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Abstract:

Campus navigation becomes difficult for new students and visitors due to the large infrastructure and
complex layout of educational institutions. Traditional static maps and signboards often fail to provide
efficient real-time guidance. This paper presents an Android-based campus navigation system that
combines GPS-based location tracking, graph-based shortest path calculation, map visualization, and
real-time directional guidance using mobile device sensors. The proposed system is developed using
Java in Android Studio and utilizes OpenStreetMap through the OSMDroid library for map rendering. A
campus graph containing predefined nodes and paths is used to calculate the optimal route between the
user’s current position and the selected destination using Dijkstra’s shortest path algorithm. The
application further integrates device orientation sensors to provide directional arrow guidance on the
screen. The system aims to simplify navigation inside the campus environment while maintaining low
computational complexity and an easy-to-use interface. Experimental testing demonstrates accurate
route generation and smooth user interaction for multiple campus locations.

Keywords: Android Navigation, GPS Tracking, Dijkstra Algorithm, Campus Navigation, Mobile
Navigation System.

I. Introduction

Large educational campuses often create navigation challenges for new students, parents, visitors, and
faculty members. Finding departments, hostels, laboratories, auditoriums, and administrative buildings
using traditional methods such as static signboards or printed maps becomes time-consuming and
inefficient. Existing navigation systems mainly focus on city-scale transportation and may not provide
optimized guidance for campus-level environments.

With the increasing use of smartphones and mobile sensors, mobile-based navigation systems have
become more accessible and effective. Android devices provide location services, orientation sensors,
and map integration capabilities that can be utilized to build efficient navigation applications.

The proposed system introduces an Android-based campus navigation application designed specifically
for campus environments. The application uses GPS services to obtain the user’s current location and a
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graph-based shortest path algorithm to calculate the optimal route to the selected destination. The route
is displayed on the map interface along with real-time directional guidance using on-screen arrows.

The primary objectives of the proposed system are:

To provide efficient campus navigation using smartphones.

To generate shortest paths between source and destination.

To provide real-time directional guidance.

To improve user experience through an interactive interface.

To reduce confusion for first-time visitors inside the campus.

The proposed system combines mobile mapping, routing algorithms, and sensor-based direction

assistance to create a lightweight and practical campus navigation solution.

II. Literature Review

Several navigation systems have been developed for urban transportation and indoor positioning.
Traditional GPS-based applications such as Google Maps provide navigation for large-scale outdoor
environments; however, they are often not optimized for campus-specific navigation.

Research in mobile navigation systems has shown that graph-based routing algorithms such as Dijkstra’s
algorithm are effective for shortest path calculation in constrained environments. Many systems use
node-based path structures where roads and pathways are represented as interconnected graph vertices.
Augmented and sensor-assisted navigation systems have also been explored to improve user interaction.
These systems use mobile sensors such as accelerometers and gyroscopes to determine device
orientation and provide directional assistance.

Open-source mapping frameworks like OpenStreetMap and OSMDroid have gained popularity in
Android-based geographic applications due to their flexibility and reduced dependency on proprietary
services.

The proposed system differs from existing approaches by combining:

Campus-specific graph routing

Real-time GPS location tracking

Directional guidance using orientation sensors

Lightweight Android implementation

Open-source map integration
This integration provides a practical and cost-effective navigation solution suitable for educational
institutions.

II1. Proposed System

The proposed system is an Android-based navigation application developed for campus environments.
The application assists users in navigating from their current location to a selected destination within the
campus.

The system architecture consists of the following major components:

User Interface Module

GPS Location Module

Campus Graph Module

Route Calculation Module

Direction Overlay Module
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6. Map Visualization Module

The user selects a destination from the available campus locations. The application retrieves the current
GPS location of the user and identifies the nearest graph node. Dijkstra’s shortest path algorithm is then
applied to determine the optimal route.

The generated path is displayed using map polylines, while directional arrows guide the user toward the
destination using sensor-based orientation detection.

A. System Workflow

The overall workflow of the system is as follows:
User opens the application.

Current location is obtained using GPS.

User selects a destination.

Nearest graph node is identified.

Shortest path is calculated.

Route is displayed on the map.

Direction arrows guide the user.

© NN kW=

Navigation ends when destination is reached.

IV. System Architecture
The proposed architecture integrates location services, routing algorithms, map rendering, and sensor-
based directional guidance.
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Figure 1: System architecture of proposed system

A. User Interface Layer

The interface allows users to:

e  View map visualization

e  Select destination buildings
e  Start navigation
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e  Observe directional arrows

e  Monitor route progress

The interface is designed to remain simple and responsive for smooth user interaction.

B. GPS Location Layer

The application uses Google’s Fused Location Provider to obtain the user’s current latitude and
longitude coordinates. The location is continuously updated to maintain accurate navigation.

C. Campus Graph Layer

The campus map is represented as a weighted graph where:

e Nodes represent important campus locations.

e  Edges represent valid pathways.

e Edge weights represent distances between locations.

This graph structure enables efficient shortest path computation.

