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Abstract - Large college indoor campuses are sometimes
confusing for freshmen and new visitors to navigate. The need
for an effective user-friendly navigation system is crucial to
save time and to avoid confusion. This aims to develop an
indoor navigation system using augmented reality. Digital
directional cues overlay the real-world spaces. With the use of
AR technology and Unity in real-time for path guidance, this
system makes it immersive and more accessible. The
preliminary results for testing present promising data: users
have benefited from faster navigation times and easier ease of
finding specific locations than in traditional methods.
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1.INTRODUCTION

Navigation through such a massive and complex indoor
space is really challenging for freshmen students, faculty,
and visitors of any college campus [1]. Incomplete or
inefficient indoor navigation would lead to confusion,
waste, and even missed opportunities that may be of high
importance - especially during classes or some events [2].
Improving on efficient indoor navigation technology will
boost user experience, make campuses more efficient, and
promote academic spaces as accessible for anyone [3].
Hitting the Indoor Navigation Problem The problem of
indoor navigation is not specific to colleges, as it is a
challenge tackled globally in hospitals, airports, and
shopping malls [4]. Traditional GPS technology is useful
for outdoor navigation but performs poorly for indoor
navigation because the signal from the satellites is too weak.
Internationally, advanced systems using  Wi-Fi
triangulation, Bluetooth beacons, or AR technologies have
been experimented with, like the applications, ARKit and
ARCore for museums and airports. Nationally, research in
India stresses on using affordable yet efficient solutions
that could work in complex, densely built environments,
and yet several such practical implementations are still
languishing in development [5].

To this end, the research aims to deploy an indoor
navigation system by using Augmented Reality to address
some of the challenges presented in the context of a
college campus. This proposed system will layer digital
directional arrows in real-world spaces using Unity and AR
frameworks, and it gives smooth navigation guides to
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known destinations [6]. There are two methods,
including real-time spatial tracking as well as easy
interfaces using dropdown location selection that makes it
intuitionally navigational [7]. Such an approach is suitable
for the accurate provision of assistance without relying on
GPS and for large indoor spaces. Early preliminary results
indicate that the AR-based system is so efficient that it
improves both navigation and user satisfaction
significantly [8]- [10]. Subjective testing evidenced reduced
time to find rooms and facilities compared to paper maps
or static signboards. The system can generally change how
indoor spaces are navigated since it opens a scalable
model for broader applications in other large buildings

or even campuses [11].

The main contribution of our work is as follows:

Our project brings some key contributions to the area of
indoor navigation.

1. The researcher designed an innovative AR-based
system that provides real-time, intuitive guidance within a
college campus, whose limitations are posed by traditional
GPS navigation, and ineffective indoors.

2. The system features an interface that has a dropdown
menu, making it easy to choose and find destinations with
speed. The system enables proper path guidance with the
application of AR overlays and spatial tracking, therefore
making it much more reliable for complex systems in an
indoor space.

3. This project improves the user experience by providing
graphic user cues, which makes navigation very clear as it
is very interactive and helps even new students and
visitors save time and avoid confusion. Additionally, our
framework is scalable and adaptable, thus making it very
flexible to deploy in many other large indoor environments
such as hospitals, malls, and airports, thereby presenting
the potential for widespread application.

2. REVIEW OF LITERATURE

More than 20 relevant research papers on Augmented
Reality-based indoor navigation systems were reviewed,
which reflect good amounts of progress along with several
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challenges in this respect [12]. Some studies explored the
advanced integration of AR with various other technologies
like Bluetooth beacons, Wi-Fi triangulations, and machine
learning for accurate, real-time directions in complex indoor
spaces such as campus areas of colleges, hospitals, and
airports [13]- [18]. While many papers manage to
demonstrate the potential for intuitive, user-friendly
navigation through AR, issues concerning scalability, signal
stability, the cost of the system, and high processing
requirements stand as significant hurdles [19]. Some even
work on improving the usability by introducing haptic
feedback and online environmental mapping [20], but both
these solutions are expensive, in terms of hardware, or else
fail to handle dynamic environments [21]. Moreover, many
successful solutions in small-scale space are unable to handle
huge, crowded spaces [22]- [27]. Despite these challenges,
this research work promises to revolutionize the way people
navigate inside, despite all continued efforts at making it
more efficient and affordable with better interfaces and
advancing technologies such as Al and [oT [28].

