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Abstract

This thesis explores the process of designing, developing and implementing
a fully functional, mobile, marker-less, augmented reality (AR) application
for the visualization of urban planning changes outdoors. This application
focuses on the urban reconstruction of three separate locations in the district
of Nea Chora, Chania. In each of these locations the user can place and
interact in unique ways with a set of different 3D virtual objects, such as a
building, trees, benches, street lamps and a bicycle lane. Additionally, the
application offers map navigation in order to assist the user in reaching the
target locations and to ensure that the experience remains localized.

Our application was developed using the Unity Game Engine in con-
junction with the ARFoundation SDK, which enables the augmented reality
capabilities of the application, such as plane detection, environmental and
object tracking and virtual object anchoring. ARFoundation provided the
necessary framework for developing a marker-less, feature and sensor-based
AR application that runs on both Android and iOs devices, by utilizing their
respective native AR SDKs. We have divided the AR functionality into
three distinct modes: 1) Placement mode, which is responsible for ground
detection, previewing the 3D models and placing them, 2) Edit Mode, which
implements all the ways the user can interact with the virtual objects and 3)
View Mode, in which the user can view the scene they created. In addition,
we have also implemented a manager script that handles the transitions be-
tween modes. Furthermore, we use the Haversine formula to calculate the
distance between the user and each target location based on latitude and
longitude received from the mobile device’s GPS sensor. The MapBox SDK
was used to implement a map screen capable of displaying a map of the lo-
cal area containing all the target locations, as well as providing navigational
instructions to the user. For the creation of our 3D models we used Krita
and Unity’s ProBuilder. Lastly, we employed the ”think-out-loud” method
to evaluate our application and gather user feedback.



ITepiAndn

H mopoloa dimhwpotind epyacia diepeuvd T Sadixacio oyedlaopon, avimtuing
X0l LVAOTIOMONG WLoiC TATRMS AELTOURYIXNS, EQUOUOYNC ENUVENUEVNC TEOYUOTL-
XOTNTAC YLl POPNTEC CUOXEVES, Tou O BaolleTon O avaryVePLO TIXES EIXOVEC,
UE OXOTO TNV OTTIXOTOMGT dAAoY®Y TOAEOOOUXO) OYEBLICUOU O eEWTEQL-
%00 yweoug. AUTH 1 e@apuoYY| ECTIALEL OTNY AOTIXY] UVUXATUOXEVT| TELOV
Tonoveowwy otn cuvoixia g Néag Xwpag Xoviwy. Xe xadeula and avtég
Tic Tonovesieg, o ypRotne umopel vo Tomo¥eTAoEL xaL Vo AAANAETLOPAOEL, UE
EeYWELoTO TEOTO, UE Eva TANJOC amd BLoPORETIXG TELOOIAO TUTA ELXOVIXE. AVTL-
xelueva, OTwg Eva xTlplo, BEVTEA, Tory XX, AJUTES PWTIOUOU DROUOU oL EVOY
Todnhatddpopo. Emmhéov, 1 e@oupuoyy| Tpocpepel BuvaTtdTNTEG TAOTYNOYG OF
Yt wote va Bondnoel Tov ypRotn va gtdoel oTig Tonoveolec-oTtdyoug.

H egapuoyr avartiydnxe yéow tng Unity Game Engine oe cuvovaoud pe
o ARFoundation SDK, mou ulornotel 1 Aettoupydtnto enaudnuévng meory-
HOTIXOTNTAC, OTWS TNV aviyveuon empavelwy, To tracking tou mepi3dhiovtog
xo OV TIXEWEVWY xou To anchoring exovixdv aviixeyévoy. To ARFoundation
Topéyel To amopaiTnTa epyakeior avdmTuEng epapuoy®y AR, mou de Bacilovto
OE OVUYVOPLO TIXEC EIXOVES, ahAd OE YopoxTnElo Tixd oTotyela Tou TepLBdilo-
VTOC X0 PETENOELC atodnTripwy, 060 Yo cuoxevéc Android 6co xau yio i0S,
yenowomowvtog to aviictoya native AR SDK touc. "Eyoupe yowploet
Aettovpyixdtnta AR oe tpla Swaxprtd modes: 1) Placement Mode, unebiu-
VO YL TNV oVl VEUOT) TOU EBGPOUE, TNV TEOETUOXOTNOT| TwV 3D povtédny xau
v tonodétnot toug, 2) Edit Mode, to onoio vhonoiel dhoug Toug TEOTOUC
aAAnhenibpoong Tou yerotn Ue To exovixd avuxetuevo xan 3) View Mode,
oTo omnofo o ypRotng umopel va Bel T oxnvi| mou dnuioleynoe. Emnpdoieta,
€y oupe dnuLoupynoeL v manager script mou efvon unedtuvo Yo Tic ueTodoelg
uetal Twv modes. Ernione, yenowonotolue tov tino Haversine yio vo utoho-
yioouue TNV andc oy uetadd Tou YeHoTn xou xdde Totovesiug-oToyo Ue Bdon
TO YEWYEAUPIXO TAATOS %ot TO Wixog mou Aopfdveton and tov aodnthpa GPS
¢ xivntrig ouoxeuric. To MapBox SDK yenowonotinxe yio tny ulornoinon
wag 006vng txavic vor eg@aviCer Evay ¥deTn TG TOTUXAC TEQLOY S TOU TEPLEYEL
Olec Tic Tomovesiec-0Tdy0UC, DS XAl Vo TOREYEL 00NYIEC TAOHYNONC OTOV



yenotn. T tn onuovpyio Twv 3D yovielwy pog yernoionotfooue to Krita
xat to ProBuilder tng Unity. T€hoc, yenowonowjoaue tn puédoodo ”think-out-
loud” yia vor a&toAoYHCOUNE TNV EQUPUOYT| L0 XL VO CUYXEVTROOOUUE OYOMA
amO TOUG YPHOTES.
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Chapter 1

Introduction

1.1 Purpose of the Thesis

Augmented Reality (AR) is a technology that has seen a significant surge in
research and improvements the past 20 years. Its rapid rate of development
and its wide range of application, has granted AR both commercial popu-
larity (eg. Pokemon GO) and popularity in various research fields, including
those of medicine, education and architecture. Superimposing virtual ele-
ments onto the real-world offers new ways to perceive our environment and
adds a new layer of interactivity and freedom to previously mundane or un-
engaging processes.

A particularly interesting sector that could vastly benefit from the ap-
plication of AR is that of architecture and more specifically urban planning.
Urban planning is the process of guiding and directing the use and develop-
ment of land to ensure its sustainability and efficient use [31]. Oftentimes,
visualizing the proposed urban planning changes can be a challenging task,
limited to architectural drawings, virtual 3D models or construction spans,
none of which can accurately portray how the proposed change will actually
look when implemented. This is where AR comes in.

AR provides the tools needed to visualize these urban planning changes in
a way that is cost-effective, realistic and accurate. By utilizing this technol-
ogy, we can create systems that allow us to visualize the changes in real-time,
while also being able to have a level of interactivity that couldn’t be possible
otherwise. The potential of combining AR with the urban planning process
is what lead to our decision to develop a mobile AR application focused on
visualizing outdoors urban planning changes.
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1.2 Brief Description

The mobile AR application that was developed for this thesis provides a
system through which the user can visualize certain urban planning change
scenarios in the district of Nea Chora, in the city of Chania. The applica-
tion focuses on three separate locations in the district, aiming to provide a
different and unique experience in each of them. Our goal is to showcase the
potential of AR in creating interactive visualization experience’s to aid the
process of urban planning.

We decided to opt for mobile devices (Android and iOS) as our applica-
tions target, since those provide widespread and relatively cheap availability
as opposed to more specialized gear such as head mounted displays which
can cost up to thousands of euros. For this purpose, we selected the Unity
Game Engine and its AR Foundation package which allows us to develop
a single codebase for both platforms by utilizing either ARCore or ARKit
depending on the user’s mobile device.

Edit Mode

Figure 1.1: Preview of the AR application’s visualization capabilities.

The developed application features location based AR, by tracking the
users location via GPS coordinates using the mobile devices location sensors.
Additionally, a map screen has been implemented to act as a guidance system
that gives directions on how to reach each AR location. For the AR locations
a plethora of 3D models were selected or created to fulfill our visualization
needs.

The three locations that were chosen for our application feature the fol-
lowing three AR scenarios. At the first location the user can place and
interact with 3D models of benches, trees and street lamps, creating their
own unique take of how a coastal sidewalk should look. The second location
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allows the user to place a virtual building and then edit the number of floors
that it has. The last location features the placement of a bicycle lane and
a bicycle station at the intersection of two of the main road arteries of Nea

Chora.

We hope that our mobile application will act as a practical showcase of
the potential that AR has in the field of urban planning and promote the use
of interactive, real-time visualization as an architectural tool.

1.3 Thesis Structure

Chapter 1 describes what the goal of this thesis is and how the thesis text is
structured.

Chapter 2 provides an overview of augmented reality (AR) and urban plan-
ning and includes an include an in-depth review of the literature regarding
AR. We start by examining the history and evolution of AR, the trends in
research and the current state of the art. Then, we take a closer look at both
commercial and research applications of AR. Lastly, we provide a definition
for urban planning and go over some academic papers focused on outdoors
AR applications or AR applications used for aiding the urban planning pro-
cess.

Chapter 3 goes over the software used for the development of our application,
including some that were considered but eventually rejected. It also provides
an analysis of the specific case of the district of Nea Chora, Chania, and
presents a proposed urban reconstruction of the area.

Chapter 4 goes over the end-user experience when using our AR application.
It provides a detailed overview of how a user would interact with the ap-
plication, how the user interface (UI) is designed and also provides use-case
diagrams for each screen.

Chapter 5 describes the technical implementation of our AR application. It
provides a detailed analysis of how the application was developed and how
each of its features are implemented. In this chapter we will describe how
AR Foundation is utilized in our application, how the Mapbox map scene
was designed, how the UI elements were designed, how each virtual model
was selected or created, how the interactions with the AR objects are imple-
mented and how the tutorial system works.
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Chapter 6 describes the evaluation method that was used, as well as its re-
sults and what those mean for our application.

Chapter 7 goes over our final conclusions regarding our application and the

use of AR as an urban planning visualization tool and also presents what
future research and work could entail.
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Chapter 2

Research Overview

2.1 Introduction

In this chapter, we will define some core concepts related to this thesis, such
as augmented reality (AR), head mounted displays (HMDs) and urban plan-
ning. We will also take a dive into the history of augmented reality, since
its inception as an idea, the research trends of the last two decades and the
current state of the art. Lastly, we will examine some more practical appli-
cations of augmented reality, both in the academic research and commercial
sectors, and especially those that pertain to urban planning and outdoors use.

Our goal is that by the end of this chapter we will have attained a bet-
ter understanding of the fundamental concepts of augmented reality and a
clear view of the academic landscape. Additionally, it will become apparent
that augmented reality can have a multitude of beneficial use-cases in urban
planning and aid the process in a unique way.

2.2 Augmented Reality (AR)

Augmented Reality is the integration of virtual information with the user’s
environment in real time. It is an interactive experience during which virtual
elements are superimposed onto the user’s physical environment through the
use of a virtual medium. This computer-generated content can be visual,
auditory, haptic, somatosensory, or even olfactory. Ronald T. Azuma in his
paper “A survey of Augmented Reality” |1] defines AR as systems that have
the following three characteristics: 1) combines real and virtual, 2) inter-
active in real time and 3) registered in 3-D. This is a very important step
towards firmly defining what augmented reality is.
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Augmented Reality differs from Virtual Reality (VR) in the sense that the
user still retains a direct connection to his immediate physical environment.
In the latter the user experiences a totally virtual environment and all the
information he receives is digitally constructed.

2.2.1 A brief history of Augmented Reality

Even though AR has only started to become widespread and more main-
stream in recent years, through the development of powerful HMDs or com-
mercial applications like “Pokemon GO” that can run on any mobile phone,
the concept goes further back in time that one might initially guess. The
first description of a concept that feels eerily similar to AR dates all the way
back to 1584, though the first actual use of AR as we know it today would
come far later.

AR has been used in the military, notably in the HUDs of fighter planes,
since 1958 and the first HMD was created in 1986. The potential applications
of AR are limitless, spanning from medical, military, educational to purely
recreational. There has been a continuous effort led both by scientists and
commercial companies to improve the technology and create a more robust
and reliable AR experience.

The first iterations of HMDs were limited by the technology of their time.
Inaccurate tracking and cumbersome contraptions are just a few of the mul-
titude of problems that had to be overcome for AR to reach the state it is
now. It is worth taking a look at the history and gradual advancement of
AR technology before diving into it’s modern counterparts [16].

1584: Giambattista della Porta, in his book “Magia Naturalis” [36] presents
a concept of a room in which you have a glass pane set up in a way that re-
flects light bouncing off objects in a different position, creating the illusion
that these objects are in a different position than they actually are. This de-
scription resembles the principle of reflection that head-mounted displays use.

1958: Head-up displays (HUDs) are used in fighter planes, overlaying in-
formation by projecting onto a glass plane in the pilots field of view.
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Figure 2.1: Fighter plane HUD.

1986: The first head mounted display is created by Harvard Professor
Ivan Sutherland, who was aided by his students Bob Sproull, Quintin Foster,
and Danny Cohen [14]. “The sword of Damocles”, as this device was named,
is the first augmented reality display and tracking system ever created. The
device was attached to a mechanical arm suspended from the ceiling. Of
course, this prototype head mounted display was limited by the technology
of it’s time.

Figure 2.2: Sword of Damocles, created by Ivan Sunderland in 1986.

1990: Tom Caudell and David Michel coin the term “augmented reality”.
The pair was working on a project to assist electricians when assembling
complicated wiring harnesses and realized that Heads-Up Displays (HUDs)
could be used in order to provide the workers with the needed information
in real time, thus creating a form of Augmented reality displays .

1992: Louis Rosenberg created the first fully functional augmented reality

system, called “Virtual Fixtures” . It was a virtual flying training tool
for Air Force pilots.
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Figure 2.3: Louis Rosenberg testing “Virtual Fixtures”.

1993: J. M. Loomis, R. G. Golledge, and R. L. Klatzky combine a note-
book with a differential GPS receiver and a head-worn electronic compass to
develop an outdoor application for the visually impaired . The application
uses GIS data and provides navigational assistance using an acoustic virtual
display.

1994: Julie Martin creates “Dancing in Cyberspace”, the first augmented
reality theatre performance. During this performance, acrobats danced around
virtual human-sized objects.

1994: Paul Milgram and Fumio Kishino write the paper “A Taxonomy
of Mixed Reality Visual Displays” . This paper defines the “Virtuality
Continuum”, a continuous scale that connects completely real environments
to complete virtual ones and encompasses all possible compositions of virtual
and real environments.

Mixed Reality (MR)

I 1
| p— = 1
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

Reality-Virtuality (RV) Continuum

Figure 2.4: Reality-Virtuality Continuum.

1997: Ronald T. Azuma writes the paper “A survey of Augmented Real-
ity” and defines AR as systems that have the following three characteris-
tics 1) Combines real and virtual 2) Interactive in real time 3) Registered in
3-D. This is a very important step towards firmly defining what augmented
reality is.
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1999: NASA’s X-38 spacecraft uses AR to assist in providing navigation
during test flights [3]. This virtual cockpit window provides an all-weather,
day /night situation awareness display, enriched with a wide variety of flight-
related information.

2000: Hirokazu Kato develops an open-source software library named
“ARToolKit”, a framework for creating real-time augmented reality appli-
cations. It tackles one of the most difficult parts of developing an AR ap-
plication: calculating the user’s viewpoint in real time, thus taking a step
towards easier mainstream AR development. Through the use of computer
vision algorithms this framework can calculate real time camera position and
orientation relative to physical markers and allow the placement of virtual
objects on these markers. ARToolKit (as well as ARToolKitX, a project
that promises continuous support for the ARToolKit community) exists to
this day and is still used.

2000: ARQuake [6], an AR version of the popular video game Quake, is
developed by Bruce H. Thomas in Wearable Computer Lab at the University
of South Australia. It uses an AR head mounted display, a portable unix
based computer in the form of a backpack, head tracker, GPS system and
a plastic prop gun to provide a first person shooter experience in the real
world. It has a 6DOF tracking system based on GPS, a digital compass and
fiducial vision-based tracking.

Figure 2.5: ARQuake equipment.

2001: J. Newman, D. Ingram, and A. Hopper develop the BatPortal [7],
a PDA-based, wireless AR system. This implementation of AR allowed the
user to roam freely within an entire building and view the augmented world
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through a PDA and a worn “Bat”, a specially built device for the purpose
of localization though the measurement of ultra-sonic pulses.

2005: The first collaborative AR application for mobile phones, “AR Ten-
nis” is developed using a ported version of ARToolKit [26].

2008: Mobilizy launches Wikitude, an application that combines GPS and
compass data with Wikipedia entries. The Wikitude World Browser overlays
information on the real-time camera view of an Android smartphone.

Figure 2.6: AR Tennis and Wikitude.

2012-2013: Google glass is announced in 2012 and released in 2013. Gog-
gle Glass is an optical HMD that can be controlled with an integrated touch-
sensitive sensor or natural language commands.

2016: Microsoft releases the HoloLens, the first iteration of their HoloLens
Head Mounted Displays (HMDs) series.

2016: Pokemon GO, a mobile phone game using Augmented Reality, is
released. Pokemon GO uses AR to project Pokemon onto the real world and
ends up being a commercial success. This showcases that AR has use cases
both in the scientific and the entertainment sectors.

2019: Magic Leap releases the Magic Leap One, the first iteration of
their Magic Leap Head Mounted Displays (HMDs) series. The device be-
came available on the United States after AT&T invested in Magic Leap and
was initially only available through AT&T stores.

2019: Microsoft releases the HoloLens 2, the successor of HoloLens. This
devices offers various improvements over it’s predecessor and aims to replace

it.
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2022: Magic Leap releases the Magic Leap 2, the successor of Magic Leap
One, featuring upgraded hardware such as higher resolution, wider field of
view (FOV) and dynamic dimming.

2.2.2 The Registration Problem and Tracking Tech-
niques

One of the most important issues in Augmented Reality (AR) research is
the registration problem, since correct registration is crucial to ensuring that
the virtual information is being accurately displayed within the real environ-
ment. The objects in the real and virtual worlds must be properly aligned
with respect to each other, or the illusion that the two worlds coexist will
be compromised [1]. More importantly, in certain applications of augmented
reality, eg. medical telementoring [13], accurate registration is imperative
and the application can’t be considered fully-functional without it.

