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COMPARATIVE ASSESSMENT OF MOBILE NAVIGATION
APPLICATIONS USING 2D MAPS AND AUGMENTED
REALITY INTERFACES

SUMMARY

Navigation has always been a problem for people, when they visit a location which they
have not been before. Especially in universities with big campuses, new comers and
guests need a guide for finding their way and getting to know the environment. Most
of the universities provide guidance with signposts and web based maps. However,
these tools are not the most user friendly ways of providing guidance service to
people. In order to provide a better service for guidance purposes, mobile solutions
should be developed. Since, nowadays, almost everyone carries a smart phone, mobile
applications are useful tools to reach to the people and provide service.

Mobile navigation applications are effective tools for helping people to find their
way and explore their environment. The most popular navigation applications in
the market are capable of navigating people to their destination as well as providing
extra functionalities to help users to get familiar with their surroundings and to access
information about locations that are in users’ preferences. The main disadvantage of
these applications are the weak GPS accuracy, which may confuse the users. Another
disadvantage of these applications is that they do not have the detailed map of every
area on the earth, which disables the users to use the applications if the roads or the
pavements around them are not presented on the map. Therefore, there is a need for
guidance service specialized for such areas.

The main challange for the mobile applications is to provide user-friendly interfaces,
which also reveals a good user experience. In the design process of applications,
developers should not only consider usability issues, but also consider the user
satisfaction among the interaction between the user and the application. The type and
quality of interaction that an application provides may take it to the top listings in the
application stores, or may make people not even notice it.

This thesis focuses on the user experience of mobile navigation applications by
providing two types user interaction styles. The first type of user interaction style
examined in the thesis provides guidance service with a 2D map interface. 2D map
interfaces present a satellite map of earth and shows locations with 2D content, such as
pinpoints, images, text to the users. This type of interface provides a bird’s eye view
of an area. The route information is shown to the user using lines on the map. Users’
interaction with this interface may include finger gestures or voice commands. Users
can manage the map by tilting, rotating, viewing, zooming in, and zooming out using
fingers. The second type of user interaction examined in the thesis is the Augmented
Reality (AR) browser interface. An AR interface enhances the real vision of the user
with the digital information in order to provide new functionalities or more detailed
information about what user sees. AR applications has been categorized as marker
based and location based applications. In the scope of this thesis only the location
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based AR applications were examined. The location-based AR applications have been
known as the AR browser applications with which users can browse or discover their
environment. AR browsers use device’s camera to access the real world image and
show any digital media, such as, 2D images, text, videos, 3D models, onto the live
camera view of the device. Users can explore their environment by browsing points of
interests in such applications, without using any finger gestures.

Another important contribution of this thesis is the guidance method called waypoint
approach implemented in the AR interface, where users can get to their target location
by following a series of waypoints displayed one after another onto the camera view.

These interaction styles were implemented into two mobile navigation applications,
which were intended to serve to visitors and newcomers of Istanbul Technical
University for guidance purpose. The comparison of these two interfaces in terms
of user experience was carried out by developing one sample application for each
interface and conducting a field test and applying couple of questionnaires. Two groups
of 10 participants were asked to follow two consequent routes. The first group took the
first route guided by 2D map interface followed by the second route by AR interface
and the second group took the first route guided by the AR interface followed by the
second route by the 2D maps interface. Participants were ased to think aloud during
the tests. After each test, participants were asked to answer NASA TLX and Post
Study System Usability Questionnaires. The NASA TLX questionnaire was useful
to compare these interfaces in terms of mental and physical workload, frustration, and
performance of the participants. The PSSUQ were used to analyze these two interfaces
in terms of user satisfaction, usefulness, information quality, and interface quality. In
addition, participants’ route completion times were also recorded.

