International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 14 I ssue 04, April-2025

Published by :
http://lwww.ijert.org

I0T Based Railway Platforms:
Perceptions to Avoid Train Accidents

Revanasidda B
Computer Science & Engineering
Alva’s Institute of Engineering and
Technology Moodbidri, India

Rohit SM
Computer Science & Engineering
Alva’s Institute of Engineering and
Technology Moodbidri, India

Pragati S.M
Computer Science & Engineering
Alva’s Institute of Engineering and
Technology Moodbidri, India

Giridhar Gowda
Computer Science & Engineering
Alva’s Institute of Engineering and
Technology Moodbidri, India

ABSTRACT

Undeniably, the paramount concern worldwide revolves
around railway safety, stemming from the possibly
devastating ramifications of accidents. Inherently,
conventional safety protocols frequently prove
inadequate in precluding incidents precipitated by
equipment malfunctions, track anomalies, or human
fallibility. The arrival of the Internet of Things (IoT)
unveils a notable prospect to fundamentally reshape
railway safety and operational efficiency. IoT-centric
solutions empower continuous surveillance of railway
infrastructure and moving stock via sensors, cameras,
and communication networks, amassing crucial
information concerning track integrity, train velocity, and
ambient conditions. This information, intertwined with
predictive analytics, permits the timely identification of
latent perils, facilitating pre-emptive measures and
curtailing the likelihood of mishaps.

A specifically designed IoT-based railway safety platform
promotes instantaneous collaboration among diverse
stakeholders, encompassing operators, maintenance
personnel, and emergency units, through a consolidated
communication hub. This bolsters coordination and
informed decision-making, particularly during critical
situations. The system furthermore underpins predictive
maintenance by scrutinizing sensor-derived data to
anticipate maintenance requirements, thereby
minimizing unscheduled operational pauses and
forestalling failures. Moreover, integrated automated
safety mechanisms, such as Positive Train Control (PTC),
can autonomously intervene in precarious scenarios. This
forward-looking, data-driven methodology, in stark
contrast to the reactive essence of traditional systems,
presents a more dependable, streamlined, and secure
railway infrastructure, ultimately diminishing accident
frequencies and safeguarding the well-being of both
passengers and personnel.
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INTRODUCTION

Because railway accidents can have catastrophic
effects on passengers, operators, and the environment,
railway system safety is a major global concern.
Conventional railway safety measures, like reactive
maintenance and manual inspections, frequently fail to
stop accidents brought on by equipment faults, track
breakdowns, or human mistake. Rapid technological
breakthroughs, especially the Internet of Things (IoT),
present a chance to revolutionise the way railway
systems maintain efficiency and safety. Real-time rail
and infrastructure monitoring is made possible by IoT-
based solutions, offering a creative means of improving
safety and lowering the chance of accidents.

Railway infrastructure is equipped with Internet of
Things (IoT)-enabled sensors, cameras, and
communication systems to collect vital information on
track conditions, train speed, and meteorological
conditions. To find possible hazards like track flaws,
excessive speeding, or bad weather, this data is
constantly examined. Railway operators can anticipate
and reduce hazards before they become accidents by
integrating these real-time information with predictive
analytics, which will result in safer and more effective
rail operations. By enabling quicker emergency
responses and instant notifications, the incorporation of
such technologies can help enhance decision-making.
An ToT-based railway safety platform's capacity to
enable real-time amongst many
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cooperation

stakeholders, such as emergency responders,
maintenance teams, and railway operators, is one of its
primary  features. The technology improves
coordination and guarantees that everyone can make
well-informed judgements quickly by providing a
single platform for communication. This is especially
helpful in emergency situations where time is of the
essence and a prompt, well-coordinated reaction can
lessen the impact of disasters and save lives. In order to
maximise their deployment in reaction to crises, the
system may also track resources like maintenance
teams and emergency vehicles.

By evaluating sensor data to determine when
maintenance is necessary, this loT-based method also
helps predictive maintenance by minimising
unscheduled downtime and averting accidents brought
on by mechanical breakdowns. Because the system is
cloud-based, it can be scaled to accommodate
expanding railway networks while preserving the
security and integrity of the data. The use of IoT
technology is essential to building a safer, more
dependable, and more effective railway infrastructure
because of the growing complexity and scope of
contemporary railway systems. In the end, IoT-based
railway safety platforms present a viable option to
lower accident rates, enhance operational efficiency,

and guarantee the security of both passengers and
workers.
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KEY FEATURES

1. Real-Time Monitoring and Data Collection

Sensor Networks: To track several variables in real
time, the platform makes use of a large number of
Internet of Things sensors that are positioned on trains,
railway lines, and nearby infrastructure. Critical
information is collected by these sensors, including
train speed, vibrations, temperature, track problems
(such as cracks, misalignments, or debris), and
environmental elements including visibility and
weather.

