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Abstract: Railway stations are large and complex public environments containing platforms, entrances, exits, ticket
counters, waiting areas, food facilities, restrooms, enquiry desks and other passenger services. Finding a particular facility
can be difficult for first-time visitors, elderly passengers, passengers with disabilities and people travelling under time
pressure. This paper expands the SIH1710 problem into a structured research and prototype proposal for a software-based
railway-station navigation system.

The proposed system maintains a digital representation of station locations and provides route guidance from a
passenger’s current or selected starting point to a chosen destination. A mobile application can provide interactive maps
and directions, while digital kiosks can offer an alternative interface. Accessibility is treated as a core design consideration
through voice guidance, readable instructions, route preferences, multilingual assistance and optional augmented-reality
cues.

The paper discusses the problem definition, objectives, related technologies, system architecture, navigation workflow,
data entities, technology stack, testing approach, limitations and future scope. The work is presented as an academic
prototype-oriented solution; practical deployment would require station-specific maps, positioning infrastructure,
operational data, validation and coordination with railway authorities.

Keywords: Railway Station Navigation, GIS, Indoor Navigation, Mobile Application, Accessibility, Route Planning,
Augmented Reality

1. INTRODUCTION

Railway transportation serves a large and diverse passenger population. Inside a station, the physical environment may
include multiple levels, platforms, corridors, gates and service areas. A passenger unfamiliar with the layout may spend
significant time asking for directions or following static signs. A digital navigation layer can reduce this dependency by
converting the station environment into a structured map and presenting directions in a simple form.

Background

A digital station-navigation system can represent the physical station as nodes and paths. Facilities such as ticket counters,
restrooms, food areas and platforms can be stored as destination points. Corridors, stairs, lifts, gates and passages can be
represented as route segments. A navigation engine can then identify a suitable path between two points according to
distance, accessibility and user preferences.

Motivation
Help passengers find facilities without depending entirely on manual enquiries.
Reduce confusion in large or unfamiliar stations.
Provide accessible guidance for passengers with different mobility or visual needs.
Support multilingual and user-friendly interaction.
Explore AR and other location-aware technologies for intuitive directions.

Problem Definition

The central problem is how a software system can provide simple, accessible and reliable navigation to railway-station
facilities and locations in a complex physical environment. Major challenges include accurate station mapping, route
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selection, changing station conditions, indoor positioning, accessibility, interface simplicity, multilingual support and
reliable updates.

Scope

The project focuses on designing and prototyping a passenger navigation solution rather than claiming production
deployment. Inputs include station selection, starting location, destination facility, route preferences and optional
accessibility or language preferences. Processing includes location identification, map lookup, route generation,
destination matching and presentation of instructions. Outputs include an interactive map, route instructions, facility
information and optional voice/AR guidance.

Objectives
Develop a prototype railway-station navigation system for SIH1710.
Represent important station facilities and locations in a structured digital map.
Provide route guidance from a selected starting point to a destination.
Design a simple and accessible passenger interface.
Explore multilingual and voice-assisted navigation.
Study the feasibility of AR-based directional assistance.
Support updates to station facility and route information.
Evaluate usability, route clarity and response time in a controlled prototype.

Selection of Life Cycle Model

The Agile Model is suitable because navigation features can be developed and tested in small increments. A prototype
can first provide a basic map and destination search, followed by route generation, accessibility features, live information
and optional AR capabilities. This iterative approach supports repeated testing and refinement.

Development Cycle

Prototype — Testing — Evaluation — Improvement — Retesting

The cycle emphasizes that the proposed system is not treated as a one-time implementation. User feedback and test
observations can be used to improve route clarity, interface design and data quality.

Expected Contribution

The proposed work contributes a structured software concept for railway-station navigation that combines mapping, route
planning, accessibility and user-friendly interaction. Its emphasis is on the integration of these components within a
station-specific environment.

2. LITERATURE REVIEW

The literature and technology survey focuses on digital maps, indoor positioning, route planning, mobile navigation,
accessibility and augmented-reality interfaces. These areas provide the technical foundation for the proposed prototype.

Digital Maps and GIS

Digital mapping provides a structured representation of physical locations. For a station, the map can contain facility
points, corridors, platforms and connections between different levels. Accurate station-specific data is therefore central
to reliable navigation.

