Master’s Thesi:
Computer Science
Thesis no: MCS-2011-23
September 2011

| mplementing augmented reality for
visualisation of virtual buildingsusing
Android

Piotr Dabrowski

School of Computing

Blekinge Institute of Technology
SE — 371 79 Karlskrona
Sweden



This thesis is submitted to the School of Computmdlekinge Institute of Technology
partial fulfillment of the requirements for the deg of Master of Science in Computer Scie
The thesis is equivalent to 20 weeks of full timedges.

Contact Information:

Author:

Piotr Dabrowski

E-mail: dabrowski.p.w@gmail.com

University advisor:
Dr. Charlotte Sennersten
School of Computing

School of Computing

Blekinge Institute of Technology Internet  : www.bth.se/com
SE — 371 79 Karlskrona Phone  :+46 455 38 50 00
Sweden Fax . +46 455 38 50 57



ABSTRACT

The mobile phone devices are still developing and
they are gaining more functionality and are abledal
with more advanced tasks. One of the technologies
timidly trying to approach the mobile phone mariset
the augmented reality, which does no longer require
external equipment to be formed in a programming
application. There is a limited number of sourecgmgy
to describe the accuracy of augmented reality
applications implemented on mobile devices.

Within this study an application of augmented
reality visualising virtual models of buildings was
implemented on a mobile phone device in order to
evaluate the rate of the device explication. Sdvests
were conducted to evaluate the application total
accuracy.

The implemented application was visualising
virtual models of the real existing buildings desghg
them in the same place the original buildings wé&te
final position was calculated by the applicationl dine
discrepancy of the view between the model andehk r
building was measured. The results were gathered
revealing the application’s real accuracy.

For the needs of this study the functional
application of augmented reality has been credibd.
application was implemented on the mobile phone Th
results of the application formed the tables witialf
measurements of accuracy. Also several photographs
were taken from the areas of the real existingdingjs.

Transferring the functionality of augmented reality
from the external devices to mobile phones is essi
with some harm to the application accuracy. Visiadj
building models is one of the possible extensidnhi®
mobile phone market. The improvements in Global
Positioning System would significantly improve the
application’s general accuracy.

Keywords: Augmented Reality, Visualising building
models, Android, Mobile phones, Smartphones, Global
Positioning System, Magnetic sensors, Collada.



CONTENTS

Implementing augmented reality for visualisation of virtual
buildings using Android:

IMPLEMENTING AUGMENTED REALITY FOR VISUALISATION OF VIRTUAL

BUILDINGSUSING ANDROID ..ottt I
ABSTRACT ettt r e e e Rt e st R e R e R R e e Rt R e r e R e n e re e renre e I
CONTENTS ettt st e r e Rt s e r e s e e e n e ne e r e n e nenr s [
LIST OF FIGURES ..ottt v
LIST OF TABLES. ...ttt st r e e neenenre e \%
LIST OF ABBREVIATIONS . ...ttt \
1 INTRODUCTION ..ottt et se e r e s r e sr e sr e e ne s 1
2 PROBLEM DEFINITION, RISKSAND GOALS......ccoiieierieeeeeenese e 4

2.1 PROBLEM AREA. ......cittitiiiiieiite ittt et e e e ettt e et e e e e e e e e e e s s e s s e e e e e e e e eeeeeeeas
2.1.1 Android Operation System
2.1.2 Global Positioning System

P22 I T Y - To [ =T (oY= 1 PR
2.1.4  INterface and CAMEIA VIEW.........u.iiiiiveimmcc e eeeeetaieeeeeetaeeessesaesessesbassssressaneeseees 10
2.1.5 Reality augmented with building model...... i, 11
2.2 RESEARCH QUESTIONS. .. .ietieietete et e st e e et e e eae e et e e e e e e st e e et e e st e ssaeeetneeesnnsssrneeerans 12
2.3 [ (1SS 13
2.4 L0 YIRS 14
2.4.1 Augmented reality appliCAION ........... .. oo eeeeeeeieeeie e e e e e e 14
2.4.2 Study on augmented reality..........ooo et ceeeeee e 14
3 RESEARCH METHODOLOGY ...ttt etie sttt s et e s s eate e s seaae e s sannasssnaneeean 19
3.1 FORMULATING THE PROBLEM......ituiittiitiite e iteeeiesets e et s st ssaseaa st e ean s st s sanseassbseanssaaenas 19
3.2 LITERATURE REVIEW ... iitutiiti ettt eeeee e et e e ete e e et s e e sae e e st e s e st e e eaa e e st e estneeeanesetneeeranns 21
3.3 [ e O =To i ] =1 ] R 23
34 PROJECT EVALUATION ...t ettt e et e et e e e e e e e s e e e et e e e et e e s e e e et e e esanseetaseernseeennearen 23
3.5 INTERPRETATION AND CONCLUSIONS ....u.iituiietieeeeteeete e et ee e e seaesesasaeesansseaneestnneennnnns 24
4 THEORETICAL WORK ..ottt ettt etee s e e e e tae s s eaaee s s esaeessanbeesssnsesesssseessarenesannes 26
4.1 CALCULATING LATITUDINAL DISTANCE ..euuitttiitiiitiiiiiettiesiissieesnessisesnessnsssansssessesassnesans 28
4.2 CALCULATING LONGITUDINAL DISTANCE ..cvuiituiiiniiiiiieiieiiiesesstiesieesassssnsssnestnsssnessnessnns 29
4.3 BRINGING LATITUDINAL AND LONGITUDINAL DISTANCE TOGETHER.....cccuiiitiiiieiiiiiiieeineiinnas 30
5  APPLICATION DESCRIPTION ...ttt ettt tee sttt e et stane s s bte s s ssran e s sarneas 31



6 TECHNICAL ISSUESAND SOLUTIONS.......cci ittt 34

6.1 COLLADA (TRANISITION FORMAT) ..uuuuutuurtrtuntreeeerereeseeeaeaeesssssssaaasasassssssnssssssssssseeeermeeeees 34
6.2 TEXTURES COLLISION(PROBLEM IN TRANSFERRING BUILDING TEXTURER.........cvvveeeennnennne. 36
6.3 SENSORS SENSITIVITY AND AZIMUTH SHIFTING. ...cttutvveieteesaiiiieeeeessnnineeeeessssreeeessssnnneeeas 39
6.4 DETERMINING VIEWER ALTITUDE ....ttvttieeiittieeeeessaitteeeeeesastseeesssaneeeesessansnseesssssnssseeesessns 39

7 EMPIRICAL TESTS. ..ottt sttt sttt st st sttt bttt st sttt 411

ST S | SR 46

9 CONCLUSIONSAND FUTURE WORK ....ccoiiieitsieiet ettt 56
9.1 (00 [0 10 1S ] N PP 56
9.2 FUTURE WORK .11ttt ettt s et e et e e et s e e e e e et e e e e e e st e e e e eaaa e e e e e aaa e e e eastanaaeeentanens 58

F N N 0 5 TSRS 61

F N LN G = TSR 62

REFERENGCES ..ottt sttt sttt b et se b et e se b et e nesbe b e neebenteneees 63



L1ST OF FIGURES

Figure 1: GPS receiver block schema (based ogz#lsj 2002). ..o 6
Figure 2: Axes around the mobile device (Andorick@Bource Project). ............eeeeveeenen. 8
Figure 3: Azimuth value CalCUlation. ....... e eieeiiieii i 9
Figure 4: Pitch value calCulation. ..........ccceeeiiiiiiiiii i, 9
Figure 5: Roll value calculation.............coiiiiii et 10
Figure 6: Sample view of the appliCation. ...........ccoovviiiiiiiiiiiiiieeeeereee e, 11
Figure 7: Sample setting the mark-up points diSEMERP. ............uvumremmmnnmnnnne e s 15
Figure 8: Grid of building 0DSErvations. ... ..o 16
Figure 9: Division of work process during the study..............cccccevvviiiiiiiiieeiiieeeee. 210
Figure 10: Relation between the real and calculdigtdnce. ...............ccccceeeeiiiiiiiiinees 25
Figure 11: The shape of the Earth and consequépheto by Simmon, 2011)................... 27
Figure 12: Distance calculation between two poivith geographical coordinates. ............ 28
Figure 13: View from camera implemented on AVD...........cccooiiiiiiiiiiiiiceeeeen 32
Figure 14: Sample file size changing for avoidihg texture bug. .............covvvvviviiiiivienns 38
Figure 15: BaSIC POINS traNSItION. ......ccieiriieeiiiiiiiieiee e e e e 38
Figure 16: View of the application building modstiuth elevation Snapphanevagen,

(6 T 5 (0] = VPP PPPPTT P 41
Figure 17: View of the application building modebrth elevation Snapphanevagen,

(6 T S (0] = VPP PPPPTT P 42
Figure 18: View of the application building modEITI Faculty, Gdask. ................ccceee... 43
Figure 19: View of the application building modk®lechanical Engineering Faculty,

GUUBISK. ...ttt e e e et aaaeeas 43
Figure 20: View of the application building mod€lolden gate, Gdek. ................coeeeeen. 44
Figure 21: View of the application from 40 metregmg, Golden gate, Gdak................... 44
Figure 22: View of the application from 70 metregg, Golden gate, Gdak................... 45
Figure 23: View of the application from 100 metesgay, Golden gate, Gfisk. ................ 45
Figure 24: View of the ETI faculty as a sample dfudlding view too near. .................... 8.4
Figure 25: View of the Mechanical Engineering Facak a sample of a building view too

= L PP PRI 49
Figure 26: Displacement in building allocation camirom Collada model, Golden gate,

€T = 1T PSSR 49
Figure 27: Graph showing the GPS accuracy progress.........ccccceeeeeeeieeeiieeiieeeeeeeeeeen, 51
Figure 28: Graph showing distribution of answerQo............ccccceeviiiiiiiiiiieieec e 53
Figure 29: Graph showing distribution of answerQR...............ooo o 53
Figure 30: Result of the application from, Mechareagineering Faculty, Galsk............. 54
Figure 31: Result of the application from, ETI FiaguGdansk..............ccooiiiiineee 54
Figure 32: Result of the application from, Goldereg Gdask. ..................ooovvvviiiiienieennen, 55



L1ST OF TABLES

Table 1: Pattern for preparing study about thedf: ............cccoooviiiiieiiiiiiiee, 16
Table 2: Keyword data Search reSUItS: ......ccceeeeuveeerineiiiiiiiiieeccees e 22
Table 3: Percentage share of found SOUICES:......cc..uvviiiiiiiiiiiiieee e 22
Table 4: Study area SearCh reSUItS: ... 23
Table 5: Number of first sources checked from dagaldor each query:............ccccc.... 23..
Table 6: Result of measuring ETI Faculty model i#Bancy:...........ccccvviiiiiiiieniiiiiiiena 46
Table 7: Result of measuring Mechanical Engineefiagulty model discrepancy.:............. 47
Table 8: Result of measuring Golden gate model@iEmCy: ..........covvvveeiiiiiiiiiiiiiireeaas A7
Table 9: The average values of the presented MEABULS: .............c.oooviiiiiiiiieeeeennnne a7

Table 10: The difference between the distance medsunanually and by the application: .48

Table 11: The minimum and the maximum results efrtteasurements in total: ................. 50
Table 12: Results of the GPS receiver accuracy.test............cccccccvvviiiiiiiiieieeeeeee, 51
Table 13: ReSUILS Of the USEI'S SUIVEY: ... e e eee ettt eeeee e 52



L1ST OF ABBREVIATIONS

3D — three dimensional

ADB - Android debug bridge

AFSPC — Air force space command
AGPS — Assisted global positioning system
API — Application programming interface
AR — Augmented reality

AVD — Android virtual device

BTS — Base transceiver station

CEP — Circular error probable

DDMS — Dalvik debug monitor service
FOC — Full operative capability

GPS - Global positioning system

GSM - Global System for Mobile

HMD — Head mounted display

IDE — Integrated development environment
IOC - Initial operational capability

MCS — Master control station

OHA — Open Handset Alliance

OS - Operating system

PC — Personal computer

PPS — Precise positioning service

R.Q. — Research question

SA — Selective availability

SDK — Software development kit

TTFF — Time to first fix

Vi



1 INTRODUCTION

Since beginning the mobile phone has been a régphry idea. The mobile phone
does not just serve for phoning nor for sending teessages, as it has far more functions,
i.e.: internet wi-fi access, large and high-resoluttouch displays, memory card input,
polyphonic speakers and camera. All these additifmmetions are now just standard when
using a decent mobile phone.

In 1992 IBM designed an IBM Simon, which was thestfiadvanced cellular
phone. A new era of mobile devices started, aroe@martphones (Boyes, Melvin, 2010).
Smartphones are a product line of phones thatesigked to offer much more than standard
feature phones. One of the biggest distinctiohas Emartphones are always supplied with a
full mobile operating system, i.eApple iOS Google AndroidMicrosoft Windows Phone, 7
Symbian BlackBerry OSor Maemo(Falaki et al., 2010). The constant developmerthef
systems mentioned above attracts researchers,dgeg@bile devices are becoming capable
of dealing with more and more complicated operatiand calculations allowing to interpret
human voice or making instant connection wisloogleMapsdisplaying phones current
position. Mobile phone development is a very patfie phenomenon, because projects do
not necessarily have to require a lot of separgtepenent, as plenty of the facilities are
accessible to mobile device users. One of the tquka that can benefit on the phone
market expansion is Augmented Reality (Wagner, @&rubchmalstieg, 2008).

Augmented Reality (AR¥ a technique supplementing the 3D view of a real
environment with the additional virtual items. dtwell used in medicine, visualisation, path
planning, military operations and still gets plemtgw appliances. Since Ronald Azuma
presented the definition of “augmented reality”1i@97 in his Survey of augmented reality
the number of designed applications is constamttyeasing. Still the method of AR is
perceived as a future prospect rather than beimgbdel for everyday-use applications,
including practical services used as supplementirfdustrial services. One of the major
factors causing this is that most of the AR prgegere done for military services and so
most of the achievements on that field are eitlmfidential or slowly adapted for civil
activities (Julier, Baillot, Lanzagorta, Brown, Rodlum, 2000). Within a few years we will
observe how AR fits into industrial market and eitHills a useful addition to human
everyday life or gets rejected as too expensiveide, 1997).

Today, there is a constant research developmeheiarea of civil AR and a clear
trend in minimising the display sizes and extemglipment required by the applications.
The basic idea of AR requires just a display anchlgulation system to work passable
(Feiner, Hollerer, 2004). Obviously the better thgpequipment there is, the better feeling of
immersion in the new reality the user gets. Onatirer hand redundant equipment can spoil
the impression of simplicity so researchers in #rea of augmented reality need to
concentrate on two parallel goals. Firstly it ismimise the necessary number of external
devices and secondly to sustain a proper levehlctitation quality.

The first AR projects involved extensive equipmdike head-worn-displays
(Webster, Feiner, Macintyre, Massie, Krueger, 1966)in other wordshead-mounted
displays (HMD)(Kato, Billinghurst, 1999) which within the postities of smarthpones are
no longer needed or at least can be successfydlpaed by mobile devices. Portability,
attractiveness, growing popularity of Smartphomegeneral and a great breakthrough, i.e.:
enabling phones to receive Global Positioning Sg{&PS) signals, resulted in increasing
number of different AR applications arising (SuomeR006) (Whitfield, 2010), from
navigation projects likewikitude Drive AugSatNay 3D AR Compasdy applications
supplying user with additional terrain informatidike: Wikitude World BrowserLayar
Reality BrowserWeather RealitySpace InvadARo AR social networking projects like:
TagWhator Tweeps AroundDevelopment of AR projects has different trentlsere are a
few applications visualising buildings but mostlyey are geographically restricted and
devoted to one private building. A good examplethe Fraunhoffer 1GD application



commemorating the Berlin Wall which shows developtrad the city of Berlin in the period
of 1940-2008 (Zollner, 2009) or a project knownfdABC(Augmented Reality for Building
and Construction)which started with visualisin§kanska'snew office in Helsinki. Those
projects, however are not for public use, ratherifiternal commercial showcasing. Both
achieved great successes and required a lot ofqurisites. AR4BC was designed with a
head-mounted display and including a lot of presgalions, thus it was very precised and
worked out with great accuracy (Woodward, 2009k Fraunhoffer IGDapplication was a
project designed foliPhones ordered by German Federal Ministry of Educatiord an
Research with some advanced features. It is stijyl parrowed to Berlin area with no plug-
ins predicted for single users. Basically, therenasrealtime AR application visualising
buildings that are not geographically restrictédde GoogleMapdor visualising maps.

