle count for each lane is
recorded.

4. Density-Analysis:
The system analyzes the collected data and determines the density level (low, medium, high) for each lane based
on predefined thresholds.

5. Priority-Assignment:
The lane with the highest traffic density is given the highest priority to receive the green signal first. Remaining
lanes are prioritized in descending order of density.

6. Green-Time-Calculation:
For each lane, the green signal duration is calculated dynamically using a formula such as:
Green Time = Base Time + (Vehicle Count x Time Factor)

7. Traffic-Signal-Execution:
The traffic lights are updated. The prioritized lane gets a green signal for the calculated time, while others are kept
on red. This process continues in a cycle.

8. Re-evaluation-Loop:
After each cycle, the system re-reads the sensor data to update the density values and repeat the process. This
ensures that the signal timings adapt to real-time traffic conditions.

9. End/Continuous-Loop:
The system runs continuously in a loop, adapting signal timing in real-time to ensure optimal traffic flow.

V.FUTURE SCOPE

The proposed Density Based Traffic Control System demonstrates significant potential for enhancing urban traffic
management. However, there are several opportunities for further development and real-world integration:

e Integration with IoT and Cloud: Real-time traffic data can be transmitted to cloud servers for centralized
monitoring, data analytics, and remote system control.

e Machine Learning and Al: Predictive models can be developed using historical traffic data to optimize signal
timings and anticipate congestion patterns.

e Emergency Vehicle Priority: Integration of GPS or RFID-based systems to detect ambulances, fire trucks, or
police vehicles and prioritize their movement at intersections.

e Adaptive Traffic Network: Multiple intersections can be interconnected to create a fully adaptive city-wide traffic
management system.

e  Pedestrian and Cyclist Detection: Enhancing the system to accommodate pedestrian and cyclist flow, improving
safety and inclusiveness.

e Mobile App Integration: Development of user apps for traffic updates, estimated clearance times, and route
suggestions based on live signal data.

e Solar Power Utilization: Implementation of solar-powered components to improve energy efficiency and reduce
operational costs.

These future enhancements can significantly improve the scalability, sustainability, and effectiveness of intelligent
traffic management systems in smart cities.
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VI. CONCLUSION

The increasing urban population and rising number of vehicles have made efficient traffic management a critical
necessity. Traditional traffic control systems, which operate on fixed time intervals, often fail to adapt to real-time
traffic conditions, leading to increased congestion, longer waiting times, fuel wastage, and elevated pollution levels.
The proposed Density Based Traffic Control System (DBTCS) addresses these challenges by introducing a dynamic,
sensor-based approach that adapts traffic signal durations according to real-time vehicle density on each lane of an
intersection.

In this research, a prototype system was designed using microcontrollers, IR/ultrasonic sensors (or camera modules),
and programmable traffic lights. A control algorithm was implemented to prioritize lanes with higher traffic density by
allocating longer green signal durations proportionally. The system was tested through simulations using tools like
MATLAB, Proteus, and SUMO to model real-world traffic conditions and evaluate the effectiveness of the DBTCS in
reducing congestion.
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