( IJARSCT

, [/
xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 1, November 2026 Impact Factor: 8.2

IoT Based Smart Railway Track Crack
Detection System Project Report

Mr. Gawali S. B., Mr. Salunke V. G., Mr. Kolekar S. G., Prof. Kosgiker G. M
Department of Electronics and Telecommunication Engineering
Brahmdevdada Mane Institute of Technology, Solapur

Abstract : Railway transportation is an important mode of transport for passengers and goods.
Railway track safety is essential for safe and reliable operations. Cracks, fractures, and other defects
may cause accidents, infrastructure damage, and loss of human life. Traditional inspection mainly
depends on manual checking and periodic inspection, which can require considerable time and human
effort. An automated monitoring approach can demonstrate an improved method of railway track
inspection.

The IoT Based Smart Railway Track Crack Detection System is a prototype for automatic railway
track monitoring using embedded systems and Internet of Things (loT) technology. An ESP32
microcontroller acts as the main control unit. The sensor monitors predefined gaps or abnormal
conditions on a model railway track. A GPS module provides geographical location information, an
L298N motor driver controls the DC motor, and a buzzer generates an alert when an abnormal
condition is detected. The ESP32 can transmit available monitoring information through Wi-Fi to an
loT-based dashboard.

The main objective is to reduce the effort involved in manual inspection and demonstrate a smart, low-
cost, automated railway track monitoring prototype combining sensor-based detection, GPS location
information, motor control, and wireless communication.

The prototype demonstrates the potential use of embedded systems and IoT in railway safety
applications. Further improvements may include advanced crack-detection sensors, cameras, artificial
intelligence, and reliable communication systems. Actual structural rail-crack detection requires
appropriate sensing technology and experimental validation before real railway use.
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L. INTRODUCTION

Railway safety is an important concern due to increasing train numbers, continuous heavy loads, and the risk of
accidents caused by track defects. Traditional inspection depends on manual checking and specialized equipment.
Manual inspection can be time-consuming, and newly developed defects may not be identified immediately. Embedded
systems, Internet of Things (IoT) technology, and wireless communication provide the opportunity to develop smart
railway monitoring solutions.

The proposed system combines sensor-based defect detection with real-time fault indication and remote monitoring. A
crack-detection sensor monitors the track surface for predefined discontinuities or abnormal conditions. The ESP32
processes the sensor signals; when a defined fault condition is detected, it activates a buzzer. The inspection trolley can
move along a model railway track while the sensor monitors the selected area.

When a suspected crack or track discontinuity is detected, the system can transmit fault status to a web-based
dashboard through Wi-Fi. A GPS module can provide geographical coordinates when a valid satellite signal is
available, helping identify the area that needs further inspection. The ESP32 coordinates sensor readings, buzzer
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operation, motor control, and wireless communication. The prototype can be programmed using the Arduino IDE and
tested for detection performance, response time, false alarms, and communication reliability.

The project aims to provide a simple and cost-effective prototype for detecting predefined track-surface defects and
reporting suspected faults. Further development may include camera-based inspection, advanced ultrasonic sensing,
cloud monitoring, automatic fault mapping, and machine-learning-based classification. Structural rail-crack detection
requires suitable sensors and validation before real railway application.

II. PROBLEM STATEMENT
Conventional railway track inspection mainly depends on manual checking and specialized inspection equipment.
These methods may be time-consuming, and identification of newly developed defects may be delayed. There is
therefore a need for improved monitoring that supports defect detection, timely fault reporting, and convenient
observation of track conditions.
A sensor-based system can identify predefined track-surface discontinuities or abnormal conditions and generate an
alert. However, sensor placement, environmental conditions, and the sensing technology selected can affect readings. A
basic sensor may fail to identify a particular defect or may generate false alarms.
The proposed system uses an ESP32 to process sensor signals, control the buzzer, and manage wireless communication.
During monitoring, the inspection trolley moves along a model track. When a predefined abnormal condition is
detected, the buzzer is activated and the fault status can be sent to a web dashboard. An optional GPS module can
record the location when satellite reception is available.
The project addresses delays and limitations in conventional inspection and the lack of continuous automated fault
reporting in a basic monitoring system. It aims to provide a low-cost prototype that can be tested using intact track
sections and predefined discontinuities to evaluate detection performance, response time, false alarms, and
communication reliability.

