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Abstract

This study describes the comprehensive planning and execution of a novel End of Train Telemetry
(EOTT) system driven by Arduino. The system's track-side component consists of an IR sensor module,
an Arduino Nano, and carefully positioned LEDs. On the other hand, the train unit has a buzzer, an
extra IR sensor, GPS, GSM communication, and Arduino Nano controllers. With the ultimate goal of
enhancing operational efficiency and safety measures inside railway systems, the EOTT system
leverages the capability of wireless connectivity, GSM communication protocols, and real-time GPS
tracking mechanisms to enable seamless data interchange between the train and track units. The train's
position can be precisely detected thanks to the IR sensor, and location-specific actions can be activated
by using LED. Moreover, the proposed system not only modernizes railway safety practices but also
provides visual and audio alerts, enhancing communication and responsiveness with trackside
personnel. By integrating cutting-edge technologies, this research significantly advances operational
efficiency and overall safety standards in railway operations.
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INTRODUCTION

In contemporary transportation networks, the paramount importance of ensuring operational
effectiveness and railway safety cannot be overstated. In response to this imperative, this study
introduces a pioneering proposal geared towards the replacement of traditional brake vans with an
innovative End of Train Telemetry System (EOTT).

This proposed system harnesses advanced technologies to revolutionize railway operations. Within
the train unit, state-of-the-art components such as Arduino Nano controllers, GPS modules, GSM
modules, Ultrasonic sensors, and buzzers are employed. Complementarily, the track unit is equipped
with Arduino Nano controllers, IR sensors, and LEDs.

The primary objective of this novel proposal is to significantly enhance safety measures through the
establishment of seamless wireless connectivity between the train and track components, facilitated by
GSM communication channels and real-time GPS
o T G ] tracking capabilities. The incorporation of an IR
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towards modernizing and optimizing railway systems for the benefit of both passengers and industry
stakeholders [1-3].

RELATED WORK
1. Review Stage: The field of Arduino-based railway security and surveillance is rapidly evolving,
with numerous research projects exploring various functionalities and applications. Here's a
detailed analysis of some noteworthy related works:
a. End of Train Telemetry and vehicle integrity monitoring system " (2021):
o Similarities: Both utilize Arduino for control and wireless communication for remote
monitoring.
o Differences: They have focused on providing security to the train using two units one at head
and another at the end of train [4].
e Insights: Explore how your system could integrate sensors and other components to provide
overall security.
b. Wireless sensor network based model for secure railway operations (2006):
o Similarities: Both employ Arduino for control and remote control functionality.
o Differences: It is more focused on creating network of wireless sensor to check the inclination
in tracks.
¢ Insights: Consider incorporating microconroller control capabilities for targeted robotic arm
alongside image processing [5].
c. Intelligent Telemetry for freight train (2010):
e Similarities: Both utilize microcontroller, sensors for detection, and wireless communication.
o Differences: They have focused on nodel of freight train and also wifi which is not possible
in our scenario
o Insights: Explore integrating your units onto train [6].

PROPOSED SYSTEM
The proposed EOTT system comprises the following key components:

Hardware
1. Microcontroller
e Arduino Nano: Serves as the central processing unit, controlling sensors and communication
modules (Figure 1).
2. Sensors
e GPS Module: Provides real-time location information for tracking and geofencing the robot's
movement. Particularly useful for large or outdoor deployment [7].
e IR Sensor: An IR sensor is device that detects infrared radiation emitted or reflected by objects.
It operates by measuring the intensity of infrared radiation and converting it into an electrical
signal.
3. Communication Module
e GSM module: Enables sending SMS alerts and data communication in remote areas without
reliable Wi-Fi access. Ideal for large or isolated spaces [8].
4. Additional Considerations
e Chassis: A sturdy base frame to mount all components and protect them from environmental

damage.
e Power Supply: Rechargeable battery or reliable power source to sustain the robotic arm
operation.
Software

1. Arduino IDE: Used to program the robot's functionality, including:
e Sensor data processing and interpretation for continuous distance detection between bogeys as
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well as detection of train on track [9].
o Algorithms for continuous detection.
e Communication protocols for GSM data transmission.
o Alarm triggers and notification mechanisms for decoupling and two trains on same track.

Figure 1. Arduino Nano.

Proposed Workflow

e Sensor Monitoring: The units continuously scans it using IR sensors.

o Detection: When a Ultrasonic sensor detects that the distance between to bogies goes beyond the
default distance alert will be sent.

¢ Navigation: The geographic location of the train is sent to avoid any further mishap. GPS location
sent via GSM to designated person .

e Communication: Depending on the environment and available connections:
o Sends SMS alerts and sensor data via GSM to designated users in remote areas.

HARDWARE IMPLEMENTATION AND RESULT

Construction

e Train & Track: A train is designed in such a way that the units (train and track) are
mounted/attached.

e Component Mounting: Arduino Nanos is mounted on train and attached to track for easy access and
wiring. Sensors (GPS and IR) are positioned strategically based on their function. Communication
modules (GSM) are connected with antennas for optimal signal reception.

e Power Supply: A rechargeable battery pack or AC- DC adapter provides reliable power. Voltage
regulators ensure stable voltage levels for all components [10].

e Wiring and Connections: All components are connected using jumper wires and breadboards for
prototyping and easy modifications. Permanent connections can be soldered for improved
robustness (Figure 2).

