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Abstract

Railway track monitoring is critical for safe operations but traditional inspection is time-consuming and
manpower-intensive. This paper presents RT-MT (Railway Track Monitoring Tool), an automated system
using Raspberry Pi with camera, GPS, and GSM modules for real-time track defect detection. Images
captured by the camera are processed using YOLOVS to detect cracks and missing fasteners. When defects
are identified, the system sends GPS-tagged alerts to maintenance teams via GSM. Duplicate alert
suppression ensures notifications are sent only for new defects at different locations. A web-based platform
monitors and records defects in real-time. Evaluation demonstrates 91.3% crack detection accuracy, 87.5%
fastener detection accuracy, and 94% location accuracy within 3-meter GPS precision, providing a low-
cost automated solution for railway safety.
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1. Introduction

Railway transportation is a vital component of national infrastructure, carrying billions of passengers and
millions of tons of freight annually across extensive track networks. The safety of railway operations
depends critically on the structural integrity of the track infrastructure, including rails, sleepers, fasteners,
and ballast. Defects such as cracks, fractures, missing fasteners, and rail deformations can lead to
catastrophic derailments if not detected and repaired promptly. According to railway safety statistics, track-
related failures account for approximately 30% of all railway accidents, underscoring the critical
importance of regular and thorough track inspection.

Traditional railway track inspection methods rely predominantly on manual visual inspection by trained
track workers walking along the rail lines, supplemented by periodic ultrasonic testing. These methods are
inherently time-consuming (a track inspector can cover approximately 5-8 km per day), labor-intensive,
subjective in defect assessment, and unable to provide continuous monitoring. Furthermore, the increasing
length of railway networks and the demand for higher frequency services reduce the available time windows
for manual inspection, creating gaps in monitoring coverage.

Automated track inspection systems using rail-mounted vehicles with specialized sensors exist but are
extremely expensive (costing millions of rupees per unit), limiting their deployment to major railway
corridors. There is a significant need for affordable, automated inspection solutions that can provide
frequent monitoring of secondary and rural railway lines where expensive inspection vehicles are not
economically justifiable. Recent advances in embedded computing and deep learning-based visual
recognition have made it feasible to develop low-cost automated inspection systems.

This paper presents RT-MT (Railway Track Monitoring Tool), a Raspberry Pi-based automated track
inspection system that uses a camera for visual defect detection via YOLOVS, GPS for precise defect
location tagging, and GSM for remote alert transmission to maintenance teams. The system is designed to
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be mounted on a rail-trolley for continuous track scanning, processing images on-device for real-time defect
detection, and automatically alerting maintenance personnel with GPS-tagged defect reports.

II. Literature Survey

This section reviews key prior works forming the foundation of the proposed system and identifies the
research gap motivating this work.

[1] Mandriota et al. (2004) proposed filter-based approaches for automatic rail defect detection from
images, establishing the feasibility of computer vision for railway track inspection but achieving limited
accuracy with traditional image processing techniques.

[2] Tastimur et al. (2016) applied deep learning for rail surface defect detection, demonstrating that
convolutional neural networks significantly outperform traditional feature extraction methods for
identifying cracks and surface deformations in track images.

[3] Faghih-Roohi et al. (2016) developed a deep convolutional neural network for rail surface defect
detection achieving 92% accuracy, establishing the benchmark for automated visual inspection of railway
infrastructure.

[4] Ultralytics (2023) released YOLOv8 providing state-of-the-art real-time object detection with
improved accuracy and speed, enabling practical deployment on embedded platforms like Raspberry Pi for
railway inspection applications.

[5] Singh et al. (2017) proposed a Raspberry Pi-based railway track crack detection system using basic
image processing, demonstrating the feasibility of embedded computing for automated inspection but
limited by traditional thresholding approaches.

[6] Indian Railways (2022) published the Annual Safety Report documenting track-related incidents and
inspection requirements, establishing the operational context and safety standards for automated track
monitoring systems.

[7] Serman et al. (2020) surveyed machine learning approaches for railway infrastructure monitoring,
identifying real-time visual inspection with GPS-tagged reporting as the most promising approach for
scalable track safety management.

Research Gap: Existing automated track inspection systems are either prohibitively expensive or use basic
image processing with limited accuracy. No affordable system combines YOLOvV8 deep learning detection
with GPS location tagging, GSM remote alerting, and duplicate suppression in an embedded Raspberry Pi
platform suitable for deployment on standard rail-trolleys.