Graph-Based Route Planning

A station layout can be modeled as a graph in which walkable locations are nodes and connecting paths are edges.
Shortest-path algorithms can generate routes according to distance, accessibility or other constraints. This model is useful
because station navigation is fundamentally a problem of finding a path through connected physical locations.

Indoor Positioning

Indoor navigation may use Wi-Fi, Bluetooth beacons, QR markers, visual landmarks or device sensors. The appropriate
approach depends on station infrastructure, required accuracy and deployment cost. Since no single method is assumed
in the prototype, the starting point can be identified using more than one supported mechanism.

Mobile Applications

A cross-platform mobile application can provide destination search, maps, route instructions, language selection and
accessibility settings. A kiosk can provide an alternative interface for passengers who do not use the mobile application.
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Augmented Reality
AR can present directional arrows or labels over a live camera view. It may be useful at decision points such as corridors,
stairs and platform entrances. However, AR should complement clear map and text directions rather than replace them.

Comparison of Navigation Technologies

Technology Primary Use Advantages Limitations Suitability

Digital Map /| Station layout Simple, scalable Needs accurate station data | High

GIS

QR / Visual | Local positioning | Low infrastructure | Requires visible markers High for

Markers complexity prototype

Bluetooth Indoor positioning | Proximity-based guidance | Deployment/calibration Suitable

Beacons required

Wi-Fi Approx. location | Can reuse infrastructure | Accuracy varies Suitable

Positioning

AR Navigation | Visual directions | Intuitive cues Device/environment Optional
dependent

Critical Analysis And Research Gap

e Station-specific mapping is more complex than ordinary outdoor navigation because passengers move through
indoorcorridors, platforms, stairs and multiple levels.

e Accurate indoor positioning remains a practical challenge; therefore, the prototype should support more than
one wayof identifying the starting point.

e Navigation should not focus only on the shortest route. Accessibility requirements may require lift-based or
step-freeroutes.

e Static maps may become inaccurate when facilities or passenger flows change, so an update mechanism is
important.

e AR can improve intuitive guidance, but it should complement clear map and text directions.

e A combined solution integrating mapping, route planning, accessibility and user-friendly interaction can address
thecore needs of SIH1710.

3. METHODOLOGY AND PROPOSED SYSTEM
Proposed System Architecture
The prototype is organized into five logical layers: Presentation Layer, Location Layer, Station Data Layer, Navigation

Engine and Update Layer. Their relationship is shown below.

Figure 1. Proposed System Architecture
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Mobile App / Kiosk
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The architecture separates passenger interaction from location identification, station data, route generation and
administrative updates.This separation can make the prototype easier to test and extend.

Typical Navigation Workflow

The typical workflow begins when a passenger opens the application and selects a station. The system identifies or accepts
the starting point, searches for the requested facility, applies route preferences and generates a route. The resulting map
and instructions can then be presented with optional voice or AR assistance.

Figure 2. Typical Navigation Workflow
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Suggested Core Data Entities

Entity Example Fields

Station station_id, name, city

Facility facility id, type, name, location

Path path_id, start node, end node, distance

Node node _id, level, coordinates, accessibility

User Preference language, mobility preference, guidance mode

Route Selection Logic

The navigation engine can treat the station as a graph. The selected start node and destination node form the endpoints of
the route. The engine can then search connected paths and apply user constraints. For example, a passenger requesting
step-free navigation should be directed through accessible connections when those connections are available in the stored
station data.

Suggested Technology Stack

Component Possible Technology Purpose

Mobile App React Native / Flutter Cross-platform passenger interface
Backend Python Flask / Node.js APIs and navigation services
Database MongoDB / PostgreSQL Station and facility data

Maps GIS / custom station map Station layout and locations

AR ARCore / ARKit Optional visual guidance
Authentication Token-based access Protect administrative updates
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Accessibility-Centered Design

Accessibility is integrated into the proposed design rather than treated as an optional afterthought. The route preference
can account for mobility requirements, while readable visual instructions can support passengers who cannot use audio.
Voice guidance can help passengers who prefer spoken instructions. Multilingual assistance can reduce language barriers.
These features depend on accurate station data and appropriate interface testing.