This proves there is a gap existing in the marketugmented reality applications.
There are no public applications allowing to prephuilding models and view them in
augmented reality, and only a few dedicated torgaeeas. Despite unstopped evolution in
the field of graphical libraries and new file fortmaupported by much more complex three-
dimensional viewing programs there is yet a limitednber of projects allowing to view
those models in real environment. We can storartbdels in different files ag/avefront
objects (.obj)or as3d studio files (.3ds)Another option is usin@calable vector graphics
(.svg) or transitable format known aSollada (.dae)which can be operated by many
programs likeBlender, 3dStudioMarr GoogleSketchupOne also has a chance to view a
building model created in KML format i@oogleEarthusing 3d buildings option so then
one is able to visualise a gathered set of buikliffgm one neighbourhood in different
angles. The models are storedGoogleWarehousea tool created bysooglein order to
gatherSketchupprojects forGoogleEarth so they are free for downloading and looking .into
The whole application ofGoogleEarth has achieved a great success and viewing 3d
buildings is one of its most remarkable optionserEhwere also some single prototypes of
application usingGoogleEarth facilities, like prototype created by théTT Technical
Research Centre of Finlanduccessfully presenting the concert hall in Héisim
augmented reality using markerless tracking. (Homda P., Siltanen S., Jappinen J.,
Woodward C., Korkalo O., 2007). An open questiowlny researchers are still not using the
GoogleWarehouse capabilities in 3D AR applicatiaha larger scale.

Augmented reality is still rather a fresh idea. fehis just a small number of public
articles dedicated to the AR subject despite tloe tfaat it is known that some applications
have been successfully implemented for militaryppsges (Azuma, Baillot et al., 2001).
Slowly, inventions and new trends are presentedighyltboo. It results in a rapid growth of
the applications level of advance. Right now itkimwledgeable that there are different
methods of calibration and some different approscime implementation. Low budget
applications operate on a GPS device and compaSsesmercial projects rely on bigger
displays or HMDs, mentioned before, but mostly thise separate engines operating with
image retrieval, based on terrain recognition algors. Combination of both is rumoured to
give the best results in accuracy, however theee rev studies that show the actual
achievements. There is also no wide solution ptegein comparing discrepancies between
the desired position of the building and its appeee in the AR system, as most of such
projects focus on tracking sensors (You, Neumarzuysa, 1999).

Aim of this thesis is to present a clarified evdila of the augmented reality real-
time application implemented on a mobile phoneolder to achieve this aim there are
several prerequisites. Most necessary is to ceratgplication fulfilling all the requirements
of an AR project being presented here. The basia af the application is to pick a building
model fromGoogleWarehousstock and draw it using tools available for smaote. Each
such building stored iboogleWarehoushkas its exact position in the real environmene Th
plan for the application in this case is also toabée to view the building via the mobile
display using graphical library possibilities. Thpplication will be designed for a phone
equipped withAndroid OS (Operating Systemjich has all the necessary facilities for such
an aim. Of course applying AR technique means thatapplication will have to give
repetitive results and will be programmed in theywabe able to display the virtual building



in the same place as the already existing one,ifstiéad using digital data, i.e.. GPS
coordinates and magnetic sensors position worlsrgnainput data for the algorithm. All the
information about data received this way shouldcbastantly available for the user by
viewing them on the display. By augmented realiithim such an application we understand
the 3D model of the building added on the top efilew coming from the mobile phone via
its camera. Of course the way in which the buildmgositioned and displayed depends on
the position and of the user. A desired user agBdiw aim with the mobile exactly in the
same direction the user wants the augmented bgitdiappear, the distance or the depth has
to be considered in relation to size constancyherdisplay. The further away the user goes,
the smaller the model shape will occur on the digphccordingly to human vision cues in
relation to the real building. The more the usesses the direction of the building to left or
right the more the model is misplaced.

Operating the application, after it will be createdill allow measuring its
effectiveness. For determining the quality of thB Application it has to be based via
accuracy calculation. The study related to the iegtibn implemented will be based on
measuring the discrepancy between the real exibtiilding and its model displayed on the
mobile phone. A GPS receiver is known for its deeradepending on different conditions
like weather, daytime or user’s position. To mdwt acceptance of application quality and
satisfying one’s needs the application has to bedeusing different points of view. For a
proper test of the presented application we wilade view characteristic points of the real
existing building. Those points, of course, areoalsapped on the building model using
graphical textures. An example of such a pointaiduilding vertex, a window frame, a
doorframe, a mark on the wall. Such points will é&w be chosen from every elevation. This
will allow tracking of every single part of the Iing. The aim of the test is to spot the
discrepancy between the building in reality andntedel in augmented reality from 6
different angles for a single building. Measurersewill be taken four times from each
angle, from different distances: 10, 40, 70 and rh@@res and also written down in metres in
a table designed for one single model. Since oghtneixpect different results from different
angles, the result depends on several conditidke, GPS results, magnetic sensors
distortions, calculation speed of mobile phone,rgwilt of such an inquiry should allow to
draw conclusions about the advantages and disaab@stof implementing augmented
reality applications on mobile devices, and possitriprovements in the future.



2 PROBLEM DEFINITION, RISKSAND GOALS

There are two aims of the study i.e.: creating tseful augmented reality
application allowing to use a mobile phone as dgbe 3-dimensional browser displaying
buildings and, because it is still a developinghtegue with just a few researches being
done, expressing the threats of such an applicathugmented reality is still not well
described in the technical literature and whensitdone it mostly concerns obsolete
techniques rather than the mobile equipment. Ihdase there still is a number of gaps that
should be filled. The major one is the accuracysoth an application calculating the
position of the implemented item and indicating ptssition in the “augmented reality”.
There are no effective studies measuring the folueacy of the augmented reality
techniques and that is why this study will try tesaer questions about this matter by an
organised measuring process.

Creating the AR application is not the most impatrm of this study, however it
is a major prerequisite. The assumption of theiegipbn is benefiting from the clarity of the
models presented iGoogleWarehouseOptimally the models should become real-time
models of buildings, displayed on the mobile phersereen chosen by the user and prepared
by the programmer place in the world. The creatbrsuch an application should allow
giving answers to all the concerns on beforehanshauld also contribute in bringing new
guestions and inspire for drawing conclusions. @omoag the application and its
implementation there are plenty of concerns evdarbdghe beginning. One might fear if a
mobile device is capable of doing all the necessaaiculations in real-time as the
implementation requires. The same concerns mag afisle referring to magnetic sensors
and their dependencies between its deviation amdteposition of the building in the
environment. GPS is in this case a civil standg tand it is a technique standard well
known for its inaccuracies. These are just first toncerns, still there are more and before
creating an application, it is good to get to knibsvpotential weaknesses by defining the
problem area.

2.1 Problem area

A list of problems is usually concerned with used @ahosen techniques, systems
or devices, e.g.: the magnetic sensors might bes¢ositive for the application, which can
make the model of the applied building floatingtéasl of being displayed smoothly. Same
concerns we come across when the capabilities efntbbile phone are too slow for
calculations required by the algorithm. The GPSseemight bring too bad accuracy which
can cause wrong conversion and then the buildinghtribe applied with wrong offset in
accordance to intended place in the real envirohnidris means that each aspect requires
separate care and brings different challengesrderdo avoid inconveniences, one has to
deepen one’s knowledge in the featured issueshstegpep, so they can bring a full view on
what is necessary for the augmented reality agjdicéao work optimally.

2.1.1 Android Operation System

Android is most commonly called a software stacgigleed for mobile phones but
in this case we can rather refer to it, asOperating System (OSAll the necessary tools,
programming libraries and th&pplication Programming Interfaces (API&)r developers
are stored irofficial Software Development Kit (SDKAccording to “Android developers”
(Android Open Source Group) website Android phomécal specification is:

! Android Open Source Proje@gev-Guide section: What is Android?,
in: http://developer.android.com/guide/basics/wisaandroid.html



» Application framework enabling reuse and replacement of components.

» Dalvik virtual machine optimised for mobile devices.

* Integrated browser based on the open source WebKine.

» Optimised graphics powered by a custom 2D graphics library; 3D endpased on
the OpenGL ES 1.0 specification (hardware accéteraiptional).

» SQLite for structured data storage.

* Media support for common audio, video and stilge formats (MPEG4, H.264,
MP3, AAC, AMR, JPG, PNG, GIF).

* GSM Telephony (hardware dependent).

» Bluetooth,GPS, compass and accelerometer (hardware dependent).

* Rich development environment including a device emulator, tools for debugging,
memory and performance profiling and a plugin fa Eclipse IDE.

With above mentioned content and on top of thiSrayld camera device Android
appears to have all the requirements to preparemepaugmented reality application using
devices with his Operating System installed.

2.1.2 Global Positioning System

Global Positioning System mostly called by its a&mtion GPS is a system
entirely created by United States Department ofebeé. GPS was originally based on a
network of 24 satellites orbiting twice a day otke Earth and sending radio signals to
terrestrial receivers. It was eventually launched973 after some earlier projects starting in
the 1960s. The whole system was initially createdhiilitary purpose but since 1993 it was
available for civil operations also, the differerisein frequency of the radio signal sent.
Military frequency is 1227,60 Mhz, civil frequency allocated on 1575,42 Mhz (Bao-Yen
Tsui J., 2000). Due to its industrial benefits GiyStem is meant to remain free of any fees
for public use. According to its assumption it $kabrk in any weather condition the signal
shall cover the whole globe and thus shall be alklto use in every place of the world for
twenty four hours a day. The structure of the GRP&hitecture is separated into three
subdivision groups called segments, i.e.: spacey@oand user segment (Kaplan, Hegarty,
2006). | will shortly present these segments tleatec my work directly or indirectly and
afterwards | present the concerns.

Space segment

The space segment is based on GPS satellites. Whesystem was introduced
there were 24 satellites moving around 3 orbitsnaaltitude of 26 560 kilometres. Then the
number of orbits were increased to 6 with 4 saésllion each of them. Old satellites are
being constantly replaced so the amount is nod ragid is varying from 24 to 32. At the
moment there are 31 active and broadcasting saselind 2 treated as spare ones (Bao-Yen
Tsui J., 2000). Each satellite needs 11 hours 58it@s to orbit around the globe once
(Kaplan, Hegarty, 2006). It is because of the spsmgment that we can receive signals
containing information about our current positiomdahe time of coordinate calculation
depends on the number of satellites which the raal#lice can reach.

Control segment

This segment is responsible for organising comnatiun between two other
segments and consists of 12 ground stations olbgethie satellites. All the stations track
satellites flight paths and thus gathered infororatire being sent to Master Control Station
(MCS) where they are operated and navigational t@gdare sent back to satellites using
ground antennas. Due to their individual taskssta@ons are divided into four groups:



1 Master Control Station at the American Air ForBase Shriever in Colorado
Springs, United States.

» 1 Alternate Master Control Station

* 4 dedicated ground antennas (in Kwajalein, Asoenssland, Diego Garcia and
Cape Canaveral)

* 6 dedicated monitor stations (in United Statesyafor, Argentina, Great Britain,
Bahrain, Australia)

This kind of solution allows satellites to be slgronised up to single nanoseconds
(Kaplan, Hegarty, 2006).

User segment

This is the lowest segment of the GPS system.risists of the GPS receivers.
United States and their allied military forces asing Precise Positioning Service and for
civil users the Standard Positioning Service isilalge. The number of civil receivers is
already estimated to tens of millions and is cartstayrowing.
All the receiving devices have different modelsamts and hardwares and
accuracy but they use the same composition schieigraré 1) (Kaplan, Hegarty, 2006).

£ Position,
ntenna velocity, time
l_P

. Indirect Signal Mavigation
Preamplifier | Converter (| frequency | creation | signal formin
section block

A F

Timer far each
channel

Frequency
| synthesiser
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Figure 1: GPS receiver block schema (based ogzilsj 2002).

An important circumstance is the number of chanimsiisle a GPS receiver. Each
channel allows receiving signal from one sateltitea time. Since we are able to receive
signals from 9 satellites and even more, for bedtsmuracy the newest receivers have 12
channels and even up to 20 (&sik, 2002).

Mobile phones with GPS navigation are part of treeibsegment. Some phones
however do not work like standard GPS receiverspedding on devices with GPS
navigation and their mobile operators, the deviogght be supported by Assisted GPS (A-
GPS). A-GPS is a technigue supplementing GPS dasifior mobile phones. Instead of
navigating by just using radio signals mobile proowgh A-GPS also use network capacities
when encountering any difficulties. Possible appl&a of A-GPS is delay in receiving first
GPS signal, technically named as TTFF (time-ta-fir9 or while having poor weather
conditions especially in urban areas where A-GPBaigicularly successful due to bigger
number of network antennas or BTSs (Base transcete¢ion). A-GPS does not give the
same accuracy as GPS but at least it is a passatileigue when GPS does not work
properly (Djuknic, Richton, 2001).

In 1993 there was a breakthrough in developmemmosftioning systems, in the
8th of December the same year an Initial Operati®@epability (IOC) was launched.
However it was until April 1995 when the Air For&pace Command (AFSPC) declared
Full Operative Capability (FOC) it started withIfalailability of the system for public users
including some military services like Precise Hosihg Service (PPS). Even though the
system did not guarantee satisfying accuracy ofctwdinate system as due to American
Congress decision it was limited just to 40 mepgexision. Such action was intentional and



caused by interfering the system named Selectivalahility (SA). In May 2000 Selective
Availability was officially turned off allowing ciV users to use global non-distorted signal
(Adrados, Girard, Gendner, Janeau, 2002).

Disabling Selective Availability does not necedgamean that nowadays GPS
receivers show exact coordinates within single naioe. GPS navigation accuracy still
remains being one of the most confusing part ofithele system. It is because there is yet
no standard measuring GPS inexactness. Circular Bmobable (CEP), which is a way of
measuring ballistics in military science, is oftesed but it only shows percentage fall of a
given distance scope. We can be informed that @ER2 metres is 65% which means that
around 65 of 100 measurements are exact withitnteeval of 1-2 metres. Still we have no
information about the other 35% results which bkalbicis useless and show no direct
information about the used device (van Diggeler§89Most of the producers claim that
GPS devices measurements have single metres iaagc#ior mobile phones this indication
is getting worse and for results pointed by AGP§hneven reach 30-50 metres inexactness
(Djuknic, Richton, 2001).

Knowledge about GPS specification is very imporfanin the point of view of
augmented reality development with mobile deviéexording to Richard Lewis from RLA
Geosystems and his study about Global Positionipste®h he says “Technology has
reduced the effect of multipath and GPS data gmtfperapabilities are being strengthened.
The user must be informed, however, about GPS &alyas and disadvantages” and so he
lists a group of both (Lewis, 1998):

Advantages:

e Spatial and tabular data are collected simultarigous

» Position accuracy is superior to conventional mgsho

» Coordinate system and reference datum can be cthange
* GIS conversion is simple.

» Data collection costs are lower than conventionathods.

» Feature visual inspection is possible while gatigedata.

Disadvantages:

* Requires training and retraining as technology gkan

» Urban canyon buildings can block satellite signals.

» Heavy foliage and thick branched trees can attenarad/or block satellite signals.

» Multi-path reflective signals can make data inaateir

» Requires careful attention to system configuratiod data collection standards and
procedures.

2.1.3 Magnetic sensors

In order to follow the view on which the mobile plels camera is pointed the
application needs to listen to magnetic sensorgcatidns. Android Operation System
supports several types of sensors like: acceleemmpiroscope, orientation or proximity.

For purpose of AR application only orientation sessare required as we need to
detect the direction of the phone view. Being dbleead information gathered by sensors
allows describing the visualised building positiarthe “augmented” environment. What it
means is that by operating orientation sensorsaglhehange the position of the building to



right, left, up or down exactly according to pamitiof the mobile phone. Sensor information
is written in three split values:

* Azimuth — measured in degrees from 0° to 360°. It is dieisgy the angle between the
X axis of the phone direction and the north dittiThis means that azimuth’s value
0 indicates that the phone is turned to north tivac 90 means east direction and so
on (Figure 3).

» Pitch — measured in degrees. This indication shows dvefieeen the Y axis of the
mobile phone and horizontal position. Figures magyvrom -180° to 180° (Figure
4).

* Roll — also measured in degrees and it also showsorelaetween the horizontal
position of the ground but this time it is measgrthe angle between the X axis and
horizon. This angle varies from -90° to 90° (Figbje

Y axis of the phone is the one along the tall siithe phone and axis X goes along wide
side of the phone (Figure 2).

e

X

Figure 2: Axes around the mobile device (Andorice@Bource Project).

Orientation sensors is also used in Compass afiphsaavailable for Android
and in fact, especially for determining the azimotientation sensors they behave like
compasses which means they have disturbing tendenmalfunction when being near to
large metal objects. Application might have diffgréuture appliances as it might serve to
real estate developers to view its future prospbats especially during studies over the
application it will be mainly used in wide urbamasps when it is highly possible to get the
opposition of metal objects. This unfortunate featmay influence on the results achieved
while trying AR application so one needs to be anairthat.

2 Android Open Source Proje@gnsorEvent: Class overviém
http://developer.android.com/reference/androidvare/SensorEvent.html
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Figure 3: Azimuth value calculation.

