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ABSTRACT- This project proposes an automated 

railway track crack detection system using an Arduino 

microcontroller, GPS, and GSM modules to enhance 

safety and prevent derailments. An ultrasonic sensor/IR 

sensor array continuously monitors the track, while the 

robotic vehicle moves along it. When a crack is 

detected, the vehicle stops, and the system instantly 

sends the precise latitude and longitude coordinates of 

the damaged location to the authorized personnel via 

SMS, allowing for timely maintenance. 

 

I. INTRODUCTION  

Railway transportation plays a vital role in the economic 

and social development of a country. It is one of the 

most efficient, cost-effective, and widely used modes of 

transport for both passengers and goods. However, the 

safety of railway operations is highly dependent on the 

condition of the tracks. Even a minor crack or 

discontinuity in the railway track can lead to severe 

accidents, resulting in loss of life, property 

damage, and service disruption. 

 

Traditional railway track inspection methods primarily 

rely on manual inspection by workers or periodic 

monitoring using specialized vehicles. These 

approaches are time-consuming, labor-intensive, and 

often fail to detect faults in real time. Moreover, manual 

inspection is prone to human error and is not feasible for 

continuous monitoring over long distances.  

  

To address these challenges, this project presents an 

Automatic Railway Track Crack Detection System 

using a microcontroller-based approach. The system is 

designed to detect cracks in railway tracks and 

obstacles on the track in real time and send alerts with 

location information using GSM and GPS 

technologies. 

 

 

 

II. Objectives of the Project 

1. To design and develop a low-cost automated railway 

track monitoring system. 

2. To detect cracks in railway tracks using IR sensors. 

3. To identify obstacles on the track using an ultrasonic 

sensor. 

4. To provide real-time alerts using GSM 

communication. 

5. To track the exact location of faults using GPS. 

6. To ensure automatic stopping of the system upon 

fault detection. 

7. To improve railway safety and reduce accident risks.   

 

2. LITERATURE  

Railway transportation is one of the most widely used 

and economical modes of transport, especially in 

countries like India. However, railway safety is a major 

concern due to frequent accidents caused by cracks and 

faults in railway tracks. Traditional inspection methods 

are manual, time-consuming, and less efficient. Hence, 

many researchers have proposed automated crack 

detection systems using embedded systems and IoT 

technologies. 

Several studies highlight that cracks in railway tracks 

are a major cause of derailments and accidents. Early 

detection of these cracks can prevent loss of life and 

property. Conventional methods require human 

inspection, which is inefficient for large railway 

networks.  

To overcome this, automated systems using sensors, 

microcontrollers, and communication technologies 

have been introduced. 

Research shows that the use of Arduino 

microcontrollers plays a vital role in automation due to 

their low cost and ease of programming. 

• In one study, an Arduino-based system detects 

cracks using sensors and processes the signal to 

identify faults.  

• Another paper proposes a robotic vehicle 

equipped with sensors that continuously scans 

https://ijsrem.com/


                International Journal of Scientific Research in Engineering and Management (IJSREM) 
                            Volume: 10 Issue: 04 | April - 2026                          SJIF Rating: 8.659                          ISSN: 2582-3930                                                                                                                                               

 
 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM60174                                      |        Page 2 

the railway track and detects cracks 

automatically.  

These systems reduce human effort and increase 

detection accuracy. 

 

COMPONENTS USED 

The system consists of the following major 

components: 

 

• Arduino Nano (Microcontroller)

 

 

                    Figure 1 Arduino Nano 

The Arduino Nano serves as the central processing unit 

of the system. It is based on the ATmega328P 

microcontroller and is responsible for controlling all 

system operations. 

The Arduino Nano processes inputs from sensors such 

as IR sensors and ultrasonic sensors, and based on the 

programmed logic, it controls outputs like motor 

movement, buzzer activation, and GSM 

communication. Its compact size makes it ideal for 

embedded and portable applications such as this robotic 

system. 

