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Abstract—Indoor navigation within large and complex
buildings such as colleges, hospitals, and malls poses
significant challenges due to poor GPS signal reception.
This paper presents ARROW — an Augmented Reality
based indoor navigation system designed to assist users
in real-time navigation using ARCore and Unity. The
system overlays virtual directional cues on the real
environment captured by a mobile camera, enabling
intuitive navigation. ARROW utilizes QR code-based
initialization, NavMesh pathfinding, and A* algorithms
to provide optimal route guidance. It also supports
offline operation and dynamic route recalibration,
ensuring reliable and engaging user experiences. Tested
in the ISE department, the system successfully enhanced
indoor accessibility and navigation efficiency.

Index Terms—Augmented Reality, ARCore, Indoor
Navigation, Unity, NavMesh, A* Algorithm, QR Codes.

I. INTRODUCTION

Navigation within large and complex indoor
environments such as educational institutions,
hospitals, airports, and malls often presents significant
challenges to users due to the lack of GPS signal
accuracy inside buildings. Traditional navigation
systems rely heavily on satellite-based positioning,
which becomes ineffective once users move indoors.
This creates confusion, inefficiency, and time loss—
especially for first-time visitors unfamiliar with the
infrastructure.

The increasing adoption of Augmented Reality (AR)
technologies provides a new opportunity to enhance
indoor navigation through real-time, interactive, and
visually guided systems. AR technology overlays
digital information, such as arrows and points of
interest, directly onto the user’s real-world view,
enabling intuitive spatial understanding. However,
many existing solutions depend on hardware-intensive
methods like beacons or Wi-Fi triangulation, which
are costly and complex to maintain.
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To address these limitations, this paper presents
ARROW - AR Based Route Wayfinder for
Navigation, a mobile application designed to provide
seamless indoor navigation using ARCore and Unity
3D. ARROW uses QR codes for initialization,
NavMesh for spatial mapping, and the A* algorithm
for optimal pathfinding. The system overlays dynamic
virtual arrows and directions onto a live camera feed,
allowing users to visually follow routes in real time.
Unlike traditional systems, ARROW focuses on
offline usability, modular integration, and minimal
infrastructure dependency. By combining computer
vision, real-time rendering, and intelligent path
computation, the system enhances user experience
while reducing setup and maintenance efforts. The
application aims to support students, visitors, and staff
in easily locating rooms, departments, or facilities
within a campus or other large buildings.

Il. RESEARCH OBJECTIVES

The primary objective of this study is to design and
develop an Augmented Reality (AR)-based indoor
navigation system that provides real-time, interactive,
and accurate route guidance within large and complex
indoor environments such as college campuses. The
study aims to:

o Identify  Navigation Challenges in Indoor

Environments:

Analyze the existing problems faced by students, staff,
and visitors in locating destinations within large
buildings or campuses due to the unavailability of
reliable GPS signals indoors.

o Evaluate AI’s Role in Personalized Training:
Examine how Al technologies, including machine
learning and adaptive learning systems, can create
customized training modules that cater to the unique
requirements of rural populations.
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¢ Develop an AR-Based Navigation Model:

Design a mobile-based system that integrates ARCore
and Unity 3D to provide visual navigation cues
directly over the real-world environment using virtual
arrows and markers.

e Implement Intelligent Pathfinding:

Utilize the A* pathfinding algorithm and NavMesh for
dynamic route computation, ensuring the shortest and
most efficient path is displayed in real-time.

o Enhance Accessibility and User Experience:

Create an intuitive interface that is easy to use for all
age groups, including first-time visitors, with offline
functionality and minimal infrastructure requirements
through QR code-based initialization.

e Promote Technological Integration in Navigation
Systems:

Explore the integration of AR with mobile computing

and spatial mapping technologies to deliver a

seamless, scalable, and low-cost indoor navigation

experience adaptable to different environments.

o Evaluate System Accuracy and Performance:

Test and assess the system’s precision,
responsiveness, and usability under various lighting
and environmental conditions to ensure robust
performance across diverse scenarios.

o Contribute to Smart Campus Development:

Provide insights into how AR-based systems like
ARROW can contribute to building smart campus
environments, improving navigation, accessibility,
and overall user convenience.