The results of the user experience tests revealed that the application with 2D map
interface outperformed the AR based application in terms of all criteria. Participants
travalled the routes in shorter times with the 2D map interface. The NASA TLX results
showed that the 2D map interface was less demanding both mentally and physically,
caused less frustration and required less effort from the participants. According to
the PSSUQ results 2D map interface was more satisfactory for the users than the AR
interface. In terms of degree of exploration of the environment, AR interface was found
to be more useful. Participants stated that the combination of these two interfaces
would be an improvement on top of the existing solutions, which is one of the future
research ideas of these thesis. The user preferences may be also included in such
systems. Moreover, instead of using smartphone, using optical head-mounted device
could also create a whole new type of interaction.

Both of the interfaces were also evaluated according to their usage of resources, such
as GPU load, CPU load, and battery power. It was observed that the AR interface was
more CPU and GPU power demanding since it uses camera and sensors of the device
more intensely and frequently. Because of high ratio of usage of CPU and GPU, the
AR interface consumed the battery power faster than the 2D map interface.
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2 BOYUTLU HARITA VE ARTIRILMIS GERCEKLIK TABANLI
MOBIL NAVIGASYON UYGULAMALARININ
KIYASLAMALI DEGERLENDIRILMESI

OZET

Insanlar daha 6nce gérmedikleri bir yeri ziyaret ettiklerinde hem o yer hakkinda daha
ayrintili bilgi almak i¢in hem de o yer i¢inde navigasyon hizmeti almak ic¢in yardimci
araglara ihtiya¢ duyarlar. Ozellikle biiyiik ve kalabalik kentlerde, biiyiik kampiislii
tiniversitelerde ve turistik yerlerde bu tiir araclara ihtiya¢ duyulmaktadir. Giiniimiizde
ozellikle iiniversitelerde bu tiir yonlendirme ve tanitma hizmetleri genellikle yon
tabelalar1 ve kiokslar ile verilmektedir. Fakat insanlarin bu tiir araglara her an
ulasamamalar1 ve bu araclari bulmak i¢in de ayr1 bir ¢aba sarfetmeleri gerektikleri
icin daha 1yi ¢oztimlere ihtiya¢c duyulmaktadir.

Giiniimiizde neredeyse biitiin insanlarin siirekli beraberlerinde bulundurduklari akilli
telefonlar insanlara en kolay sekilde hizmet sunulabilecek platformlar haline
gelmiglerdir. Mobil rehber uygulamalar1 da insanlarin daha rahat erisebilecekleri ve
yeni gittikleri bir ortama uyum saglamalarina yardimci olabilecek uygulamalardir.
Bu tiir uygulamalar navigasyon hizmeti disinda insanlarin ¢evrelerini tanimalarina
yardimcr olabilecek ozellikler icerebilmektedir. Giiniimiizde en yaygin kullanilan
mobil navigasyon uygulamalar1 insanlar istedikleri yere ulastirmak adina dijital bir
harita {lizerinde yol, mesafe, zaman ve yonlendirme bilgilerini yazi veya gorsel
arayiiz elemanlariyla kullanicilara sunmaktadir. Ayrica insanlar bu uygulamalar
sayesinde cevrelerinde bulunan yerleri gorebilir ve bu sayede bulunduklar1 yere daha
1yi taniyabilirler. Bu tiir uygulamalarin en biiyiik dezavantaji GPS sinyalinin bazi
zamanlarda anlik da olsa hatali veri vermesidir. Yanlis bir GPS verisi uygulamada
kullanicinin yerinin yanlis gosterilmesine ve dolayisiyla kullanicida kafa karisikligina
sebep olabilmektedir. Yaygin olarak kullanilan navigasyon uygulamalarinin bir diger
dezavantaji ise yeryiiziindeki biitiin cadde, sokak, ve kaldirim bilgilerini kapsamiyor
olmalaridir. Dolayisiyla bolgelere 6zel ¢oziimlere de ihtiya¢ duyulmaktadir.