Registration errors can be divided into two categories: static and dy-
namic. Static errors are the ones that cause registration errors even when
the user’s viewpoint and the objects in the environment remain completely
still. Dynamic errors are the ones that have no effect until either the view-
point or the objects begin moving |1]. Static errors can be minimized with
correct calibrations since some of their main causes are incorrect viewing
parameters, poorly calibrated mechanical parts and optical distortions. Dy-
namic errors on the other hand are more difficult to combat. Dynamic errors
in modern augmented reality application are mainly cause by incorrect pose
estimation, meaning an incorrect determination of the viewers position and
orientation in relation to a real-world anchor point.

| Augmented Reality Tracking |
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Sensor Based Tracking I Vision Based Tracking | { Hybrid Tracking |

h

| l }

| Hybrid Sensor Tracking

| Optical Sensor Truckin;_r‘ |J‘\cuus|wc Sensor Tracking
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Figure 2.7: Classification of AR tracking [27].
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Various tracking approaches exist, each of them with its own advantages
and disadvantages, making them suitable for certain use-case scenarios but
not for others. The most popular of these approaches will be explored in the
next few sections.

2.2.2.1 Marker-Based Tracking

This method relies on physical markers, such as QR codes or other dis-
tinct patterns, to calculate the viewers pose in relation to these markers.
Once the marker is detected it’s relatively easy to calculate its relative posi-
tion and orientation and then project virtual content that is aligned with the
marker. This approach offers high tracking precision making it a very reliable
way to calculate pose, but is limited by the fact that the markers must al-
ways be in view of the camera. Secondly, marker-based tracking requires, by
definition, an environment in which the markers have already been placed,
which significantly limits the users freedom of movement. Therefore, this
tracking technique is most suited for indoors spaces, for example museums
or art, design and cultural heritage projects .

Figure 2.8: Marker-Based Tracking.

2.2.2.2 Feature-Based Tracking

Feature-Based tracking is the method of detecting and using distinct charac-
teristics or features of real-world objects instead of markers. These features
can be edges, corners, flat surfaces or any other distinct feature of the en-
vironment. Once those features are detected they are used to calculate the
camera pose in relation to them. This methods viability and accuracy de-
pends on the number of distinct features that are present in the use case
environment, thus being more suited for feature-rich environments. Other
factors that can negatively impact the performance of feature-based tracking
include poor illumination and occlusion of the distinct features.
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Figure 2.9: Feature-Based Tracking.

2.2.2.3 Sensor-Based Tracking

This approach utilizes the augmented reality devices sensors in order to cal-
culate the devices orientation and position. Such sensors include accelerom-
eters, magnetometers, gyroscopes or even GPS coordinates, though other
sensors could also be utilized in more complex or specialized devices. The
most commonly used approach is combining the readings from the device’s
accelerometer (linear movement calculation), the magnetometer (orientation
calculation) and the gyroscope (rotational movement calculation) to estimate
changes in the devices position and orientation. This method is prone to drift
over time and is usually used in conjunction with other tracking techniques to
improve their accuracy and performance. Mobile augmented reality (MAR)
systems most often utilize such sensor-based techniques. For example both
the ARCore and ARKit Software Development Kits (SDKs), which we will
explore in future sections of this thesis, utilize some form of sensor-based
tracking.

2.2.2.4 Model-based Tracking

Model-Based tracking uses 3D models of the environment or the objects
therein to track orientation and position. Unlike marker-based tracking, this
class of tracking methods does not rely on artificial patterns but rather on
natural objects found in the scene . This type of tracking is most often
achieved through edge detection in order to create 3D models of the actual
objects and subsequently detect and track them in the real-world.
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Figure 2.10: Model-Based Tracking [30].

Model-based tracking can be classified into two categories: recursive
tracking and tracking by detection. In recursive tracking, the previous cam-
era pose is used as an estimate to calculate the current camera pose. Tracking
by detection, on the other hand, can calculate the pose without any prior
state knowledge, but these methods are usually computationally expensive
and require high processing power .
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Figure 2.11: Taxonomy of model-based tracking methods for Augmented

Reality [30].

2.2.2.5 Hybrid Tracking

Hybrid tracking is the combined usage of more than one tracking techniques.
This approach aims to utilize each used tracking method’s strengths, while
trying to minimize it’s limitations. For example a lot of mobile augmented
reality (MAR) applications use a combination of sensor-based and feature-
based tracking, or sensor-based and marker-based tracking.

In this thesis, we will employ a marker-less, hybrid tracking technique, via
the use of the ARFoundation SDK. This SDK utilizes the ARCore and ARKit
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SKDs, for Android and iOS devices respectfully, which use both sensor-based
and feature-based tracking to detect and track objects. This is achieved by
utilizing the mobile device’s camera, GPS tracker, gyroscope and any other
sensors a conventional smartphone possesses.

2.2.3 Trends in Augmented Reality Research

Before we dive into the currently available AR hardware we should first take
a look at the trends in AR research spanning the last 20 years. A good start-
ing point is the International Symposium on Mixed and Augmented Reality
(ISMAR), a major academic conference focused in the fields of Augmented
Reality and Mixed Reality.

2.2.3.1 A review of the first decade of ISMAR [§]

Feng Zhou, Henry Been-Lirn Duh and Mark Billinghurst in their review of
the first decade of ISMAR [8], published in 2008, note that published research
papers can be broken down into two groups. The first group contains the
five main research areas of:

1. Tracking techniques (20.1%): methods for tracking a target object/en-
vironment via cameras and sensors, and estimating viewpoint poses.

2. Interaction techniques (14.7%): techniques and interfaces for interact-
ing with virtual content.

3. Calibration and registration (14.1%): geometric, or photometric cali-
bration methods, and methods to align multiple coordinate frames.

4. AR applications (14.4%): research on AR systems in application do-
mains such as medicine, manufacturing, or military, among others.

5. Display techniques (11.8%): research on display hardware to present
virtual content in AR, including headworn, handheld, and projected
displays.

These are the five topics that papers are published on most frequently,
which is interesting because they are also the core AR technology areas
needed to deliver an AR application. The second group of topics reflects
more emerging research interests, including;:

1. Evaluation/Testing (5.8%): research focusing on human-subject studies
evaluating AR techniques or systems.
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2. Mobile/Wearable AR (6.1%): research on AR applications and tech-
niques for wearable and mobile platforms, such as tablets and smart-
phones.

3. AR authoring (3.8%): research on methods, techniques, and systems
for authoring virtual content in AR.

4. Visualization (4.8%): research into methods that use AR to make com-
plex 2D /3D data easier to navigate through and understand.

5. Multimodal AR (2.6%): research combining different input (and out-
put) modalities together, such as combined speech and gesture inter-
faces.

6. Rendering (1.9%): research into techniques for computer graphics ren-
dering; and other sensory modalities, such as sound and haptics.
2.2.3.2 A review of the second decade of ISMAR [24]

Kangsoo Kim, Mark Billinghurst, Gerd Bruder, Henry Been-Lirn Duh, and
Gregory F. Welch conducted a second review. as a follow-up to the previously
published review of the first decade of ISMAR, covering its second decade [24]
of conferences. Their goal was to answer three key questions:

1. Have the research trends changed from the first decade of ISMAR?
2. Are there any new research areas that have been introduced?
3. What are the key developments and challenges in the research areas?

Their results showed that several further topics relating to emerging re-
search had appeared and there had been some changes in the most frequent
research topics as well.

Regarding the research categories, the authors added 4 new ones to the
original 11, bringing the total up to 15. The four new categories are:

1. Perception: research investigating human perception/cognition in AR.

2. Collaboration/Social: research on interactive collaborative systems for
multiple remote or co-located users.

3. Reconstruction: research on methods that automatically generate 3D
virtual environments/objects based on images or other forms of data
collected from the real environment/objects.
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4. Modeling: research on methods for creating virtual content via virtual
primitives and tools with a human user’s involvements.

The new trends in research papers showed a major increase in Evalua-
tion research (16.4%), which signifies that AR technology has become more
mature, advanced and accessible to more users, therefore increasing the need
for systematic evaluation. Another category that saw a significant increase
in research was Rendering (12.5%). Below we list all the categories sorted
by number of papers they appear in:

1. Tracking techniques(16.2%)
2. Evaluation/Testing (13.7%)
3. AR Applications (10.5%)

4. Rendering (10.5%)

5. Interaction techniques(9.5%)
6. Mobile/Wearable AR (7.6%)
7. Perception (7.2%)

8. Reconstruction (5.5%)

9. Calibration and Registration (5.3%)
10. Visualization (4.0%)
11. Display techniques (2.7%)
12. Modeling (2.1%)
13. AR Authoring (1.9%)
14. Multimodal AR (1.7%)
15. Collaboration (1.7%)
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2.2.3.3 Conclusions

After examining these two reviews it becomes clear that there is interest in
the development of new AR applications, as is highlighted by the fact that
AR applications have remained in the top five research categories (in terms
of academic papers published) in the entirety of the last two decades. The
sector of mobile AR applications is of especial interest, since it ranks high
enough (7.6% of recent papers) without being over-saturated.

In this thesis, for the reasons mentioned above, we have chosen to focus
on developing a new AR application for mobile devices.

Now, let’s take a closer look at the Display hardware that is readily
available for AR use today.

2.2.4 Head Mounted Displays (HMDs)

A head-mounted display (HMD) is a display device, worn on the head or
as a built-in part of a helmet, that has a small display optic in front of
one (monocular HMD) or each eye (binocular HMD). There are also optical
head-mounted displays (OHMD), which are wearable displays that can re-
flect projected images and allow a user to see through them. Modern HMDs
no longer resemble the cumbersome prototypes of the past (“Sword of Damo-
cles” or the ARQuake kit) but instead can be worn comfortably and require
minimal to none additional equipment.

HMDs can be utilized both for AR and VR applications. The deciding fac-
tor when choosing a HMD for AR is its ability to display computer-generated
imagery onto the real world, as opposed to VR HMDs that can only display
entirely virtual elements. Combining real-world view with CGI can be done
by projecting the CGI through a partially reflective mirror and viewing the
real world directly.

The techniques and technology used in order to achieve these “transpar-
ent” displays are explored in great detail on the paper written by G. A.
Koulieris et al. |9]. In this paper the authors give an overview of the basics
of light and image formation and proceed to present a detailed report of the
state of the art concerning near-eye display and tracking technologies.

The rapid advancements and popularization of AR has pushed more and
more companies to try and be competitive and create powerful AR HMDs.
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Industry giants like Microsoft (HoloLens) and Google (Google glass) have
been competing with each other and investing into creating accessible AR
solutions.

Below we’ll take a look at some of the currently available Augmented
Reality (AR) Head Mounted Displays (HMDs).

2.2.4.1 Magic Leap One

Magic Leap One is a popular AR and Mixed Reality (MR) standalone device
designed by Magic Leap. It offers a variety of different sensors (peripheral
cameras, depth sensors, motion sensors, eye cameras, microphones, picture
camera) and features to the user that can be used to develop advanced AR
applications. Namely some of the capabilities of Magic Leap One include:
building and refining spatial maps of your environment, identifying hand ges-
tures, measuring light intensity, determining head position and speed, as well
as issuing speech commands.

Figure 2.12: Magic Leap One.

In addition to the HMD the Magic Leap One comes with a tethered Light-
pack (a portable mini computer that is the main source of processing power
for the device) as well as a controller with 6DOF of movement.

Figure 2.13: Magic Leap One controller and lightpack.
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2.2.4.2 Magic Leap 2

Magic Leap 2 features a similar design to its predecessor but comes with
upgraded hardware and capabilities. It has a higher resolution, wider FOV
and dynamic dimming which makes it easier to view the projected virtual
content in bright areas. It still comes with a controller and a compute pack
like Magic Leap One.

e

Figure 2.14: Magic Leap 2.

2.2.4.3 Microsoft HoloLens

Microsoft’s first iteration of the HoloLens series is a fully untethered holo-
graphic computer. It comes with a controller but in contrast with Magic
Leap it doesn’t require an external processing unit. The HoloLens is an
HMD unit connected to an adjustable, cushioned inner headband, which can
tilt HoloLens up and down, as well as forward and backward. Some of its
feature’s lineage can be traced back to the Kinect. It has been replaced by
HoloLens 2 but still remains a respectable option for developing powerful AR
applications.

Figure 2.15: HoloLens.

2.2.4.4 Microsoft HoloLens 2

The successor of HoloLens boasts numerous improvements over the previous
model. It has improved processing power, a wider field of view and a slightly
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better battery life. Some of its features include: Head tracking, Eye tracking,
Hand tracking, Voice commands and recognition, 6DOF tracking and spatial

mapping.

Figure 2.16: HoloLens 2.

2.2.4.5 Meta Quest 3

Meta Quest 3 is the successor of Meta Quest 1 and 2, designed by Meta. It
is primarily used as a Virtual Reality (VR) HMD but can also function as
an Mixed Reality (MR) HMD. The key difference from the previously men-
tioned HMDs is that Meta Quest 3 doesn’t feature a see-through lens but
instead relies on camera feeds.

Figure 2.17: Meta Quest 3.

AR Glasses

It’s worth noting that there’s also a plethora of AR glasses available,
which are lightweight and even though they’re not as powerful as the afore-
mentioned HMDs they can still provide an immersive AR experience, albeit
more restricted or contained. Some of the available options are the following:
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2.2.4.6 ThinkReality A3

ThinkReality A3 are smart AR glasses produced by Lenovo that can be used
to create and customize your virtual workspace. The difference between these
and standalone HMDs is that they need to be connected to a computer or
mobile phone in order for the user to be able to fully use them. They're
meant to enhance your work experience rather than create autonomous AR
experiences.

Figure 2.18: ThinkReality A3.

2.2.4.7 Nreal Air AR Glasses

Similar to Lenovo’s ThinkReality A3 these glasses also require a connection
with a computer, mobile phone, tablet or gaming console. They’re meant
as a medium to experience movies, games or working on a computer in a
different, “screen-free” way.

Figure 2.19: Nreal Air AR Glasses.

In this thesis, we decided to opt-out of using an HMD and instead focus
on mobile devices as the target for our application and in particular mobile
phones. The advantages of this approach will be examined in the section
below.
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2.2.5 Mobile Augmented Reality (M AR)

Mobile Augmented Reality systems refer to any portable device that can be
used for AR or MR applications. In the current age that includes mobile
phones, tablets, PDAs and many more similar devices. The two major ad-
vantages of this approach compared to more “traditional” HMDs is that it
increases the availability and accessibility of the application, since the equip-
ment required is readily available for all users (especially in the case of mobile
phones, where the vast majority of the population already has access to one)
and that the experience is no longer tied to a restricted specially equipped
physical location. Easier widespread access to equipment and flexibility on
the location equals a broader audience that can now experience AR.

Mobile phones in particular are the perfect specimens for AR applications.
Modern smartphones possess powerful processing units and all the sensors
required for AR. They can perform image recognition, object tracking, have
a built-in camera that can be used as a replacement of the see-through lens
of HMDs, can access GPS, gyroscope and motion sensor data and can also
recognize voice commands. The only drawback in using mobile devices for
AR is that the immersion of the user in somewhat lessened but the advan-
tages far outweigh this disadvantage in most cases.

In this thesis, after careful consideration, we elected to utilize mobile de-
vices over HMD’s. The main appeal of mobile devices, and more specifically
mobile phones, is their widespread availability which ensures that a variety
of different user’s would potentially be able to access our application. This
means that our application could be used both as a participatory tool for the
public and a planning tool for architects and engineers.

2.2.6 Currently available Augmented Reality Software
Development Kits (SDKs)

There’s a wide selection of available Software Development Kits (SDKs), both
from smaller “indie” developers and from well-established industry compa-
nies like Google or Apple. Sadly, there’s quite a few SDKs that have been
discontinued or are not updated as often. Below we’ll list some of SDKs
available at the time of writing this thesis.
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2.2.6.1 ARCore

Googles SDK for developing AR applications [39], initially released on March
2018 and with its first stable release on January 2021. It offers cross-platform
APIs for building AR experiences on Android, iOS, Unity, Unreal and Web.

ARCore

Some of the fundamental features that ARCore provides include:

Motion tracking: ARCore uses Simultaneous Localization and Mapping (SLAM)
to understand where the mobile device is relative to its environment. Any
changes in location are computed based on visually distinct features captured
on camera, called feature points. The visual information is combined with
inertial measurements from the device’s IMU to estimate the pose (position
and orientation) of the camera relative to the world over time. It’s also worth
noting that ARCore has 6DOF tracking.

Environmental understanding: ARCore detects clusters of feature points that
appear on common horizontal or vertical surfaces in order to make those sur-
faces available as geometric planes for the application to interact or place
items on.

Depth understanding: ARCore can create depth maps, images that contain
data about the distance between surfaces from a given point, using the main
RGB camera from a supported device.

Light estimation: ARCore provides information about the average intensity
and colour correction of the environment which allows you to light virtual
objects correctly to appear more seamlessly interwoven into the real world.

Anchors and Trackables: Anchors ensure that ARCore tracks virtually placed
objects positions over time. Trackables are environmental objects, like planes
or feature points, thay ARCore keeps track off. By anchoring objects on
trackables you ensure that the relative position of those objects will remain
stable while the mobile device moves around.

ARCore is still actively supported and updated by Google and used for
a multitude of AR applications.
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2.2.6.2 ARKit

Apple’s counterpart to Google’s ARCore [40]. It’s an AR development plat-
form for i0S devices that has similar features to those of ARCore.

Some of these features are:

Environmental understanding: ARKit is able to analyse the camera feed
video to extract information about the scene’s geometry. It can create a
topological map of the surrounding space with labels identifying objects like
floors, walls or doors.

Depth understanding: ARKit uses the devices LIDAR scanner to collect per-
pixel depth information about the surrounding environment which in turn
are combined with scene generated 3D mesh data. This depth information
makes virtual object occlusion more realistic by enabling instant placement
of virtual objects and blending them seamlessly with their physical surround-
ings.

Plane detection: The LiIDAR Scanner enables incredibly quick plane detec-
tion, allowing for the instant placement of AR objects in the real world
without scanning.

Anchors: Just like ARCore, it is possible to create anchor relations between
objects and surfaces.

Motion Capture: ARKit is able to process body motions and receive them
as input to the AR experience.

People Occlusion: AR content realistically passes behind and in front of
people in the real world, making AR experiences more immersive while also

enabling green-screen-style effects in almost any environment.

Similarly to ARCore, ARKit is still actively supported and updated by
Apple, with ARKit 6 being the latest version and bringing 4k support to the
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SDK.

2.2.6.3 ARFoundation

AR Foundation is a Software Development Kit (SDK), designed by Unity
Technologies, focused on creating multi-platform augmented reality (AR)
applications using the Unity game engine. AR Foundation utilizes both the
ARCore and ARKit SDK’s by choosing which one to access based on which
SDK is native to user’s device’s platform. This significantly reduces the
development time needed to create an AR application for mobile devices,
since it eliminates the need for different codebases for each of the available
platforms.

2.2.6.4 Vuforia

An AR development kit, owned by PTC [41]. The Vuforia Engine can be
used for free but there’s also a paid option that includes more features and
support.