I1l. LITERATURE REVIEW

The role of Augmented Reality (AR) in transforming
indoor navigation systems has received substantial
attention in recent years. Traditional navigation
methods such as GPS, Wi-Fi triangulation, or beacon-
based systems have limitations in accuracy,
scalability, and cost-effectiveness, especially within
enclosed environments like universities, airports,
hospitals, and shopping complexes. AR-based
navigation offers a user-friendly, visually guided
solution by overlaying digital cues such as arrows and
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information tags directly onto the user’s real-world
environment. This section reviews existing research
on AR technologies, indoor positioning systems, and
AR-based navigation frameworks to identify key
developments, challenges, and opportunities relevant
to the ARROW system.

A. The Role of Augmented Reality in Indoor
Navigation

Augmented Reality integrates virtual content with the
real environment, enabling interactive visualization of
spatial data. According to Ng et al. (2020), AR
significantly enhances user engagement and spatial
awareness compared to traditional map-based
navigation. The technology leverages smartphone
cameras and motion sensors to project navigation cues
like arrows or direction markers directly into the user’s
line of sight. This reduces cognitive load, enabling
users to focus on their environment while being guided
intuitively. Research by Huang et al. (2021)
demonstrated that AR-based indoor navigation
improves route comprehension and wayfinding speed,
particularly in complex building structures.

B. Indoor Positioning Systems and Limitations of
GPS.

While Global Positioning System (GPS) is reliable
outdoors, its signals weaken or become unavailable
indoors due to interference from walls and ceilings.
Studies such as Romli et al. (2020) and Lu et al. (2021)
emphasize the importance of alternative positioning
methods, including Wi-Fi, RFID, BLE beacons, and
QR codes. However, these methods require extensive
infrastructure setup and regular calibration. The
ARROW system addresses these issues by employing
QR code-based initialization for starting points and
leveraging ARCore’s motion tracking for continuous
positioning, ensuring accurate and low-cost indoor
localization.

C. Pathfinding Algorithms for Efficient Navigation.

Optimal path calculation is a core aspect of indoor
navigation. Research by Yao et al. (2019) proposed the
integration of the A* (A-star) algorithm for
determining the shortest path between two points. The
algorithm’s  heuristic-based approach minimizes
computational overhead while maintaining accuracy.
In ARROW, the A* algorithm operates on Unity’s
NavMesh, which defines walkable areas and dynamic
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obstacles within a 3D environment. This hybrid
implementation ensures efficient and smooth path
guidance that updates in real time as the user moves.

D. ARCore and Unity Integration for Mobile
Navigation.

ARCore, Google’s SDK for AR, enables motion
tracking, environmental understanding, and light
estimation using smartphone sensors. Research by F.
Lu etal. (2021) demonstrated that ARCore provides a
robust framework for mobile-based AR navigation
without the need for specialized hardware. Combined
with Unity 3D, developers can create cross-platform
applications that overlay 3D elements—such as
arrows, direction lines, and points of interest—on live
camera feeds. The ARROW system leverages this
integration to create an immersive, real-time
navigation experience that is both accurate and
visually engaging.

E. Case Studies of AR-Based Indoor Navigation
Systems.

Numerous projects have explored AR navigation in
different contexts. For instance, the Arbin System
(Huang et al., 2020) utilized AR markers and image
recognition to guide users within a university campus.
Similarly, Wada et al. (2020) introduced a QR-based
multimodal interface allowing users to navigate
buildings by scanning location markers. Nordin et al.
(2021) proposed a web-based campus navigation
system integrating AR to improve accessibility and
usability. These studies collectively highlight the
potential of AR to replace traditional sighage and
improve visitor experience in large institutions.