D. Routing Layer

The routing layer applies Dijkstra’s shortest path algorithm to determine the optimal route between
source and destination nodes.

E. Sensor and Direction Layer

The application uses the device rotation vector sensor to calculate orientation and heading direction.
Based on the calculated direction, arrow overlays guide the user toward the next navigation point.

F. Map Visualization Layer

The OSMDroid library is used for rendering OpenStreetMap tiles and displaying route polylines.

V. Methodology

A. Location Acquisition

The user’s real-time position is obtained using GPS services. The application requests location
permissions and continuously receives location updates using the Fused Location Provider API.
The location data includes:

e Latitude

e Longitude

e Accuracy

e  Movement updates

This information is used for route calculation and navigation tracking.

B. Campus Data Management

Campus locations are stored as predefined nodes with corresponding coordinates. Each building or
landmark is represented using:

e  Building name

e  Unique identifier

e  Latitude

e  Longitude

The predefined graph structure allows efficient traversal and route generation.

C. Graph-Based Routing

The navigation system uses Dijkstra’s shortest path algorithm for route calculation.

The graph is constructed using:

e  Vertices representing campus nodes
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e  Weighted edges representing distances

The algorithm evaluates all possible paths and selects the route with minimum total distance.

Advantages of Dijkstra’s algorithm:

e  Guaranteed shortest path

e  Efficient for campus-scale navigation

e  Low computational complexity

e  Suitable for predefined route structures

D. Route Visualization

After shortest path generation, the route coordinates are rendered on the map using polyline overlays.
This allows users to visually track the navigation path.

The route visualization process includes:

e  Coordinate extraction

e  Polyline generation

e  Map overlay rendering

e  Real-time updates

E. Direction Overlay System

The direction guidance module uses device orientation sensors.

The system calculates:

e  Device heading angle

e  Direction toward next node

e  Relative angular difference

Based on these calculations, arrow overlays guide the user toward the correct direction.

F. Destination Detection

The application continuously checks the distance between the user and destination coordinates. When

the user reaches the target area within a predefined threshold, navigation is completed.

VI. Implementation
The application is implemented using Android Studio with Java programming language.
A. Software Requirements

Component Technology

Development Platform Android Studio
Programming Language Java

Mapping Library OSMDroid

Location Services Fused Location Provider
Sensor API Android Sensor Framework
Operating System Android
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B. Main Modules

1. Main Activity

Controls:

e  User interaction

e  Map initialization

e  Navigation workflow

e  Sensor integration

2. CampusData Module

Stores predefined campus locations and building information.
3. CampusGraph Module

Handles:

e  Node connections

e  Edge creation

e  Shortest path generation

4. Arrow Overlay View

Displays directional arrows according to sensor orientation.
5. Route Rendering Module

Displays path polylines on the map.

C. Sensor Integration

The Android rotation vector sensor is used to determine the orientation of the device.
The system processes:

e  Azimuth angle

e  Device rotation

e  Navigation heading

This enables real-time directional guidance.
D. User Navigation Flow

1. User selects destination.

Current GPS location is detected.
Nearest node is identified.

Shortest route is calculated.

Route is displayed.

Arrow guidance starts.

Nk Wb

Navigation ends upon reaching destination.

VII. Results and Discussion

The proposed system was tested on Android smartphones in a campus environment.
The application successfully:

Obtained real-time GPS coordinates

Generated shortest routes

Displayed map-based navigation

Provided directional guidance

Detected destination completion
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A. Performance Evaluation

Parameter Result
GPS Tracking Successful
Route Generation Accurate
Map Rendering Stable
Direction Guidance Functional
User Interface Responsive

B. Observations
e The graph-based approach reduced route complexity.
e Direction arrows improved user navigation experience.
e  OpenStreetMap integration reduced dependency on proprietary map services.
e  The application performed smoothly on Android devices.
C. Advantages
e Lightweight implementation
Easy-to-use interface
Real-time navigation support
Efficient shortest path generation
Cost-effective open-source solution
. Limitations
GPS accuracy may vary in crowded areas.
Indoor navigation is not fully supported.
The graph requires manual campus mapping.
Navigation performance depends on device sensors.

e 6 6 06 T o o o o

VIII. Conclusion and Future Scope

The proposed Android-based campus navigation system provides an effective solution for guiding users
inside campus environments. By integrating GPS tracking, graph-based shortest path calculation,
map visualization, and directional guidance, the system improves navigation efficiency and user
convenience.

The implementation demonstrates that mobile devices can provide practical navigation assistance using
lightweight algorithms and open-source technologies.

The system successfully:

e  (alculates optimal routes

e Displays navigation paths

e Provides directional guidance

e Enhances campus accessibility

Future Scope

The system can be further improved by integrating:

e Indoor navigation support
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Voice-assisted guidance

Real-time traffic and crowd analysis
Dynamic path optimization
QR-based location identification
Augmented Reality object rendering
Multi-floor navigation support
Cloud database synchronization

These improvements can enhance scalability, accuracy, and user experience.
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