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THE USE OF LOCAL DATA IN ARCHITECTURAL DESIGN THROUGH
AUGMENTED REALITY

SUMMARY

In architectural design, the architect produces spatial solutions by using a variety of
data on the site to address architectural requirements. In the beginning of the
conceptual design, data collection and analysis are the basic requirements for the
architect to understand the current situation on the site. For many years, architects have
used observational data to research places and regarded the data as input to
architectural design. By the development of technology and data access facilities, this
circumstance remain incapable to obtain data of the place. In the analyse process of
the data, the current circumstance requires the architect to be physically detached from
the site. The architect needs to be able to sort, visualize and navigate data to accelerate
understanding in the process of analysis. In these processes, the architect tries to obtain
data from different sources and evaluate them detached from the reality of the context,
and certain problems arise related to accessibility, accuracy and location of the data.
Besides that, the lack of a generally accepted data classification system for architects
directs the study to a data classification framework to manage data. This study aims to
enhance the site visit experience for the architect, to provide spatial observation of the
data on site, and to help data collection and analysis during the site visit with the
concept of local data through augmented reality. The main goal of the research is the
development of a model that uses augmented reality for the presentation of local data
on site.

This study is comprised of five chapters. The chapters focus on theory, review and
model complement each other in the configuration of the thesis. The first chapter
provides detailed explanations of the problems, aims of the research, the research
questions, the scope of the research, and the methods used to conduct the research.
Within the scope of the thesis, in the second chapter the theoretical part of the study
that bases on the concept of local data is presented. In the third chapter, location based
data representation through augmented reality in architectural design is evaluated
through the literature review. In the fourth chapter, the model that provides local data
usage through augmented reality in architectural design is developed according to
studies mentioned in the second and third chapters. The fifth chapter concludes the
thesis by evaluating the contibutions, limitations and further studies.

In the second chapter, that focus on theory, the data needed in the field of architectural
design are handled under the local data approach. Firstly, a relative perspective is
adopted to provide a better understanding of the relationship between data, information
and knowledge. It is aimed to prevent the use of the data, information and knowledge
term interchangeably and to express their use in scientific studies correctly. Secondly,
it is aimed to develop a fundamental data classification for architecture. When the
origin of the data is investigated, it is seen that each data carries natural or cultural
references. This indicates that the fundamental classification of the data can be
organized under natural and cultural categories. Lastly, the concept of local data is
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discussed, and a data framework for architecture is developed. In architectural design,
a data framework is needed to classify local data under natural and cultural categories.
In this respect through the literature research, architectural studies, site planning
studies, and legal regulations in architecture and planning are evaluated to construct a
data framework. Local data framework is formed by the combination of data classes,
and it is also possible to classify this framework in different ways depending on the
varied classification approaches. The classification of data through this framework
provides a systematic approach to easily access to all data associated with the place in
architectural design.

In the third chapter, that focus on review, location based data representation through
augmented reality in architectural design is evaluated through the literature review.
Firstly, it describes the field of augmented reality including the characteristics and
requirements. Combining real and virtual, interaction in real time and registration in
3D are characteristic properties of augmented reality systems. These fundamental
characteristic properties also demonstrate the technical requirements of the augmented
reality system as the display, interface and tracking. Secondly, location based data
representation in augmented reality systems is investigated. Location based augmented
reality approach allows on site representation of data. MARS, Archeoguide,
VIDENTE, CityViewAR, AREA and BIM based AR applications are surveyed as a
state of the art by reviewing features. Developments to the recent conditions from the
first implementations are revealed with components and significance of applications.
Lastly, potential contributions of location based augmented reality systems and
appropriate component structures are discussed for architectural design. When the
applications are evaluated in terms of potential contribution to architectural design, it
is observed that location based augmented reality systems can provide: on site
representation of data, user's direct interaction with data, presentation of invisible data,
quick review of surrounding data, presentation of data on urban scale, visualization of
past and future situations, analysis of the proper data, and editable application layout
for architectural applications. By evaluating the applications in terms of components,
it is observed that which components in the field of augmented reality are suitable for
location based augmented reality systems. These components need to be taken into
consideration in planning location based augmented reality systems for architectural
design.

In the fourth chapter, that focuses on model, augmented reality supported model for
the use of local data in architectural design is developed in the direction of the studies
in the second and third chapters. Firstly, the necessities of local data in architectural
design and the potentials of location based augmented reality are discussed in the
current state, and the possibilities that the conceptual model can provide are examined.
Secondly, architectural scenario of the augmented reality supported model is
described. Focusing on the data need of the architect during the site visit and site
analysis before starting a conceptual design, the representation of local data through
augmented reality with a certain classification is conceptually pointed out. The model
classifies data in the scenario according to the local data framework developed in the
second chapter. This framework is developed as the main part of the model for the
classification of local data. It considers the location as the main context source while
classifying other contextual factors. In the model, possibilities of augmented reality
are expressed and supported by visualisations of the user scenario. Lastly, the technical
structure of the model in augmented reality is presented with its components and
workflow. In the determination of the model components, the studies in the third
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chapter related to structures of the location based augmented reality systems are taken
into consideration. The workflow of the model is extensively explained under the
stages of data acquisition, data query and data display. In the acquisition of data,
although relational databases are handled as the basic data acquisition method,
different methods which emerged with developing technology are discussed in relation
to the model. The query and display infrastructure of the model is explained based on
the working principles of the studies carried out in the field of location based
augmented reality.

The fifth chapter concludes the thesis by evaluating its contributions to the
architectural design. In addition to the local data concept and framework, the
relationship between data, information and knowledge is developed as a relative
approach that can make significant contributions to other scientific fields besides
architecture. Local data framework supports the architect by providing classified data
related to the location for architectural design. Literature review of the study on
augmented reality contribute not only to the model in this study but also to location
based models and applications in the field of architecture. The model within the scope
of the thesis provides local data presentation on site by using location based augmented
reality. By converting the real environment to a working medium, the model connects
the architect with local data on site for architectural design and assists the architect in
the early design stages for data collection and analysis.
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MiMARIi TASARIMDA ARTIRILMIS GERCEKLIiK ARACILIGIYLA
YEREL VERI KULLANIMI

OZET

Dogas1 geregi mimarlik, yer ile dogrudan iliskili bir tasarim alanidir. Tasarimin
gerceklestirilecegi alandaki veriler kullanilarak, mimari gereksinimleri karsilayan
yerlesimler ve mekansal ¢oziimler {iretilmektedir. Mimari tasarimda veri toplama ve
veri analizi, kavramsal tasarima baslarken mimarin alana yonelik mevcut durumu
kavramasi i¢in temel gerekliliklerdir. Bu nedenle alan ziyareti, mimar i¢in biiyiik 5nem
tasimaktadir. Mimarlik disiplini igerisinde yillar boyunca mimarlar, tasarima girdi
olarak kullandiklar1 verileri alandaki arastirmalarina dayali olarak birebir
gozlemledikleri durumlar iizerinden sagladilar. Bu durum giiniimiizde degisen ve
gelisen veriye erisim yontemleri ile alana yonelik verileri toplamak igin yetersiz
kalmaktadir. Diger taraftan mevcut durumda bu verilerin degerlendirilmesi i¢in de
mimarin fiziksel olarak alandan ayrilmasi gerekmektedir. Devam eden tasarim siireci
icerisinde mimar, alanin kendisinden kopuk bir siirece girmektedir. Analiz igin
toplanan verileri siniflandirarak, gorsellestirerek ve haritalandirarak kavramaya
caligmaktadir. Mimari tasarim, bu dogrultuda alanin ve gevreleyen baglamin analizine
dayali olarak gelistirilmektedir. Bu siire¢ igerisinde mimarin farkli kaynaklardan veri
edinmeye ve baglamin gergekliginden koparilmis olarak alani degerlendirmeye
caligmasi; verinin erisilebilirligi, dogrulugu ve konumu ile ilgili sorunlara neden
olmaktadir. Mimarin topladigi verileri siniflandirmasinda genel geger kabul gérmiis
bir veri siniflandirma sistemi olmamasi da 6énemli bir eksikliktir. Tez ¢alismasi bu
problemlere odaklanarak yerel veri kavrami tizerinden artirilmis gergeklik araciligiyla
¢Ozlim sunmay1 amaglamaktadir.

Tez kapsaminda oncelikle yerel veri kavrami incelenerek calismanin kuramsal
altyapist ortaya konulmustur. Bir sonraki asamada mimari tasarimda artirilmis
gergeklik araciligiyla konum tabanli veri temsilinin literatiir izerinden incelenmesi ve
degerlendirilmesi gerceklestirilmistir. Bu ¢alismalar dogrultusunda mimari tasarimda
artirillmig gergeklik araciligiyla yerel veri kullanimi sunan model gelistirilmistir. Tez
calismasinin yapisal bi¢imlenisi de bu kapsamda ilerleyerek; kuram, degerlendirme ve
model odakli boliimlerin birbirlerini tamamlayan yapilari ile bir biitiine dontigmiistiir.

Giris kismi birinci boliimde, arastirma problemi tanimlanarak arastirma sorulari
belirlenmis, c¢aligmanin amaci ortaya konularak bu dogrultuda tezin kapsam ve
arastirma metodolojisi gelistirilmistir.

Kuram odakli ikinci bolim, mimari tasarimda alana yonelik ihtiya¢ duyulan veriyi
yerel veri yaklasimi altinda ele almaktadir. Oncelikle veri, enformasyon ve bilgi
iliskisinin daha iyi kavranmasi saglayacak goreceli bir perspektiften elde edilen
yaklagim ortaya konulmustur. Algilanan herhangi bir seyin potansiyel olarak ifade
ettigi en ilkel bicim olan enformasyon, bilgiye dayali bir protokol araciligiyla bilissel
bir sistemde anlam kazanmaktadir. Bu sayede olusan bilgi, kiginin aklindaki bir sentez
iriinii olarak, kisisel algilar ve deneyimlerle sekillenmektedir.Veri ise kisiden
bagimsiz olarak bilgi temelli bir yapiyla temsil ortaminda enformasyonu ya da bilgiyi
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tutmanin, depolamanin ve aktarmanin yoludur. Bu yaklasima gore temsil ortaminda
‘veri’, gerceklikte ‘enformasyon’ veya akilda ‘bilgi’ olma durumlar ortaya ¢ikmakta
ve birbirleriyle dongiisel bir iligki gostermektedirler. Bu kuramsal ¢alisma sayesinde
veri teriminin, enformasyon ve bilgi terimleriyle birbirlerinin yerine kullaniminin
Oniine gegmek, bilimsel ¢aligmalarda kullanimini dogru ifade etmek hedeflenmistir.

Verilerin kokeni incelendiginde her verinin dogal ya da kiiltiirel referanslar tasidigi
goriilmektedir. Dogal veri, doganin bir pargasi olma durumundan kaynaklanirken;
insan ve doga arasindaki etkilesimin bir sonucu olarak ortaya ¢ikan veriler ise kiiltiirel
verilerdir. Antroposentrik bir bakis agisiyla insan, dogal ve kiiltiirel varliklari igeren
verilerin ortaya ¢ikmasinda ana etken olarak goriilmektedir. Bu durum, temel
smiflandirmanin ‘dogal’ ve ‘kiiltiirel’ Kategoriler altinda diizenlenerek, mimarlik ile
de iliskilendirilebilecegini gostermistir.