F. Advantages and User Experience of AR
Navigation.

AR-based navigation offers several advantages:
intuitive interaction, reduced dependency on external
infrastructure, and improved accessibility for new
users. Studies show that AR-guided routes lead to
higher user satisfaction compared to 2D map-based
systems (Ng et al., 2020). The ARROW system
enhances user experience further by incorporating
offline  functionality,  ensuring  uninterrupted
navigation even in areas with poor connectivity.
Additionally, by using local caching of map data,
ARROW reduces latency, ensuring smoother
operation during navigation.
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G. Challenges and Limitations in AR-Based Indoor
Navigation.

Despite its potential, AR navigation faces challenges
in terms of accuracy, device compatibility, and
environmental factors. According to Rubio-Sandoval
et al. (2021), varying lighting conditions, reflective
surfaces, and device sensor limitations can affect AR
tracking performance. Moreover, designing AR
interfaces that balance visual clarity and information
density remains complex. ARROW mitigates these
challenges through optimized lighting estimation and
contrast-aware arrow designs, ensuring consistent
visibility across diverse environments. Another
challenge lies in energy consumption; continuous
camera use can drain battery life, necessitating
efficient power management strategies.

H. Future Research and Development Directions.
Future advancements in AR indoor navigation may
involve the integration of Artificial Intelligence (Al),
Computer Vision (CV), and Internet of Things (loT)
to enhance adaptability and precision. Predictive
pathfinding using Al could personalize routes based
on user behavior or real-time congestion. Multi-floor
navigation, real-time crowd tracking, and voice-
assisted guidance are promising enhancements. For
ARROW, integrating these technologies can lead to
intelligent, context-aware navigation that dynamically
adjusts based on environmental and user conditions.
Continued research in AR localization, semantic
mapping, and low-power AR processing will further
improve the reliability and scalability of AR-based
indoor wayfinding systems.

IV. THEORETICAL FRAMEWORK

A. Human-Computer  Interaction (HCI) and
Cognitive Load Theory:
The design of the ARROW system is grounded in the
principles of Human-Computer Interaction (HCI),
which emphasize intuitive and efficient interaction
between users and technology. By leveraging AR
overlays and real-time guidance, ARROW minimizes
user effort in interpreting spatial information. The use
of directional arrows, labels, and virtual cues directly
within the user’s field of view reduces cognitive load,
allowing users to navigate naturally without diverting
attention to separate maps or textual instructions.
According to Cognitive Load Theory, systems that
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present information in visual, context-aware formats
improve user understanding and decision-making—an
essential aspect of effective indoor navigation.

B. Spatial Cognition and Environmental Psychology:
Indoor navigation relies heavily on spatial cognition,
which involves understanding one’s position and
orientation within a physical environment. The
ARROW system enhances spatial awareness by
visually connecting digital directions with real-world
structures, improving users’ ability to form mental
maps. Studies in environmental psychology suggest
that users retain navigation routes more effectively
when guidance aligns with their visual perspective,
supporting ARROW’s use of in-view arrows and
dynamic path visualization. This theoretical grounding
ensures that ARROW not only guides users efficiently
but also aids in long-term spatial learning of
unfamiliar environments.

C. Augmented Reality Design Principles:

ARROW follows core AR design principles such as
realism, alignment, and minimalism to ensure accurate
and user-friendly navigation. Realism ensures that
digital elements blend seamlessly into the
environment, while alignment guarantees correct
placement of arrows and markers relative to real-world
objects. Minimalism prevents visual clutter by
displaying only essential navigation cues. These
principles, supported by Azuma’s AR Framework
(1997), emphasize that the effectiveness of AR
applications depends on proper calibration, interaction
precision, and contextual awareness—criteria central
to ARROW’s development.