™S
. e .
vuforiar engine’

The core functionality offered by the SDK, as described in their developer
documentation is:

Image Targets: This represents the images that Vuforia can detect and track
by extracting natural features from the camera feed and comparing them to
a known resource database. Common uses of Image Targets include recog-
nizing and augmenting printed media and product packaging for marketing
campaigns, gaming, and visualizing products in the environment where the
product was intended to be used.

Cloud Recognition Service: A larger scale version of Image Targets that is
meant for enterprise use and can recognize millions of images. Part of a paid
add-on service.

Multi Targets: A Multi Target is a collection of multiple Image Targets
combined into a defined geometric arrangement such as boxes. This allows
tracking and detection from all sides and can serve numerous use cases. Multi
Targets functions in such a way that all of the faces of a Multi Target can
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be tracked at the same time because they have a shared pre-defined pose
relative to Multi Target’s origin.

Cylinder Targets: Cylinder Targets enable you to detect and track images
wrapped into cylindrical and conical shapes. Vuforia Engine can track the
sides and the flat top and bottom of the Cylinder Target.

Model Targets: Model Targets enable apps built using Vuforia Engine to rec-
ognize and track particular objects in the real world based on the shape of
the object. In order to create a Model Target, 3D model data of the object
are required and the object must be both geometrically rigid and present
stable surface features.

Area Targets: An environment tracking feature that enables tracking and
augmenting areas and spaces.

Ground Plane: Supports the detection and tracking of horizontal surfaces
and allows to place virtual content on them or even mid-air.

2.2.6.5 ARToolKit/ARToolKitX

As mentioned previously in this thesis, ARToolKit was developed in 2005 by
Hirokazu Kato. It is software library for building Augmented Reality (AR)
applications. Some of the features of ARToolKit include: single camera po-
sition/orientation tracking, tracking codes that use simple black squares, the
ability to use any square marker patterns, easy camera calibration code and
fast enough speed for real time AR applications to be viable. ARToolKitX is
now onwed by ARToolworks and is an open source project meant to provide
continuous support to the ARToolKit community [42)].

AR

2.2.6.6 Wikitude

As mentioned previously Wikitude was launched in 2008 by Mobilizy and
focused on providing location-based AR experiences through its mobile ap-
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plication. It has since then switched focus on providing a robust AR SDK.
Wikitude was purchased by Qualcomm in 2021 [43]. It supports development
for Android, iOS and Unity platforms.

‘o wikitude

4~

The current features of the SDK include:

Image Tracking: Wikitude supports detection, tracking and augmentation of
2D images and can track more than one simultaneously.

Cloud Recognition: Cloud-based image recognition for large-scale AR projects.
It can be done both online or offline with the latter allowing for up to 1000
images without a network connection.

Object and Scene Tracking: Object Tracking recognizes 3D structures and
objects. Those objects have to be previously recorded and embedded into
the AR application so that they can be detected based on their pre-recorded
map. Scene Tracking advances in recognizing and tracking a wide span of
objects and spaces and offers more precise localization for more comprehen-
sive recognition demands.

Multiple Object Tracking: More than one objects can be tracked simultane-
ously.

Multiple Trackers: Wikitude allows mixing of different types of targets, be
they physical objects, environments or images.

Instant Tracking: Wlkitude utilizes SLAM technology in order to identify
the user’s precise location within an unknown environment by simultaneously
mapping the area during the Instant Tracking AR experience. This allows
for environmental mapping and marker-less AR experiences.

SMART: A Wikitude API that integrates ARKit, ARCore and Wikitude’s
SLAM engine in a single cross-platform AR SDK that dynamically identifies
the users’ devices and chooses which SDK will be used.

Cylinder Tracking: Cylinder Tracking allows AR appliations to detect, track
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and augment cylinder targets.

2.2.6.7 EasyAR

EasyAR

EasyAR offers three different options EasyAR Sense, EasyAR Mega and
EasyAR CRS [44]. EasyAR Sense is an SDK for creating mobile AR appli-
cations. It offers features like generation of special maps in real time, motion
tracking, surface tracking, 3D object tracking and planar image tracking. Its
features are similar to ones discussed previously in this thesis (ARKit, AR-
Core, etc) so there’s no need to go into greater detail. EasyAR Mega is the
large-scale counterpart of EasyAR. Meant for city-scale AR cloud solutions.
Finally, EasyAR CRS is a web service that enables cloud computing and
storage, to provide cloud-based image recognition for large scale databases.

n Recognition
Result /I L

EasyAR SDK

Recognitio
Request

Figure 2.20: Block Diagram of EasyAR CRS.

2.2.6.8 Notable mentions

Lumin: Magic Leap’s SDK used to develop AR applications for Magic Leap
One and Magic Leap 2.
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MixedReality Toolkit: Google’s SDK used to develop AR applications for
HoloLens and HoloLens 2.

Both these SDKs provide powerful tools to create immersive AR experiences
for their respective HMDs. Their features include object and environment
tracking, gesture recognition, eye tracking, special mapping, anchors and
depth understanding.

In this thesis, ARFoundation was used as our SDK of choice, since the
ability to develop a mobile AR application for both Android and iOS devices
without the need of separate codebases, significantly cuts down the time
needed for the development process and also increases our target audience.
It’s also worth noting that AR Foundation would be easy to integrate into a
Unity (our game engine of choice) project, since both the Unity Game Engine
and the AR Foundation SDK are developed by Unity Technologies.

2.2.7 Currently Available Game Engines

A game engine is a software framework designed for the development of
video games. The core functionality that is typically provided by a game
engine includes rendering (via a 2D or 3D rendering engine), physics (via
a physics engine), collision detection, sound, scripting, animation, artificial
intelligence, networking, streaming, memory management, threading, local-
ization support, scene graphs, and video support for cinematics. It’s apparent
that game engines provide most of the required tools for developing a video
game and make the process available even to smaller developers. The tar-
get platforms for the games include video game consoles, computers or even
mobile devices. In addition to game development, game engines can also be
used for the development of AR or VR applications.

2.2.7.1 Unity

@ Unity

Unity is a cross-platform game engine developed by Unity Technologies,
with its initial release in 2005. The game engine has received numerous up-
dates since then and offers support for a multitude of platforms including
video game consoles, mobile devices, computers and web. Unity provides a
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physics engine, the Unity Scripting API, both 2D and 3D support and VR
and AR capabilities. The Unity Asset Store offers a massive selection of free
or paid assets that can be easily imported into any Unity project. Those
assets include 2D or 3D models, audio assets, a variety of tools, templates
and add-ons that speed-up development. Finally, Unity supports most of
the previously mentioned AR SDKs and even provides its own SDK called
ARFoundation that combines ARCore and ARKit into one SDK, allowing
the developer to write one application that can be ported both to Android
and iOS and automatically choose which SDK should be used in each case.
This significantly speeds up the development process as there’s no need to
develop separate applications for those two platforms.

w

UNREAL

ENGINE

Unreal Engine is a 3D game engine developed by Epic Games, with its
first showcase in the 1998 first-person shooter (FPS) game Unreal. Even
though it initially focused on the development of FPS games it now supports
a variety of game genres as well as AR and VR applications. Just like Unity
it supports a wide variety of platforms including computers, video game con-
soles, mobile devices and web. The current generation of the engine is called
Unreal Engine 5 and was formally released in 2022, replacing Unreal Engine
4. Besides C++ scripting, Unreal Engine features its own scripting language
called Verse which was launched this year and is planned to become available
to all Unreal Engine users by 2025. Just like Unity, Unreal Engine provides
an asset marketplace (Unreal Asset Marketplace). Finally, Unreal Engine
has its own AR framework and there’s also plug-ins for ARCore, ARKit and
other AR SDKs.

2.2.7.2 Unreal Engine

In this thesis, we chose to use the Unity Game Engine based on the fact
that we already had some familiarity in using it and also because it is a
very well established and powerful tool for developing digital applications for
a multitude of different platforms. Lastly, Unity Technologies develop and
support the ARFoundation SDK which would integrate well with the Unity
Game Engine and be the basis of our application’s AR capabilities.
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2.3 Modern Augmented Reality applications

Now that we have a better understanding of augmented reality’s evolution
and current state, it’s time to examine some actual, real-world applications.
This will help illustrate how big the scope of augmented reality’s possible
use-cases is both as a research, educational, scientific and commercial tool.

2.3.1 Commercial Applications

The applications mentioned in this section showcase how commercially suc-
cessful augmented reality can be if used creatively. First, we’ll see how aug-
mented reality can be integrated into a mobile game to increase the feeling
of immersion and motivate the user’s to engage in outdoors activity. Then,
we’ll inspect a practical application that allows the user to test how a product
would look when placed in their personal space.

2.3.1.1 Pokemon GO

One of the most popular and well-known AR applications is Pokemon GO,
an AR game for mobile phones based on the Pokemon franchise. Following
it’s release by Niantic in 2016 it quickly became a worldwide phenomenon
with millions of players across the world. Even now, in 2023, the estimated
active player count of Pokemon GO is 80 million players, with a peak daily
player count of 5 million. The AR portion of the game involves a Pokemon
being placed virtually into the user’s surroundings as he attempts to catch
it by throwing PokeBalls at it. The user has to navigate to a specific loca-
tion through an in game map for this AR experience to trigger for a specific
Pokemon.

Figure 2.21: Pokemon GO.
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2.3.1.2 IKEA Place

This application, designed by IKEA, functions as an interactive room plan-
ner. It allows customers to place virtual versions of IKEA’s furniture in their
real-world environment. This allows the user to preview how a certain piece
of furniture would look in their space before committing to a purchase. This
application was developed using Apple’s ARKit for iOS devices.

Figure 2.22: IKEA Place.

2.3.2 Academic papers focused on Augmented Reality
applications

There’s a plethora of different research sectors where augmented reality ap-
plications can have positive use cases. Below we’ll take a closer look at some
such applications.

2.3.2.1 Intelligent Virtual Assistants (IVA)

A common use case scenario for AR is creating a body for an IVA and an-
imating gestures to reinforce its physical presence. One such experiment
measured the level of trust that users had for Alexa and the results indi-
cated a trend of positive influence of embodiment on the perceived trust in
the IVA [10]. Another similar experiment had users interact with three
forms of IVAs: 1) IVA' S (Speech Only), 2) IVA SG (Speech and Gesturing),
3) IVA SGL (Speech, Gesturing and Locomotion). They concluded that im-
buing the IVA with a visual body and natural social behaviours increased the
user’s confidence in the agents ability to influence the real world and the level
of trust that the agent would respect the users privacy. All in all it appears
that IVAs with a natural (albeit virtual) “physical” presence are perceived
more positively by users and provide a richer experience and a higher degree
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of engagement.

sure, will do. —'? Sure, will do. —’ Sure, will do ——?
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Lamp turned on Use tablet to turn on the lamp Walk to the lamp, and turn it on

(A) Speech Only (B) Speech + Gesture (C)s h + G + 1

Figure 2.23: Testing the three different forms of IVAs.

2.3.2.2 Design of an AR-Based System for Group Piano Learning
[12]

Another interesting sector in which AR can have a positive and major im-
pact is education. AR can help enrich the learning process by increasing
the interactivity, providing addition information “on the fly” or allowing the
trainee to practice in a risk-free environment. One such application was cen-
tered around teaching piano to a group of students . The app had two
modes. In the first one the teacher could virtually show his hand movements
to the students. The second mode aimed to solve the disadvantage of limited
interaction during a normal piano lesson by allowing the students to compete
in playing a song.
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intensity bar mapping

Figure 2.24: Virtual piano lesson from the point of view of a student.

2.3.2.3 A First-Person Mentee Second-Person Mentor AR Inter-
face for Surgical Telementoring.

A second example of an educational AR experience involved a teacher tele-
mentoring a trainee on a surgical operation [13]. The system consisted of an
overhead camera that transmitted a live feed of the surgical field to the men-
tor, a touch-based interaction table on which the feed was displayed and an
HMD that the mentee was equipped with. The mentor was able to annotate
on the video feed, which in turn was displayed on the mentees HMD after
being reprojected to match the mentees first person view of the surgical field.

Overhad ’ l
Camera -

Annotation [
Authoring
Interface

Figure 2.25: Mentor and mentee subsystems for surgical telementoring.
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2.4 Outdoors Augmented Reality and Urban
Planning

After reviewing the aforementioned real-world applications, it becomes clear
that augmented reality can be a powerful tool for aiding and improving sec-
tors such as education, emergency training, personal health and well-being,
urban and environmental planning and safer living [32]. One especially in-
teresting category of AR applications are those focused on outdoors usage
and more specifically, the process of urban planning. In this section, we’ll
define what urban planning is and then examine a few outdoors applications
of augmented reality.

2.4.1 What is Urban Planning

Urban planning is defined as the process of guiding and directing the use
and development of land, urban environment, urban infrastructure, and re-
lated ecosystem and human services in ways that ensure the maximum level
of economic development, high quality of life, wise management of natural
resources, and efficient operation of infrastructures [31]. Its ultimate goal is
to create cities that are sustainable, livable and attractive to the residents.

Urban planning has become even more crucial in the modern era of
bustling metropolises and extended urban centers. It is imperative we take
the time and effort to thoroughly plan the development process of these
cities to ensure that they will continue to be viable living spaces for decades
to come.

2.4.2 Academic papers on Outdoors AR and Urban
Planning

Now that we’ve defined what urban planning is and what it aims to achieve,
let’s examine a couple academic papers that pertain to the use of augmented
reality outdoors and to aid the urban planning process.

2.4.2.1 3D Outdoor Augmented Reality for Architecture and Ur-
ban Planning [17]

In this paper use of AR for urban planning and architecture is explored a more
specifically the development of an app that allows the user to view digital
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buildings in the real world via a tablet or an HMD. The researchers sum up
the various technologies used in AR and divide them into two groups, marker-
based and marker-less systems. The proposed system (named “City 3D-AR”)
falls in marker-less systems category and places virtual three-dimensional
buildings in the real world using GPS coordinates. Due to the outdoors na-
ture of the project and the bulkiness of the objects using a marker-based
approach wasn’t possible.

N

3D buildings B

data base and

formatting [
options /f//_,)f

Software modules

Live video capture:
tablet video camera or

AR HMD cameras 3D object import - Output device:
Vidcoblaycr -tablet screen
Object layer -ARHMD
Object rendering
Data gathering Input device:
Sensors: Size calculation -touch screen
GPS; compass; gyro Position calculation -gyro mouse
Natural immersion -data glove

Figure 2.26: City 3D-AR physical structure.

The participants GPS coordinates had to be measured at all times to
ensure the 3D objects were subjected to the correct transformations, rota-
tions and scaling to accommodate the participants new point of view. The
application utilized the cameras of the device (HMD or tablet) to gain a
live video stream of the user’s view, the GPS sensor to triangulate the users
location in 3D space, the digital compass for sight direction and field of view
and the gyroscopic sensor for head orientation. The user was able to inter-
act with the application via a touchscreen or any other portable input device.
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Figure 2.27: City 3D-AR detailed flow chart.

In conclusion, this urban planning AR project allowed the merging of real
city and virtual 3D buildings. The authors mention that it’s still far from
a real use professional application and that validation under urban planning
requirements is continuing. But even though there’s still room for improve-
ment it proves the possible value of AR in this field.

2.4.2.2 Integration of augmented reality and GIS: A new approach
to realistic landscape visualisation [18]

This paper describes the development of an AR application using a geo-
graphic information system (GIS) for visualization of weed (blackberries)
growth in Victoria, Australia. The system combines GIS with off-line AR to
create a representation of the dynamic spread of weeds and their effects on
landscape over a period of 14 years.
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Figure 2.28: Major components of the proposed technique.

The system uses three overlapped video sequences to create a panoramic
video which acts as the background of the AR experience when re-projected
in a wide-screen theatre. Using a weed spread modelling the spread of the
blackberries is computed. This model was run to predict the spread over a
period of 14 years and the output is a series of map showing grid cells that
have been infested, as well as the size of said infestation. Realistic images of
the weeds, corresponding to different growth stages, are then superimposed
on the video to match the results of the spread model.

Figure 2.29: Superimposition of weeds over the panoramic video frames; (A)
Combination of computer-generated weeds with the background. (B) Several
frames of the weeds in different years.
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It’s important to mention that the proposed method is not real-time, but
rather an off-line solution that inserts the virtual elements on prerecorded
video, therefore eliminating a majority of tracking issues that a real-time AR
application would have to tackle. The authors mention that one the major
challenges they faced was the colour mismatch between the frames of each of
the three cameras. That and a number of other related problems made the
production of a seamless final product very difficult. Lastly, it’s mentioned
that the proposed technique received positive feedback from informal tests
and was more preferable than even highly detailed renderings or emerging
real-time (VR) options.

In conjunction to this paper, it’s worth taking a look at “A 3D GIS-
based interactive registration mechanism for outdoor augmented reality sys-
tem” [|19], where a method for more precise registration combining AR and
3D GIS that does not rely on vision tracking is proposed.

2.4.2.3 Markerless Vision-Based Augmented Reality for Urban
Planning [20]

Another paper where an AR system for virtual building placement and view
in the real world is developed. This system is markerless and additionally

it doesn’t rely on inertial sensors or beacon-based localization technologies
(e.g., GPS).
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Figure 2.30: Overview of the proposed image-based AR system.

The system is comprised of an offline learning/training stage and an on-
line localization and image augmentation stage. During the offline stage a
set of images of the scene of interest are used to build a map of 3D referenced
SURF features and a 3D reconstruction of the scene is created in which the
virtual objects are inserted.
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Figure 2.31: Outline of the offline training stage.

The online stage consists of a localization and an image augmenting stage.
The system initializes the pose and then tracks or if deemed necessary resets
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it. After the pose has been successfully calculated for a target image the
image is augmented with a projection of the virtual objects.

Figure 2.32: Outline of the on-line processing stage.

The experiments results indicate the potential of the proposed system.
These experiments are comprised of three datasets of different level of com-
plexity. The researchers also note that the system doesn’t achieve a high
enough framerate (up to 3fps) to be considered a real-time AR system.

2.4.2.4 Smart-Phone Augmented Reality for Public Participation
in Urban Planning

A smart-phone prototype system for visualizing proposed 3D architectural
designs on top of existing architecture. The system that was developed con-
sisted of a smart-phone and the software and content needed in order to
overlay the designs. The content was 3D architectural models, in 3D studio
Max format, which were then processed and converted into a form compati-
ble with the software that was used for AR tracking.
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The tracking method used for this application was based on a panorama
tracker, which would create a panoramic image of the scene. The drawback
of this technique is that the user has to remain stationary while using the
system.

Figure 2.33: Overlay on scale model and the Graphical User Interface.