II. LITERATURE REVIEW
The literature review considers railway track crack detection, railway safety monitoring, sensor-based inspection, and
IoT-based fault reporting. Research prototypes have used infrared and ultrasonic sensors, microcontrollers, GPS
modules, wireless communication, and alert circuits to monitor track conditions.
Sensor-Based Railway Track Detection
Sensor-based systems identify predefined abnormalities or changes in railway track surfaces. A sensor sends signals to
a microcontroller for processing, and an alert is generated when a predefined fault condition is detected. Performance
can be affected by sensor position, environmental conditions, and the type of defect.
Infrared Sensor-Based Monitoring
Infrared (IR) sensors have been explored for detecting track discontinuities and surface abnormalities. They monitor the
track and provide an output when a change is detected. IR sensors are simple and economical, but their performance
can be affected by surface reflectivity, ambient light, alignment, and distance. An IR sensor alone cannot reliably
identify every type of structural crack inside a railway rail.
Microcontroller and IoT-Based Monitoring
Microcontrollers such as Arduino, ESP8266, and ESP32 process sensor inputs and control buzzers, motors, and
indicators. The ESP32 is useful for IoT applications because built-in Wi-Fi can transmit fault information to a remote
platform. IoT connectivity can display suspected fault conditions on a web dashboard, but effectiveness depends on
network availability, communication reliability, and accurate sensor data.
GPS-Based Fault Location
A GPS receiver can provide coordinates associated with a suspected defect. These coordinates can be included in a
fault record and displayed on a monitoring platform. GPS performance depends on satellite availability and reception
conditions, and the location reading must be associated with the correct detection event.
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Research Gap

Sensor-based detection, microcontroller control, [oT communication, and GPS each support railway monitoring. A
basic system may not combine local fault indication, wireless reporting, and location information in one prototype.
Simple sensors may also be unable to detect every structural rail crack. The proposed project integrates a crack-
detection sensor, ESP32, buzzer, Wi-Fi dashboard, and optional GPS module. Practical testing is required to evaluate
detection, response time, false alarms, and communication reliability.

I11. OBJECTIVES
Develop a smart, cost-effective railway track monitoring prototype that detects suspected track defects using sensor
technology and IoT communication.
Implement sensor-based detection of predefined abnormalities on the railway track surface. The ESP32 processes
sensor output and determines whether the programmed detection condition is satisfied.
Provide an immediate fault-alert mechanism. When a suspected defect is detected, the microcontroller activates a
buzzer to notify the operator that the track section requires further inspection.
Integrate the ESP32 with the crack-detection sensor, buzzer, Wi-Fi communication, optional GPS module, and DC
motor with motor driver for monitoring, reporting, and movement of the inspection trolley.
Provide a web-based dashboard to view fault status and, when implemented, detection time and GPS coordinates. Study
detection rate, false alarm rate, response time, and wireless communication reliability under controlled model-track
conditions.
Create a foundation for future improvements such as advanced ultrasonic sensing, camera-based detection, image
processing, cloud storage, automatic fault mapping, and machine-learning-based classification.