Mobil uygulamalarin gelistirilmesinde kullanici dostu arayiizlerin gelistirilmesi en
cok odaklanma gerektiren konulardan biridir. Kullanic1 dostu arayiizler kullanicilarin
uygulamadan daha olumlu deneyimler elde etmelerine sebep olabilmektedir. Bir
uygulamanin vaat ettigi Ozelliklerinin hatasiz calismasi ne kadar Onemli ise
uygulamanin kullanici ile olan etkilesiminin kullanicida memnuniyet olusturabilmesi
de o kadar onemlidir. Bu yiizden kullanici-uygulama etkilesimi insanlarin bir
uygulamay1 kullanmay1 tercih etmelerinde 6nemli bir faktordiir.

Bu tezde mobil navigasyon uygulamalarinda kullanilan iki farkli kullanici etkilesimi
tiirll ele alinmugtir ve bu etkilesim tiirlerini gergekleyen iki 6rnek uygulama iizerinde
kullanic1 deneyimi karsilastirilmasi yapilmigtir. 11k kullanici etkilesimi tiirii olarak 2
boyutlu harita arayiizii ele alinmistir. Bu arayiizlerde uydu haritalar1 yer almaktadir.
Uydu haritalar1 diinyanin kus bakis1 goriintiilerini icerir. Bu harita {izerinde konumlar
2 boyutlu icerikler ile gosterilir, ornek olarak resimler, yazilar, ve noktalar vb.
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Kullaniciya yol bilgisi bu harita iizerine ¢izilmis ¢izgi gorselleri ile sunulur. Kullanici
bu tiir bir harita arayiizii ile parmak hareketleri veya ses komutlar1 yolu ile etkilesimde
bulunabilir.  Kullanicilar siiriikleme, dondiirme, yakinlastirma, uzaklastirma ve
egme eylemlerini parmak hareketleri ile gerceklestirerek haritay1r yonetebilirler.
Diger kullanici etkilesimi tiirii olarak Artirllmis Gergeklik (AG) tarayicisi arayiizii
sunulmugtur. AG gercek diinyadaki cevrenin dijital ses, goriintii, grafik ve GPS
verileriyle zenginlestirilerek o cevre veya nesne hakkinda daha fazla bilgi sunmaya
olanak saglayan bir teknolojidir. AG uygulamalari isaret ve konum tabanli olmak iizere
iki kategoriye ayrilir. Bu tez kapsaminda sadece konum tabanli AG uygulamalarina
deginilmistir. Konum tabanli AG uygulamalar1 ayn1 zamanda AG tarayicilar1 olarak
da adlandirilmaktadirlar. AG tarayici uygulamalar1 sayesinde kullanicilar etraflarin
tarayabilir veya kesfedebilirler. Bu tiir uygulamalar cihazin kamera goriintiisiinii
kullanir. Bu goriintiiye erisim sagladiktan sonra goriis agis1 icerisindeki yerler ile ilgili
dijital icerikler kamera goriintiisiiniin {izerine bindirilerek goriintiilenir. Kullanicida
eklenen dijital iceriklerin gercekte var oldugu hissi uyandirilir. Bu dijital igerikler iki
boyutlu resim, yazi, video veya iic boyutlu modeller olabilirler. Kullanicilar sadece
telefonlar istedikleri bolgeye dogru tutarak o bolge hakkinda veya o bolgede bulunan
binalar hakkinda daha fazla bilgi edinebilirler.

