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Abstract: Because of more traffic and older infrastructure, safety on the railways is a big worry. If cracks and other problems on
railway tracks aren’t found early on, they can cause very bad accidents. Most traditional inspection methods are done by hand
and aren't very efficient or able to keep track of things in real time. This survey shows a smart railway monitoring system that
uses Machine Learning (ML) and Internet of Things (1oT) technologies to find cracks and stop accidents. For the first detection,
the system uses sensors like IR and ultrasonic. Then, for better accuracy, it uses machine learning to analyzethedata.Forreal-
timealertsand tracking of locations, 10T modules like GSM and GPS are used. The suggested method makes detection more
accurate, cuts down on the work that people have to do, and makes sure that maintenance is done on time, all of which make the
railway safer overall . To solve these problems, anintelligent systemthat uses Machine Learning and 10T technologies
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I. INTRODUCTION
Railwaytransportationisveryimportantfor linking cities and helping the economy grow. The safety of trains depends a lot on the
condition of the tracks, which are used all the time, are exposed to heavy loads, and areaffectedbytheweather.Becauseof these
things, cracks and other structural problems often happen. If these kinds of problemsaren‘tfoundintime,theycanlead to very bad
accidents, like derailments.
Al-powered Traditional ways of checking tracks depend a lot on manual work or simple sensor-based methods. Not only do
thesemethodstakealongtime,buttheyare also likely to make mistakes and be less efficient.
Digitaland intelligent systemsthat useloT and Machine Learning have been developed to get around these problems as
technologyhasimproved. Thesesystemslet you keep an eye on things all the time, automatically find problems, and respond quickly.
But many of the solutions that are already outtherestillhaveproblems,likenotbeing very accurate, not being able to work
together,andnotbeingabletopredictwhat will happen. Because of this, we need a better systemthatcombines MLandloTto
makerailwaymonitoringmorereliableand efficient.

Il. LITERATURE SURVEY
1) Authors:S. Kumar etal. (2019)
concentrated on image-baseddetection techniques,illustrating thesignificanceof visual analysis in the identification of structural
defects.

2) Authors:Madyatmadjaetal. (2020)
stressed the importance of system efficiencyand user interaction, saying that automated systems need to be faster and more open.
concentrated on the efficiency andusabilityofsmart monitoringsystems. The study focused on how users interact and how long it
takes forthemto respond, but it also found problems like delays and a lack of transparency.
3) Authors:A.P.Singhetal. (2022)

created an automated system that uses smart processing methods to quickly and easily handle large amounts of data.

This method made things easier, but it didn't focus on finding cracks in railway tracks in real time.
4) Authors:SaiSahanaR.K.etal. (2022)
ThisarticletalksaboutanloT-basedsystem with the use of sensors, GPS, and GSM to detect cracks and instantly transmit information
regarding their location. This makesitmoreconvenientbutreliesentirely upon the hardware component and its upkeep.
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5) Authors:Jose&Sathishkumar, Sandra &K.(2022)

Thepaperdescribeshowmachinelearning, deeplearning,InternetofThings(loT),and computer vision can be applied to crack
detectioninrailways. The authorsnotethat although ML-based algorithms are very effective, they need extensive data and powerful
models to work.

6) Authors:MM.SilpaRajetal. (2024)
Al-drivenpredictiveanalyticsfordetecting potential faultsthrough real-time data. The system made it easier to make decisions, but it
needed a lot of computer power..

7) RoopaSetal.(2025)

Thepaperdescribeshowmachinelearning, deep learning, Internet of Things (loT), Employs computer vision and image
processingtechniquestoidentifyfissuresin railway tracks. Needs good pictures and is affectedbytheweather.ltmakesdetection more
accurate.