IV. BLOCK DIAGRAM

BLOCK DIAGRAM
Crack Detection Sensor o | 10T/ Web Dashboard
(IR Sensor) (Wi-Fi)
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Fig. 4.1: Block Diagram of IoT Based Smart Railway Track Crack Detection System

V. WORKING
The system demonstrates automatic railway track monitoring using an ESP32 microcontroller, crack-detection sensor,
buzzer, Wi-Fi connectivity, web-based dashboard, power supply, and optional GPS module. A DC motor and motor
driver can move the inspection trolley along a model railway track.
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System Initialization and Wi-Fi Connection

When the power supply is switched ON, the ESP32 executes the program uploaded through the Arduino IDE and
initializes the sensor, buzzer, and communication interface. It attempts to connect to an available Wi-Fi router or
mobile hotspot. Once connected, it is ready to transmit monitoring information. Local sensor monitoring and buzzer
operation can continue when Wi-Fi is unavailable, depending on the program.

Track Monitoring and Crack Detection

The crack-detection sensor monitors the selected area as the trolley moves along the model track. Depending on the
hardware configuration, an infrared (IR) sensor or another suitable sensing method can be used. The sensor provides
signals according to the surface condition. When a gap, discontinuity, or predefined abnormal condition is introduced,
the ESP32 compares the sensor output with the programmed detection condition and identifies a suspected defect.
Detection depends on sensor type, position, calibration, and defect characteristics. A basic IR sensor does not reliably
detect every real railway rail crack.

Fault Alert Generation

Under normal conditions, the buzzer remains OFF. When the sensor indicates a predefined abnormal condition, the
ESP32 activates the buzzer to provide an audible warning. The buzzer can be switched OFF when the sensor returns to
the normal state, according to the program. The alert indicates a suspected abnormality; it does not confirm the
presence or severity of a rail crack.

GPS Location and IoT Dashboard

When a GPS module receives a valid satellite signal, it provides coordinates that the ESP32 can associate with a
detected fault. GPS reception may be limited in tunnels, covered areas, or locations with poor satellite visibility.
Through Wi-Fi, the ESP32 can send fault status to a configured web dashboard or IoT platform. The dashboard may
display track status, fault alert, detection time, and GPS coordinates when implemented. Dashboard operation depends
on the selected platform, network availability, and correct program configuration.

Trolley Movement and System Response

The ESP32 sends control signals to the L298N motor driver, which supplies the required current from an appropriate
power source and controls the DC motor. As the trolley moves, the sensor monitors different track sections. When an
abnormality is detected, the system activates the buzzer and prepares a fault notification; if automatic stopping is
programmed, the trolley can also stop. Testing should cover normal and simulated fault conditions, buzzer response,
dashboard updates, and wireless reliability. The prototype is for academic demonstration and is not a certified railway
safety device.

VI. HARDWARE COMPONENTS
COMPONENT SPECIFICATION AND FUNCTION
ESP32-WROOM-32; 3.3 V logic; typically 5 V through USB or VIN; Wi-Fi 2.4 GHz and

Bluetooth. Main controller that processes sensor data, controls the buzzer and motor driver, and
sends monitoring data to the IoT dashboard.

1. ESP32
Development Board

Operating voltage: 5 V; measuring range: approximately 2 cm to 400 cm; Trigger and Echo
digital signals. Measures distance to the track surface; distance changes can indicate possible
gaps or irregularities on the model track.

2. Ultrasonic Sensor
(HC-SR04)

Input depends on breakout board, commonly 3.3—5 V; UART serial communication. Receives
satellite signals and provides latitude and longitude for a railway-track abnormality alert when a
valid fix is available.

3. GPS Module
(NEO-6M)

4. Motor Driver Dual H-bridge module; logic supply typically 5 V; motor supply depends on motor requirements.
(L298N) Interfaces the ESP32 with the DC motor and controls motor direction and speed.
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COMPONENT SPECIFICATION AND FUNCTION

Low-voltage DC geared motor; commonly 3—12 V depending on specifications. Moves the

5. DC Motor . . . . . .
inspection prototype along the model railway track so the sensor can monitor different sections.

Active electronic buzzer; commonly 3.3-5 V depending on model. Produces an audible warning

6.B . .
uzzer when the ESP32 detects an abnormal distance or possible gap.