Mimarlik dogrudan yer ile iliskili bir disiplin oldugundan, siniflanan dogal ve kiiltiirel
verinin yerel baglaminda tartisilmasi gerekmektedir. Belirli bir yerle ilgili olma
anlamindaki ‘yerel’ ile dogal ve kiiltiirel referanslar tasiyan ‘veri” kavramlar1 birlikte
ele alindiginda mimarlik igin ‘yerel veri’ olusmaktadir. Bu kapsamda, mimari
tasarimda yerel verilerin dogal ve kiiltiirel kategoriler altinda siniflandirilmasinda bir
cergeveye ihtiya¢ duyulmaktadir. Mimari tasarimda kullanilan verilere iliskin olarak
literatiirde 6ne ¢ikan mimari ¢alismalar, planlama galismalari ile mimarlik ve planlama
alanlarindaki yasal diizenlemeler bir veri ¢ergevesi olusturmak i¢in degerlendirilmistir.
Incelenen ¢alismalardaki veri tiirleri biraraya getirilerek, alt kategorilerin birbirleriyle
iliskilerine gore kiimelenmeleri saglanmistir. Caligmada ortaya konulan yerel veri
cergevesinde, ‘dogal veriler’ Kategorisi topografya, jeolojik 6zellikler, su kaynaklari,
bitki ortiisii, iklim, vahsi yasam ve koruma alanlari, biyolojik ¢esitlilik ve dogal afetler
kategorilerinde; ‘kiiltiirel veriler’ kategorisi alan kullanimi, yapili ¢evre, altyapi,
mevzuatlar, sosyal ¢evre, erisilebilirlik, duyusal 6zellikler ve tehlikeler kategorilerinde
biraraya getirilmistir. Bu siniflandirmadaki veri kategorilerinin de alt kategorileri
bulunmaktadir. Yerel veri ¢er¢evesi, agik bir sistem olarak gelisime agiktir. Yeni veri
tipleri tiirediginde siniflandirma sistemi genisleyebilmektedir. Bu g¢ergeveyi, farkl
siniflandirma yaklagimlarina bagli olarak farkli bi¢imlerde ortaya koymak da
miimkiindiir. Bu sayede verilerin siniflandirilmasiyla, mimari tasarimda yere iligkin
verilerin ele alinmasinda sistematik bir yaklagim saglanmaktadir.

Degerlendirme odakli igiincii bolimde, mimari tasarimda artirilmis gergeklik
aracilifiyla konum tabanli veri temsilinin literatiir arastirmasi yapilmistir. Artirtlmis
gercekligin  karakteristikleri ve bu karakteristiklerine dayali gereksinimleri
incelenmigstir. Gergek ve sanal ortami bir araya getiren goriintiileme, es zamanh
etkilesim saglayan arayiiz ve 3 boyutlu hizalanmay1 gercgeklestiren takip bilesenleri
artirilmis  gergekligi ortaya koymaktadir. Video, optik ve projeksiyon temelli
gortntiileme teknikleri ile basa takilan, elle tutulan ve uzamsal goriintiileyicinin
konumuna dayali olarak aygitlarla goriintiileme gerceklesmektedir. Enformasyon
tarayicilar, 3 boyutlu kullanici arayiizii, somut kullanici arayiizii, dogal kullanici
arayiizii ve ¢oklu model arayiizii olarak gruplanan farkli arayiizler vasitasiyla kullanici
ile aygit arasinda etkilesim kurulmaktadir. Sensor tabanli, gérme tabanli ve hibrit takip
teknikleriyle kKkullanicinin bakis agisina gore sanal igerigin ger¢ek ortamda
hizalanmasini saglamaktadir.

Artirllmis gercekligin temel yapisindan sonra, artirilmis gerceklik sistemlerinde
konum tabanli veri temsili incelenmistir. Konum tabanli artirilmis gergeklik yaklasima,
verilerin yerinde temsil edilmesine olanak saglamaktadir. Bu yaklasim dogrultusunda,
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literatiirde alana sagladiklar1 katkilar ile 6ne ¢ikan uygulamalar detayli bigimde ele
alimmistir. MARS, Archeoguide, VIDENTE, CityViewAR, AREA ve BIM based AR
uygulamalar1 ¢alisma kapsaminda incelenmistir. Inceleme sonucunda, ilk
uygulamalardan giintimiizdeki gelismelere kadar yer alan konum tabanli artirilmis
gerceklik uygulamalarinin 6nemi ve bilesenleri degerlendirilmistir.

Uygulamalar incelendikten sonra, mimari tasarim alanina yonelik olarak potansiyel
katkilar1 ve uygun bilesen yapilari tartisilmistir. Degerlendirme yapildiginda, verilerin
yerinde temsili, kullanicinin veri ile dogrudan etkilesime ge¢mesi, goriinmeyen
durumdaki verilerin sunumu, ¢evreleyen verilerin hizli bir bigcimde gézden gegirilmesi,
kentsel 6lgekte veri sunumu, gecmise ve gelecege iliskin durumlarin gorsellestirilmesi,
analiz edilebilir sekilde yapilandirilmis veriler icerme ve mimari uygulamalar i¢in
diizenlenebilir uygulama althigi saglama agisindan uygulamalara katkilar sunabilecegi
goriilmektedir. Ayni zamanda goriintiileme, arayiiz ve takip bilesenleri ag¢isindan,
artirtlmis gerceklik alanindaki hangi bilesenlerin konum tabanli artirilmis gergeklik
sistemlerine uygun oldugu belirlenmistir. Gorlintiileme bileseni agisindan, video
goriintiileme teknigini kullanan elle tutulan goriintiileyiciler, yaygin erisime sahip
oldugundan giintimiizde tercih edilen goriintiilleme aygitlaridir. Diger taraftan, basa
takilan goriintiileyicilerin eller serbest bir bicimde daha dogal bir ¢alisma ortami
sagladigindan gelecekte daha fazla tercih edilebilecegi diisiiniilmektedir. Arayiiz
bileseni acisindan ise enformasyon tarayicilarin, konum tabanli artirilmis gerceklik
sistemlerinde temel arayliz olarak kullanildigi goriilmektedir. Bu arayiiziin gérevi
veritabanlarindan saglanan veriyi tarayip, ilgili konuma artirilmis gergeklik
aracilifiyla gorsellestirmektedir. Takip bileseni agisindan incelendiginde ise GPS ve
akselerometre sensorlerine dayali hibrit takip sistemlerinin, Sanal ve gergegin
hizalanmasinda bir gereklilik oldugu ve goérme tabanli takiple de giiclendirilebilecegi
gOriilmiistiir.

Model 6nerisi gelistirilen dordiincii bolimde, mimari tasarimda yerel veri kullanimina
yonelik artirtlmig gergeklik destekli model, ilk iki boliimdeki ¢alismalardan elde edilen
degerlendirmeler dogrultusunda ortaya konulmustur. Mimari tasarimda yerel veriye
iliskin ihtiyaclar ve bu ihtiyaglara yonelik konum tabanli artirilmig gerceklik olanaklari
birlikte ele alinarak kavramsal modelin veri sunarken saglayacagi olanaklar maddeler
halinde siralanmigtir. Calisma kapsaminda bu olanaklar ortak ortam saglama, veri
siniflandirma, veri haritalamaya uzamsal yaklagim, biitiinciil bakis, veri goriintirligi,
zaman bilesenli temsil, veri analizi, not alma ve paylasma, mimarlara yardimci olma
ve uzmanlik saglama basliklar altinda ele alinmistir.

Sonraki adimda, artirllmis gergeklik destekli modelin mimari senaryosu ortaya
konulmaktadir. Ikinci béliimde gelistirilen yerel veri gergevesine gore model, senaryo
igerisindeki verileri siniflandirmakta ve ana baglam kaynagi olarak konumu kullanarak
sunmaktadir. Kullanici senaryosu altinda, modeldeki;

- veriler i¢in gergek ve sanal ortam birlesiminde ortak bir ortam saglanmasi,
- verilerin yerel veri ¢er¢evesine dayali olarak siniflandirilmast,

- verilerin alanda uzamsal olarak haritalandirilmasi,

- tiim verilerin birarada ele alinarak biitiinciil bir bakis saglanmasi,

- gorlinmeyen veriler i¢in veri goriintiilenmesi,

- verilerin gecmis ve gelecege yonelik zaman bilesenli temsil edilmesi,

- analize uygun yapidaki verilerden analizlerin gerceklestirilmesi,
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- ziyaret sirasinda alanda not alma ve paylasim saglanmasi,

-  mimarlara yoruma ihtiyag duyduklar1 konularda yardimci olma ve diger
profesyonellerin uzmanliklarinin yerinde saglanmasi

olanaklari ifade edilmis ve gorsellerle desteklenmistir.

Modelin artirillmis gergeklikteki teknik yapisi, bilesenleri ve is akis diizeniyle
sunulmaktadir. Model bilesenlerinin belirlenmesinde, konum tabanli artirilmis
gerceklik sistemlerinin bilesen yapilarinin incelenmesine yonelik ¢alismalar dikkate
alimmustir. Modelin is akis1 i¢ asamada olusturulmustur. Bu asamalar; veri edinme,
veri sorgulama ve veri gorlintiileme asamalaridir. Modelde veri edinme, gesitli veri
kaynaklarindan edinilen verilerin yerel veri ¢ercevesindeki siniflandirma sisteminde
ele alimmasiyla saglanmaktadir. Veri edinmede mevcut veritabanlarindan
faydalanilabilecegi gibi, kitle kaynakli ¢alisma, veri madenciligi, biiylik veri ve
nesnelerin interneti gibi yenilik¢i yaklagimlardan da faydalanilabilecegi tartisiimistir.
Modeldeki ikinci asama olan veri sorgulama, belirli adimlarla ger¢eklesmektedir.
Oncelikle konum verisi, yon verisi ve yonelim verisi olmak iizere sensor verileri elde
edilir. Daha sonra edinilen sensor verilerinden konum verisi Ve etkin alan gap1 verisi
kullanilarak, yerel veri gergevesinde diizenlenmis olan verilerden yere iliskin veriler
sorgulanir. Son adimda ise sensorlerden edinilen yon ve yonelim verisi yardimiyla
bakis agisinin hesaplanmasi saglanarak, sorgulama sonucu ¢ikan yerel verilerden bakis
acisma dahil olanlarin gériintiilenmek {izere belirlenmesi saglamr. Ugiincii asamada
modelde veri goriintiileme, sorgulama sonucu elde edilen verilerle gergeklestirilir.
Bakis acisinin, filtreleme ayarlarinin ve etkin alan c¢apinin degistirilmesi
gortintiilenecek verileri etkilemektedir. Olusan yeni durumlara gére, goriintiiye dahil
olan yerel veriler eklenmekte, goriintii disinda kalan yerel veriler ¢gikarilmakta ve
goriintiide durmaya devam eden yerel veriler korunmaktadir. Model, teknik olarak
islerligini bu sekilde gerceklestirmektedir.

Calisma sonuglar1 ve Oneriler sunan besinci boliimde, genel bir degerlendirme
yapilarak ileriye doniik caligmalara katkisi tartisilmistir. Tez ¢caligsmasi ortaya koymus
oldugu yerel veri yaklasiminin yaninda; veri, enformasyon ve bilgi iliskisine getirdigi
goreceli yaklasimla mimarlik alaninin disinda diger bilimsel alanlara da referans
niteligi tasimaktadir. Yerel veri ¢ergevesi, bir yere iliskin veriyi mimari tasarim igin
siniflandirilmig bir bicimde ele almayi saglayarak kullaniciyr desteklemektedir.
Artirllmig gergeklige iliskin olarak yapilan incelemeler ve degerlendirmeler, mimarlik
alaninda konum tabanli olarak gergeklestirilecek diger model ve uygulamalara da
katkida bulunabilecek bir literatiir aragtirmasi saglamaktadir. Tez kapsaminda 6nerilen
model, yerel veri ¢er¢evesini kullanarak konum tabanli artirilmis gergeklik araciligiyla
yerel verilerin yerinde sunumunu saglamaktadir. Bu sayede model erken tasarim
asamalarinda, mimar1 veri toplama ve analiz asamalarina yonelik olarak
desteklemektedir. Alanla etkilesim halinde, mimarin cevresindeki yerel verileri
dogrudan yerinde kavramasmi saglamaktadir. Ileriye yonelik calismalar igin bu
modelin mimarlik alaninda kullanilmak {izere uygulanmasi, ger¢ek ortami bir ¢caligma
ortamina doniistiirerek mimarin yerel verilerle etkilesimini gii¢lendirecektir.
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1. INTRODUCTION

In the first two decades of the 21st century, enormous quantities of data about the place
and behaviours of people have been generated related to the physical environment.
The extensive data about the place and the people that live in it, offers new potentials
to understand problems and opportunities. Besides, the development of new
information technologies have presented practical digital tools to process these data.
In time, the merits of using such data and new information technologies have been
taken into account for planning and design processes. These new possibilities to
understand places and people, can provide professionals to inform their decisions more
deeply. Thus, significant outcomes can be revealed with the use of available data.
There are great opportunities for architects to use various data and digital tools for

better design.

