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ABSTRACT

Augmented Reality (AR) technology has become increasingly popular due to its potential
use in an indoor environment. AR technology enables virtual information, such as
navigation instructions, to be merged into the actual environment via a mobile screen.
Using an AR-based Indoor Navigation speeds uptime while also being interactive in
searching for a particular building location. Every year when new semester students enrol
in the university, some students will have difficulty finding a particular location on the
campus. The most searched for building upon arrival at the university is the student halls
of residence. While searching for it, students waste time asking others for information or
looking for a nearby campus map. Therefore, this project investigates the requirements
needed for an AR-based indoor navigation application to be applied within the student halls
of residence and identifies technical issues through a small-scale prototype development
within a small navigational area. Seventy-one students participated in the feasibility
study by responding to a set of questionnaires related to the Student Residence AR

indoor navigation application. At the same

time, four users with and without previous

experience with AR applications evaluated
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the prototype application. The results
identified that the more the students have
difficulty searching, the more they require
additional time to reach their destination and
seek help from others, an excellent reason
to implement the Student Residence AR
indoor navigation. In addition, the prototype
evaluation results discussed issues related
to arrow path confusion, distance accuracy,
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assistive guideline, and software development challenges in AR development that could
be beneficial to future developers and researchers.

Keywords: AR indoor navigation, AR prototype development, augmented reality, design perspective, student
halls of residence

INTRODUCTION

Augmented Reality (AR) navigation technology has allowed indoor navigation in buildings
for various users and environments. AR indoor navigation has guided users to navigate
easily within complex buildings (Gerstweiler, 2018). Verma et al. (2020) carried out an AR
indoor navigation application within a hospital and reported that the application provided
a better user experience to the users rather than 2D Maps. Meanwhile, Yoon et al. (2019)
reported that implementing an AR indoor application through a smartphone for visually
impaired people was significant, and they presented a guideline for future studies. The
latter motivates our study to apply an AR indoor navigation application in student residence
halls in a branch campus.

Every year when new students enrol into the university, there will be those who will
have some difficulty searching for a specific location on the campus. The most searched
for building upon arriving on campus is the student halls of residence. Upon arrival
and registration, a student begins to search for their accommodation to keep their bulky
belongings. Roaming around in search of a building with their belongings in hand would
not be a pleasant first-day experience at the campus for them. Furthermore, the environment
layout of campus as compared to hospital wards and hotel rooms are quite different.
Hospitals prioritise the safety of their patients; hence rooms are designed differently. Some
have single rooms, double rooms, and a whole ward layout, while hotels have different
room layouts. In this study, every room in the student halls of residence has the same
layout. Therefore, this study aims to comprehend the requirements for university students
implementing a Student Residence AR indoor navigation application. The contribution
of this study is threefold; first, analyse the possibility of implementing the Student
Residence AR indoor navigation application among the students. Second, to identify the
user requirements needed for the Student Residence AR indoor navigation application
among the students. Third, to identify technical requirements for developing a Student
Residence AR indoor navigation application through a pilot study before implementing
it on a bigger scale.

AR is the technology that blends the real-world environment with the virtual world
via digital objects (Siltanen, 2012). It is a technology platform that integrates digital visual
content into the real-world environment of the user. AR has brought significant advancement
in several application areas such as education (Sani et al., 2020; Cai et al., 2019; Vargas et
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al., 2020), health care (Bui et al., 2021; Gerup et al., 2020), tourism (Williams et al., 2020;
Yung & Khoo-Lattimore, 2019), and also in navigation support (Satriadi et al., 2019). In
addition, AR technology can be used for both indoor and outdoor activities (Arantes &
Lamounier Jr, 2018).

AR in navigation has helped people by giving them a reference or direction in
wayfinding, which has changed how people explore a new place. Currently, AR navigation
applications are widely performed outdoors, such as for test car navigations (Uchida et al.,
2017), pedestrian wayfinding (Dong et al., 2021; Tran & Parker, 2020), and sightseeing
navigations (Kato & Yamamoto, 2020; Sasaki & Yamamoto, 2021). Nevertheless, indoor
navigation has also gained plausible attention in research as well as in technology adoption.
For example, Codina et al. (2019) investigated AR navigation in buildings for emergencies
or low visibility conditions and reported that AR navigation was significantly beneficial for
the staff in finding their ways in that state of urgency or particular events. Furthermore, de
Oliveira et al. (2017) added the usefulness of indoor AR navigation for users with limited
mobility, such as wheelchair users sustained safe navigation.