1. METHODOLOGY
A. Architecture
The suggested system for finding cracks in railway tracks and stopping accidents is an intelligent and automated framework that
uses Machine Learning and loTtechnologies to keep an eye on railway tracksina smart way. The first step isto get data. Sensors like
IR and ultrasonic sensors are always used to keep an eye on the track condition. These sensors can tell if there are cracks or
obstacles by looking for changesinreflectionand distance. A microcontroller unit then processes the data that was collected. It does
some initial filtering and analysis to find unusualpatterns in the track structure.
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A camera module takes pictures of the railway track when a possible fault is found. These pictures are then analyzed by a Machine
Learning model, usually a Convolutional Neural Network (CNN), to correctly determine if the defect is a crack or a normal track
condition. This smart analysis makes it easier to find things than older sensor-based systems. After confirming that there is a
problem, the system uses a GPS module to find theexact location of the problem, whichmakes it easier to keep track of for
maintenance

To ensure quick response and accident prevention, the system uses a GSM communication module to send real-time alert messages
to railway authorities along with location details. Additionally, the system provides continuous monitoring by repeatedly scanning
the track and updating the status, which can also be displayed using an LCD interface. The overall architecture combines sensing,
data processing, machine learning analysis, and communication modules into a unified system, thereby reducing manual inspection,
minimizing human error, and improving railwaysafetythrough real-time intelligent decision-making..

B. FlowDiagram

Theproposedrailwaytrackcrackdetection system is a systematic process that ensures continuous monitoring and immediate
identification of faults using Machine Learningand IoT technologies.

The process starts with the system initialization, where the user/ operator turns on the device and all modules like
sensors,microcontroller and communicationunitsare initialized. The system then goes into data collection mode where IR and
ultrasonic sensors constantly scan the railway track for irregularities such as cracks orobstacles.

FLOW DIAGRAM - RAILWAY TRACK CRACK DETECTION
USING ML AND 10T

START

+

1. SYSTEM INITIALIZATION
Iiliafize all mackdes
Feenaors, Camers, PS5, GEM, LCDY

¥

2. CENSOR MOMITORIMNG
F and LINrasonic sansos

3Con the rafway track
COMiPoiUEl

—
&
3. DATA PROCESSING
Micraconirollie procsshim
warrii tlats wnd chacka los
alrermalieg

A4 FAULT NG /3 Contines Monitoring
—
DETECTED? K—J 1Mo Faub Detestae)
* YES

5. IMAGE CAPTURE

Camera captures image
of the track

+

B. ML ARALYSIS (CHN MODEL)
image Is anafyzed waing CHN
in detect crack or normal tock

4

T LOCATION IDENTEFICATION
GPFS moduls gats i sxsct
ke athon of tha faull

+
E| B. ALERT GENERATION

O5M moduls sends alirt mestages
it bocatkon b radvway authornties

9. DISPLAY STATUS

= LED displays the siatus
(Safe f/ Fault Detected]

!

10, CONTINUOUS MONITORING
SyEIT FEpEals Tthe process
for real-tme satety

=

0 & B

2=

|

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 9938



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue IV Apr 2026- Available at www.ijraset.com

Once the data is collected, the microcontroller processes the sensor readings to detect abnormal changes in the track condition. 1f no
fault is detected, the system continues to monitor in a loop to ensure real-time safety. If however a potential fault is detected the
system activates the next stage.Thisstage consists of a camera module that takes an image of thetrack for further analysis. This
image is then passed to the Machine Learning model, for example a ConvolutionalNeural Network (CNN) which processes the
imageandclassifies it aswhether it isa crack or normal track condition.

Once the fault is confirmed, the system proceeds to the location identification stage, during which the GPS module identifies the
exact geographical locationof the detected crack. This information is then used in the communication stage where the GSM module
sends an alert message to railway authorities along with the location details for immediate action. Simultaneously the system
updates the statusonan LCDdisplaywhether thetrack is safe or faulty

Finally, system goes to continuous monitoring mode ensuring that the railway track is checked continuously for safety. The
continuous cycle of sensing, processing, machine learning analysis and alert communication ensures the system’s ability to provide
accurate, real-time detection and contributes to the effective prevention of railway accidents.

V. CONCLUSION

Smart Grievance Grid is an intelligent and effectiveThis project proposes a smart and practical way to enhance railway safety by
combining Machine Learning and loT technologies. The system continuously evaluates track conditions through sensors and
employs an ML model for making proper determinations about the existence of cracks or obstacles. The system allows quick
preventive actions by automatically detecting the faults and communicating their exact location with the help of communication
modules. This reduces the need for manual checking, reduceschances of human errors and provides timely maintenance. All in all,
theproposed solution contributes to the construction of a safer, more efficient and intelligent railway monitoring system, which is fit
for the modern infrastructure.
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