1.1 Problem Definition

In architectural design, the architect produces spatial solutions to address architectural
requirements using a variety of data. Due to the fact that architecture interacts directly
with environmental factors, the architect needs to take into account the data about the
surrounding context of the site while developing the design. Data collection and
analysis are the basic requirements for the architect to understand the current situation
related to the site (Anderson, 2011). Initially, it is necessary to collect data that present
the characteristics of the site. Therefore, the architect visits the physical site to view
features, take notes/photographs, and look for patterns while collecting data. For many
years, architects have used observational data to research places and regarded the data
as input to architectural design. Today with developed data access facilities, this kind
of an act is insufficient to obtain data of the place. But also the site visit is important

to experience the site’s context and to observe data on site.

For the analysing of the data, it is necessary to manage the complexity of collected
data that bases on various classes and sources. The architect needs to be able to sort,

visualize and navigate data to accelerate understanding in the process of analysis



(Farrelly, 2012). For this reason, the condition of any site is mapped via spatial
relations of data for architectural design. The architect correlates data which is
spatially represented in the map to properly analyse the site and puts it to use in
architectural design. Thereby, the current state in analysing requires the architect to be

physically detached from the site (Wang et al., 2013a).

In these processes, the architect tries to obtain data from various sources and evaluate
them as detached from the reality of the context, and certain problems arise related to
accessibility, accuracy and location of the data. Besides, the fact that the lack of a
generally accepted data classification system for architects points out the need for a
framework to manage data. In architectural design, an approach under a classified data

system is also necessary to obtain data for a location.

1.2 Research Objectives and Questions

The aims of the research are to enhance the site visit experience for the architect, to
provide spatial observation of the data on site, and to help data collection and analysis
during the site visit. The research is focused on providing solutions to defined
problems with the concept of local data and augmented reality. The main goal of the
research is the development of a model that uses augmented reality for the presentation
of local data on site. In order to realize this model, it is essential to consider the need
for a data framework to use in the model. Therefore, it is aimed to define a local data
framework that uses location as the main organizer. Besides, it is aimed to determine
the location based augmented reality systems that ensure the operability of the model
through this framework. In order to achieve these research objectives, following

research questions are formulated:
Q1- What is the basic relationship between data, information and knowledge?
Q2- How can data be classified according to their origin?

Qs3- How can data be handled from local data approach to use data with the definite

location?
Qa- Which data classes can be used in architectural design for data classification?

Qs- What are the possible contributions of location based augmented reality to

architectural design?



Qs- What are the potentials of location based augmented reality with respect to the

necessities of local data?
Q7- How can the model support users from an architectural perspective?

Qs- How can the model be developed in terms of technical structure?

1.3 Scope and Research Methodology

Within the scope of the thesis, firstly the theoretical part of the study that bases on the
concept of local data is researched. Meanwhile, location based data representation
through augmented reality in architectural design is evaluated through the literature
review. The model that provides local data usage through augmented reality in
architectural design is developed according to these studies. The sections that focus on
theory, review and model complement each other in the configuration of the thesis
(Figure 1.1).

' Problem ‘

Definition |

! Research \1
Questions

L LUESHIOTS- [

Theoretical Research

Literature Review

Location Based
Augmented Reality
Systems

‘ Local Data in !
| Architectural Design !

! Architectural * Technical
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i ofthe Model > the Model

Conclusions &
' Recommendations

Figure 1.1 : Research methodology of the thesis.



In the theoretical part of the research, the relations of data, information and knowledge
are questioned with the use of the basic meaning of them in a relative approach. The
term data is seen as a basis for this study. Afterwards, the origin of the data is
investigated to find the fundamental classification. This research directs to that each
data carries natural or cultural references to classify. Thus, the basis is prepared for the
transition to the concept of local data. The concept of local data considers the location
as the main context source for data while classifying other contextual factors. In order
to benefit from local data, a framework in which data is classified is needed. In this
respect through a comprehensive literature research, architectural studies (White,1983;
Unwin, 1997; Fawcett, 1998; Birkeland, 2002; Thomas, 2002; Spreiregen and De Paz,
2005; Farrely, 2012; Bielefeld and Khouli, 2017), site planning studies (Lynch, 1971;
Brooks, 1988; McBride, 1999; Beer and Higgins, 2000; Pitts, 2004; Towers, 2005;
Carmona et al., 2010; LaGro, 2013), and legal regulations in architecture and planning
(Regulation on Making Spatial Plans, 2014; National Planning Policy Framework,
2018) are evaluated to construct a data framework. By considering the mentioned data
in the references, data classes that are related to each other are grouped. Local data
framework is formed by the combination of data classes in these literature research,
and it is also possible to classify local data framework in different ways depending on
the varied classification approaches. This framework is developed as the main part of
the model for the classification of local data. The classification of data through this
framework provides a systematic approach to easily access all the data associated with
the place in architectural design.

In the literature review, the field of augmented reality is described with their
characteristics and requirements. After the review of the establishment of augmented
reality systems, location based data representation in augmented reality systems is
investigated. The featured applications from the first implementations to the recent
conditions are surveyed as a state of the art (Feiner et al., 1997, Vlahakis et al., 2002,
Junghanns et al., 2009, Lee et al., 2012, Geiger et al., 2014, Meza et al., 2014). Thus,
developments are revealed with components and significance of applications. Potential
contributions of location based augmented reality systems are associated with
architectural design, and appropriate component structures are discussed.
Consequently, these potential contributions and components are taken into

consideration in the model.



The model that provides local data usage through augmented reality in architectural
design is developed according to theoretical researchs and literature reviews. The
necessities of local data in architectural design and the potentials of location based
augmented reality are discussed in the current state with the support of literature, and
the possibilities that the conceptual model can provide are examined. The model is
generated with the association between the architectural user scenario and the technical
structure of the model. The possibilities of augmented reality are expressed and
supported by visualisations under the user scenario. The technical structure of the
model in augmented reality is presented under its components and workflow. The
workflow of the model is extensively explained under the stages of data acquisition,
data query and data display. In the acquisition of data, although relational databases
are handled as the basic data acquisition method, different methods which emerged
with developing technology are discussed in relation to the model. The query and
display infrastructure of the model is explained based on the working principles of the

studies carried out in the field of location based augmented reality.

In the context of the model, although the target group of the model is architects, the
model can be used by other professionals. It can be very useful for urban planners and
urban designers by providing easy access to surrounding data spatially. In practical
work, the model can be used to view the exact location of provided public services
such as infrastructure on site. Besides all these, it can also be used by users who want

to explore their environment spatially without being in any professional work.

1.4 Overview of the Thesis

Chapter 1 provides detailed explanations of the problems, aims of the research, the
research questions, the scope of the research, and the methods used to conduct the

research.

Chapter 2 describes the concept of local data that bases on theoretical studies. Firstly,
a relative perspective is adopted to provide a better understanding of the relationship
between data, information and knowledge. It is aimed to prevent the use of the data,
information and knowledge term interchangeably and to express their use in scientific
studies correctly. Secondly, it is aimed to develop a fundamental data classification for
architecture. When the origin of the data is investigated, it is seen that each data carries

natural or cultural references. This indicates that the fundamental classification can be



organized under natural and cultural categories. Lastly, the concept of local data is
discussed for the place, and a data framework for architecture is developed. In
architectural design, a data framework is needed to classify local data under natural
and cultural categories. In this respect through the literature research, architectural
studies, site planning studies, and legal regulations in architecture and planning are
evaluated to construct a data framework. The classification of data through this
framework provides a systematic approach to easily access all the data associated with

the place in architectural design.

Chapter 3 reviews literature on location based data representation through augmented
reality in architectural design. Firstly, it describes the field of augmented reality
including the characteristics and requirements. Combining real and virtual, interaction
in real time and registration in 3D are characteristic properties of augmented reality
systems. These fundamental characteristic properties also demonstrate the technical
requirements of the augmented reality system as the display, interface and tracking.
Secondly, location based data representation in augmented reality systems is
investigated. Location based augmented reality approach allows for on site
representation of data. MARS, Archeoguide, VIDENTE, CityViewAR, AREA and
BIM based AR applications are surveyed as a state of the art by reviewing features.
Developments to the recent conditions from the first implementations are revealed
with components and significance of applications. Lastly, potential contributions of
location based augmented reality systems and appropriate component structures are
discussed for architectural design. When the applications are evaluated in terms of
their potential contribution to architectural design, it is observed that location based
augmented reality systems can provide on site representation of data, user's direct
interaction with data, presentation of invisible data, quick review of surrounding data,
presentation of data on urban scale, visualization of past and future situations, analysis
of the proper data, editable application layout for architectural applications. By
evaluating the applications in terms of components, it is observed that which
components in the field of augmented reality are suitable for location based augmented
reality systems. These components need to be taken into consideration when planning
location based augmented reality systems for architectural design.

Chapter 4 focuses on model that provides local data usage through augmented reality

in architectural design. Firstly, the necessities of local data in architectural design and



the potentials of location based augmented reality are discussed in the current state,
and the possibilities that the conceptual model can provide are examined. Secondly,
architectural scenario of the augmented reality supported model is described. Focusing
on the data need of the architect during the site visit and site analysis before starting a
conceptual design, the representation of local data through augmented reality with a
certain classification is conceptually pointed out. The model classifies data in the
scenario according to the local data framework. In the model, possibilities of
augmented reality are expressed and supported by visualisations under the user
scenario. Lastly, the technical structure of the model in augmented reality is presented
under its components and workflow. In the determination of the model components,
the studies related to structures of the location based augmented reality systems are
taken into consideration. The workflow of the model is extensively explained under

the stages of data acquisition, data query and data display.

Chapter 5 concludes the thesis by evaluating its contributions to the architectural

design. It also discusses the limitations and further studies related to this study.






2. LOCAL DATA: ANEW APPROACH TO DATA IN ARCHITECTURE

The indirect relationship between the referent and the symbol began to occur by the
development of the thought and the reference system in the human life (Ogden and
Richards, 1989; Giannakidou et al., 2014). Primarily, human observed stimuli in the
nature, and has responded to existing conditions. Human's efforts to live together in
the nature as a community began to form culture in time. The development of culture
is based on information and language as the basic form of communication. Cultural
references clearly emerged with the transition from nomadic to settled life (Weisdorf,
2005). With the advances in the Neolithic period, the need to organize and transmit
knowledge directed human to the writing (Childe, 2010). Early samples of the writing
appear in the form of what they symbolize through visuals. Then, it turned away from
resembling the object by use of simplified characters and also began to symbolize
sounds. The writing is the most basic form of transforming information to data.
Referents are physically structured via writing to symbolize anything. These advances
have led to the emergence of data, which is the concrete form of information or
knowledge. Data is based on perception of referents in nature or culture, and also to

be recorded with specific symbols.

It is necessary to understand the differences between information, knowledge and data
for the proper use of the term data. Use of these terms with the fundamental meaning
provide the better understanding of relations than the other assumptions. This point of
view clarifies that why term data is used instead of information and knowledge.
Afterwards the origin of the data is investigated, it shows that data contains natural or
cultural references. Besides, data is inherently associated with place in architecture.
Local data approach can be used as a framework to classify the data in terms of
architectural design. Under this approach, local data covers all data that belong to a
place and its surroundings under the categories of natural and cultural data. The
systematic understanding of the data for the design to be developed through the local

data helps the architect’s design process.



