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Abstract: Cracks in railway tracks can be a serious safety
concern for Indian Railways, which has one of the largest
railway networks in the world. Cracks can develop in
railway tracks due to seasonal changes, which cause the
tracks to contract and expand.Ourrailbot presents a
railway track crack detection system utilizing Raspberry
Pi and Arduino Uno for efficient monitoring of track
integrity. The increasing frequency of railway accidents
underscores the need for reliable detection methods to
identify cracks and defects in railway infrastructure. Our
system employs an array of sensors, including ultrasonic
and IR sensors, connected to the Arduino Uno for real-
time data collection. The Raspberry Pi processes this data,
implementing machine learning algorithms to analyze
patterns and detect anomalies indicative of potential
cracks. The system is designed to provide immediate
alerts, allowing for timely maintenance and reducing the
risk of accidents. This innovative solution aims to enhance
railway safety and operational efficiency, ensuring a more
reliable transportation network.
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. INTRODUCTION

The safety and integrity of railway infrastructure are
paramount, especially for a vast network like Indian Railways,
which operates one of the largest railway systems in the world.
Cracks in railway tracks pose significant safety hazards, often
exacerbated by seasonal fluctuations that cause the materials to
contract and expand. As the frequency of railway accidents
continues to rise, it is essential to adopt innovative and reliable
methods for detecting cracks and defects in railway tracks.

To address this urgent need, we present a cutting-edge railway
track crack detection system that leverages the capabilities of
Raspberry Pi and Arduino Uno. This system is designed to
monitor track integrity efficiently and continuously. By
utilizing a combination of ultrasonic and infrared sensors, our
system collects real-time data, which is then processed by the
Raspberry Pi. Implementing advanced machine learning
algorithms, the system analyzes data patterns to identify
anomalies that may indicate potential cracks. The ultimate goal
of this innovative solution is to enhance railway safety and
operational efficiency. By providing immediate alerts for
necessary maintenance, our system aims to reduce the risk of

accidents and ensure a more reliable transportation network for
passengers and goods alike.

II. PROPOSED ALGORITHM

The proposed algorithm outlines the steps for implementing a
railway track crack detection system using Raspberry Pi and
ROS2 (Robot Operating System 2). This integration facilitates
modular design and communication between different
components of the system.

A Initialization

Start the Raspberry Pi and initialize ROS2 environment.

Set up nodes for each component (e.g., camera, ultrasonic
sensors, vibration sensors).

B Sensor Configuration

Configure the cameras to capture images of the railway track.
Set up ultrasonic and vibration sensors to monitor track
conditions.

C Data Collection

Image Capture Node: Continuously capture images using the
camera and publish them to a designated ROS2 topic. Sensor
Monitoring Nodes: Collect data from ultrasonic and vibration
sensors and publish the data to their respective ROS2 topics.

D Data Pre-Processing

Image Processing Node: Subscribe to the image topic, apply
image enhancement techniques (e.g., filtering, contrast
adjustment) to prepare for crack detection. Vibration Signal
Processing Node: Subscribe to vibration data topic, apply
filters to clean the data.

E Crack Detection

Image Analysis Node: Analyze pre-processed images to detect
cracks using techniques like edge detection and contour
analysis. Publish results to a crack detection topic.

Vibration Pattern Analysis Node: Analyze vibration data for
irregular patterns indicative of structural issues.

Data Analysis

e  Severity Assessment Node: Evaluate the detected cracks'
severity based on size and location. This node subscribes
to the crack detection topic and publishes severity results.
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e Location Identification: Determine the specific location of
cracks on the railway track and include this information in
the published data.

G Machine Learning Integration

Implement a machine learning node that uses a trained model
to improve crack detection accuracy. This node can process
images and provide feedback on detection reliability.

H Alert Generation

Alert System Node: Subscribe to the severity assessment
topic. Upon detecting a crack above a certain severity
threshold, generate alerts (SMS, email, or local display).
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1.  EXPERIMENT AND RESULT

Integrating a PID controller with ultrasonic sensors allows for
precise motor speed control in robotics, enabling effective
obstacle avoidance and safe distance maintenance. By fine-
tuning PID parameters, the system achieves responsive
performance, enhancing robotic navigation in dynamic
environments.

A System Integration
Combines PID controller with ultrasonic sensors for precise
motor speed control based on distance measurements.

Components Required

Tinker cad Account: For circuit simulation.

DC Motor: For movement.

Ultrasonic Sensor: Measures distance.

Microcontroller: Processes inputs and controls outputs.

e o o o @

e  Motor Driver: Controls motor speed and direction.

e PID Algorithm: Consists of Proportional, Integral, and
Derivative components, addressing current, past, and
future errors.

e Motor Control: The microcontroller sends signals to the
motor driver based on PID calculations, allowing smooth
control.

Implementation Steps

Set up the circuit.

Write code for sensor initialization and PID logic.

Test and adjust PID parameters for optimal performance.

e o o N

D Results

Fine-tuning PID parameters leads to responsive and accurate
distance maintenance, enhancing robotic capabilities in
dynamic environments
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Fig. 2. Tinkercad PID Controller
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Fig. 5. Joint State Publisher controlling URDF

E Robot Visualization Launch File
A configuration file was set up to start a visualization
environment. This allows users to see the robot model in a

graphical interface, often using tools like Rviz. This made it
easier to understand how the robot looks and works physically.
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F GAZEBO Simulation Launch File

A launch file was developed for Gazebo, a robotics
simulator that facilitates the testing of robotic algorithms
within a 3D environment. This simulation offers realistic
physics and sensor feedback, which are crucial for validating
robotic behaviors in a controlled environment

G Control Algorithms Development

e Simple Controller: A basic control algorithm was
implemented, managing the robot's movements through
direct input-output relationships, without complex
decision-making processes.

e Differential Drive Controller: Designed specifically for
robots with a differential drive mechanism. Enables
navigation by adjusting wheel speeds independently.

e Noisy Controller: In order to ensure more stable and
dependable robot behavior while in operation, this
controller was created to control and correct for noise in
sensor data or actuator performance.

Fig. 6. Simple Controller

Differential Drive Controller

Fig. 7.

IV. CONCLUSION

The railway track crack detection system developed using
Raspberry Pi and Arduino Uno represents a significant
advancement in the maintenance and safety of one of the
world's largest railway networks. By leveraging an array of
sensors, including ultrasonic and IR sensors, the system
effectively monitors track integrity in real-time, addressing the
critical issue of crack formation due to seasonal changes. The
integration of machine learning algorithms allows for accurate
analysis and identification of anomalies, ensuring timely alerts
are generated for maintenance teams.

This proactive approach not only enhances the safety of
railway operations but also minimizes the risk of accidents,
thereby safeguarding the lives of passengers and improving
overall operational efficiency. The innovative design of this
railbot lays the groundwork for future advancements in railway
monitoring technology, ultimately contributing to a more
reliable and secure transportation network for Indian Railways.
By implementing such advanced detection methods, we can
ensure the longevity and safety of railway infrastructure,
paving the way for safer travel experiences.
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