Sensor Networks: The platform uses several Internet of
Things sensors installed on trains, railway tracks, and
adjacent infrastructure to track multiple factors in real
time. These sensors gather vital data, such as
temperature, vibrations, train speed, track issues (such
fractures, misalignments, or debris), and environmental
factors like visibility and weather.

2. Predictive Maintenance and Fault Detection
Predictive analytics: The system can spot trends and
forecast when maintenance is required by utilising both
previous and current data, averting failures before they
happen. Accident risk can be decreased, for instance,
by identifying and addressing track wear and tear,
abnormalities in the braking system, or mechanical
problems with trains early on.

Condition Monitoring: Sensors are able to keep an eye
on the state of vital parts like train wheels, switches,
and signals. The system creates warnings for
preventative maintenance in the event that a part
exhibits anomalous functioning or indicators of
degradation, enabling the scheduling of repairs or
replacements prior to failure.

Remote Diagnostics: Should a malfunction be
identified, the system can conduct remote diagnostics
to assist maintenance teams in evaluating the issue and
being ready for necessary actions without having to
dispatch someone right away.

3. Real-Time Incident Detection and Alerts
Automated Incident Detection: Real-time data is used
by the system to identify many kinds of problems,
including collisions, derailments, track blockages, and
dangerous speed levels. For instance, the system will
automatically notify the operator if a train exceeds the
safe speed limit because of environmental factors or
track conditions.
Instant Alerts: The system instantly notifies operators,
maintenance crews, and emergency responders when it
detects a possible incident. To ensure that all pertinent
personnel are informed right away and to speed up
response times, these alerts are issued via a variety of
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communication channels (such as SMS, email, and app
notifications).

Alarm Systems: To guarantee that prompt action is
taken, alarms can be set off on the train and control
centre systems in addition to alerts.

4. Automated Train Control and Safety Systems

In order to prevent accidents, the system incorporates
sophisticated safety features like Positive Train Control
(PTC) or the European Train Control System (ETCS),
which have the ability to autonomously override
human control. For instance, the system can
automatically slow down or stop a train if it is about to
run a red signal or exceed speed limitations.
Automated Braking and Speed Control: In addition to
monitoring, automated systems have the ability to take
proactive measures by braking or modifying the train's
speed in response to current circumstances, such as
impending danger or system failures.
Collision Avoidance: By keeping trains and
infrastructure in communication, the IoT platform may
also support collision avoidance technologies, which
keep trains from going down paths that are limited or
in conflict.

5. Real-Time Collaboration and Communication
Tools

Unified Communication Platform: For train operators,
maintenance teams, emergency responders, and other
pertinent staff, the platform offers a centralised
communication centre. This guarantees that during
regular operations and crises, all parties concerned in
railway  safety = may  communicate  easily.
Task and Incident Coordination: The platform enables
real-time task coordination in the event of an
emergency, including the dispatch of maintenance
crews, communication with emergency services, and
modification of train timetables to minimise
interruptions.

Resource Management: To guarantee that resources are
deployed effectively during an incident or maintenance
event, the system keeps track of available resources,
including maintenance teams, emergency vehicles, and
spare components.

6. Incident Management and Reporting

Incident Logging: Every incident is automatically
recorded by the platform, together with information on
the problem's nature, the steps performed, and the
results. This thorough journal can be used to analyse
the situation after it has happened, find the underlying
causes, and enhance subsequent reactions.
Analytics and Reporting: Following an incident, the
platform produces thorough reports that emphasise key
takeaways and provide suggestions for streamlining
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procedures. Operators can proactively address
systemic issues by using data analytics to find trends in
reoccurring problems.

7. Scalability and Cloud Integration

Cloud-Based System: Because the platform is cloud-
based by design, it can readily grow with growing
railway networks. This implies that more trains,
sensors, and monitoring stations can be added without
requiring major adjustments to the underlying system.
Remote Access: By integrating the system with the
cloud, train operators and maintenance teams may
monitor and manage operations remotely, increasing
operational efficiency and flexibility.