2.1 The Relation of Data, Information, and Knowledge

The definitions and the relations of data, information and knowledge are accepted with
different aspects in literature (Zins, 2007). Most of the researchers use Ackoff’s (1999)
definition for the hierarchy of data, information, and knowledge. According to this
definition, data are symbols that represent the properties of objects and events.
Information consists of processed data, that directed to increase the usefulness of
information. Knowledge is know-how, and what makes possible the transformation of
information into the instructions. This hierarchy shows that data can be used to create
information, and information can be used to create knowledge (Rowley, 2007). Most
of these definitions are described from an information systems perspective. They base
on the processes associated with the transformation between data, information and
knowledge. But this hierarchy is not useful to understand these concepts and has

problems about reasoning.

Despite many studies at the definition of data, information and knowledge, there is not
a common acceptance of what they are and the relationships between them (Liew,
2007). The use of the three terms is not consistent, and often conflicting. Especially,
the terms of data and information are often used in an interchangeable manner (Chen
et al., 2009). It shows that distinctions between information, knowledge and data need

to be reconsidered.

The term of information with the basic meaning is used to refer to the communication
or reception of intelligence (Webster, 2018a). Information is the most primitive form
of anything perceived as potentially signifying something. It is the state of knowledge
outside the mind and exists independent of human (Demir, 2000). Source of
information encodes the information into the reality. The meaning of the information
depends on the ability to be decoded by the receiver (Aksoy, 1975; Eco, 1998). Only
a protocol based on knowledge can transfer information. The transferred information
becomes meaningful as knowledge, and operable as data. If it is explained with an
example to better understand, a voice such as human speech can be exploited. This
speech is produced by a person in her/his native language to communicate. If it is
nonsense to the listener, it is just a voice in the form of information. But if it is

meaningful to the listener who understands spoken language, it is in the form of
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knowledge. This speech becomes data when it is recorded on a paper or a voice

recorder.

Knowledge is internalized information that has decoded inside of a cognitive system.
It can be described as the conceptual model of the reality in the mind (Bayazit, 2004).
The common view is that knowledge is the product of a synthesis in the mind of the
knowing person, and exists only in knower’s mind. It is embodied in humans as the
capacity to understand, explain and negotiate concepts, intentions, and actions (Hey,
2004). It is shaped by knower’s personal perceptions and experiences, and therefore
individuals build their own knowledge. Only data can exist in a knowledge based

structure as persistent or transient in any environment, regardless of the person.

Data is the structured statement of information or knowledge. It provides a format that
can be processed by information systems (Demir, 2000). It takes shape in specific
symbols by knowledge based protocols. This is the only way to capture, store and
transfer the information or knowledge in a representation medium. Moreover, data has
the ability to become information in reality or knowledge in mind. The type of
transition depends on how the receiver gives meaning to data. Consequently, it can be
said that, information, knowledge, and data have a transition which need to be simply

explained (Figure 2.1).

Figure 2.1 : Information, knowledge and data relation.
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Information flow is continuous and everywhere; but in order to be useful it has to be
the data. For instance, if you are the architect who takes notes at a given place for
architectural site survey, you should see factors that affect your design. They can be in
a wide range from topography, climate, landscape to legal boundaries, surrounding
buildings, accessing to the site etc. But if you are not eligible to reach all architectural
knowledge, you can just focus on one information like vista as an important factor for
design. Although the existing information is identical in the site, data varies depending
on the knowledge of the person. This case indicates that if person has not knowledge

about information, the information cannot transform to data.

Most of the researchers claim that data, information, and knowledge are part of a
sequential order (Baskarada and Koronios, 2013). But, this study’s description
provides a relative approach to information, knowledge and data. One of them can
derive from others, therefore it shows a cyclical relation. The identical thing can be
defined as information, knowledge or data, depending to where it happened in reality,

mind or representation medium (Figure 2.1).

Information is usually used instead of data or knowledge in daily use by the reason of
not defined very well. The essential nature of information has been considered as
fundamental to our existence by many studies (Sanders, 2016). This study generates a
new perspective to data, information and knowledge relation, with the basic meaning
of information. It also shows that data is the most concrete form of them to use in
processes. Apart from the common definitions and the relationships between data,
information and knowledge, this approach can be more useful to grasp the terms.

2.2 Natural and Cultural Data

The nature covers everything and human is a part of nature. Human forms and
develops culture, while nature imposes conditions that feed or restrict formation of
culture. According to Marx, culture is everything that human beings create against the
creatures of nature (Giiveng, 1994). Haila (2000) points out that culture may be viewed
as an agent that actively struggles for domination over nature. The culture phenomenon
can be recognized as a result of the interaction between human and nature. In these
approaches, culture is expressed in an anthropocentric way despite the possibility of
other species cultures. Human is seen as the main factor in the emergence of data that

includes natural and cultural beings. The natural conditions forced human to act with
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an adaptive behaviour against nature. These facts directed human to be aware of the
natural beings. In order to survive in nature, human adopted to the order of living
together as a community, and this way of life gives birth to culture (White, 2016). The
attitudes developed against natural conditions and the living in the community have
led to emergence of cultural beings. In this way, human began to consider the natural

data, and derived the cultural data.

According to Demir (2016), there are two fundamental categories of being associated
with architecture as natural and cultural. While all layers of being can be considered
in the natural category, cultural category comprises the psychical and spiritual layers
(Figure 2.2). This approach provides a fundamental classification to use in architecture

as natural and cultural category.

Architecture

H
u
m
a
n

Culture

Nature

Figure 2.2 : Human / Nature / Culture (Demir, 2016).

Nature is often equated with the natural environment, but culture is just seen as
customs, rituals, beliefs and other spiritual layers. This is an incomplete view of culture
without physical artifacts of human. Rapoport (2005) suggests that culture can be
interpreted in different ways. According to Rapoport (2005), three types of responses
can be determined for what culture does. First, the purpose of culture is to provide a
life design through a variety of rules that show how things should be done. The second
view accepts the purpose of culture as creating a framework that gives meaning to

parts. Objects can only gain meaning in their position relative to one another in such a
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framework. The third view is that the aim of culture is to define groups. All these
insights are gathered in a holistic perspective to make culture operational, especially

as it relates to the physical environments (Rapoport, 2008).

It is seen that different conceptualizations of culture are useful to understand the most
comprehensive meaning of culture. In this study, cultural layers of being are
considered as the parts of the culture that gives meaning to anything. Thus, every kind
of man-made being emerged from the interaction of human with the nature is
considered to be the result of culture. Especially for architecture, it provides that
physically existing components of culture are examined under the category of cultural
data. On the other hand, everything that exists in nature itself and does not have any
human interaction can be considered as natural data. These definitions are useful to
understand the classification of cultural and natural data. For instance, agriculture is a

cultural data despite of its natural structure, because it includes the effect of human.

According to Bunschoten, when the conditions of the site are seen for architectural
design, architects have to understand the relations between the natural layers of the
world and the cultural layers that are created by humanity. These natural and cultural
layers interact with each other and struggle to outrival each other (Anderson, 2011). In
architecture, natural and cultural data can be used to classify via origin of data. Thus,
the architect can easily be aware of the natural conditions to protect nature and avoid
hazards in design, and the cultural effects suitable for the users. The classification of

these layers provides a systematic approach to deal with data for architectural design.

2.3 Local Data: A Data Framework for Architecture

Architecture is a discipline that is directly related to the place, unlike other design
disciplines. Norberg-Schulz (1980) explains the basic act of architecture as being “to
understand the vocation of the place”. Norberg-Schulz (1980) conceptualized “genius
logi” to concretize the sense of place. This is done by means of buildings, which gather
the properties of the place and bring them close to human. According to Wright (1957),
architectural design is about being native to the place, and this kind of a point of view
is one of the central design thought in modern architecture (Boyacioglu et. al., 2017).
Architecture requires an appropriate relationship between the place and the building.
Features of site give special character to places and shows how architecture can

respond by creating a meaningful environment. Every community lives in the tension
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created by the intersection of the natural environment and human culture, and each
develops its architectural responses to that tension (Crouch and Johnson, 2001).
Architectural design focuses on the data related to the characteristics of the buildings
and context of the place. On the one hand architecture needs to respond functional
requirements, whilst on the other it needs to take into account the natural forces and
cultural accumulations (Baker, 2003).

Depending on the place, natural data is effective on placement and form of
architecture. It is essential for architecture to provide spatial arrangements according
to topography, to create a comfortable environment compatible with climatic
conditions, to benefit from the natural materials of nearby place, and so on. Some of
the decisions taken during the design process are based on acting in accordance with
natural data. Therefore, it is important to use of natural data in architecture for

maintaining the link between human and nature.

Cultural data includes physical components of culture in built environment and other
intangible components of culture such as habit, tradition, and ritual. All these
components cover everything that human does and creates. For this reason, cultural
data is the primary factor in the emergence of the architectural environment and life
style of a community. Even under the same natural conditions, cultural data allows for

the emergence of different architectural settlements and formations.

In architecture, natural and cultural data are needed to be discussed by the context of
“local”. Local means having a definite location (Webster, 2018b). According to Tekeli
(2010), local serves as a framework that defines a specific place which includes the
physical structures and the natural features of the environment. Alongside, community
and their culture integrate with physical environment to make it meaningful. Every
place has its own natural and cultural characteristics to exist as a distinctive place.
Every place is unique, and there is really no other place like it (Leatherbarrow, 1993).
It clearly shows that place is the source of local data for architecture.

Local data belongs to a specific place that is a whole with data around. In the context
of the study, the concept of local data considers the location as the main context source
for data while classifying other contextual factors. In order to benefit from local data,
a framework in which data is classified is needed. Generally, architects use their

observations about the place and accessible data for architectural design. This

15



circumstance directs architects to work on limited data rather than using an extensive
data framework to check all related data. Therefore, firstly the fundamental
classification is considered by natural and cultural characteristics, which are peculiar
to place in architecture. Thus, it is seen that local data can be organized in a way that
includes not only natural characteristics such as topography, climate, vegetation,
natural resources etc., but also cultural characteristics such as buildings, utilities, legal

boundaries, demography, cultural heritage etc.

Comprehensive literature research is needed to provide categories and subcategories
of the natural and cultural data systematically. In the scope of the study, architectural
studies (White,1983; Unwin, 1997; Fawcett, 1998; Birkeland, 2002; Thomas, 2002;
Spreiregen and De Paz, 2005; Farrely, 2012; Bielefeld and Khouli, 2017), site planning
studies (Lynch, 1971; Brooks, 1988; McBride, 1999; Beer and Higgins, 2000; Pitts,
2004; Towers, 2005; Carmona et al., 2010; LaGro, 2013), and legal regulations in
architecture and planning (Regulation on Making Spatial Plans, 2014; National

Planning Policy Framework, 2018) are evaluated to construct a data framework.

In Table 2.1, classes of natural and cultural data come together in different colours.
These data classes are collocated by considering their relationships with each other in
reviewed sources. It is observed that data classes have no differences in use and meet
the common scope. Each data class contains basically the same approach from
different sources. Consequently, this literature research reveals data classes as: land
use, land types, boundary, density, built environment, building types, size and
placement of buildings, neighbourhood patterns, local formation of buildings,
construction techniques, materials of construction, topography, slope, drainage,
scenery, geology, underground resources, hydrology, vegetation, wildlife and
conservation areas, biodiversity, utilities, transportation, energy, electricity, gas,
communication, water, sewage, waste, accessibility, pedestrian access, vehicular
access, surrounding traffic patterns, public transportation, parking areas, sensory
attributes, views, noise problems, odour problems, air pollution, climate, sunlight and
shade, temperature, wind, humidity, precipitation, disasters, hazards, laws and
regulations, social environment, demography, sociocultural context, historical
development, cultural conservation areas, landmarks and historic buildings, conserved

buildings, future visions and projects.
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Table 2.1 : Evaluation of data classes for architecture in literature review.
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Land Types (Residential, Agricultural, etc.) X X X X X X X X X X X
Boundary X X X X X X X X X X
Density X X X X X X X X X X X X X X
Built Environment (Existing Structures) X X X X X X X X X X X X X X X X X X
Building Types (Residential, Commercial, etc.) X X X X X X X X X X X X X X
Size and Placement of Buildings X X X X X X X X X X X X X X X X
Neighbourhood Patterns X X X X X X X X X X
Local Formation of Buildings X X X X X X X X X X X X
Construction Techniques X X X X X X X X
Materials of Construction X X X X X X X X X X X
Topography X X X X X X X X X X X X X X X X X
Slope X X X X X X X X X X X X X
Drainage X X X X X X X X X X
Scenery (Aspect) X X X X X X X X X X X X
Geology (Ground, Soil) X X X X X X X X X X X X X X
Underground Resources X X X X X X X X
Hydrology (Water Resources) X X X X X X X X X X X X
Vegetation X X X X X X X X X X X X X X X X X
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Table 2.1 (continued): Evaluation of data classes for architecture in literature review.
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Table 2.1 (continued): Evaluation of data classes for architecture in literature review.
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In literature review, data classes that are needed in architectural design are examined
for data framework. By considering the relations of each data class to other classes,
the data classification system has begun to form. When the data classes are collated,
the interrelated data in sources are also grouped in Table 2.1. These relationships are

considered to determine a local data framework in this study.