Pitch value =-67°

Horizon level

e

Figure 4: Pitch value calculation.



Roll value = 17°

Horizon level

Figure 5: Roll value calculation.

2.1.4 Interface and camera view

Establishing a proper interface is always vitalnpdior every project. In this
project that will attach a background view comimgnfi the camera, a building model
displayed using a graphical library and also sodditimnal information displayed for the
viewer it is vital to make some major decisiongatty that will meet the goals set out in the
beginning. Information gathered by the mobile deltat need to be displayed to the viewer
is: longitude, latitude and altitude coming from $&Bensors, azimuth, pitch and roll from
magnetic sensors. During the application-work-peegr an idea came across of also
displaying distance between the user and the plaieee the nearest building was. The value
of distance is calculated in metres.

When the final idea of creating just small textdibthe handling of all the
inscription and values came on. They were place?l ines at the bottom of the screen to
make it concise and straight as the view cannablered with too much text (Figure 6).

Preparing the view for the user is also relatedhwihe very important problem,
which is screen orientation. The Android SDK suppoesing several types of screen
orientations: unspecified, user, behind, landscape, portrait, erseLandscape,
reversePortrait, sensorLandscape, reversePortraiensorLandscape, sensorPortrait,
sensor, fullSensor, nonsensdfrom those listed, two are most important andy thee:
landscape and portrait view. Tladscapeorientation is when display is wider than it iff ta
and contrary, angbortrait screen is when the display is taller than it isleviBy default
Android OS usesinspecifiedsetting which works differently depending on thevide. For
instance it switches between portrait and landscag@e when the keyboard is rolled or
unrolled. Designed AR application however uses camiw and is prepared for displaying
buildings which means it is better to get a widewiof presented surface which means the
chosen screen orientationdsmdscape
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Figure 6: Sample view of the application.
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Unfortunately this brings some further complicaioAs it was mentioned before
sensors are calculating phone’s position betweeth riirection or horizon line and phone
axis. Axes are constant and X axis goes along wiidke of the phone, axis Y along tall side
of the phone. Due to the fact that in landscape viser holds the tall side along horizon line
and X axis along vertical line the axes have bedtcBed comparing to standard approach.
This also implicates that magnetic sensors indioatimight be switched. The values are
correct but one has to keep in mind that X and &saxentioned in standard are switched or
would have to check them on the phone side, remengbthat pitch works along the tall
side and roll goes along wide side. Azimuth fotanse, because of this rotation is changed
by 90 degrees comparing to what the phone is ksimgd at. One needs to know this while
interpreting the results.

2.1.5 Reality augmented with building model

Augmented reality requires several conditions, kk®wing where you are and
what you are looking at. When preparing an envirenihenriched with building models one
also has to organise a building model and its jositA GPS receiver is responsible for
indicating current user position and magnetic sexsuf course for describing current users
point of view. The buildings stored in GoogleWareb®e are available for downloading in
different formats. Most common are: Google Sketcheysion 7 and 6 (stored in .skp files),
GoogleEarth 4 files (in .kmz format) and COLLADArfoat. It is saved in .zip package and
inside it contains two important files and one impot folder, which are:

» doc.kmlfile containing view information and settings whapening in GoogleEarth

» .daefile (usually namedvarehouse_model.dpall the building details stored in
COLLADA format

* imagesfolder storing all the textures pictures to whinthlding model refer

When it comes to interpreting those files the prynane is doc.kml. It contains
basic information about the model and GoogleEaathera interpretation. From the point of
view of the building model the most important infation is latitude, longitude and altitude
value inside the <Model> tag. The model contairs pne reference point and then it is
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linked to .dae file which includes all the buildirtetails according to Collada format
organisation.

Collada is an open XML standard for interactivel®dding models, also known
as “Collaborative design activity”. It allows steg building models for graphical
applications by gathering information about evergsin of the building. While describing
building’s geometry, the Collada file includes infation about:

e position array
e normal array
e uvarray

Uv array describes texture transformation fromifieige to 3D model and normal
array is only used for graphical environment, matly essential for the model itself. From
all three position arrays the most vital is foraédishing a building model. It contains
information about buildings coordinates in 3D eamiment in all three axes (marked as x, y
and z positions). Unit of the values mentionedadsifion array depends on what is written in
<unit> tag. Most common value is meter. All thenisiin position array are interpreted in
reference with the coordinate point from doc.kdd.flt means that Collada format store
information about distance relation between eachtamd doc.kml gives an exact position
of the building in the environment. Basically, dpation will just calculate the distance
between this reference point and current GPS itidicgiven in geographical degrees and
draw the points according to view angle achievedhbgnetic sensors results.

2.2 Research questions

The augmented reality field shows there are a femesolved concerns about the
whole technique. It is because there are still tgler fields in which this method has not
been implemented and tested properly and in othehngeved results were unsatisfactory.
Also a lot of remarks concerning appliance of auge reality in displaying building
models. The 3-dimensionality brings data inaccurag is more vital than in applications
just gathering information about flat surfaces.Wiigg the building model means that a lot
of effort needs to be put into the way the buildisglisplayed, does it keep the horizontal
position and does it supply user with satisfactquality of the model? Due to all the
mentioned concerns, the following research questipated as RQ’s) are stated:

* RQ1L: Is it possible to reach a good level of accyrand quality in the AR
application only using commonly available mobilels®

*  RQ2: How much, from the user’'s point of view, dé@g8S and magnetic compass
sensors inaccuracy affect the AR effect?

* RQ3: Does application inaccuracy differ dependimgtiee angle and distance in
relation to real building?

* RQ 4: Can AR application with Google Warehouse’8ding models guarantee a
satisfying quality of view?

The questions were stated allowing to reveal magpects of the issue: is it possible to
obtain satisfying data calculation accuracy, deesepend on sub-devices and is it visible
while changing either the position or the anglee Tast aspect concernning the model
qguality. Answering these questions would point eitat is already accessible for a
developer and what, on the other hand, is stilsmig Relevant actions had to be undertaken
in order to gather complete answers about all ®ftientioned questions. Also the necessity
of answering such questions has its toll on thelystwhich is shaped exactly in a form
allowing to point out the answers.

12



2.3 Risks

Knowing much more about the technologies and itakwesses allows defining
application basic risks. In this context the risk®e not only about slowing down the
application implementation or threatening the whptecess of its creation, but are also
related to its accuracy which is most critical tiois application. Above all it is an augmented
reality application which means it cannot work @thout proper imposition of the model
on exact place. This would mean that basicallyabglication has no sense as its main aim
has not been achieved. Few major risks have besmuated:

» GPS accuracy is too low.

As we know GPS, it can bring very limited data é¢rass. From a programmer
point of view there is a possibility to call GPSspmn listener function once user changes
position within a single meter but according to wlmentation accuracy cannot be properly
measured which means that it might vary within fewetres, which for application
visualising small buildings might be very distuntpin

* Magnetic sensors are too sensitive.

While displaying the building model during applicet work there are two
important issues: where the user currently is ahdres he is aiming the phone. The exact
position of the applied building depends on the nghalirection depended on users
behaviour. As we know the operating system of thabila phone registers this position
using 3 values, azimuth, pitch and roll and thasees are further interpreted by the rotation
algorithms. It means by just slight incompatibiltigtween where phone is exactly directed
and what the sensor say we can get a totally spadéect of building imposition.
Unfortunately depending on phone hardware sensamght work differently not being able
to indicate its position precisely. When this happeither the sensors are showing improper
values misleading the algorithms or the valuesbaing changed too rapidly (several times
per second) which results with the building chaggis position in reaction despite the fact
that user remained still and GPS indications didchange at all.

* Building model cannot be transferred to Androidpdpia library.

The building model was prepared using Google Sképctools and stored using
Collada portable form. However, Collada is just XML-based script and when using
Android phones layout one is only able to makeafgbe limited number of graphical tools.
For the purpose of the application we will use GplerES 2.0 graphical library available
since Android’s version 2.2. This way does not supgmporting XML exactly so every
single feature needs to be interpreted by programsmne cases like important textures
works differently and the results might be différand efforts are pretty time-consuming.

» Calculations are too complex for the device.

During its process, the AR application on a molpi®ne has to cope with GPS
and magnetic sensors data, calculate if positicsh @irection is right and then draw a
building model. A properly displayed building modatsumes calculation of distance
between geographical coordinates, organising mgldextures imposition and organising
the whole 3d world. Whereas the mobile phone is eaicg of limited calculation
capabilities. It might happen that the building mbdill not be displayed stable, because of
calculations occupying mobile device memory andthig the building would not be
positioned accurately.
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» Building position is distorted by changes of distor angle.

Because of all issues mentioned before, like lovs @Pmagnetic sensors accuracy
resulting in constant updates of the user’s positat can bring some irregularities in to the
received values and also system issues with tloalestd system the position of the building
on the screen can change too rapidly or too slowhfortunately the application developer
has very little to do as the undesired effect iesult of all the devices and techniques
malfunctioning the composition.

24 Goals

There is one major aim of this study which is towlcurrent possibilities of how
to visualise a building with help of augmented itgakechnique. In order to do this a study
about an application will be performed. The tamfethe mentioned study is to indicate the
quality of the actual augmented reality effect. Tirs& step is also a second major aim of the
study which is to create an application for augmdmeality. The application shall display a
building model on a screen on a mobile phone impthee of a real existing building so that
one will be able to see the effect of the new tealnd also easily compare discrepancies
between elevations of both.

For better organisation the whole application adys assumptions, requirements
and features are mentioned below:

2.4.1 Augmented reality application

As mentioned before, the application has to be émginted on the Java Android
environment, thus it will require a phone with #edroid Operation System supplied with a
camera, magnetic- and GPS sensors. The user @fptiiation will be given information
about his/her current position coming from the G&hisor. Namely the user will be
informed about their longitude, latitude and allidu Also constant information about the
direction in which the phone is directed will beglayed on the screen.

Apart from technical information the applicationlivdisplay previously prepared
building model coming fronisoogleWarehouseAll the technical details of the building like
its coordinates, textures and more detailed featare written and stored inside of the
application. The application is supposed to workiadhowing way if user does not aim
successfully at the building s/he will just receaur® empty camera view (with just few text
labels of information) and if one aims at the exaate the building will be displayed giving
best possible accuracy exactly at the desired place

No separate devices are required, just the equipofea standard smartphone
with the Android operating system is necessary.r@fae no other actions from the user
required like using keyboard or touch display. Tmdy successful behaviour is tracing the
terrain when the building was arranged and aintiregeixact area.

Creating the application is also a direct step tawdorming the study about
augmented reality. The measurements were orgarisddvestigate the aspects of the
research questions presented before and, it wooldo@ possible to make it without a
working application. Thus the application is to siger as a model helping out dealing with
and measuring the performance of the techniquemneigl.

2.4.2 Study on augmented reality

Creating the application is just a huge step towachieving the main aim of this
study, which is evaluating quality of the applicati The study will concern every single
model applied in the application. The first resflthe application quality evaluation should
be from describing inaccuracy of the building’s mbgosition. The application will
implement the model of an existing building andhbuld be displayed exactly on the same
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position as the real existing one. This will alleewing the real difference between the
intended and achieved results, as shown in Figure 7

Before creating the inquiry each building modelidtdoe thoroughly checked in
order to find mark-up points from its every elewvati Since we suspect there might be
different results from different positions, the msi chosen as mark-up points need to be
gathered from various places. Preferable positfiosuoh points is close to ground level, as
they are easier to measure this way. A sample myargeint can be a building’s vertex,
window’s vertex or a doorframe. Since the applaatshould view a same shaped model as
the real existing building, one may be able to theediscrepancies between both in real-
time. In order to get a good knowledge about thd@iegition’s total accuracy it is necessary
to prepare measurements from different angles ld ftom different distances. The
application is planned for urban environments $e @onsidered that viewing it from further
distances should not work. That is why the measengsnwill be limited to 100 metres away
from the building position in the real environmenhke plan is to observe the building from
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Figure 7: Sample setting the mark-up points disznep.

every side and in order to do it every buildinglviié observed from 6 different angles
respectively far from one another. Also 4 obseoratiin steps will be made from every
angle of the building depending on the distanceftie building. This means after choosing
the right angle, the viewer will have to take obatipns from distance. The plan is to do
them from 100 metres away and then down to 10 s@te? steps between, which makes 1
measurement from each: 10 metres, 40 metres, 7@snabd 100 metres away from the
buildings central point. The central point is tygdidor every building in accordance to its
coordinate point presented in the KML file contagibuilding model features. In total this

makes 24 measurements being taken for every simglemented building model (Figure

8). This quite big number should give a descripthagerial about quality of the system.
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The plan of the observation of building positionadgpfrom the number of
measurements taken also considers a method whigtamed. The general plan pre-
assumes decision about the mark-up points. Whesechwisely, for all of the possible
views the whole operation can take place. It vatjuire two people, from which the first one
is the mobile phone operator — the viewer and #versd one is measuring the discrepancies
between both model and the real building. In ortterthis the person responsible for
measuring will have to stand exactly in the pladeere the mark-up point is shown in the
camera view of the mobile phone, according to tireara operator indications. The camera
operator, of course, needs to aim the mobile carageztly in the direction of the real
building. The next step will require using the measy tape and marking the discrepancy in
metres. This will show how big the shift is betwelka model and the real building. Still we
need to know that from one place the shift mightlifierent than from the other even during
the same measurement. That is because the systentatulates height of the building
which might vary much from the actual result anéredespite the fact that mark-up point
has full accuracy. That is why, apart from meagyrthe discrepancy and also the distance
shown on the display will have a written recordthié measurement will show 50 metres
with

Table 1: Pattern for preparing study about thedinij:

Measurements 1 2 3 4 5 6
Difference
10 metres -
Distance
Difference
40 metres -
Distance
Difference
70 metres -
Distance
100 metres Dnﬁference
Distance

an actual distance 40 metres away, it will beaderthat the building has much inaccuracy
despite the shift shown from the mark-up point gipancies. Still, even when the distance is
shown being exactly, the same as the real onehifftenill reveal calculation precision. This

shows that both of the factors are important dunm@asurement and will have to be treated
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with the same attention. The result of all the obetions shall be presented in the separate
table looking the same as Table 1. After fillingegw cell, interpretation and analysis will
follow.

This will also be supplied by both camera operatod person responsible for
measuring observations concerning other conditibkes, for example weather during the
day on which the study is being taken (weather tmégfect GPS), or TTFF time when the
first indication from GPS comes (it might reveattthe system is working on A-GPS, much
less accurate). All together each building will t@mmented and such a conclusion will
allow bringing useful conclusions and ideas foufatwork.

After organising the measurements the plan is tsgmt the application to 5
unbiased users. This number of users should beepmigh present existing tendencies and
intensify the study with a user view showing hove tapplication is perceived by the
potential users themselves. They will be shorttyoduced with the idea of the application
(i.e. the idea of augmented reality, the implemeeilding and the aim of the agenda) and
will receive the mobile phone with the applicatitmned on in order to answer 4 short
guestions. The questions (noted as Q’s), aboutislee shall be asked are concerning the
research questions of the study such as:

* Q1: How much, did in your opinion the inaccuracypisthe effect of the augmented
reality?

* Q2: How much did the effect change, viewed fronfiedént angles?
* Q3: How much did the effect change, viewed fronfiedént distances?
*  Q4: How did you like the quality of the presentedding model?

The possible answers are:

4 —Very much
3 - Much

2 - Somewhat
1 — Not at all

Completing such a survey compared with the previmeasurements should allow
supplementing the conclusions with the missingsig@int of view concerning major parts
of the application and developing the study. Theveyy should be simple and short not to
bring too much data and to enable expression ofutfe’s opinion about the augmented
reality application.