8. Cybersecurity and Data Protection

Secure Data Transmission: The platform uses robust
encryption techniques for all data transfers between
IoT devices, central systems, and the cloud in order to
guard against unwanted access.
Access control and authentication: Strict authentication
procedures are enforced by the platform, guaranteeing
that only individuals with the proper authorisation can
access private information or make important choices.
Incident Response to Cyber Threats: To ensure the
safety and integrity of the digital infrastructure of the
railway system, the platform incorporates mechanisms
to identify and mitigate cyber threats in addition to
physical mishaps.

COMPARITION OF EXISTING RAILWAY
PLATFORMS

Traditional Railway Safety Systems

Conventional railway safety systems have depended on
reactive approaches to maintenance and safety, manual
procedures, and a limited amount of sensor technology.
The most popular techniques entail routine
examinations of railroads, tracks, and infrastructure,
usually conducted by human inspectors who visually
look for wear, damage, or flaws. Despite their
necessity, these examinations frequently fall short in
identifying problems in time to stop accidents.
Furthermore, track and train monitoring systems
frequently concentrate on discrete infrastructure
components, which can cause delays in recognising
and resolving new problems.
For example, in conventional systems, issues like speed
violations, track flaws, or signalling failures are
sometimes discovered only after an incident has
happened, which causes reaction delays and possibly
dangerous collisions.

Additionally, because manual reports or radio
transmissions are frequently used for communication
between operators, maintenance teams, and emergency
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responders—and these methods might be delayed or
misunderstood—reaction times in older systems can be
slow. Furthermore, operators' capacity to predict
failures or effectively manage resources during events
is hampered by the absence of real-time data.

Limitations of Traditional Systems:

Reactive Approach: Rather than being proactive, the
majority of conventional safety procedures are
reactive. Instead of addressing problems before they
arise, issues are frequently addressed after they
generate problems.
Manual Inspections: Human inspectors carry out
routine examinations, however they could overlook
damage or concealed flaws that could lead to mishaps.
Slower Response: Emergency responses may be
delayed as a result of stakeholders' often sluggish
communication during incidents.
Limited Monitoring: Conventional systems often use
track monitoring and simple signalling, which
frequently lacks the depth of real-time data required to
identify subtle issues like environmental risks or early
warning indications of mechanical breakdown.

IoT-Based Railway Safety Platforms

On the other hand, a contemporary, data-driven
approach to railway safety is introduced by IoT-based
railway safety systems. These platforms continuously
gather and analyse enormous volumes of data by
integrating sensors, cameras, and real-time monitoring
systems throughout the railway infrastructure.

This makes it possible to identify problems early on
that could jeopardise safe train operations, like track
misalignments, mechanical breakdowns, excessive
velocity, or environmental concerns (like fog or heavy
rain).

The ability of IoT-based technologies to make
predictions is one of its biggest benefits. IoT systems
anticipate when and where maintenance is required
based on historical and real-time data, rather than
waiting for flaws to become apparent as breakdowns.
For instance, sensors built into trains may keep an eye
on the state of the brakes, wheels, and other vital parts
and send out warnings when there is a chance that they
could fail. Predictive maintenance reduces downtime
and guarantees that repairs are made before mishaps
happen.
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Furthermore, a much more effective and coordinated
emergency response is made possible by the integration
of real-time data analytics and sophisticated
communication networks. When an event occurs, IoT
platforms may automatically alert operators,
maintenance teams, and emergency responders, giving
them comprehensive details including the problem's
nature, location, and suggested course of action. This
guarantees that accidents are handled quickly and
efficiently by drastically cutting down on response
time.

Advantages of IoT-Based Systems:

Proactive Approach: By enabling early detection and
prevention of possible problems, IoT devices lower the
chance of accidents.

Real-Time Monitoring: Ongoing data gathering gives
operators immediate information about the state of the
infrastructure and trains, enabling them to take prompt
action.

Predictive maintenance minimises unscheduled
downtime and averts unanticipated breakdowns by
using advanced analytics to forecast when parts will
require maintenance.

Faster Emergency Response: By enabling quicker and
better-coordinated emergency responses, automated
alerts and communication systems reduce passenger
danger and damage.

Better Resource Allocation: IoT platforms improve
operational efficiency by better monitoring and
managing resources (such as maintenance crews and
emergency responders).

