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Abstract—A Train accident caused by collisions and
track failures are significant concerns in railway safety.
This project aims to develop a Train Collision
Avoidance and Crack Detector SystemusingUltrasonic
and IR Sensors to enhance railway security. The
collision avoidance system employs an ultrasonic sensor
mounted on the train to continuously scan for obstacles
within a predefined range. If an obstacle is detected, the
system immediately sends an alert to the control unit,
which can trigger an automatic braking mechanism to
prevent a collision. Meanwhile, the crack detection
system utilizes an IR sensor to monitor the track
conditions. When a crack or gap is identified, the sensor
sends a signal to the microcontroller, which then alerts
railway authorities for timely intervention. A
microcontroller, such as Arduino or Raspberry Pi,
processes sensor data, and a wireless communication
module enables real-time alerts.

This technology provides a cost-effective and efficient
solution for automated railway safety, helping to
prevent accidents and reduce maintenance costs
through early detection of track defects. By integrating
smart sensing technology, this project aims to improve
operational reliability and ensure passenger security.
The system is controlled using a microcontroller that
processes sensor inputs and communicates with a
wireless module to send real-time alerts. By integrating
smart sensing technology, this system provides a cost-
effective and efficient solution for railway safety,
reducing  accidents and improving railway
infrastructure maintenance. The implementation of
such an automated monitoring system enhances the
operational reliability of railways, ensuring the safety of
passengers and minimizing financial losses due to train
accidents.

Index Terms—GSM, GPS, Arduino, IR sensors,
Ultrasonic sensors

1. INTRODUCTION
Indian Railways operates one of the largest railway

networks in the world, spanning approximately
115,000 kilometers. However, despite its scale and
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importance, railway operations still suffer from
human errors and miscommunication, leading to
accidents and train delays. One critical area is at
railway crossingswhere roads intersect with railway
linestypically managed manually. Mistakes in
manually opening and closing gates can cause severe
accidents.This project introduces a novel approach to
automating railway crossing gates using two IR
(infrared) sensors placed on either side of the
crossing to detect the train’s arrival and departure. A
motorized gate system responds to sensor signals by
opening or closing the gates automatically,
eliminating human error and enhancing safety [1].
Track Crack Detection System, Recent studies have
shown that over 25% of railway tracks need
replacement due to the development of cracks.
Manual inspection is time-consuming, labor-
intensive, and often inefficient. Our project proposes
a robust Railway Crack Detection System (RRCDS)
using a wired sensor network along the tracks. When
the connection between wires is interruptedindicating
a potential cracka notification is sent to railway
authorities via SMS. The system is integrated with a
GPS module to provide the exact location (longitude
and latitude) of the crack. Additionally, real-time
updates are available on an loT platform for
continuous monitoring [2].

Collision Avoidance System, Railways are an eco-
friendly and affordable mode of transport, widely
used for both short and long-distance travel.
However, increasing incidents of accidents due to
track obstacles or miscommunication have raised
safety concerns. A single train can carry around
2,000 passengers, and any collision can lead to
catastrophic consequences. Reports from Bangladesh
Railway highlight that 80% of the 2,541 level
crossings were illegally established, contributing to
frequent accidents. Between 2010 and 2017, 264
accidents occurred at such crossings, causing over
200 deaths and injuring hundreds more [3].To
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address this, our project aims to develop a low-cost,
high-reliability collision prevention system. The
proposed system uses GPS for train positioning and
an ultrasonic  sensor-based  distance-measuring
system integrated with a PIC16F877 microcontroller.
Ultrasonic sensors detect nearby obstacles by sending
out high-frequency sound waves and measuring the
time it takes for echoes to return. This allows the
system to identify potential collisions in advance,
especially in poor weather conditions like fog or rain.

Sensor Integration for Railway Safety, to ensure
comprehensive railway safety, we integrate both
ultrasonic and infrared (IR) sensors. Ultrasonic
sensors are used for collision detection, identifying
objects on the track based on distance measurement.
IR sensors, on the other hand, monitor the track for
cracks or deformities by detecting changes in heat
signatures or surface reflectivity. Together, these
sensors provide a real-time safety mechanism that
reduces the likelihood of accidents due to both
collisions and track faults. This integrated system not
only improves operational safety but also reduces
maintenance costs by offering early detection and
precise fault localization. Ultimately, it contributes to
a safer, more efficient, and reliable railway
transportation network.