The measurements bring the unbiased applicaticerfopnance description. On the
other hand the users’ s survey allows to repremepinion from the user’s point of view on
the application and thus the whole technique iregdn Combination of both conducted on
the working application makes it possible to anseach of the research questions. For
instance RQ1 is a question concerning applicatemegal accuracy. In order to answer to
this question the results of the distance diffeeeand position discrepancy from all of the
operated buildings will be gathered and interpretepgerating those data will be done by
forming the intervals between the obtained minimad maximal results and also by the
mean of all the results. Presenting this allowscideisig exact outcomes at worst and best
case. In order to get a better perspective alsoehdts of the user's survey concerning Q1
will be interpreted while analysing this researalesfion. RQ2 and RQ3 concern the
dependency between the work of the sub-devicedladccuracy of the application. RQ2
deals with this issue from the user’s point of viemd that answer will require data coming
from the participants answering questions Q2 anaf}Be survey. On the same hand RQ3
focuses moreover on unbiased data obtained wifbrdiit calculations. In order to define
the GPS device accuracy more precisely a shoriy stiitl be organised showing what are
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the indications of the mobile device accuracy & @PS data (it is possible to get such data
however its reliability is highly disputable andsttrequire consideration). The study on
GPS’ accuracy has to be supplied with the analysthe distance difference between the
measured one and the one pointed by the applicaitafculating system. This study will be
done basing on the mean distance values for ewglgifg gathered during the measuring
phase. Such data can then be recognised by a peyeerate of inaccuracy allowing to
determine application’s worse and best performanbes last RQ4 can be only evaluated by
the user as there is a limited chance of measwonimggels quality and the actual intent is only
the users satisfaction. That is why the answetHisr research question will be defined by
users answers to Q4 in the user’s survey. Q4 isgoiscerning user’s opinion about the
quality of the presented model thus the answersiidhallow drawing conclusions about
RQ4.
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3 RESEARCH METHODOL OGY

Every single scientific study needs to be systamnaib that every single action
within can lead towards successful closure of tnered project. To achieve the best order
and also the best clarity of the process and guafid the study one has to abide a given
research methodology applied in the beginning @f pinoject. According to definitions
presented by C.R. Kothari in hiRésearch methodology: methods and technigtles'e are
different schemas possible for use but the mosticgiple within this study is choice
between quantitative and qualitative researdQudntitative research is based on the
measurement of quantity or amount. It is applicabl@henomena that can be expressed in
terms of quantity. Qualitative research, on theeothand, is concerned with qualitative
phenomenon, i.e., phenomena relating to or invglgnality or kind: (Kothari, 1985). This
derivation concern most of the studies dependinigamthe knowledge has been collected.
The AR implementation on mobile phone seems to tera complex study as researchers
have to substitute all the devices responsible detting the application in previous
approaches, like the Head Mounted Displays (HMRg lihe external Global Positioning
System (GPS) receiver or the calculating mechanidmt is why all the work concerning
the application have to be divided into sub-stdlmsvang to create an organised schedule so
that all the work concerning the application wenea on time. The whole study idea
reaches AR in general but it focuses on visualigingding models and measuring the
accuracy of such building it has to be includedhi@ plan of the project design apart from
the ordinary elements concerning such an applicatike GPS and the magnetic sensors,
calculating mechanism and a proper user interfalse the study of the application-general
-accuracy needs organising, that is why the gensaal of implementing the real building
model and testing the correlation between thelnedding and its model emerged.

In case of the AR study on the mobile phone we lawuedifferent stages that are
based on different features of the project whediffisrent methods applied. The workflow
progress is presented in the Figure 9. Each staggios different objectives, as combined
study does not provide a full image of neither gqate nor quantitative research. Since
some of the parts of the study cover different pectves of knowledge and thus they
require both qualitative and quantitative approacimixed method of both methodologies
needs to be applied where data for each part oktihey will be collected sequentially
(Bryman, 2006). Now every single step has to bestigated in relation to research methods
applied.

3.1 Formulating the problem

First step when conducting a work in the area gfhaented reality is to state the
real problem. After narrowing down the interestuisualising buildings’ one comes close
with the current state of knowledge and what mightstill missing. This investigation, in
this case, allowed to reveal the possibilities adbite phones with Android Operation
System, establishing the programming environmemt tfds purpose or choosing the
GoogleWarehousenodels and find a way of their appliance in an &gplication. It was
revealed that accuracy issues could be a problemomly by each device but the whole
application in total.

There are various possibilities, mentioned in Feg9r of data-collecting sources
enabling forming the proper character of the redeand these are previous knowledge,
existing literature and other projects in the saar®a and current observations, based on
suggestions from supervisor as sources mentionedeatPrevious knowledge is coming
from former attended lectures, mainly about GP$esysand programming mobile devices.
Observations are described during the writing @f tiesis and is mostly concerned about
existing problems or lack of good
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Figure 9: Division of work process during the study
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quality while programming. Gathered knowledge isitaming experiences with popular

existing projects likewWikitude or Layar. More complicated actions associated with the
research process is happening during revealinditdrature and existing projects (which

were also revealed by literature references) inoagss named literature review. The whole
inquiry should bring vital result i.e. research sfimns, revealing the area of interest in the
researched subject and aims for the next stepheoktudy. Research questions are truly
important as even the best answers will not coversubject if they are stated improperly.
Questions chosen within this study were alreadytioead in the section 2.2.

3.2 Literaturereview

Technically the literature review is part of forratihg the problem issue, for
making it clearer it will be considered separatélgrming a proper literature review has
undoubted meaning as it directs point of view @& thsearcher, brings the knowledge and
allows to correct potential mistakes. As some arehgshe researched spectrum like
implementing the code require practical knowledgean be researched on technical web-
portals, they were skipped during the literaturarcle. That is why parts referring to
programming or basic knowledge concerning: Javgrmaraming language or Eclipse IDE
environment were simply not included in the reseaFor creating the research tools there
were some keywords prepared concerning the diffexsgas of the study, which required
explanation and clarification. The keywords are:

* Augmented Reality

» Visualising building models
* Android

* Mobile phones

* Smartphones

* Global Positioning System
* Magnetic sensors

* Collada

There were also another choice concerning datahessgs in search for valuable
resources. The list was based on the most popatabdses designed for storing ‘computer
science’ materials based on the list from the Bibraty resources, i.e.:

* ACM Digital Library

» Google Scholar

* |EEE Xplore Articles

* ISl Web of Science (ISI)

» ScienceDirect Journals

» Springer Link

» Willey Interscience

The databases are presented in Table 2, usingvMotjoacronyms: ACM — ACM

Digital Library, Scholar — Google Scholar, IEEEEHE Xplore Articles, ISI — ISI Web of

Science, SDJ — ScienceDirect Journals, SL — Sprinigé, W1 — Willey Interscience. Table
2 shows the number of results found when seardbingresented keywords.
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Table 2: Keyword data search results:

ACM | Scholar| IEEE ISI | Safari SDJ | Springer WI
Augmented Reality 14 68897 000 3072| 369 124| 311 11684 208%7
Visualising building modelg 716/ 30300 33 9y 4 407 1087 | 41763
Android 1741 54400 401 669 446 1828 1960 1071
Mobile phones 29 314425 000 9 032 | 115031 592|26 164 26 927 | 19 123
Smartphones 1940 24500 373 363 595 816 1786 285
Global Positioning System 10 24399 000 17 401 13 732 810 | 43 746 30935 | 204 301
Magnetic sensors 4773 31500 133863151 83 | 71707 26390 | 25560
Collada 104 4 380 11 24 0 275 256 248

As a result we can analyse percentage share afutmer of all found sources,
presented in Table 3. Since only the first fouradases have bigger share we will focus on
those four: Google Scholar, ScienceDirect Jourigsinger Link and Willey Interscience.

Table 3: Percentage share of found sources:

ACM

Scholar

IEEE

ISI

Safar

SDJ

Springer

Wi

Percentage

3,119

65,12%

1,85%

1,78%

0,39% 7,82%

5,24%

14,69%

The study in this subject was chosen based onqusvinowledge coming from
former education, lectures, completed studies aberasts. The aim of the review is to
extend and fill current knowledge on the presersigbject. In order to do this, there was
firstly the literature referring to keywords seardrand it gave background knowledge while
forming the problem or research questions. Oncénagach of the four databases were
searched with the keywords and the 10 first souroes Google Scholar and the 5 first from
other four databases were skimmed by its contergryEsingle source was then quickly
evaluated in context of its usefulness in the stbja total there were 200 sources checked.

The aim was to get deeper knowledge of the subjeatrder to achieve it there
were three areas formed by combinations of the kegsv and one subject left alone
(Collada). It allowed to find sources significantlglevant to the subject as now all the
literature that was a result of such search wa$aurtd by accident. The numbers of sources
in given areas are presented in Table 4 and eVgndepending on the databases different
number of sources was checked in the databasdsstAthe initial 5 sources were skimmed
with its full content when it was not enough towlra satisfying level of knowledge in the
fields presented by keywords another group of Wixes chosen until receiving all the vital
information. The final numbers of the first sourcagsming from the selected databases,
skimmed during the process, are presented in tideTa As a result of this step of the
process there were 200 sources looked up from whiclvere ultimately included in the
thesis during the process of writing. The excludeduments were either redundant with
presented information, not relevant to the subpeatid not bring any fresh ideas that would
fit this study. All the articles included to thefesence list coming from the literature
research are listed in the Appendix A. The otherses added in the final references are part
of the previous education, the attended lecturegademic advices. All the articles included
in the reference list not coming from the literatueview are listed in the Appendix B. It is
important to underline that the literature revieaswseful not only because of the final list
of references but it also gave knowledge about wkigts in the literature not only from this
particular study’s point of view.
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Table 4: Study area search results:

Google
Scholar

Willey

ScienceDirect Springer Link .
Interscience

Augmented reality,
Visualising building models, 2 730 10 20 404
Mobile phones

Smartphones,
Global Positioning System 18 600 112 180 99
Android, 1040 23 44 29
Magnetic sensors
Collada 4 380 275 256 468

Table 5: Number of first sources checked from dagalfor each query:

Google , , , , Willey
Scholar ScienceDirect Springer Link Interscience
Number of sources checked 20 10 10 10

3.3 Project design

After fixing the research area and performing iterdture review one can have a
good view of the whole process till the end. Inecakthis AR study the target is clear and it
was to express the AR measuring agenda. In ordmrtduct the survey an obvious step was
to create the application. The application requimedk in some sense detached from the rest
of the study, it was based on former knowledge expkrience. This step of the study was
much more focusing on the technical side. The implgation was not finished until the
code reached certain functionality and quality. igveingle code line was investigated
hundreds of times before the whole step-sequensdiniahed and tests were possible. Still,
this segment of the study process has an empmesalarch approach as it was focusing on
how well the project was done in terms of worth dwodv it was probed by accordance to
prior assumptions (Kothari, 1985). The only measlerstem was the rate of fulfillment and
the assumed goals of the project. However aftersvtirel next step came: assessment, which
was meant to control work progress in much moreasdaa way.

Also during this part there were decisions concgyteéchnical methods that had to be made.
This was the choice of the environment and progremgreources. The choice of the mobile
platform was done on beforehand and it was condewith both previous experiences and
simplicity of the chosen platform. The applicatimas created on Android mobile phones.
The environment was also quite straight forwarditais the most common choice for
programmers designing applications on Android pkar@ it is the Eclipse IDE. The phone
used for this application wd$TC Dreamand it worked under Android API 1.6 (version 4)
and the SDK version used was 2.2 which was enoagtiefaling with Android API version.

3.4 Project evaluation

The major step of the study involves creation ofagplication-accuracy survey.
The data collected using this method is certaiiliing into the Quantitative methodology as
it is strict, unbiased and can be measured. Ofseodue to different devices applied, here
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mainly GPS. The GPS agenda will not be repetits/&RS indications might bring different
results from the same position during two differargasurement occasions due to different
satellites positions or different weather condisioithis is a problem but the idea of the
whole assessment is to try to control and handieddta and see how well the application
deals with real-time operations and real-envirorntadiasks in general. Since there are many
variable conditions repeatability is not so vital.

The evaluation plan will be carried out using 2zasme@ements from different, well
described points, just as it was mentioned beferemn every single point there will be two
values picked, one describes the building-moddt-ghirelation to the real existing one. It
shows much about the existing discrepancy betwedeat v desired and what is actually
achieved, however just this one value is not endaglescribe how accurate the application
is. One needs to create a whole scale and thatysalgo the second value is needed which
is the distance discrepancy. The measurement m@thto be taken from fixed distances,
i.e.: 10, 40, 70 and 100 metres away from the akpwint of the building and on the other
hand there is a distance value calculated by tipdication displayed on the screen. The
application has its own calculation system, as itreating the whole new reality, based on
the information stored in the building model anttiexed by the GPS and magnetic sensors.
In case of any inaccuracies the distance thus gatheill differ from the real one. There is a
simple, angular relation between the distance frieebuilding and its height. For instance
when the application estimates that the user iseclto the building, than s/he really is, it
will display a bigger building than the real exngtione, just as it is shown in Figure 10,
where just a slight discrepancy of 10 metres shbaseither the model is drawn bigger (if it
is presented 10 metres closer) or much smallerr{wthis calculated it should be viewed as
10 metres more far away). When also the shift ¢uoled one can already grasp two out
from three dimensions describing the model positiBecause the display is a planar
translation of the three dimensional world it ise thhest possible unbiased piece of
information describing accuracy.

Since retrieved data is measured and it servefication of the process, all the
collected measurements are having its unit and #tared in metres. The last part of the
evaluation process is grouping the results in sastof close results. One should consider
differences between the values coming from the samgde. Generally the values from the
same angle should look similarly, but if some @& tlisplacements will be unnaturally bigger
than the other, such a sample, should be treat€P&sfault and if all values from one angle
will be inaccurate there must be a reason why wroalgulation or magnetic sensor
inaccuracy occurs.

3.5 Interpretation and conclusions

The final stage of the study will cover interpraiatof the achieved results and it
will pretty much depend on the received data duprgject evaluation. The received data in
assessment should be analysed in order to find segudarities. This should also happen in
context with prior steps, for instance slight inm@cy might have been a reflection of
algorithm choices and geographical data calculatiolutions. The interpretation should
result in comments that should follow with cleanclusions and what should be done in
order to improve current results. Also, the whalewneeds to be very critical as the AR
subject is very extensive thus it is impossiblecdéwer it all. The interpretation should be
done on basis of knowing mentioned pitfalls as emxydependencies and variations of real-
time data and the need for different performandé® final aim is to be able to present
comments and conclusions on findings relating es¢hissues and for researchers and users
developing the technique of AR into the future.
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Figure 10: Relation between the real and calculdistance.

From a scientific point of view it also fits intoraixed method of researching as
this is a sequence ahalytical researchAccording to Kothari fh analytical research (...)
the researcher has to use facts or informationadseavailable, and analyze these to make a
critical evaluation of the materialwhich is exactly what is the plan for this pait the
study. During the whole study it will show that teeare different scientific techniques
applied, mostly: qualitative and quantitative mehoThe implementation part and the final
propositions for the future work combine the engailiand analytical research. This is a
perfect combination, as this should give a fullwien the possibilities of visualising
buildings applied to Augmented Reality techniquéyarsing a mobile phone which also
brings the scientifically basis to the subject.
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4 THEORETICAL WORK

After forming the research spectrum there is stdime work left before the
implementation. One has to consider all the aspettthe projected application before
starting the work over the code. In case of thenarged reality application which is under
development during this study there are a lot aofesathat require explanation and
clarification as the application needs to deal vdiffierent devices and operate in diverse
conditions. What has to be implemented is a sulstBD environment working on the same
basis as the real environment and immediately ptiog building models in the same
position as they would have been visualised inrdlad world. For this purpose there should
be a graphical library involved with the buildingodel applied. Also, the whole interface
needs to be prepared for storing, retrieving asgldying information for both the user and
the calculating mechanism. All the information reffeg to the newly created “reality”
parallel with the real existing one is written WiiPS and magnetic sensor indications. What
is important is that this is actually enough to ¢etknow about current situation and
reference between the real world and mobile phone.

The magnetic sensor gives the user three basiesahrimuth, pitch and roll.
These values are used for calculating view rotatibich is important but does not have the
biggest meaning as compared to Euclidean vectahndives the user the information about
sense, but what does sense mean without knowingditeetion? That is why vital
knowledge is gained by GPS indications.

What we receive from the GPS receiver using theileghone facilities are three
simple values: longitude)) and latitude ) and altitude describing the position of the
mobile phone. In order to deal with the two-dimensil world one should firstly focus on
the first two values and then consider the wortgifra cartographic point of view. Normally,
both longitude and latitude are expressed in degragutes and seconds. However in case
of digital data coordinates the values are storgidgunormal floating values, which is a
different version of the same, where degrees aréntkger part and minutes and seconds are
calculated as floating part in decimal order. Thsifive longitude values are describing east
direction, the positive latitude is describing heirtn direction, whereas negative values refer
to respectively western and southern directions.

On the other hand, while applying a model frGmogleWarehousthe position is
written inside the Model tag by the same three estldongitude, latitude and altitude. The
same rules apply to the way they are stored asstwith coordinates indicated by the GPS
receiver. After getting to know the position of tiewer, and position of the building in the
real world, the next step is to calculate how farshall create the building from the viewer,
or in other words: how big should the drawn buitgdinodel be on the display? Now we need
to refer to what we call ‘vertices specificatiomind remember that the model-vertices-
position is expressed using metres in distance rdecgp to exact positions in the real
environment. So the questions are here how to aoemtmordinates expressed in degrees and
the position in metres? A simple solution is tocakdte the distance between viewer and the
building into metres then put all the vertices tcc@dance to that distance.

