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Abstract - Identifying problems on the railway lines like
displaced tracks or severe conditions is a critical way of
ensuring rail transit is safe. As individuals walk extensive
distances making corrections by hand errors may occur easier.
This is research on something new a machine named Rail
Track Monitoring constructed to monitor railways all the time.
Itis connected to an ESP32 chip, a motion sensor, an infrared
reader and a small camera, which is powered by another
ESP32 board. When it travels on the line it shakes and even
records images of what is on the way same time. The data of
all the sensors is sent to an online machine learning system
that monitors the progress of the rail line. Closer to the front
with one mouse button click or cursor arrow movement you
are provided with a live view of what detectors are sensing as
well as a live health check of the system and an immediate
display of what is really going on the tracks. Initial
prototyping of Rail Track demonstrates that there is
something obvious simple IoT devices and direct
uncomplicated learning algorithms can read the indicators of
wear without any loss of serious changes and the elder
approaches are observed to be in lag.
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1. INTRODUCTION

Trains should also be cared about more than most people
understand as a means to expand an economy that connects
big cities and cities with large scale trade across great
distances. They provide good low-cost transportation which
also contributes to passenger’s motion though it is
frequently ignored. People seem to think that transport is
not the only support given by rail in such places as India and
other such places. Heavy loads of the cargo produce
enormous pressure on the tracks which press with excessive
pressure in the course of time. Strain heat is the result of
temperature variation as steel stretches in response to cold
strains and as the steel contracts back several times in
response to the strain of water that collects in the corners
the steel becomes loose where it is continually in tension.
Bolts can loosen due to vibration others can break due to
forces unknown. Slight shifts up to the point of failure of
alignment occur between successive tracks. Things become
less safe when pieces such as rocks or metal bits fall on the
tracks and cause the rail to shake. Stepping along the line
step by step is still the method most trains use to verify their
tracks when people are passing by slower at their eyes.
Although it saves power and reaches many hours of
attention to crews who do so it still fails to spot faults and

faults occasionally but Trains are most often inspected by
machine, which shoots sound waves or lasers down the
strong tools that the rail has but is costly and is at present
not available on many tracks.

The future is a new approach to monitoring the movement of
trains. This technique requires little technology and skips
using costly equipment to cut down on the number of
manual checks. Where track trouble arises early warning
sensors scream at a good distance before trouble struck.
Information flows live via devices relating to clever
networks. Reduced costs enable teams to repair more
locations. Not here. Information flows quickly between
linked devices. All components report real time updates. Not
too far away, a new form of watching train paths starts.
Rather than expensive equipment it employs the use of less
complex technology that reduces manual inspections. When
there are issues with rails they are noticed earlier since
sensors trigger warnings before large problems increase in
size. Live data is sent by devices connected to smart
networks. Machine Learning aids in the detection of strange
patterns without guessing. Lower construction costs allow
covering more spots. Safety increases with the appearance of
faults. This way ancient heavy ways. New information flows
quickly on linked equipment. Both pieces converse real time.

2. LITERATURE REVIEW

Monitoring of railway tracks has received a lot of research
with the sole aim of ensuring that trains are safer and that
the number of accidents is limited. Previous methods
involved visual inspections (manual inspection) of the track
and periodic maintenance and these checks were later
improved using scientific testing devices. Then individuals
started to approach the use of technology to test the state of
the track or the use of sensors to test the track automatically.
We used accelerometers and vibration sensors to detect
when the railway track is behaving abnormally. The
MPU6050 is one example of one sensor that has been
utilized to determine direction and tilt. By measuring the
amount of tilt and acceleration of the railway track have
been able to determine the location of cracks loose or
missing joints and misalignment by monitoring how much
the track vibrates during use. The sensors have proven to be
useful but generally require either a stationary system (fixed
installation) or an expensive piece of equipment.

