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Abstract. This paper describes the design and implementation of a traffic light controller for managing the intersection
between a busy highway and a little-used farm road. The controller uses a finite state machine (FSM) to efficiently
manage the light signals, ensuring optimal traffic flow while prioritizing highway traffic. When no vehicles are
detected on the farm road, the highway lights remain green, allowing uninterrupted flow. Upon detecting a vehicle on
the farm road, the highway lights transition from green to yellow to red, giving way to the farm-road lights. The farm-
road lights stay green as long as a vehicle is detected or until a predefined time interval expires, whichever occurs
first. After the farm-road light cycle is completed, the highway lights transition back to green. The system also
integrates external timer signals (TS for short time intervals and TL for long time intervals) to manage the yellow and
green light phases. A Verilog implementation of the FSM is provided, along with a testbench to validate the controller's

functionality under different scenarios.

I.INTRODUCTION

The rapid growth of vehicular traffic on modern road networks necessitates the development of
efficient traffic management systems to ensure smooth and safe transit. One of the most critical aspects of
traffic control is the regulation of traffic flow at intersections, where conflicting traffic streams must be
managed effectively to minimize delays and accidents. Traffic light controllers are vital components of
intelligent transportation systems (ITS), providing systematic control of vehicle movements at intersections.
Among various intersections, highway-farm road intersections pose unique challenges due to the disparity in
traffic volume and speed between the primary highway and the secondary farm road. Consequently, the design
and implementation of an efficient traffic light controller for such intersections are crucial to maintaining traffic
safety and efficiency.

Finite State Machines (FSMs) are widely recognized as an effective method for modeling and implementing
traffic light controllers. FSMs enable the systematic representation of distinct traffic states and transitions,
facilitating precise control logic and predictable behavior. An FSM-based traffic light controller can efficiently
manage the sequence of traffic signals by considering various input conditions such as vehicle detection, signal
timing, and emergency scenarios. As a result, FSMs serve as a powerful tool for designing robust and reliable
control systems for complex traffic environments.

The intersection of a highway and a farm road is characterized by a significant difference in traffic density and
priority. While highways typically handle a continuous flow of fast-moving vehicles, farm roads experience
comparatively lower traffic volume and slower speeds. This discrepancy makes it essential to design a
controller that prioritizes highway traffic while granting access to farm road vehicles only when it is safe and

3800 Mr.K.Ch.MALLA REDDY et al 3800-3807



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

10.48047/jocaaa.2024.33.08.55

efficient to do so. The controller must also accommodate special cases, such as emergency vehicle passage and
adaptive timing based on real-time traffic conditions. By addressing these challenges, the FSM-based controller
aims to enhance safety and reduce congestion, particularly at rural or semi-urban intersections where highway-
farm road interactions are common.

In recent years, advancements in microcontroller technology and real-time processing have enabled the
practical implementation of FSM-based traffic light controllers with higher accuracy and reliability. The
integration of sensors, such as infrared or magnetic loop detectors, enhances the ability of the system to detect
vehicles and adapt signal timings accordingly. Furthermore, the use of simulation software for testing and
optimization has proven invaluable in fine-tuning the control logic before deploying the system in a real-world
environment.By leveraging the advantages of finite state machines, the designed traffic light controller
demonstrates significant improvements in traffic regulation and safety at highway-farm road intersections. The
results obtained from simulation and real-world testing validate the effectiveness of the proposed system,
thereby contributing to the advancement of intelligent traffic management solutions.

ILEXISTING SYSTEM
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Fig: 1.block diagram for traffic light controller

The design and implementation of a traffic light controller for a highway-farm road intersection in an embedded
system is an innovative approach aimed at enhancing traffic management, safety, and efficiency at rural and
semi-urban intersections. In these areas, highways often intersect with farm roads, creating complex traffic
scenarios that require careful regulation to minimize accidents and congestion. Traditional fixed-time traffic
light systems often prove inadequate due to the varying traffic densities and unpredictable vehicle flow at such
intersections. Consequently, embedded system-based traffic light controllers have emerged as a practical and
efficient solution to address these challenges.

An embedded system-based traffic light controller leverages microcontrollers or microprocessors to control
the signaling sequence at intersections. Typically, these controllers are designed to operate using finite state
machine (FSM) logic, which provides a structured approach to managing the different states of traffic lights,
such as "Highway Green - Farm Red," "Highway Yellow - Farm Red," "Highway Red - Farm Green," and
"Highway Red - Farm Yellow." The use of FSM ensures precise and reliable state transitions, governed by
input signals from sensors or timers. By integrating real-time traffic data and adaptive control algorithms,
embedded systems can dynamically adjust signal durations based on traffic density, thereby reducing vehicle
waiting times and enhancing road safety.
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The core of the embedded system-based traffic light controller is a microcontroller unit (MCU) programmed

to execute the FSM logic. Popular microcontrollers used in such applications include Arduino, Raspberry Pi,

and ARM-based devices. These controllers interface with various input and output peripherals, including traffic
density sensors, countdown displays, and LED signal lights. The input sensors, such as infrared (IR) or
ultrasonic sensors, detect vehicle presence and density on both the highway and farm road. The MCU processes

the sensor data in real time and determines the optimal signal duration for each state, ensuring that traffic on

the highway receives priority while providing adequate crossing opportunities for farm road vehicles.

