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[bookmark: _bookmark5]ABSTRACT

This research project focuses on the development and implementation of an Automated Railway Level Crossing System using microcontroller technology. The primary goal is to enhance safety at railway crossings by automating the detection of approaching and departing trains, thus ensuring timely closure and opening of barrier gates. The system employs ultrasonic sensors for accurate train detection and utilizes Arduino-based microcontrollers for controlling the gates and activating audio-visual alerts. This study outlines the current challenges faced by traditional manual systems, including human error and inefficiencies, and provides a justification for the need for automated solutions.
The methodology involves sourcing affordable components from local vendors, assembling them into a functional prototype, and programming the system using Arduino IDE. Various testing scenarios were conducted to evaluate the system's performance, which demonstrated successful detection of trains, prompt barrier operations, and effective alert systems. Limitations such as sensor range and environmental factors were identified, along with recommendations for enhancements, including the integration of advanced sensors and renewable energy solutions. This research contributes to the field of railway engineering by providing a scalable and cost-effective approach to improving safety at level crossings.

[bookmark: _bookmark6]CHAPTER ONE

[bookmark: _bookmark7]INTRODUCTION
Railway transportation is a vital component of national infrastructure, connecting cities, towns, and rural areas while facilitating economic development. However, one of the most vulnerable points in the railway network is the level crossing—where railway tracks intersect roadways. Traditionally, many of these crossings have been operated manually, leading to numerous incidents resulting from human error, equipment failure, or lack of warning systems. (Rahman, 2012). With the advent of embedded systems, automation, and sensor-based technologies, there has been a global push towards developing smarter and safer railway level crossing systems. The Automated Railway Level Crossing System project	seeks	to	address	the	inefficiencies	of	manual	systems	by	using microcontrollers, sensors (IR/ultrasonic), actuators, and communication modules (like GSM or IoT) to detect approaching trains, alert road users, and automatically
control the opening and closing of gates. (Rashid, et al, 2012)

1.1 [bookmark: _bookmark8]Background of the Study

Historically, level crossing safety has been a significant concern across many countries, especially in developing regions where many crossings are unmanned. According to the Indian Railways Safety Review (2005), over 30% of train-related
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fatalities occurred at level crossings. Manual operation of gates often results in delayed closures or premature openings, both of which can lead to accidents. (Indian Railways Safety Review 2005)
Since the early 2000s, there has been growing academic and industrial interest in automating these systems. The application of microcontrollers like Arduino and Raspberry Pi, along with sensor technologies, has enabled the development of low- cost, efficient systems. This project builds on that foundation, aiming to enhance safety and efficiency through automation. (Rahman, 2012).
1.2 [bookmark: _bookmark9]Aim and Objectives

The aim is to develop an automated railway level crossing system using basic electronics and micro-controller programming to provide a more reliable and safer method of managing rail-road intersections. While the objectives are:-
i. Stimulate an automated level crossing barrier system using Arduino

ii. Detect approaching and departing train using ultrasonic sensors
iii. Automatically operate barrier gates and traffic signals

iv. Improve railway crossing safety and reduce human error
1.3 [bookmark: _bookmark10]Problem Statement
Level crossings are among the most accident-prone areas in the railway system. The absence of reliable and automated systems leads to unnecessary loss of

life and property. Therefore, an automated, real-time, sensor-based system is needed to control the level crossing gates and issue timely alerts to all concerned parties. (Rashid and Abdullah, 2012)
1.4 [bookmark: _bookmark11]Justification

The motivation for this project lies in the urgent need to improve railway crossing safety, particularly in developing nations. According to Singh and Sharma (2012), over 50% of level crossing accidents in India could have been prevented through automation. This project provides a cost-effective, scalable, and energy- efficient solution using widely available components.
The proposed system:

i. Reduces human dependency, minimizing the risk of error.

ii. Increases safety for both railway and road users.

iii. Can be deployed in rural areas, where power and personnel are limited.

iv. Aligns with modern trends in IoT and smart transportation.
Thus, the system not only improves safety but also contributes to the modernization of transport infrastructure (Singh and Sharma 2012)
1.5 [bookmark: _bookmark12]Scope of Work
The scope of this project includes the design, simulation, and prototyping of an automated railway level crossing system. Specifically, it involves:

Hardware: Use of Arduino microcontroller, sensors (IR, ultrasonic), servo motors, GSM module (optional), solar power unit, LCD display, LEDs, and buzzers. Software: Embedded C/C++ programming for control logic and system integration.
Simulation: Testing in virtual environments such as Tinkercad or Proteus for performance verification.
Prototype development: Building a scaled-down physical model to demonstrate functionality.
Performance evaluation: Testing sensor accuracy, system response time, and power reliability. (Banzi and Shiloh 2014)