Additionally, this paper surveyed a number of AR navigation articles in the literature to
comprehend the AR application in the field. Table 1 summarises the surveyed articles and
their study objectives and outcome or results obtained from the study. Findings show that
indoor navigation can be used widely, whether it is for any navigation purposes or direction
precision and effectiveness. Therefore, this study has strong support in implementing a
Student Residence AR indoor navigation application, particularly for students entering the
student halls of residence for the first time.

There are six types of AR technology, and they are classified into two categories (Figure
1); triggered-based and view-based augmentation (Edwards-Stewart et al., 2016). The
widely known triggered-based augmentations are the marker-based AR and location-based
AR, while the general view-based augmentation is the markerless AR. The marker-based
AR approach uses a marker presented in a paper-based or physical object to trigger the
augmentation (Siltanen, 2012). In comparison, the location-based AR is activated by the
Global Positioning System (GPS) location and pairs the desired destination (Chanphearith
& Santoso, 2016). Thus, the combination of GPS, compass sensors, trackers, and computer
displays determines the location-based AR implementation (Billinghurst et al., 2014).

Conversely, the markerless AR method uses a real-world static view or real-life object
as a marker. Thus, the tracking method combines the natural features of a particular real-life
object by detecting the targeted object’s edges, corners, and texture (Jumarlis & Mirfan,
2018). In addition, markerless AR also uses GPS and compass to provide data based on
the user’s location. This data then determines what AR contents the user receives in a
particular area, producing maps and directions at the end.
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Table 1

Summary of several indoor augmented reality navigation studies

Articles Study Objective

Outcome/ Result

D. Khan et al. (2019) Time efficiency/

Distance accuracy

Codina et al. (2019) Distance accuracy

Vidhyavani et al. (2019)  Object recognition

accuracy

R. U.Khan et al. (2019) Human cognitive
workload/ Time
efficiency
Ghantous et al. (2018)

Gerstweiler (2018)

Distance accuracy
Distance accuracy

De Oliveira et al. (2016)  Optimal routes

Yang & Saniie (2017) Distance accuracy/

Position estimation

AR navigation is efficient, accurate, and user friendly.

AR system is useful in low visibility situations and
proved to be helpful.

The mobile camera allows various objects to be
supplied into the AR application.

Indoor AR system provides useful information without
having any physical equipment or connection.

AR navigation results are positive and satisfying.

Good performance was reported in guiding users with
AR.

AR has the ability to identify the best routes and
reduce potential hazards for wheelchair users.

The position estimation error is reduced by a larger
AR marker or by using higher resolution images.

Triggered

Paper Marker-based

Object Marker-based

Augmented
Reality (AR)
technology

Dynamic Augmentation

Complex Augmentation

Indirect Augmentation

T

Non-specific Digital Augmentation

Figure 1. Augmented reality technologies classified by Edwards-Stewart et al. (2016)

The Student Residence AR indoor navigation application will adapt the marker-

based AR technology to trigger augmentation for this current study. A marker-based AR

technology is more relevant for a dedicated indoor navigation system that does not demand

extensive installation or strong wireless connections.

MATERIALS AND METHODS

Figure 2 illustrates the study as a whole, consisting of four phases: Initial phase, Design

phase, Implementation phase, and Evaluation phase. However, this paper only reports the

first two phases; the initial phase and the design phase. The initial phase includes reviewing
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the literature, reviewing previous AR navigation studies, and conducting a preliminary
investigation to identify user requirements reported in the results and discussion section.
In the design phase, a small scale prototype pilot was built and implemented to identify
technical requirements before building the larger scale prototype for the student halls of
residence. As continuous work from this study, the following articles will report the other
two phases; implementation and evaluation.

