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ABSTRACT: To enhance railway safety, this project proposes a Real-Time Train Track Fault Detection System using
IR sensors, Ultrasonic sensor, Vibration sensor and GPS module. The system detects cracks, misalignments, and
structural weaknesses in railway tracks. Arduino Uno processes data from these sensors in real time through Wi-Fi to
the dashboard. IR sensor (Infrared sensor) detects gaps or obstacles, Ultrasonic sensor detects surface cracks on rail and
Vibration sensor identifies incomplete fusion of weld, GPS module for precise train location tracking. A Wi-Fi module
transmits the data to a centralized dashboard, where railway authorities can monitor track conditions remotely. If a fault
is detected, the system sends instant alerts for quick maintenance actions, preventing accidents. This automated and
cost-effective solution eliminates manual inspection inefficiencies, enhances real-time fault detection, and reduces
derailment risks, ensuring safer train travel.

KEYWORDS: Railway Safety, IR Sensor, Ultrasonic Sensor, Vibration Sensor, GPS Module, Arduino Uno, Wi-Fi
Module, Track Cracks Detection, Automated Railway Inspection, Accident Prevention, [oT in Railways.

1. INTRODUCTION

Railway safety is crucial for preventing accidents caused by track faults such as cracks, misalignments, and structural
weaknesses. Traditional manual inspections are time-consuming and inefficient, leading to delays in fault detection.
This project proposes a Real-Time Train Track Fault Detection System using IR sensors, ultrasonic sensors, vibration
sensors, and a GPS module to continuously monitor railway tracks. The IR sensor detects gaps or obstacles, the
ultrasonic sensor identifies surface cracks, and the vibration sensor detects incomplete welds, while the GPS module
provides precise location tracking. An Arduino Uno processes sensor data and transmits it via a Wi-Fi module to a
centralized dashboard, allowing railway authorities to monitor track conditions remotely and receive real-time alerts for
immediate maintenance actions. This automated, cost-effective, and efficient system enhances railway safety by
reducing derailment risks and improving real-time fault detection.

II. LITERATURE SURVEY

[1] Advancing Railway Track Health Monitoring: Integrating GPR, InSAR, and Machine Learning for Enhanced Asset
Management" was published in 2024 (Vol. 162, pp. 105-378) by Mehdi Koohmishi, Sakdirat Kaewunruen, Ling
Chang, and Yunlong Guo. The study employs Ground Penetrating Radar to assess railway track substructure
conditions, Interferometric Synthetic Aperture Radar for analyzing surface deformations, and Machine Learning
techniques for predictive maintenance. The major merits of this approach include improved railway safety through
real-time monitoring and reduced maintenance costs via predictive analytics.The study also highlights certain demerits,
such as the high setup costs and the complexity of data processing, which pose challenges in integrating these advanced
technologies into existing railway infrastructure.

(2]

[3] techniques proposed for railway track monitoring and fault detection. A study by John D. Carter, Emily R. Smith,
and Rajesh Kumar presented a Machine Learning-Based Railway Track Fault Detection System. This approach utilizes
ml models to analyze sensor data from accelerometers and ultrasonicsensors for automated fault detection. The key
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merits of this system include improved fault detection accuracy and a reduction in human inspection efforts and costs.
However, the high computational requirements pose challenges for real-time processing.

(4]

[5] research study by Ahmed Hassan, Priya Mehta, and Kevin Johnson (2022) introduced an IoT-Based Smart Railway
Track Monitoring System. This method employs IoT sensors, GPS, and cloud computing to continuously monitor track
conditions and detect misalignments. The advantages of this system include real-time monitoring and enhanced
efficiency in track maintenance. However, the initial setup costs and user adaptation pose challenges for large-scale
implementation.

(6]

[7] Wei Zhang, Maria Lopez, and Daniel Foster (2021) proposed a Non-Destructive Railway Track Inspection Using
GPR and InSAR. This method integrates Ground Penetrating Radar (GPR) for subsurface track analysis and
Interferometric Synthetic Aperture Radar (InSAR) for deformation monitoring. The system provides detailed track
health insights and minimizes disruptions during inspections. Nevertheless, the requirement for specialized equipment
and expertise for data interpretation remains a significant limitation.

III. METHODOLOGY

3.1 Fault Detection System

The Fault Detection System helps find cracks, misalignments, and weak spots in railway tracks using different sensors.
The IR sensor detects gaps or obstacles, while the ultrasonic sensor spots surface cracks in the rails. The vibration
sensor identifies weak welds and other structural issues. The GPS module provides the exact location of any fault,
making it easier for maintenance teams to respond quickly. By working together, these sensors continuously monitor
railway tracks, ensuring early detection of faults and helping prevent accidents.

3.2 Threshold-Based Fault Detection Algorithm
The system operates based on a threshold-based algorithm, which helps classify track conditions as normal or faulty.
Each sensor has a predefined threshold value:

e If the IR sensor detects an obstacle or gap beyond a set limit, it flags a fault.

e The ultrasonic sensor measures surface cracks, and if the distance exceeds the threshold, a fault is recorded.
e The vibration sensor detects irregular vibrations, and if the intensity crosses a predefined threshold, it
indicates structural weakness.

When any of these values surpass their respective thresholds, the microcontroller processes the data and triggers an
alert.