IoT (Internet of Things) has become popular in railway track
monitoring systems because it allows to transmit data via a
wireless network in real time. We have combined
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microcontrollers, sensors and cloud platforms to allow
remote monitoring of the railway track that has enhanced
speed to timely response to failures but the systems are also
prone to internet communication and data processing
stability on the cloud platform. The use of machine learning
will improve the classification accuracy of detecting defects
in track conditions. As an illustration, machine learning
models (i.e., Decision Trees, Neural Networks) when trained
on sensor data are able to predict the state of the track as
exceptional or usual. In the creation of machine learning
algorithms Many such systems have been proven to work
successfully in generating quality results but tend to be
highly resource consuming in order to achieve accurate
results at the right time and as a result this style is so
expensive to implement at large scale over the operations of
an organization as it needs a lot of resources.

As aresult, a major market need exists for a small-footprint,
low-cost integrated system solution that combines various
types of sensors (i.e., video cameras, vibration-type sensors)
simple machine learning type algorithms and real-time data
visualization. The Rail Track Monitoring system was
designed to fill this market need by providing an appropriate
balance of performance cost and ease of use.

3. PROBLEM STATEMENT

There has been an increase in railway accidents which are
primarily the result of track issues. This might be due to a
misalignment a crack in one of the track's sides or another
issue with the track. So keeping track of all these difficulties,
as well as some external concerns such as water in the track
or the fire danger issue, inefficient time consuming task we
have proposed a solution in this paper by using IoT based
system for inspecting the tracks for faults and alerting the
necessary authorities at the earliest.

4. PROPOSED SYSTEM

When looking at the Figure 1 for the Rail Track Monitoring
setup. The system is designed to identify problems on rails
using sensor networks connected to Al devices. Rather than
manual check-ups continuous flow of data is through cloud-
based facilities that data is processed in. It starts with
sensors closely observing the information streams in the
track environment with several monitoring devices. When
one of these devices detects something amiss in the device,
they know that there is a problem with the structure. They
are mostly based on motion data collected by MPU6050. As
you continue to move these devices collaborate, providing
real-time information of the condition of the rail. Sensors
feed the streaming data into what follows the Machine
Learning Processing Unit.

Sanzors and Detection
IMechznisms (Ultrasonic
Testing, Thermazl,
Vibration sensors)

AlML Algorithms (Data
Processing, Anomazly
Detection, Predictions)

Internet
Availability

Autonomaous Track
Inspection Robaots [Sensors,
Camerzs, Dizgnostic Tools,
Continuous Manitaring)

Stores Datz in intzrnzl
device

Alert Systern [Rezl-time
Motifications to Raibway
Autharities)

Fig -1: Process Flow of Sensor-Based Railway Track
Monitoring and Alert System.

A machine-learning driven decision model uses machine
learning to determine whether things on the track appear
correct or suspicious. It does not attempt to find odd
numbers but seeks odd rhythms in vibrations and signs of
sensor signals which are often associated with cracks or rail
changes.

As soon as the information is processed transport starts by a
self-driven inspection bot. It is constructed on the ESP32
chip connected to a motor driver DC motors and a rails-
mounted frame. The use of the ESP32 relies on its essence in
which measurements are pulled in and directed directly to
web servers. Directly within the system is an ESP32-CAM
that captures real-time images of the rail line with which to
lend sight to data captures. Since it is autonomous, the small
robot continues to look over 24 hours, thus no-one should go
out and walk along the tracks. The final step is the so-called
Internet Availability Decision Process. Since the system
relies on cloud monitoring connectivity is very important. At
this point, sensor readings and live video will directly enter
into the cloud database and are only to be consulted later
when there is a connection.

SOFTWARE REQUIREMENTS:
¢ Arduino IDE.
*  Python.
* Flask.
* Firebase Realtime Database.
e HTML.
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HARDWARE REQUIREMENTS:

e ESP32 Microcontroller.

* ESP32-CAM for video streaming.

* MPU6050 6-axis accelerometer/gyroscope.
¢ IR Track/Obstacle Detection Sensor.

* Motor Driver Module.

* DC Motors.

*  Power Supply/Battery.

* Interface Connections.