Power efficiency and fault tolerance are essential considerations in the embedded design, particularly in rural
environments where power outages may occur. Therefore, low-power microcontrollers and energy-efficient

LED signal lights are commonly employed. Additionally, backup power solutions such as solar panels or
battery systems are integrated to ensure uninterrupted operation. To further enhance reliability, fault detection
algorithms are incorporated to detect hardware malfunctions or sensor failures, prompting automatic system

resets or triggering alert signals.

Embedded traffic light controllers are often developed using embedded C, Python, or hardware description
languages like Verilog and VHDL. The software development process involves designing the FSM model,
implementing state transitions, integrating sensor data acquisition, and controlling output signals. Simulation

and testing are conducted using platforms such as Proteus, MATLAB, or hardware-in-the-loop setups to
validate the controller's performance under various traffic conditions. Once validated, the embedded code is
deployed onto the MCU, and field testing is conducted to assess real-world performance and adaptability.

The implementation of embedded traffic light controllers at highway-farm road intersections has demonstrated
several advantages over conventional fixed-time systems. These systems can dynamically adjust signal
durations based on real-time traffic flow, thereby minimizing unnecessary waiting times and reducing fuel
consumption caused by prolonged idling. Additionally, the modular and scalable nature of embedded systems
allows for easy integration of additional features, such as pedestrian crossing signals or emergency vehicle
prioritization.

Despite the numerous benefits, challenges remain in optimizing real-time responsiveness and ensuring system
robustness in harsh environmental conditions. Dust, moisture, and extreme temperatures can affect sensor
accuracy and system performance. Therefore, the design must include protective enclosures, waterproof
sensors, and temperature-resistant components to maintain operational reliability.

In conclusion, the design and implementation of a traffic light controller for a highway-farm road intersection in an
embedded system represent a cutting-edge solution to the complexities of rural traffic management. By combining the
precision of finite state machine logic with the adaptability of embedded technologies, these controllers offer a
practical and efficient way to enhance road safety and traffic flow. Ongoing research and development continue to
explore advanced features, such as machine learning integration and 10T connectivity, to further optimize performance
and reliability.

111 PROPOSED SYSTEM
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fig :2. Block diagram of traffic light controller

The system block diagram shown in the image represents a traffic signal control system designed to efficiently
manage the flow of vehicles at an intersection. It consists of

three main components: Combinatorial Logic, Timing Circuits, and a Finite State Machine (FSM). The
objective of the system is to control traffic lights for both the main and side roads in a way that maximizes
safety and traffic efficiency.

Vehicle Sensor Input:

The process begins with the Vehicle Sensor Input, which continuously monitors the presence or absence of
vehicles at the intersection. These sensors are typically implemented using technologies such as inductive loop
detectors, infrared sensors, or camera-based systems. The sensor detects a vehicle and sends an input signal to
the Combinatorial Logic block. The primary purpose of this sensor input is to detect traffic density and provide
real-time data to the control logic, allowing the system to adapt to varying traffic conditions.

Combinatorial Logic:
The Combinatorial Logic block is responsible for processing the input signals from the vehicle sensors and
generating appropriate State Transition Signals. It uses predefined logic functions to determine the next state
of the traffic light based on several factors:

1. Sensor Input: Whether a vehicle is detected or not.

2. Current State of Lights: Whether the main road or side road currently has a green, yellow, or red
signal.

3. Timing Conditions: Duration of the current state and elapsed time since the last state change.

The output of the Combinatorial Logic is a set of State Transition Signals, which indicate when the system
should change from one light state to another. These signals are crucial in coordinating the switch between
green, yellow, and red lights for both the main and side roads.

Timing Circuits:
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The Timing Circuits are responsible for managing the duration of each traffic light state. They generate precise
time intervals that are crucial for smooth and orderly transitions between the different states. The main
functions of the timing circuits include:

1. Clock Signal Generation: Producing a continuous and consistent clock pulse that drives the system.

2. Time Interval Selection: Allowing configurable durations for green, yellow, and red lights. These
durations can vary depending on factors such as traffic density, time of day, or pre-configured settings.

3. Timer Trigger: Generating output signals that inform the Combinatorial Logic when it is time to
transition from one light state to another.

The output from the timing circuits, labeled Selected Timer Output, is fed into the Combinatorial Logic to
coordinate timing with traffic state transitions.

IV. RESULTS AND ANALYSIS DISCUSSION
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Fig.3. RTL schematic diagram.
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Fig:4.Wave Form

V CONCLUSION

The Traffic Light Controller for a Highway-Farm Road Intersection using a Finite State Machine (FSM) is a
robust and efficient solution for managing traffic at critical intersections. Its deterministic behavior ensures
reliable and predictable signal transitions, enhancing both safety and traffic flow. With future advancements in
smart technologies, real-time data integration, and energy-efficient designs, FSM-based traffic controllers will
continue to play a vital role in modernizing transportation systems, contributing significantly to smart and

sustainable traffic management.
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