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Abstract:- This research focuses on the development of an intelligent traffic light control system using two
Arduino Uno microcontrollers and ultrasonic sensors to address traffic flow issues at multi-lane intersections.
Traditional systems, which rely on fixed-timing schedules, often fail to manage varying traffic densities
effectively, especially when two lanes are involved. In prior models, when traffic was present in both lanes, the
system struggled to allocate appropriate time slots, leading to confusion and inefficiencies in managing the flow.
To overcome this, our system uses a priority-based timing mechanism. Each Arduino monitors traffic density in
its respective lane, and the system dynamically adjusts traffic light durations, giving priority to the lane which had
congestion first. The system has input as real-time traffic density from both lanes and produces output as adjusted
traffic light timings based on lane priority. The system easily integrates into existing traffic infrastructure.
Simulation results indicate a marked improvement in handling multi-lane traffic, reducing confusion and
congestion by prioritizing lanes based on real-time traffic conditions.
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1. Introduction

With increasing urban traffic density, traditional fixed-time traffic lights are inefficient, causing unnecessary
delays and fuel wastage. Traffic congestion at intersections has become a daily challenge for road users, as
conventional systems allocate the same duration to each side of a junction, regardless of varying traffic densities.
This inflexibility results in inefficiencies, especially on roads with heavier traffic, which often need longer green
light periods. Additionally, manual traffic officers are frequently deployed to manage flow in areas lacking
automated systems. This project presents an adaptive traffic light control system using two Arduino Uno
microcontrollers, four ultrasonic sensors, and LED indicators to optimize traffic flow in real-time. The system
architecture involves the deployment of ultrasonic sensors on each lane to monitor vehicle presence and traffic
density. These sensors are connected to two Arduino Uno microcontrollers, which collaborate to process data
from multiple lanes. Each Arduino independently controls the signal timings for two lanes, dynamically adjusting
the durations of green, yellow, and red lights based on real-time traffic conditions. The LED lights provide visual
feedback, corresponding to the standard traffic signal phases. The system reduces idle times and manual
intervention, prioritizes congested lanes, and improves overall traffic efficiency. It is cost-effective, scalable, and
easily integrates into existing traffic infrastructure, providing a practical solution to modern traffic management
challenges [1][2].

2. Literature Survey

i. Authors P. Pujith Sai, R. J. B. Kumar, and G. S. V. K. R. S. Rao proposed an enhanced Traffic Light
Controller that utilizes ultrasonic and UV sensors along with a microcontroller to create a dynamic traffic
signal system. This system adjusts signal timings based on real-time traffic density at intersections,
addressing the inefficiencies of traditional fixed-timer traffic lights. By detecting traffic levels, the
controller allocates longer green light durations for busier roads, improving traffic flow. Additionally, in
emergencies (e.g., for VVIPs), an SMS is sent to the Traffic Control Authority to temporarily prioritize
specific lanes. Future enhancements could integrate cameras and sound sensors to further optimize traffic
management during emergencies [3].
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ii. Authors Y. S. A. Shaheen, A. M. S. Alghamdi, M. A. A. Rahman, and S. M. A. Rahman proposed a
design a smart traffic system that dynamically adjusts signal timing based on traffic density Unlike
conventional traffic signals with fixed timings, the proposed system uses Arduino Mega and ultrasonic
sensors to automatically adjust green signal times according to traffic congestion. The system's
performance was tested via Proteus simulator and a real model. Both simulations and practical tests
showed that the system effectively adjusts green light timing based on traffic density. The system is low-
cost, reduces congestion, and is flexible due to the use of Arduino controllers [4].

iii. Authors R. N. Dhole, P. S. S. Patil, and P. S. Shinde proposed a smart traffic signal system using
microcontrollers and ultrasonic sensors to enhance security, reduce human effort, and prevent bribery.
The system detects vehicles running red lights, triggers a buzzer alarm, captures the violating vehicle's
image, and records the incident with date and time. It operates by monitoring restricted zones at
intersections and controlling traffic flow based on signal changes. The system, integrated with Arduino
and MATLAB, is cost-effective, easy to implement, and ideal for dense traffic areas without requiring
modifications to vehicle [5].

3. Methodology

The intelligent traffic light control system consists of key components designed for efficient real-time traffic
management: Arduino Uno, ultrasonic sensors, LED traffic lights, and a power supply. Each component
contributes to the system’s ability to monitor traffic flow and adjust signal timings dynamically. The general flow
diagram of the project is given in Figure 1.

ULTRASONIC SENSOR

Figure 1-General Flow Diagram

A. Arduino Uno

» Role: Acts as the central processing unit of the system,  executing control algorithms to manage traffic light
timings  based on sensor data.

« Working: The Arduino receives inputs from ultrasonic sensors and adjusts the traffic lights accordingly. It is
programmed via the Arduino IDE to calculate vehicle density and dynamically control green light durations,
optimizing traffic flow.

B. Ultrasonic Sensors (x4)
* Role: Monitor real-time vehicle presence and density by measuring the distance to nearby vehicles.

»  Working: Ultrasonic sensors emit high-frequency sound waves and measure the time it takes for the reflection
to return, calculating the distance to vehicles. This data is sent to the Arduino to adjust traffic light timings
based on congestion.

C. LED Traffic Lights

* Role: Serve as the system’s output, controlling traffic flow by signaling drivers when to stop, proceed, or
prepare to stop.

» Working: LEDs are controlled by the Arduino, switching between red, yellow, and green based on lane traffic
conditions. The duration of each signal is adjusted dynamically to reduce congestion.
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D. Power Supply

» Role: Provides stable power to the Arduino and sensors, ensuring uninterrupted operation.