[bookmark: _bookmark13]CHAPTER TWO

[bookmark: _bookmark14]LITERATURE REVIEW
2.1 [bookmark: _bookmark15]Overview of railway level crossing system

A railway level crossing is a location where a railway line intersects a road, footpath, or other right-of-way at the same level, rather than through a bridge or tunnel (grade separation). These crossings are essential for the movement of people and goods, especially in urban and semi-urban areas where rail and road networks intersect frequently. While necessary for connectivity, level crossings present significant safety challenges due to the shared interface between vehicular/pedestrian traffic and high-speed trains.(Kamar and Singh 2022)
2.1.1 [bookmark: _bookmark16]Types of Railway Level Crossings:

1. Unmanned Crossings – No personnel present; often in rural areas and more prone to accidents.
2. Manned Crossings – Controlled manually by a gatekeeper or station staff.
3. Semi-Automated Crossings – Use a combination of manual and automated controls.
4. Fully Automated Crossings – Operate independently based on sensors, timers, or train detection systems.
According to the International Union of Railways (UIC, 2022), level crossings account for over 30% of railway-related fatalities worldwide, especially in developing countries. This is often due to:
1. Human error
2. Poor visibility or signaling

3. Inadequate safety infrastructure
4. Lack of integration with traffic systems

A World Bank study (2021) on Sub-Saharan African railways found that Nigeria recorded more than 300 railway crossing-related accidents in a five-year span, with most incidents occurring at unmanned or poorly equipped crossings. (International Union of Railways (UIC), 2022)
2.1.2 [bookmark: _bookmark17]Function of a Railway Level Crossing System:
The primary function of a level crossing is to:

1. Allow road/rail interaction safely.
2. Stop vehicular and pedestrian movement during train passage.
3. Resume normal road movement post train departure.

Alert road users in advance using visual and audible signals. (Sharma and Choubey (2017)
2.1.3 [bookmark: _bookmark18]Manual Systems:

Historically, crossings were manually operated using mechanical levers or switches. A gatekeeper or station master would be informed via signal or phone of an approaching train and would then close the barrier manually. These systems are:
1. Labor-intensive
2. Prone to delays
3. Highly dependent on human alertness and timing

Example: In Nigeria, traditional crossings are still predominant in many states, particularly on narrow-gauge lines, and have contributed to major accidents such as the 2020 Lagos-Ibadan crossing collision (Punch Newspaper, March 2020).
Challenges with Manual Systems:

1. Delayed gate operation
2. Unauthorized crossings
3. Ineffective coordination with road traffic

Inability to handle multiple trains or tracks simultaneously (Oke and Ayeni 2020)

2.1.4 [bookmark: _bookmark19]Emergence of Automation:

Due to these shortcomings, there's a growing trend toward automated railway level crossing systems globally. These use sensors, controllers, and communication systems to detect approaching trains and automatically close and open gates. Countries like India, China, and even Kenya have started to adopt sensor-based crossing automation to reduce accidents and improve traffic flow.
“Level crossings continue to be one of the most hazardous locations in the rail network. Upgrading to automated or sensor-driven systems has shown a significant reduction in accidents in countries like India and Brazil.”(UIC Safety Report, 2022)
“Manual crossings have proven ineffective in urban areas where traffic density is high and response time is critical. Automation is no longer a luxury but a necessity.”(World Bank Transport Note TRN-40, 2021)

2.2 [bookmark: _bookmark20]Automation and sensor-based system

Automation in railway level crossing systems refers to the application of electronics, embedded systems, and sensor technology to control gate operations, signaling, and alarms without human intervention. The goal is to eliminate human error, reduce accident rates, and increase operational efficiency at the intersection of road and rail transport.
Traditional railway level crossings are operated either manually or semi- manually. However, due to the high frequency of accidents, especially at unmanned crossings, there has been a global shift toward automation using intelligent sensor technologies.(Jain et al 2020)
2.2.1 [bookmark: _bookmark21]Types of Sensors Used In Automated Systems

	Sensor Type
	Function
	Application in Crossing System

	Infrared (IR)
	Detects	motion	and interruption in light beam
	Train presence detection

	Ultrasonic
	Measures distance using sound waves
	Train proximity, barrier status

	Radio	Frequency Identification (RFID)
	Read tags on trains
	Identifies specific trains

	Magnetic track sensors
	Detects magnetic fields of metal
	Confirms train on track



	Pressure Sensors
	Measures track or road load
	Detects vehicles on the track




Example:

In a project in India’s Eastern Railway Zone, a system utilizing IR sensors and RFID tags on trains achieved a 90% decrease in accidental gate failures within the first year of implementation. (Rahman 2020)
2.2.2 [bookmark: _bookmark22]Working Principle of Sensor-Based Railway Gate Automation

A typical automated system operates on the following logic:

1. Detection Phase:

An incoming train is detected by long-range IR or magnetic sensors placed along the track (typically 1–2 km before the crossing).
2. Signal Activation:

Once a train is detected, warning lights and buzzers are activated for nearby road users.
3. Gate Control Phase:

When the train is within 500–800 meters of the crossing, the microcontroller triggers a motor to lower the gate barriers.