The end user experience was limited to being able to view the different
available 3D models, switching between them, calibrating the scene and vot-
ing based on which model the user preferred. A user study was conducted to
generate quantitative and qualitative data regarding the application which
were split into four data analysis categories: mobile device familiarity, user
experience, perceived participation and willingness to participate. The feed-
back the authors received was mostly positive, with users acknowledging that
the prototype system had potential as a tool for visualizing architectural de-
signs.

2.4.2.5 An augmented reality study for public participation in
urban planning

This study aims to evaluate the suitability of augmented reality as an urban
planning visualization tool and also conduct a field study comparing con-
struction spans against a prototype augmented reality system.

Two projects were selected for the field study, each of which was in a
different planning stage. The first project used construction spans whereas
the second one relied on the AR application to aid in visualizing the building
that would be constructed.
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Figure 2.34: Renderings of the two projects.

The augmented reality applications was designed for iOS, using ARKit,
and featured three different levels of detail (LOD) for the AR building,.

The study conducted consisted of groups of users randomly split into
three groups, one for each different LOD. One surprising result is that the
users from the lowest LOD group rated the system the highest in terms of
realism. This may be caused by the lack of motion lag that was present
in the other two LODs or by the small screen-size of the device used for
the evaluation. Another noteworthy result is the fact that LOD 3 rated the
highest in terms of ease of visualizing what the finished building would look
like. Overall, the results showed that augmented reality was highly suitable
for the task at hand and shows great potential for visualizing architectural
projects.

Figure 2.35: Prototype AR application displaying different levels of detail
(LOD).

In this thesis, we will be combining augmented reality with urban plan-
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ning to develop a mobile application for visualizing urban planning changes
outdoors. This application aims to act as an supporting tool both for the
planning process required by engineers and architects but also as a partici-
patory tool for the citizens. Similar to the applications we examined in the
sections above, our goal is to overlay various possible virtual urban plan-
ning changes onto the real-world and allow the user to interact with them,
customize them and finally view the end-result of their experimentation.
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Chapter 3

Requirements and
Technological Background

3.1 Introduction

In this chapter, we will give an overview of all the development tools used in
the creation of our application as well as an analysis of the case of Nea Chora
from an urban planning perspective. First we will go over what the Unity
Game Engine is and define some of its core concepts and terms. Next, we’ll
introduce the various SDKs that were selected and used in our implementa-
tion of the application, as well as any additional software that was utilized.
Lastly, we’ll provide a detailed analysis of the case of Nea Chora, Chania,
how it could be reconstructed from an urban planning perspective and the
areas that were chosen for our application.

Upon finishing this section the user should have attained a better under-
standing of the technical background of our application, which will signifi-
cantly aid his understanding of our implementation. They should also have a

clear image of the current state of Nea Chora and why it would significantly
benefit from an urban planning reconstruction.

3.2 Unity

Q Unity

As mentioned previously, Unity is a cross-platform game engine developed
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by Unity Technologies. It provides a physics engine and allows for the de-
velopment of both 2D and 3D applications, as well as AR or VR applications.

Unity was chosen for this thesis since it’s a very robust game engine that
provides a plethora of useful features, add-ons, external package support, as
well as it’s own AR SDK called AR Foundation. These featured accompanied
by an existing familiarity with the game engine made it the perfect candidate
for this thesis.

3.2.1 Assets

The term asset describes any file used by Unity such as scripts, prefabs,
materials, etc.

3.2.2 Prefabs

The term prefab originates from the word prefabricated and in essence rep-
resents a pre-constructed object or model that has been saved so that it’s
easy to re-use in multiple parts of the application. One major advantage
of using prefabs is that modifications made to the original one apply for all
used copies of it. Additionally, it is possible to create separate versions of a
prefab using the original as a base.

3.2.3 Materials

Materials are definitions of how a surface should be rendered, including ref-
erences to textures used, tiling information, color tints and more.

3.2.4 Scenes

Unity Scenes can be described as assets that contain all or a part of a game
or application. For more complex application, scenes usually correspond to
a level or a specific screen. A scene may contain a multitude of other assets,
such as scripts, Ul components or prefabs. In our AR application each scene
is a different screen that the user may interact with while using the app.

3.2.5 Scripts

Scrips are how we apply functionality to our scenes and objects. They can be
attached as components to other unity assets. The scripting language used
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for our application was C# and the integrated development environment
(IDE) used is Visual Studio Community Edition.

3.2.6 Packages

Packages contain various features that can be integrated into a Unity project.
They can be official Unity releases (eg. AR Foundation) or external third
party packages (eg. Mapbox).

3.3 AR Foundation

AR Foundation is a Software Development Kit (SDK), designed by Unity
Technologies, focused on creating multi-platform augmented reality (AR)
applications using the Unity game engine. AR foundation utilizes the cor-
responding native AR SDK based on the device currently being used, thus
significantly simplifying the process of developing applications that are com-
patible over multiple platforms, since it eliminates the need to have separate
applications developed for each platform. The two SDKs that are in particu-
lar interest for this thesis are Google’s ARCore, the native SDK for Android
devices, and Apple’s ARKit, the native SDK for iOS devices. Thus, by
utilizing AR Foundations features we can develop and application that will
function both on Android and iOS devices while having a single codebase for
both of platforms. ARFoundation is the AR SDK that we selected for the
development of our application.

3.3.1 ARCore

c ARCore

As mentioned before ARCore is Google’s AR SDK for Android devices.
The Google ARCore XR Unity Plug-in is required for AR Foundation to
function correctly on Android devices. This plugin’s features include de-
vice tracking, plane detection, image tracking, face tracking, point cloud
detection, raycast capabilities, anchor creation and tracking and AR object
occlusion.

62



3.3.2 ARKit

As mentioned before ARKit is Apple’s AR SDK for iOS devices. The
Apple ARKit XR Unity Plug-in is required for AR Foundation to function
correctly on iOS devices. The ARKit plug-in offers similar features to those
of ARCore.

3.4 ProBuilder

ProBuilder is a hybrid of 3D modeling and level design tools, optimized for
building simple geometry but capable of detailed editing and UV unwrapping.
ProBuilder can be integrated into the Unity Editor, which allows us to create
and edit geometry without the need for external software (eg. Blender 3D,
Autodesk Maya, Autodesk 3ds Max). ProBuilder offers a variety of features
for 3D modeling, while remaining relatively easy to learn.

Figure 3.1: The ProBuilder window, featuring various different editing op-
tions.

ProBuilder was used in order to create some of the virtual objects used

in our AR application, namely the virtual building (and it’s numerous com-
ponents), the bicycle lane model and the placement marker.
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3.5 Krita

S

Krita is a free, open source painting software. It started as the Krita
Project by the KDE community in 1998 and has since there received con-
tinued support and development. In 2012, the Krita community created the
Krita Foundation, which supports and updates Krita to this day.

Krita was used in this thesis to create the various user interface (UI)
sprites that appear in our mobile application.

3.6 Visual Studio Community 2019

Visual Studio is an integrated development environment (IDE) developed
by Microsoft. It integrates with Unity via the Code Editor Package for Vi-
sual Studio, which comes pre-installed with our Unity version. Additionally,
when installing Unity, we can opt to also install Visual Studio, which sets it
as the default option for opening and editing scripts.

Visual Studio Community 2019 was used for the development and editing
of the scrips associated with our application.

3.7 Map SDKs

In the subsections below we’ll take a look at a few available Map SDKs that
we considered using in order to implement a map navigation functionality
for out application. The SDK that we ended up choosing is Mapbox.
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3.7.1 Mapbox

(® mapbox

Mapbox provides map SDKs for a variety of platforms, including Unity,
Android and iOS. The Mapbox Unity SDK is a collection of tools for creat-
ing custom maps, integrating real world maps to applications and providing
real-time navigation via the Mapbox Navigation application programming
interface (API). This SDK is completely free to use and has paid tiers only
after a certain amount of users and API requests are reached, which is high
enough to not be a concern for us while developing the application (100,000
free temporary Geocoding API requests, 100,000 free Directions API requests
and 25,000 free monthly active users).

3.7.2 Google Maps

Another option that was initially considered but quickly dismissed was
using the Google Maps SDK. Sadly the Google Maps SDK for Unity had been
deprecated. Quoting their website on deprecations ”Since the introduction of
our gaming services in 2018, we were proud to launch innovative new game
experiences for developers. While we remain dedicated to supporting the
developer community, we've decommissioned Google Maps Platform gaming
services as of December 31, 2022 due to limited adoption.”

=

ArcGIS

ArcGIS seemed like another promising option since it offers features very
similar to those of Mapbox. However, their only free tier was a 21-day trial
which wouldn’t be viable nor accommodate the needs of our application and
development process. Therefore ArcGIS was also rejected.

3.7.3 ArcGIS
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3.8 Hardware

Two computers were used for the development of the applications and two
Android mobile phones were used for its testing.

The first computer was a desktop with the following specifications: CPU:
Intel Core i7-4790K 4.40GHz, GPU: Asus Nvidia GeForce GTX 970 Strix
4Gb, RAM: 16GB DDR3 2133 MHz.

The second computer used was a laptop with the following specifications:
CPU: Intel Core i5-10300K 2.50GHz, GPU: Nvidia GeForce GTX 1650 4Gb,
RAM: 32GB DDR4 3200MHz

The two Android mobile phones used were 1) a Motorola Moto G 5G
and 2) a Samsung A40. Sadly, we didn’t have an iOS device available, but
we expect that our application would function correctly on that platform as
well.

3.9 Case Analysis

In this section we will present a thorough analysis of the case of the district
of Nea Chora, Chania, from an urban planning perspective. Then we will go
over the proposed urban planning reconstruction of the area. Lastly, we will
present the three locations that were chosen for our application.

3.9.1 Urban reconstruction of the district of Nea Chora
in the city of Chania

This is a thesis [21] from the School of Architecture, Technical University of
Crete (TUC), in which a reconstruction of the district of Nea Chora in the city
of Chania is proposed. Nea Chora is located in the western section of the city,
outside of the old Venetian wall. According to the authors this location was
specifically chosen because the buildings there are predominantly residential,
which leaves the area devoid of other amenities, such as parks, commercial
areas or sports facilities.

3.9.2 Current State of Nea Chora

The majority of the existing buildings have one to four stories, with very few
having up to five. The land usage in the district of Nea Chora is as follows:
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e Residencies: Most of the buildings are residential.

e Fducational facilities: There’s eight (8) kindergartens, three (3) pri-
mary schools, one (1) middle school and one (1) high school.

e Sports facilities: There only exist two facilities of hyperlocal use, the
Municipal Swimming Centre and the Municipal Sports Center of Kladis-
SOS.

o Recreational facilities: Mostly on the coastal part of the region.
e Commercial facilities: Along the streets Selinou and Kissamou.

e Parking spaces: Few, close to the recreational facilities.

1opodoc 359
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Figure 3.2: Current land usage of Nea Chora.

The district can be divided into three zones: Zone A: configured based
on urban planning, Zone B: not configured based on urban planning, Zone
C: under reconstruction.
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Figure 3.3: The 3 zones. Zone A: light blue, Zone B: black, Zone C: gray.

The road arteries can be categorized as: main streets, collector roads and
local roads. There is a lack of pedestrian lanes and cycling paths and vehicles
still pass through the few existing ones. Lastly, there’s no designated parking
spaces.

Figure 3.4: Current road arteries.

68



3.9.3 Proposed Urban Reconstruction of Nea Chora

The proposed urban reconstruction of Nea Chora [21] [22] aims to turn the
district into a more viable and functional area. The proposal involves a
reconstruction and redistribution of residential areas, an increase in green
spaces, an overhauled road system that would declutter the area, more park-
ing spaces, commercial hubs, new athletic facilities and entertainment areas.

The district would be divided into three neighborhoods, each of which
would be accommodated by a neighborhood center. The first neighborhood
would have a commercial-administrative center, the second one a cultural
center and the third another commercial center.

The center of the first neighborhood would be the most important one due
to its position. It would include the following:

e Various commercial stores (e.g. bookstores, clothing, food)

e Cafes

A patisserie

A Citizen Service Center

e A post office
The center of the second neighborhood would include:
e A library
e An elderly care/pastime center
e A multipurpose center for children and young adults
e A couple of essential food stores
The center of the second neighborhood would include:
e Various commercial stores (e.g. bookstores, clothing, food)
o A cafe

e A cafe/reading room
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New residential buildings would have to be constructed in previously
empty lots to account for the newly created neighborhood centers, since
existing buildings there would be re-purposed.

The coastal portion of the district would retain its touristic character
and its western side would be redesigned for 60% touristic coverage and 40%
residential.
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Figure 3.5: Proposed land usage.

The road artery system remains mostly the same, but the usage of each
of them changes to accommodate safer transportation both for pedestrians
and vehicles. New roads will be created at the western end of the district
(Zone C) and in the central area (Zone B).
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Figure 3.6: Proposed road system.

A new green spaces network that’s immediately connected with the new
pedestrian lanes will be created, divided into both public and private green
areas. Some of the previously empty lots as well as new empty spaces, cre-
ated after the demolition of old unstable buildings, will be re-purposed as
part of this network. The public green spaces will include parks, athletic
stadiums, playgrounds or public squares.

Figure 3.7: Proposed green spaces.

3.9.4 The target areas

After examining the proposed urban reconstruction of the area and also con-
sulting Associate Professor of the School of Architecture, in the Technical
University of Crete, Dimelli Despina we ended up choosing three areas as
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the target locations of our application.

One of the dominant criteria for picking the target areas was the fact that
we wanted to create a diverse augmented reality experience and as such each
selected area should provide a unique and different urban planning scenario.
The areas should also feature flat terrain, without many obstacles, to ensure
that plane (ground) detection would be successful. Lastly, the areas and the
content placed in them should conform with the local laws regarding urban
development and construction and also follow the urban reconstruction plan
that was analyzed in section |3.9.3

3.9.4.1 Area 1: The coastal sidewalk in Akti Kanari

The first area that we selected is located along Akti Kanari Street of Nea
Chora. This road features a long coastal sidewalk that passes right next
to the Chania National Nautical-Athletic Center. The exact coordinates
of the area, as it was used in our application, are: 35.51095910591866 N,
24.004459975858733 E.

Figure 3.8: Aerial view of Area 1.

This area was selected as our target for placing trees, benches and street
lamps, since 1) it features flat terrain and 2) it appears in the proposed green
spaces of the urban reconstruction of Nea Chora. Due to its coastal nature
and the existing, but lacking, sidewalk infrastructure this area is a perfect
pick for creating a unique AR experience for our application.

3.9.4.2 Area 2: Empty lot in Ouellingkton Street

One of the very first ideas we had about the type of virtual content that we
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could present was that of a virtual building. In order to do so we needed to
find a flat and spacious enough area, so that our building model would fit.
The task at hand was more difficult than we expected, since our search (both
by foot and by use of the Google Maps Street View) showed that most of the
empty lots in Nea Chora are infested with wild plants, fenced or simply not
flat or big enough. Eventually we were able to locate a location that could
accommodate our building in Ouellingkton Street. This location is currently
used as a parking lot for a local gym, but after a brief discussion with the
manager we were given permission to use it for our application and conduct
any needed testing there.

Figure 3.9: Aerial view of Area 2.

It’s also worth noting that this area appears in the urban reconstruction
proposal and is located in-between an area that would be allocated for resi-
dential buildings and one that would house a school. In either case a building
would have to be constructed in this location, so it was perfect for our needs.

The exact coordinates of the area, as it was used in our application, are:
35.517482361372736 N, 24.01108550473443 E.

3.9.4.3 Area 3: The intersection of Selinou Street and Geor-
giakakidon Street

This area is located at the intersection of two major streets of Nea Chora, Seli-
nou Street and Georgiakakidon Street, near the area of Kladisos. The exact
coordinates of the area, as it was used in our application, are: 35.5118184719792
N, 24.001774574658594 E.
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Figure 3.10: Aerial and street view of Area 3.

We chose to display a virtual bicycle lane and a bicycle station in this
location since that is an amenity that is lacking from this area and it would
be an interesting augmented reality scenario for our application. Addition-
ally, the proposed road system of the reconstruction of Nea Chora features a
bicycle lane in those two streets, which doesn’t come as a surprise considering
that they are two of the largest and central road arteries of the district. We
should also mention that, by definition, streets provide long stretches of flat
surface, which would significantly aid our plane detection.

3.10 Thesis Requirements

Our goal is to provide an interactive, mobile augmented reality experience
to the user while visualizing the proposed urban planning changes in the
district of Nea Chora. To do so our application would have to conform to
the following requirements:

e The application should be able to access GPS coordinates, both to
calculate the user’s distance from each target location but also in order
to display the user’s position on the map.

e The application should provide a map of the user’s surrounding area
and navigational instructions on how to reach each target location.

e The Ul of the AR locations screens should be minimal, in order to allow
the user to view the scene that they're creating.

e The application should be able to access the mobile devices camera.

4



e The user should be able to interact with the virtual content.

e The content presented in each location should conform with existing
urban planning laws and guidelines.
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Chapter 4

End User Experience

4.1 Introduction

In this chapter, we will go through every screen of our application from the
point of view of our end user. We will explain all the possible user interactions
in each screen and also provide use-case scenario diagrams for them.

4.2 Android Permissions

In order for the application to function correctly two types of Android Per-
missions will need to be granted: 1) Location Service Permissions and 2)
Camera Permissions.

4.2.1 Location Service Permissions

Upon first opening the application, the user will be asked to grant location
service permissions. This type of permission is essential since we rely on
GPS coordinates in order to calculate the user’s distance from each of the
AR locations. Additionally, we need GPS access to provide a map of the
user’s area and navigational instructions.
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Allow Thesis to access this device's location?

Figure 4.1: Location service permissions.

4.2.2 Camera Permissions

The first time the user enters one of the AR location screens, they will be
prompted to grant camera permissions to the application. Without these
permissions the AR component of the application cannot function, since it
relies on utilizing the mobile devices built-in camera.

Allow Thesis to take pictures and record video?

Figure 4.2: Camera permissions.

4.3 Home Screen

The Home Screen is the first screen the user enters after being prompted to
grant location service permissions to the application. This screen acts as a
main hub for the application, through which the user can navigate to the AR
location screens, the map screen or enable the tutorial system.
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AR Application

Enable/Disable Tutorial

1 <<Include>>

Follow Tutorial Steps

// Enter Location 1/2/3 Screen

Actor

Urban Planning visualization

Distance
in Nea Chora, Chania

I Location 1 (Trees) 1
I Location 2 (Building) 1
Location 3 (Bicycle Lane)

Map Navigation

Figure 4.4: Home Screen.