In the initial phase, using a simple random sampling approach, seventy-one students
participated in the preliminary feasibility study conducted among 1,900 university students
living in the student halls of residence of the branch campus. Online questionnaires were
distributed across Year 1 to Year 4 students via google forms. Unfortunately, only a few
students completed the questionnaires due to the Covid-19 Pandemic, which forced most
students to return home. Approximately 36 male and 35 female students answered the
survey question. The questions were divided into three sections: (1) Demographic profile,
(2) User experience on current halls of residence system, and (3) User opinion on a Student
Residence AR indoor navigation application. The outcomes of this feasibility study are
discussed in the results and discussion section.

In the design phase, the Student Residence AR indoor navigation application utilises
marker-based technology. Software such as Unity 3D and Visual Studio is used in the
development of the application. Vuforia SDK package is added to the Unity 3D application
to enable augmented reality functions. C# Programming Language is also used to write
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Figure 2. Conceptual Design of the entire work and focus of this paper is indicated in the red dashed line area
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Figure 3. The application algorithm flow for both the small-scale and large-scale prototype

scripts that allow certain functions to be called on the application’s component (object).
Before a large-scale application is developed in the implementation phase, a small-scale
prototype was developed and reported in this paper. This small-scale prototype was done
to identify technical issues and to optimise resources.

Figure 3 presents the algorithm flow for both the small-scale prototype and the large-
scale Student Residence AR indoor navigation application. This application uses the AR-
codes as markers because they are much easier to be recognised by the camera and user.
The AR code, known as the Augmented Reality Code, is a 2D barcode in the form of pixel
squares in a box and redirects the user to an AR website or mobile application. Once the
Student Residence AR indoor navigation application recognises the marker (scans image)
and identifies the user location at this point, the application displays the navigation options
(e.g., Living Room, Store, Kitchen, Room, Room 2). After a selection has been made,
the application calculates both the marker’s position and destination. The position of the
computer-generated content can be affected by any change in the position of the real-world
object. Therefore, the more refined the application can identify a particular physical object,
the more accurate the digital data layout will be. These calculations and measurements
are conducted through the Vuforia Engine Platform. Whenever a user changes routes by
accident, the Vuforia Engine Platform recalculates the destination and displays the user’s
corrected path.

RESULTS AND DISCUSSION

A preliminary study was conducted to assess the feasibility of implementing a Student
Residence AR indoor navigation application for students in the student halls of residence.
Table 2 demonstrated that students had difficulty finding their particular room when they
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first arrived at the university’s halls of residence. In addition, there was a significant
relationship between Searching Difficulty and both Genders (x*(1) =5.04; p <.05), with
female students struggling more than male students.

Table 3 reports Searching Difficulty and the practice student applied when searching
a particular room in the residence halls. The relation between Searching Difficulty and

Searching Support practice was significant, Table 2

X* (4) =24.26; p <.01. From the data, Searching difficulty of both genders
the majority of students struggled with

. . Genders Yes No  Chi-Square
searching and sought assistance from others. -1 (n=36) 27 9 a1
There were only a few students who had no  pemale (n=35) 33 P = 5.04,
problems. Total 60 1 p=.02
Table 3
Searching difficulty on searching support

No. Had Difficulty  No Difficulty % Chi-Square
By Floor Map 26 23 3 23.9 df=4
Ask Help From Others 39 39 0 35.8 x’=24.26,
Own Explore 38 30 8 349 p=-00
No Need Assistance 6 3 3 55
Total 109 100
Table 4
Searching difficulty on time spent and AR awareness
Searching Difficulty Yes No Chi - Square
Need (Spends) More Had Difficulty 44 16 df=1
Time No Difficulty 4 7 x*=5.80,
Total 48 23 p=-01
AR-Based Indoor Had Difficulty 33 27 df=1
Navigation Awareness  No Difficulty 10 1 x*=0.09,
Total 43 28 p=:93

Table 4 reports the number of students having difficulty finding their particular room
when they first arrived at the university’s residence halls and the need to have extra time
when searching. The result shows a significant association between the two variables, x>
(1)=5.80; p <.01. It indicates that when students are having difficulty searching, they will
require additional time. Also in Table 4 reports the number of students having difficulty
searching and their awareness of existing AR-based indoor navigation applications.
There was no significant association between the number of students who had difficulty
searching and their awareness, x* (1) =0.09; p >.05. However, Table 4 shows that students
who had difficulty searching are primarily aware of AR-based indoor navigation in the
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Table 5
AR usage experience and preferable method when finding room of both genders
Genders Yes No Chi - Square
] o o Male (n=36) 3 33 df=1
Experience in using existing AR Female (n=35) 1 34 = 1.00,
Indoor Application _
Total 4 67 p=.32
Male (n=36) 29 7 df=1
Preferable Method (Conventional Female (n=35) 27 3 =012,
Vs AR) _
Total 56 15 p=.72

market. Therefore, it could be a good reason for fostering the Student Residence AR indoor
navigation.