Sensor Measu Thres Fault
red h old Detecte
Value Value d
IR Sensor 2 cm >3 cm No
Ultrasoni 6 mm > 5 mm Yes
c
Sensor
Vibratio 5 m/s? >7 m/s? No
n
Sensor

e Input: Sensor readings from IR, Ultrasonic, and Vibration sensors.
e Process: Check if readings exceed set limits and detect faults.
e Output: "No" if normal, "Yes" if exceeded, with alerts sent.
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SYSTEM ARCHITECTURE

The System Architecture Diagram illustrates how various hardware components work together for real-time railway
track fault detection. IR, ultrasonic, and vibration sensors act as inputs to detect cracks, misalignments, and structural
weaknesses. A GPS module provides the exact location of faults, while the Arduino Uno processes the sensor data.
This data is then transmitted via a Wi-Fi module to a dashboard, where railway authorities can monitor track
conditions. If a fault is detected, an alert system is triggered for immediate action, ensuring railway safety.

[

5 m nard ! -

Figure -1 : Architecture of the System

3.3 Data Acquisition
The Data Acquisition Module is responsible for collecting real-time data from various sensors installed on the railway
tracks. These sensors continuously monitor track conditions and detect potential faults.

3.3.1 Sensors Used for Data Collection

e IR Sensor (Infrared Sensor): Detects gaps or obstacles on the track by identifying interruptions in the
infrared beam.

e Ultrasonic Sensor: Measures the distance between the sensor and the track surface to identify cracks
or misalignments.

e Vibration Sensor: Monitors track vibrations to detect structural weaknesses or incomplete welds.

e GPS Module: Captures the exact location of the detected fault for precise maintenance tracking.

3.3.2 Working of the Data Acquisition Module

Each sensor continuously collects data and sends it to the Arduino Uno, which acts as the central processing unit. The
microcontroller reads the sensor values and compares them with predefined threshold values. If any abnormal reading
is detected, it is processed for further analysis.

PILELISCOCECLOLLLLS

Fig : sensor data
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3.4 Noise Filtering & Formatting

The Noise Filtering & Formatting Module is responsible for processing raw sensor data by removing unwanted noise
and structuring it into a usable format. Since railway tracks are exposed to environmental factors like vibrations, dust,
and signal interference, sensor readings may include irrelevant or fluctuating values. This module ensures that only
accurate and meaningful data is passed for further analysis.
3.4.1 Noise Filtering Techniques
To improve data accuracy, various filtering methods are applied:

e Moving Average Filter: Smooths out fluctuations by averaging recent sensor readings.

e Median Filter: Removes sudden spikes by replacing extreme values with the median of surrounding data points.

e Low-Pass Filter: Eliminates high-frequency noise that can interfere with sensor readings.

These techniques ensure that small external disturbances (like track vibrations due to normal train movement) do not
trigger false alarms.

3.4.2 Data Formatting for Processing
After filtering, the cleaned data is formatted into a structured form that the system can easily analyze. This involves:
e Converting sensor values into standard units (e.g., millimeters for cracks, cm for gaps, m/s? for vibrations).
e Assigning unique IDs to each sensor reading for proper tracking.
o Including timestamp and GPS location for accurate fault identification.
3.5 Fault Categorization
The Fault Categorization Module is responsible for analyzing the filtered sensor data to classify different types of

railway track faults. This step is crucial for determining the severity of detected issues and prioritizing maintenance
actions.

Fig : Wifi module connection

Categorization of Faults
Based on the severity of the detected anomalies, faults are categorized into three levels:
e Minor Faults: Slight misalignments or surface cracks that require monitoring but do not pose an mmediate
risk.

e Moderate Faults: Significant cracks or structural weaknesses that require scheduled maintenance to revent
further deterioration.
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o Critical Faults: Major track gaps, deep cracks, or extreme vibrations that need immediate attention
to prevent accidents.

3.6 Data Visualization & Monitoring

The Data Visualization and Monitoring Module is responsible for displaying real-time sensor data in an easy-to-
understand format, enabling railway authorities to monitor track conditions remotely. This module ensures efficient
decision-making by providing a clear overview of detected faults and their locations.

3.6.1 Real-Time Data Transmission

Once the fault categorization is complete, the processed data is transmitted via a Wi-Fi module to a centralized
dashboard. The data includes:

e Fault Type: Gap, crack, or structural weakness.

e Severity Level: Minor, moderate, or critical.

e Exact Location: GPS coordinates for precise tracking.
e Timestamp: The time when the fault was detected.

3.6.2 Data Visualization on Dashboard

The system presents this data on a user-friendly dashboard using graphs, charts, and maps:
e Live Maps: Show the exact location of faults using GPS data.
o Graphical Reports: Display fault trends over time to predict maintenance needs.

e Real-Time Alerts: Notify railway officials instantly when a critical fault is detected.
3.6.3 Remote Monitoring and Alerts

Railway authorities can access the dashboard from any location to monitor track conditions. If a critical fault is tected,
an automatic alert is sent via email, SMS, or push notification, ensuring immediate action.

Fig : System with Fault Fig : System without Fault
IV. CONCLUSIONS

The Real-Time Train Track Fault Detection System provides an efficient, automated solution for ensuring railway
safety. By integrating IR, ultrasonic, and vibration sensors with Arduino Uno, GPS, and a Wi-Fi module, the system
continuously monitors track conditions, detects faults, and transmits real-time data to a centralized dashboard. The
threshold-based algorithm ensures accurate fault categorization, reducing false alarms and enabling quick maintenance
actions. With real-time data visualization and remote monitoring, railway authorities can respond swiftly to critical
issues, preventing derailments and accidents. This cost-effective and scalable solution enhances railway infrastructure
reliability, ensuring safer and more efficient train operations.
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