The distance between two geographical coordinates e calculated using
spherical trigopnometry between those points antuatiag the arc on the top of that created
triangle, however during this thesis we will use #gimplified version of this calculation, as
we intend to create a clarified calculation meckanand evaluate the AR technique in
general. The requirement is just basic geograptinalvledge and Pythagorean theorem
appliance. For this method we will have to rementhat due to Earth’'s shape all of the
meridians are having same length and parallelshenother hand are sized differently, as
they are coming from the equatorial (the longesalpel) to both poles in the Figure 11 it is
visualised and showing the view of the northerntiEarhemisphere. The meridians are
marked using red colour and they are looking lilerele radius. Of course it is because this
view is planar, but in the spherical view, they algo sized the same as every meridian is

26



just arched in the same way. On the other handigiatanarked in yellow, are just a rim of
the covered surface. Since Earth is spherical shaypening from equatorial through tropics
till the north or south pole, they are embracingsland less land. As a result, the length of
every parallel, unlike meridians, varies from eadtfer and it depends on the distance from
the equatorial. That is why we need to considegitode and latitude distances separately
and bring them together using Pythagorean theorentiomed above.

Figure 11: The shape of the Earth and consequépbeto by Simmon, 2011).

In order to do it properly one needs to treat distaseparating the model and the
real building as a composition of component degugilthe shift towards latitudinal (parallel
to meridians) direction and towards longitudinaifts(along parallels). For both there are
separate equations for geographical coordinatesvialg) to measure and recalculate the
distance from being stored in degrees to beingdtior metres.

Sample calculation is presented in Figure 12, with random points A and B as distance
between which we wish to measure. Point A is tlesver’s position and B has coordinates
of the building’s position. Thiengthis the shortest way between the two points araliais
the hypotenuse of the right triangle allowing técakate the distance between the points A
and B.Longitudinal distances the spectrum between the points, when onelooks on the
span on longitude axis and the same applidatitnidinal distancebut this time it refers to
latitude axis spectrum.
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Figure'12: Distance calculation betWeén fwo pouvith geographibal coordinates.
Coordinates of the point A:

M = 18.233828544°
¢1 = 54.606563198°

Coordinates of the point B:
A= 18.176429271°
02 = 54.616759527°

Therefordongitudinal spectrum is:
AN =%, —A; =18.176429271° - 18.233828544° = -0.057399273°

andlatitudinal spectrum:
Ap=¢p,—¢1=54.616759527° - 54.606563198° = 0.010196329°

All we need to do after breaking the coordinatdadiise into two spectrums is to measure
how it transfers into metres. Because, as it istevwriabove, parallels unlike meridians, are
not the same length then each one needs to apifgredit solutions to deal with both
lengths.

4.1 Calculating latitudinal distance

In order to be able to translate latitudinal spaotfrom being measured in degrees
into distance stored in metres one needs to h#le deodetic knowledge. As it is known,
Earth does not have perfect sphere shape as wer nadb to call it geoid. Still for basic
geodetic calculations we use a model of spheregusinich we consider all the laws and
rules which should also apply while referring tortha This inexactness should have big
consequences as the discrepancies between bothsshep not so significant, especially
when it comes to distances no longer than 100 mdinmich is an estimation of our
application range) where those discrepancies dresaf a single millimetre. In that case
we assume a constant value of the great circle.Great circle is a rim dividing Earth into
two same hemispheres. A possible Great circle iscaratorial or two opposite meridians
(like meridian 0° and 180°), but not every paralislthey have different lengths as it was
explained above. The first fact is that the Greatle has size of 40 000 kilometres (De
Canck, 2007). Since a Great circle consists ofrtveoidians and every meridian is equal, we
can assume that every meridian is 20 000 kilométmeg (of course treating the Earth as a
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model of a sphere, as actually it is slightly #attd at some points). So now it is important
to realise what we want to calculate. We know homglthe meridian is. We wish to know
how long one degree of the meridian is when spgakinmetres. Then we would be able to
answer what distance our spectrum does bring. deraio do this we need to get to know
how many degrees there are in one meridian. Simee tare 90 degrees for the northern
hemisphere and also 90 degrees also for the soutfemisphere and in total it is 180
degrees that make up for one full meridian. Now,d&lculation is simple. If one meridian is
20 000 kilometres long and one meridian has 180&ntone degree is a result of the
following division:

20000 km km

= ————=111111

180° 1

This means that a single degree in latitudinal lergpnsists of 111,1111 km.
Coming back to our calculations it means thatuditital distance should be multiplied by
value of one degree:

A =0.010196329> 111.1111%= = 1.13292543311519 km1.13293 km =
Ap=1132.93m

which allows us to estimate the value of latitutliseope for more than 1 kilometre 132
metres 93 centimetres (Pelczar, Szeliga, Ziotkontkr8).

4.2 Calculating longitudinal distance

To calculate the longitudinal distance, gladly éhare already equations existing.
Still, we need to observe that since the lengthpaoéllels are dropping down while going
away from the equatorial, the length of one degadae is differing depending on how far
we are from the equatorial. The angular distanom fthe equatorial is one of the definitions
of latitude, that is why basically length of onegdee in longitudinal distance is basically a
function of latitude. In other words, 1 degree nganhuge distance on the equatorial but
also a tiny one close to the any of the Earth pdtes important to keep in mind that one
cannot forget about latitude while calculating lbadinal value of one degree. The function
that calculates the value of one degree on pasafiedlready described in geodetic tables so
one can easily check it up on relevant tables aisdn the following function:

] = 2rRvcos (@)

360° (Pelczar, Szeliga, Ziotkowski, 1978)

where R is Earth radius:

R = 6378.245 km (Pelczar, Szeliga, Ziotkowski78p

So, returning to the exampieis a value ofp,, as it is the starting point, and as a result w
achieve:

I = 64.47598228"1—’:"

This means that a value of one degree on the datitt¥,606563198 is close to 64,5
kilometres. Of course in order to make a propecutation we need to give a radian
argument for theosinefunction, which in Java environment means muliipythe latitude
value by "Tjigﬂn.. Now, we should remember that the longitudinalgeammeasured in

degrees is:
A\ =-0.057399273°
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so the same as above we need to multiply it byahee of one degree:
A\ =-0.057399273° 64.47598228’{1—":’I =-3.700874509 km = -3700.87 m.

A negative value does only give us information dlibe direction (point A is much more to
the East than B point) still the value does noryndéiscribe the length and it is 3 kilometres
700 metres 87 centimetres.

4.3 Bringing latitudinal and longitudinal distance

together

Since we already have the information about laititaldand longitudinal distances
in metre we have everything it takes to measurevti@e distance. Bringing it back to right

triangle we have in Figure 12 we have the lengthath sides adjacent to the right angle and
we can calculate the hypotenuse length using thieaBgrean theorem.

A= 1.13293 km
A = -3.70087 km

From the theorem we know that:
length =/ A ¢* + AA?

and we can calculate and receive a value of:
length =3.870399488 ka3 870.40 m

This is our final result, the distance from therpoh to point B is equal 3 kilometres 870
metres and 40 centimetres.
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) APPLICATION DESCRIPTION

After clarifying the aim of the study, forming thesearch area, getting to know all
the existing obstacles and possible risks basetthetiterature review the next step was to
start working on the application. The implementati® the breakthrough since that is done
we can finally observe how the previous knowledgediits, this is the moment where the
theory finally is implemented and can work out ragiice.

The implementation is very complex as it requiragaaising a lot of prerequisites
as well as it is time consuming. The work effortlod application in augmented reality took
in total six weeks, as every single step needebetwerified. It started with creating the
interface which was enriched and based on curtesgreations and new knowledge applied.
The next moment was capturing the view from a sieth@amera of the mobile device and
setting the camera’s orientation. After this the aif filling the interface with data gathered
by GPS receivers and magnetic sensors followed dllowed the user to understand better
what was happening with the application during gwéngle moment. The biggest challenge
in the implementation of the AR application was lohepwith the building model and
displaying it on the device screen. The last stag the right positioning which involved
organising a whole calculation system dealing witinrent position data and viewing the
model in the right position responding to valuegegi by the GPS receiver and the compass
sensor.

The basic idea for the application is that it {gratotype project containing just the
crucial functionality of an augmented reality apption visualising models of virtual
buildings. After the study the agenda about apfiicaaccuracy will be created and the
results of such an agenda will allow to tell whhe tpossibilities are for application
extensions and how well the application does abe htention is to create a complete
functional application allowing to browse the eowiment with a 3-dimensional view of the
terrain with possible functionality for real estaigents or building developers allowing them
to present their architectural plans.

As mentioned in the study the application was mearite designed for phones
equipped with Android Operation Systems. That iy e work is narrowed to facilities
best for these group devices. The most simple ehfoic programmers developing Android
applications is using Eclipse IDE environment, fissieven recommended on “Android
Developers website” which is an Open Handset Adlea{OHA is the official AOS owner)
product designed for programmers. There are ofseoather possible ways but mostly they
require manual installation of the ADB directory maged from the command line which is
not so convenient as while using all the plug-ingaoised by the IDE (Integrated
development environment). Still, using Eclipse IB&ss not mean that everything will be
done by itself though it is also concerned withesal obligations, firstly installing the
Android Software Development Kit (SDK). It is aneypsource product, available on several
sources and installing it is necessary as it costaill the vital tools needed by the
programmer developing Android Projects. Then corties obligation of installing the
platform. Android requires at least one platforn5IDK to be installed, so if there is yet no
platform installed one has to do it right away. d@this, one has to use thadroid SDK
and AVD Managermption and prepare the necessary repository FBhte. last task before
starting the implementation is either preparingrtiebile device or using one of the possible
Android Virtual Devices (AVD). AVD allows the use¢o test and debug the application
without actually having the mobile device connectedhe PC. In some cases it is very
useful, however for using the external devices,clwhs actually a huge part of the AR
application intention, it is not so applicable. Fostance there is yet no solution presented
for implementation using the Android phone’s cameéa when the user tries to use the
functions based on the Camera view s/he sees jasidem image of a chequered area and a
square moving (Figure 13). The same concerns asg whe GPS receiver or the sensors,
which of course is possible but is not functionacs there is no real phone and thus the
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sensors are not working. Of course there are ttadding with this like sending the emulator
GPX or KML file with trace with GPS coordinates w®ver in total it makes it much easier
to implement and check the application using tla mebile device.

The application will be implemented on the HTC DreAndroid phone. It is a
standard smartphone with just enough functiondiity a sample AR application. The
execution of the application on the mobile phoneasdone automatically after plugging it
into the PC, as it requires additionally installiagd turning on the PDA.net application.
After doing this one may install the just impleneshicode on the mobile device and enjoy
full mobile phone functionality, which in our caseans the possibility of using and testing
the camera and the sensors.

Figure 13: View from camera implemented on AVD.

Finally after dealing with all the prerequisites ntiened before, it is possible to
create the application. Starting creating the fats, was to settle the layout. There are
different possible types of layout available for ushile forming the application on the
Android phones and there are also two possibilifeésplementing them in the application.
One may use the Activity class or using the autaraby prepared XML file for layouts
which later on will be parsed and form the R classring the information about the
application layout. The interface needs to contiements concerned with information
gathered by the application which is the shapehefluilding model, the view from the
camera, the GPS sensor and the magnetic sensoatiods, the calculation of the distance
between viewer and the building. The final chodoi put all the elements into tReame
Layoutwhich is a simplest layout allowing the elememiside being distributed all over the
screen. Both of the displaying elements as thalimgiimodel and the camera view were put
inside the separatlelative Layoutsvhich was a good choice for the elements that tnigh
occupy the full screen. ThieextViewswhich is a solution for storing the text infornmation
the interface were put in thenear Layoutmoved to the bottom of the screen which was for
uncovering the view.

Creating the interface is basically a start towgmagyramming the features of the application
as the camera view in the background and implertientaf the building model from KML.
Implementing the camera view requires using@aenerapackage from hardware packages
and addressing the view class reading its contiexhat case it is done by creating a class
extending SurfaceViewclass from android view packages. Of course ttan gbr the
interface also assumes setting proper orientatiticlw has to be done by changing
AndroidManifestthe standard xml file containing all the vitaldnfhation necessary to run
the application. The camera also requires settisgpermission for the application to use its

32



device in theAndroidManifesftfile. Sending information from the sensors to dpplication
is concerned with using the standaatationListener(tlass andgensorEventListenerhe
first one for using the GPS receiver, second onegog a magnetic sensor.

Working with sensors is still much easier, tharkpig the building model and then
implementing it into the application. One has tokrthat since the model is drawn into the
application one has to choose the graphical enwiemt. The graphical library supported by
Android phones is OpenGL ES 2.0 which is a versibithis popular library designed for
mobile programming, and it is used in our applmati This means that the whole code
structure is based on a library standard. The mbaglto be operated externally and firstly
chosen fromGoogleWarehousstorage. The standard solution for saving filemgighis
service is KML. However for our application we ndedead the Collada model file (having
.dae format) as it is the file containing all tildormation needed by the application as the
basic rules for storing the information in both lBda model and Open GL library are the
same. A Collada file, above all, is listing infortioam about used vertices, normal and texture
coordinates which are also applied in OpenGL birtgudifferent schemas. In the graphical
library there are arrays that need to receive méiion from previously arranged buffers.
There are different types of arrays, from whichneed to enable and organise these three:

» Vertex array (GL_VERTEX_ARRAY)
* Normal array (GL_NORMAL_ARRAY)
» Texture coordinates (GL_TEXTURE_COORD_ARRAY)

All the information which we need to operate isezhin the Collada model file
which describes our model well. The biggest diffieeeis the way they are stored and that is
why they need to be picked up from one file, retdi according to Java language from the
file based on an XML pattern (for instance not eimihg comas between all the vales). This
allows to display the building, however afterwaitdseeds to be redefined according to user
position and direction depending on what the phemminted at. Of course the Vertex array
describes position of each vertex, the normal adescribes normal vector for every triangle
drawn and texture coordinates array posses infitwmabout the texture piece that needs to
be connected with currently drawn vertex.

The last task is done by calculating the systefariction checkVisibility()containing all the
basic information about the model default positithie mobile axes tilt and user’'s current
position.

We need to keep in mind that vertices are describaélation to one reference
point in the central part of the building. VerteXdrmation is just stating how far away, in
metres, the given vertex is from the reference tpod@scribed inside the KML file. That is
why vertices need to be picked and brought intoapplication thoroughly. It is done by
calculation using a method described in Chapteerting the distance between the user’s
and the building’s position into metres. Since Yegtices are picked from the Collada file
and they are already giving information in metraspne has to do is translate the building
position on the screen by using OpenGL function edirglTranslate It contains 3
arguments showing how to translate the positiomgudhree axes. In oulandscape
orientation X is the longitudinal distance, Y isthltitudinal and Z is latitudinal distance.
Also the information from the magnetic sensors rtedoe used. They are addressed using a
glRotatef()function coming from the OpenGL ES 2.0 standaathof the magnetic sensors
indications (azimuth, pitch, angle) are stored ssply andglRotatefalso allows rotations
on three axes. In that case the pitch means rotatioX axis, azimuth on Y and roll means
rotation on Z axis.
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6 TECHNICAL ISSUESAND SOLUTIONS

The implementation needs to be a systematic protedact it is a sequence of
clarified operations based on already explainetlfea. However while dealing with more
details one receives a number of still unresoha=iies. A major one is that model files
coming fromGoogleWarehousare hard to import to other environments. Somenyite
towards this were done, however ellada file format is yet not organised for reworking
and there is lack of applicable tools. Also somelsdike ColladaDOM application for
parsing the .dae files is no longer supported &nd it is least trustworthy. The final result
of this is that several issues were found and thgyire deeper explanation.

6.1 Collada (tranisition for mat)

The name Collada means COLLAborative Design Actidnd is a file format
storing information of 3-dimensional building mosiéh a textfile. Collada files are stored in
a file based on XML format and it is a popular gting language used in many applications
creating 3D files, such &oogle SketchUwvhich is an application creating models used by
GoogleWarehousgDe Paor, Whitmeyer, 2010). From the whole stmectof models
available onGoogleWarehousstock, the Collada model is the most useful onié akows
for easy transition between various graphical tobls also applicable on OpenGL library,
however there is yet no tool created that wouldmatically translate a Collada file into a
set of code line appropriate in OpenGL environm&he task for a developer is to manually
interpret the code from the Collada file and eittrerate a script or pick the vital information
and install them with an application source usedu®ed graphical library (in our case
OpenGL ES 2.0). Unfortunately this cannot be doitbamt going into details of the Collada
model, as it requires having much knowledge of.dae file structure and its schema.
Collada files by standard provide information veiitin different libraries, where each is
responsible for different features of the buildmgdel:

* Asset (asset)

* Animations (library_animations)

» Lights (library_ligths)

* Images (library_images)

e Materials (library_materials)

» Effects (library_effects)

* Geometries (library_geometries)

* Controllers (library_contorlllers)

» Visual scenes (library_visual_scenes)
* Scene (scene)

From all the libraries for transferring the modaii OpenGL environment, we just
need to read the information written in a few d@rth First of all one needs to concentrate on
the unit describing distances vertices positione Tiformation about the unit is placed
inside theassetsection. Theimage library content is connectingnaterial and textures
location, whereas we receive more information aloaterialsessential for application in
the geometries librarylt is the place where all the meshes are beisgrieed byposition
normal andgeometry uvarrays are listed. Thgosition array is responsible for describing
model vertices angeometry uarrays are storing information about texture cowigs. The
information finalising the content of the mesh he triangles tag which is describing the
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triangle’s vertices position. In general the sarmacsure works for OpenGL environment,
but the details however are quite different.

