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Title of the Project:

How to create an reliable automated proximity alert system for safety of
railway workers and other people.

1. INTRODUCTION

Engineering Problem and Goal

The engineering problem addressed by this project is the significant safety risk to
railway workers who are focused on maintenance and repair tasks and are unable to
detect approaching trains in time due to low visibility or high ambient noise. It will
also avoid tragedy such as happened in our Cuddalore District on July 8, 2025 where
three children and van driver killed by the collision of school van with train at a
manned level crossing. The human losses may have been avoided if a reliable alert
system is in place. More over several rallway workers are losing their life in accidents

which can be avoided by having a reliable alert system.

This research focuses on the area of electrical engineering and automated systems
for enhancing human safety in high-risk industrial environments. The need for this
research is driven by the significant dangers faced by rallway workers, who reguire a
reliable and automated means of detecting approaching trains. The primary
engineering goal is to design, construct, and test a proof-of-concept model for a

refiable, low-cost, automated proximity alert system.

Current Knowledge and Project Justification

Railway workers performing critical maintenance, inspection, and repair tasks are
often exposed to a high-risk environment. Their focus s on the task at hand, which
can make them susceptible to approaching trains, especially in areas with limited
visibility (e.g., blind curves) or high ambient noise from machinery. This inherent risk
creates a pressing need for a technological solution that can provide an early and
unmistakable warning. The societal impact of this research is profound; by
preventing a single accident, the system could save a life, spare a family from
tragedy, and reduce the financial and emotional burden of workplace incidents.



Existing safety protocols often rely on human lookouts or complex, expensive
signalling systems. There is a need for a simple, localized, and easily deployable
solution that can provide an immediate and unmistakable waming directly to the
workers, This project represents an innovation, as it adapts existing sensor and
microcontroller technology to create a new, practical safety device for a specific
high-risk environment. This research builds upon the established principles of
vibration sensing and wireless communication, as explored in existing literature on

railway infrastructure monitoring.

2. METHODS

Research Problem and Question
The central problem is the lack of a reliable, automated, and localized proximity
warning system for railway workers. The core research question is: " Can g vibration-

based sensing system, utilizing a piezoelectric sensor, reliably detect an approaching
train and trigger an alert with sufficient response time to ensure worker safety?”

Why the Problem Has to be Solved

This problem must be solved to mitigate the high risk of fatal accidents, provide a
low-cost, scalable safety solution for railway operations, and improve overall worker

confidence and productivity.

Proposed Methods and Procedures

The proposed method for building and testing the prototype is a controlled, small-
scale laboratory experiment using a model train set. The prototype will consist of
two primary units: a Detector Unit and an Alert Unit, each built on an Arduino

microcontroller.



Step-by-Step Procedure
1. Circuit Assembly:

= A detector circuit will be built by connecting a Piezo vibration sensor to

an analog input pin on an Arduino Uno microcontroller.

= An alert circuit will be built by connecting a buzzer module and a light-

emitting diode (LED) to a digital output pin on a second Arduino Uno,
Both circuits will be assembled on separate breadboards for ease of
testing and modification.

2. Programming the Microcontrollers:

= The detector Arduino will be programmed to continuously read the
analog input from the Piezo sensor. A threshold value will be set in the
code to distinguish train vibrations from ambient noise. When the
vibration value exceeds the threshold, the Arduino will send a HIGH
signal to its output pin.

= The alert Arduino will be programmed to constantly monitor its input
pin. Upon receiving a HIGH signal, it will activate the buzzer and LED

for a preset duration of 5 seconds.

3. Experimental Setup:

= A standard model train track will be set up.

- The detector unit, with the Piezo sensor secured to the track, will be
placed at a designated starting point.

= The alert unit, with the buzzer and LED, will be placed at a variable
distance from the detector unit. The two units will be connected via a

simple wire for the initial test.



Data Collection Plan
The following data will be collected during the testing phase:

+ Reliability: For each distance setting, the train will be run a minimum of 10
times. A tally of successful alert activations will be kept to calculate a

percentage.

+ Response Time: A stopwatch will be used to measure the time delay

between the train's passage over the sensor and the activation of the alert.

« Effective Range: The maximum distance at which the alert unit successfully
receives a signal will be recorded.

The collected data will be recorded in a series of tables.

Contingency Plan

In the event that the initial engineering goals are not met (e.qg., if the piezoelectric
sensor proves unreliable in a noisy environment), the prototype will be revised. The
next plan would involve changing the prototype to incorporate a different type of
sensor, such as an infrared break-beam sensor. The new prototype would be
designed to detect the interruption of a light beam by the train, which might offer a
more reliable detection method independent of track vibrations. The testing

procedures would then be adjusted to evaluate the performance of this new sensor.

Variables Involved

+ Independent Variable: The distance between the detector unit and the
alert unit,

+ Dependent Variables:

= Reliability: The percentage of successful detection and alert
activations.

- Response Time: The time delay between the train's passage over the

sensor and the activation of the alert.



- Effective Range: The maximum distance over which the alert signal
can be transmitted successfully.

+ Controlled Variables: The speed of the model train, the type of track, and
the battery levels of the microcontrollers will be kept constant throughout the

experiment.

3. SCOPE OF PROJECT

The final outcome of this project is a functional prototype that demonstrates the
viability of an automated, low-cost safety system. This prototype will serve as a

proof-of-concept for a full-scale, real-world application.

+ Benefit to the End User: The primary benefit to rallway workers is a
significant enhancement in safety. The system provides a dependable,
automated alert, allowing them to focus on their work with greater confidence
and reducing the risk of accidents. It also ensures safety to general public
avoiding mishaps resulting in loss of human life, This will further ensure the
trust of people to move towards public transport. Beyond this, the system
reduces the need for a dedicated human lookout, thereby improving overall
operational efficiency. The use of both audible and visual alerts is designed to
cut through high levels of ambient noise, ensuring the warning is received in

all conditions.

+ Commercialization and Performance Enhancement: The system's
design utilizes readily available, inexpensive components, making it a highly
cost-effective and scalable solution for raillway companies. Unlike large-
scale, track-wide signalling systems, this solution s localized and can be
deployed exactly where and when it is needed, offering a low barrier to entry
for adoption. The project's success would demonstrate a clear path toward
commercialization as an affordable, performance-enhancing safety product for
the industry. Future performance enhancements could include incorporating a

wireless communication module for greater range, using solar panels to make



the units self-sufficient, and adding a second sensor to provide directional
information to workers (e.g., "Train approaching from the east”). The
modular nature of the system allows for easy customization and integration
with existing safety protocols, It will also provide employment to locals there
by avoiding over heads resulting in ensuring a reliable alert system in

affordable cost.

Risk and Safety

« Potential Risks: The primary risks involve the handling of small electrical
components and tools, potential for minor electrical shock from the 9V
batteries, and the risk of the buzzer being too loud and causing auditory

discomfort,

+ Safety Precautions: Adult supervision is required during all stages of the
experiment. All electrical components will be handled with care, and circuits
will be disconnected from the power source when being modified. The buzzer
volume will be kept at a safe level for a small-scale setting.
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