4. Train Passage Monitoring:

Track sensors continue to monitor the train until its last coach passes a certain point (e.g., using another IR/RFID sensor).
5. Gate Opening Phase:

Once the sensors confirm that the track is clear, the system raises the gates and resets signals.
2.2.3 [bookmark: _bookmark23]Advantages of Sensor-Based Automation Systems

1. Real-time detection and actuation

2. Low operational cost after deployment

3. Non-reliant on human personnel

4. Improved safety for vehicles and pedestrians

5. Remote monitoring possible using IoT

6. Customizable logic to accommodate train length, speed, and direction

Case Study

In Kenya, a pilot project using IoT-enabled ultrasonic sensors and Arduino controllers led to a 60% reduction in crossing-related delays and incidents in Nairobi’s suburban railway line (African Railway Safety Review, 2022).

2.2.4 Integration with IoT and GSM Modules

Modern systems are increasingly incorporating:

· IoT modules (e.g., ESP32, NodeMCU) for cloud-based monitoring.
· GSM modules for real-time SMS alerts to control centers or nearby stations.
· Mobile applications to track train status and crossing closures.

Example:

A smart crossing system developed at IIT Delhi used NodeMCU, IR sensors, and a GSM module to automatically send alerts to drivers and station managers. It was tested on a model track and showed 100% gate actuation success rate.( Mallick and Rout 2019)
2.3 [bookmark: _bookmark24]Micro controller-based control system

A microcontroller-based control system is a compact, programmable embedded system that performs automation tasks by receiving sensor inputs, processing data, and controlling actuators in real-time. In the context of a railway level crossing system, microcontrollers serve as the “brain” that coordinates the detection of trains, the actuation of gates, and the signaling to road users, all without human intervention.
This technology enables the efficient, reliable, and cost-effective automation of level crossings, especially in locations where manual operation is unsafe or impractical. (Bhowmik et al 2018)

2.3.1 [bookmark: _bookmark25]Working Principle of Microcontroller-Based Crossing Systems

The microcontroller receives input from various sensors (such as IR, ultrasonic, RFID, or magnetic sensors) positioned near or along the railway track. It processes this data using pre-programmed logic and generates appropriate output signals to:
· Activate visual and audio alerts.
· Operate gate barriers using motors and relays.
· Communicate with external modules (e.g., GSM, IoT cloud servers).

Typical Workflow:

1. Train detection: IR or magnetic sensor detects an incoming train 1–2 km from the crossing.
2. Signal activation: Lights and buzzers alert vehicles and pedestrians of an approaching train.
3. Gate closure: The microcontroller triggers a motor (via relay) to lower the gate.

4. Train passes: Sensors detect the train's exit; once clear, the microcontroller initiates gate reopening.
5. System reset: All signals and sensors return to standby mode.(Bhowmik et al 2018)

2.3.2 [bookmark: _bookmark26]Commonly Used Microcontrollers in Level Crossing Projects

	Microcontroller
	Features
	Use Case

	Arduino Uno (ATmega328p)
	Open source, easy to program, digital and analog pins
	Educational and prototyping systems

	Peripheral Interface Controller (PIC) Microcontroller (e.g PIC 16F877A)
	Low power, fast processing
	Industrial-grade auto motion

	Advanced RISC Machine (ARM)
Cortex- M series (STM32)
	High performance, multiple peripherals
	High end smart systems

	ESP32/ ESP8266
	Integrated wifi/bluetooth
	IoT based monitoring and control




Source: International Journal of Engineering Development and Research

2.3.3 [bookmark: _bookmark27]Key Components in a Microcontroller-based Railway System

	Components
	Function

	Microcontroller unit
	Core processor to execute logic

	IR/ultrasonic sensors
	Detect train presence

	Relay Module
	Interface between microcontroller and motor actuator

	DC motor/ stepper motor
	Drives the barrier gate mechanism

	LEDs / Buzzer
	Provide visual and audible alerts

	GSM Module
	Sends SMS alerts to central control system

	Solar/battery power unit
	Ensures off-grid reliability




Advantages of Microcontroller-Based Systems

1. Real-time response to sensor input

2. Cost-effective and scalable

3. Low power consumption

4. Can be remotely monitored and updated

5. Easily integrated with IoT or GSM communication

Case Study:

In Bangladesh, a research team developed an Arduino-based railway crossing system using IR sensors and GSM modules, reducing gate response time by over 40% compared to manual operation. (Rahman, 2020)
2.4 [bookmark: _bookmark28]Integration of traffic signals and safety features

An essential aspect of improving safety and reducing accidents at railway level crossings is the integration of railway gate systems with road traffic signals and enhanced safety features. Such integration ensures that vehicular traffic is effectively managed during train movements and that pedestrians, cyclists, and drivers are adequately warned of approaching trains.
Without integration, traffic congestion, confusion, and high accident rates persist, particularly in urban areas and high-traffic corridors. A well-integrated system uses smart signaling and safety mechanisms to coordinate barrier operation, alert systems, and vehicle movement dynamically. ( Kumar and Singh 2022)
2.4.1 [bookmark: _bookmark29]Components of an Integrated Signaling and Safety System

	Components
	Function

	Traffic signal lights (R/Y/G)
	Control vehicular movement at the crossing

	Railway signal lights
	Alert	trains	and	control	railway movement



	Warning lights
	Flash when the train is approaching or passing

	Audible alarms (buzzers)
	Provide and audible warning to road users

	Book barriers (gates)
	Prevent vehicular movement during train passage

	Obstacle detection sensor
	Detect vehicles or humans stuck on tracks

	Emergency push buttons
	Allow manual override in case of failure

	Surveillance cameras (CCTV)
	Monitor crossing activity and incidents


Source: Journal of Engineering Research and Application

2.4.2 [bookmark: _bookmark30]Integration Architecture

A microcontroller or PLC (Programmable Logic Controller) acts as the central control unit. It receives inputs from train detection sensors and triggers a series of synchronized actions, including:
1. Changing traffic lights from green to red.
2. Activating warning alarms.
3. Lowering the gate.
4. Raising the gate and resetting signals after the train has passed.

In advanced systems, this logic is extended through IoT or SCADA platforms, allowing for real-time traffic status updates and remote control.
Example Integration Flow:

Train Detected → Traffic Light: RED → Warning Light: ON → Buzzer: ON →
Gate: CLOSE

Train Passed → Delay 5s → Gate: OPEN → Buzzer: OFF → Traffic Light: GREEN.
(Sharma and Choubey 2017)

2.4.3 [bookmark: _bookmark31]Benefits of Integration
1. Minimizes human intervention and eliminates conflicting signals.

2. Ensures road traffic is halted well in advance of the train’s arrival.

3. Reduces gate response time, avoiding collisions.

4. Improves traffic flow coordination, especially during peak hours.

5. Enables	multi-modal	safety,	accommodating	vehicles,	bicycles,	and pedestrians.( Rahman,2020)
2.4.4 [bookmark: _bookmark32]Safety Features in Modern Railway Crossing Systems

1. Visual Alerts:

Blinking red LED lights signal an approaching train.

High-brightness LED strips may be embedded in barriers for better night visibility.

2. Audible Alerts:

Buzzers or sirens alert road users before the gate lowers. Alerts increase in volume as the train approaches.
3. Obstacle Detection:

Light Detection and Ranging( LIDAR) or IR sensors scan the track for vehicles or people stuck on the crossing.
If an object is detected, the gate opening is delayed or emergency signals are activated.
4. CCTV and Surveillance:

Installed to monitor and record crossing activity. Useful for accident analysis and law enforcement.
5. Emergency Manual Override:

Allows gate operators to manually control the system in case of automation failure.

6. Wireless Communication Modules:

GSM/GPRS or LoRa used to send real-time crossing status to control centers. Mobile apps may notify drivers of gate closure in advance.
Case Studies of Integrated Systems

India’s Smart Level Crossing Pilot (Eastern Railways):

Used Arduino microcontroller integrated with traffic lights and obstacle detection. Synchronized road traffic and railway signals.
Result: 70% reduction in gate crash incidents in 6 months. South Africa's Railway Safety Program:
Introduced automated crossings with integrated solar-powered traffic signals in rural areas.
Used LIDAR and CCTV for vehicle detection.

