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Abstract:

The safety and reliability of railway infrastructure are paramount for ensuring efficient train operations and
passenger safety. This project presents an innovative automated railway track crack detection system integrating
ultrasonic sensors, GPS, GSM modules, and microcontroller technology. The system aims to detect surface
cracks in real-time, accurately locate them geographically, and transmit alerts via SMS to relevant authorities.
Through prototype implementation and field testing, the system demonstrates high detection accuracy, rapid
response times, and robustness under diverse environmental conditions. This work contributes to the
modernization of railway maintenance practices, reduces manual inspection costs, and enhances safety

standards.

1. Introduction
1.1 Background and Motivation

Rail transport remains a backbone of India's transportation infrastructure, yet it faces persistent safety challenges
due to track deterioration and undetected cracks. Conventional manual inspections are time-consuming, labour-
intensive, and prone to errors. To address these issues, automation using sensor-based systems is essential. The
current need is for a cost-effective, reliable, and scalable solution capable of continuous monitoring, early crack

detection, and prompt response.

1.2 Objectives

. Design an autonomous vehicle equipped with ultrasonic sensors for crack detection.

. Integrate GPS and GSM modules for precise location tracking and real-time alert transmission.
. Develop a prototype capable of operational testing and data collection.

. Improve safety by enabling rapid, remote detection and notification of track faults.

2. Literature Review

Numerous studies emphasize the importance of sensor-based crack detection systems, highlighting limitations
in existing manual and semi-automated approaches. Prior solutions employing LDR sensors or manual

inspections are limited by environmental conditions, range, and labour costs. Recent advances include
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ultrasonic, infrared, and image-based techniques, offering higher accuracy and automation potential.

Problem Statement

A broken train speaks about one of the world's major causes of more expensive and dangerous rail accidents.
Taking into account incidents in general, all considered in us alone, for every three days there is more than one
major demolition, consistently over 10 years. Accessible interventions when the broken track clashes in different
countries are disrupted do not sufficiently help to understand the political, social and ecological effects. In the
current framework, when the track is open, the framework is forced to hurry up and out along the track at
irregular intervals. Often, it will send an exception flag to the technician using a remote module just in case

something stands out divided on the line. Divisions are detected by IR sensors and the error flag is conveyed

Key Challenges Identified:

. Limited operational range of mobile inspection systems.

. Power constraints and reliance on manual operation.

. Environmental susceptibility affecting sensor accuracy.

. Need for real-time communication and precise localization.

3. Methodology
3.1 System Architecture

The mechanism shown here is the detection by sensors of a faulty rail track and the transmission of the report
via an SMS to the nearest control tower if a faulty track is identified. We use two sources in this module, which
is the IR-sensor and the ultrasonic sensor. The ultrasonic sensor induces ultrasonic waves of sound which reach
the target and return. Should the object have a crack, the time forced to return the echoes signal can vary. Test
range= (high-level time* sound velocity (340M / S)/2) by using a method. The IR sensor mainly works relied
on luminance that falls on the sensor. Both devices are allocated set standards. When the check reaches the
defined value, it stops and the faulty track's latitude and longitude location is collected using the GPS device,
and sent via the GSM modulation to the base station. Ultrasonic rail check is

usually limited to lower speeds of about 20-30 mph which reduces the ability to test several tracks consistently.
Additionally, using the presently available evaluation equipment, many of the most significant deficiencies that
may develop in the track head may be very harder to detect. One justification for using traditional NDT for slow
inspection speeds is the need to combine the transducer and track using liquid or dry coupling components.

Regardless of the length given to it the vehicle stops.
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For eg, if the duration is less than 15 and higher than 10, we set a 20-second interval and if the vehicle is less
than 10 and higher than 5, then we have a set of around 100 seconds. If the length reaches 5 cm the vehicle
completely stops. These three requirements will only be fulfilled when the item in stop mode is available in its

path.

3.2 Hardware Components

. Ultrasonic Sensors: HC-SR04 for crack detection based on surface anomalies.
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. GPS Module: For real-time geolocation of detected cracks.

. GSM Module: To send SMS alerts with coordinates.

. Motors & Motor Driver: For vehicle movement and obstacle avoidance.
. Power Supply: Rechargeable battery, with optional solar charging.

. Microcontroller: Arduino Uno for control and data processing.

Block Diagram

Ultrasonic Sensors
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Arduino Architecture :-

Motor Driver IC L293D Pin diagram

SViorage
regulator
B Microcantroller

3.3 Software Algorithms

. Sensor data acquisition and pre-processing.

. Crack detection via ultrasonic signal amplitude and surface irregularities.
. Location tagging through GPS data.

. Alert transmission via GSM.

. Autonomous navigation with obstacle detection and path correction.

Flowchart of Process:

1. Vehicle moves along the track.

2. Ultrasonic sensor measures surface integrity.

3. Data processed in real-time; cracks identified based on amplitude thresholds.
4. GPS coordinates captured upon crack detection.

5. SMS alert sent to authorities with location data.

6. Vehicle continues or halts based on safety protocols.

4. Implementation and Results
4.1 Prototype Setup

The prototype was assembled on a scaled vehicle chassis with mounted ultrasonic sensors and GPS/GSM

modules. The system was tested on simulated and real railway tracks under various environmental conditions.
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Prototype Vehicle

4.3 Field Testing

Testing on actual railway sections demonstrated the system’s ability to detect surface cracks with high accuracy.

Alerts were reliably transmitted within seconds of detection, with GPS coordinates enabling precise localization.
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5. Discussion

The developed prototype significantly reduces the need for manual inspection, offering rapid, reliable crack
detection. The system's high accuracy, coupled with real-time alert capabilities, enhances safety and operational
efficiency. Challenges include environmental effects (rain, dust) on sensor accuracy, which can be mitigated

through robust pre-processing algorithms and sensor calibration.

Future enhancements include integrating machine learning models for improved crack -classification,

incorporating image sensors for visual confirmation, and deploying multiple units for large-scale monitoring.

6. Conclusion and Future Scope

The approach taken is capable, if there are any, of detecting flaws and obstacles on the surface. The method
proposed has lots of advantages over conventional detection approaches that include minimal cost, reduced
energy consumption, efficient detection system without human involvement and shorter analytical times. With
this prototype, train collisions and derailments can be easily prevented to save many lives. It is also very
beneficial for railroad operations testing units. And we can also notice the position failure and the system used
in this, and also the location data is sent to the default mobile number. So that this enables us in rail line
preservation and control as well. When we use the detector model for monitoring and we can claim that it is a
fusion energy vehicle. The result shows that this exciting new technology will keep increasing the efficiency of
the safety features for rail infrastructure. We can prevent accidents of up to 70% by enforcing these
functionalities in the real-time implementation. Areas where manual testing is not feasible with this vehicle,
such as in shallow coalmines, mountainous areas and thick and deep forests regions, can be easily carried out.
When this vehicle is used for railway inspections and breakage detection, automatic SMS will be sent to a
predetermined mobile number if cracks or abnormalities are identified by the device sensors. This will lead
without errors to the management and control of the state of the railway tracks, and thus to the preservation of

the tracks in good condition.
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