2. PROBLEM STATEMENT

A train collision avoidance and crack detection
system using ultrasonic and infrared (IR) sensors
highlights the urgent need to improve railway safety
and reduce accidents. Railways, as one of the most
extensively used modes of transportation, face
significant risks such as collisions caused by
obstacles on the tracks and derailments resulting from
undetected cracks or defects in the rails. Existing
systems often depend on manual inspections or
conventional methods, which can be inefficient,
timeconsuming, and prone to human error.
Additionally, environmental challenges like poor
visibility further limit the effectiveness of these
methods [4].

This project proposes a cost-effective and automated
solution using ultrasonic and IR sensors for real-time
monitoring and detection. Ultrasonic sensors will
identify obstacles on the tracks by measuring the
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distance to objects through high-frequency sound
waves, while IR sensors will detect cracks or defects
by analyzing the thermal or reflective properties of
the rails. Railway transportation, while being one of
the most affordable and eco-friendly modes of mass
transit, faces significant safety challenges due to
collisions and track failures. A large number of train
accidents occur annually as a result of obstacles on
tracks, undetected track cracks, and human error at
railway crossings. Manual inspection of railway
tracks and manual operation of crossing gates are
time-consuming, error-prone, and insufficient for
real-time threat detection and response [5].

Existing systems often lack automation, real-time
communication, and environmental adaptability,
which leads to delayed responses and severe
consequences, including loss of lives, property
damage, and service disruptions. There is a critical
need for a low-cost, automated system capable of
detecting obstacles and cracks on railway tracks and
preventing collisions by alerting the train operators
and concerned authorities promptly.

3. PROPOSED METHOD

Li-Fi
Alarm ,
Transmitter

v

Power Supply |y

» MOTOR DRIVE
GSMSIM  «—=  ARDUINO
ULTRASONIC
GPS — | SENSOR

Figurel: Block Diagram of Transmitter

This system focuses on avoiding train collisions and
detecting track cracks using a combination of
ultrasonic sensors and Li-Fi technology. Here's an
explanation of the project using the block diagrams
provided:
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The core component of the system is the Arduino
microcontroller, which processes data from the input
sensors and controls the output devices. It acts as the
primary control unit for data transmission and signal
handling.A dedicated power source provides the
required energy to the Arduino and other connected
modules.This sensor is used to detect obstacles or
objects in close proximity to the train. By measuring
the time delay between emitting and receiving
ultrasonic waves, it calculates the distance of nearby
objects.The GPS module tracks the exact location of
the train in real time, providing geographical
coordinates that can be used for monitoring purposes
or sending alerts [6].The GSM module is used to
transmit data or alerts via SMS to the concerned
authorities in case of emergencies, such as obstacle
detection or track issues.The motor drive receives
signals from the Arduino to control the movement of
the train. It can initiate actions like slowing down,
stopping, or changing direction based on sensor
inputs.Li-Fi (Light Fidelity) is used for high-speed,
short-range data communication. It sends signals
wirelessly using light waves to a corresponding
receiver in the receiver section.An alarm system is
activated in case of detected obstacles or potential
hazards, providing an audible alert to the train driver.

POWER |
SUPPLY
ARDUNO  fe—|  LiFi
RECEIVER
ALARM

Figure2: Block Diagram of Receiver

The Arduino microcontroller at the receiver side
processes incoming data from the Li-Fi receiver. It
receives data transmitted from the Li-Fi transmitter.
This data can include information about nearby
obstacles, track cracks, or other hazards. Supplies
power to the receiver module, ensuring uninterrupted
functionality. An alarm at the receiver section alerts
the authorities or operators about detected issues,
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ensuring timely action is taken. The ultrasonic sensor
continuously scans for obstacles on the tracks. If an
object is detected within a predefined distance, the
Arduino triggers the alarm and sends data via the Li-
Fi transmitter. The system uses the ultrasonic or IR
sensor to detect cracks or deformities in the railway
tracks. If any anomaly is found, the Arduino
processes this information and triggers alerts. The Li-
Fi transmitter sends real-time data to the receiver
module. This data can be about train location, track
condition, or nearby obstacles. If an obstacle or crack
is detected, the motor drive is controlled to slow
down or stop the train. Simultaneously, an alert is
sent to the authorities via the GSM module. The GPS
module tracks the train's location, enabling real-time
monitoring and allowing authorities to take
preventive measures. This system enhances the safety
and reliability of train operations by combining
ultrasonic and IR sensors with advanced
communication technologies like Li-Fi and GSM.