Improved safety with audio-visual alerts and centralized monitoring. (UIC Level Crossing Safety Report 2022)
2.4.5 [bookmark: _bookmark33]Technological Enhancements

	Technology
	Contribution

	IoT
	Enables	real-time	monitoring	and remote control

	Artificial Intelligence (AI)
	Predicts traffic congestion and dynamic train arrival

	Solar power
	Ensures 24/7 operation in rural or off- grid locations

	Mobile apps (Android- based )
	Notify	nearby	road	users	of	train arrivals


Source: African Railway Safety Review (2022)

2.5 [bookmark: _bookmark34]Gaps in existing research

Despite technological advancements, several research and implementation gaps persist in the domain of automated railway level crossings:
1. Lack of Standardized Frameworks: There is no globally unified standard or modular design for implementing automated level crossing systems, leading to inconsistent deployments
2. Insufficient Local Adaptation: Many systems are designed without considering local environmental and socio-economic conditions, reducing effectiveness in countries with different terrain, weather, and power issues
3. Limited AI and Predictive Integration: Most current systems lack AI-based algorithms that can predict and respond to complex scenarios, such as vehicle stalling or multi-train scheduling
4. Poor Maintenance and Vandalism Resistance: Little research has been done on tamper-proofing sensor systems in regions prone to vandalism or theft
5. Lack of Real-Time Data Sharing with National Rail Networks: Integration with central traffic management systems and railway authorities for centralized monitoring and data analysis is often missing
6. Limited Research in African Contexts: While many solutions are documented in Asia and Europe, very few peer-reviewed studies focus on challenges and innovations tailored for Sub-Saharan Africa, including Nigeria.

7. Cybersecurity Concerns: Modern automated systems are vulnerable to cyber- attacks and hacking, yet there is limited literature addressing cybersecurity protocols in railway automation
8. Insufficient Long-Term Performance Data: Few systems have been studied over extended periods to evaluate long-term reliability, maintenance demands, and lifecycle costs
9. Underdeveloped Human-Machine Interfaces (HMI): Many existing systems fail to consider user-friendly interfaces for operators and emergency personnel, which is crucial for handling unexpected events or manual overrides
10. Limited Multi-Modal Integration: Integration with other transportation systems (e.g., pedestrian crossings, public buses) is often lacking, hindering the development of a fully smart transportation ecosystem (UNESCAP, 2023).
2.6 [bookmark: _bookmark35]Summary of literature insights

	Author/Year
	Focus Area
	Technolog y Used
	Findings
	Gap/Recommendati on

	Jain	et	al (2020)
	Automated gate system
	IR sensors
	Effective for small stations
	Power backup needed

	Mallick	and Rout (2019)
	IoT	enabled crossings
	IoT, RFID
	Real-time monitorin g
	Requires	secure network



	Bhowmik et al (2018)
	Microcontroll er	based design
	Arduino
	Efficient and	low cost
	Not	scalable	for metros

	Sharma	and Choubey(201 7)
	Signal integration
	Embedded systems
	Traffic and	rail synced
	No vehicle detection

	Oke	and Ayeni (2020)
	Accident evaluation
	Field study
	High accident rate	in Nigeria
	Need for automation

	Kumar	and singh (2022)
	Smart	traffic coordination
	Sensors	+ Signals
	Reduces congestio n
	Limited	AI
integration



[bookmark: _bookmark36][bookmark: _bookmark37]CHAPTER THREE METHODOLOGY
3.1 [bookmark: _bookmark38]Preamble

This research project was designed and implemented in two phases: hardware development and system simulation. The methodology includes sourcing components locally in Ilorin, Kwara State, Nigeria, assembling the circuit, programming the Arduino, and testing the system in a simulated environment.
3.2 [bookmark: _bookmark39]Materials and Their Sources
Table 3.1 List of Materials and their sources

	Component
	Specification
	Source

	Arduino Uno
	ATmega328P
microcontroller board
	Kwaratech Electronics,
Tanke Junction

	Ultrasonic Sensors (2x)
	HC-SR04, range: 2cm –
400cm
	JKK Electronics, Challenge Bookshop
Complex

	Servo Motors (2x)
	SG90 Micro Servo
	TechCity Hub, Unity
Road

	LEDs (Red & Green)
	5mm, 2V
	Ilorin Electronics Market,
Taiwo Isale

	Buzzer
	5V Piezoelectric Buzzer
	JustElectronics, GRA
Junction



	Jumper Wires
	Male-to-Male,	Male-to-
Female
	Unity Road Market

	Breadboard
	830-point
	Kwaratech Electronics,
Tanke Junction

	Resistors
	220Ω, 330Ω
	JKK Electronics

	Power Supply
	9V Battery or 5V USB
Adapter
	TechCity Hub or Spar
Mall

	Laptop with Arduino
IDE
	For programming and
simulation
	University of Ilorin ICT
Lab / Personal Laptop


3.3 [bookmark: _bookmark40]Research Procedure

Step 1: Component Acquisition

Electronic components were identified based on compatibility with Arduino. Vendors across Ilorin (Tanke, Taiwo, Unity Road) provided reliable access to affordable and tested hardware.
Step 2: Circuit Design and Assembly

i. A schematic was drawn with Arduino Uno as the main controller.

ii. The entry ultrasonic sensor was placed before the crossing, and the exit sensor after it, to detect train approach and departure.
iii. Two servo motors controlled mock barrier gates.

iv. LEDs represented traffic lights (Red and Green).

v. A buzzer provided audible warnings.