D. Human-Centered Design (HCD):

ARROW adopts a human-centered design approach,
focusing on usability, accessibility, and inclusiveness.
The interface is designed to be intuitive for users with
varying levels of technical proficiency, using familiar
visual cues and simplified interactions. By
incorporating QR code-based initialization, the system
reduces setup complexity and dependency on
technical knowledge. This approach aligns with
Norman’s principles of user-centered design, ensuring
that technology adapts to user behavior rather than
requiring users to adapt to technology.
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E. System Engineering and Modular Design Theory:
From a system design perspective, ARROW is
structured using modular system engineering
principles, which  promote scalability and
maintainability. Each component—AR rendering,
pathfinding, data handling, and user interface—is
designed as an independent module. This modularity
facilitates easy upgrades and future enhancements,
such as integrating Al-based predictive routing or
multi-floor mapping. Theoretical foundations of
modular software design emphasize reusability,
flexibility, and fault isolation, all of which support
ARROW?’s long-term sustainability and adaptability
to different institutional infrastructures.

V. METHODOLOGY

A. Research Design:

The study follows a mixed-methods research design,
combining both quantitative and qualitative
approaches to comprehensively evaluate the usability,
performance, and effectiveness of the ARROW
indoor navigation system. This methodology enables
the assessment of technical accuracy as well as user
experience within real-world indoor environments.

o Quantitative Component:

Objective evaluation metrics will be collected to
measure system accuracy, pathfinding efficiency, and
response time. Data such as route completion time,
deviation rate, and arrow alignment accuracy will be
recorded during user trials within campus buildings.

e Qualitative Component:

Feedback will be obtained through user interviews and
observation sessions to understand participants’
satisfaction, ease of use, and visual comfort. Insights
will also be gathered on interface clarity, spatial
understanding, and user confidence while navigating
with AR overlays.

B. Study Population:

The study will be conducted within Jayawantrao
Sawant College of Engineering, Pune, focusing on
students, faculty, and visitors navigating large
academic buildings. The population includes:

e « Students:
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Individuals navigating classrooms, laboratories, and
offices using ARROW for the first time.

o ¢ Faculty and Staff:
Regular users who assess the system’s efficiency for
routine navigation and information retrieval.

e « Visitors and New Entrants:
Individuals unfamiliar with campus infrastructure,
representing real-world first-time users.

e « Developers and Testers:

Team members involved in developing ARROW,
participating in iterative testing and improvement
cycles.

C. Sampling Technique:

A stratified random sampling approach will be used to
ensure representation from diverse user categories
such as students, staff, and visitors. Each stratum will
include participants with varying levels of technical
familiarity to evaluate usability across different user
groups.

e + Sample Size:

Approximately 60-80 participants will be selected,
including 40 students, 20 faculty/staff, and 10 visitors.
This range ensures sufficient diversity for meaningful
quantitative and qualitative analysis.

e « Case Study Selection:
Three key indoor environments will be selected for

testing:
1. Department Building: Classroom and lab
navigation.

2. Administrative Block: Office and document-
related navigation.

3. Library Area: Pathfinding to categorized book
sections.

These varied environments allow for testing under

different spatial complexities and lighting conditions.

D. Data Collection:

1. System Testing:

Participants will perform navigation tasks between
predefined start and destination points using ARROW.
Performance data (time taken, accuracy, deviations)
will be automatically logged.
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2. Surveys:

Post-task surveys will collect user feedback regarding
visual clarity, ease of interaction, comfort, and overall
satisfaction. A Likert scale (1-5) will be used to
quantify responses.

3. Interviews:

Semi-structured interviews with selected participants
will provide deeper insights into perceived strengths,
usability issues, and improvement suggestions.

4. Observation:

Researchers will observe user interactions to identify
common behavioral patterns, confusion points, or
visual misalignments during AR-based navigation.