5.METHODOLOGY

Rail Track Monitoring is a robot-based technology to
monitor the conditions of tracks by automated monitoring. It
consists of three parts robot hardware, cloud processing and
user interface. Rail Track Monitoring robot hardware
includes ESP32 development board, MPU6050 vibration
sensor, IR sensors, ESP32-CAM module, motor driver, DC
motors, robot chassis and rechargeable lithium-ion. It is used
to detect track vibrations of an abnormal track of the three-
axis point. Abnormal vibrations of the track are due to the
cracks or misalignment in the track. Deviations of panel
vibrations tend to be as a result of panel cracks. The ESP32
controller processes, stores sensor data temporarily and
transmits it using Wi-Fi to a concerning storage in the cloud
Firebase acts as a real time database to save sensor values.
This analyses vibration data using a trained classification
model with a Python Flask backed processing mechanism.
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Firebase
) . '&b [Flask | Login/Re
ESP32Dev fy .+ Firebase Rezl-time :> senver- | gister
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e el
Sands Sensor
Waluzs (Ax, Ay, Az) Reads Live [Ax,
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MPUS0S0 N Ay, &z) Data
| Driver| -
Sensars Raw Processing Lsyer
LZ28N) Date ||
= [Decision tree —~:> Output
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prediction
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Fig -2: System Design and Development

New sensor readings are compared with normal track
patterns and fed to the model that distinguishes among three
categories normal tracks, mildly faulty tracks and severely
faulty tracks. The results are presented on a web-based
dashboard that enables the users to observe real time sensor
data forecasting output and video stream. The dashboard
also features login access to ensure only authorized users
can monitor the system. If a fault is found, the system
displays an alert on the dashboard for railway personnel to
take action immediately. The suggested system is cost-
effective compact and can be transported. It is usable
without an expensive device when patrolling the railway
tracks on a regular basis. The combination of the sensors,
cloud processing, wireless communication and live
monitoring will make railways safer as Rail Track
Monitoring provides a practical solution.

Moving occurs courtesy of two DC motors that do the
pushing. These are connected to a drive called L298N, which
maintains motion constant. During the rolling forward it
scans measurements regarding the state of the track. It can
move smoothly as power will be managed adequately. Next
is cloud communication and the processing of data. The
ESP32 transmits sensor numbers Ax, Ay, Az, etc. A live-
updating Firebase system as the robot rolls along its path. All
that comes is stored in that system like a landing point of
new information. As the motion occurs, measurements
continually flow into storage. There they proceed entering
into analysis tools. An illustration: a Decision Tree model is
the one that pays attention to the odd changes in movement
style. It visits one after one of the patterns and searches
around on it, seeking indications of a change.

The last is the part people interact with constructed so rail
employees can track it anywhere. The server, written in
Flask retrieves cleaned data in Firebase and matches it with
forecasts made with the trained model. Authentication is
also taken care of with sign-in hacks to an SQL store to notify
authorized entrants. ESP32-CAM live feeds, sensor readings
and predictive data are displayed on a web page designed to
be easy to look at. An overhead shot reveals precisely the
current state of tracks on an up-to-date basis. When sensors
are out in the field those data are fed through cloud systems
and processed silently behind the scenes. Clean screen
layout will ensure that all important details are easy to see.
Crews receive real-time data about rail health rather than a
guess. Technology connects real machines and with digital
analysis to aid the continuity of oversight. Checking is a
continuous process, which is driven by intelligent links
among components. The entire operation is unobtrusive and
only what counts - track status moment by moment.

6. IMPLEMENTATION DETAILS

There are parts that are used to connect within the Rail
Track Monitoring system as illustrated in Figure 3. ESP32 is
a small computer which runs it all like a brain. The battery
pack housed with an electrical circuit to manage the passage
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of energy provides power. This will supply a continuous
voltage to every component that is plugged in. Once this IR
device detects an object in place of the rails it transmits the
data to the ESP32. The main chip is not only a single type of
signal receiver but instead multiple gadgets communicate
simultaneously with it. One such piece is called MPU6050
that monitors changes in shaking and angles along the rail
line. These readings would indicate whether the tracks are
bent or out of alignment. The other add on which has the
eyes of a camera either captures snapshots or real-time
footage in front. That feed provides live updates of what s at
the end of the road. All the images aid in ascertaining the
reality of the problems therein.