The Train Collision Avoidance and Crack Detection
System works by integrating ultrasonic sensors, GPS,
GSM, and Li-Fi technology to ensure the safety of
train operations. The system employs an ultrasonic
sensor to continuously monitor for obstacles ahead of
the train. When an obstacle, such as another train or
an object, is detected, the sensor sends data to the
Arduino microcontroller, which calculates the
distance. If the distance is below a critical threshold,
the system triggers an alarm to alert the driver, halts
the train by controlling the motor drive, and sends the
information to the control center via the Li-Fi
transmitter [7].

Additionally, the system uses the ultrasonic or IR
sensors to scan the railway tracks for cracks or
structural deformities. When a crack is detected, the
Arduino processes the data, activates the alarm, and
utilizes the GPS module to capture the train's exact
location. This location is sent to railway authorities
through the GSM module, ensuring they are promptly
informed of the issue. The Li-Fi communication
system also transmits real-time data about track
conditions or obstacles to the receiving module for
further action.

The system's GPS module continuously tracks the
train’s position for real-time monitoring. In
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emergencies, it sends the train’s coordinates to the
authorities, enabling immediate response. Alarms and
SMS notifications are activated to inform the driver,
nearby trains, and the control center, ensuring
coordinated action to avoid accidents. Through this
integrated approach, the system ensures the timely
detection of obstacles and track cracks, effectively
preventing collisions and derailments, thereby
enhancing overall railway safety.

The Li-Fi transmitter enables short-range wireless
communication using light, making it ideal for
transmitting warning signals to nearby trains or
stations without relying on traditional radio
frequencies, which can be susceptible to interference.
A power supply module ensures all components
operate reliably by providing stable power.

At the core of this system is the Arduino
microcontroller, which serves as the brain of the
operation. It continuously monitors data received
from sensors and the Li-Fi receiver, makes real-time
decisions, and takes necessary preventive actions to
enhance train safety and prevent accidents. On the
receiving end of the Train Collision Avoidance and
Crack Detection System, the Li-Fi receiver plays a
critical role. It receives data transmitted through light
signals from the Li-Fi transmitter, which may be
located on a train or along the railway infrastructure.
This communication method offers high-speed,
interference-free data transmission—especially useful
in environments where radio frequency signals are
unreliable or unsafe. When the Li-Fi receiver detects
a signal indicating an obstacle, track crack, or
emergency condition, it sends the data to the
Arduino. The Arduino processes this information
and, if required, activates an alarm to alert nearby
personnel or systems. This rapid response capability
helps prevent collisions or mitigate damage.

The receiver module can be installed at nearby
stations, signal posts, or even onother trains, ensuring
that safety alerts are widely and effectively
communicated. The combination of Li-Fi
technologyandArduino control creates a responsive,
adaptable, and highly reliable system that contributes
significantly to railway safety and automation [8].
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4. WORKING MODEL

Figure 3: Train Collision Avoidance and Crack
Detector

This project presents a Train Collision Avoidance
and Crack Detection Systemcentered around
anArduinomicrocontroller, which coordinates and
controls all connected components and sensors.