By default, when entering the Home Screen after opening the application
for the very first time, the tutorial system will be enabled. The tutorial can be
disabled or enabled by checking or un-checking the ”Tutorial Enabled” box.
It is worth noting that the application "remembers” the user’s selection the
next time the application is opened, as well as the exact step of the tutorial
that they left off. This ensures that the user is able to take a break from
the application without having to re-do the entire tutorial. If the tutorial is
disabled, then it is reset and has to be started from the very beginning.
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Urban Planning visualization
in Nea Chora, Chania

Distance 3 3 Distance

I Location 1 (Trees) ]
I Location 2 (Building) ]
Location 3 (Bicycle Lane)

Map Navigation

Figure 4.5: Tutorial Message example and Enabling/Disabling the tutorial
system.

In this screen the user can view his current distance from each of the
AR location screens. The buttons that navigate to the corresponding AR
screens are disabled (gray) until the user is within a certain distance from a
specific location. Once the user is close enough, the button associated with
the location will be enabled (blue) allowing them to transition to that AR
screen.

Distance Urban Planning visualization $ Distance Urban Planning visualization
in Nea Chora, Chania = 3 in Nea Chora, Chania

i Location 1 (Trees) ) 2 f Location 1 (Trees) ]
i Location 2 (Building) ) 5 f Location 2 (Building) ]

Location 3 (Bicycle Lane) ] Localion 3 (Bicycle Lane)

Map Navigation Map Navigation

Figure 4.6: The current distance from each AR location and the AR location
buttons.

Lastly, the user may also press the Map Navigation button to be redi-
rected to the Map Screen, where they can view a map of their surrounding
area and receive directions on how to reach their destination.

4.4 Map Screen

The Map Screen acts as a navigational tool, guiding the user to the AR loca-
tions of our application. If the tutorial is enabled, the corresponding messages
for the map screen will appear. Otherwise, the user will immediately be able
to interact with a map of their surrounding area.
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AR Application
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Select a Specific Location

<<Include>>
Enable/Disable Navigation = --=====--3 Follow Navigational Instructions

‘Switch Between Light and Dark
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Actor

Follow Tutorial Steps

Return to Home Screen

I

Exit Application

Figure 4.7: Map Screen use-case diagram.

Building v

Pan to Location

Start Navigation

Center Map Back

Figure 4.8: Map Screen.

The user can move or zoom the map, via dragging on the screen with their
finger or pinching it, respectively. They may also pan back to their current
location by pressing the corresponding icon. Another possible interaction
consists of the user selecting one of the AR locations as their destination
(from a dropdown list) and then pressing the ”Pan to location” button to
have the AR location be immediately shown on their map. All three AR
locations are marked on the map with a destination icon.
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Pan to Location Pan to Location

SEURNEWENT] Start Navigation

B Center Map [

Figure 4.9: Panning back to the user’s current location or to a destination
and viewing all target-locations on map.

If the user wishes to be shown navigational instructions, they may en-
able them by pressing the "Enable navigation” button. Once enabled, a
navigation line connecting the user’s current location with the selected AR
location will appear to help guide the user. Lastly, there is an option to
switch between Light and Dark Theme for the map.

Pan to Location Pan to Location

Stop Navigation Start Navigation

Back orar Mo Back

Figure 4.10: Navigational instructions and Switching Map Themes.

4.5 AR Locations Screens

Our application features three location screens, one for each of the different
target areas that we have selected. In each of these screens the user can
place and edit virtual content onto their real-world environment. We have
split this functionality into three distinct modes:

e View Mode: This mode features minimal Ul to allow the user to view
the scene that they have created.

e Placement Mode: In this mode the user is tasked with scanning the
ground of their environment, selecting which virtual objects to place
and then placing them at a desired location on the ground.

e Edit Mode: This mode allows the user to interact with the virtual
content that they have already placed.
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Figure 4.11: Location Screen Flow Diagram.

4.5.1 Location 1 Screen (Trees, Benches and Street
Lamps)

The Location 1 Screen corresponds to our first target area (section ,
in which the user will be able to place virtual trees, benches and street lamps.
Once again, if the tutorial is enabled the user will be greeted with a series of
tutorial messages.

4.5.1.1 View Mode

The default mode, when entering one the AR location screens, is the View
Mode. From this mode the user can switch to any of the other two. Once
some virtual objects have been placed, the user may return to the View Mode
in order to take a look at the scene they created without having their screen
cluttered by UL They may also choose to enable or disable object occlusion
(which allows virtual objects to be occluded by real-world ones).
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AR Application

View the Created Scene

0

| <<Include>>

Toggle Object Occlusion

Switch to Edit Mode

Ac(or\

Switch to Placement Mode
Follow Tutorial Steps
Return to Home Screen

Exit Application

oody

Figure 4.12: Location 1 View Mode use-case diagram.

Placement Mode Edit Mode

e

Figure 4.13: Location 1 View Mode.

4.5.1.2 Placement Mode

This is where we attempt to detect the real-world floor and then place virtual
objects on it.
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AR Application

= Detect the Floor
<<Include>} e
<<|nclude>>
Place Virtual Cbjects ~ p======-=-----3 Select a Virtual Object Model

T~ <<Include>>

%; Switch to View Mode e Toggle Models
\.—H Follow Tutorial Steps

Return to Home Screen
\ Exit Application

Figure 4.14: Placement Mode use-case diagram.

Actor

The process of detecting the floor begins automatically when entering
this mode. The user will have to move their mobile device’s camera around
in order to detect different parts of the ground. Once the floor has been
detected, a placement marker will appear in the middle of the user’s screen,
attached to the floor plane. This marker shows where the virtual content
will be placed and can be replaced by the actual model if the user selects the
"Toggle Models” option.

View Mode

Place Objagt i

Figure 4.15: Detecting the floor.

Once the desired model (there are six different tree options, five bench
options and five street lamp options) has been selected from the dropdown
list the user can then place it on the ground and begin creating their AR
scene.
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Figure 4.16: Placing a virtual tree, bench and street lamp.

After the user is done placing virtual content they can switch back to the
View Mode.

4.5.1.3 Edit Mode

The Edit Mode is where the user can interact with the virtual content that
they have already placed. There are two interactions that exist regardless of
the specific location: 1) Deleting an object and 2) Rotating an object. In
the case of the first location the user may also change the scale of the placed
virtual trees.

AR Application

<<Include>>

Ty
Select a Virtual Object
<<Include=>_ >

Rotate a Virtual Object - .7

Delete a Virtual Object

_-* <<Include>>

Change the Scale of a Tree -

% Switch to View Mode

Switch to Placement Mode

Follow Tutorial Steps

Jonnir

Exit Application

Figure 4.17: Location 1 Edit Mode use-case diagram.

Before beginning to edit a virtual object, the user has to first select it.
This is done simply by pointing their mobile device’s camera towards the
object so that it appears in the middle of their screen. Once an object is
selected, a white outline will appear around it and the UI elements corre-
sponding to editing it will become active. The user may then perform any
of the available editing operations.
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Placement Mode Placement Mode| View Mode

Delete

Figure 4.18: Location 1 Edit Mode and selected object outline.

Deleting and rotating an object are achieved via the corresponding button
press. Changing the scale of a tree is achieved by moving the slider to increase
or decrease the scale of the selected tree.

4.5.2 Location 2 Screen (Building)

The Location 2 Screen corresponds to our second target area (section|3.9.4.2)),
in which the user will be able to place a virtual building. Once again, if the
tutorial is enabled the user will be greeted with a series of tutorial messages.

4.5.2.1 View Mode

The View Mode of Location 2 functions identically to that of Location 1.

4.5.2.2 Placement Mode

The main differences between the Placement Mode of location 1 and 2 are
the options given in the dropdown list for selecting virtual objects. Location
2 features six building models, each of them with a different number of floors
(ranging from 1 to 6).

View Mode

Place Building

Back

Figure 4.19: Location 2 Placement Mode.
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Placement Mode Edit Mode Placement Mode Edit Mode

%

Figure 4.20: Placing a virtual building.

4.5.2.3 Edit Mode

Just like in location 1, virtual objects can be deleted and rotated. Addi-
tionally, the number of floors that the placed building has can be changed
(ranging from 1 to 6).

AR Application

Delete a Virtual Object __<<Include>>

Ty
Select a Virtual Object
<<Include>>. >

—————— 7

Rotate a Virtual Object

I

_+” <<Include>>

Change the Number of Floors < _ <<Include>>

RSN
Select a Different Floor Number
—— Switch to View Mode
Actor\

Switch to Placement Mode
Follow Tutorial Steps
Return to Home Screen

Exit Application

il

Figure 4.21: Location 2 Edit Mode use-case diagram.

After selecting the building whose floors number we want to edit, we
select a different number of floors from the dropdown list and the click the
replace button to commit our changes to the scene.
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Placement Mode View Mode

Figure 4.22: Location 2 Edit Mode and Floor number.

4.5.3 Location 3 Screen (Bicycle Lane and Bicycle Sta-
tion)

The Location 3 Screen corresponds to our third target area (section ,
in which the user will be able to place a virtual bicycle lane and a virtual
bicycle station. Once again, if the tutorial is enabled the user will be greeted
with a series of tutorial messages.

4.5.3.1 View Mode

The View Mode of Location 3 functions identically to that of Location 1.

Placement Mode : Edit Mode

.

Figure 4.23: Location 3 View Mode.

4.5.3.2 Placement Mode

The main differences between the Placement Mode of location 1 and 2 are
the options given in the dropdown list for selecting virtual objects. Location
3 features a bicycle lane model and a bicycle station model.
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Figure 4.24: Location 3 Placement Mode.

4

Placement Mode 9 VT Placement Mode 2 i | Edit Mode

Figure 4.25: Placing a virtual bicycle lane and a virtual bicycle station.

4.5.3.3 Edit Mode

Just like in location 1, virtual objects can be deleted and rotated. Addition-
ally, the user can add or remove bicycles from any placed bicycle station.

AR Application

Delete a Virtual Object ___ccinclude>>

0
.

Select a Virtual Object
<<Include>>_ >
Rotate a Virtual Object B _,/"7 =7

<<Include>> ,~

Remove Bicycle from Bicycle L+ <<Include>>
Station ’

,»" <<Include>>
z— Add Bicycle to Bicycle Station - .____

Actor\

.I

Select a Bicycle Model

Switch to View Mode

Switch to Placement Mode

Follow Tutorial Steps

Return to Home Screen

Exit Application

J0000;

Figure 4.26: Location 3 Edit Mode use-case diagram.
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After selecting a bicycle lane, the option to remove and add bicycles will
become available. Removing bicycles is very simple, since it only required
the press of a button. Adding bicycles requires the user to select a bicycle
model from the available options so that it can be added to a free slot of the
bicycle station.

Placement Mode! X = e P | View Mode

Add Bicycle

Remove Bicycl

Delete Rotate

Figure 4.27: Location 3 Edit Mode.
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Chapter 5

Implementation

5.1 Introduction

In this chapter we’ll explain the technical implementation of our applica-
tion. We'll go over each scene and its core components and examine how
they work. We'll start with an overview of how to set up the basic SDKs
and packages needed for developing an AR application with the Unity Game
Engine and then delve deeper into how our map system, tutorial system, Ul
and AR functionality and interactivity was designed and implemented.

Various code snippets and other media will be shown to help give the
reader a better understanding of the technical aspects of our application’s
implementation. We hope that by the end of this chapter the user will have
a deeper understanding of how our application was developed from a more
technical standpoint.

5.2 Unity

The version of Unity used for the development of this application was version
2022.3.23f1 which is one of the current long term support (LTS) versions of
the Unity game engine. Additionally, the following two modules had to be
installed in order to be able to build the application for Android and iOS
devices: the Android Build Support module (with Open JDK and Android
SDK & NDK Tools) and the iOS Build Support module.
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Android Build Support Installed 2.07GB

[ Unity LTS
C:\Program Files\Unity\Hub\Editor\2022.3.23f1\Editor\Unity.exe

OpenJDK Installed 222.86 MB

Android SDK & NDK Tools Installed 3.03GB

Android uwp i0os Windows
i0S Build Support Installed 1.59 GB

Figure 5.1: Unity version and modules.

5.2.1 Setting Up AR Foundation

The first step we have to take before beginning to develop an augmented
reality application in Unity is to set up AR Foundation. To do so we must
import the following packages to our project: Google ARCore XR Plug-in,
Apple ARKit XR Plug-in and AR Foundation.

Packages - Unity

ple AR R Plugin
AR Foundation

XR Plugin

Figure 5.2: Required packages for AR Foundation.

5.2.2 Setting UP Mapbox

Our next step was to set up mapbox for Unity. The Mapbox version used in
this thesis is version 2.1.1.

First we have to import the package to Unity.

Assets| GameObject Component Services Tools Mapbox Window Help

Create >
Show in Explorer

Open

Delete

Rename

Copy Path Alt+Ctrl+C
Open Scene Additive

View in Package Manager

Import New Asset.
Import Package > Custom Package

Export Package... T g
Find References In Scene

Find References In Project
Select Dependencies

Convert To FBX Prefab Variant.

Refresh Ctri+R
Reimport

Reimport All

Extract From Prefab

Update UXML Schema

Generate Lighting Ctrl+Shift+L
Open C# Project

View in Import Activity Window

Refresh XR Environment List

Seed XR Input Bindings

Properties. Alt+P

Figure 5.3: Importing a package.
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After importing mapbox 2.1.1 to Unity, we have to create a public access
token via the mapbox website dashboard in order to be able to access their
API. Once the token is generated we need to insert it through Unity so that
the mapbox SDK is activated and we have complete access to all the APIs
necessary for the development of our application.

Default public token

pk.eyl1IjoiZ2RhbmFsaXMiLCIhIjoiY2£3MjN@MzEIMXIwaTl3
bGMxZ3pgM25rdy]9.XgCDBKCwCFsyC7pdaxqZtw

Figure 5.4: Mapbox public access token.

Various useful tutorials and samples are included with the package and
become available to us once we activate the SDK.

Figure 5.5: Mapbox sample scenes.

5.2.3 Player Settings

In order for our application to function correctly on mobile devices when
using AR Foundation, we need to adjust a few project settings under the
Player tab.

First we need to disable the Auto Graphics API and switch to using
OpenGLES3.

Other Settings

Rer
Gamma

Downgrade

Figure 5.6: Graphics APIL.
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Next we need to set the minimum API level to Android 8.1 'Oreo’ (API
level 27).

Android 8.1 'Oreo' (APl le~

Automatic (highest insta»

Figure 5.7: Android API.

Lastly we need to switch the scripting backend from Mono to IL2CPP
and enable building for ARM64 architectures.

Figure 5.8: Scripting backend and target architectures.

5.3 Designing the User Interface (UI)

Before diving into the specifics of each scene of our application we should
take a moment to go over the basics of creating our user interface (UI). The
UI of any application is one of its most important components since that’s
what the user interacts with when using the application. The UI has to be
simple, easy to use, cohesive and practical.

Creating the UI for the main screen and map screen was relatively straight-
forward. The Ul for the AR location screens posed a bit of a challenge though
due to the fact that it needed to be minimal in order not to obscure the users
view of the scene that he is creating.

5.3.1 UI Sprites

The first step towards building our Ul is creating the sprites that we are
going to use. To achieve this goal the drawing software Krita was used. The
version of Krita that we worked with was version 5.2.2.

94



5.3.1.1 Button Sprites

The first sprites that we created were the ones used for the application’s
buttons. We used the sprite swap transition option that Unity provides for
its buttons. What this means, essentially, is that we can assign a number
of sprites to a button with each of them corresponding to a specific button
state. Those states are: default, highlighted, pressed, selected and disabled.
Whenever the button switches states, so does the displayed sprite change.

Figure 5.9: Example of a UI button using sprite swapping.

We chose to use vivid colors and adopted the rounded edges design phi-
losophy, drawing inspiration from Android’s Material design. The colors we
chose for our button sprites was blue, green, gray and red. Each of these
sprites has rounded edges and an outline with different shades of the base
color, meant to give a sense of depth and elevation to the button.

Figure 5.10: Button sprites.

The blue button sprites was used for most buttons as the default state,
the green sprite was used as the default state for buttons meant to place AR
content and the red sprite was used for the back button, since the red color
felt like a good way to indicate that this action could result in loss of progress
in the AR scenes. The highlighted and selected states weren’t of that much
interest for us, since in a mobile application the user doesn’t perform those
actions all that often, thus we didn’t assign a specific sprite for them. For
the selected state we chose to use the green button sprite to signify that
the user’s action has a positive and immediate effect on the application and
to reinforce the feeling of responsiveness. Last but not least, we used the
gray button sprite for the disabled state of the buttons, since it’s the least
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visually stimulating color option which helps draw focus away from these
specific buttons.

5.3.1.2 Miscellaneous Sprites

Apart from the Button Sprites that we mentioned previously, we also de-
signed a couple of other sprites for the elements of the Ul that the user
does not interact with. We decided not to give rounded outer edges to these
sprites in order to differentiate them from the intractable Ul elements.

h-__

Figure 5.11: Miscellaneous sprites.

5.3.1.3 Additional Home Screen Components

We wanted our home screen to have a clean look to it and at the same time
reflect that this is an application meant for architecture. For that reason we
chose to use an architectural drawing of Nea Chora as the applications home
background and then overlay a canvas over it which would feature all the
buttons and other Ul elements of the home screen.

Figure 5.12: Home Scene Background.

We used the same philosophy of having rounded edges for the home scene
canvas and chose to have a wave pattern on it since it looks significantly better
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than having a monochromatic canvas. We used a stock image with the wave
pattern, which was then edited with Krita to give it rounded edges and a
multicolor outline to add depth to it.

Figure 5.13: Home Scene Canvas.

5.4 Home Scene

The home scene is the first screen the user sees when opening the application.
It is the main hub through which the user can navigate to the other screens,
enable or disable the tutorial system and view his current distance from each
of the AR locations. The tutorial system will be thoroughly explained in a
separate section later in this thesis.

5.4.1 Home scene hierarchy and components

This scene includes the following elements: 1) a Camera, since every Unity
scene requires one in order to be rendered, 2) a directional light, 3) a Canvas
that contains all the tutorial messages, 4) a Canvas that contains all the Ul
elements of the scene, 4) an ”Event System” object, which is responsible for
sending events to objects in the application based on input and 5) a ”Scene
Manager” which handles how scene transitions work and also implements the
GPS location/distance functionality of the scene.
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Distance Urban Planning visualization
in Nea Chora, Chania

™ Location 1. (Trees) |
[ Location 2 (Building) ]

Location 3 (Bicycle Lane)

Map Navigation

Figure 5.14: Home Scene hierarchy and components.

5.4.2 Switching Scenes

The scene gets switched whenever the user presses one of the active location
buttons or the map navigation button. This functionality is implemented via
the SceneManager and HomeScreenButtons scripts.