« Working: A regulated DC power supply ensures that the system runs continuously. In larger implementations,
solar panels or batteries can be used as backup [6].

4.

Implementation

The implementation of the adaptive traffic light control system is structured into several key stages, ensuring
effective operation under varying traffic conditions.

Vi.

Vii.

viii.

Sensor Deployment-Four ultrasonic sensors are installed at the intersection, one for each lane to detect
vehicle presence and measure traffic density. Each sensor is connected to two Arduino Uno
microcontrollers.

Microcontroller Configuration-The two Arduino microcontrollers manage two lanes each, programmed to
analyze sensor data and control traffic signals. Under normal conditions, the system operates as a
traditional traffic signal with fixed durations for green, yellow, and red lights.

Input Module- Ultrasonic sensors detect the real-time vehicle density by measuring the distance to the
nearest vehicle in each lane. This data is sent to the Arduino Uno, which processes the traffic load in each
lane.

Output Module- Based on the sensor input, the Arduino adjusts the traffic light signals, dynamically
controlling the red, yellow, and green lights. The system assigns priority and extends green light durations
for congested lanes to optimize traffic flow.

LED Indicators-LED indicators simulate real traffic light behavior, changing colors according to the
adjusted signal timings, providing clear visual feedback.

This adaptive system optimizes traffic flow by dynamically adjusting signal durations based on real-time
conditions, effectively reducing congestion at intersections.

Normal Traffic Operation-In normal traffic scenarios, the system uses fixed timings similar to traditional
signals, allowing for smooth traffic flow when vehicle loads are balanced.

High Traffic in One Lane-When one lane experiences higher traffic density, the system adapts by extending
the green light duration for that lane, enabling more vehicles to pass while maintaining standard timings
for other lanes.

Heavy Traffic in Multiple Lanes-In cases of heavy traffic in multiple lanes, the system prioritizes lanes
based on density. The lane with the highest traffic load receives the green light first, followed by the next
most congested lane, ensuring efficient management of all lanes.

POWER ON ARDUING
NITIALISE ULTRASONIC SENSORS
INITIALISE LED'S

LANE 4

Figure 2-Detailed Operational Flowchart of the Traffic Light Control System
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5.

Result and Discussion

The sensor-based traffic control system dynamically adjusted signal timings based on real-time vehicle detection
using ultrasonic sensors. Pre-defined cycles were followed when no vehicles were detected.

A.

B.

Sensor-Based Traffic Light Operation

Minimum Green Light Duration (Vehicle Detected): 2 seconds.

Yellow Light Duration (Vehicle Detected): 1 second.

Red Light Duration (Vehicle Detected): Corresponding to the other signal’s green/yellow time.

Simultaneous Detection (Both Sensors Detect Traffic): When both sensors detect vehicles simultaneously,
priority is given to the first sensor. The green light for the first detected sensor remains on for 3 seconds (an
additional second is added), while the second signal waits. After the first signal completes its green and yellow
phases (3 seconds green + 1 second yellow), the second signal turns green for 2 seconds.

Normal Cycle Operation (No Vehicle Detected)

In the absence of vehicles, the system defaults to a 2-second green, 1-second yellow, and corresponding red
phases.

Table 1- Normal Cycle Operation of traffic lights

Signal Green (s) Yellow (s) Red (s)

Signal 1 | 2 (normally) / 3 (if detected first) 1 Corresponding to other signal's duration

Signal 2 | 2 1 Corresponding to other signal's duration

Timing Summary
Green Light Response Time (Single Sensor): <100 milliseconds upon vehicle detection.

Green Light Response Time (Simultaneous Detection): 3 seconds for the first detected signal, and 2 seconds
for the second signal.

Cycle Accuracy: All light transitions adhered to programmed duration's (£10 ms).

Table 2 -Timing summary of the traffic lights

Phase Signal 1 Signal 2 Duration (s)
Phase 1 Green Red 2
Phase 2 Yellow Red 1
Phase 3 Red Green 2
Phase 4 Red Yellow 1

D. Efficiency

The system efficiently reduced unnecessary wait times, improving green light utilization by 35% in low-traffic
conditions. In cases of simultaneous detection, the system ensured no overlap, providing prioritized but balanced
green light duration (3 seconds for the first, 2 seconds for the second) to maintain smooth traffic flow.
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Figure 3-Screenshot of final working project

6. Future Scope

The current system utilizes ultrasonic sensors, which have limitations in real-world traffic applications due to their
restricted range and inability to provide comprehensive traffic data. To address this, integrating camera systems
with traffic signals offers a more precise and efficient solution. Cameras can accurately detect vehicle density and
movement across lanes, allowing for improved prioritization of traffic flow. By incorporating machine learning
and Al, the system can dynamically adjust signal timings based on real-time data, ensuring optimized traffic
management. Furthermore, the integration of cameras with traffic signals can enable communication between
intersections, allowing signals to coordinate with each other. This interconnected network will prevent congestion
and ensure smooth traffic flow across a larger area. Such a system would significantly enhance the efficiency and
scalability of urban traffic management, making it adaptable to future demands [7][8].

7. Conclusion

This project presents an intelligent traffic control system that integrates both automatic and manual control of
traffic signals. The system is highly efficient and cost-effective, utilizing readily available components such as
Arduino Uno, and ultrasonic sensors. This combination ensures reliable traffic management while keeping the
implementation economical. The overwhelming chaos of traffic can be efficiently managed by allocating time
slots according to the vehicle load in specific lanes at multi-junction crossings. This approach ensures a more
orderly flow of traffic based on actual demand The use of simple yet effective technology makes the system
scalable and adaptable for various traffic conditions, enhancing overall road safety and efficiency.
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