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Abstract—Indoor navigation within large, multi-level en-
vironments such as airports, shopping malls, and university
campuses remains challenging, particularly when time con-
straints and unfamiliar layouts are involved. Global Position-
ing System (GPS) technologies are unreliable indoors, and
many existing solutions require continuous network connec-
tivity or costly infrastructure. This paper presents the design
and implementation of a cross-platform mobile way-finding
application that supports both indoor and outdoor navigation
in complex buildings. The proposed system operates in both
online and offline modes, employs graph-based path finding,
vector-based multi-floor maps, QR-code-assisted localization,
and 2D/3D visualizations. The application is designed for
scalability, maintainability, and accessibility, offering a cost-
effective alternative to infrastructure-heavy indoor navigation
systems.

I. INTRODUCTION

Navigating large indoor environments remains a stress-
ful and error-prone experience for users, especially in
multi-level buildings with complex layouts such as air-
ports, shopping malls, and university campuses. Traditional
way-finding solutions often rely on stationary kiosks that
display a map with the user’s current location and destina-
tion. While these systems can provide route guidance, they
are not portable, require users to memorize routes, and are
poorly suited for environments with multiple floors and
vertical transitions.

To address these limitations, many organizations have
adopted digital indoor navigation tools. For example, the
YYC Calgary International Airport provides interactive
maps that allow users to locate amenities and services [1].
Similarly, the West Edmonton Mall offers a web-based
navigation tool that supports multi-level routing using
vector maps [2]. Universities have also begun deploying

campus-wide navigation applications, such as CampusGo,
which supports indoor navigation without relying on GPS
or WiFi beacons [3].

Despite these advancements, many existing systems
depend on proprietary platforms, subscriptions, or contin-
uous connectivity, limiting their accessibility and scalabil-
ity. Furthermore, offline functionality and cross-platform
support are often underdeveloped. This work addresses
these gaps by presenting a mobile way-finding system
that integrates offline-first design, graph-based routing,
and intuitive 2D/3D visualization into a single, extensible
architecture.

II. EXISTING WORKS

Indoor navigation systems have been extensively studied
due to the inadequacy of GPS in enclosed environments
and the increasing complexity of modern buildings. Ex-
isting research can be broadly categorized into indoor po-
sitioning techniques, routing and path-finding algorithms,
visualization methods, mobile system architectures, and
accessibility-focused solutions.

Survey papers by Fallah in 2013 provide comprehensive
overviews of indoor navigation and positioning systems,
highlighting challenges related to accuracy, infrastructure
costs, scalability, and usability [4]. More recent survey
papers by Kunoth in 2020, and ElSheimy in 2021, confirm
these are ongoing challenges [5], [6].

Indoor localization methods are classified into
infrastructure-based approaches, such as WiFi
fingerprinting, Bluetooth Low Energy (BLE), Radio
Frequency Identification (RFID), Ultra-Wideband (UWB),
and Long Range (LoRa), as well as infrastructure-free



techniques including pedestrian dead reckoning, vision-
based localization, and map-constrained positioning
according to Bahl in 2000 [7]. More recently, in 2020,
Kunhoth’s survey uses the same classified approaches [5].

QR-code and marker-based localization methods have
been proposed as low-cost alternatives to beacon-based
systems, as discussed by Cheraghi in 2018 and Santos in
2019 [8], [9]. These approaches enable users to establish
their location by scanning known reference points, making
them suitable for offline navigation scenarios. However,
most QR-based systems do not support continuous real-
time tracking and are often limited to small-scale deploy-
ments.

Vishwakarma’s 2023 research shows that graph-based
representations are commonly used to model indoor spaces
for routing, with nodes representing locations or intersec-
tions and edges representing navigable paths [10]. In 2015,
Martinez explains that classical shortest-path algorithms
such as Dijkstra’s algorithm and A* are widely adopted
due to their deterministic behaviour and reliability, and
Fernandez backs up this finding in 2021 [11], [12]. In
2024, Cheng’s research suggests that A* can outperform
Dijkstra’s algorithm when heuristic data are available,
Dijkstra’s algorithm remains effective for medium-sized
indoor graphs and offline computation scenarios [13].