Solderless prototyping board with internally interconnected contact strips. Provides connections

7. Breadboard - . . . . .
for circuit testing and modification without soldering.

Male-to-male, male-to-female, and female-to-female jumper wires with copper conductors and
8. Connecting Wires insulation. Establish electrical connections among the ESP32, sensor, GPS, motor driver, and

buzzer.
9. Power Supply / USB supply and external DC battery or power source. Supplies the required voltage to the
Battery ESP32, sensors, and motor driver; a separate suitable supply is used for the DC motor.
10. Railway Track  Miniature railway track prototype. Represents the track and provides a test surface where gaps or
Model irregularities can be introduced for demonstration.
11. IoT Web Web-based platform such as Blynk or ThingSpeak, connected through Wi-Fi/Internet. Displays
Dashboard monitoring status, sensor information, and available GPS coordinates for remote viewing.

AIN COMPONENTS - IMAGE GALLERY

GPS Module (NEO-6M)

2

DC Geared Motor Buzzer
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Fig. 5.1: Circuit Diagram
Complete Working Process of the Project
1. Power ON: The power supply provides power to the ESP32, sensors, and motor driver.
2. System initialization: ESP32 initializes the ultrasonic sensor, GPS module, buzzer, motor driver, and Wi-Fi.
3. Prototype movement: ESP32 sends signals to the L298N motor driver, which operates the DC motor.
4. Track monitoring: The ultrasonic sensor measures the distance between itself and the railway track surface.

5. Abnormality detection: ESP32 compares the measured distance with a predeﬁned threshold and identifies a
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possible gap or irregularity.
6. Buzzer alert: The buzzer turns ON and generates a warning sound.
7. GPS location: The GPS module provides latitude and longitude when satellite reception is available.
8. IoT monitoring: ESP32 sends abnormality status and available GPS information to the web dashboard using

Wi-Fi.
VIII. ADVANTAGES AND APPLICATIONS
1. ADVANTAGES 2. APPLICATIONS
Aut ti k Detection: Identifi fi k . .
utomatic Crack Detection: Identi ¥es predefined cracks, Railway Track Inspection: Prototype for automated
gaps, or abnormal changes on the railway track model and . . . . .
inspection and collection of sensor information.

reduces continuous manual observation.
Real-Time Track Monitoring: The robot moves along the Railway Crack and Gap Detection: Demonstrates detection

track and the sensor sends information to the ESP32. of predefined gaps or changes in track arrangement.
GPS-Based Location Tracking: NEO-6M provides latitude . o o
. . . & . provt . o Railway Safety Monitoring: Alerts indicate abnormal
and longitude to identify the approximate location of a . . .
conditions that need further inspection.
reported fault.

IoT-Based Communication: ESP32 Wi-Fi sends available GPS-Based Fault Identification: Location information

information to a dashboard for remote viewing. helps identify the approximate area of a reported fault.

Instant Audio Alert: The buzzer provides an immediate Remote Railway Monitoring: Wi-Fi transmits sensor

sound indication when a predefined fault is detected. information to a web-based dashboard.
. . Rail Maint S rt: Inf ti hel

Reduction in Manual Inspection: Demonstrates an . a1. way vain eflance upPo . .o.rma 1o cag P

o . identify track sections requiring additional checking and
automated approach to repetitive inspection. .
repair.
Low-Cost System: Uses affordable components and is Robotic Inspection Systems: Demonstrates mobile robots
suitable for educational prototyping. for infrastructure and industrial monitoring.

. . . Rail R h and Devel t: Useful for studyi

Portable and Compact Design: A small robotic vehicle artway Hesearchi and Heve opmen §e or sudymg
sensors, embedded systems, robotics, and IoT

moves along a miniature railway track. .
communication.

Educational Demonstration: Suitable for engineering

Easy Maintenance and Modification: Modular components o . .
exhibitions, laboratory experiments, and technical
can be tested, replaced, or upgraded. .
demonstrations.