Sensor Calibration

o IR sensors: Active IR sensor work with radar technology and they both emit and receive infrared
radiation. This radiation hits the object nearby and bounces back to the receiver of the device.

e GPS module: Tested for location accuracy and configured for geofencing if needed.

Communication
e GSM Module: Verified for SMS alert delivery and data communication in areas without Wi-Fi
access.

Testing and Results

o Detection: Conducted in controlled environments with simulated trains. Measured accuracy and
response time of sensors in triggering alarms.

o Alert System: Based on the predetermined parameters (such as the distance threshold), test the LED
and buzzer alarm system. Make that the alarm system reacts to environmental changes in a suitable
manner.

o Navigation: Check delivers location-based information accurately. Verify that the GPS position
matches the actual place.
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o Communication: Measured the range and reliability of data transmission through GSM connections.
Analyzed latency and signal strength in different environments.

Results Summary

e The entire system successfully started either when the distance between the bogies crossed the
threshold or same another train was detected generated alarm with high accuracy.

e Range detection and train detection using various sensors proved effective, preventing accidents on
the tracks.

e Communication through GSM was reliable within their respective ranges, enabling data
transmission (Figure 3).
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Figure 2. Block Diagram of Hardware Implementation.

Figure 3. Train System.

Discussion and Future Work

e The seamless integration of GPS, GSM, and IR sensor technologies within the system significantly
amplifies the precision and efficacy of train location monitoring, thereby facilitating prompt safety
responses and mitigating potential hazards.

e The inherent flexibility afforded by the color sensor functionality enables the system to dynamically
adapt to diverse railway contexts, thereby facilitating location-specific actions tailored to varying
operational scenarios.

e The incorporation of visual and audio alarms within the system serves to augment communication
channels with track-side staff, while concurrently introducing an additional layer of safety to the
operational environment, thereby enhancing overall safety protocols.

e Looking ahead, the integration of machine learning capabilities holds promise for further refining
the system's adaptability to evolving track conditions, thereby ensuring sustained operational
effectiveness and safety enhancements.

e Furthermore, the envisioned integration with 5G connectivity and edge computing technologies
stands to revolutionize the system's dependability and data transmission speed, ushering in an era
of unparalleled system reliability and enhanced operational efficiency within railway networks.
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PERFORMANCE EVALUATION

The evaluation of the system's performance hinges on several crucial criteria, each meticulously

assessed to ascertain the efficacy and reliability of the proposed solution:

a. Distance Measurement Accuracy: A meticulous analysis of the laser sensor's performance is
conducted to determine the accuracy of its distance measurements. By comparing the measured
distances against real-world distances, the system's precision and reliability are thoroughly
scrutinized.

b. Response Time: The responsiveness of the system is gauged through comprehensive testing,
encompassing the time taken for calculations and the subsequent display of distances. It is
imperative to ensure swift responses to environmental changes, thereby enhancing the system's
adaptability and usability.

c. Robustness: The system's resilience to diverse environmental conditions is rigorously evaluated
to ascertain its consistency and reliability across various scenarios. Extensive testing in different
settings allows for a comprehensive assessment of the system's robustness and operational
stability.

d. Communication Range and Reliability: The efficacy of GSM-based remote communication is
assessed in terms of both range and signal strength. Through systematic testing, the system's
ability to maintain reliable communication over varying distances and under different signal
conditions is thoroughly examined.

e. Power Consumption: An in-depth analysis of the system's power usage is conducted, focusing
on optimizing hardware and programming to minimize power consumption, especially in battery-
powered applications. By implementing efficient strategies, the system's overall energy
efficiency and longevity can be significantly enhanced.

By meticulously evaluating the system's performance across these critical criteria, a comprehensive
understanding of its capabilities and limitations is achieved, paving the way for further refinement and
optimization to ensure optimal functionality in real-world applications

CONCLUSION

In essence, the proposed End of Train Telemetry (EOTT) system represents a substantial leap forward
in enhancing both the safety and operational efficiency of railway systems. It comprises a
comprehensive array of components, including IR sensors, buzzers, Ultrasonic sensors, GSM modules,
and GPS modules. Through this study, the practicality and benefits of transitioning from conventional
brake vans to this advanced technological alternative are convincingly demonstrated.

The integration of the IR sensor is pivotal to the system's capability to intelligently respond to
variations in track distance between the train, thereby ensuring optimal safety measures.
Simultaneously, the IR sensor deployed on the track guarantees pinpoint accuracy in identifying the
train's location, further fortifying the safety infrastructure within the railway environment.

The EOTT system boasts a range of features, including wireless communication, real-time tracking,
and dynamic adaptability to diverse railway conditions, all made possible through the seamless
interaction of its constituent components. The system's capacity to communicate effectively with track-
side personnel is bolstered by its utilization of visual and auditory alert methods.

This study represents a noteworthy contribution to ongoing efforts aimed at refining railway safety
protocols and operational effectiveness. The successful implementation of the EOTT system
underscores the potential for transformative technological advancements within the realm of railroad
transportation, heralding a future characterized by heightened security and operational efficacy in rail
operation.
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