Visualization techniques play a critical role in the us-
ability of indoor navigation. Prior work by Fernandez in
2021, and Qiu in 2023, has explored 2D floor plans,
stacked multi-floor views, and full 3D visualizations to
improve spatial awareness [12], [14]. Although 3D rep-
resentations enhance understanding of vertical transitions,
they introduce challenges related to rendering performance
and interaction accuracy. As a result, hybrid systems that
allow users to switch between 2D and 3D views are
increasingly common.

According to Cheraghi in 2018, and Cheng in 2024,
mobile implementations emphasize cross-platform devel-
opment and offline-first architectures [8], [13]. Santos’s
2019 work suggests that local databases such as SQLite
are frequently used to cache navigation data, synchronizing
periodically with remote servers to ensure consistency
while maintaining offline functionality [9]. These designs
improve robustness in environments with unreliable con-
nectivity.

Martinez discusses, in 2015, [11] accessibility-focused
research on indoor navigation for users with disabilities,
particularly individuals with visual impairments. Such
systems often integrate audio guidance, obstacle-aware
routing, and assistive interfaces, though many require spe-
cialized hardware or real-time positioning infrastructure,
limiting large-scale deployment.

Recent research extends traditional localization by ex-
ploring federated learning and AI-based models to handle
privacy and multi-floor scalability in indoor localization
[15]–[19]. Additionally, comprehensive reviews of wireless

technologies summarize current techniques and their trade-
offs in terms of accuracy, cost, and complexity [20].

In contrast to existing solutions, the system presented
in this paper combines QR-assisted localization, graph-
based routing, vector-based multi-floor maps, and offline
database synchronization within a cross-platform Flutter
application. This approach avoids reliance on costly infras-
tructure while supporting intuitive multi-level navigation
and offline operation.

III. SYSTEM ARCHITECTURE AND DESIGN

A. System Architecture

Fig. 1. System Architecture of Mobile Wayfinding App

The illustration shown in Fig. 1 depicts the overall
architecture and design of the system. It consists of a
mobile client and a containerized back-end. Using an
Apple or Android mobile device, the user interacts with
the front-end interface (UI), which communicates with
the back-end. The back-end is responsible for connecting
to the containerized server and for local storage on the
user’s personal device using a SQLite database. The back-
end uses an Application Programming Interface (API) to
interact with the PostgreSQL database.

The major subsystems include mobile client, back-end,
and external resources. Mobile client includes the UI, map
rendering, and path-finding. Data provider and sync service



are vital to the back-end services. External resources
consist of map assets and QR codes.

Users input their start location or current location, and
their destination, the shortest path is determined using
Dijkstra’s algorithm, and a visualization of that path on
an appropriate map is displayed. This visualization can be
displayed in both 2D and 3D views using a toggle button.
This works for both online and offline options, as the maps
are stored locally.

B. Database Architecture and Design

The database architecture was designed to support
offline-first navigation while remaining scalable for future
deployment. A relational schema models buildings, floors,
nodes, edges, and points of interest, enabling efficient
graph-based routing across multiple levels. The back-end
uses PostgreSQL as the authoritative data store, while
SQLite is employed on the mobile device to cache naviga-
tion data locally. At application startup, a synchronization
service retrieves the latest data from the back-end and ini-
tializes the local database, enabling the system to operate
fully offline. The back-end is containerized using Docker
to ensure consistent deployment and facilitate scalability.
This design allows the system to scale across multiple
buildings and campuses without disrupting existing func-
tionality.