Bu calismanin bir diger 6nemli katkis1 ise AG tarayici arayiizlerinde gerceklenebilecek
navigasyon yontemidir. Bu etkilesim tiirii ile navigasyon ara noktalar yaklagimi ile
gerceklestirilebilir. Bu yaklasimda kullanicinin gitmek istedigi konuma varmasini
saglayacak bir dizi ara nokta hesaplanir. Hesaplanan ara noktalar kullaniciya olan
yakinliklar1 baz aliarak sira ile kamera goriintiisii tizerinde gosterilir ve kullanici
her noktaya vardiginda bir sonraki ara nokta goriiniir hale gelir. Ayrica herhangi bir
ara noktanin kullanicinin goriis alan1 disinda olmasi halinde kullaniciy1r o noktaya
yoneltecek yoOnlendirme gorselleri de sunulmustur. Radar arayiizii elemam da
kullaniciya cevresindeki ilgi noktalarini tepeden bir goriis ile gozlemleyebilecegi
yardimei bir arayiiz eleman: olarak sunulmustur.

Bu iki etkilesim tiiriiniin orneklendigi iki mobil uygulama gelistirilmistir. Bu uygu-
lamalarda Istanbul Teknik Universitesi'ne yeni gelen dgrencilere veya ziyaretcilere
rehberlik hizmeti vermek amaglanmistir.  Bu uygulamalar ile kullanicilar hem
istediklere yere yon bilgisi alabilir, hem de cevrelerindeki veya kampiiste yer alan
diger binalar ile ilgili daha ayrintili bilgiye erisebilirler. Bu uygulamalar kullanilarak
bu iki etkilesim tiiriiniin kullanici1 deneyimi acisindan karsilagtirilmasi yapilmugtir.
20 kisi ile yapilan saha caligmasinda kullanicilardan birbirini takip eden iki yolu bu
uygulamalari kullanarak takip etmeleri istenmistir. Kullanicilar onar kisilik iki gruba
ayrilmistir.  Birinci gruptan ilk yolu 2 boyutlu harita arayiizii ile, ikinci yolu ise
AG arayiizii ile takip etmeleri istenmistir. Ikinci gruptan ise ilk yolu AG arayiizii,
ikinci yolu ise 2 boyutlu harita ara yiizii ile takip etmeleri istenmistir. Kullanicilardan
deneylere baslamadan 6nce demografik formunu doldurmalar1 istenmistir. Bu form
ile kullanicilarin bu arayiizlere asinaliklar1 6grenilmeye calisilmistir. Deney sirasinda
kullanicilardan sesli diisiinmeleri ve uygulamalar hakkindaki biitiin diisiinciilerini
ve deneyimlerini sesli bir sekilde dile getirmeleri istenmigstir. ~ Kullanicilarin
her iki arayiiz ile rotalar1 ne kadar siirede tamamladiklar1 kaydi da tutulmustur.
Kullanicilardan testleri tamamladiktan sonra NASA TLX ve Calisma Sonrasi Sistem
Kullanilabilirlik soru anketlerini (Post Study System Usability Questionnaires)
doldurmalart istenmistir. NASA TLX soru anketi ile arayiizlerin ne kadar fiziksel ve
zihinsel ig yiikii talep ettigi, kullanicilarda tiikkenmislik veya hayal kiriklig1 hissi yaratip
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yaratmadi81, ve kullanicilarin performanslari degerlendirilmistir. PSSU anketi ile bu
iki arayiiz kullanict memnuniyeti, kullanighilik, bilgi kalitesi, arayiiz kalitesi bagliklar1
altinda kiyaslanmustir.