Each array is described using a standard way \-ifstre is afloat_array with a
countmarker expressing how many values there are inSidere is also an other way in
counting number of values inside tfeat_array and it is multiplying thecountmarker by
stride value as the content of the accessor tag descuibes is the actual format of
information stored inside each array, as it is shd&low, by sample content pbsition
array:

<source id="neshl-geonetry-position">
<fl oat_array id="neshl-geonetry-position-array" count="168"> (...)
</float_array>
<t echni que_conmon>
<accessor count="56" source="#neshl-geonetry-position-array"
stride="3">
<param name="X" type="float"/>
<param nanme="Y" type="float"/>
<param nane="Z" type="float"/>
</ accessor >
</t echni que_conmon>

</ sour ce>

In that case there were 56 vertices containingeslior each of the three axes
(x,y,2) which in total makes 156 values inside Wiwle array. In analogy theormal array
also consists of three values as it needs to despasitions in relation with 3-dimensions.
On the other hand thgeometry uvarray consists of only two values in each stritlee
geometry uwvorks like theTexture_2Darray in the OpenGL environment and this means it
only contains two referencing values in each stade it is either named UV or ST. This is
because it refers to planar surface of a textuckilmposes this piece of the flat texture on
the 3D corresponding vertex. Up to this moment whémg seems to be a parallel between
both environments: the one we pick model from dreldne we want to transfer it to. The
vital difference reveals when we realise how tremants are referenced when the vertices
are picked.

The drawing part in the Collada model is done ia tiiangles tag inside the

geometries librarylike in this sample code from existing Colladafi
<triangles material ="material _4_13 0" count="2">
<i nput semantic="VERTEX" source="#nesh4-geonetry-vertex" offset="0"/>
<i nput semantic="NORMAL" source="#nesh4-geonetry-nornmal" offset="1"/>
<i nput semantic="TEXCOORD' source="#mesh4-geonetry-uv" offset="2" set="0"/>
<p>12 6 21 9 6 22 56 23 9 6 22 12 6 21 6 6 27 </p>
</triangl es>

This requires information about input data becahsg are included while giving
indexes inside th@ tag. The Collada model while parsing the contdnthe p tag first
considers the number of input values. Since thegetlaee input values, the vertices, the
normals and the texcoords it groups the whole chaide into groups of three and then
goes inside each of them. In other words the Viattie refers tgosition array second one

comes to thenormal array the third togeometry uv arrayFor instance analysing this
sample above the following indexes will be assigieeach array:
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Position array: 12, 9, 5, 9, 12, 6.
Normal array: 6, 6, 6, 6, 6, 6.
Geometry UV array: 21, 22, 23, 22, 21, 27.

The OpenGL ES, which is a library for mobile degickas a limitation for drawing
triangles only whereas in standard version of fibsary quads and other meshes are
possible. Luckily most of the files coming froBoogleWarehousare designed to build all
the shapes with triangles that is why we can cemdidree values from every array. The
meaning of the input coming from tipetag distribution is that the first triangle consisf:
vertices like: {12, 9, 5}, normals: {6, 6, 6}, anidxture coordinates as: {21, 22, 23}. All the
three indexes referring to normal array are theesaecause every drawn mesh needs to
have only one normal vector. Referring to our scibfee normal index for the first triangle
is 6 and since thaormal array consists of 3 values in order to attach the ctmecmal
vector one needs to pick the sixth group of thresidie this array. Same rules are applied
while reading vertices and texture coordinates, éew@w there are three indexes for every
vertex and two indexes for every texture coordin@teere are also 3 values possible,
however the most common amount is 2 and this is homorked out in the sample file
discussed here). What it means is that there catifieeent normal- and texture coordinates
assigned to one vertex, whereas while using Opesv@ry normal and texture coordinates
has to be in the same position as the vertex itsdist. When one wishes to use one vertex
twice s/he needs to write the vertex array twicghwiesponding normal and texture
coordinate values. This sample table would havea& the same for every element. For
instance when the Geometry UV array would havedl the same like the Position array:

Position array: 12, 9,5, 9, 12, 6.
Geometry UV array: 12, 9,5, 9, 12, 6.

Basically, while translating the Collada model tpg@GL ES structure one has to
think of an overwriting solution. It is not posstbio overwrite the Geometry UV array as
every position there is occupied with importantoinfiation that cannot be lost. The best
solution is completely repositioning for every e coordinate according to position of a
responding vertex and if there is a multiplied grrthat is referencing different texture
coordinates it has to be added on the end of thiices list. This can be done manually
(which is very complicated), one can create a sdgmng this, but also use some of the tools
available all over the Internet, likéollada refineryintroduced by official Collada developer
group (The Khronos Group, 2007).

6.2 Texturescollision (problem in transferring building
textures)

As it has been mentioned before, the relation batvmaegiven texture image and a
specified material is placed in theage library and it binds the material with the given
image, so later on while tracing the texture ongthasearch for that material. Of course the
images need to be imported separately into theicgion and the easiest way is to store
them in thedrawable resourcstorage. Then creating a bitmap type variable whiithkeep
the address of the image (since it is inré@ourcedirectory it will be part of R.java class).

If a proper interpretation of a Collada file is @otihen the building will be drawn within a
proper distance, using correct normals and rigkiute coordinates, which means that the
texture image should apply adequately. Still, onnynanobile devices the model has
recognisable shape but its surface is blank. Thigeicause of a common bug, because of
which on several devices the textures, which lengtid width are not results of
exponentiation of 2, they do not display. Sadlycahcerns most of the textures, since they
have irregular rectangle sizes and only few mdatsrequirement. Unfortunately this bug
also works on textures applied on a HTC Dream ragfifilone. As a consequence of the fact
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that it was the phone on which this study has Ipegformed, it was also another obstacle to
overcome.

In order to manage with this issue, one has to #a&®se look on the structure of
the UV mapping of textures. The UV sometimes abdted as the ST system is a convention
for bringing planar images into the world of 3D metsl In our case we prepare a
photography of every single part of the buildinglevation. Than we start considering every
single mesh as a wall, a planar image. That is when3D world becomes a digital 2D
standard again. The final part is picking everyteserof the mesh and finding a point on
texture image exactly corresponding to the onehenntodel. The moment when the three-
dimensional vertex corresponds to the two-dimeragdipoint inside the texture is called the
UV mapping. It is important to observe how the pdaoks inside every singlav array. A
sample trial is listed below:

<fl oat_array id="neshl-geonetry-uv-array" count="110">1. 000000
0. 000000 0.614327 0.957395 0.614327 0.000000 .... </float array>

Furthermore it looks quite similar, even thoughr¢hshould be 104 more values.
As we can see the values inside such an arraynatieei range between 0 and 1. This is
because the texture coordinates are addressedilesgaof the file size, at this moment the
parser does not have to know what is the exact pixéhe picture as it is described by a
percentage value. It means tBat) is the pixel 0, valu&. 0 means maximum size (u is for
width, v means maximum heighf), 5 means half the size (width or length dependirigisf
u or v). Basically it is enough to understand wtet be done in order to apply right texture
to the model. First of all we need to check if theage really does not have the length or
width that is a result of the exponentiation ofl2not then we need to resize so it will
happen. Since we do not want to change the ratiodes length and size and actually from
a developer’s point of view it is usually bettert b@ change graphical quality of the image,
the best solution is to just change the size toctbeest power of 2 and leave the thus-
obtained area blank. What we can do then is to podatie the data inside ther array by
narrowing the scope starting from 0 to 1, to stgrfrom 0 to value lower than 1, according
to image resizing ration. We can take a sample tdxéure really existing in one of the
models. It has a size of 173x200 which means itl¥&spixels of width and 200 pixels of
height. None of these two values is a result obegptiation of 2. The nearest bigger result
of exponentiation of 2 is 256 that is why we wékize the image from 173x200 till 256x256
by adding an empty area around. Whereas pixel 1&8 the wide edge of the primary
texture now it is a place somewhere in the midélhe newly created texture. That is why if
we wish to reach the previous edge of the textieen@ed to consider that now it is the 173th
pixel out of 256th existing. Ultimately, in order find it by UV mapping one has to look for
a value equal to 173/256 and i.e.: 0.67578. Siniseviery confusing and every texture has to
be interpreted individually, resized and then texttoordinates have to be reconfigured it is
also possible to automatically stretch the pictii@. instance while referring to the texture
having size 173x200 one can spoil the proportiorstogtching the texture into the new size
256x256 and leaving the old texture coordinatesabilge UV mapping is only refereeing to
proportional position of the pixel in every dimemsiand this does not change by just
stretching the image. Unfortunately this might alsean some image defects as generally at
some point of the approximation final result midiing some inaccuracy and thus the
texture might get distorted that is why in genéhalfirst solution is more secure.
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173x200 256x256
Figure 14: Sample file size changing for avoiding texture bug.
After these changes, position in the texture imadpch has previously been a
(1,0) or (1,1) pixel is no longer being placed ba maximal edge of the texture. As now the

coordinate point (1,1) does not mean a (173,200)t o the image it rather says (256,256).
That is why all the points need to be changed,gash the Figure 15.

(0,0) (1,0) (0,0)
. (0,v)

(0,1) (1,1)

(x,0) " (1,0)

(x,y)

(0,1)"

173x200 256x256 "(1,1)

Figure 15: Basic points transition.

The calculation of a new range of coordinate pdmsimple as all the new values
in theuv arraywill have to be divided by a value describing hitve image got enlarged. In
that case the width increased from 173 to 256 sociteased by 256/173 = 1.4798. The
height increased from 200 till 256, which meang tha texture spectrum should now shrink
by the ratio of 256/200 = 1.28. What it means &t thl the first values (width) from every
couple in theuv array should be divided by 1.4798 and every second vahmild be
divided by 1.28. The final result of this processhat the texture coordinates point having a
value (1,1) should now become (0.6758 , 0.78125k ahthe texture points should not
reach further than this limitation, from this pothe gray area starts which we do not want to
see inside our model, see Figure 14 and Figure 15.

38



6.3 Sensorssenditivity and azimuth shifting

The sensors sensitivity was listed as one of thpmiaks before creating the
application. Unfortunately this risk has not beedrassed as these issues are also related to
the mobile device type and model which cannot leglipted and opposed by the application
developer. The sensors sensitivity does frequexfithct the model resulting in its floating on
the screen, still it was not the major issue wipitegramming the AR application. It was
rather connected with the screen orientation. Fudrdid programmers and available screen
orientation solutions, thiendscape orientatiomas been implemented here. This result in a
horizontal position of the device and its displaypecomes wider then it is tall.

Unfortunately this does not work without any furtlmnsequences as it affects
sensor indications. It is because all the sensusiipns are defined fgrortrait orientation,
which is not applicable in the application becaotéhe building model feature, as they are
mostly wider than taller. Luckily the knowledge tbfs fact allows turning the functionality
back again. This has to be done with some matheahatalculations. For instance the
azimuthvalue which has a range from 0° till 360° needsdancreased by 90° because of its
destination working irportrait orientation of course this means that values in the segment
between 270° and 360° will be lowered into the spec between 0° and 90°.

Some other translations were also done titoh:

180° - pitch, if pitch > 9C°

pitch = pitch, if pitch <90° and pitch> -90°
-180° - pitch if pitch < -9¢°

and theroll values:
90° - roll, if roll > 90°

roll = roll — 90°, if roll <9C° and roll>-90°
90° - roll if roll < -90°

in order to react to phone sensors rotation. Howavestill might be the case that due to
sensor sensitivity the result does not fall inte tight angle section and building position
changes rapidly.

6.4 Determining viewer altitude

The GPS receivers support the user with preciseegabf its current position.
When the user is in a good range of satellites possible to receive information about
longitude, latitude and altitude. Determining Idnge and latitude has already been pretty
well described in this study. Reading informatidooat the viewer's current altitude would
allow us to make other rotations of the buildingading to user’s point of view and for
instance revealing the roof of the building whea tiser moves upstairs with the application.
Sadly, during early stages of work it was revedhet altitude values received by the GPS
did not show the real altitude position as resudised with up to 60 metres. This is because
the GPS receiver works in accordance to WGS-84 gjendnap system. It assumes the
ellipsoidal model of Earth, whereas it is just a@icity that does not take into the
consideration terrain denivelations and that E@&thot an ideal elipsoid. In practice this
might differ the measurements significantly and tkavhy obtained results were varying so
much from the desired ones. Unfortunately, deahity the WGS model would mean a lot
of calculations mostly not related with the genesabject of this study. That is why the
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information coming from the GPS receiver will beglayed on the device screen but it will
not be used in further system calculations becatige big discrepancy with the real value.
The solution for calculating the user’'s positionllvide to treat the altitude by default.
Because of the GPS restriction the user altitudebyidefault be marked at ground level
which means that the mobile position will be markedL.65 metre height as an estimation of
average eye-height of a user whom holds the mahitene device. Practically this means
that the application is restricted for terrain @s® the calculations will only depend on
user’s longitude and latitude, the altitude willt miafluence the view even if the user will
move upstairs.
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7 EMPIRICAL TESTS

After creating the application the indispensablg gato test how the application
acts in the outdoor environment. The more builditlygsre are tested the better we can
describe application’s general accuracy. Unforteiyathe implementation of every single
building model, as it is proved on beforehand,dasyime consuming because every single
building feature needs to be implemented indiviguyahll the vertices and texture
coordinates need to be picked manually also theiexoordinates have to be reconfigured
because of the phone’s texture size requirememtthl requires a lot of thorough action.
This is why only a limited number of models will bgaluated within this study. The work
with the application started with one small sammiéding which was a model being close
to BTH campus. From all models avialable GoogleWarehouse¢he block of flats on
Snapphanevagen 8 in Karlskrona was chosen. Thiglnsedved for all the initial steps of
the application implementation, including drawirte tshape of the building, adding the
textures and the right positioning. Correct implataéion proved that applyin@ollada
models into the Android environment (OpenGL mobitaphical library) is possible and can
be tested furthermore for realising augmented tyeajioak. The block of flats on
Snapphanevéagen, was the first such applied modkltamas only created for training and
establishing all the necessary functions of theliegion. The final result of the ‘model
view’ can be seen from different views in Figureal® Figure 17. The building displayed in
both figures is viewed regardless of GPS indicatignst according to azimuth, pitch and
roll value. It is a sort of testing mode allowing display the building during its
implementation.

BEAARD @ B RS 21:01

Augmented reality

Longitude: “Nomwsble Sensors [AAR R Eiolnlees
Latitude: BlE s it Bl allde: (et
Figure 16: View of the application building modstiuth elevation Snapphanevégen,

Karlskrona.

After implementing the first building model it wés realise the aim of the study,
which is to evaluate the quality of the applicatibyp performing tests in the outdoor
environment. In order to do this, three single niedeere applied into the application. Each
one of them was then visited and the measuremeeits taken directly from the place in
which the building was placed in the real worldeTglan was to take measurements from 24
positions for every single building, four times rfroevery angle from different fixed
distances from the central point of the building; 40, 70 and 100 metres. The reason for
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this is that in urban environments one should redtagbetter view than 100 metres away
from a given building so the measurements wereomaad to 100 metres and then in steps
30 metres down to the centre of the building. Thei@e of 30 metres as it is an optimal
distance giving representative results by not tomnynmeasurements. There should 6
different angles from which the measurement is dpedimken, taking more angles into
consideration would become hard to operate antl @tijanising measurements from 6
different angles should in most of the cases atleace give a good view on each of the
building elevations. For every single position ofi24 planned for the building there should
be two measurements noted, i.e.: discrepancy batwae mark-up point in the building
model and its corresponding point in the real bngdand distance between the building
shown by the application. All measurements arertalgng sticky tape measures. Because
of measurement complexity, every measurement regj@rpeople involved, one operating
camera and the other working with the tape meamudedoing the necessary calculations.

EOAAR S O BER@ 19:28

Augmented reality

Longitude: Nonwslile  Sensors [AMRRE Altitude: L 51

Latitude: SlofviEiglE IR SRl s TR

Figure 17: View of the application building modebrth elevation Snapphanevagen,
Karlskrona.

Distance: it

The buildings included in the testing process aming from Gdéask and two of
them are part of Gdak University of Technology one is the new buildwfgghe Faculty of
Electronics, Telecommunications and Informaticgé 18), the other is an old building of
Faculty of Mechanical Engineering (Figure 19). Batle placed rather near to each other,
but they have different volumes and because of ttiegctions of elevations they are also
varying. The third building is a different type,ist part of a crowded city-centre in Ga&
which is one of the most recognisable landmarkkiiing a gate towards the main street of
Gdaisk called the Golden gate (Figure 20). The testezhout for the Golden gate was due
to it held with restricted access to some of thevegi and the span of measurements was also
limited.
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Figure 18: View of the application building modEIT| Faculty, Gdask.