Fig. 2. Database Schema of Mobile Wayfinding App

Fig. 2 shows the database schema. It is containerized,
shareable, and flexible for future growth. It is intended to
scale with ease, allowing future growth without disrupting
existing functionality. Furthermore, it is containerized us-
ing Docker. This allows the same database to be used for
both native and cross-platform approaches.

The project uses PostgreSQL for online services and
SQLite for offline solutions. SQLite enables offline service
by storing data on the device. Once the device is connected
to the network, it synchronizes with the remote database,
updates its data, and receives the latest changes from it.

Although the database is flexible, scalable, and portable,
future work is planned to improve it.

C. Systems Design

The system design emphasizes maintainability,
scalability, and usability by leveraging a modular,
cross-platform architecture and an offline-first service
model. The selected technology stack enables efficient
deployment across mobile platforms, supports reliable
operation in environments with limited connectivity,
and allows the system to scale to additional buildings
and datasets without requiring significant architectural
changes.

1) Cross-platform: The application is implemented
using Flutter to support cross-platform development.
All features were tested on simulators, emulators, and
physical Android and iOS devices to ensure consistent
behaviour and performance across platforms.

2) Offline Service: The application provides full
offline functionality. At startup, a synchronization service
(SyncService) retrieves the latest map and routing data
from the back-end, re-initializes the local database,
and stores the updated data in SQLite on the mobile
device. This process creates a local offline mirror that
MapService can access instantly. Once the data has been
loaded, the application operates fully offline without
requiring network connectivity.

3) Search and List-based Navigation: The system
provides both a searchable list of locations and an
auto-suggestion search bar to allow users to select their
current location and destination. The selected locations
are used as inputs to the path-finding service. These
complementary selection methods support users who may
not know the exact name of a location while still enabling
quick and precise navigation.

4) Interactive Map: The interactive map allows users to
explore and navigate the environment visually. Users can
switch between floors using a drop-down menu, enabling
route inspection and exploration beyond the currently
active level. Destinations and current locations can be
selected through the search interface, the list of points
of interest, or by scanning a QR code. After selecting
both locations, the user initiates route generation, and
the computed path is rendered on the vector-based map.
Users may update their destination or current location
at any time by selecting a map node and choosing the
appropriate action.

Users choose their destination from the list of points
of interest, or type the location name in the search bar
and select the location that appears under the search
box. After that, they chose their location as they did



for their destination. They can also use the QR code to
set their location. After they click the button “Find a
path”, the vector image of the map takes over the screen,
and it shows a path from the user’s current location to
their destination. Once they choose their current location,
they can press the button “Find a path.” This uses the
destination and the user’s current location to generate the
path, which will appear on the vector image map. If the
user wants to change their destination or current location,
they can do so by clicking ”set as destination” or ”set as
current location” after selecting the location node. Outdoor
navigation uses pedestrian-aware routing features such as
crosswalk detection and sidewalk-based path planning.

Fig. 3. Floor 1

Fig. 4. Floor 2

Fig. 5. Floor 3

IV. THE PROTOTYPE IMPLEMENTATION AND TESTING

The prototype was deployed using a containerized back-
end environment and tested across multiple mobile plat-
forms. Secure remote access mechanisms, including VPN

Fig. 6. Floor 4

Fig. 7. Android UI with map view of exterior, including parking

and SSH, were used to deploy and maintain the back-
end services. Performance evaluation focused on path-
finding latency, map rendering responsiveness, and offline
functionality. The system consistently generated routes
within two seconds for medium-sized indoor graphs, both
online and offline. Testing scenarios included multi-floor
navigation, QR-based location initialization, and transi-
tions between indoor and outdoor environments.

V. LIMITATION

The current prototype exhibits limitations in 3D inter-
action accuracy, particularly in detecting tap events due
to stacked-floor coordinate transformations. Additionally,



Fig. 8. Android UI with map view of Floor 1, with a path

rapid zooming may result in rendering glitches. Database
re-initialization issues were observed in specific offline
synchronization scenarios.