Yapilan anketler ve test sirasinda elde edilen veriler incelendiginde 2 boyutlu harita
arayiiziiniin her acidan daha 1yi olarak nitelendirildigi gozlemlenmistir. Katilimcilarin
2 boyutlu harita arayiizii ile rotalar1 daha kisa siirede tamamladiklar1 gozlemlenmistir.
NASA TLX anketinin sonuglar1 2 boyutlu harita arayiiziiniin kullanicidan daha az
fiziksel ve zihinsel is yiikil talep ettigini gostermistir. Fiziksel ig yiikiiniin sebebi olarak
kullanicilarin AG arayiiziinde ok yonlendirmesini gorebilmek i¢in telefonu siirekli goz
hizasinda tutmalarindan kaynaklanan kol yorulmalar1 gosterilmistir. AG arayiiziiniin
fazla zihinsel i1s yiikii gerektirmesinin sebebi olarak ise hatali GPS verisinden
kaynaklanan yonlendirmelerin ara ara kaybolmasi ve el titremelerinden kaynaklanan
ok gorselinin ekranda titremesinin kullanicida kafa karnisikligina sebep olmasi
gosterilmigtir. PSSU anketi sonuglarinda da 2 boyutlu harita arayiizii kullanicilar1 daha
cok tatmin eden arayiiz olarak 6ne ¢ikmustir. 2 boyutlu harita arayiiziiniin kullanicilarin
daha asina oldugu ve Ogrenmesi kolay bir arayiiz oldugu kullanicilar tarafindan
belirtilmistir. AG arayiiziinde bulunan radar 6zelliginin kullanicilara navigasyon
esnasinda dogru yolda kalmalarina yardimci oldugu ve kaybolduklarinda tekrar dogru
yola yonelmelerine yardimci oldugu belirtilmistir. Kullanicilara her iki uygulamanin
cevreyi tanimalarinda ne kadar etkili oldugu sorulmus ve kullanicilarin ¢cogunlugu AG
arayiiziine sahip uygulamada cevre ile daha fazla etkilesime gecilebildigini belirterek
AG arayiiziinii segmiglerdir.

Ayrica bu iki arayiiz kaynak kullanimi agisindan da karsilagtinlmistir. GPU ve
CPU islemcilerini ne kadar yogun kullandiklarina ve pil giiclinii ne kadar hizh
tiikettiklerine dair degerlendirme yapilmistir. Sonuclara bakildiginda AG arayiiziine
sahip uygulamanin cihazin sensorlerini ve kamerasini daha yogun bir sekilde
kullandig1 i¢in cihazin grafik ve ana islemcisini daha fazla mesgul ettigi goriilmiistiir.
Dolayisiyla pil giiclinii daha hizli bir sekilde tiikettigi de gézlemlenmistir.

Ileriki ¢aligmalarda bazi kullanicilar tarafindan da one siirillen bu iki arayiiziin
bilesiminden olusacak iiciincii bir tiir arayiiz gelistirilmesi ve kullanicilar iizerinde test
edilmesi planlanmaktadir. Ayrica kullanicilarin tercihlerine gore igerik sunulabilecek
bir arayiiz gelistirilmesi planlanmustir. Son olarak akilli telefonlar yerine akilli gozliik
cihazlarinda navigasyon hizmeti saglayacak bir arayiiz gelistirilmesi amac¢lanmaktadir.
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1. INTRODUCTION

Current mobile navigation applications have plenty of features including not only the
route information but also other useful information about the surroundings of the users.
In most of the today’s navigation applications, the provided route information includes
traffic congestion, estimated time and distance to a destination, visual representation
of the route and directional information. Moreover, most of these applications provide
information about the surroundings, which may include textual or visual representation
of name or other details of the buildings, avenues, streets, restaurants and all the other
places that might be helpful for the user in exploring the environment. Within these
two common features, navigation service of these applications is the main motivating
reason for the users to decide on using these applications. Therefore, mobile navigation
applications are essential for people to figure out how to get from one point to another
in any environment without getting lost. Teevan et al. [1] stated that the most common
reason for performing a local search was to get directions to their target location (52%),
followed by the desire to go somewhere (43%), to get a phone number of a place (28%)
and to choose a specific place to visit (21%). Although the main reason of preferring
these applications is to get navigational services, people also use them to get to know
the environment, which they have not been before. Therefore, in the development
process of these applications, the main focus should not only be given to showing the
right path with as much clear directions as possible but also taking the elements of

exploration and discovery into account.