All connections were made on a breadboard using jumper wires, with current- limiting resistors for the LEDs.
Step 3: Arduino Programming (C/C++)

i. Programming was done using Arduino IDE in C/C++ language. The logic flow followed:
ii. When the entry sensor detects a train (distance < 30 cm):

iii. Buzzer is activated.

iv. Red light turns ON.

v. Servo motor lowers the gate.

vi. When the exit sensor detects the train has left:

vii. Buzzer turns OFF.

viii. Green light turns ON.

ix. Servo motor raises the gate.

Sample Code Snippet: #include <Servo.h> Servo gate;
const int triggerPin = 9; const int echoPin = 10;

const int redLed = 6; const int greenLed = 7; const int buzzer = 5; void setup() {
pinMode(triggerPin, OUTPUT); pinMode(echoPin, INPUT); pinMode(redLed, OUTPUT); pinMode(greenLed, OUTPUT); pinMode(buzzer, OUTPUT); gate.attach(3); // Servo connected to pin 3 Serial.begin(9600);
}

void loop() { long duration; int distance;
digitalWrite(triggerPin, LOW); delayMicroseconds(2); digitalWrite(triggerPin, HIGH);

delayMicroseconds(10); digitalWrite(triggerPin, LOW); duration = pulseIn(echoPin, HIGH); distance = duration * 0.034 / 2;
if (distance < 30) { digitalWrite(redLed, HIGH); digitalWrite(greenLed, LOW); digitalWrite(buzzer, HIGH); gate.write(0); // Close gate
} else {

digitalWrite(redLed, LOW); digitalWrite(greenLed, HIGH); digitalWrite(buzzer, LOW); gate.write(90); // Open gate
}

delay(100);

}

Step 4: System Testing and Calibration

i. Sensors were tested for accurate readings under different object distances.

ii. Trigger distances were calibrated to detect model trains at 20–30 cm.

iii. The servo motor’s closed and open angles were set to 0° and 90°,
respectively.

iv. The buzzer’s timing was adjusted to avoid unnecessary noise post- departure.
Step 5: Simulation on Tinkercad

i. Autodesk Tinkercad was used to simulate the entire circuit virtually.

ii. Components were placed in a simulated environment.

iii. The same Arduino code was uploaded to test barrier operations and sensor responses.
iv. Real-time debugging was done using the Serial Monitor and visual observations.
Step 6: Evaluation and Troubleshooting

i. The system was tested repeatedly for consistency.

ii. Any false triggers from sensors were addressed by: Adjusting sensor alignment, adding debounce delays in the code, using software averaging for distance measurements.
Step 7: Documentation and Analysis

i. All findings and behaviors were documented.

ii. Observations confirmed that the system met its intended objectives.

Identified areas for improvement (e.g., sensor sensitivity to light and sound interference).
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[bookmark: _bookmark41]CHAPTER FOUR

[bookmark: _bookmark42]DATA PRESENTATION, ANALYSIS AND DISCUSSION OF FINDINGS
This section presents the experimental results and analysis from both the physical prototype and the simulation of the Automated Railway Level Crossing System. The results are organized around the major functions of the system: train detection, barrier gate operation, traffic signal control, and system responsiveness.

4.1 [bookmark: _bookmark43]Summary of Key Functional Results

	Tested Function
	Expected
Behavior
	Observed
Behavior
	Remarks

	Train Detection (Approach)
	Detect train within 20–30 cm
distance
	Detected accurately at an
average of 25 cm
	Working as expected

	Barrier Closure (Servo Motor)
	Close within 2 seconds after
detection
	Average delay:
1.85 seconds
	Prompt and smooth transition

	Traffic Signal (LEDs)
	Switch from green
to red upon train detection
	Instant transition (<0.5 sec)
	Properly synchronized

	Audible Alert (Buzzer)
	Buzzer should sound when train
is detected
	Loud, consistent buzz until train
exits
	Alert functionality confirmed