VI. FUTURE WORKS

Although the proposed system demonstrates the feasibil-
ity of a cross-platform, offline-capable indoor way-finding
application, several enhancements remain for future inves-
tigation and development.

A. Real-Time Indoor and Outdoor Location Tracking

One of the most significant areas for future work is
real-time user location tracking. The current system relies
on user-selected locations and QR-code-assisted position-
ing, which provides a low-cost and reliable solution but
does not support continuous tracking. Future implementa-
tions may integrate Bluetooth Low Energy (BLE), Ultra-
Wideband (UWB), WiFi fingerprinting, or hybrid sensor-
based approaches to enable real-time positioning while
maintaining acceptable accuracy and privacy.

B. Path-finding Optimization and Intelligent Routing

The current prototype employs Dijkstra’s shortest-path
algorithm, which performs well on small-to-medium in-
door graphs and supports both online and offline operation.

Fig. 9. Android UI with map view of Floor 2, with path

Future work may explore the use of A* search with heuris-
tics, as well as AI- and machine-learning–assisted routing
techniques, to optimize performance further and adapt
routes to user preferences, accessibility requirements, or
historical navigation patterns.

C. Accessibility Enhancements

While the system currently prioritizes elevators over
stairs, additional accessibility features are planned. These
include turn-by-turn audio guidance, screen reader support,
haptic feedback, and improved support for users with
visual or mobility impairments. QR-code-based localiza-
tion presents challenges for visually impaired users; there-
fore, future solutions may incorporate alternative location-
estimation techniques and voice-driven interactions to im-
prove inclusivity.

D. Database Design and Data Management Improvements

The existing database schema is designed to be flexible
and scalable; however, future revisions will refine data
normalization. In particular, parking areas should be rep-
resented as a dedicated entity rather than embedded within
the floor structure, as this will improve routing accuracy
for paths that involve both indoor and outdoor navigation.



Fig. 10. Android UI with map view of Floor 2, with path and location

Additional validation mechanisms and synchronization
safeguards will also be implemented to ensure reliable
database re-initialization and consistency of updates.

E. Administrative and Analytics Features
Future development will include administrative tools

and analytics dashboards to support large-scale deploy-
ment and system maintenance. An administrative interface
would enable authorized personnel to manage buildings,
floors, nodes, edges, and points of interest without directly
manipulating the database. Analytics features could pro-
vide anonymized insights into navigation usage patterns,
such as frequently visited destinations, common routes,
and peak usage times. These insights could be used to
optimize map layouts, improve routing graphs, enhance
accessibility, and support facility planning decisions, while
adhering to user privacy and data protection principles.

F. Security and Access Control
Security remains an important area for future improve-

ment. Enhanced authentication, role-based access control
for administrative features, and secure data synchroniza-
tion mechanisms will be investigated to ensure that both
user data and system infrastructure are protected as the
platform scales.

Fig. 11. Android UI with map view of 3D map with floor transition path

G. System Expansion and Feature Extensions

This project represents a small-scale prototype. Future
work includes expanding the system to support additional
buildings and campuses, improving the completeness of
visitor information, and exploring complementary features,
such as conversational assistants or chatbots, for informa-
tion retrieval. Further development and evaluation in real-
world environments will be necessary to assess scalability,
usability, and long-term performance.

VII. CONCLUSION

Indoor wayfinding systems continue to evolve as de-
mand for intuitive, mobile-friendly navigation solutions
increases. While many existing platforms rely on subscrip-
tions or proprietary infrastructure, this work demonstrates
a scalable, offline-capable, and cross-platform alternative.
By integrating graph-based routing, QR-assisted localiza-
tion, and multi-floor visualization, the proposed system
offers a practical solution for complex indoor and outdoor
navigation environments.

ACKNOWLEDGMENTS

Thank you to the Computer Science Department and
Grants in Aid fund [21] at Okanagan College (OC), as



Fig. 13. Android UI with map view of Floor 1, with a path
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