Quite obviously, the interior wayfinding solutions have seen
tremendous changes with several research studies over the
years including Augmented Reality (AR), Bluetooth beacons,
Wi-Fi triangulation, machine learning (ML), and haptic
feedback. Smith et al. (2015) was one of the early researchers
that demonstrated an idea of feasible AR in interior
wayfinding but found limitations for real-time tracking and
user experience. This end Similarly, Lee et al. (2017), and
Nguyen et al. (2018) studies illustrate the strengths and
weaknesses of AR interfaces and navigation in complex
indoor spaces; ARKit shows promise but struggles under low-
light conditions. Bluetooth beacons proved effective but
expensive for huge deployments. Indeed, some of the latest
breakthroughs include enhancing real-time assistance and the
creation of AR with haptic feedback as by Zhao et al. (2020)
and Li et al. (2019). However, although such technologies
offer high accuracy with smooth interaction, they often have
disadvantages, for example, high computational cost or
limited scalability.

More sophisticated techniques in the last decade have
resulted in studies ranging from Al-assisted AR navigation to
the deployment of AR with IoT. Thus, Ahmed et al. (2022) and
Das and Choudhury (2022) studies demonstrate an ability to
rectify errors with the help of Al but again at a cost of more
significant energy consumption on mobile devices.

On the other hand, the deployment of AR with [oT has been
effective in dynamic environments but only at the cost of set
up complexity.
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Table -1: Review of literature

Year Author(s) Title Key Findings
2015 Smith et al. AR for Indoor Feasible but limited
Navi- real-time tracking and
gation user experience.
2016 Brown & GPS-Freelndoor Bluetooth beacons
Johnson Navigation effective, but costly for
Systems large-scale use.
2017 Lee et al. ARKit-Based ARKit useful, but
Navi- struggles in lowlight
gation environments.
2018 Kumar et Navigation in Wi-Fi triangulation
al. Complex Indoor accurate butunstable in
Spaces crowded areas.
2018 Nguyen et ARInterfacesfor Intuitive AR interfaces,
al. Navigation but requires expensive
hardware.
2019 Patel & Machine ML enhances prediction
Singh Learning for but  computationally
Indoor intensive.
Navigation
2019 Lietal Mobile AR Real-time guidance
Navigation effective, but latency
Systems issues present.
2020 Zhao et al. Enhancing AR Haptic feedback useful,
Navigation with | but costly for large-
Haptics scale use.
2020 Wang & | Virtual Mapping Improved accuracy but
Chen and requires  continuous
User Tracking environmental scans.
2021 Johnson & Real-Time AR Efficient guidance but
Miller Path suffers from scalability
Guidance issues.
2021 Lee & Park Vision-BasedAR Improved visual
Navigation recognition, but
struggles in dynamic
environments.
2022 Ahmed et AR and Indoor Promising butrequires
al. Positioning substantial
Systems infrastructure.
2022 Das & Al-EnhancedAR Al boosts accuracy but
Choudhury Navigation increases mobile
energy consumption.
2022 Bhatia & Cost-Effective QR codes less effective
Mehta Indoor in dynamic
Navigation environments.
2023 Garcia etal. Next-Gen AR High accuracy with
Navigation neural networks, but
Systems computationally
expensive.
2023 Kim&Yang | User Experience Realistic visuals and
in smooth  interactions
AR Navigation enhance usability.
2024 Wongetal. Combining AR AR+IoT beneficial in
and dynamic environments,
IoT for but requires a complex
Navigation setup.

Other innovations, such as Sharma and Gupta’s (2024) Unity-
based AR system, bring great promise for navigation solutions
but are hampered by frequent recalibrations. Such systems,
like those in Garcia et al. (2023), which combine neural
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networks with AR, achieve high accuracy but bear huge
computational costs. These results thus reveal that despite
the progressive advancement of indoor navigation systems,
scalability, cost-effectiveness, and energy consumption are
major hurdles to be overcome in realizing them.

3.Methodology

Imagine navigating a complex indoor space without feeling
lost; virtual arrows and landmarks help guide you. Our
ARbased indoor navigation system is intuitive and hassle-free
to keep you moving in the right direction. We transform the
unknown into interactive maps through the overlay of digital
information on real-world areas. Whether huge hospitals,
busy airports, or large convention centers, our system
renders the right guidance in real time, thereby improving the
overall user experience.