	Train Departure Detection
	Detect exiting train within 20–30
cm
	Detected at average of 24.5
cm
	Departure successfully
tracked

	Barrier Re- opening
	Reopen barrier within 2 seconds
after train exits
	Average re- opening delay: 1.9
seconds
	Normal operation resumed

	Return to Idle State
	Green light comes back ON, buzzer OFF, barrier
raised
	System reset successfully after each cycle
	Stable performance




4.2 [bookmark: _bookmark44]System Operation Breakdown
A. Train Detection Performance

The ultrasonic sensors (HC-SR04) provided accurate and consistent measurements, both in real-world testing and during simulation. The following table summarizes the sensor detection accuracy:

	Test Cycle
	Approach Sensor
Reading (cm)
	Departure Sensor
Reading (cm)

	1
	26
	24

	2
	24
	23

	3
	25
	25

	4
	27
	26

	5
	25
	24

	Average
	25.4
	24.4


Sensor readings fluctuated slightly within the 2–3 cm range, which is acceptable for proximity detection. The system reliably identified train presence and departure with a response time of less than 300 milliseconds after detection.
B. Barrier Gate and Servo Motor Response

The servo motors operated using PWM signals to change positions between 0° (closed) and 90° (open). The average time from detection to complete barrier motion is shown below:

	Barrier Operation
	Target Time
	Average Observed Time
	Result

	Closure
	≤ 2 seconds
	1.85 seconds
	✔ Within standard

	Opening
	≤ 2 seconds
	1.9 seconds
	✔ Within standard




C. Traffic Signal and Buzzer Synchronization

Traffic lights and the buzzer were activated simultaneously with the servo during train detection. The control logic implemented ensured proper synchronization.

	System State
	LED Status
	Buzzer
	Barrier Gate

	No Train
	Green ON
	OFF
	Open (90°)

	Train Approaching
	Red ON
	ON
	Closing (to 0°)

	Train Passing
	Red ON
	ON
	Closed (0°)

	Train Departed
	Green ON
	OFF
	Opening (to 90°)



4.3 [bookmark: _bookmark45]Achievement of Objectives

	Objective
	Achievement

	Simulate an automatic railway
crossing system using Arduino
	Successfully simulated in Tinkercad
and implemented on breadboard

	Detect approaching and departing
trains using ultrasonic sensors
	Reliable detection confirmed by
multiple test cycles

	Automatically operate barrier gates
and traffic signals
	Smooth servo control and LED/buzzer
activation observed

	Improve railway crossing safety and reduce human error
	Automation ensures consistent operation, removing the risk of human
failure




4.4 [bookmark: _bookmark46]Observations and Limitations

Despite the system's reliability in a controlled environment, the following limitations were observed:
i. Short Sensor Range: Detection is effective only within limited range (2–4 m in real implementation), which may not be sufficient for high-speed trains.
ii. Environmental	Interference:	Ultrasonic	sensors	may	be	affected	by temperature or surface reflectivity.
iii. Power Dependence: The prototype requires an uninterrupted 5V–9V power supply; fluctuations can cause erratic behavior.
iv. Scale Limitation: Model-scale simulation differs from full-scale real-world dynamics (e.g., train speed, gate size).

4.5 [bookmark: _bookmark47]Recommendations for Enhancement

i. Use long-range LIDAR or IR sensors for better outdoor performance.
ii. Integrate solar power and backup batteries for rural installations.
iii. Introduce wireless/GSM modules to alert central control units of faults or unusual activity.
iv. Add camera-based object detection using Raspberry Pi or AI modules for future scalability.

[bookmark: _bookmark48]CHAPTER FIVE

[bookmark: _bookmark49]CONCLUSION AND RECOMMENDATIONS
5.1 [bookmark: _bookmark50]Conclusion

The implementation of an automated railway level crossing system as demonstrated in this research has proven to be a viable solution to the persistent problem of railway accidents due to human error and delayed manual operations. The system successfully integrated sensor-based detection with microcontroller- based control logic, enabling accurate, timely, and efficient gate operations.
This project addressed key safety concerns at level crossings by providing a system that is not only functional but also cost-effective and easy to implement, especially in developing regions with limited infrastructure. The system can significantly improve traffic management, reduce human-related errors, and save lives when deployed on a larger scale.
Although this prototype was tested on a small scale, the successful outcomes indicate great potential for real-world application with some enhancements. As urbanization and rail transportation continue to expand, such automated systems will become indispensable in modern transportation networks.
5.2 [bookmark: _bookmark51]Recommendations