All of these data classes are organized to structure local data framework that has been
emerged in Table 2.2. In this framework, all data belonging to the place are grouped
under two main categories as Natural Data (ND) and Cultural Data (CD). Categories
are also clustered with subcategories according to their relationship with each other.
Natural data includes the categories of topography, geological features, water
resources, vegetation, climate, wildlife & conservation areas, biodiversity and natural
disasters. Cultural data includes the categories of land use, built environment, utilities,

legislation, social environment, accessibility, sensory attributes and hazards.

The classification of the local data comprises various subcategories under the
categories. When natural data categories are grouped by their relationships, the
category of topography contains slope, drainage, and scenery subcategories.
Geological features are classified as ground type and underground resources
subcategories. According to reviewed sources, categories of water resources,
vegetation, wildlife and conservation areas have not defined subcategories. The
category of climate consists of sunlight and shade, temperature, air flow, humidity,
precipitation subcategories. Biodiversity includes plant and animal varieties in itself.
Natural disasters can be classified as geological, hydrological, meteorological

disasters.

On the other hand, cultural data that have the effect of human are grouped. The
category of land use contains land type, boundary and area, density, neighbourhood
pattern, historical development and conservation areas, future visions and plans
subcategories. The category of built environment consists of building type, size and
placement of building, local formation of buildings, construction technique, materials
of construction, landmarks and conserved buildings, future projects subcategories.
Utilities are classified as transportation, energy, communication, water, sewage, and
waste. The category of legislation without subcategories represents all laws and
regulations which organize community life and structuring conditions. The category

of social environment contains demography and sociocultural context subcategories.
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Table 2.2 : Natural and cultural local data framework for architecture.

Natural Data (ND)

Cultural Data (CD)

ND: - Topography
NDu: - Slope
ND:2 - Drainage
NDzs - Scenery
ND: - Geological Features
ND2: - Ground Type
ND2. - Underground Resources
NDs - Water Resources
ND: - Vegetation
NDs - Climate
NDs: - Sunlight & Shade
NDs: - Temperature
NDss - Air flow
NDs: - Precipitation
NDss - Humidity
NDs - Wildlife & Conservation Areas
ND- - Biodiversity
ND- - Plant Variety
NDz - Animal Variety
NDs - Natural Disasters
NDs: - Geological Disasters
NDs2 - Hydrological Disasters

NDss - Meteorological Disasters

NDn - ...

CD: - Land Use
CDu - Land Type
CDq, - Boundary & Area
CDq. - Density
CD1ss - Neighbourhood Pattern

CDu4 - Historical Development & Conservation Areas

CD:s - Future Visions & Plans
CD: - Built Environment
CD2: - Building Type
CD2 - Size and Placement of Building
CD2s - Local Formation of Buildings

CDas - Construction Technique
CD2s - Materials of Construction

CDzs - Landmarks & Conserved Buildings

CDz - Future Projects
CD:s - Utilities
CDa: - Transportation
CDs. - Energy
CDss - Communication
CDas - Water
CDss - Sewage
CDss - Waste
CD:s - Legislation
CD:s - Social Environment
CDs: - Demography
CDs2 - Sociocultural Context
CDs - Accessibility
CDe: - Pedestrian Access
CDe2 - Vehicle Access
CDe2: - Surrounding Traffic Pattern
CDs2 - Public Transportation
CDe2 - Parking Areas
CDss - Bicycle Access
CDss - Disabled Access

CDs - Sensory Attributes

CDn - Views

CDr - Noise Problems

CDrs - Air Quality & Odour Problems
CDs - Hazards

CDn- ...

21



The category of accessibility contains pedestrian, vehicle, bicycle and disabled access
subcategories. Vehicle access subcategory can be classified as surrounding traffic
pattern, public transportation, and parking areas. The category of sensory attributes
consists of views, noise problems, air quality and odour problems subcategories.
Hazards without subcategories represents human induced dangers like crime rate,
night security, and so on.

This framework provides an organized structure for local data and supports the
classification of data related to the place. Given the nature of this framework, location
Is handled as the major context source to classify the other contextual factors. Instead
of being evaluated in a separate framework, temporal context is embedded in
subcategories like the other contextual factors. The combination of temporal factors
with data leads to the derived subcategories such as historical development, future

visions and so on.

The classification of natural and cultural data can also be carried out under different
categories and subcategories. This classification is realised according to data classes
of reviewed sources. It is also possible to classify this framework in different ways
depending on the varied classification approaches. This framework is not absolute, it’s
open to development. When new data may be derived, the classification system may
expand. For instance, if the effects that come from space such as meteor stream affect

the world, it may be included in this framework as natural data.

Local data framework has been developed to classify data that are used for
architectural design. In the architectural design process, the architect needs data related
to the context of the place. Observing natural and cultural resources by visiting the site
provides clues about how to produce an appropriate design response. Afterwards, the
architect evaluates these natural and cultural data according to the required formal,
functional and structural needs. Instead of this process that uses a coincidental
approach to data acquisition, local data framework provides a systematic classification
in relation to location. Local data framework contains all the data that should be
considered when making design decisions. In the architectural site survey, the architect
can check all available data according to local data framework. Thus, the possibility
of missing important data is eliminated. For instance, forgetting to check land use or

legislation can cause serious problems in the implementation of the architectural
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design. In addition, the architect records data with its location information. Thereby,
data’s relationship with the place is maintained for the analysis process.

2.4 Conclusion of the Chapter

In this chapter, a relative approach is adopted to provide a better understanding of the
relationship between data, information and knowledge. This is essential to understand
why data term is used as a concrete form of information and knowledge. At the same
time, this approach prevents the use of the data, information and knowledge term
interchangeably and expresses their use in scientific studies correctly. When the origin
of the data is investigated, it is seen that each data carries natural or cultural references.
This indicates that the fundamental classification of data can be organized under
natural and cultural categories. With the extreme increasing human impact on nature,
the classification of data that base on being natural or cultural can become more
important in the future. Through these theoretical studies, the basis is prepared for the
transition to data in architecture.

Architecture is a discipline that is inherently associated with the place. Even though
place could be seen as a limitation for architectural design, it actually offers many
different possibilities. By the reason of two different sites are not exactly the same,
place makes architecture original and unique. Each place offers different data in terms
of understanding and interpreting the site. Considering the relationship with the place
in architecture, the data in the field of architectural design are handled under the local
data approach. By means of this approach, local framework associated with a place is
defined for architectural design. Understanding the site and its surrounding potential

through local data provides an analytical process for architectural design.

To take advantage of the local data concept, a data classification framework is needed
to manage data. Primarily, data classes that are needed in architectural design are
examined with their origin through literature research. Architectural studies, site
planning studies, and legal regulations in architecture and planning are evaluated to
construct a data framework. Afterwards, local data framework is developed with the
use of fundamental classification as natural data and cultural data, and data classes
relationship with each other. It is also possible to classify this framework in different
ways depending on the varied classification approaches. To develop subcategories,

more comprehensive research is needed for each data class. Although it is possible to
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define each data class with its qualitative or quantitative parameters, the sources used
in this study are not suitable for a research within this scope. This kind of study requires
a more comprehensive research based on the practical use of each data in daily life.
Local data framework is expressed as an open approach to development rather than a

framework that is terminated in the study.

In addition to providing a theoretical basis, this study provides a framework for the
practical use in further studies. Local data framework can be integrated into
computational platforms that effectively interact with and utilize from data contained
within the site. The classification of data through this framework provides a systematic
approach to easily access to all data associated with the place in architectural design.

Local data framework supports the architect in design by taking data into account.
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3. LOCATION BASED DATA REPRESENTATION THROUGH
AUGMENTED REALITY IN ARCHITECTURAL DESIGN

Architects carry out site visits prior to a design activity to understand existing
conditions. They also need typical activities that includes data gathering, managing
complexity, mapping and analysing site. These activities are the main tasks to start an
architectural design from first site visit to analysis (Anderson, 2011). There is a
fundamental need for an architect to visit the site where the project will be located.
The site will suggest a series of characteristics that affect the architectural design
(Farrelly, 2012). The natural composition of a site contributes to make it a distinct
place through topography, landscape, natural resources and climate. Overlaid on its
natural composition, cultural context also influences the way that people use the site
and gives its character. Cultural context includes all human-made factors like religion,
art, history, settlement, infrastructure, surrounding buildings, use of materials, etc.
(LaGro, 2008). These natural and cultural characteristics of site need to be sought and
gathered by the architect who designs there. However, it is necessary to manage the
complexity of data from different parameters and sources. The condition of any site as
a record of natural and cultural data can be mapped for organized complexity. The
mapping provides to have read the site, and thoroughly understand it via spatial
relations in architectural design. Architects correlate data which is spatially
represented in a map to properly analyse a site and put it to use in their own project.
At this point, architectural design needs to take advantage of information technologies
for location based data.

Recently, location based augmented reality has came into prominence with the rise of
the portable devices, the increasing availability of location based data and the
accessibility of networks (Nobrega et al., 2017). Location based computing makes it
possible to link data to actual physical locations, thereby augmenting the real world
with a layer of virtual information (Khan & Loke, 2017). Location based augmented
reality systems can provide information about the contents of a place as the architect

looks around the site. Therefore, an extensive study is carried out from augmented
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reality characteristics and requirements to featured applications of location based
augmented reality. Firstly, augmented reality characteristics and requirements are
investigated to use in detailed analysis of applications. Additionally, these featured
applications are evaluated with components, significance in location based augmented
reality and potential contribution to architectural design. This chapter tries to suggest
which augmented reality components are more suitable in recent conditions for use in

architectural design related to the site.

3.1 Augmented Reality Characteristics & Requirements

Beginning in the 1960’s, augmented reality has progressed from first augmented
reality prototypes (Sutherland, 1968), to coin as augmented reality (Caudell & Mizell,
1992), and the developments continues with enabling technologies. Augmented reality
complements the real environment with virtual content that creates a seamlessly
coexisting spatiality. The goal of augmented reality is to enrich a user’s perception and
interaction with the real environment (Arnaldi et al., 2018). Combining real and
virtual, interaction in real time and registration in 3D are characteristic properties of
augmented reality systems (Azuma et al., 2001). These fundamental characteristic
properties also demonstrate the technical requirements of the augmented reality
system. An augmented reality systems need to have a display to combine real and
virtual content, an interface that can provide interaction on a computer system and a
tracking system to find the positions of virtual contents and user’s view (Billinghurst
et al., 2015).