In order to increase the quality of services provided by these applications, the user
interfaces and interaction styles of these interfaces should be well-designed. Since
the mobile navigation applications are mostly used by the users when they are
driving or walking, these applications should not demand all of the users’ attention,
which, otherwise, could cause accidents. Thus, user interfaces should provide simple
interaction with the application and require low number of actions for a task, such

as, choosing a destination from the menu and following the route. This brings other



important factors that should be taken into account in the development process of
mobile navigation applications, which are the type of user interaction provided by the
application and user friendly interface design. Different interaction types may create
different effects on the degree of exploration of the environment and user’s satisfaction
while using the application, both of which are needs to be investigated and constituting

the main aim of this study.

Thanks to today’s advanced hardware and software technology of mobile devices,
various user interaction styles can be provided for a mobile navigation application.
The most popular navigation applications provide navigation services by using 2D
digital map and have common user interactions such as rotating, tilting, zooming, and
viewing the map by tapping, dragging, pinching and many other gestures (Fig. 1.1) [2].
In recent years, another type of user interface proposing navigation services with the
Augmented Reality (AR) technology have become popular both in industry and in
research area. In the scope of mobile navigation applications, the AR user interfaces
require less number of user actions to access necessary information about the route and
the environment, because users do not need to use gestures as in 2D map interfaces.
In AR interfaces, all the information is overlayed onto the live camera view of the
phone in various digital media formats, such as, texts, images, videos, 3D models etc.
Moreover, these information adapt themselves to the movements of the device, which

eliminates the need of using gestures.

Figure 1.1 : Gestures of 2D mobile navigation applications (from left to right: tilting,
rotating, viewing, zooming in, zooming out) [2]

In this thesis comparison of these two interfaces in terms of usability and degree
of accomplishment in a navigation and exploration task is presented. = The
proof-of-concept system is proposed as a campus guide application to be used within
the vicinity of Istanbul Technical University (ITU)!. The first application offers

navigation functionality and features to explore the area, whose interface design was

Uhttp://www.itu.edu.tr



inspired from the existing Google Maps? application. The second application is an
Augmented Reality (AR) browser application, which displays the buildings in the
campus onto the live camera view of the smartphone as Points Of Interests (POI)
and provides navigation by the proposed waypoint approach. By this approach the
application displays arrows as waypoints directing the user to any destination. By
conducting user experiments in the field tests, the usability of these two interfaces
and efficiency of these two guidance approaches were investigated. Lastly,both of the
interfaces were compared in terms of resource usage, such as, GPU and CPU load,

battery power usage.

In Section 2, studies in the literature about navigation systems, augmented reality
technology and augmented reality browser interfaces were discussed in detail together
with the limitations of mobile navigation applications. The definition of user
experience and user studies conducted on navigation applications are also presented

in this section.

In Section 3, the shortest path calculation method that is proposed for the use in
mobile navigation applications is presented. Afterthat, the 2D map and AR Browser
interfaces for mobile navigation applications are explained together with the proposed

applications for each interface.

In Section 4, the experiments that were conducted to test the two proposed mobile

applications in navigation tasks were explained in detail with their results.

In section 5, the thesis is concluded by summarizing the whole thesis and presenting

the future plans.