Table 5 reports the students’ experience in using any existing AR-based indoor
navigation applications. Both male and female students have never used any AR-based
indoor navigation applications, and the proportion between both genders shows no
difference, x* (1) =1.00; p >.05. Also, Table 5 reports the preferable practice of searching
for a room in the residence halls between conventional or an AR-based indoor navigation
application. Again, there is no difference in proportion (x*(1) =0.12; p >.05) between both
genders as to the preferable practice in searching a room. Nevertheless, both genders show
interest in using a Student Residence AR indoor navigation application within the campus.

The preliminary study results reported that most of the respondents were aware and
interested in having an AR-based indoor navigation application. Although most respondents
have not previously experienced or used AR-based indoor navigation applications such as
the proposed Student Residence AR indoor navigation application, they are still interested
in using it because of its convenience. This preliminary study also identified that the more
the students have difficulty searching, the more they require additional time to reach their
destination and seek help from others. Only a tiny percentage of students did not ask for
assistance when they first arrived at the university’s halls of residence.

Furthermore, a small-scale prototype of the Student Residence AR indoor navigation
application within a house was developed to test and identify technical requirements for
a more significant scale application development. The aim was to minimise the technical
errors that could result in a delay or ineffective large-scale application. Figure 5 presents
the interfaces and flow of the application.

Figure 4(a) shows the homepage of the Student Residence AR indoor navigation
application prototype. Figure 4(b) shows the ‘Scan page’ of the application where users
need to search for the AR marker and scan it via their phone camera. The marker is used
to trigger the application. It will then load and direct the user to the ‘Selection page’, as
shown in Figure 4(c). Here, users are required to choose one of the destinations (e.g., Living
Room, store and kitchen). Once a preferable destination has been selected, users are directed
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to the ‘Path Display pages’, as shown in Figures 4(d) and 4(e). These pages show the path
with arrows leading to the preferred destination. Users can follow the arrows until they
reach the intended destination. Upon arrival at the destination, a message ‘You’ve reached
Destination’ will appear, as shown in Figure 4(f). Users can then quit the application by
going back to the ‘Selection Page’ and tap on the ‘Exit’ button, as shown in Figure 4(g).

In this prototype development, the canvas allows users to interact with the AR device
via buttons, as presented in Figure 5. Panel 1 and 2 of the canvas layers have different
button functions that help direct users to specific destinations.

Also, a floor plane (the 3D flat surface in Unity) is created to allow the application to
understand the navigational area, as shown in Figure 6. The blue area of the floor plane
represents walkable areas, whereas the pink and grey 3D objects represent non-walkable
areas. A baking process is carried out to allow the application to understand these two
distinct areas. In addition, the AR camera object is used as a first-person view of the
application and acts as a virtual human on the floor plane. In this situation, the AR camera
object will also move when the user moves the application.

Furthermore, to guide the users to go from the current location to the destination
location via the indoor application, a navigation controller script was created using the C#
programming language to display a 3D path. Nevertheless, in this prototype, the line was
replaced with an arrow-pattern-like path to make it more visible and pleasant for the users

€ unity

<4 FYP_ARIN
7] Directional Light
11 ARCamera

» F0 MenuButton
w (71 Panel2 - .
»DLR LivinG
» F0 STOR
» F0 KITCHEN

e .
@ Eve-ntsy KITCHEN
3 e

¥ £ Building
Ep Plane

» 0 Walls

» C7) Furnitures
» 7 Ground
[f Line

Figure 5. Panel 1 and Panel 2 of the Canvas layers created
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2 vuforia

(a)

Figure 7. The Student Residence AR indoor navigation application demonstration

[Figures 7(d), 7(e) and 7(f)]. A voice narrative is also integrated along the arrow-pattern-
like path to assist navigation. Demonstration of the AR-based indoor navigation prototype,
which leads to the kitchen of a house (pilot scale), is presented in Figure 7.