The microcontroller continuously reads digital inputs 

from the IR sensors to detect cracks on both left and 

right tracks. It also measures distance using the 

ultrasonic sensor by calculating the time delay between 

transmitted and received signals. Based on these inputs, 

it decides whether to continue movement or stop the 

system. 

Additionally, the Arduino Nano communicates with the 

SIM800L GSM module and NEO-6M GPS module 

using serial communication protocols. It formats and 

sends AT commands to the GSM module to transmit 

SMS alerts and processes GPS data to extract latitude 

and longitude coordinates.The Arduino Nano is 

powered through a regulated voltage supply provided 

by the buck converter, ensuring stable operation. It is 

mounted on a PCB using female header pins for easy 

replacement and maintenance. 

• IR Sensors (2 units) 

 
                        Figure 2 IR Sensors 

Infrared (IR) sensors are used to detect cracks in 

railway tracks. Two IR sensors are placed strategically 

to monitor the left and right rails independently. 

Each IR sensor consists of an IR transmitter and 

receiver. The transmitter emits infrared radiation, and 

the receiver detects the reflected signal. Under normal 

conditions, the IR signal reflects back consistently 

from the rail surface. However, when there is a crack 

or gap, the reflection pattern changes or is interrupted. 

The sensor outputs a digital signal (HIGH or LOW) 

depending on the detection condition. When a crack is 

detected, the output becomes HIGH, which is read by 

the Arduino Nano. 

Using two IR sensors improves detection reliability by: 

• Identifying which side (left/right) has a crack 

• Increasing system accuracy 
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These sensors are low-cost, easy to interface, and 

consume very little power, making them ideal for 

embedded applications. 

However, their performance depends on proper 

alignment and environmental conditions such as dust 

and lighting. 

 

• Ultrasonic Sensor with stand 

 

The ultrasonic sensor is used to detect obstacles 

present on the railway track. It operates based on the 

principle of sound wave reflection. 

 

The sensor has two main components: 

• Transmitter (TRIG pin) – sends ultrasonic 

waves 

• Receiver (ECHO pin) – receives reflected 

waves 

The Arduino triggers the sensor to emit ultrasonic 

pulses. These waves travel through the air and reflect 

back when they hit an object. The time taken for the 

echo to return is used to calculate the distance using 

the formula: 

Distance = (Time × Speed of Sound) / 2 

If the measured distance is less than a predefined 

threshold (20 cm), the system identifies it as an 

obstacle. 

Upon detection: 

• The motor is stopped immediately 

• The buzzer is activated 

This ensures collision avoidance and enhances system 

safety. 

• SIM800L GSM Module 

 

The SIM800L GSM module is used for wireless 

communication. It enables the system to send SMS 

alerts to predefined mobile numbers. 

The module operates using AT commands sent from 

the Arduino Nano via serial communication. When a 

fault is detected, the Arduino sends commands to: 

 

1. Set SMS mode 

2. Specify recipient number 

3. Send alert message 

The message includes: 

• Type of fault (left crack, right crack, obstacle) 

• GPS location link 

https://ijsrem.com/


                International Journal of Scientific Research in Engineering and Management (IJSREM) 
                            Volume: 10 Issue: 04 | April - 2026                          SJIF Rating: 8.659                          ISSN: 2582-3930                                                                                                                                               

 
 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM60174                                      |        Page 4 

The GSM module requires a stable power supply, 

which is provided through the buck converter. It is a 

compact and cost-effective solution for real-time 

communication. 

• NEO-6M GPS Module with antenna 

 

 

The GPS module is used to determine the exact 

location of the detected fault. It receives signals from 

satellites and calculates latitude and longitude 

coordinates. 

The Arduino processes GPS data using the 

TinyGPS++ library. When a fault occurs, the system 

sends these coordinates via SMS in the form of a 

Google Maps link. 

This allows authorities to quickly locate and fix the 

issue. 