II1. Methodology

III-A. System Architecture

The system follows a four-module mobile architecture mounted on a rail-trolley. The Image Acquisition
Module uses a Pi Camera V2 mounted at a fixed angle capturing track images at 10 FPS as the trolley
moves along the rail. The Detection Module runs YOLOv8n on the Raspberry Pi 4 to classify each frame
for defect presence, trained on a custom dataset of 3,000 annotated track images covering cracks (transverse,
longitudinal, star), missing fasteners, and rail deformations. The Location Module uses a NEO-6M GPS
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module to tag each detected defect with precise geographic coordinates, while the Communication Module
sends GSM alerts via SIM80OL to maintenance team phones with defect type, severity, GPS coordinates,
and a web link to the defect image. A duplicate suppression algorithm prevents repeated alerts for the same
defect by comparing GPS coordinates of new detections against a database of previously reported defects.

Railway Track Crack Detection

Fig. 1 - System Architecture
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II-B. Algorithm / Working Principle
Working Principle: Automated Railway Track Defect Detection

Step 1: Image Capture — As the rail-trolley moves along the track at 5-10 km/h, the Pi Camera captures
track images at 10 FPS. Images are preprocessed: cropped to the rail region of interest, resized to 640x640
pixels for YOLOvS input.

Step 2: YOLOv8 Defect Detection — Each frame is processed through the YOLOv8n model trained on
railway track defects. The model detects and classifies: transverse cracks, longitudinal cracks, star cracks,
missing fasteners, and rail surface deformations. Each detection includes bounding box coordinates, class
label, and confidence score.

Step 3: GPS Location Tagging — For each detected defect with confidence > 0.7, the current GPS
coordinates are read from the NEO-6M module: (latitude, longitude, timestamp). The defect record is
created: {defect type, confidence, GPS lat, GPS_lon, timestamp, image path}.

Step 4: Duplicate Suppression — Before generating an alert, the system checks the defect database for
existing reports within 5-meter radius: distance = haversine(new_GPS, existing_GPS). If a matching defect
exists within the radius, the alert is suppressed to prevent redundant notifications. If no match exists, the
defect is added to the database as a new detection.

Step 5: GSM Alert Transmission — For new defects, the SIMS8OOL module sends an SMS alert to the
registered maintenance team: '"ALERT: {defect type} detected at GPS: {lat}, {lon}. Confidence: {conf}%.
View: {web_link}'. The alert is also logged on the web monitoring platform.

Step 6: Web Dashboard Update — All defect records are uploaded to a web-based monitoring platform
displaying defect locations on a map, defect images, detection timestamps, and repair status tracking.
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II-C. Hardware and Software Components

Hardware: Raspberry Pi 4 Model B (4GB), Pi Camera V2 (8MP) with adjustable mount, NEO-6M GPS
module (2.5m CEP accuracy), SIM80OL GSM/GPRS module with external antenna, 12V to 5V buck
converter for power supply from trolley battery, IP65 weatherproof enclosure, LED indicators for system
status. Software: Raspbian OS, Python 3.9, YOLOv8n (custom-trained on 3,000 track images), OpenCV
4.7, gpsd for GPS parsing, pyserial for GSM AT commands, Flask web server for monitoring dashboard,
SQLite for local defect database.

IV. Results and Discussion

TABLE I: SYSTEM EVALUATION RESULTS

Metric Specification/Baseline Achieved
Crack Detection Accuracy 74% (Traditional CV) 91.3% (YOLOVS)
Fastener Detection Accuracy 68% 87.5%

GPS Location Accuracy — +3 meters (CEP)
False Alert Rate 22% 6.8%
Inspection Speed 5 km/day (Manual) 10 km/hour (Automated)

Cost per Unit %50 lakhs (Commercial) 212,000 (RT-MT)

IV-A. Performance Analysis

The RT-MT system was evaluated on a 5 km test track section containing 45 known defects (30 cracks of
various types and 15 missing fasteners). The YOLOv8n model achieved 91.3% crack detection accuracy
and 87.5% fastener detection accuracy, significantly outperforming traditional computer vision approaches
(74% and 68% respectively). The false alert rate of 6.8% represents a substantial improvement over
traditional methods (22%), attributed to YOLOVS's ability to distinguish between actual defects and surface
stains or shadows that confuse threshold-based detectors.

The GPS location accuracy of +3 meters (CEP) was sufficient for maintenance teams to locate reported
defects quickly. The duplicate suppression algorithm successfully prevented 94% of redundant alerts when
the trolley passed the same defect on return journeys. At the automated inspection speed of 10 km/hour, the
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system can cover the same distance in 30 minutes that would require a full day for manual inspection,
representing a 16x improvement in inspection throughput. The estimated hardware cost of 12,000 per unit
makes the system accessible for deployment across secondary railway lines.

V. Conclusion and Future Work

This paper presented RT-MT, a Raspberry Pi-based automated railway track crack detection system
achieving 91.3% detection accuracy at 312,000 per unit cost. The system provides 16x throughput
improvement over manual inspection with GPS-tagged remote alerting. Future work includes integrating
ultrasonic sensors for subsurface crack detection, implementing drone-based aerial track inspection, adding
predictive maintenance analytics using historical defect data, and conducting extended field trials across
diverse track conditions and weather scenarios.
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