Four evaluators were involved in the prototype test. Two of the evaluators had
experience with AR development, one had used AR before, and the other had never used
any AR application before. In a closed experimental area, the evaluators were given the
AR-based indoor navigation application and were informed to use the application to reach a
destination. However, the evaluators had no idea how the closed experimental area was set
up. Overall, the development of a small-scale prototype resulted in a number of practical
technical issues.

Improving Arrow Paths

Although the arrow path correctly directs users to their destination with the help of the
voice narration, the arrow-pattern-like path makes it irritating and confusing for users
to follow because the arrow-pattern-like path occasionally appears in mid-air or above
eye level when panned around. Since it is critical to avoid potential user confusion when
designing a Ul navigation app (Huang et al., 2020), the arrow-pattern-like path will be
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improved in the large-scale development phase by including a standard line alongside the
arrow-pattern-like path to avoid confusion.

Distance Accuracy

Two evaluators discovered problems with distance accuracy due to the small number of
AR markers used in the navigation and floor plane to reach the destination. Compared to
markerless AR navigations that use GPS, this indoor navigation employs AR markers.
However, the number of AR markers used will affect the distance accuracy as each AR
marker can only cover a small navigation area. According to Rehman & Cao (2017), a
more complex environment and longer route may improve accuracy and performance.
Therefore, for large-scale development, more AR markers are needed to reduce distance
accuracy errors.

Assistive Guidelines

The application was confusing in the beginning because the evaluators did not know
what to do. This situation made the application challenging to use and non-user-friendly.
Therefore, in the large-scale project, it is necessary to add an assistive guideline to provide
users with clear step-by-step recommendations when using the application in contrast to
Rehman and Cao (2017) suggestion of not to use any assistive guideline to study retention
routes in indoor navigations.

Complicated Software Development Kit

Both AR Core and Vuforia are useful software development kits (SDKs) that enable AR
application development. However, the AR navigation in the pilot study is developed
using Unity. When using AR Core, all AR components were stored in separate folders
causing the developer to unfold each folder, learn one by one, understand and use each
component. However, when using Vuforia, the components were nicely arranged on a
fixed panel in Unity, ready to be used. This arrangement makes the development process
easier and smoother. Furthermore, AR Core dedicates to location-based navigation using
SLAM (Simultaneous Localisation and Mapping) algorithms (Morar et al., 2020). In
contrast, Vuforia dedicates to marker-based navigations using their plane-find technology,
as in Figure 6 (Vuforia Library, 2021). Therefore, Vuforia will be applied in the large-scale
development due to the project implementation in an indoor static environment.

The implementation of this small-scale prototype revealed a few other issues that
must be addressed before moving forward with the large-scale prototype in the university.
Because the student residence halls cover such a large area, multiple routes may arise when
using the AR indoor navigation application. As a result, a more complicated rerouting
process is required. One solution to this could include a feature in the application that
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allows users to choose a route based on the total time to get to their destination before
continuing their journey. Aside from that, the ease of use of the AR indoor navigation
application should also be taken into consideration. Allowing the user to interact with the
app with ease will increase engagement and encourage long-term usage. Incorporating a
mixed reality environment, such as allowing users to interact with the application using
gesture recognition or an assistant avatar, could be convenient. However, keeping confusion
and burden to a minimum should be regarded.

CONCLUSION

Searching for a place or room in the student halls of residence for new students is
sometimes an unpleasant experience, especially when there is so much luggage to carry
during registration. This paper aims to perform a feasibility study of applying a Student
Residence AR indoor navigation application and identify technical issues through a small
scale prototype development within a small navigational area. The four critical issues
discussed include improving arrow paths, distance accuracy, assistive guidelines, and
software development kit difficulty.

The next phase of this study is to implement the Student Residence AR indoor
navigation application on a larger scale, the university’s halls of residence, and to evaluate
the application among new students entering the university. In addition, the Covid-19
Pandemic has introduced a new norm for physical distancing in the fight against the
outbreak. Therefore, this application may embrace physical distancing during this
challenging time, and at the same time, expose the student to a virtual campus environment.
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