At the core of the system, the Arduinofunctions as
the central processing unit. It continuously monitors
data from various sensors to detect obstacles and
track integrity issues in real time. An ultrasonic
sensor is deployed to detect obstacles on the railway
track by measuring the distance to any object ahead
of the train. If an object is detected within a
predefined hazardous range, the Arduino activates an
alarm to alert the train driver and simultaneously
sends a signal to the motor driver to slow down or
stop the train, thus preventing potential collisions.
For crack detection, aninfrared (IR) sensorcommonly
used in such applicationsis integrated to identify any
breaks or fractures in the track. Upon detecting a
crack, the system immediately triggers an alert and
notifies the relevant authorities. A GSM module
equipped with a SIM card is used to send SMS alerts
to predefined phone numbers, ensuring that railway
officials are promptly informed of any danger.
Additionally, the GPS module provides real-time
tracking of the train's location. When an issue is
detected, the GPS coordinates are sent along with the
alert, helping responders quickly identify and reach
the affected site [9].
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The system also incorporates Li-Fi technology for
short-range  wireless communication. A Li-Fi
transmitter on the train sends warning signals via
light to nearby stations, signal posts, or other trains.
Unlike  traditional  radio  frequency (RF)
communication, Li-Fi is immune to electromagnetic
interference, offering a fast and secure means of
transmitting critical safety information.

On the receiving end, the Li-Fi receivercaptures these
light-based signals and relays them to the Arduino.
The microcontroller then processes the information
and, if a threat such as a detected crack or obstacle is
identified, activates warning alarms to alert personnel
or systems. This rapid and localized alert mechanism
enhances safety by enabling immediate preventive
actions.A reliable power supply module ensures
uninterrupted  operation of all components,
maintaining system stability at all times. The receiver
module can be strategically placed at various
locationsincluding nearby railway stations, control
posts, or other trainsto receive and respond to Li-Fi
signals from the transmitting unit.

In  summary, this system integrates Arduino,
ultrasonic and IR sensors, GSM/GPS modules,
andLi-Fi technology to create a comprehensive and
automated railway safety solution. Its high-speed
detection, communication, and response capabilities
significantly reduce the risk of collisions and
infrastructure-related accidents, making railway
operations safer, smarter, and more efficient.

5. CONCLUSION

We have successfully completed the “Railway Track
Crack Detection Using GPS & GSM” is a helping
unit which identifies the crack that present on railway
track using IR Sensor. Sensor will check whether the
crack is present or not and the message is displayed
on LCD display. So, this proposed system reduces
the railway accidents and saves the people life and
also reduces the economic losses. We have designed
and implemented our project successfully. This
technology has the early sensing of accidents and
thereby it can avoid accidents and ensures safety.

After completing the project though we observe few
limitations such as the system can be affected by bad
weather such as rain, storm etc. because as the
ultrasonic sensor uses the sound wave and the
velocity of sound varies with the humidity of the air.
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As a result, detecting object might take some more
extra time which can be costly but it has several
advantages such as the train can be located from the
SMS sent by GSM mentioning geographical position
of the train by GPS and the train stops automatically
after detecting obstacles and the driver fails to stops
the train before entering into danger area. In the
future, Image processing can be a better option for
this project [10].

6. FUTURE SCOPE

Train collision avoidance and crack detection
systems using ultrasonic and IR sensors is highly
promising, with the potential to revolutionize railway
safety and efficiency. These systems can significantly
enhance safety by preventing collisions and
derailments through real-time alerts and automatic
braking mechanisms. Advancements in sensor
technology are expected to improve the accuracy of
crack detection, identifying even micro-cracks that
could lead to serious accidents. Integration with
cutting-edge technologies like artificial intelligence
and machine learning can enable predictive
maintenance by analyzing sensor data for patterns
and anomalies. Additionally, 10T connectivity will
allow real-time data sharing between trains, tracks,
and control centers, ensuring faster and more
coordinated responses to potential threats. The
adoption of GPS and satellite communication can
further enhance the precision of collision avoidance
systems [11].

As sensor technology becomes more affordable and
energy-efficient, these systems can be widely
implemented across railway networks, including in
developing regions. Future designs are also expected
to include weather-resistant sensors capable of
operating reliably in extreme conditions, such as
heavy rain or fog. The incorporation of renewable
energy sources, like solar-powered sensors, will
make these systems sustainable and applicable in
remote or off-grid locations. With the move toward
autonomous and smart railways, these sensors will
play a crucial role in ensuring the safety of driverless
trains and  developing  self-diagnosing rail
infrastructure. Standardization of these technologies
can facilitate their global adoption, while
advancements in data analytics and material
innovation will further refine their capabilities [12].

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6248



© May 2025 | JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

Overall, these systems represent a vital step toward
safer, more efficient, and smarter railway operations
worldwide.
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