Zhttp://www.maps.google.com






2. LITERATURE REVIEW

2.1 Navigation Systems

Navigation systems allow people to find their route and explore their surroundings
easily and quickly in the places they have not visited before without losing too much
time and energy [3]. The terms “navigation” or “wayfinding” can be defined as route
planning and moving to a desired destination. People use their stored knowledge and
navigational aids to perform a navigation task, which includes several steps as shown
in Fig. 2.1. Firstly, people try to find out their location and orientation. Secondly,
people try to orient themselves to the direction of the destination and plan the route.
Lastly, they follow the route to arrive to their destination. In all of these steps, people
use their knowledge and abilities together with the navigation aids [4]. The efficiency
of this process for the people highly depends on the type and features of the navigation
aid. People commonly use paper maps, mobile navigation apps, signposts, and other
types of guides for the task of navigation. Apart from wayfinding, these navigation
tools can also be used for goal-oriented search tasks, or as exploration task of an
area [5]. The degree of satisfaction that a person gets from these navigation tools
depends on the usability and capabilities of these tools, all of which have their own
advantages and disadvantages for specific contexts. For example, paper maps of cities
are good in showing the whole city plan with interest points, routes and all the other
information at the same time. However, this type of tools can not calculate the shortest
or alternative route to a destination, or suggest something to user. Moreover, it can
also be hard for the people to find a specific place in a crowded map and follow
a route. In order to support people in a better way, mobile solutions, which track
interactions, use environmental data, and adapt to the present situation, are required [6].
In today’s mobile technology, mobile navigation applications can track user’s physical
location and provide navigation service as well as information about user’s immediate

surroundings as the user moves from one location to another.
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Figure 2.1 : Stages of navigation for a person [4].

These properties of mobile navigation applications create challanges in design
and evaluation of these products, which is a highly popular research subject in

human-computer interaction area [7].

There are several types of interfaces among mobile navigation applications. The most
popular ones, such as, Google Maps!, Apple Maps?, Yandex Maps?® (Fig. 2.2), present
information about user location, route, and surroundings through 2D maps. There are
also interfaces, which use 3D maps. Additionally, the combination of 2D and 3D maps
are also available. Each of these interfaces have been studied in the research area in
terms of usability. In [8], it is claimed that users are confused especially when the route
has a complex shape of intersection when using applications with 2D maps interfaces
because they provide navigation service with only symbolic representation. In [9],
switching very frequently between the environment and the small mobile phone screen
in 2D map interfaces is considered as a disadvantage of this type of interfaces. It is
also claimed that the process of associating the information provided by the map with
the surrounding world could cause a large cognitive load. Besides these disadvantages,
mobile navigation applications that currently dominate the market provide navigation
services with a 2D map interface. As an alternative to solve the problems of 2D
maps interfaces, augmented reality (AR) technology has been studied in the context

of navigation [10] [11].

Ihttps://www.google.com/maps/about/
Zhttp://www.apple.com/ios/maps/
3https://yandex.com/maps/
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(a) Google Maps application. (b) Apple Maps application. (c) Yandex Maps application.
Figure 2.2 : Screenshots from the most popular navigation applications.
Especially universities with huge campuses welcome thousands of new students and
visitors every year, and to help people find their route without getting lost, most of
the universities have guidance signs located at different points around the campus.
However, this kind of guidance causes extra burden for the people because they have
to spend time and energy to find those signs, and also it is almost impossible to go
somewhere in a campus by just following the signs [11-15]. There are also some
universities, which have their own software for providing campus maps and indoor
building information to help people navigate around the campus [15-17]. However, all
of them provide these information through web-based interfaces, which is not as much
helpful as mobile solutions for the people to get navigational assistance. To overcome
this issue, different mobile solutions using mobile sensors (e.g., Global Positioning
System (GPS), digital compass and orientation sensors) were developed, which are
easier for the people to get access. Most of the existing mobile navigation applications
use a 2D map interface, which presents interactive items overlayed onto the map to
provide information. This kind of interface allows users to see their surroundings from
a bird’s-eye view [12—-14]. However, most popular navigation applications like Google
Maps and Apple Maps lack information on indoor routes, which can shorten the route
for the users, and also the satellite maps of these services do not clearly show the roads
and pavements in an area covered by the trees, which may create difficulty for the users

to see the route visually [14].