Comparison of Systems:

In summary, the existing traditional railway safety
systems are limited by their reliance on periodic
checks, manual interventions, and a reactive approach
to incident management. They also face challenges
such as slower communication, which can hinder
response efforts during emergencies. On the other
hand, IoT-based railway safety platforms provide a
modern solution by offering continuous monitoring,
predictive maintenance, real-time alerts, and efficient
collaboration among stakeholders. This shift towards a
proactive, data-driven approach not only enhances
safety but also improves operational efficiency and
reduces costs over time.

While traditional systems are still in place in many
parts of the world, the IoT-based approach marks a
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significant evolution in how railway systems can
manage safety, offering more reliable, effective, and
faster solutions to prevent accidents and ensure
smooth, safe operations.

LITERATURE SURVEY

In order to increase safety, efficiency, and
dependability, integrating IoT technologies into
railway platforms has been a major focus of research
and development in recent years. From real-time
monitoring to predictive maintenance, automated
incident response, and environmental hazard detection,
researchers and engineers have investigated several
facets of IoT-enabled railway systems. Important
research, developments, and difficulties in the
discipline are highlighted in this review of the
literature.

Real-Time Monitoring and Data Analytics

The use of IoT sensors for real-time rolling stock and
railway infrastructure monitoring has been the subject
of numerous research. Train speed, track alignment,
and structural integrity data are gathered via Internet of
Things devices including GPS trackers, strain gauges,
and vibration sensors. For example, a study by Kumar
et al. (2020) showed how well IoT sensors work to
identify truck vibrations and track imperfections,
enabling prompt actions to stop derailments. Similar to
this, Zhang et al. (2019) investigated the use of wireless
sensor networks to track weather patterns that can
interfere with train operations, like fog, rain, and
landslides. These studies highlight how the Internet of
Things (IoT) helps operators make informed decisions
and avoid mishaps by delivering continuous, real-time
data.

Predictive Maintenance

In order to decrease unscheduled downtime and
prolong the life cycle of railway equipment, predictive
maintenance—powered by [oT and machine learning
algorithms—has been extensively researched. In order
to track the condition of train parts including wheels,
brakes, and engines, Patil et al. (2021) developed a
predictive maintenance framework that makes use of
Internet of Things sensors. The system forecasts when
components are likely to fail by evaluating both
historical and current data, enabling maintenance teams
to take preemptive measures to fix problems. In
addition to increasing safety, this strategy lowers
maintenance expenses and boosts operational
effectiveness. In order to reduce the likelihood of track-
related accidents, Chen et al. (2018) showed in another
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study how predictive analytics might be used to
identify early indicators of track wear and tear.

Incident Detection and Management

In order to identify and address incidents in real time,
IoT-based railway platforms have also been developed.
Singh et al. (2020), for instance, suggested an Internet
of Things-enabled collision avoidance system that
combines sensor, RFID, and GPS technologies to track
train movements and avert collisions. In the event of a
possible collision, the technology automatically
notifies control centres and train operators,
guaranteeing prompt action. Similar to this, Gupta et al.
(2022) investigated the application of IoT in incident
management, wherein cloud-based platforms and IoT
devices  enable real-time  coordination and
communication between emergency responders,
maintenance teams, and railway operators. Their
research demonstrated how the Internet of Things may
speed up response times and lessen the effects of
mishaps.

Environmental and External Hazard Monitoring

The role of IoT in tracking outside threats that may
compromise railway safety has also been studied.
Rahman et al. (2021) looked into using Internet of
Things sensors to identify harsh weather, flooding, and
landslides close to railroad tracks. Their software gives
operators early warnings by combining the Internet of
Things (IoT) with geographic information systems
(GIS), enabling trains to be stopped or diverted in
dangerous locations. In a different study, Park et al.
(2019) created an Internet of Things (IoT)-based
weather monitoring system that helps operators adjust
to shifting environmental conditions by measuring
variables including visibility, wind speed, and rainfall
intensity.

Challenges in loT-Based Railway Platforms
Notwithstanding the progress, there are still a number
of obstacles to overcome in the deployment of IoT-
based railway systems. Since the widespread use of [oT
devices creates enormous volumes of sensitive data
that may be subject to cyberattacks, data security and
privacy are major concerns. To safeguard IoT
networks, studies like Sharma et al. (2020) have
underlined the necessity of strong encryption and
authentication procedures. Another issue is the
expensive cost of setting up and maintaining [oT
infrastructure, which is especially problematic in
underdeveloped nations. Another problem is
scalability, since current systems need to be modified
to manage the increasing amount of data produced by
IoT devices.
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Future Directions

In order to overcome these obstacles, recent research
emphasises the possibility of combining IoT with
cutting-edge technologies like blockchain, 5G
communication, and artificial intelligence (AI). For
instance, Lee et al. (2022) suggested an Al-driven
Internet of Things platform that improves the precision
of event detection and predictive maintenance through
machine learning techniques. Similar to this, it has been
proposed that 5G networks be used to increase the
speed and dependability of data transfer in loT-based
train systems. Additionally, blockchain technology has
been investigated for protecting IoT data and
guaranteeing open communication between parties.