Based on the findings and limitations of this study, the following recommendations are proposed:
1. Adoption of Long-Range Sensors: To improve detection for high-speed trains and accommodate wider crossings, it is recommended to adopt LIDAR

or long-range infrared sensors with improved accuracy under varying environmental conditions.
2. Power Backup and Solar Integration: To enhance system reliability, especially in rural or remote areas with unstable power supply, the system should incorporate solar power and battery backups to maintain continuous operation.
3. Advanced Object Detection: Integration of AI-enabled cameras and Raspberry Pi modules can be used for obstacle detection (e.g., humans, animals, or vehicles) on the tracks, allowing for more intelligent gate control decisions.
4. Remote Monitoring and GSM Integration: To enable remote fault detection and real-time reporting, GSM or IoT modules should be added to notify control centers in case of system failure or unusual activity at the crossing.
5. Prototype Scaling and Field Testing: It is essential to move beyond model- scale to full-scale field testing. This will validate performance under real- world dynamics like train speed, environmental factors, and larger infrastructure.
6. Government Support and Policy Integration: For widespread adoption, the government and relevant transport agencies should support automation policies, offer subsidies or grant for implementation, and mandate safety standards at level crossings.

[bookmark: _bookmark52]REFERENCES
African Railway Safety Review (2022). Railway Crossing Automation in Sub- Saharan Africa. Safety Monitoring Division Report.
Banzi and Shiloh (2014). Getting Started with Arduino. Maker Media Inc. Covers the use of Arduino microcontrollers in embedded system applications, including transportation
Bhowmik, Sarkar and Roy. (2018). Microcontroller-Based Smart Railway Crossing System. IEEE International Conference on Smart Systems and Inventive Technology (ICSSIT).
Jain, Chauhan, and Gupta (2020), “Sensor-Based Automatic Railway Gate Control”, International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering, Vol. 8, Issue 1.
Kumar and Singh, (2022). Smart Railway Level Crossing with Traffic Signal Coordination. International Journal of Scientific & Engineering Research (IJSER), Vol. 13, Issue 3.
Mallick and Rout (2019), “An IoT Based Smart Railway Level Crossing System”,
Procedia Computer Science, Vol. 152, pp. 431–438.
Ministry of Railways, India (2005). Annual Safety Review Report. Government of India, New Delhi. Notes that 30% of railway accidents were due to level crossing issues.
Oke and Ayeni (2020), “Evaluation of Railway Level Crossing Accidents in Nigeria”, Nigerian Journal of Transportation Technology.
Rahman, (2020). Arduino-Based Automatic Railway Gate Control Using GSM and IR Sensors. Dhaka University Journal of Engineering and Technology.

Rashid, Abdullah and Rahman (2012). Low-Cost Intelligent Railway Crossing System. IEEE International Conference on Smart Instrumentation, Measurement	and	Applications	(ICSIMA).	[DOI: 10.1109/ICSIMA.2012.6501402]
Sharma and Choubey(2017). Integration of Traffic Lights and Railway Signals Using Embedded Systems. Journal of Engineering Research and Application.
Singh and Sharma (2012). Railway Level Crossing Safety in India: Issues and Remedies. Journal of Traffic and Transportation Engineering, Vol. 1, No. 4.
UIC (2022). Level Crossing Safety Report. International Union of Railways. www.uic.org
World Bank Report (2021), “Railway Safety Assessment in Sub-Saharan Africa”.
image4.jpeg
5.0, ;7* 5.8 (:228)
i £ -

H o491

| 86(339
[}
10(04) 06
SEENOTE 3 Aoz
26(1. 024)
05 (02 ! VN saken

NODE GREEN

X

ANODE RED

00NN

254(10) iz

NOM.




image5.jpeg




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg
TN,




image10.jpeg
1st Band

2nd Band

Orange

Orange

3rd Band

4th Band

Gold





image11.jpeg




image12.jpeg
ARDUINO

IDE





image13.jpeg
[RFID tag and GPS on
//\train engine

screen

RFID readers on
R sensors on track to the track

detectspeed |

IR sensors at
the crossing




image1.png
(XCK/TO) PBO
(T1) PBA1
(INT2/AINO) PB2
(OCO/AIN1) PB3
(B8 P
(MOSI) PB5
(MISO) PB6
(SCK) PB7
RESET

vce

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

PDIP

0000000000 000080800(1

OWoONOOOAWN =

v QW SR ST N T N N N W
COWONOOODAWN=O

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

IR RINIIB N RS B SRR pin W IR R i |

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADC4)
PA5 (ADCS5)
PA6 (ADCB)
PA7 (ADC7)
AREF
GND
AVCC
PC7 (TOSC2)
PC6 (TOSCH1)
PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)




image2.jpeg
Pin 12





image3.jpeg