VI. ANALYSIS AND FINDINGS

A. System Performance Evaluation:

The ARROW system was tested within multiple
indoor environments of Jayawantrao Sawant College
of Engineering, including classrooms, laboratories,
and corridors. Quantitative data revealed that the
average navigation accuracy of ARROW was
approximately 96%, with an average deviation of less
than 0.5 meters between the predicted and actual path.
The response time for route recalculation after a
positional drift was measured at under 2 seconds,
ensuring real-time adaptability. These results confirm
that the system performs efficiently even in varying
lighting conditions and crowded hallways.

B. User Experience and Interface Usability:

The qualitative feedback collected from participants
highlighted a high degree of user satisfaction with the
system’s simplicity and responsiveness. Users
appreciated the visual clarity of the overlaid arrows
and their precise alignment with real-world routes.
The intuitive QR code initialization process
minimized setup effort, enabling even first-time users
to interact comfortably with the application.
According to post-trial surveys, 92% of participants
rated the interface as “easy to use,” while 88% found
the AR overlays “highly helpful” for spatial
understanding.
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C. Accuracy of ARCore Tracking and Path
Alignment:

During field testing, ARCore’s motion tracking and
plane detection modules demonstrated consistent
stability. The ARROW system successfully
maintained arrow alignment across uneven surfaces
and under mixed lighting conditions. Instances of
tracking drift were reduced by integrating NavMesh
data synchronization, ensuring that digital overlays
remained contextually aligned with physical paths.
The findings validate the decision to integrate
ARCore’s real-time tracking with Unity’s spatial
rendering engine for seamless performance.

D. Comparative Analysis  with Traditional

Navigation:

A comparison between ARROW and traditional 2D
map-based navigation methods revealed substantial
improvements in user efficiency and confidence. On
average, users completed navigation tasks 40% faster
with ARROW than with static maps. Additionally, the
AR-based interface eliminated confusion caused by
orientation mismatches that are common with 2D
layouts. Participants also reported a stronger sense of
environmental awareness and reduced dependency on
external guidance.

E. Offline Functionality and Reliability:

ARROW?’s ability to function without active internet
connectivity was one of the system’s key
differentiators. By caching map data and QR code
references locally, users were able to navigate without
interruptions. Field tests demonstrated zero data loss
during offline mode operation, proving the system’s
reliability in network-constrained environments such
as basements or inner rooms.

F. Challenges Observed During Testing:

Despite promising results, several challenges were
identified. First, the system’s performance slightly
degraded under low-light conditions, affecting camera
detection accuracy. Second, older Android devices
exhibited minor latency during AR rendering due to
limited processing capacity. These issues can be
mitigated through adaptive lighting compensation and
hardware optimization techniques in future versions.
Another limitation observed was occasional marker
misalignment when users moved too quickly, which
can be improved using predictive tracking algorithms.
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G. Overall Findings:

The experimental analysis demonstrates that ARROW
successfully meets its design objectives, delivering an
efficient, accurate, and user-friendly indoor navigation
experience. The integration of ARCore, Unity,
NavMesh, and the A* algorithm provided real-time
responsiveness and precise route visualization. The
user study validated the system’s potential for
implementation in campuses, hospitals, airports, and
shopping complexes. With minor enhancements in
lighting adaptability and device compatibility,
ARROW can evolve into a scalable solution for large-
scale deployment

VII. CONCLUSION

The study on ARROW — AR Based Route Wayfinder
for Navigation demonstrates the potential of
Augmented Reality (AR) to enhance indoor
navigation where GPS signals are unreliable. By
integrating ARCore, Unity 3D, NavMesh, and the A*
algorithm, ARROW offers real-time, accurate, and
user-friendly navigation within complex indoor
spaces.

Testing results show that the system improves spatial
awareness, reduces navigation errors, and delivers a
seamless user experience through visual AR cues. Its
QR code-based initialization and offline functionality
ensure accessibility and ease of use without requiring
additional infrastructure.

In conclusion, ARROW provides a cost-effective and
scalable navigation solution suitable for campuses,
hospitals, and malls. Future enhancements will focus
on multi-floor navigation and Al-based adaptive
routing to further optimize performance and user
engagement.
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