Urban Planning visualization
in Nea Chora, Chania

I Location 1 (Trees) |
I Location 2 (Building) ]

Distance

Location 3 (Bicycle Lane)

Map Navigation

Figure 5.15: Buttons that switch scenes.

public static void LoadScene (int buildIndex) {
Instance.loadedLevels.Push(GetActiveScene () .buildIndex) ;
UnityEngine.SceneManagement .SceneManager.LoadScene (buildIndex);

}

public static void LoadScene(string sceneName) {
Instance.loadedLevels.Push(GetActiveScene () .buildIndex) ;
UnityEngine.SceneManagement . SceneManager.LoadScene (sceneName) ;

}
Listing 5.1: Loading scenes via the Scene Manager.

public void mapNavigation() {
SceneManager .LoadScene ("MapScene") ;

}
Listing 5.2: Example of a scene getting loaded.
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5.4.3 GPS and Distance from Locations

One of the main goals of our thesis was to create a location-based AR ap-
plication for urban planning. Thus, we needed a way to be able to track the
user’s real-world position and distance from each of the AR locations. This
is achieved by utilizing the mobile device’s GPS services, since all modern
mobile phones are equipped with such sensors.

Three scripts are vital to getting the GPS coordinates and calculating the
distances: the Native GPS Plugin, the Location Provider and the Haversine
Distance.

Figure 5.16: Scene Manager components.

Once the distance to each location is calculated it is displayed on the user’s
screen and if it is within a predefined allowed range, then the corresponding
AR location button is enabled.

Urban Planning visualization
in Nea Chora, Chania

I Location 1 (Trees) |
I Location 2 (Building) 1

Distance

Location 3 (Bicycle Lane)

Map Navigation

Figure 5.17: Displaying the distance from a location.
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5.4.3.1 Native GPS Plugin Script

The native GPS plugin is responsible for accessing the mobile devices location
service and receiving GPS coordinates. We can then access these coordinates
through our other scripts and utilize them to calculate the user’s distance
from each AR location. By using native code for each platform we are guar-
anteed to get the best possible results.

public static bool StartLocation ()
{

Instance.Awake () ;

if (! Input.location.isEnabledByUser)

{
Debug.Log ("Location service disabled");
return false;

}
#if UNITY_IOS

if (Application.platform == RuntimePlatform.IPhonePlayer)
{
startLocation () ;

}
#elif UNITY_ANDROID

if (Application.platform == RuntimePlatform.Android)

{
obj.CallStatic("startLocation");

}
#endif

return true;

Listing 5.3: Starting the location service based on the user’s platform.

5.4.3.2 Location Provider Script

The location provider is the script that handles our main GPS coordinates
functionality. It checks for location permissions and asks the user to grant
them, if necessary. If the permissions have been granted then it enables the
location provider service in order to start receiving GPS coordinates. Then
using the HaversineDistance script and the users latitude and longitude, we
can calculate their distance from each of the AR locations. If the user is
within a set distance from a location, then the corresponding button on the
Home Screen Ul will become active (it will turn from gray to blue).

private void updateDistanceToAllLocations ()

{
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if (locationProviderIsReady)
{
distanceToLocationl = HaversineDistance.getDistanceInMeters(latitude,
longtitude, locationlilLatitude, locationlLongtitude);
distanceToLocation2 = HaversineDistance.getDistanceInMeters(latitude,
longtitude, location2Latitude, location2Longtitude);
distanceToLocation3 = HaversineDistance.getDistanceInMeters (latitude,
longtitude, location3Latitude, location3Longtitude);
distanceToLocationlText.text = System.Math.Round(
distanceToLocationl, 2).ToString() + "m";
distanceToLocation2Text.text = System.Math.Round(
distanceToLocation2, 2).ToString() + "m";
distanceToLocation3Text.text = System.Math.Round(
distanceToLocation3, 2).ToString() + "m";

Listing 5.4: Updating the Distance to each AR location.

5.4.3.3 Haversine Distance Script

The Haversine formula determines the great-circle distance between two
points on a sphere given their longitudes and latitudes. The Earth isn’t
an exact sphere but if we were assume that it is (by ignoring ellipsoidal ef-
fects and using its volumetric radius - 6371km) we can calculate the distance
between two locations on it using the Haversine formula with 0.22% percent-
age of error [35]. This is accurate enough for our application and therefore
this is the method that we used for calculating the user’s distance from a
given AR location.

Let the central angle ¥ between any two points on a sphere be:

Where r is the radius of the chosen sphere and d is the distance between
the two points along a great circle of the sphere.

The general equation for the Haversine Formula is:

Haversine() = sz‘nz(i)

Thus, the distance between two coordinates over radius r is represented
as follows:

A2 — A

)+ cos(n)eos(@a)sint(“2 )

d = 2r x arcsiny | sin?(

$2 — ¢
2
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Where r is the radius of the chosen sphere. ¢ and A are the latitude and
longitude respectively.

If we define:
0
— aim2(
a = sin (2)
Then:
Haversine(f) = a
Which can be transformed into:

0= 2arcsin(\ﬁa))

We know that the arcsine can also be expressed with the arctangent, as
follows:

arcsin(x) = arctan(

NIl

By applying this to the Haversine formula we get the following equation:

0 = 2arctan(

a

V1-— aQ)

Therefore the distance between two points can be calculated as:
—)

V1 —a?

In our case r will be the volumetric radius of the Earth (6371km).

public class HaversineDistance : MonoBehaviour

{

d = 2r * arctan(

private const double earthRadius = 6371;

public static double getDistanceInMeters(double latl, double 1loni,
double lat2, double lon2)
{

return getDistanceFromLatLonInKm(latl, lonl, lat2, lon2) * 1000;
}

private static double getDistanceFromLatLonInKm(double latl, double lonl
, double lat2, double lon2)
{
var dLat = deg2rad(lat2 - latl);
var dLon = deg2rad(lon2 - 1lonl);
var a = System.Math.Sin(dLat / 2) * System.Math.Sin(dLat / 2) +
System.Math.Cos (deg2rad(latl)) * System.Math.Cos(deg2rad(lat2)) =*
System.Math.Sin(dLon / 2) * System.Math.Sin(dLon / 2);
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var ¢ = 2 * System.Math.Atan2(System.Math.Sqrt(a), System.Math.Sqrt

(1 - al));
var d = earthRadius * c; // Distance in km
return d;

}

private static double deg2rad(double deg)

{
return deg * (System.Math.PI / 180);

}

¥
Listing 5.5: Calculating the Haversine Distance.

5.5 Map Scene

The map scene acts a navigational aid for the user. Through the map scene
they are able to view their current position on the map, view the exact
location of each of the three AR locations and also receive directions on how
to reach their destination.

5.5.1 Map scene hierarchy and components

This scene includes the following elements: 1) a Camera, 2) a Directional
Light, 3) a Canvas that contains all the tutorial messages, 4) a Canvas that
contains all the Ul elements of the scene, 5) a mapbox Map, 6) the ”Tar-
getPlayer”, meaning the user’s current location marker on the map, 7) a
Location Provider 8) a Directions object, in charge of producing directional
guidance when enabled and 9) three waypoints, each of which corresponds
to one of the three AR locations.

Pan to Location

Start Navigation

Back

Figure 5.18: Map Scene hierarchy and components.

5.5.2 Adding Mapbox to the scene

The first step we ought to take in order to create a scene capable of displaying
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a map and navigational data is to add mapbox to it.

5.5.2.1 Adding the Map

The first thing we need to add to our scene is a map prefab. This prefab will
create a map of the surrounding area on the user’s screen. The map prefab
offers a variety of customization options, such as configuring the zoom level
(set to 16), choosing the theme of the map (our default is Mapbox Light),
configuring the data sources (we are using Mapbox Terrain and Mapbox
Streets) and adding points of interest (POIs).

POINTS OF INTEREST

Figure 5.19: Map components and the The three points of interest (POIs).

The three POIs added to the map correspond to the three AR locations.
A POI prefab (Waypoint) was created to act as a marker on the map. Their
exact coordinates are (latitude, longitude):

e Location 1 (Trees, Benches and Street Lamps): 35.51095910591866,
24.004459975858733

e Location 2 (Building): 35.517482361372736, 24.01108550473443

e Location 3 (Bicycle Lane and Bicycle Station): 35.5118184719792,
24.001774574658594
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Figure 5.20: Waypoint (POI marker).

The Quad Tree Movement script that is attached to map allows the user
to zoom or move the map using finger gestures (slide to move, pinch to zoom

in or out).

void HandleTouch ()
{
float zoomFactor = 0.0f;
switch (Input.touchCount)
{
case 1:
{
PanMapUsingTouchOrMouse () ;
}
break;
case 2:
{
Touch touchZero = Input.GetTouch(0);
Touch touchOne = Input.GetTouch(1);
Vector2 touchZeroPrevPos = touchZero.position - touchZero.
deltaPosition;

Vector2 touchOnePrevPos = touchOne.position - touchOne.deltaPosition

I
float prevTouchDeltaMag = (touchZeroPrevPos - touchOnePrevPos).
magnitude;
float touchDeltaMag = (touchZero.position - touchOne.position).
magnitude;
zoomFactor = 0.01f * (touchDeltaMag - prevTouchDeltaMag) ;
}
ZoomMapUsingTouchOrMouse (zoomFactor) ;
break;
default:
break;

Listing 5.6: Moving and zooming the map using touch.

The Initialize Map With Location Provider script, initializes the map once
the mapbox location provider starts working and receiving GPS coordinates.
Once the location provider is active, the current location of the user will

become known and therefore the map will load the correct area.
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5.5.2.2 Adding the Location Provider

Next, we need to add the Mapbox Location Provider prefab to our scene.
This prefab contains a LocationProviderFactory script component which is
responsible for accessing the location service sensors of the mobile device.

Location Provider Factory (Script)

Figure 5.21: Location Provider components.

5.5.3 Tracking and displaying the user’s position

As mentioned previously, though the use of the Location Provider we can
start tracking the user’s position on the map. In order to actually display
the user’s position on the map we use the PlayerTarget prefab. This prefab
acts as a marker that follows the user’s movements.

Figure 5.22: The PlayerTarget prefab and its components.

We have added two components to the PlayerTarget prefab:

e Immediate Position With Location Provider script: Moves the Player-
Target prefab to the user’s current location on the map (updates the
location every frame).

e Rotate With Location Provider: Rotates the Player Target prefab on
the map, so that it matches the user’s current orientation.
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5.5.4 Centering the map to the user’s location or the
destination

Another useful feature that has been implemented in our map scene is the
capability of immediately centering the map to the user’s location or to a
specific AR location. This is achieved via the use of the CenterMapToLoca-
tion script, a button for centering to the user’s location, a dropdown list for
selecting the desired AR location and a separate button for centering to the
selected location.

Pan to Location
Start Navigation

Center Map Back

Figure 5.23: Ul components for centering the map to a specific AR location
or the user’s position.

This script is attached as a component to the canvas of the scene.

Toggle Light Dark Mode (Script)

Figure 5.24: Map Scene canvas components.

public class CenterMapToLocation : MonoBehaviour
{

public AbstractMap mapManager = null;

public GameObject player = null;

public Waypoint waypointScript;

private GameObject destination = null
private double destinationLatitude =
private double destinationLongtitude

B

0;

N O«
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private void Update ()

{
destination = waypointScript.destination;
destinationlLatitude = waypointScript.destinationLatitude;
destinationLongtitude = waypointScript.destinationLongtitude;
}

public void centerCameraToUser () {
mapManager . UpdateMap (mapManager .WorldToGeoPosition (
new Vector3(
player.transform.localPosition.x,
player.transform.localPosition.y,
player.transform.localPosition.z)),

16) ;
}
public void centerCameraToTargetLocation ()
{
if (destination != null)
{

waypointScript.correctWaypointPosition(destinationLatitude,
destinationLongtitude, destination);
mapManager .UpdateMap (new Vector2d(destinationLatitude,
destinationLongtitude), 16);
}
}

Listing 5.7: CenterMapToLocation script.

5.5.5 Displaying directions

A very important aspect of the map scene is the ability to provide naviga-
tional guidance to the user in order for them to reach one of the three AR
locations. This is handled by the Directions object in our scene and the
Waypoint objects.

' MapScene

Figure 5.25: Directions and Waypoints.

Before starting to explain how the directions system works, we need to
understand the difference between map geocoordinates and world position.
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The geocoordinates refer to the set of coordinates of a location on the map
and by utilizing the MoveToGeocoordinate() function, provided by mapbox,
we can move Unity objects to specific map locations. World position refers to
the position of a Unity object in the scene. Therefore an objects geoposition
and world position are two very different sets of coordinates.

private void placeWaypoint(double lat, double lng, GameObject waypoint) {
waypoint.transform.MoveToGeocoordinate (lat, lng, map.CenterMercator, map.
WorldRelativeScale) ;

Listing 5.8: Placing a waypoint on the map using geocoordinates.

In order to display a directions line on the user’s map, connecting two
geolocations (the user’s position and a destination), we need to be able to
translate the geolocation of both points into Unity world positions. That’s
why we have created the three Waypoint objects and the PlayerTarget object.

The Directions object has three components attached to it:

e JDirectionsFactory script: This script is responsible for creating the
directions line that connects the user’s position with the destination. In
order to create the directions line visual representation we must provide
a mesh modifier (Loft Modifier) and a Material (DirectionsMaterial).
We also need to provide the PlayerTarget object and the Waypoint
object that corresponds to the destination, so that we have access to
these objects world positions.

e Waypoint script: This script is responsible for three things: 1) Placing
the Waypoint objects in the correct locations on the map. 2) Switch-
ing which Waypoint is considered the user’s destination when a new
location is selected. 3) Ensuring that the Waypoints are always on the
correct position on the map and don’t get misaligned due to camera
movements.

e Navigation script: This script is responsible for starting and ending the
navigation process (and subsequently instructing the JDirectionsScript
to stop drawing a directions line).
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Figure 5.26: The components of the Directions object.

public void StartNavigation() {
isNavigationEnabled = true;
startNavigationButton.SetActive (false);
stopNavigationButton.SetActive (true);
directions.GetComponent<JDirectionsFactory>() .enabled = true;
directions.GetComponent <JDirectionsFactory>() .isNavigationEnabled = true;
PlayerPrefs.SetInt (IS_NAVIGATION_ACTIVE, IS_NAVIGATION_ACTIVE_YES);

}

public void StopNavigation() {
isNavigationEnabled = false;
startNavigationButton.SetActive (true);
stopNavigationButton.SetActive (false);
directions.GetComponent <JDirectionsFactory>() .isNavigationEnabled = false;
PlayerPrefs.SetInt (IS_NAVIGATION_ACTIVE, IS_NAVIGATION_ACTIVE_NO);

Listing 5.9: Beginning and ending the navigation process.

5.5.6 Switching between Light and Dark Map Theme

Lastly, we have also implemented a way to switch between the light and dark
theme of the map via a button press.

Pan to Location

Start Navigation

Center Map Back

Figure 5.27: Ul component for switching between Light and Dark Mode.
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public class ToggleLightDarkMode : MonoBehaviour

{

public AbstractMap mapManager;
public void toggleLightDarkMode ()
{

if (mapManager.Imagelayer.LayerSource == ImagerySourceType.
MapboxDark)

{

mapManager . Imagelayer.SetLayerSource (ImagerySourceType.

MapboxLight) ;

}

else

{

mapManager . Imagelayer.SetLayerSource (ImagerySourceType.
MapboxDark) ;
}
}

Listing 5.10: ToggleLightDarkMode script.

5.6 Location Screens Overview

Below we’ll take a look at features and components that are the same among
all three Location Screens. These include: setting up AR Foundation for
our scenes, organizing the AR functionality into three distinct modes (View
Mode, Placement Mode and Edit Mode) and selecting and outlining virtual
objects.

5.6.1 Adding AR Foundation to the scene

The first step we need to take in order to create an augmented reality scene
is to add AR Foundation to our scene. This process is more or less the same
across all three AR location scenes, so we’ll go over it once before diving into
the specifics of each scene.

AR Foundation requires the three following prefabs to be added to a

scene: 1) an AR Session prefab, 2) an AR Session Origin prefab and 3) an
AR Camera prefab.
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7 Directional Light

Figure 5.28: Setting up AR Foundation in our scene.

5.6.1.1 Adding the AR Session

Our first task is to add an AR Session prefab to our scene. This object refers
to an instance of the AR functionality and controls the life-cycle of all AR
features used in our scene by enabling or disabling AR on the target platform.
The AR Session is required so that AR Foundation can start tracking features
in it’s environment.

Figure 5.29: AR Session components.
The AR Input Manager script enables world tracking in our scene.

5.6.1.2 Adding the AR Session Origin and the AR Camera

Our next step is to add an AR Session Origin prefab to the scene and replace
the Unity Main Camera with AR Foundation’s AR Camera.

The AR Session Origin prefab is responsible for transforming trackable
features, such as planar surfaces and feature points, into their final position,
orientation, and scale in the Unity scene. It also allows us to scale virtual
content and apply an offset to the AR Camera.
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As seen in the figure below, we have attached a plethora of components to
the AR Session Origin. Some of these components are location-specific and
will be explained in a later section. Now, let’s take a look at the attached
components that are provided by AR Foundation:

e AR Point Cloud Manager: This component creates point clouds, which
are, essentially, tracked feature points of the environment.

e AR Plane Manager: This component detects and keeps track of planes
in the environment. Planes can be horizontal or vertical flat surfaces.
For the purposes of our application we only track horizontal planes (in
order to find the real-world ground surface).

e AR Raycast Manager: This component enables raycasting through AR
Foundation. Raycasting allows us to determine when a ray intersects
with a trackable object.

e AR Anchor Manager: This component creates anchor GameObjects
and keeps track of them. An anchor is a particular point in space that
we want our device to keep track of (in our application, every virtual
object placed by the user is an anchor, since it is important to keep
track of them and ensure that they maintain the correct position and
orientation).

Figure 5.30: AR Session Origin components.

Lastly, we have to add an AR Camera prefab as a child object of our
AR Session Origin. This replaces the Unity Main Camera and manages the
device camera textures and the light estimation modes. In addition, we have
added an AR Occlusion Manager component which, when enabled, will allow
virtually rendered objects to be occluded by real-world ones.
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Figure 5.31: AR Camera components.

5.6.2 AR Modes

The most important aspect of our AR locations is implementing the func-
tionality of placing, interacting and viewing objects. In order to achieve this,
we have split the functionality into the following three, distinct modes:

o View Mode: In this mode the user can view the AR scene that he has
created, with minimal UI.

e Placement Mode: In this mode the user will be tasked with detecting
the ground surface of their environment and then place virtual objects
on it.

e Edit Mode: In this mode the user may edit any placed virtual objects.
The editing options given to the user depend on the specific location
and the specific object that has been selecting (Deleting and Rotating
objects is a constant option among all locations and objects).