Fig. 1 flowchart shows details the step-by-step development
process of our AR navigation project. We create a floor map in
AutoCAD, which imports easily into our Unity game engine.
Inside Unity, we add ARCore so that, in real-time, it tracks the
surroundings of the user and places virtual objects in the
environment. To navigate around the virtual space, we
implement Navmesh for pathfinding and define paths inside
the virtual space to travel around. The last step of the work is
configuration of a navigation system, creation of interactive
objects, and writing scripts to govern the behavior of the
created interactive objects. Finally, we optimize and build the
project for mobile devices in order to provide an immersive
and intuitive AR navigation experience for users.

Step 1: Floor Maps of Buildings in AutoCAD The starting point
will be a design of accurate 2D floor maps of the college
building in AutoCAD while drawing in key features like rooms,
hallways, and important landmarks [29]. Once these maps are
in a compatible format, such as .DXF or .SVG, they can be
smoothly integrated into the Unity engine to be further
developed [30].

Step 2: Import floor plan to Unity This exported floor plan is
then imported into the Unity workspace as the base of the AR-
based system. The imported map is next oriented and scaled
correctly in the Unity workspace for accuracy. This
configuration serves as a base on which 3D model and AR
functionalities will be built [31].

Step 3: Create a 3D Model of the Floor Plan The 2D floor map
is thus converted into the version in 3D either using Unity’s
modeling utilities own or external modeling software shown
in Fig. 2. The detailed environment is provided along the
addition of walls, doors, and other elements [32]. The interior
state and lighting for a clear view are also set up for the
model, which makes it perfect for navigation purposes.

e N\
Design floor map l—| Use Autocad [ Export map
L J
) M
Import to Unity — Scale Plan —s 3D Modeling
L J
, L
Setup Ar core —>| Configure Env [— AR Tracking
. J
! |
Path Definition — Use Navmesh |— Bake Path
- J
— I
Navigation Setup [ Set Objects || Script
- J
e l N
Minimap |_,| Create &sync [—{ Build for Mobile
L J

Fig -1: System Flow

Step 4: Setting Up Unity Environment with ARCore (Android)
Then, Unity is set up for the Android version to be used with
ARCore, and this includes importing the ARCore SDK, setting
up all functionalities such as real-time tracking and surface
recognition, and putting together an AR camera within the
scene to overlay digital content within the physical

! ~— =

=

Fig -2: 3D Navigation Mesh

environment to enable natural interactions and savvy
navigation with AR [33].

Step 5: Define Navigation Paths and Bake Using NavMesh
With the 3D model ready, the navigable areas are marked,
and Unity’s NavMesh is used to define paths for navigation
[34]. The NavMesh is baked, allowing the Unity engine to
understand which areas are walkable and calculate efficient
routes. This setup ensures the navigation system operates
smoothly within the environment [35].

IS0 9001:2008 Certified Journal |

© 2025,IRJET | ImpactFactor value: 8.315

Page 417


http://www.irjet.net/

‘,/ International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056

JET Volume: 12 Issue: 12 | Jan 2025

www.irjet.net

p-ISSN: 2395-0072

Step 6: Create a start point, target point and line renderer
Start and target points for navigation are set up within Unity.
The Line Renderer component is used to visually connect
these points, guiding the user along the path. A custom C-
script is written to manage pathfinding and dynamically
update the navigation line as users move or change
destinations [36].

Step 7: Create a Mini Map of the Floor Plan A mini map of the
floor plan is developed to improve usability, providing an
overhead view of the building layout. This mini map is
synchronized through AR tracking with the real-time location
of the user; this is considered an auxiliary tool that has
helped users understand greater details about their
surroundings and route of navigation [37].

Step 8: Build and Run on Mobile Thus, in the summation of
the entire project, unity’s build settings for Android are
configured to allow ARCore support, and it is built and
installed on a mobile device to test the app. Testing the app
in real-time in college building is fundamentally important to
identify any problem areas and fine-tune the system for
optimum performance [38].