 

 

 

 

 

• Motor Driver Module 

 

The motor driver controls the movement of DC 

motors. It acts as an interface between Arduino and 

motors. 

The 10 RPM motors provide slow and stable 

movement, which is ideal for accurate detection. The 

driver controls: 

• Forward movement 

• Stopping mechanism 

• Power Supply Unit 

 

The system uses lithium batteries for portability. The 

TP4056 module is used for battery charging, and a 

buck converter regulates voltage for different 

components. 

• Buzzer 

 

The buzzer provides an audible alert when a fault is 

detected. It enhances immediate local awareness. 

 

• Switch 

• PCB with female header pins 

• Plywood chassis with 4 wheels 

• PVC casing capping strips (railway track 

model) 

 

https://ijsrem.com/
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Block Diagram  

 
 

3. Conceptual Design  

 

 

IV. CONCLUSION  

The Railway Track Crack Detection System provides an 

efficient and low-cost solution for improving railway 

safety. The project demonstrates how embedded 

systems and sensors can be used to detect faults in 

railway tracks and prevent accidents. By integrating IR 

sensors, ultrasonic sensor, GSM module, and GPS 

module with an Arduino Nano, the system is able to 

monitor track conditions continuously and send real-

time alerts. The automatic stopping mechanism and 

buzzer alert further enhance safety. The project reduces 

the need for manual inspection and provides faster fault 

detection. It is simple, portable, and easy to implement, 

making it suitable for educational and prototype 

purposes. Although the system has some limitations 

such as dependency on sensors and network availability, 

it still proves to be a useful and practical approach for 

railway monitoring.   

 

VI..ADVANTAGES  

 

1. Improved Safety 

• Detects cracks or faults in railway tracks early.  

• Helps prevent major train accidents and 

derailments.  

• Ensures safer travel for passengers and goods.  

 

2. Real-Time Monitoring with GPS 

• GPS provides the exact location of the 

detected crack.  

• Makes it easier for maintenance teams to 

quickly reach the problem area.  

 

3. Instant Communication using GSM 

• GSM module sends immediate alerts 

(SMS/call) to authorities.  

• Reduces response time in emergency 

situations.  

 

4. Automation of Inspection 

• Eliminates the need for manual inspection of 

tracks.  

• Saves time, labor, and reduces human error.  

 

5. Cost-Effective System 

• Uses low-cost components like Arduino, GPS, 

and GSM modules.  

• Reduces long-term maintenance and 

inspection costs.  

 

6. Low Power Consumption 

• Arduino-based systems consume less power.  

• Suitable for continuous monitoring in remote 

areas.  

 

7. Easy Maintenance & Scalability 

• Simple design makes it easy to maintain and 

upgrade.  

• Can be expanded to cover large railway 

networks.  

 

8. Works in Remote Areas 

• GSM network allows communication even in 

distant locations.  

• No need for advanced infrastructure.  

 

9. Data Collection & Analysis 

https://ijsrem.com/
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• Stores data about track conditions.  

• Helps in planning preventive maintenance.  

 

10. Reliable and Accurate 

• Sensors provide accurate detection of cracks.  

• Reduces chances of false alarms when 

properly calibrated. 

 

VII..DISADVANTAGES  

 

1. Limited Accuracy of GPS 

• GPS may not provide highly precise location 

data (errors of a few meters).  

• In tunnels, dense forests, or remote areas, GPS 

signals can be weak or unavailable.  

 

2. Dependence on GSM Network 

• Requires continuous GSM network coverage 

to send alerts.  

• In rural or remote railway areas, network 

availability may be poor, causing delays in 

communication.  

 

3. Arduino Processing Limitations 

• Arduino has limited processing power and 

memory.  

• Cannot handle complex data analysis or 

advanced detection algorithms compared to 

industrial systems.  

 

4. Sensor Reliability Issues 

• Crack detection sensors (like ultrasonic or 

vibration sensors) may give:  

o False positives (detecting cracks 

where none exist)  

o False negatives (missing actual cracks)  

• Environmental factors like dust, rain, and 

temperature affect performance.  