Due to the building’s placement it is also a platere plenty of tourists can cover
the view and thus spoil the measurements. It iomapt to get the application to work and
to be tested in different environments as augmergality future appliances also might vary.
The testing process was done during two differeysdwith completely altering weather
conditions. The first day was very sunny and drwéweer the second day was on the other
hand rainy. This also affected the results, thosthayed the second day clearly showed
much worse accuracy even if the same building veérsgomeasured.

« BEEH@ 23:56

Augmented reality

Gdaisk.
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O B M@ 15014

mod@&lolden gate, Gdsk.

As mentioned here before every building was planteetie measured from 24
different positions. Due to different reasons, likerd access to the building from some
directions or building composition (for instanceamhlO0 metres was not far enough from the
central point, to get outside the building), it we always possible. For a model in an urban
environment as the one in the centre of the cikg the Golden gate in the central part of
Gdaisk Old Town it means limited access from differamgles forcing to drop the
observation angles from 6 to 4. Sample views aesemted in figures using different
distances away from the real building ‘Golden gaéiglding, here placed and seen from 40
metres (Figure 21), 70 metres (Figure 22), 100 esdffigure 23).

Augmented reality
o ANy g

LAl e

Figure 21: View of the application from 40 metregg, Golden gate, Gdak.
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Augmented reality
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Distance:

Flgure 23: V|ew of the appllcatlon from 100 metemay, Golden gate Gfisk.

After conducting the tests, every measurement wétew down in a measurement
table. The measurements that could not be made marked as ‘X’ meaning there is no
result from this position. In order to estimate itmportance of the different factors imposing
the application complete accuracy some subtests tdhéollow. Also 5 random users were
asked about 4 questions concerning the researtbfithe study. Answers were also written
down and enabled analysis on users’ point of viawhe application.

A separate last test has been done in order tauaeascope of the GPS receiver
evaluated by the Android mobile device. To do thesapplication has received data sent by
the Location.getAccuracy@ublic method available on the Android API. Thstsehave been
carried out 3 times during different daytimes ardrg time the 10 first values were noted
down. This should allow to evaluate the spectrurArdroid common coordinate results.
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8 RESULTS

The testing phase has revealed several interesgfipdication properties. The
augmented reality application has to encompasd aflcomponents that might have an
influence on the final accuracy result, like theSG&hd the magnetic sensor indications as
well as the graphical library and coordinate caltah mechanism. While preparing the
results some dependencies have been discovered.

Firstly it shows that the GPS accuracy has had gmifsiant role during
measurements. According to the GPS documentatidreapectations shown in chapter 2
sometimes it took plenty of time, sometime eventadO minutes, after turning on the
application and receiving first accurate GPS fiwéth coordinates. The GPS indications are
the biggest variables inside the application cakiody mechanism. Unfortunately, it was a
common fact that the coordinates coming from th& @teiver were switched, even when
the user holding the mobile phone remained stiie Bhift in such switching coordinates
influenced on the value of distance calculated H®y dpplication changed even with more
than 10 metres, which meant that the size of thiédibg visualised was also varying
significantly. Another observation was possibleafaking the measurements from the same
place in two different days as it happened with tRaculty of Electronics,
Telecommunications and Informatics building moddiew once the measurement were
taken during a sunny day and during the secondtdags cloudy and almost raining. The
results received were differing from each other and could clearly see that those taken
during the sunny day were more accurate. It is edsased by the GPS receiver reaction to
satellites location, which cannot repeat twice shene, and signal strength, varying due to
weather conditions.

As a result of the testing process all three pladeésculty of Electronics,
Telecommunications and Informatics, Faculty of Maubal Engineering and the Golden
Gate building were visited and possible number ehsurements were taken. Because both
the academic buildings are relatively big in sorhthe cases distance the 10 metres distance
from the central point was still inside the builgirBecause of that it was impossible to take
the measure the discrepancy and the “differencdlievavas marked with ‘X’ in the
corresponding table. The problem with the GoldemeGaiilding was that, because it is a
relatively smaller building and placed inside tltg-centre some of the views were covered
by tenements in its neighbourhood. That is whyeiadtof 6 angles of observation there were
only 4 organised which shall also be enough touatel the building accuracy. The final
result of measuring whole three buildings can benseelow in Table 6 (the Faculty of
Electronics, Telecommunications and InformaticsIding), Table 7 (the Faculty of
Mechanical Engineering building) and Table 8 (tr@d&n Gate building).

Table 6: Result of measuring ETI Faculty model gipancy:
Measurements 1 2 3 4 5 6
Difference X X 30m |11.1m X X
Distance 7.8m | 35m 123m [(21.1m|141m (159 m
Difference [18.2m| 19.2m 7.0m |114m|132m | 6.9m

10 metres

40 metres
Distance 21.1m| 24.5m 296m [341m|47.1m [43.2m
Difference |27.2m | 13.7m 25m 93m | 74m |109m
70 metres
Distance 87.0m| 75.8m 684m |75.7m|83.1m |67.7m
Difference |22.1m | 24.7m | 292m |13.6m | 152m |19.8m
100 metres

Distance 91.3m 1093 m| 1139m |92.2m | 87.5m [{99.2 m
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Table 7: Result of measuring Mechanical EngineeRagulty model discrepancy:
Measurements 1 2 3 4 5 6
Difference | 11.1m | 123 m X 7.3m X 39m
Distance 21.1m | 143m | 163m | 142m | 11.8m | 21.6m
Difference | 13.0m | 190m | 79m | 10.1m | 103m | 9.1 m

10 metres

40 metres
Distance 56.2m 614m | 51.8m | 67.3m | 495m | 53.2m
Difference | 12.2m 21.2m | 17.7m | 169m | 12.3m 7.1m
70 metres
Distance 789 m 87.7m | 90.6m | 634m | 65.3m | 66.6m
Difference 7.0m 200m | 209m | 129m | 153 m 3.0m
100 metres

Distance 1125m [ 1259 m | 1159 m | 1189 m | 91.2m | 109.7 m

Table 8: Result of measuring Golden gate modelejsncy:

Measurements 1 2 3 4
Difference | 7.1 m 11.1m 34 m 59m
10 metres
Distance 3.5m 9.2m 7.2m 17.4m
Difference | 12.6 m | 17.1 m 20.2 m 6.0m
40 metres
Distance 46.7m | 51.5m 26.5m 21.6m
Difference | 5.9 m 16.4m 25.3m 114 m
70 metres
Distance 744 m | 59.3m 554 m 59.8 m
Difference | 8.6 m 13.4m 21.4m 254 m
100 metres
Distance 920m |1119m | 122.2m | 137.7m

The first action after gathering the results of sugaments from all three places
was calculating the average results of ever grdumeasurements. It allowed to combine
results received from the different angles and aokpthem into groups containing results
from the same distance. The result can be seewleldable 9:

Table 9: The average values of the presented nmexasuts:

Measurements ETI Faculty Mech. Eng. Faculty Gg:izn
Difference 7.05 m 8.65m 6.88 m
10 metres
Distance 12.45m 16.55m 9.33m
Difference 12.65m 11.57 m 13.98 m
40 metres
Distance 33.27 m 56.57 m 36.59 m
Difference 11.83 m 14.57 m 14.75m
70 metres
Distance 76.28 m 75.44 m 62.23 m
Difference 20.77 m 13.18 m 17.20m
100 metres
Distance 98.90 m 112.35m 115.96 m

The Table 9 allows clear interpretation when logkat the “difference” value,
which is measured in metres and the lower it ishibéer accuracy the application has. The
“distance” value has to be interpreted in relatiorthe actual distance defining rows in the
table (10 metres, 40 metres, 70 metres, 100 metteggans that one needs to subtract the
actual distance measured manually from the distantigee shown by the application. For
instance when we are referring to the distance unedsby the application equal 12.45
metres when the real distance was equal 10 metesr@ady have 2.45 metres inaccuracy
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which then was deepened by the “difference” confing the table. In order to visualise it
more clearly the result of such operation can le@ && Table 10.

Table 10: The difference between the distance medsuanually and by the

application:

Measurements ETI Faculty Mech. Eng. Faculty | Golden Gate
10 metres 2,45m 6,55m -0,68m
40 metres -6,73m 16,57m -3,41m
70 metres 6,28m 5,44m -7,78m
100 metres -1,10m 12,35m 15,96m

The average results show different results in egegtion some tendencies can be
seen however. First of all the general impresslmouaithe tested buildings has an evidence
in the presented numbers. A general impression aeaserning how the buildings were
visually perceived and the observation was thaBEhkfaculty model was mostly appearing
on the mobile phone’s screen closer than the redldibg whereas the Mechanical
Engineering Faculty model was appearing further #mngs it has been drawn smaller
comparing to the real building image. It is proweschumber presented in Table 10 as we can
see that most of the average values referring tb f&Julty were negative whereas the
average values describing Mechanical EngineeringlBawere positive. Because the values
inside Table 10 are a result of subtraction théadise measured by the application from the
real one where the value is positive the applicatieats the model as placed further away
than it really should and that is why the buildimgpdel is actually smaller than its real
version. It is, of course, contrary when the valaes negative as then the building appears
closer and that is why the model displayed is higidgan the real building frequently
covering the view. An example of this effect hasrberesented in Figure 24, presenting the
ETI faculty where the real building has been cogdyg its model. In contrary in Figure 25
we can see the Mechanical Engineering model bemagird much smaller than the real
building due to distance calculation discrepancy.

EIAFEA S O BB @ 15:38

Augmented reality

Lorgitude; BB12462 2 Sensors [A/P/R]: -Altitude:

Distance:

Figure 24: View of the ETI faculty as a sample dfualding view too near.
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view too far.

Since there is a same method and there are twereliff results received on the
same mobile device one has to wonder what is tlienlying cause for that. One has to
realise that impression of the distance the bujds drawn is achieved by the distance
measured by the application and the two factorse hav actual influence on how it is
measured i.e.. current GPS position and calculatmeggthod. Both can be inaccurate,
however due to problems mentioned before conceithiegsPS variation one might suspect
that GPS inaccuracy plays a more significant nolestimating the distance inaccuracy.

Figure 26: Displacement in building allocation camirom Collada model, Golden
gate, Gdask.

Concerning the Golden Gate it was generally drawrlaly as the real building
but there was a different problem observed howelbke building in general appeared as
being moved towards one certain direction. As thigdency did not seem to be varying
depending on different angles one might guessth®at is some other fault not concerned
with GPS indications. Since the calculating meck@nivorks in correlation to one constant
point taken from the Collada file and chosen byrttaalel author it is possible that this point
has been estimated using wrong coordinate systaohwhn add some more inaccuracies to
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our system. Unfortunately when we display the Glalanodel inGoogleEarthone can see
that there is a shift between where the modeldsvdrand where the shape of the building in
the satellite photography is. According to Figu@iRcould even range few metres. This
explains most of the problems concerning the Gol@dete as one can see in the Figure 21,
Figure 22 and Figure 23 that the same displacemgmeserved in those images.

In order to define the general inaccuracy of thgliagtion the minimum and the maximum
results were defined after gathering the resutimfall three building models. We can see
the final shape of such comparison in Table 11. fEselts bring some more conclusions.
The closest distance in total was 2.5 whereas itigebt difference was 29.2 so in total the
application has not reached inaccuracy bigger 8tametres even when measured from 100
metres away. On the other hand there were alsdtgadase to optimal differing with the
real building by only few metres.

Table 11: The minimum and the maximum results efrtteasurements in total:

Measurements Minimum | Maximum

Difference 3.0m 12.3m

10 metres
Distance 35m 21.6m
Difference 6.0m 20.2 m

40 metres
Distance 21.1m 67.3m
Difference 2.5m 27.2m

70 metres
Distance 554 m 90.6m
100 Difference 3.0m 29.2m
metres Distance 87.5m 137.7 m

The results of the application’s general accuraeypesented in Table 11. As it
has been mentioned above there are several fdotamgg the application general accuracy
i.e.: inaccuracy of the GPS system, inaccuracyhefrhagnetic sensors, inaccuracy of the
coordinates calculation system, inaccuracy of thidimgs position coming from the
GoogleWarehousdt has been mentioned that the sample inaccwhthe building position
of the Golden Gate building was having around 7@se55 centimetres but it is not even the
maximal inexactness possible. For a sample disthabgeen the coordinates presented in
Chapter 4 being 3 kilometres 870 metres and 40roetres long. The more correct distance
shown by the GoogleMaps was equal to 3 kilometi#&S r@etres and 40 centimetres. This
means that for a distance of 4 kilometres ther@ setres discrepancy which means for a
distance of hundred metres the discrepancy canskiemated as 20 centimetres. The
inaccuracy of the magnetic sensors is technicaly hard to predict and measure as there
are no correct results that could be compared thi¢hones achieved on the mobile phone.
Unfortunately some tests like laying the mobile phcstill on the desk show that data
coming from the sensors cannot be treated as @mfa. Android however supports a
method allowing to calculate the GPS data accui&cypossible to observe the accuracy of
the GPS coordinates while using the methodation.getAccuracy()A small test has been
done in order to observe how the GPS receiveracthe mobile device. A method showing
the accuracy has been implemented and the GPSekastlirned on the same place during
three separate days, during different daytimesstHif different values of the accuracy
estimation have been noted. The results are pexséniTable 12 (in columns from 1 to 10).
As we can see at first the results were contaimimoge than 50 metres inaccuracy. This
might indicate that it was working with the A-GP®ae. During the process the accuracy
was improving, however the range during all théstags from 2 to 64 metres which shows
how vital for the whole application the GPS receige
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Table 12: Results of the GPS receiver accuracy test

Day | Day Il Day lll Mean | Amplitude
1 54 m 64 m 48 m 55.3m 16 m
2 48 m 48 m 32m 42.7m 16 m
3 32m 32m 16 m 26.7m 16 m
4 24 m 24 m 8m 18.7m 16 m
5 16 m 16 m 6m 12.7m 10m
6 8m 8m 4m 6.7m 4m
7 6m 6 m 2m 4.7 m 4m
8 4m 4m 3m 3.7m Im
9 2m 8m 2m 4m 6m
10 3m 12m 4m 6.3m 8m

The order of the GPS accuracy indicated by the lmgtihone was descending
(Figure 27) which meant that during the mobile agien it was receiving more and more
précised fixes with coordinates. The best of tleeikeed accuracy was 2.0 metres. However
time of receiving so good results in all cases eded 10 minutes of waiting which is too
much for an ordinary user of the application ant ialso more than standard time of the
measurements taken in this study.

The final steps from all three days were compaogether (by calculating a mean
of every step during all three days and the angiditof all three values) and some tendencies
could have been observed. If one only interpreguiféi 27 it is visible that the accuracy is
improving by pointing smaller and smaller valuekisTmeans that the final step (the tenth
one) should have the better mean of all. The stadgals that this is not true as it was the
eighth step to have the better mean value of allsieps together (and also the smaller
amplitude on the same hand). When one takes ardtaseon the Figure 27 it can be seen
from the shape of the graph. It is because there#seras moving constantly changing the
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Figure 27: Graph showing the GPS accuracy progress.
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position, forcing the GPS to update the coordindtds believed that after some time when
the probable accuracy drops from 60 metres toZjastd the curve leans down the upcoming
coordinate fixes are spoiled and require more fionemproving. This makes the shape of
the graph looking like a sine wave, with ups anev® (for instance from 8 metres to 2
metres of probable inaccuracy), showing that thiseran accuracy that the GPS cannot
exceed and also the device has problem with sirsgainat a certain level.

Apart from all, the basic functionality was achidyeneasuring the model position
was always possible after pointing the mobile phionthe direction of the real building. If
the building was started getting off target of thewer building model displayed on the
screen was also disappearing. In most cases thd#ngumodel did move towards the same
direction as the real building was appearing onstireen. It is moreover investigated in the
survey concerning the usable part of the rese&adandom users picked from a group of
passers-by curious about the research who weren ghee mobile phone the application
installed and turned on so they could test thetfanality for a time they needed. Then they
were asked about the basic questions:

Q1: How much did in your opinion the inaccuracyisgite effect of the augmented
reality?

Q2: How much did the effect change viewed frometiéht angles?

Q3: How much did the effect change viewed fromeaeht distances?

Q4: How did you like the quality of the presentedlding model?
With the possible answers: 4 — Very much, 3 — Muth; Somewhat, 1 — Not at all. The
answers received from users are presented in thke T8, where the rows stand for the

number of users and Q1, Q2, Q3, Q4 are the nunilmprestions above.