3. RESULT AND DISCUSSION

This indoor navigation system is tested using real-world
campus setup, and to the near-par level, accuracy is achieved
with competitive product offerings, at an average positioning
error of 1.5 meters. For the case of indoor navigation
systems, this means that the positioning error well falls
within the expected, thus ensuring the user was reliably
guided throughout the college campus [39]. The distribution
of location errors was analyzed using the confusion matrix.
More than 85 tests showed a lower error margin of less than
1-2 meters. This indicated that the system offered consistent
and accurate location data for various features such as low
lighting or overcrowding were the only ones with errors over

3 meters. Apart from location accuracy, real-time
responsiveness was an indoor environments. Generally,
those areas characterized by poor environmental
performance metric for the system. The latency that the
system shows between user inputs such as when a
destination has been selected and the system updates to
reflect it was determined to be 0.2 seconds on average.
Within 95 of the desired time bounds of 0.25, all the updates
follow suit [40-41]. That ensures navigation instructions are
sent within time, in the best manner, in order for the user
experience not to be disrupted. The histogram of latency data
reveals that most of the updates occur in the optimal range
and, thus, the system is responsive under many conditions.

These results highlight the functionality of the system to give
real-time guidance with almost no lags in the dynamic
environment.

Our AR-based navigation system is designed to provide new
students with a seamless and stress-free campus experience.
By leveraging augmented reality, we offer real-time guidance,
accurate directions, and helpful visual cues to help students
navigate the campus efficiently. This technology is
particularly beneficial during exam periods, ensuring that
students can easily locate their classrooms and arrive on
time. By reducing confusion and anxiety, our solution
enhances the overall student experience and creates a more
welcoming campus environment.

Below is the Fig. 3 illustrates an image representing the
indoor navigation system’s user interface that describes the
college campus’s live navigation path. The following
interface especially depicts the guidance of the path through
Class G4 using AR overlays, thus giving clear and accurate
directional cues. In this you have options of the destination
in the dropdown, so you can choose the destination you want
to go. An interface designed to allow for smooth navigation
with a mini-map tracking the user’s location in real-time,
dynamic arrows and paths guiding users step by step to their
destination. AR overlay will help the users in the actual
environment by making visualizing the route intuitive and
easy to follow.

Toggle Line
_Visibility Button

‘. B
o r
=¥

4 9

Fig-3: User Interface

This interface constitutes the main functionality of the
system, enabling users to understand their surroundings and
thus allowing easy navigation through complicated campus
layouts. This interface was tested and proved very accurate
and responsive; real-time tracking and traceable instructions
provided by the end-users themselves satisfied their
demands.
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Table -2: Accuracy Analysis

show faster navigation times compared to traditional ones
and better ease in finding one’s destination. This type of
approach, therefore, is likely to make campus life easier and
very convenient for both lecturers and students alike.

Volunteers 75
Accuracy 90
Score 8/5
User rating 9/10

90%

D 90%

@ VOLUNTEERS
@ Accuracy
SCORE

Chart -1: Performance Visualization

Chart-1 shows user experience testing was also undertaken
with 75 volunteers but they were positive in return. In total,
the system averaged a score of 4 out of 5. A total of 87
percent users said that they were completely satisfied with
the ease of use and the adequacy of navigation instructions. It
seemed especially helpful for an understanding of the
surrounding environment: the directional line and real-time
location tracking on the mini-map are AR overlays that
people rated as highly useful. Some users reported occasional
inaccuracies in areas with less desirable environmental
features; it may be areas where the algorithms to track need
refining particularly in more complicated and congested
space. Otherwise, despite minor problems, it turned out to be
highly effective, and easy for the users to use, to provide an
intuitive, as well as precise, system of indoor navigation for a
college campus. User feedback has shown high satisfaction
with the system’s responsiveness, emphasizing its practical
usability. Future improvements will focus on maintaining
this performance even as additional features are
incorporated.

3. CONCLUSIONS

The proposed indoor navigation system with augmented
reality, in a nutshell, offers a transformed solution for large
college campuses. That digital directional cues overlayed
onto real-world spaces are going to heighten the navigation
experience of freshmen and visitors inside a space; hence,
this system is intuitive and efficient. With the help of AR
technology and Unity, it will be possible to achieve real-time
path guidance-an immersive experience that reduces
confusion and saves time. Preliminary results of such testing
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