3.1.1 Combining real and virtual: display techniques & types

In order to combine real and virtual content, some kind of display technology is
needed. Depending on the display techniques and the position of the display,
augmented reality display technologies are classified in two different approaches
(Krevelen & Poelman, 2010). Table 3.1 shows display techniques, display types and
display devices that emerged from the intersection of display techniques and types.
Basically, there are three display techniques to visually present an augmented reality:
video see-through, optical see-through and projection-based display (Verlinden,
2012).
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In video see-through display technique, computer graphics are combined with captured
video frames in real time. This type of technique digitizes the real environment scene
through the camera, thereby the image of the real environment can be combined with
virtual content by digital image processing (Carmigniani et al., 2011). Video see-
through display is the most widely used technique in augmented reality systems due
to the ease of accessing the display devices. A wide range of devices, from
smartphones to tablets, include a camera that can be used to capture video for

augmented reality.

Table 3.1 : Display techniques and display types for augmented reality (Verlinden,

2012).
Display
techniques / Video see-through Optical see-through Projection-based
Display types
Head-attached Head-mounted display (HMD)
Hand-held Hand-held devices See-through Spatial
Spatial Embedded display boards projection-based

Another technique is optical see-through display that provides the virtual content with
a direct view of the real environment. This technique uses an optical combiner to
superimpose a computer-generated scene onto the real scene (Hua et al., 2011). With
leaving the perception of real environment alone, optical see-through displays do not
suffer from limitations in time delay or resolution. It’s important for safety demanding
applications that require a direct view of the real environment, such as military or

medical application.

The third technique is projection-based display that projects the virtual content overlay
onto real environment. While other techniques combine the real and virtual view at the
scene’s image plane, projection-based displays overlay virtual content directly on the
surface of the physical object (Sand et al., 2016). Projection-based display has an
advantage of not requiring the user to wear anything, but this circumstance limits the
display because of being tied to certain positions. It is needed to project the virtual
content onto the physical surface. Other limitations of projection-based display include
being more sensitive to lighting conditions, and suffering from shadows created by

other physical objects.
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While augmented reality displays use different techniques to combine the virtual and
real environment, they can also be categorized based on where the display is placed
between the user’s eye and the physical object to be augmented (Bimber & Raskar,
2005). Displays can be arranged in three different types: head-attached, hand-held and
spatial display (Peddie, 2017). Figure 3.1 shows where the displays are located with
respect to the observer and the physical object with example of displays.

Spatial display

Figure 3.1 : Head-attached display, hand-held display, and spatial display (Sketchup
Viewer, 2018; Kincade, 2014; Nasman & Cutler, 2012).

Head-attached displays refer to head-mounted displays (HMD), which can apply either
of the three display techniques. Users mount this type of display on their heads,
providing virtual content in front of their eyes. No other physical objects come between
the eyes and the virtual content from the display, which supplies the virtual content
not getting blocked by other physical objects (Aukstakalnis, 2016). The main
advantage of head-attached display is its hands-free nature. These displays provide

visually immersive experience and high mobility.
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Hand-held display describes augmented reality systems which can be hold by the user.
With advances in mobile device technology, hand-held displays became powerful
enough to process augmented reality visualization. From smartphones to tablets, a
variety of devices have been used as augmented reality displays (Yusof et al., 2016).
Hand-held displays are considered to be personal and mobile, besides sharable with
others as needed. They are also more socially accepted compared to head-attached

displays.

Projecting the virtual content directly onto the surface of physical object is common
approach used for implementing spatial display (Marner et al., 2011). Compared to
head-attached and hand-held displays, spatial displays are usually installed at a fixed
location and limited in mobility. As spatial displays allow a larger image in the outdoor
environment, multiple users can readily see these displays as public. Spatial displays
integrate technology into the environment and detach most of the technology from the

user.

3.1.2 Interaction in real time: interface

One of the essential requirements of augmented reality is to create appropriate
techniques for intuitive interaction between the virtual content of augmented reality
applications and the user in real time. Depending on the interaction of augmented
reality applications, different interfaces have emerged over time. There are five ways
to interact in augmented reality applications. Figure 3.2 shows augmented reality
interfaces: information browsers, 3D user interfaces, tangible user interfaces, natural

user interfaces and multimodal interfaces (Billinghurst et al., 2015).

Information browsers are one of the representational types of augmented reality
interfaces. In this interface, augmented reality displays are considered as a scene into
an information space, and the main task of the user is to manipulate this scene to
browse the information. Other types of interactivity common to information browsers
includes filtering information shown, choosing different information to view, changing
visualization style, and navigating into details of the information provided etc. Most
of these interactions can be accomplished using traditional 2D graphical user interfaces
and screen input (Langlotz et al., 2013). The interaction method provided is easy and
simple to learn as the users can use their knowledge of traditional mobile user

interfaces.
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Figure 3.2 : Augmented reality interfaces (Billinghurst et al., 2015).

3D user interfaces adopt 3D interaction techniques to manipulate virtual objects
through controllers (Kulshreshth & LaViola Jr, 2018). 3D user interfaces can provide
good interactivity in augmented reality applications for design, training and
entertainment. Users can interact with 3D virtual objects in space in a familiar and

natural way.

Tangible user interfaces use physical objects for representing virtual entities and
information, and to bridge between the digital and physical. While tangible user
interfaces provide intuitive and natural interaction with digital information through

manipulating physical objects, they can have limitations with display capabilities,

30



either showing very limited information with different status of physical objects (Shaer
& Hornecker, 2009).

Natural user interfaces provide the interaction of gestures and body motions. Sensors
are used for tracking and recognizing body movements. With developments in
computer vision technology, augmented reality systems became capable of
recognizing user’s gesture and body motion in real time without requiring the user to

wear any sensors (Kaushik & Jain, 2014).

Multimodal interfaces are used to provide richer interactivity in augmented reality
applications. Main goal of multimodal interfaces is to combine different modalities of
input. Among different combination of input modalities, gesture and speech
recognition combined is one of the most actively and widely researched combinations
(Lee etal., 2013). This type of interface offers an expressive, robust, and highly mobile

form of interaction to use in future augmented reality applications.

3.1.3 Registration in 3D: tracking

The registration in augmented reality is a process which properly aligns the objects in
the real and virtual environments to each other. As users move their viewpoints, virtual
contents must remain aligned with the observed 3D positions and orientations of real
objects. The registration depends on accurately tracking the viewing pose, relative to
either the environment or the annotated objects. Tracking is defined as the
measurement of object position and orientation in a scene coordinate system (Yi-bo et
al., 2008). Each type of tracking device has different level of accuracy that depends
greatly on the type of system being developed. Tracking technology of augmented
reality can be classified into three kinds: sensor based tracking, vision based tracking,
and hybrid tracking techniques (Zhou et al., 2008).

Sensor based tracking techniques are based on sensors such as GPS, optical, inertial,
mechanical, magnetic, or acoustic sensors. They all have their individual advantages
and disadvantages while using in an augmented reality system (Pagani et al., 2016).
GPS and inertial sensors are the most preferred types due to the ubiquity of mobile
devices. These sensors are essential for detection of position and orientation in a

location based application.
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Vision based tracking techniques use image processing methods to calculate the
camera pose relative to real objects. Objects are localized based on their pixel
information including changes in brightness, intensity, and other local features. The
advantage of vision based tracking is its high adaptability to unprepared environments.
For instance, a cloud based system is able to present multiple 3D maps for an
environment and the markerless tracking schemes can perform 3D registration based

on image visual cues extracted from camera views (Yu et al., 2016).

Hybrid is the most common type of tracking for augmented reality systems by
combining tracking techniques to comprise the advantages of both and support the
disadvantages of the other. Hybrid tracking systems gain data from multiple sensors
to enhance the accuracy of the individual sensors, overcome weaknesses of certain
tracking methods, or add additional degrees of freedom. For instance, GPS tracking
systems are often combined with inertial sensors and vision based tracking in order to
obtain pose estimation due to their low accuracy and only providing positional
information (Singh & Mantri, 2015).

3.2 Location Based Data Representation in Augmented Reality Systems

Augmented reality allows for an on-site representation of information that is registered
to the physical environment. As computers decrease in size and increase in power, new
wearable and mobile computing applications became feasible, promising users access
to online resources continuous and everywhere. Significant improvement has been
obtained by new generation smartphones and tablets, which are equipped with GPS,
inertial sensors, and fast network connections (Shatte et al., 2014). With these
opportunities, at the same time representation of spatial data sets has become important
via location based services. The ability to supply location based data to users is a key
aspect to make augmented reality more practicable (Pierdicca et al., 2016). The merge
of location based services and augmented reality systems provides a valuable addition
towards the presentation of data in the real world at the location of interest (Santana et
al., 2017). Location based augmented reality systems facilitates a greater awareness
spatially and better understanding of the environment (Riera et al., 2014; Pereira et al.,
2018).
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Figure 3.3 : An example of site analysis through mapping (Site analysis, 2017).

In architectural design, site visit is a fundamental need for an architect to understand
existing conditions. Site visits provide clues about how to produce a design response.
Architects spend time at the project site and make visits to experience the site’s
context. The architect’s main efforts on the site focus on data gathering and absorbing
the sense of place. However, it is necessary to manage the complexity of data from
different parameters and sources. For this reason, the condition of any site can be
mapped to have read the site, and thoroughly understand it via spatial relations in
architectural design. Architects correlate data which is spatially represented in a map
to properly analyse a site and put it to use in their own project (Figure 3.3). At this

point, location based augmented reality can be used to map a site, and investigate it.

The use of location based augmented reality has become common with different
applications in architectural design field (Freitas & Ruschel, 2013; Sato et al.,2016;
Miyake et al., 2017). It makes possible a new class of applications that utilized
surrounding contents of a place as the architect walks around the site. Thus,
developments from the first implementations to the recent conditions have been
revealed in location based augmented reality with featured applications. The sample

applications included in this survey were selected based on their outstanding
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characteristics and the improvements they have made. Potential contributions of these
applications to architectural design are reviewed, whilst also providing an insight into

attitudes towards utilising these technologies within the architectural site survey.

MARS

MARS, that means “Mobile Augmented Reality System”, is the first location based
augmented reality project. Feiner et al. (1997) unites wearable computers with GPS
tracking to present location based augmented reality interfaces for showing
information on site in the real environment. The touring machine is an early prototype
of MARS that presents 3D graphical tour guide information to campus visitors. The
touring machine allows users to look around the university campus and access
information via a tracked see-through display and hand-held display. The main theme
of this application is to present contextual information of the university that visually
connected to the physical world by combining multiple display and interaction
technologies. The user is tracked through a combination of satellite based position
tracking and inclinometer/magnetometer based orientation tracking. Besides GPS and
inertial sensors, vision based approaches also are employed in MARS. Respectively to
the current location, the browser provides information about the campus. As the user
explores the campus, the see-through head-attached display overlays labels on
buildings. When labels selected, each of them sends a link to an internet browser
running on the hand-held device. With developing researches in MARS, 3D model of
a building that once occupied Columbia University campus, is overlaid on its former
site. This application also presents a situated documentary of the history in Columbia
campus via showing the model of a historical building at its original location (Hollerer
etal., 1999).

Figure 3.4 shows a different prototype of the MARS, indicates of restaurants in the
university neighbourhood. This prototype offers an interface that is connected to a
database of the restaurants in the city. Information about restaurants is presented either
via an overview 3D map, so that the user can be guided to a specific place of own
choices, or as direct annotations of the actual restaurant locations themselves. Having
selected an establishment, the user can bring up a scene with further information on it:
a short description, an image of the interior, restaurant’s menu and reviews (Hollerer

& Feiner, 2004).
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Figure 3.4 : MARS project as an augmented reality information guide (Hollerer &
Feiner, 2004).