I fet rt: Early identification of ibl
mproved Safety Suppo arly identification of possible Industrial Automation: The basic fault-detection concept

abnormalities can help maintenance teams decide where .
. . can be adapted to other surfaces and mechanical structures.
further inspection is needed.

Continuous Sensor Data Collection: ESP32 receives Remote Alert Systems: Buzzer and dashboard provide

readings during robot movement for observation and local and remote indications, depending on
analysis. implementation.

Multiple Component Integration: Combines sensors, GPS, .
P P . 8 L Smart Transportation Infrastructure: Demonstrates IoT and

motor control, wireless communication, and an alarm . . .

svstem embedded technology for intelligent transportation.
3% .
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IX. FUTURE SCOPE

e Artificial Intelligence Integration: Al and machine-learning algorithms can analyze sensor readings and
images to improve fault classification.

e Camera-Based Crack Detection: A high-resolution camera can capture track images for image-processing-
based identification of visible cracks and surface damage.

e Advanced Sensor Integration: High-precision optical, ultrasonic, laser, and vibration sensors can improve
detection of different track abnormalities.

e  GSM Module Integration: A GSM module can send SMS notifications to maintenance staff when a fault is
detected, including where Wi-Fi is unavailable.

e Mobile Application Development: An Android application can display sensor readings, GPS coordinates,
fault alerts, and inspection status.

e Cloud-Based Data Storage: ThingSpeak or Firebase can store inspection data for performance analysis and
maintenance planning.

e Improved GPS Accuracy: An advanced GPS receiver or RTK-GNSS can improve the location accuracy
under suitable conditions.

e Solar-Powered System: Solar panels can provide supplementary power and reduce dependence on frequent
battery charging.

e Automatic Fault Classification: Suitable sensors and algorithms can classify surface cracks, gaps, track
misalignment, and damaged sections.

e Automatic Emergency Notification: An advanced alert mechanism can notify the responsible maintenance
team when a serious abnormality is detected.

e Improved Robot Design: A stronger chassis, better wheels, improved suspension, and efficient motors can
provide more stable movement.

e  Wireless Data Transmission: Advanced wireless technologies can improve data transfer between the
inspection robot and monitoring station.

e Predictive Maintenance: Historical inspection data and machine learning could identify recurring
abnormalities and predict maintenance requirements.

e Automatic Inspection Reports: Reports can include fault details, GPS coordinates, date, time, and sensor
readings.

e Integration with Railway Control Systems: Integration may be considered after proper testing, certification,
and safety validation.

X. CONCLUSION
The ToT Based Smart Railway Track Crack Detection System demonstrates an automated approach to railway track
inspection and monitoring. Its objective is to identify possible cracks, gaps, and abnormal conditions on railway tracks
and provide timely alerts to support railway safety. The system combines embedded technology, sensors, robotics,
GPS, and IoT communication.
The ESP32 development board acts as the main controller and processes information received from the sensors. The IR
sensor helps detect predefined cracks or gaps in the railway track model, while the HC-SR04 ultrasonic sensor
measures the distance of nearby objects. The NEO-6M GPS module provides geographical location information, and
the L298N motor driver controls the DC gear motors to move the inspection robot.
When an abnormal condition is detected, the ESP32 activates the active buzzer to generate an audio warning. Built-in
Wi-Fi connectivity can transmit monitoring information to an IoT dashboard, allowing the user to observe available
information remotely.
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The project demonstrates how automation can reduce repetitive manual inspection effort and help identify possible
track problems at an early stage. It provides practical knowledge of microcontrollers, sensor interfacing, motor control,
GPS communication, and IoT-based monitoring. The affordable components make it suitable for academic projects,
exhibitions, and prototype development.

The model can be improved through artificial intelligence, machine learning, high-resolution cameras, advanced crack-
detection sensors, GSM communication, cloud storage, and mobile applications. Further testing and validation are
required before any real railway application. The project highlights the importance of embedded systems and IoT in
developing intelligent railway monitoring solutions.
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