Battery & Power
Management

4L

ST
(aepueme J—C= v
Fopaz controlier
e —
[ Motor Driver ]
[ DC Motors ]

Fig -3: Hardware Block Diagram

The ESP32 chip is currently testing vibrations in real-time
based on the information provided by inbuilt sensors. There
is an MPU6050 whose odd motions indicators of potential
cracks or rail movements are confidently spotted rather than
being overlooked as small shakes. An infrared detector keeps
an eye on something standing in the way out front
meanwhile. The information is inputted to the main
processor where it is sorted before transmission. Updates
sent there are instantly wireless and enable off site systems
to monitor rail health without the need of looking.

Signals are then sent out of the ESP32 to a motor driver
which drives the DC motors. The inspection robot is driven
by such electronic impulses as it moves steadily on rails.
Sensory data and video flow into a screen that is observed by
an operator. As the machine is moving, live updates are
displayed indicating what is coming on the track. Checks
previously performed manually are replaced by automation
to reduce the workload on individuals. The rail systems have
become less dangerous, and more reliable as fewer workers
are forced to walk on tracks.

7. RESULT

A prototype rail setup saw successful creation and
evaluation of the Rail Track Monitoring. The mobile robot
was propelled gradually with motion ignited through DC
motors with one driver unit. Sensor data that were
continuously collected during movement comprised tilt and
vibration readings. The motor turned on by the MPU6050
sensor that monitored physical shifts provided Ax, Ay, Az

readings. Constant outputs were seen in the trials which
were standard track conditions. It became evident that
irregularities were seen as the flaws or misalignments of
some segments.

ml
B

Fig -4: Experimental Setup and Prototype Testing of Rail
Track Guardian System

precision recall fl-score support
Mild Vibration 0.86 0.87 0.86
Normal 0.92 0.90 0.91
Severe Vibration 0.94 8.94 0.94

accuracy 0.91
macro avg 0.91 0.91 0.91
weighted avg 0.91 0.91 0.91

¥ Model saved as railway vibration dtc.pkl
Normal

Mild Vibration

Severe Vibration

Fig -5: Accuracy and Performance Evaluation of Fault
Detection Model

RSl Railway Track Fault Detection System 8
Dashboard a
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Fig -6: Dashboard for Real-time Sensor Data Acquisition
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The machine learning model was able to identify track states
- normal, slight movement or intense shaking with an
accuracy of about 91%. The irregular patterns were realised
and saw on a browser interface in real-time. The rail
roadtrack sounded off warning bells as a result of properly
alerting actions by infrared teams. During operation tests
with different setups, reliability in detection was high.
Through the ESP32-CAM, live video was received which
showed clear visions of the track surface. As sensor readings
were displayed on the screen, the tilt patterns and error
signals displayed in real time beside them. The process of
transmission was constantly maintained between robotand
cloud and the answers came nearly immediately.
Performance was stable in phases of testing even though it is
complex. So there is evidence: automatic inspection of the
rail works

L Railway Track Fault Detection System

L Smart Railway Monitoring Dashboard
B Live Video

Tck Condition “

 logot e
-1.16265° Normal Track

1 Faukt Locations

3 Tikt Graph

Fig -7: Railway Monitoring Dashboard with Live Analytics

8. CONCLUSION

More paramount than invention is the exhaustive
deployment of an engendered technology. This paper is one
such endeavor to leverage 1oT to forfend humans. Because of
its cutting-edge technology-predicated approach to
distributing rail safety and passenger delectation, the
solution will perpetuate to give better results in the field of
railroad conveyance, including standard and bullet trains.
We researched astute railway safety systems and their
advantages in this study in order to design a better railway
safety system that can monitor misalignment and cracks in
railway tracks, as well as events involving rail conveyances
and animals. A perspicacious safety monitoring system can
significantly amend railway network safety and significantly
minimize railroad accidents. The alerts will withal notify you
of quandaries such as water on the tracks and fires.
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