FRAME-WORK OF THE 10T SYSTEM

Data collection from several sources is the first step in
the methodical and connected process that powers the
IoT-Based Railway Safety Platform. Critical elements
including train speed, track conditions, temperature,
and weather are continuously monitored by Internet of
Things (IoT) sensors placed throughout railway lines,
trains, and the surrounding area. In order to evaluate the
general condition of the railway system, these sensors
record data in real time, including vibrations, track
stress, possible blockages, and train mechanical health

indicators.
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Fig. 1. Flowchart illustrating the operational sequence of the

proposed IoT-based railway safety platform, from data
acquisition and analysis to alert generation and response
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After being gathered, the data is sent to a cloud-based
platform or central control system for processing and
analysis. Since the data is transmitted in real-time, any
anomalies or possible problems are found quickly.
Predictive analytics and sophisticated algorithms are
used to analyse the data in the following step. Track
misalignments, mechanical wear in train components,
or hazardous weather conditions are just a few
examples of the early warning indicators of possible
failures that these analytics assist in identifying. The
system can anticipate when and where maintenance is
needed by continuously analysing enormous volumes
of data, enabling proactive measures as opposed to
reactive reactions to malfunctions.

After data analysis, predictive maintenance is
performed using the knowledge gathered from the
analysis. By predicting when a component (such as a
track, signal, or train part) would break, the system
helps railway operators plan repairs before a problem
happens. As a result, there is less danger of accidents
and unplanned failures. Predicting maintenance
requirements allows the system to maximise resources,
minimise downtime, and guarantee the railway
network's continued safety and functioning.

Incident detection algorithms instantly determine the
severity of the situation if any operational problems or
safety threats are identified. For example, the system
detects possible hazards and sends out the proper
notifications if a train goes over the speed limit, if there
is a track issue, or if the weather turns dangerous (for
example, fog or heavy rain). Through automated
notifications, these alerts are distributed to the
appropriate parties—emergency responders,
maintenance crews, and train operators—improving
reaction times and guaranteeing that everyone is aware
of the problem as soon as possible.

Protocols for incident management are initiated as soon
as an incident is identified. The platform makes it
possible for the parties concerned to coordinate and
communicate in real time, guaranteeing that the
required steps are executed right away. For instance,
maintenance crews can be sent out if a train has a
mechanical issue, and emergency personnel can be
notified in the event of an accident. To guarantee a
prompt and well-coordinated response, resources like
emergency personnel, trucks, and spare parts are also
tracked and handled.

The platform has the ability to automatically start
automated safety procedures in emergency scenarios.
To stop accidents before they happen, the system
might, for instance, automatically engage the braking
systems or slow down the train if it detects a possible
collision or derailment. The system's capacity to
safeguard travellers and railway employees from
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danger in emergency situations is significantly
strengthened by this intervention capability.

The system creates post-incident reports following an
incident or near-miss occurrence, including the events
that led up to the incident, its causes, the actions that
were taken, and the results. Because they offer
information on how the system handled the problem
and what may be done to stop future occurrences of the
same kind, these reports are useful for analysis and
development. This information is essential for ongoing
education and enhancing existing safety procedures.
Finally, one of the main characteristics of the loT-based
railway safety platform is ongoing improvement.
Based on historical occurrences and new trends, the
system continuously evaluates performance data to
improve its algorithms and update safety precautions.
This raises the platform's overall dependability, lowers
false alarms, and increases prediction accuracy. The
platform develops into a more effective and efficient
safety solution by learning from each incident and
getting better over time, guaranteeing that the railway
system stays secure, safe, and operationally optimised.
To sum up, the IoT-based railway safety platform
provides a proactive and dynamic method of preserving
railway safety. This platform greatly increases the
overall dependability and safety of the railway network
by continually monitoring the system, anticipating
maintenance requirements, enabling rapid response
times, and offering automatic safety interventions.
Compared to conventional, reactive railway safety
procedures, its capacity to combine real-time data,
predictive analytics, and automated control systems
marks a substantial advancement.
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