5.6.2.1 ARManager

The first problem we needed to tackle was creating a way to switch between
these modes, when needed, and manage the displayed UI. For this purpose,
we have created the ARManager superclass. This class offers the basic func-
tionality for switching between the three AR modes. This alone isn’t enough,
though, since each location has its own distinct features. Therefore, we have
created an AR Manager for each of the three locations (ARTreeManager,
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ARBuildingManager and ARBicycleManager) which inherits from the AR-

Manager superclass. These subclasses implement location specific
and will be covered later on in this thesis.

public class ARManager : MonoBehaviour
{
public const int VIEW_MODE = 1;
public const int PLACEMENT_MODE = 2;
public const int EDIT_MODE = 3;
public const string CURRENT_MODE = "currentMode";

public ARPlaneManager arPlaneManager = null;

public ARPointCloudManager arPointCloudManager = null;
public ARAnchorManager arAnchorManager = null;

public AROcclusionManager arOcclusionManager = null;
public EditMode editMode = null;

public PlacementMode placementMode = null;

public SelectARObject selectARObject = null;

public List<GameObject> placedObjects { get; set; }

public virtual void enablePlacementMode ()

{
editMode.editModeEnabled = false;
placementMode.placementModeEnabled = true;
arPlaneManager.enabled = true;
arPointCloudManager .enabled = true;
PlayerPrefs.SetInt (CURRENT_MODE, PLACEMENT_MODE) ;

}

public virtual void enableEditMode ()

{
editMode.editModeEnabled = true;
placementMode.placementModeEnabled = false;
arPlaneManager .enabled = false;
arPointCloudManager .enabled = false;
arPlaneManager.SetTrackablesActive (false) ;
arPointCloudManager.SetTrackablesActive (false);
placementMode.placementMarker.SetActive (false) ;
placementMode.cleanModels () ;
PlayerPrefs.SetInt (CURRENT_MODE, EDIT_MODE);

}

public virtual void enableViewMode ()

{
editMode.editModeEnabled = false;
placementMode.placementModeEnabled = false;
arPlaneManager.enabled = false;
arPointCloudManager .enabled = false;
arPlaneManager.SetTrackablesActive (false);
arPointCloudManager.SetTrackablesActive (false);
placementMode.placementMarker.SetActive (false);
placementMode.cleanModels () ;
PlayerPrefs.SetInt (CURRENT_MODE, VIEW_MODE);

}

public void toggleButtonInteractability (Button button, bool
isInteractable)
{

button.interactable = isInteractable;

}
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Listing 5.11: ARManager script.

We have also created a script for each of the three AR modes. The
functionality implemented by these scripts will be explained in the following
sections.

5.6.2.2 View Mode

The View Mode is by far the simplest of the three modes. It is designed to
have minimal UI so that the user may view the scene they created without
clutter in their screen. This is particularly important since the screens of
mobile devices are relatively small. The location-specific AR, Manager is in
charge of adjusting the Ul elements when the user enters View Mode.

+ View Mode (Script)

Figure 5.32: The View Mode component attached to each scene’s AR Session
Origin.

Additionally, when in this mode, the user may enable object occlusion
via a Ul check box., which will enable the AR Occlusion Manager.

Placement Mode Edit Mode

Figure 5.33: Occlusion toggle check box.

public void toggleOcclusion ()
{

1
2
3 arOcclusionManager.enabled = 'arOcclusionManager.enabled;
4

(-}

Listing 5.12: Toggling occlusion on or off.
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5.6.2.3 Placement Mode

The Placement Mode is where the user starts building his AR scene. This
is where we detect the user’s environment’s ground surface and start placing
virtual objects on the real-world.

+ Placement Mode (Script)

Figure 5.34: The Placement Mode component attached to each scene’s AR
Session Origin.

Once we enter the Placement Mode, the AR Plane Manager will be en-
abled and the device will automatically start detecting horizontal planes.
In order to detect planes the user has to move the device around so AR
Foundation can scan different parts of the ground and start expanding the
interactable surface. The Placement Mode script will begin raycasting and
checking if a plane has been hit (using the center of the user’s mobile device
screen as the raycast origin point). Once a plane is hit, a placement marker
will appear, to show where the virtual object would be placed.

Figure 5.35: The placement marker.

private Pose tryRaycast ()
{

Pose targetPose = new Pose();

if (arRaycastManager.Raycast (center0OfScreen, arRaycastHits, TrackableType.
Planes))
{
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7 ARPlane targetPlane;

8 targetPose = arRaycastHits[arRaycastHits.Count - 1].pose;

9 arPlaneManager.trackables.TryGetTrackable (arRaycastHits [arRaycastHits.
Count - 1].trackableId, out targetPlane);

10 placementMarker.transform.position = targetPose.position;

11 placementMarker.transform.rotation = targetPose.rotation;

12 if (modelsEnabled)

13 {

14 if (modelPrefab == null && selectedPrefab != null)

15 {

16 modelPrefab = Instantiate(selectedPrefab, targetPose.position,

targetPose.rotation);
17 Destroy (modelPrefab.GetComponent <ARAnchor>());
18 }
19 modelPrefab.transform.position
modelPrefab.transform.rotation
}
}

targetPose.position;
targetPose.rotation;

NN
o = O
L[}
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return targetPose;
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}
Listing 5.13: Raycasting to place virtual objects.

The user can then choose one of the available models from a dropdown
list. We have also implemented a way for the user to preview the models
before actually placing them by replacing the placement marker with a tem-
porary copy of the selected model.

Once the model and it’s real-world position have been selected, the user
can place it.

I private void CreateObject ()
2 {

3 if (selectedPrefab != null && targetPose != null)

4+ o

5 if (modelsEnabled)

6 {

7 placedObject = Instantiate(selectedPrefab, targetPose.position,
modelPrefab.transform.rotation) ;

8 }

9 else

10 {

11 placedObject = Instantiate(selectedPrefab, targetPose.position,
placementMarker.transform.rotation);

12 }

13 arManager .placedObjects.Add(placedObject) ;

14 }

15 }

Listing 5.14: Creating a virtual object.

5.6.2.4 Edit Mode

The Edit Mode is where the user can interact with the virtual objects he has
placed and make changes to them. The functionality of this mode depends
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on the specific AR location that the user is at. The two interactions that
exist in all locations are: deleting and rotating virtual objects.

v Edit Mode (Script)

e Enabled

Figure 5.36: The Edit Mode component attached to each scene’s AR Session
Origin.

1 private void rotateObject (GameObject gameObject)
2 {

3 if (gameObject != null)

! {

5 Destroy (gameObject.GetComponent <ARAnchor >()) ;
6 gameObject.transform.Rotate(Vector3.up * 30);
7 gameObject .AddComponent <ARAnchor >() ;

9 }

11 private void deleteObject (GameObject hitObject, List<GameObject>
placedObjects)

12 {

13 if (hitObject != null)

14 {

15 placedObjects.Remove (hitObject) ;

16 Destroy (hitObject);

17 }

18 }

Listing 5.15: Rotating and Deleting a virtual object.

It is also worth noting that in order to select an object in Edit Mode,
the user has to move their mobile device so that the object is in the center
of the screen. The Edit Mode script continuously casts rays and if a virtual
object is hit, an outline (white line) will appear around it, to show the user
which object is currently selected. The corresponding editing UI will also
become enabled and available for use once an object is selected. The way
Outlining and Raycasting against the object works will be explained in the
next section.

1 void Update ()

2 {

3 if (editModeEnabled)
1 {

5 hitObject = selectARObject.resetHitObjectOutline (hitObject);
6 hitObject = selectARObject.shootRay(arManager.placedObjects);
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} else
{
if (hitObject != null)
{
selectARObject.resetHitObjectOutline (hitObject);
hitObject = null;
}
}
}

Listing 5.16: Raycasting in the Edit Modes Update function.

5.6.3 Selecting and Outlining Objects

In certain scenarios of our applications use, the user may need to select a
virtual object in order to edit it (primarily in our Edit Mode). Once the
object is selected an outline appears around it.

In order to detect and select virtual objects, we have created a script,
named SelectARObject. This script contains two functions:

e shootRay: This function shoots a ray from the center of the mobile
devices screen. If an object is hit, it enabled the Outline component of
the object.

e resetHitObjectOutline: If we exit Edit Mode or the previously selected
object is no longer in the center of the screen (and therefore no longer
selected), we can call this function to disable its Outline component.

public class SelectARObject : MonoBehaviour
{

public Camera arCamera = null;

public GameObject shootRay(List<GameObject> placedObjects)
{
Ray ray = arCamera.ViewportPointToRay(new Vector3(0.5f, 0.5f, 0));
RaycastHit hitData;
GameObject hitObject = null;
if (Physics.Raycast(ray, out hitData, 10))
{
hitObject = hitData.transform.gameObject;
if (hitObject != null && placedObjects.Contains (hitObject) &&
hitObject.GetComponent <Outline>() != null)
{
hitObject.GetComponent <Outline>() .enabled = true;
}
}
return hitObject;

}

public GameObject resetHitObjectOutline (GameObject hitObject)
{
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if (hitObject != null && hitObject.GetComponent<Outline>() != null)
{
hitObject.GetComponent <Outline>() .enabled = false;
hitObject = null;
}
return hitObject;

Listing 5.17: Select ARODbject script.

All the placeable virtual objects have 1) a Collider component, so that
the rays can detect the object, and 2) an Outline component, responsible for
creating the outline around the object when it’s selected.

Figure 5.37: Example of the components attached to one of our bench models.

5.7 Location 1 Screen (Trees, Benches and
Street Lamps)

This is the AR Location in which the user may place virtual trees, benches
and street lamps along the coastal sidewalk in Akti Kanari, near the Chania
Nautical-Athletic Center. After placing these objects the user may also rotate
or delete them, as well as change the scale of the trees to make them bigger
or smaller.

5.7.1 Location 1 scene hierarchy and components

This scene includes the following elements: 1) an AR Camera, 2) a Direc-
tional Light, 3) a Canvas that contains all the tutorial messages, 4) a Canvas
that contains all the Ul elements of the scene, 5) an AR Session Origin,
6) an AR Session and 7) an EventSystem. All location screens contain the
aforementioned base elements. What changes between scenes is the Ul ele-
ments and tutorial messages that each canvas has, as well as the components
attached to each element of the scene.
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Placement Mode! Edit Mode

Figure 5.38: Location 1 Scene hierarchy and components.

5.7.2 Tree Models

We selected six different tree model options of our application . It
is worth noting that model number three is a bush and not a tree and that
model number two comes with a wind simulation and physics script attached
to its branches. This script simulates how the branches would move if the
tree was subjected to light wind.

Figure 5.40: Trees 4, 5 and 6.
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5.7.3 Street Lamp Models

We selected five different street lamp models, choosing three modern-looking
and two "traditional” designs . It is worth mentioned that one of
our original ideas was to try having different lighting options for the street
lamps, by adding virtual light sources. However, when tested in a real,
outdoors environment, during daytime (since we need the environment to
have good lighting for the plane detection to function), the virtual lighting
effect wasn’t noticeable.

Figure 5.41: Street Lamps 1 and 2.

Figure 5.42: Street Lamps 3, 4 and 5.

5.7.4 Bench Models

We selected five different bench model options, opting for modern designs

37 (38)-
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Figure 5.45: Bench 5.

5.7.5 AR Modes

This location’s AR functionality has been split into three AR Modes: View
Mode, Placement Mode and Edit Mode, which are controlled by the ARTree-
Manager script.

5.7.5.1 ARTreeManager

In order to control how the three AR Modes behave in this scene, we have
created the ARTreeManager script, which inherits from the ARManager (sec-

tion [5.6.2.1)) class.
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Figure 5.46: The ARTreeManager component, attached to the scene’s AR
Session Origin.

This script is in charge of handling the UI changes when switching modes,

as well as handling how certain Ul elements behave.

public override void enablePlacementMode ()

{

}

base.enablePlacementMode () ;
editModeButton.SetActive(false);
viewModeButton.SetActive (true) ;
toggleOcclusionObject.SetActive (false);
toggleModelsObject.SetActive (true);
dropdownListObject.SetActive (true);
placeARTreeButton.SetActive (true);
placementModeButton.SetActive (false) ;
deleteARTreeButton.SetActive(false);
rotateARTreeButton.SetActive (false);
arPlaneManager.SetTrackablesActive (true);
arPointCloudManager.SetTrackablesActive (true) ;
scaleTreeSlider.SetActive(false);

public override void enableEditMode ()

{

base.enableEditMode () ;
toggleOcclusionObject.SetActive (false);
toggleModelsObject.SetActive (false);
dropdownListObject.SetActive (false);
deleteARTreeButton.SetActive (true);
rotateARTreeButton.SetActive (true);
viewModeButton.SetActive (true) ;
editModeButton.SetActive (false);
placeARTreeButton.SetActive (false);
placementModeButton.SetActive (true);
scaleTreeSlider.SetActive (true);
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}

public override void enableViewMode ()

{
base.enableViewMode () ;
toggleOcclusionObject.SetActive (true);
toggleModelsObject.SetActive (false);
dropdownListObject.SetActive (false);
deleteARTreeButton.SetActive(false);
rotateARTreeButton.SetActive (false);
placementModeButton.SetActive (true);
placeARTreeButton.SetActive (false);
viewModeButton.SetActive (false) ;
editModeButton.SetActive (true);
scaleTreeSlider.SetActive(false);

Listing 5.18: Enabling each AR Mode.

5.7.5.2 View Mode

The View Mode functionality is the same as in all other AR locations of our
application.

5.7.5.3 Placement Mode

The Placement Mode functionality is more or less the same as in the other
AR locations of our applications, with the only changes being the text on
some Ul elements and the options for the virtual object models.

In this AR location the user may choose one of the previously shown tree,
street lamp or bench models from a dropdown list.

private void switchTreePrefab ()
{
TMP_Dropdown dropdown = dropdownListObject.GetComponent <TMP_Dropdown>() ;
if (dropdown.value != dropdownValue){
dropdownValue = dropdown.value;
placementMode.cleanModels () ;
}
switch (dropdown.value)
{
case 0:
placementMode.selectedPrefab = treePrefabl;
break;
case 1:
placementMode.selectedPrefab = treePrefab2;
break;
case 2:
placementMode.selectedPrefab = treePrefab3;
break;
case 3:
placementMode.selectedPrefab = treePrefab4;
break;
case 4:
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placementMode.selectedPrefab = treePrefabb;
break;

case 5:
placementMode.selectedPrefab = treePrefab6;
break;

case 6:
placementMode.selectedPrefab = benchPrefabil;
break;

case T:
placementMode.selectedPrefab = benchPrefab2;
break;

case 8:
placementMode.selectedPrefab = benchPrefab3;
break;

case 9:
placementMode.selectedPrefab = benchPrefab4;
break;

case 10:
placementMode.selectedPrefab = benchPrefab5;
break;

case 11:
placementMode.selectedPrefab = streetLampPrefabl;
break;

case 12:
placementMode.selectedPrefab = streetLampPrefab2;
break;

case 13:
placementMode.selectedPrefab = streetLampPrefab3;
break;

case 14:
placementMode.selectedPrefab = streetLampPrefab4;
break;

default:
placementMode.selectedPrefab = streetLampPrefabb;
break;

Listing 5.19: Selecting the virtual object prefab from the dropdown list.

5.7.5.4 Edit Mode

As mentioned in section the user may delete or rotate any placed
virtual trees, street lamps or benches, after selecting them. In addition to
that they may also change the scale of trees. It’s worth mentioning that
the scaling functionality is only implemented on trees due to the fact that
benches and street lamps are required by law to have specific dimensions, so
scaling them wouldn’t be correct by urban planning standards.
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Figure 5.47: The slider used for changing the tree’s scale.

A Unity Slider UI object was used in order to implement the scaling trees
functionality. We have set the minimum value that the slider can have to 0.5
and the maximum to 1.5, which means that the scaling can range from half
the original size up to 1.5 times bigger.

public void scaleTree ()
{
GameObject scaleTreeSlider = GameObject.FindGameObjectsWithTag("
ScaleTreeSlider") [0];
if (hitObject != null && hitObject.tag == "Tree" && scaleTreeSlider !=
null)
{
Slider slider = scaleTreeSlider.GetComponent<Slider>();
hitObject.transform.localScale = new Vector3( 1, 1, 1) * slider.value;
}
¥

Listing 5.20: Function for scaling trees.

It’s also important that the slider’s value, when the user targets a virtual
object, is correct and reflects the current scale state of the object. This is
achieved by the following function:

private void toggleSlider ()

{
if (editMode.editModeEnabled)
{
if (editMode.hitObject != null && editMode.hitObject.tag == "Tree")
{
if (!scaleTreeSlider.activeSelf || lastHitTree != editMode.hitObject)
{
scaleTreeSlider.SetActive (true);
Slider slider = scaleTreeSlider.GetComponent<Slider>();
slider.value = editMode.hitObject.transform.localScale [0];
lastHitTree = editMode.hitObject;
}
}
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else

{

scaleTreeSlider.SetActive (false);
}
}
}

Listing 5.21: Enabling the scale slider and setting it to the correct value.

5.8 Location 2 Screen (Building)

This is the AR Location in which the user may place a virtual building
at Ouellington Street, in Nea Chora. After placing the building, the user
may also delete or rotate it, as well as change the number of floors that the
building has.

5.8.1 Location 2 scene hierarchy and components

The base elements hierarchy is the same as in the other locations. As men-
tioned before the main changes are the UI elements, the different tutorial
messages and the different attached components.

Figure 5.48: Location 2 Scene hierarchy and components.

5.8.2 Building Model

The building model was created using Unity’s ProBuilder. ProBuilder equipped
us with the tools needed in order to edit the geometry of Unity objects and
create all the components that make up our building model. We have created
models with variable numbers of floors (ranging from 1 to 6, based on the
current construction laws for Nea Chora).
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Figure 5.49: The building model, with 2 floors.

The building ground floor features a parking area with cars and a front
door with an electronic doorbell. Each floor of the building features a front
and a back balcony, decorations and side windows. Lastly, The roof features
solar panels.

Figure 5.50: The building model, with 4 floors.

As seen in the figure below, the building model is comprised of a multitude
of other models. A notable mention is the ”Floors” prefab which represents
each of the building’s floors.
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Figure 5.51: The hierarchy of the building model with 2 floors.
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Figure 5.52: The hierarchy of the "Floors” prefab.

5.8.3 AR Modes

This location’s AR functionality has been split into three AR Modes: View
Mode, Placement Mode and Edit Mode, which are controlled by the AR-
BuildingManager script.

5.8.3.1 ARBuildingManager

The ARBuildingManager features functionality similar to the ARTreeMan-
ager, but specialized for the Building location.
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Figure 5.53: The ARBuildingManager component, attached to the scene’s
AR Session Origin.

5.8.3.2 View Mode

The View Mode functionality is the same as in all other AR locations of our
application.

5.8.3.3 Placement Mode

The Placement Mode functionality is more or less the same as in the other
AR locations of our applications, with the only changes being the text on
some Ul elements and the options for the virtual object models.

5.8.3.4 Edit Mode

As mentioned in section [5.6.2.4] the user may delete or rotate the placed vir-
tual building, after selecting it. In addition to that they may also change the
number of floors that the building has, ranging from 1 up to 6 floors.