User Interface Concept

The passenger interface should keep the main actions visible: station selection, starting-point identification, destination
search, route preference and guidance mode. The map should emphasize the passenger’s current location, the destination
and the recommended path. Instructions should be concise and presented at route decision points.

Update Mechanism

An authorized update layer is required because facilities, routes and station conditions can change. Updates may include
facility relocation, route closure, newly available services or changes to accessible connections. The prototype should
record and reflect such changes consistently across the navigation data.

4. TESTING AND EVALUATION

The prototype can be evaluated using destination search accuracy, route correctness, accessibility, usability, response
time, update consistency and optional AR/voice usability. These measures reflect both technical behavior and passenger-
facing clarity.

Destination search accuracy: whether the requested facility is correctly identified.

Route correctness: whether the generated route connects the selected start and destination.

Accessibility: whether a step-free or user-preferred route can be generated where data exists.

Usability: whether passengers can understand the map and instructions without excessive assistance.

Response time: time required to search and generate a route.

Update consistency: whether modified facility data is reflected correctly.

AR/voice usability: whether optional guidance improves clarity at route decision points.

Evaluation Framework

A controlled prototype evaluation can use predefined station scenarios such as locating a platform from an entrance,
finding a restroom from a platform, and selecting an accessible route to a facility. Each scenario can be repeated to
observe route correctness, time and usability. The evaluation should distinguish measured results from design targets.

100 Figure 3. Prototype Evaluation Targets (lllustrative)
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Note: Figure 3 shows illustrative prototype targets for demonstrating how an evaluation dashboard could be presented.
These percentages are not experimental results from the uploaded source and should be replaced with measured data after
testing.
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Testing Strategy

Testing can proceed from individual functions to integrated navigation scenarios. Map-data validation checks whether
nodes, paths and facilities are represented correctly. Route testing checks connectivity and preference handling. Interface
testing checks readability and interaction. Update testing checks whether authorized changes propagate correctly.

Limitations
A production system requires accurate, station-specific mapping and validation.
Indoor positioning accuracy depends on the selected infrastructure and environmental conditions.
AR performance may vary with lighting, device capability and passenger movement.
The prototype does not by itself guarantee real-time railway operational information.
Deployment would require coordination with railway authorities and appropriate data-access permissions.

Security And Data Considerations

The administrative update mechanism should restrict changes to authorized users. Token-based authentication can be
used for administrative access. The system should also minimize unnecessary passenger data collection and clearly
separate navigation data from administrative controls. Any future production deployment would require a formal security
and privacy review.

Expected Benefits

The proposed system is intended to reduce the time and effort required to locate railway-station facilities, improve
passenger confidence and support smoother movement through complex station environments. Accessibility-aware
routing can provide an additional benefit for passengers who cannot use stairs or who need alternative guidance modes.

5. FUTURE SCOPE

The proposed navigation system can be extended through improved station-specific mapping, stronger indoor
positioning, accessibility-aware routing, multilingual support, voice guidance, real-time information updates and optional
AR-based directional assistance. These extensions remain part of the proposed design and would require validation before
production deployment.

Possible Advanced Extensions
Integration with live station information where reliable data access is available.
More accurate indoor positioning through a combination of markers, beacons and device sensors.
Dynamic routing when a corridor, lift or platform connection becomes unavailable.
Personalized route preferences based on mobility and guidance requirements.
Analytics dashboards for authorized administrators to monitor map-data quality and update status.

6. CONCLUSION

The proposed railway-station navigation system addresses the challenge of helping passengers locate facilities and
destinations within complex station environments. By combining digital station maps, route planning, location
identification, accessibility preferences and optional voice or AR guidance, the system provides a structured approach to
passenger navigation.

The research review indicates that station navigation involves several connected technical areas: GIS and digital mapping,
graph-based path finding, indoor positioning, mobile interfaces and optional AR. The key research gap is not simply
providing a map, but combining these capabilities with accessibility, update mechanisms and a station-specific data
model.

The project is presented as a prototype-oriented academic solution. Practical deployment would require accurate station
maps, suitable indoor-positioning infrastructure, validation, operational data and coordination with railway authorities.

The approach therefore provides a foundation for further implementation and evaluation of accessible digital navigation
for railway stations.
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