 

5. Power Supply Challenges 

• Requires a continuous and stable power 

source.  

• Battery-operated systems need frequent 

maintenance or replacement.  

 

 

6. Maintenance Requirement 

• Sensors and electronic components need 

regular calibration and servicing.  

• Wear and tear in harsh railway environments 

can reduce system life.  

 

7. Limited Detection Range 

• Detects cracks only in the immediate area 

where the device is installed.  

• Cannot monitor long stretches of track 

continuously without multiple units.  

8. Delay in Real-Time Response 

• Even after detection, sending alerts via GSM 

may cause slight delays.  

• Not suitable for high-speed train systems 

where instant response is critical.  

9. Environmental Sensitivity 

• Performance can degrade due to:  

o Rain, fog, extreme heat  

o Vibrations from passing trains  

• May lead to inaccurate readings.  

10. Security Concerns 

• GSM communication can be vulnerable to 

hacking or signal interference.  

• Data may not be fully secure.  

11. Scalability Issues 

• Difficult to implement across an entire railway 

network due to cost and complexity.  

• Requires installation of multiple devices over 

long distances.  

12. Initial Setup Cost 

• Though Arduino is low-cost, overall system 

cost increases due to:  

o Sensors  

o GPS & GSM modules  

o Installation and maintenance 

VIII. APPLICATIONS   

1. Railway Safety Enhancement 

https://ijsrem.com/
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• Detects cracks or faults in railway tracks in 

real-time.  

• Prevents derailments and major accidents.  

• Improves overall passenger safety.  

2. Preventive Maintenance 

• Helps railway authorities identify damaged 

tracks early.  

• Enables timely repair before the problem 

becomes serious.  

• Reduces maintenance costs and emergency 

repairs.  

3. Real-Time Location Tracking (GPS) 

• The GPS module provides exact location of 

the crack.  

• Maintenance teams can quickly reach the 

affected area.  

• Saves time in locating faults on long railway 

routes.  

4. Remote Monitoring (GSM Communication) 

• Sends SMS alerts to railway control rooms or 

engineers.  

• Enables monitoring without physical 

inspection.  

• Useful for unmanned or remote railway 

sections.  

5. Automation of Inspection Process 

• Reduces the need for manual track inspection.  

• Increases inspection speed and efficiency.  

• Minimizes human error.  

6. Application in Remote & Rural Areas 

• Works effectively in areas where manual 

inspection is difficult.  

• Ideal for long-distance railway tracks in rural 

regions.  

7. Integration with Smart Railway Systems 

• Can be integrated into modern smart railway 

infrastructure.  

• Supports IoT-based railway monitoring 

systems.  

8. Early Warning System 

• Provides immediate alerts in case of track 

damage.  

• Helps stop trains or slow them down before 

reaching the faulty section.  

9. Cost-Effective Solution 

• Uses affordable components like Arduino, 

GPS, and GSM modules.  

• Suitable for developing countries with large 

railway networks.  

10. Data Collection & Analysis 

• Stores data of detected faults and locations.  

https://ijsrem.com/
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• Helps in analyzing track conditions over time.  

• Useful for planning long-term infrastructure 

improvements. 

 

  

 IX. Future Scope 

• It can be implemented on real railway tracks with 

stronger and more durable components. 

• Advanced sensors such as cameras and AI-based 

image processing can be added for better crack 

detection accuracy. 

• The system can be connected to IoT platforms for real-

time monitoring and data storage on cloud 

servers. 

• Solar power can be used to make the system energy 

efficient for long-distance operation. 

• Wireless communication can be upgraded to faster 

technologies like 4G/5G or LoRa for better 

connectivity. 

• Multiple sensors can be added to increase detection 

accuracy and reduce false signals. 

• The system can be integrated with railway control 

systems for automatic train stopping in case of 

danger. 
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