This is achieved by replacing the currently placed building model with a
new one that has the desired number of floors. The function that implements
this functionality is the one shown below and is part of the Edit Mode script.

private void replaceObject(GameObject hitObject, List<GameObject>
placedObjects)

{
if (hitObject != null && selectedPrefab != null)
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Vector3 position = hitObject.transform.position;
Quaternion rotation = hitObject.transform.rotation;
placedObjects.Remove (hitObject) ;
Destroy (hitObject);
GameObject placedObject = Instantiate(selectedPrefab, position, rotation
)
placedObjects.Add(placedObject);
}
}

Listing 5.22: Replacing the placed building model with a diffrent one to
change the number of floors.

5.9 Location 3 Screen (Bicycle Lane and Bi-
cycle Station)

This is the AR Location in which the user may place a virtual bicycle lane
and a bicycle station at the intersection of Selinou Street and Georgiakakidon
Street, in Nea Chora. After placing the bicycle lane and station, the user can
delete or rotate them. Additionally, they may add or remove bicycles from
the bicycle station, choosing form a selection of different bicycle models.

5.9.1 Location 3 scene hierarchy and components

The base elements hierarchy is the same as in the other locations. As men-
tioned before the main changes are the Ul elements, the different tutorial
messages and the different attached components.

Placement Mode! Edit Mode
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Figure 5.54: Location 3 Scene hierarchy and components.

5.9.2 Bicycle Lane Model

The bicycle lane model was created using the "Plane” Unity 3D object and
then adding the correct textures to it.
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Figure 5.55: The Bicycle Lane model and a closer look at its texture.

In reality the prefab is comprised of five separate planes, stitched together
to form a longer one. All those planes have the red-ish asphalt material on
them, which gives them their color and asphalt texture. The middle plane
has an extra material attached to it, which corresponds to the bicycle image
that appears on the lane.

Figure 5.56: The two materials attached to the middle plane and the bicycle
image.

5.9.3 Bicycle Models
Two bicycle models where selected .

Figure 5.57: Bicycle 1.
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Figure 5.58: Bicycle 2.

5.9.4 Bicycle Station Model

A bicycle station model was created using ProBuilder and the bicycle models
mentioned in the previous section. The model consists of a metal docking
station for the bicycles, with four slots, and the bicycles themselves.

Figure 5.59: The Bicycle Station model.

5.9.5 AR Modes

This location’s AR functionality has been split into three AR Modes: View
Mode, Placement Mode and Edit Mode, which are controlled by the AR-
BicycleLaneManager script.

5.9.5.1 ARBicycleLaneManager

The ARBicycleLaneManager features functionality similar to the ARTreeM-
anager, but specialized for the Bicycle Lane location.
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Figure 5.60: The ARBicycleLaneManager component, attached to the scene’s
AR Session Origin.

5.9.5.2 View Mode

The View Mode functionality is the same as in all other AR locations of our
application.

5.9.5.3 Placement Mode

The Placement Mode functionality is more or less the same as in the other
AR locations of our applications, with the only changes being the text on
some Ul elements and the options for the virtual object models.

The user can select either the bicycle lane or the bicycle station from a
dropdown menu and then choose where to place them.

5.9.5.4 Edit Mode

As mentioned in section the user may delete or rotate the placed vir-
tual bicycle lane or bicycle station, after selecting it. In addition to that
they may also add (choosing from the available selection of bicycle models)
or remove bicycles from the bicycle station.

Removing and adding bicycles on the bicycle station meant being able to

calculate the exact positions that the bicycles would be added in, since they
have to align with the slots that the station has. For this reason we created
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the ”BicyclePrefabManager” script which is attached on the bicycle station
model. This script stores the positions of the slots and dynamically adds
each new bicycle to the next available slot.

public class BicyclePrefabManager MonoBehaviour
{

public const int BIKE_1 = 0;

public const int BIKE_2 = 1;

public GameObject bicycleStation = null;

public GameObject bikel = null;

public GameObject bike2 = null;

public ListGameObject bicyclePrefabs = new ListGameObject ();
private GameObject bicycleDropdown = null;

private ListVector3 bicyclePrefabsVector3 = new ListVector3();

void Start ()

{
foreach (GameObject bicycle in bicyclePrefabs)
{
bicyclePrefabsVector3.Add(bicycle.transform.localPosition);
}
}
public void removeBicycle ()
{
if (bicyclePrefabs.Count = 1)
{
Destroy(bicyclePrefabs[bicyclePrefabs.Count - 1]);
bicyclePrefabs.RemoveAt (bicyclePrefabs.Count - 1);
}
}
public void addBicycle ()
{
bicycleDropdown = GameObject.FindGameObjectsWithTag(BicycleDropdown)
[ol;
if (bicyclePrefabs.Count 4 && bicycleDropdown != null)
{
TMP_Dropdown dropdown = bicycleDropdown.GetComponentTMP_Dropdown
O;

GameObject tmpbike = Instantiate(selectBikePrefab(dropdown.value
), bicycleStation.transform, worldPositionStays false);
tmpbike.transform.localPosition = bicyclePrefabsVector3[
bicyclePrefabs.Count];
bicyclePrefabs.Add (tmpbike) ;
}
}

public GameObject selectBikePrefab(int bikeOption)
{
switch (bikeOption)
{
case BIKE_1
return bikel;
case BIKE_2
return bike2;
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default
return bikel;

Listing 5.23: Bicycle manager script.

The final functions for removing and adding bicycles are implemented
by the Edit Mode script, since we wanted to be consistent and have all the
major function calls for editing AR content in the same class.

public void removeBicycle ()
{
if (hitObject != null && hitObject.tag == "BicycleStation")
{
BicyclePrefabManager bpm = hitObject.GetComponent<BicyclePrefabManager
>0);
bpm.removeBicycle () ;
}
}

public void addBicycle ()
¢ if (hitObject != null && hitObject.tag == "BicycleStation")
¢ BicyclePrefabManager bpm = hitObject.GetComponent<BicyclePrefabManager
S() -
b;;taddBicycle();
}

7}

Listing 5.24: Removing and adding bicycles to the bicycle lane.

5.10 Tutorial System

The last component of our AR application is the implementation of an Tu-
torial System that teaches the user how to use the various features of appli-
cation.

The first step towards developing this system was to create the tutorial
message’s appearance. As seen below, each tutorial message consists of: 1)
a message title, 2) the main tutorial message text, 3) the step number and
4) the "Next” (or "Done” if it’s the last message) button.
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Figure 5.61: Examples of the tutorial messages’ appearance.

Each of our Unity scenes has its own set of tutorial messages. We also
wanted our tutorial to be persistent and not completely reset after the user
closes the application, which is why utilized the Unity " PlayerPrefs”. Play-
erPrefs allows us to store values into the platform registry and retrieve them
without loss of data between sessions.

All the tutorial messages of each scene are stored under a Tutorial Canvas
object in our scene.

Figure 5.62: Tutorial canvas example (Location 1).

5.10.1 Enabling the tutorial system

Enabling the tutorial system is done via a checkbox that the user may ”check”
or "uncheck”. This results in the following function being called. This func-
tion resets all tutorial steps if the tutorial is enabled anew.

public void toggleTutorial ()
{

if (tutorialToggle.isOn && !'tutorialEnabled)
{

tutorialEnabled = true;
PlayerPrefs.SetInt (TUTORIAL_STEP_HOME_SCREEN, INDEX_VALUE_ZERO);
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PlayerPrefs.SetInt (TUTORIAL_STEP_MAP_SCREEN, INDEX_VALUE_ZERO);
PlayerPrefs.SetInt (TUTORIAL_STEP_LOCATION_1_SCREEN, INDEX_VALUE_ZERO);
PlayerPrefs.SetInt (TUTORIAL_STEP_LOCATION_2_SCREEN, INDEX_VALUE_ZERO) ;
PlayerPrefs.SetInt (TUTORIAL_STEP_LOCATION_3_SCREEN, INDEX_VALUE_ZERO);
PlayerPrefs.SetInt (TUTORIAL_ENABLED, TUTORIAL_ENABLED_YES);

else if (!tutorialToggle.isOn)

el

tutorialEnabled = false;
PlayerPrefs.SetInt (TUTORIAL_ENABLED, TUTORIAL_ENABLED_NO);

}
Listing 5.25: Enabling or disabling the Tutorial System.

5.10.2 Tutorial Scripts

Since each scene has its own tutorial messages, we created a Tutorial script
for each of them that acts as a manager for when each message should be
displayed. These scripts keep track of which tutorial messages have already
been shown, what the current AR mode is (if it’s a location scene) since
some tutorial messages are mode dependent and then show the appropriate
(if any) message to the user.

public void nextTutorialMessage ()
{
if (index >= 2 && index < 7)
{
if (PlayerPrefs.GetInt (ARManager .CURRENT_MODE, DEFAULT_VALUE) ==
ARManager . PLACEMENT_MODE)

{
enableTutorialMessage (index, TUTORIAL_STEP_LOCATION_1_SCREEN) ;
}
} else if (index == T7)

if (PlayerPrefs.GetInt (ARManager .CURRENT_MODE, DEFAULT_VALUE) ==
ARManager . VIEW_MODE)

{
enableTutorialMessage (index, TUTORIAL_STEP_LOCATION_1_SCREEN);

}

else if (index >= 8 && index <= tutorialMessages.Count -1)

-

if (PlayerPrefs.GetInt (ARManager .CURRENT_MODE, DEFAULT_VALUE) ==
ARManager .EDIT_MODE)

{
enableTutorialMessage(index, TUTORIAL_STEP_LOCATION_1_SCREEN);
}
}
else if (index >= 0)
{

if (PlayerPrefs.GetInt (ARManager .CURRENT_MODE, DEFAULT_VALUE) ==
ARManager . VIEW_MODE)
{
enableTutorialMessage (index, TUTORIAL_STEP_LOCATION_1_SCREEN);
}
}
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Listing 5.26: Showing the next tutorial message in location 1.

This is also where we implement the persistent messages functionality, by
having our scripts access PlayerPrefs each time the scene if first accessed to
check what the last shown tutorial message was before the user closed the

application.

//if the tutorial was enabled last time the app opened, the user should
continue from the step he left off

if (PlayerPrefs.GetInt (TUTORIAL_ENABLED, DEFAULT_VALUE) ==
TUTORIAL_ENABLED_YES)

{
tutorialEnabled = true;
index = PlayerPrefs.GetInt (TUTORIAL_STEP_LOCATION_1_SCREEN,
INDEX_VALUE_ZERO) ;
if (index < tutorialMessages.Count && index >= 0)
{
tutorialMessages [index].SetActive (true);
}
}
Listing 5.27: Resuming the tutorial from where the user last left
location 1.
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Chapter 6

Evaluation & Testing

6.1 Introduction

In this chapter, we’ll go over the method used for the evaluation of our mobile
AR application, our participant group and lastly the results of our evaluation.

6.2 Evaluation Method

The method that we employed for the evaluation of our mobile AR appli-
cation was the ”Think-Out-Loud” evaluation method. This is a usability
method that entails having the participants give continuous verbal feedback
while using a system, like our android application.

Our participants group consisted both of students of the Architecture De-
partment of the Technical University of Crete and of people unaffiliated with
architecture and urban planning. Each participant was given an Android
phone (Motorola G 5G, Android Version 11) with the application installed.
Then they were tasked with using the AR application while verbally express-
ing their thoughts, opinions or suggestions.

Each participant was allowed to freely explore the application and all of
them chose to follow the in-app tutorial, in order to get a better understand-
ing of how to navigate and use our system.

The evaluation’s starting point was near Location 1, outside the range in
which the corresponding location button gets enabled. This meant that our
user’s would have to utilize the application’s map screen in order to navigate
towards the first location. Once they reached their destination, they were
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free to experiment with the augmented reality capabilities of the application
and create their own unique scene. Lastly, once they were satisfied with
their results, the participants would move on to navigating to the next AR
Location and repeating the process there.

6.3 Evaluation Results & Limitations

The overall reception of our application by the participants of our evaluation
process was very positive. Below we’ll take a closer look at some of the
comments and suggestions that were provided by them.

6.3.1 User Interface (UI) and User Interaction

As far as the User Interface (UI) of our application is concerned, the majority
of the users were able to navigate it without issues and most of the comments
we received on it were positive.

1. The participants that were students of the Architecture Department
of the Technical University of Crete recognized the main screen back-
ground as an architectural plan and noted that it’s a good design choice
if our target audience consists mainly of architects. The rest of the par-
ticipants didn’t comment on it.

2. A few users commented that they would prefer it if the tutorial message
pop-up windows all appeared in the same position (namely at the center
of the screen). Seeing as this was not always possible due to potential
obstruction of essential Ul elements related to the tutorial messages,
we decided to keep the implementation of the tutorial system as is.

3. Some of the participants suggested that it would be more intuitive if
the rotation of the AR objects was done via touch-screen motions (e.g.
scrolling with their finger) as opposed to the current implementation
which utilizes a scrollbar.

4. There was some minor confusion on how to replace floors of an al-
ready placed AR building, so we edited the tutorial messages related
with it to ensure that our users receive clear instructions regarding this
functionality.
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6.3.2 Map Navigation

The reception of our map navigation screen was also positive. The partic-
ipants made very few comments on it, noting that it’s more or less what
they’ve come to expect when using a map on a modern mobile application.
The motion gestures for zooming and moving the map felt natural and intu-
itive.

One of the problems that some participants encountered, was that the
navigational line connecting their current location to their destination would
sometimes not be displayed correctly. Additionally, in certain cases the ap-
plication would change the proposed path mid navigation. These were both
known issues and are related to how the MapBox Navigation API calculates
and displays navigational data. Hopefully, future updates on their API and
SDK will provide a solution to these issues and improve upon the accuracy
of their navigational capabilities.

6.3.3 Floor Detection, Object Tracking and Other Tech-
nical Issues

The issues listed below are those inherently connected with the limitations
of the technology used for our implementation and also the capabilities of
the device used for our evaluation process, and therefore were impossible for
us to improve upon currently.

1. The application was able to detect the floor plane easily when the
weather conditions and lighting was good, but would take longer when
dealing with poorer illumination and other conditions that hinder fea-
ture detection. This can be attributed to the fact that our implemen-
tation uses the ARFoundation SDK to implement it’s plane tracking
capabilities. This is a markerless approach and as such is reliant on
good illumination and the existence of identifiable features in the envi-
ronment.

2. The participants noticed that in some cases placed AR objects would
not stay completely static but instead change positions, once again
when the weather and illumination conditions were not great. This
can also be attributed to our markerless approach.

3. Some virtual objects would take a long time to load.
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4. Displaying a building with a lot of floors or adding a large number of
them to an existing building was a resource intensive feature and of-
tentimes caused visual glitches and framerate drops to the application.

The issues related with the environmental conditions and the environ-
mental illumination are sadly some of the inherent drawbacks of using a
markerless, feature-based tracking technique. We hope that future research
in this sector might improve upon them and create more robust systems that
are less affected by their environment. Lastly, the two issues concerning the
performance of the application can be eliminated by using a high end mobile
device with better technical characteristics than the one that was available
to us.
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Chapter 7
Conclusions & Future Work

7.1 Introduction

In this chapter, we’ll provide our final thoughts and overview of the developed
augmented reality application, as well as present areas for future work and
potential improvements.

7.2 Conclusions

In conclusion, we have developed a fully functional augmented reality appli-
cation for mobile devices that can visualize proposed urban planning changes.
Our system, utilizing the framework provided by ARFoundation, can accu-
rately perform plane detection, virtual object placement, persistent tracking,
anchoring and object occlusion, thus providing a robust augmented reality
experience. This, combined with a wide selection of different 3D models, the
three distinct target locations and the different ways the user can interact
with each of the virtual objects, allows the users to create scenes that are
distinct from each other and could each represent a unique, urban planning
proposal for the selected location. Additionally, our map, navigation and
localization implementation ensures that the user will be able to smoothly
navigate to the target locations. Lastly, our tutorial system increases how
accessible our application is and eliminates the need for previous familiarity
with augmented reality.

As shown from our evaluation results, our system was received positively
both by individuals related to the sector of architecture and urban plan-
ning but also by user’s unfamiliar with those processes. All the participants
agreed that our application, and by extension augmented reality, could be
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a powerful supplementary tool for the urban planning process. In addition,
the tutorial system, the simple but efficient user interface and the selection
of mobile devices as a target platform, ensured that all our evaluation par-
ticipants were able to effectively use our application regardless of their tech-
nological background. These observations lead to the conclusion that mobile
augmented reality is highly suitable for applications such as this, where the
target audience might not be familiar with augmented reality or more com-
plex equipment.

Overall, our application proves that augmented reality can be used to aid
and enhance the urban planning in ways that wouldn’t be possible with con-
ventional techniques. We hope that this thesis can serve as both a showcase
of those capabilities of AR but also as a stepping stone for further research
and advancements in this sector.

7.3 Future Work

After reviewing our evaluation results, our development process and the fi-
nal state of our application, we now possess a better understanding of how
we could improve upon our current implementation. As such, we would like
to propose a few potential improvements, additions and avenues for future
development of this application.

Additional target locations, virtual object types and interactions
First of all, one of the obvious paths for expanding our mobile AR applica-
tion would be the addition of more target locations in Nea Chora or even
other urban areas in Chania and beyond. Additionally, to support those
new locations and also expand upon the already existing ones, we could add
an even larger variety of virtual object types and new ways for the user to
interact with them or existing ones. Those additions would result to even
more complex representations of urban planning changes proposals.

User submatted 3D models

An improvement stemming from our previous mention of adding more 3D
models, would be the implementation of a system that allows user’s to submit
their own models to the applications. These models would then be available
for use in all the locations and scenes that the user creates or edits.

Online anchors and design sharing
Another possible way to improve upon the current design would be to imple-
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ment the ability to save already created AR scenes, by utilizing cloud anchors
(e.g. Google’s Cloud Anchors) and storing the real-world positions of virtual
objects in an online database (e.g. Google’s Firebase). This would allow
users to save their progress and would be the first step towards creating an
online system through which users can share and view each others designs
in real time. A system like that could also feature user comments, votes and
various other social ways to interact with the urban planning process.

Collaborative scene creation

Expanding on the previous idea, we could implement a system through which
multiple people could collaborate and edit the same scene to create one final
result. This could feature both synchronous, real-time editing during which
each collaborator sees their teams changes happening ”live” and also asyn-
chronous editing simply by loading the augmented reality see and reviewing
the changes made by other members.

Tracking improvements

Lastly, it’s worth noting that augmented reality, and especially the field re-
lated to environmental and object tracking, is a fast developing sector and
new research is constantly producing more robust and reliant ways to imple-
ment markerless tracking techniques. Any such improvements can drastically
enhance our applications performance in sub-optimal environmental condi-
tions.
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