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ABSTRACT

Real-time passenger information and safety are critical aspects of modern railway systems. Traditional
railway systems rely on manual announcements and limited automation, which may lead to inaccurate
station updates and delayed safety responses. This paper presents the design and implementation of an
loT-based station name and distance indicator system integrated with multiple safety sensors for smart
railway applications. The proposed system utilizes a microcontroller-based embedded platform
integrated with GPS, fire, smoke, and water level sensors to provide real-time station information,
distance to the next station, and enhanced passenger safety. The system displays station names and
distance metrics on an LCD module and provides automated alerts in emergency conditions.
Experimental results demonstrate improved accuracy, reduced human dependency, and enhanced safety,
making the proposed system suitable for smart railway environments.

Keywords— Internet of Things (IoT), Smart Rallways, GPS, Embedded Systems, Passenger Information
System, Safety Monitoring.

I. RELATED WORK

Several researchers have explored automation and safety in railway systems. Flame and smoke detection
systems using Arduino-based platforms have shown significant reductions in response time to hazardous events.

MQ-series gas sensors are widely used for smoke and gas detection in public transportation systems. GPS-
based train tracking systems have also been proposed for real-time monitoring and ETA estimation.

However, most existing systems focus either on passenger information or safety monitoring individually. The
proposed system integrates both real-time passenger information and multi-parameter safety monitoring in a
single low-cost embedded platform, offering a comprehensive smart railway solution.

11.LOBJECTIVE:

1 Primary Objectives

* Design and Development To conceptualize, design, and implement a comprehensive
smart railway safety system using Arduino microcontroller as the central processing unit,
demonstrating the practical application of embedded systems in transportation safety.

» Multi-Parameter Hazard Detection To continuously detect and monitor three critical
safety parameters within train compartments:

» Abnormal water levels (both overflow and inadequate supply) in toilet facilities

» Automated Safety Control Systems To implement intelligent automated control
mechanisms, specifically:

* Emergency toilet door locking during water overflow situations to prevent passenger entry
into hazardous areas

» Servo motor-based precise control for reliable door operation

» Fail-safe mechanisms to ensure safety even during system malfunctions
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2 Secondary Objectives

* Automation Advancement To reduce dependence on manual human intervention in safety monitoring and
emergency response, thereby eliminating delays caused by human reaction time limitations.

* Response Time Optimization To improve emergency response time from detection to
Alert activation, achieving near-instantaneous notification (typically within 1-2 seconds of
hazard detection).

*Technology Demonstration To demonstrate the viability and effectiveness of low-cost
embedded systems in critical safety applications within the transportation sector.

* Scalability Proof of Concept To create a scalable prototype that can serve as a foundation for larger
implementations across multiple train coaches and entire railway networks.

*Educational and Research Value To provide a comprehensive learning platform for understanding
I11. System Architecture

The overall architecture of the proposed system is shown in Fig. 1 (Block Diagram). The system consists of the
following major components:

Microcontroller Unit (ATmega328/Arduino UNQO)
GPS Module (for location tracking)

Fire Sensor (Flame detection)

Smoke Sensor (MQ-2 gas sensor)

Water Level Sensor (Toilet overflow detection)
LCD Display (Station and distance display)

Servo Motor (Automatic toilet door control)

VVVYVVYVYY

DC Motors (Train movement simulation)
Buzzer (Audio alert system)
IoT Communication Module (Wi-Fi/GSM — optional)

Y VYV

The GPS module continuously provides real-time latitude and longitude data. The microcontroller processes this
data and compares it with a preloaded database of station coordinates to identify the next station and compute
the remaining distance. Sensor data is simultaneously monitored to detect hazardous conditions.

Fig: mart train -circuit diagram

IV. Hardware Implementation
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A. Microcontroller Unit

The ATmega328-based Arduino UNO is used as the main controller. It processes sensor inputs, GPS data, and
controls output devices such as LCD, buzzer, motors, and servo.

B. Sensor Modules
Fire Sensor: Detects infrared radiation emitted by flames.
Smoke Sensor (MQ-2): Detects smoke and combustible gases.

Water Level Sensor: Detects abnormal water levels in train toilets.

C. Display and Alert System

A 16x2 12C LCD module displays station names, distance to next station, and warning messages. A
piezoelectric buzzer provides audible alerts during hazardous conditions.

D. Motor and Servo Control

DC motors simulate train movement. A servo motor is used to automatically lock the toilet door during water
overflow conditions for passenger safety.

Blockdiagram of RPS
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Figure: Block diagram of Regulated Power supply Unit

V. Software Development

The system software is developed using the Arduino Integrated Development Environment (IDE). The program
includes modules for:

GPS data acquisition and parsing

Station database matching

Distance calculation using Haversine algorithm
Sensor data acquisition and threshold detection
LCD display updates

Motor and servo control logic

Emergency alert handling

VVVVVYVYY

The control logic ensures that safety alerts override normal display operations to prioritize passenger safety.

VI. RESULTS AND DISCUSSION
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The prototype was tested using predefined station coordinates and simulated train movement. The system
successfully displayed correct station names and distance information in real time. Fire, smoke, and water level
sensors accurately detected abnormal conditions and triggered audio-visual alerts.

The integration of passenger information and safety monitoring significantly improves system reliability and
usability. The results confirm that the proposed system reduces human dependency, improves response time,
and enhances passenger awareness.

VII. Applications and Benefits

The proposed system can be deployed in:
Passenger trains for real-time station updates
Metro rail systems

Smart transportation systems

Railway safety monitoring systems

VVYVYVYVYYV

VIll. CONCLUSION

This paper presented an loT-based smart railway system that integrates real-time station name and distance
indication with multi-parameter safety monitoring. The system demonstrates the effective use of embedded
systems and 10T technologies to modernize railway passenger information and safety systems. Experimental
results validate the effectiveness and feasibility of the proposed approach. Future work includes cloud
integration, mobile application support, and large-scale deployment across multiple railway routes.
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