Archeoguide

Archeoguide provides archeological tours on site through augmented reality. This
application uses mobile computing, 3D visualization, outdoor tracking, and augmented
reality techniques to enhance information presentation, reconstruct ruin sites, and
simulate former life. Archeoguide project aims to develop new interactive methods for
accessing cultural heritage information. Site information servers administer a
multimedia object database storing 2D images, 3D models, video, and textual objects
on the archaeological site. These objects are organized in a hierarchical tree structure,
enabling grouping according to the information they represent. Mobile units provide
information stored in the central database to the touring users and incorporate a hybrid
system that contains GPS, inertial and vision based tracking for identifying the user’s
view. The system filters the information through user’s position and orientation. The
system can personalize the archaeological tour according to the user profile, and
priorities of the user. Based on parameters like interests, age, education, and
archaeological knowledge, the system draws up a tour and enriches it with
corresponding information on the database. Moreover, the proposed interface allows
choosing between several themes and media. Archeoguide especially provides an
opportunity to visualize the 3D reconstructed site (Vlahakis et al., 2002), see Figure
3.5.
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Figure 3.5 : Visualization of a cultural heritage on-site via Archeoguide (Vlahakis et
al., 2002).

VIDENTE

With the advent of augmented reality applications running on hand-held computing
devices, VIDENTE project develops a mobile augmented reality application to
visualize subsurface characteristics. Unlike ordinary approaches, augmented reality
provides a more intuitive interface to gain complex underground utility network data
in the site. Users no longer have to transform map space into the real world since they
obtain an integrated view of both at a time. From user’s localization, it is possible to
visualize in real time 3D representation of networks of cables and pipes hidden
underground. Figure 3.6 shows the hidden pipelines superimposed as a computer
graphics overlay on the road surface in front of the user. The rendered augmented
reality scenes are adjusted continuously as the user moves around. The platform
comprises a GPS module and an inertial measurement unit for respective position and
orientation tracking. Geospatial objects originating from an operational location based
database are delivered to the client application in online or offline mode. The
application converts the delivered geospatial data into a corresponding 3D computer
graphics data structure. Scenes are assembled as a video see-through at the hand-held
device in real time by merging continuously streamed video footage with location
based computer graphics considering the client’s currently tracked position and
orientation. By means of this application, users are enabled to visualize both hidden
underground objects such as pipes, cables, and joins and abstract information such as

safety buffers, or legal boundaries (Junghanns et al., 2009).
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Figure 3.6 : Presentation of the subsurface infrastructure via VIDENTE project
(Junghanns et al, 2009).

CityViewAR

CityViewAR provides information visualization on a city scale with the use of mobile
outdoor augmented reality. The main aim of the CityViewAR application is to allow
the user to efficiently access location based data with the interaction of the information
browser. This application exploits sensors on mobile phones to provide information
based on the current location of the user. Various visualization methods that include
AR view, interactive digital map view, and list view, are used to meet different
requirements of the users in application. The user can browse content with these three

views as the main interfaces (Figure 3.7).

CityViewAR starts with the map mode that gives spatial context, and provides a
starting point. The user can switch into the other browsing views using icons located
at the screen corner, and then access various content including textual information and
images (Lee et al., 2012). In the AR view mode, virtual information is overlaid on
video background that is captured from the real environment using the camera. This
type of application shows information on point of interest (POI) in the real
environment. Location information is shown with textual informations and images of
the related POI. Besides providing historical information about buildings, the
application also provides 3D visualization of the former buildings on site. This
application shows that making such information easily accessible to the public can

help users to have richer experience about cities.
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Figure 3.7 : Structure of CityViewAR application with browsing interfaces (Lee et
al., 2012).

AREA

Alongside development of smart mobile devices, numerous techniques, concepts, and
prototypes have been introduced, focusing on basic implementation issues of mobile
augmented reality applications. Geiger et al. (2014) develops a mobile augmented
reality engine that provides location based functionality. This augmented reality
engine is denoted as AREA (Augmented Reality Engine Application). This augmented
reality engine deals with the development of a generic mobile application, which
enables location based mobile augmented reality for structuring applications. The
basic concepts to enable location based calculations are developed to enrich the image
captured by the mobile device’s camera with virtual information about point of
interests in the surrounding site. Figure 3.8 shows the algorithm realizing the location
view in AREA.

AREA is integrated with several mobile applications such as LiveGuide. LiveGuide is
used to provide tourists and residents of the city with the opportunity to explore their
surrounding by displaying point of interests stored for the city. These kinds of

applications take advantage of the modular design and extensibility of augmented
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reality engine to realize such mobile applications on top of AREA. In the example of
the LiveGuide application, the appearance of the point of interests is adapted to meet
the user interface requirements of the concerned application. Moreover, the data model
of the AREA is adapted to existing databases for the application. Figure 3.8 shows
user interface elements as part of the LiveGuide application and originally
implemented for AREA.

AREA LiveGuide
Core Engine Ditzingen

Figure 3.8 : Algorithm of AREA for presenting location view, and an adapted user
interface from AREA core engine to LiveGuide (Geiger et al., 2014).

BIM based AR

Building information models (BIM) comprise an advanced form of documentation that
can contain spatial information, schedule, and analysis etc. Architects have to rely on
their spatial awareness to map the 2D drawings or 3D models into the context of the
real environment, e.g. to use that information during the construction of the buildings
on the construction site. Researchers tried to facilitate the process of mapping 2D
design documentation to 3D real world construction reality by mixing virtual
information with the real environment. Meza et al. (2014), focused on how to use the
BIM information and feed it into augmented reality systems. They implement a BIM
based AR system that consists of four activities: creating building information model,
creating schedule, creating augmented reality model, and using augmented reality

model on site (Figure 3.9).
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Figure 3.9 : Presentation of BIM based AR (Meza et al., 2014).
3.3 Potential Contributions of the Augmented Reality to Architectural Design

These featured applications included in this survey were evaluated on their augmented
reality components, significance in location based augmented reality and potential
contribution to architectural design (Table 3.2). It shows that some of the components
seem more appropriate to location based augmented reality systems. Hand-held
displays that use video see-through display technique are mostly preferred type of
display. It depends on widespread access to hand-held displays instead of head-
mounted displays. On the other hand, head-mounted displays can be preferred as a
natural platform with hands-free working environment in the future. This survey
showed that information browsers are the most suitable representative types of
augmented reality interfaces. These interfaces are designed for basic interaction tasks
to view the visualized location based augmented reality scene and browse the
information provided. Hybrid is the most suitable type of tracking systems to use in
location based augmented reality. Reviewed applications showed that hybrid tracking
based on GPS and inertial sensors is sufficient with the development of tracking
technology. Furthermore, hybrid tracking can be enhanced with vision based tracking.
For systems to be successful in architectural design, developers need to consider that
augmented reality components need to be compatible, widely used, natural to interact
with and precisely detectible.
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Table 3.2 : Evaluation of featured location based augmented reality applications

(Unal & Demir, 2018).
Location Display Interaction Tracking Type Significance Contribution
Based Technique / Type to
Augmented Display Type Architectural
Reality Design
Applications
MARS Optical see- Information Hybrid First use of Representation
through display ~ Browsers Tracking augmented of site
/ Head-attached (GPS+DGPS+  reality for the information
+ Hand-held Magnetometer+  exploration of
display Inclinometer+ urban features
Vision based
tracking)
Archeoguide Optical see- Information Hybrid Use of different  Visualization
through display ~ Browsers Tracking data and simulation
/ Head-attached (GPS+DGPS+  representations  of former
+ Hand-held Inertial and enhanced condition
display (Pen- Sensors+ database
tablet+Palmtop) Vision based structure
tracking)
VIDENTE Video see- Information Hybrid Direct up to Presentation of
through display ~ Browsers Tracking date data about  hidden
/ Hand-held (GPS+Inertial the subsurface underground
display Sensors) utilities objects & legal
boundries
CityViewAR Video see- Information Hybrid Information Presentation of
through display ~ Browsers Tracking visualization on  data on a city
/ Hand-held (GPS+Inertial urban scale scale
display Sensors)
AREA Video see- Information Hybrid Engine Editable
through display ~ Browsers Tracking application for  application
/ Hand-held (GPS+Inertial location based layout for
display Sensors) augmented architectural
realiy applications
applications
BIM based Video see- Information Hybrid Building Visualization
AR through display ~ Browsers Tracking information and simulation
/ Hand-held (GPS+Inertial modelling and of 4D content
display Sensors) augmented (Information
reality system with a time
integration component)

MARS is the first use of augmented reality with location based data for the exploration
of urban features. It makes it possible to collect data of a site and represent it in real
place for architectural design. This kind of application promises to make easier the
design process by bringing the architect into more direct contact with the building site.
They can enable architects to not only interact with surrounding contents throughout

site visit, but also carry out design analyses while on the site.

Archeoguide introduces innovative approaches to organize multimedia objects in
database for different data representations. In addition to that it can show historical
information on archaeological site by use of 2D images, 3D models, videos, and textual

contents. It can make contribution to architectural design about visualization and
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simulation of former condition on site, such as older versions of buildings in view, or
images of past events. It can also inform an architect to protect the archaeological areas

on site.

VIDENTE converts location based data to three-dimensional computer graphics on a
hand-held device. It provides direct up to date data about subsurface utilities. By means
of this application, architects are enabled to visualize both hidden underground objects
such as infrastructures and abstract information such as legal boundaries. It may allow
architects to gain an instant check of a site’s surroundings for finding the best place

for architectural design.

CityviewAR is an essential application for the demonstration of information
visualization on urban scale through smartphones. The main function of this kind of
applications is to allow the user to efficiently access location base data in a city. It can
enable a greater appreciation of a site’s context for architectural design. Most of the
information needed to understand a site’s constraints and assess its merit can be

provided to architect.

AREA is an engine application developed to enable location based augmented reality
applications to be easily developed on smartphones. It can present information
registered directly to places with point of interests (POls). Information of POIs comes
in a variety of forms, such as text, image, video, audio, or 3D model. It provides

editable application layout for architectural applications.

BIM based AR focus on how to use the BIM information and feed it into augmented
reality systems. The most familiar use of these applications is to overlay a real site
with an intended virtual design at full scale. It can be used to present information with
a time component via visualization or simulation of 4D content. This kind of
application encourages architects to consider and evaluate their project site across a
range of timeframes, and from multiple viewpoints. Given the data rich nature of BIM,
it can be possible to perform site analysis in situ at full scale.

Location based augmented reality systems require that the user actually be at the place
where the task is to take place. Being at the place is essential in architectural site
survey. In a site visit, architects do not see these locations with comprehensive
information. They have to collect site data from different sources and mediums. Then

all collected data needs to be managed on maps that analyze the site. It is a long process
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that takes time and work-force. Use of location based augmented reality systems can
provide data presentation of locations as they are current condition. If a database of
the environment is available, an augmented reality application can track data
representations. With the use of augmented reality, an architect looks at project site
and sees data directly overlaid on the site. Architects walking around the site with
augmented reality systems would gain a much better understanding of the site. The
power of augmented reality systems lies in their ability to visualize normally hidden
or abstract features, such as infrastructures and boundaries. In addition to that
augmented reality systems can show historical information of site. By providing
information in a BIM format, location based augmented reality systems provide

significant contributions to site analysis in scale with surroundings.

3.4 Conclusion of the Chapter

In this chapter, it is surveyed how location based augmented reality can be used in an
architectural site visit. To understand the importance of location based data in
architectural design, this survey is an extensive study from augmented reality
characteristics and requirements to some featured applications of location based
augmented reality. As can be seen, the main idea under the research is supporting
architects with opportunities of location based augmented reality. Location based
augmented reality has become increasingly popular in recent times due to the minimal
hardware requirements, improved computational power of the devices, and the
ubiquity of mobile devices. From this study, it is seen that hand-held devices are
mostly preferred type of display with hybrid tracking. Information browsers are the
most representative types of location based augmented reality interfaces. These
display, interaction and tracking types can be used to design a location based

augmented reality system for architectural design.