In [14], the basic requirements for pedestrian navigation were determined by
conducting a user experience test in a campus environment on a mobile navigation
application, which uses a 2D digital map interface showing buildings with icons and
providing only the shortest route for any building in the campus. The requirements are

presented as the following:

e Building entrances: Different entrances of a building could make the route shorter

or longer.

e Building icon representation: Showing buildings with icons onto the map makes

finding a specific building difficult.
e Coloured routes: Showing sheltered and unsheltered routes with different color

could help users to differentiate the routes.

e Travel prediction information: Providing estimated time and distance to a target

location could help users on their decisions on whether to take the route or not.

e Accurute indoor location: Showing user’s location inside the buildings should be
provided.

e Route choices: Alternative route choices could be beneficial.

The results of the experiments conducted in [14] showed that users had difficulty
to find a specific building in group of buildings’ icons, which implies that a search
functionality is crucial for such an application. Moreover, weak GPS signals occuring
when the user enters a building or walks under tree, caused problems for the users and
this was also the case in this study when the users passed through a forest area. Overall,
the proposed mobile navigation application with 2D digital map interface in this study

met these requirements.

In order to get more help and benefit from the navigation applications, the interaction
styles of applications play an important role. By using advantages of recent

technologies, navigation applications can provide rich content to the users.

2.2 Augmented Reality

The technology of AR not only carries the experience with the real world to a higher
level by allowing to see more than what actually exists by combining the real world
with the virtual data provided but also enhances our perception of what is being called
“reality”. AR combines the real physical world view with various media contents such

as images, 3D models, animations and sounds etc., which the users cannot directly
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detect with their own senses in order to enhance the perception of the user among
the environment or the objects. In an AR setup, users can see the virtual and real
objects coexisting in the same space [10, 18-21]. What makes AR different is the way
that the digital information is presented. It uses the world itself as a user interface,
which provides a highly natural environment for the users. With this representation,
AR may completely change the way in which the information is accessed. Moreover,
it minimizes the extra mental effort that a user has to spend when switching his/her

attention back and forth between real world tasks and a mobile screen [22,23].

The AR technology has been adding simplicity to several fields, such as, tourism [24],
education [25], industrial and military applications [21], medical applications [26],
games [27], maintenance and repair [28], and almost all the other sectors of life [11,
19,29]. Azuma mentioned that AR can be used as a navigation aid for the people [19].
He considered paper maps and 2D maps problematic in terms of association that people
set between what they see in the real environment around them and the markings on
the 2D maps. This association can be difficult to perform if landmarks are not easily
recognizable. He claimed that once the user’s position and orientation are known,
an AR system performs the association step automatically, yielding easier navigation.
Since the study of Feiner er. al. [29], mobile AR applications have been one of the
attractive research topics in academia and they showed that AR technology can guide

the people to explore an area or a city not familiar to them.

Currently available smart phones provide all the necessary features for any type of
AR applications; a camera, a relatively fast internet connection, GPS and motion
sensors, and a digital compass. AR applications are commonly categorized into
two classes: geo-location based AR and marker based AR. The marker based AR
applications perform detection and recognition of special markers (like QR codes)
using the device’s camera [3,23]. After recognizing any digital content like photos,
3D models, videos are shown on top of the marker, which also adds interactivity to
the experience [30] as shown in Fig. 2.3, in which markers are used to augment 3D

building model on top of the building plan drawn on real paper.

The geo-location based AR applications, which are also known as AR Browsers, use
the GPS and motion sensors of a mobile device and enrich the camera view of the

device with digital information specific to the geo-localized point of interests [3]. The

9



Figure 2.3 : Example of a marker-based AR application [30].

digital information shown on top of the camera feed can be user-created annotations
or graphics related to the visible point of interests, which are usually maintained by
web services [23]. This type of applications are particularly useful for guiding and
exploration tasks such as in Fig. 2.4.
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Figure 2.4 : Example of a geo-location based AR application [31].

In order to have an idea of how AR browser applications affect people’s way of
exploring an area, in [23], authors presented the results of a survey study about user
experience and acceptance of publicly available mobile AR browser applications. They

found that users;

e view new perspectives on places with AR browser applications

e acquire relevant information in the right place and at the right time
10