Table 13: Results of the user's survey:

User 1 User 2 User 3 User 4 User 5
Q1 2 1 3 3 4
Q2 3 2 2 2 2
Q3 2 2 1 4 3
Q4 4 4 3 4 4

Summarising replies above, it appears that the rgemmgplication condition is
enough to enable future work within this area. Whembining the results from Table 10
and Table 11 completed with the results presemtd@ble 13 one can see that the results are
respectively satisfactory, not exceeding certainges of inaccuracy. This survey was
conducted in order to fulfil answers to researchsgjons and as so enabled the conclusions
in the presented field. Answers to Q1 show thahiopis about the accuracy were rather
divided with a slight advantage showing that it migave been a bigger threat (Figure 28).
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H Not at all

B Somewhat
Much

H Very much

Q1: How much, did in your opinion the
inaccuracy spoil the effect of the augmented
reality?

Figure 28: Graph showing distribution of answerQfo

On the other hand the respondents were agreeinghinanfluence on accuracy seen from
different angles was existing however not very igant. This might tell that magnetic
sensors, varying while the building was seen fraffeignt angles, did not have much
influence on the final accuracy. Different responglere shown were considering the
accuracy seen from various distances were uselsl cmti conclusively decide upon the
influence on inaccuracy (Figure 29). Despite pamutts of the measurements the answers
were inconclusive, which shows that the users miggate been satisfied or not very
demanding towards the application.

H Not at all

B Somewhat

Much

H Very much

Q3: How much did the effect change, viewed
from different distances?

Figure 29: Graph showing distribution of answerQt

A very satisfying results were received while agk®4, whereas most of the users agreed
the quality was fully satisfying their expectations

Such an application might become a good start-upfifture works and after
improving some of the faulting factors, like the &Rccuracy the measurements using this
method would be lowered. The survey revealed thiaquality of the model was satisfying
the user needs. Also the general quality of thdigajon is moderately affected by the
accuracy of the application, which means that degpe fluctuating accuracy the effect of
the new reality was not always spoiled from the'sgmint of view.

53



Some of the results of the application were alsstigdraphed using DDMS Eclipse
tool and the result is visualised in the differéoitowing figures, see below (Figure 30,
Figure 31, Figure 32).
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Figure 30: Result of the application from, Mec
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Figure 31: Result of the application from, ETI FaguGdaisk.
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9 CONCLUSIONS AND FUTURE WORK

After ultimately finishing the testing part thered time for summarising the whole
study. The major assumptions i.e.: to create tlggmanted reality application visualising
virtual building models, to evaluate this applioatin comparison to real-existing buildings
and to bring conclusions about gathered resultse idfilled. The application has been
supplied with all the necessary functionality tieat clear interface displaying information
received from the GPS sensors and from the mageetisors, several buildings attached
into the set of displayed models, a calculating llm@csm corresponding with the GPS
coordinates and magnetic sensors values.

9.1 Conclusions

All of the features mentioned above were done liatian to the research questions
degree of accomplishment of which the final restithe study shall allow to evaluate. The
research questions were concerning the generaicapph accuracy in relation to feature
accuracy and users satisfaction which were the meajea of interest during this whole
study. It is good to start the conclusions witheassent of the research questions execution:

R.Q.1: Is it possible to reach a good level of a@cy and quality in the AR application
using only commonly available mobile tools?

Yes, it is possible which is shown by the ‘minimueslumn in Table 11 and also
figures in Chapter 8 (for instance Figure 30). Epplication has also been presented to
unbiased people admitting that general qualityhef augmented reality was satisfactory to
their expectations and not denying its generalgpernce. This proofs that achieving good
results and satisfying the needs of the users ssiple. The direction of the presented
building was mostly correct despite the fact that distance between the model and the real
building was sometimes varying significantly. Ofucee the measured discrepancies were
differing and some were bigger than the other, ihugeneral the application succeeded
especially when realizing it was created usinglieini purpose GPS receiver and standard
geographical calibration which leaves much for fetwork. Mechanical features, like the
GPS accuracy needs much better accuracy to becainigrove the application in the future.
The differences from the desired results in geneemak if not better than expected, at least
acceptable and satisfying. Also the user’s opiniwase presenting a moderate contentment
with the way the application works. The only remar&s that the quality was fluctuating
from exact till far from satisfying that is why tlssessments was varying from 1 to 4.

R.Q.2: How much, from the user’s point of view, 8@PS and magnetic compass sensors
inaccuracy affect the AR effect?

The GPS influence is the issue that has the biggeaning in application ultimate
accuracy. It was especially apparent during tesisrnvithe building has significantly changed
in position on the screen according to new cootdii@ut data received, with huge delay,
from the GPS when the person holding camera stotbdUnfortunately the GPS and the
magnetic sensors inaccuracy is an Achilles’ heethef application causing most of the
discrepancy of obtained results. The most expefteded discrepancy was the GPS
indication inaccuracy which was actually showindfedtent than suspected results from
different places around every building. Usually GeS started to work after a few minutes
of waiting for the results which was a problem alswing the first seconds after the moment
when it started receiving indications from the A$Bystem. Unfortunately the A-GPS
system is having much worse accuracy than the atdn@PS but the A-GPS has less
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requirements as it can support on mobile facilifes thus posses information about user
current position, that is why the system automégicsarts looking for indications from the
A-GPS when it cannot work with the GPS. There wal® problems concerning the
magnetic sensors results. There are no tests peesen the results achieved from the
sensors depending on the mobile phone model us#dsdme devices are too sensitive,
which is especially visible when the phone liel eti the desk and the compass application
is turned on. The sensor results are fluctuatirdytha differences are significant. This has a
big effect on the application and it was also shalning the tests as the results coming
from different directions where variation in acayalepends on direction and angles lead to
increased discrepancy measured in Table 6, Table7Table 8. The users’ answers do not
bring any conclusive data as 4 out of 5 users liseribed the changes occurring from
different angles (i.e. does that might be causembagnetic sensors’ inaccuracy) as existing
but not very important and only 1 out of 5 statleent as disturbing the effect significantly.
This proofs that the imposition effect of the binlgl and the camera view is rather not
unambiguously spoiled by the magnetic sensors imacy.

Also the users agreed on existence of the influémteeen the angle or distance
and the final inaccuracy of the application (ansaterQ2 and Q3). They claimed it is not a
very vital issue (Figure 29 and Table 13). Worsewnaatrs were received while asking for the
difference on inaccuracy while seeing the imagenfdifferent distances which also means
having different GPS coordinates which due to Feqif shows that probably the application
was not working long enough as to get good a GR8racy and not every change of user’s
position resulted in a proper reaction of the GB@a which had an influence on the final
result.

R.Q.3: Does application inaccuracy differ dependinghe angle and distance?

Yes, as it can be read from Tables 6, 7 and 8 tthexte are different values
obtained. Also in Table 9 we can see that the t®sare varying depending on different
distances and angles. It is a reaction to two factbirstly, it is a result of the GPS
inaccuracy as it was clear that the GPS was reptimiewer changes of position but mostly
not in the same way as it should, for instance winenviewer change position within 30
meters the GPS values were changed by 25 metersn@g is that it has been affected by
the magnetic sensors because of its over-sengitvdgls sending values that were rapidly
changing and sometimes not showing the correcegalthen they were measured. Basically
on the results coming from Table 9 we can draw rclesion that the application works
much better from further distances. It is becahseperspective is narrowed and the possible
errors concerned with the starting coordinateswshby GPS) and calculating mechanism
(used by the application) are less meaningful twhen from closer distances. From the
results presented in the Table 13 none of the relguds answered that there were no
dependency between the accuracy and the angle.d¥itiet user’s described this relation as
existing but not very important. On the other hasdr’s opinion on the dependency between
the distance and application accuracy were varsiggificantly which allows to say that this
relation was existing and in one out of five casess disturbing.

R.Q.4: Can AR application with Google Warehouseigding models guarantee a satisfying
quality of view?

Yes, it can! It has been mentioned before thatGRS and the compass’ position
are the biggest concern, however the model's quigliits biggest asset, which can be read
from the Table 13 were almost every user werefgadisvith the model quality. Of course
work related with applying every model without aper parser requires a lot of patience,
however the final effect is definitely worth it. Buo the texturing mechanism and the fact
that model are usually viewed from far away thduees are displayed on a small scale and
low graphical processing abilities are not so ingpair when transiting the building quality
into the mobile services. Since textured buildiags consisting of planar images one cannot
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influent the way the building are displayed and thavhy the models are basically the same
as their versions presented in tBeogleEarth which is definitely a satisfying quality for
such an application. Sometimes there were too neatgulations for the graphical engine
because of the number of textures and meshes buthng.

9.2 Futurework

It is believed that the idea of AR is a promisieghnique, still having plenty of
possibilities to be developed in the future. Witme effort the field will advance forward
and also because of existing tendencies, increasinglicity and diverse appliances. One
can believe that all the shortcomings might soorstleed or other technologies will be
presented replacing current deficiencies. Therecargain concerns listed that might or
should be solved soon, such as:

» Creating an everyday use application.

This application from the very beginning is planrtedbe a prototype showing
future possibilities for the AR technique. The cood study has had a major assumption
which was to evaluate the quality and accuracyhefdisplayed buildings. This project can
evolve in the future and become a full feature i@pgibn supplying user with all the
necessary options from which one can choose thé sndable options. This can result in a
wide variety of buildings available maybe even h @&oogleEarth set of models and also
supplying the user with some basic information aline building, not only the user's
position. In order to make this happen there shallsome helpful options created like a
prerequisite-building-choice designed for each usswing to pick up more than one
building and enjoy functionality of such an appfioca. Basing on the tendencies existing in
the world of computer science we might expect ithélhe nearest future there will be several
applications visualising building models.

* Allowing user-extensions.

The next step is to allow the user to create his extensions, from which the first
and the most important one is allowing to pick augply buildings chosen by the user
available fromGoogleWarehouser created using the Collada standard. It is ingmarfor
this application that every single model is reachuadly and every single information line
picked from the existing Collada model. For a fulictional application there should be an
independent parser created. Of course such a @olutbuld require a good team of
programmers as it is time consuming, but in orderextend the functionality of the
application this would be the most important st8pch an extension should also allow a
system to pick a whole set of buildings and disglaynany of them at once as it is possible.
Because this could be done externally and thenifssalled on the mobile device such a
parser shall not have any calculation power requergs.

* Creating cloud computing system.

To apply a set of buildings would slow down the laggpion rapidly as it is already
very complex and charging a graphical calculatigsteam. The solution for this would be to
create a cloud system dealing with all the commatculations by itself and leaving the
application the functionality not related with aalgtions, like displaying and showing the
devices indications. The cloud system is a veryfapfunctionality for the latest and most
new systems. When applying this to AR techniqueilit require the Internet connection
which would not be too hard to get in urban arebhBeausing a mobile device with the WI-
FI connection. It could store information about atesl private profiles containing
information from places specified by the user amdlets applied by one.
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* Using spherical triangles.

The application has much more to offer when it comeeaccuracy of the presented
data (visualised model of buildings) and there seeeral possibilities how this could be
improved. First of all it is to use different datalibration methods. Within this application
the applied method used was by calculating theitfodmal and latitudinal distance and
unifying them together. This method however aldods some inaccuracy to the building’s
model position. For instance by taking the exanfpden Chapter 4 when calculating the
distance between point A (54.606563198N, 18.23382B% and B (54.616759527 N,
18.176429271 E). Using the method with longitudimadl longitudinal distance the distance
was evaluated for 3 kilometres 870 metres 40 centan. The distance between those two
points shown by the GoogleMaps’ tools using exattwtating method has shown that the
distance equals 3 kilometres 878 metres 40 ceneseThis in total gives equally 8 metres
discrepancy. Of course this is a distance of nealifometres which in comparison to 100
metres on which the application should work with,ai distance 40 times smaller which
means the inaccuracy should reach 20 centimette$ shows that there are still chances in
gaining better accuracy of the application.

» Better accuracy achieved by using image retrieaiggrithms.

The general assumption of this project is makinguniversal. It was even
considered above to create an universal parseindeaith all the models stored in Collada
format allowing users to extend the application clionality with their own models.
However one of the solutions for getting betteruaacy is treating every model separately.
It is because every model is prepared for onequaati place it should be presented within.
As to make the application more successful oneseanch for outstanding features of the
terrain where the model is placed and search foilagities while using the mobile phone’s
camera. Such a feature can be a horizon line, bagkd or surface colour and some other
buildings in the neighbourhood or some typical dea¢ of the place. The algorithms
applying such methods are called ‘image retriewddich is a natural name because of their
feature in analyzing what the user can see. Susblwion might help and improve the
algorithm accuracy. For instance instead of comgigehe pitch value, the algorithm might
check if there is a horizontal line somewhere ia timage coming from the camera, for
instance whereas the surface changes colour fraangfon the grass) or gray (on the
pavement or concrete surface) to blue (when skyisgble). Then the slope of thus
discovered horizon line(s) should be analyzed aindght clutch the building model so that
it will be displayed according to that line. Thigligion has also one disadvantage and it is
dropping the universality of the technique, whertas applications nowadays should be
common and same for every user. Creating an atiplicasing image retrieval algorithms
means that it has to attach the building to cert@irain and a research towards that should
be done by a team of programmers, which is notieadge when we create application that
is intended to be developed by the users themselves

Also other possible extensions are possible. Aar@sting approach is combining
advanced calibration methods and image retrievahoaks. Such a solution shall be very
complex as using it, it would be possible to notynaisplay all building models with
standard accuracy and apply image retrieval alyostas an optional extension referring to
the buildings researched in this way.

* Improving featured devices

The differences between “real distance” shown aed'ineasured distance” shown
in the tests is mainly an effect of the compositantwo major inaccuracies one coming
from the algorithm used in distance calculation #raother related to the GPS inaccuracy.
In order to make the whole augmented reality tepmmimore accurate one has to use a
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better positioning system. Right now the GlobalifRmsing System provides the user with
position accuracy ranging from a few metres whiemat plausible when it comes to very
small distances, like viewing the building from d@tres or less. In the future the GPS will
keep developing and civil systems will be revediding much better accuracy but also
there is a chance that some other positioning systeill be created, right now Glonass,
which is a Russian system which exists but it hasser accuracy and is not so common.
However there are also plans of launching the &alfPositioning System created by the
European Union countries and a Compass navigaysters by China. The future will show
if those systems will start competing in accurang & they will be able to indicate exact
user’s position which would allow such AR applicats being much more accurate.

The difference or discrepancy between the realdmgl position and the graphical position
was due to magnetic sensors inaccuracy. Unfortlyndkes is the application’s worst
element as it is spoiling the building to show eotrposition. Whereas the GPS inaccuracy
only cause a few metres of the so called “buildhdt” or changes but still there are other
graphical factors to be aware of like the sizehaf building (size constancy), the compass
inaccuracy often changes the slope of the buildovgards horizon line which created an
impression so the building looks different tharshiould or distorting consistency of the
building position as the model was floating on fiseeen. A lot of work has to be done by
the mobile designers so that the magnetic senstnaavk more fluently and directly affect
such application less.

*  Applying WGS relation system or other method iredeiining altitude

The full AR effect would be achieved if the apptioa would not only determine
the users latitude, longitude but also be abladacate the user’s altitude. This would allow
the application to supply the user with full 3D &tionality. It would be a great solution
when the user is having a good viewpoint on thédimg attached in the application. One
could for instance have the upside perspective wawhe attached building. To do this
application one needs to display user’s currentitipasin relation to ground level.
Unfortunately altitude position indicated by the $&FReceiving system is in accordance to
WGS-84 system which describes the ellipsoidal madeghe Earth not taking the terrain
inclines into the consideration. For improvementsasculating system relating distance
shown by GPS and position in WGS-84 should be egb the application is able to show
user’s current altitude. There are also other pdiss in determining user’s position, for
instance with calculating current pressure. In #ra when programmers are able to
determine which keys one has pressed accordingtorilye recent sensor logs (Cai, Chen,
2011) determining users current position does eetsto be so hard.

Summarising the study it shows that applying thgnaented reality techniques in
programming applications, created for smartphoisegseful and the technique is ready for
everyday use. The conducted study is just onetetegrds creating a complex application
visualising buildings. No bigger obstacles weresprged and concerning programmers they
have all the necessary tools to be able to cresgiusupplements towards establishing the
augmented reality applications designed for ceftaiman activities.

It has been shown that mobile phones already hhwbeanecessary equipment
towards visualising building models in such a tgahnd this feature may further be
investigated. Helpful appliance can be useful feal restate developers, architects and
constructors who can from now on be able to presemt own building projects in reality
and persuade potential customers to become indergstieveloping such. There are several
other domains in where usefulness of applied visedl buildings can be used, such as
navigation systems, merchandise for tourists whowsualise development of given place
in different periods or read information concerniarticular buildings. Due to all of the
facts mentioned before it is believed that augntenéality can come to play a major role
for the market of mobile- and virtual applications, the nearest future and visualising
buildings might become one of its most valuableliappe.
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