MARS, Archeoguide, VIDENTE, CityViewAR, AREA and BIM based AR projects
are surveyed as a state of the art by reviewing features. It is tried to find common links
between these featured applications and architectural site survey. Therefore, this
chapter is intended to be a step towards establishing a model which supports architects
in a site visit. An architectural design practice conducted using such a location based
augmented reality system shows favourable response because the users think it is easy

to understand a project site than a usual visit. On the other hand, the use of location
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based augmented reality can make a decisive contribution to surveying project site.
Location based augmented reality provides a platform to enable novel types of

architectural design applications.
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4. AUGMENTED REALITY SUPPORTED MODEL FOR THE USE OF
LOCAL DATA IN ARCHITECTURAL DESIGN

Throughout the design process, architects interact with a variety of data to inform
design decisions. Architectural design is closely related to spatial relationships of
surrounding data. Local data can be used by architects to improve the design process
to match natural and cultural context. Architects need local data of the site in the early
design phase, therefore site visits come to the forefront for understanding the context
in which a design is going to be located in. It is a well-known fact that architects spend
considerable time to explore contextual properties of the site and afterwards local data
from various mediums are collected to analyse the site before the development of the
design (Skov et al., 2013). For this reason, the presentation of local data is important

over the course of the site visit, site analysis and conceptual design.

Due to the increased amount of data necessary for evaluation, a holistic view to local
data is needed. Digital technologies present great opportunities for architects to acquire
and use local data. Technological developments have enabled to access large quantities
and different types of data. Besides, mobile computing with portable display devices
organises and presents spatially referenced data (Jo & Kim, 2016). All these
developments reveal new possibilities to inform architects for understanding the

context of the place.

In connection with the rise of digital culture, augmented reality provides to deal with
the interface between the physical environment and virtual environment, rather than
focusing one of these environments (Picon, 2010). Augmented reality can be used in
a location based approach, that enables to produce constructive relationships on
information with the use of the location. It offers an immersive experience of
surrounding information from different viewpoints while on the move (Kim, 2013). It
is also possible to acquire data of the site and present it in situ via location based
augmented reality for architectural design. This study focuses on a location based
augmented reality model which is based on the local data framework to classify the

context by categories and provide contextual information about the site. Using such a
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model for the exploration of the site supports the architect to collect and analyse local
data. By bringing architects into more direct contact with the site, the model facilitates

the architect to understand the surrounding local data in situ.

4.1 Necessities of Local Data in Architectural Design & Potentials of Location

Based Augmented Reality

In architectural design, the architect produces spatial solutions to address architectural
requirements using a variety of data on the site. The formation of the architectural
design is bound up with the collecting and analysing of the data. Initially, it is
necessary to collect data that present the characteristics of the site. For many years,
architects have used observational data to research places and regarded the data as
input to architectural design. This circumstance is insufficient to evaluate data of a
place, it causes certain problems related to accessibility, accuracy and location of the
data. The architect may visit the site to view, take notes and photographs, and look for
patterns while collecting data. Afterwards, the architect continues the design process
at the office to analyse collected data onto the map like studies. For the analysing of
the data, the current circumstance also requires the architect to be physically detached
from the site (Wang et al., 2013a). The architect needs to be able to sort, visualize and
navigate data to accelerate understanding and decision making. Architectural design
solutions are often developed through the analysis of the surrounding contexts
(Farrelly, 2012).

Depending on the data collection and analysing method of the architect, certain
problems could arise in the current design process. Therefore, the concept of local data
is essential to cope with data on the site. Local data is formed by any piece of
information that has an absolute or relative location. Location as an index into an
information space provides a base to the systematic approach in local data. In
architectural design, the information of the site can be categorised under the natural
and cultural local data. These two main categories contain all of the data that need to
be considered while understanding the site and its spatial features in the early design
phase. The natural and cultural impacts of the surrounding context are critical to
architectural design. Collecting and analysing of local data supports the establishment
of the interaction between the site and the design. It helps the architect to determine

the suitability of the design proposal with characteristics of the site.
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During the design process, it is not possible for an architect to map in mind a great
number of data on the location without using a computation tool (Skov et al., 2013).
Augmented reality enables users to interact with their physical environment through
the overlay of digital information, and empowers users in activities by spatially
augmenting useful information. Combination of real and virtual elements in a mixed
environment provides the ideal context for the architect to examine spatial conditions.
The exact location of each data can be identified in the spatial context via augmented
reality. Location based augmented reality systems have become crucial as a powerful
presentation tool, which allows users to request and access information about a specific
location (Lee, 2012). It has strong potential to provide on site experiences and the
exploration of the connected nature of local data in the real environment (Dai et al.,
2017). Especially at the beginning of the design process, local data can be presented
via augmented reality to inform architects about the site. Augmented reality may allow
architects to gain an immediate check of local data, and quickly contextualise their
designs. Architects can thus obtain a holistic view of the possible interactions between
the site and its surrounding context, which may eventually provide more effective
design solutions. The use of augmented reality during the architectural design offers a
number of advantages to present local data. In this study based on the literature
research, the necessities of the data collection and analyzing are discussed with the
current circumstances, and augmented reality possibilities that meet these needs are

associated under following subsections.

Common medium

In order to access local data, it is necessary to acquire data from various sources.
Therefore, architects often need to search various sources in different mediums for
local data. Local data is represented in a number of ways, ranging from traditional
methods that include hardcopy documents and physical models to modern methods
that include digitally presented documents and 3D models (RIBA & ARUP, 2013).
There is a common medium requirement to bring these various sources together.
Considering the other mediums, collecting the local data from various sources with
traditional and modern methods is more difficult. Augmented reality produces
interactive relationships with information in various sources. It acquires all local data
into a hybrid space where both real and virtual share the same environment. Thus, the

use of augmented reality lowers the frequency of switching between mediums by
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integrating the required information into a medium. It reduces the data loss associated
with repetitive switching. It is also important to reduce transmission errors between

the mediums, such as from hardcopy to digital (Wang et al., 2013b).

Data classification

During the exploration of the site, understanding and classification skills of an
individual are exceeded under the numerous data on the site. In order to comprehend
the local data of the site, natural and cultural data need to be handled under the
classifications that are based on general assumptions or individual approaches (LaGro,
2008). One of the largest difficulties of collecting data on site is the large quantity of
uncategorized data problem. Augmented reality systems need to display the most
relevant information to the classification instead of overloading too much information
onto the user’s attention (Choi et al., 2011). A data classification framework needs to
be used to manage and filter local data. Depending on the user’s goals, the
classification can be changed for the presentation of information on the site.
Augmented reality systems are proper to work under a classified system due to its

informatics based structure.

Spatial approach to data mapping

The process of understanding correlations or associations between the data and the
site, imposes additional cognitive load to an individual to map data (White & Feiner,
2009). Thus, a considerable amount of time and effort may be undertaken to determine
the location as well as related information. Besides, the barriers have directed for many
years to transform the communication of a 3D space into 2D representation methods.
2D data representations are often considered insufficient to address comprehensive 3D
design problems (Marques et al., 2017). It is necessary to provide 3D representation
environment to overcome limits related to 2D representation. Instead of being handled
in 2D representations, evaluating the data under the 3D conditions is important to
analyse spatial relations. Above all, the main problem is the being separate of mapped
data and the physical site. Augmented reality can be used to solve these mapping
relationships by carrying local data onto the site. 3D representation of the properties
can be visualised directly on the site with augmented reality. It can also indicate more
clearly the potential source of the existing data on the site. Besides, mapped data in 3D
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form of representation within the augmented reality may inspire conceptual thoughts
related to architectural design (Dai et al., 2017).

Holistic view

The holistic view of the local data is essential due to the increased amount of data
necessary for architectural design. It provides to evaluate the data together with other
categories rather than within their each categories (Anderson, 2011). Augmented
reality can increase the legibility of layers in complex relations. It makes easy to detect
overlaps between different data on site. The causal links between data and site can be
better recognized and understood in a holistic view through augmented reality
visualization (Lin et al., 2014). It is also important to overcome intensive data exposure
in urban sites and weak data problem in rural sites. Augmented reality helps to control
the density of data in urban sites and increase access to the cultural data as much as

natural data in rural sites.

Data visibility

In the site, there are properties that are not visually apparent with the naked eye. Even
though most of the local data are observable on the site, some of them are unable to be
recognized. Augmented reality is an opportunity to make hidden data visible such as
subsurface properties, or properties obstructed from the view. It can also visualize what
cannot be seen such as site boundaries, flood level, air quality, and so on (Patti et al.,
2017). Augmented reality can be seen from all viewpoints, thus it enables users to
experience a site from different perspectives (Reinwald et al., 2014). Different
distances and angles can be used to capture the interrelationships between data in a
holistic view. Augmented reality helps to improve the visibility of the local data on the

site.

Representations with time component

Local data with time component offers the understanding of the site in temporal
dimensions. Architects sometimes find it difficult to imagine the spatial impact of the
past, existing and possible future conditions. 4D representations of the local data can
be built to reflect the past, existing and possible future conditions of a site with the
actual or proposed appearance (Marques et al., 2017). By overlaying time-sensitive
local data onto the physical site, augmented reality enables a new way of looking at
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information. It can provide an on site realization of historical ruins, underground cities,
future buildings, future arrangements and so on. In augmented reality, local data with
time component not only show the historical development and future planning but also
show a comparison to the current situation (Abboud, 2014). Moreover, realtime data
that represent a feature can be visualized on site such as sunlight & shade, surrounding
traffic pattern, air quality, and so on. It could allow a better understanding of needs in

the temporal dimension and help to create spaces that better meet those needs.

Data analysis

In the analysis process, architects use their collected data as a basis for the generation
of the required analysis. The traditional method of architectural analysis evaluates the
collected data for each category in itself and between categories. Analysis of the site
creates the opportunity for architects to create designs that are better attuned to the site
(Fawcett, 1998). Currently, architectural analysis typically occurs outside the site after
the site visit and data collection, and delays the starting of the conceptual design.
Progress in technology also allows enabling advanced possibilities of analysis in
augmented environments (Krakhofer & Kaftan, 2015). There is a limited field that
analysis in situ in professional practice today, but opportunities abound in augmented
reality. Augmented reality can make much easier to carry out analysis by visualizing
interactively while on the site and help architects to make design decisions based on
these analyses. As an example, the analysis of the topographic change can be provided
on site by the use of topography elevation data. Thus, the architect can readily decide
on more suitable parts of the site for building placement. This provides analysis for
evaluating a data category in itself. Within the scope of this example, when the
topographic change is analyzed together with the legislation about the legally useable
area, the suitable parts of the site can be specified more precisely for building
placement. This also provides to evaluate data between different categories for data
analysis related to the site. As a basic method, maintaining multiple versions of each
data according to time or change can be a basic way to get analysis for augmented
reality systems (Guptill, 2015). It is also important to use BIM data that is quite
suitable for analysis as the information source of augmented reality systems.
Augmented reality can visualize and analyse BIM data in the context of the site (Wang
et al., 2013b).
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Taking note & sharing

In architectural design, the site visit is important to make observations about the site.
During the site visit, architects need to take notes and share their observations of local
data with other colleagues. These notes that may direct the architectural design, are
recorded while on the site for preventing to forget. Thereafter, these notes are shared
with other colleagues to draw attention to the current state of the site. Augmented
reality allows users to directly place their own observations on site, and to use
annotations for drawing attention on existing local data. All commentary information
can be fed to a data store accessible to other users (Abboud, 2014). For architects
working on large and complex sites, the ability to quickly leave a note about local data
via augmented reality on site may enhance communication between the members of a
project team. Moreover, it enables the precise placement and arrangement of digital
content over the physical site to be augmented. In an augmented reality system,
multiple users may share the same physical space and help the data collection through
crowdsourcing. It allows the users to participate data collection in such a way, that
they can create their collaborated content rather than only using content presented by

other sources (Langlotz et al., 2012).

Helping architects & providing expertise

It is not possible to have knowledge about every detail about architecture and other
associated fields. In architectural design, architects may need help about interpreting
local data, and there may be situations where more experienced or specialist
professionals' opinions may be needed. Incorrect interpretation of local data can be
prevented by the use of augmented reality (Broschart et al., 2013). For instance, legal
distance to a pipeline that is defined in legislation can be visualized on the site for
construction limit. It is often difficult for architects to gather knowledge and expertise
from other professionals at the starting of the architectural design. The architect
interacts with other professionals about certain data related to architectural design, and
augmented reality systems can easily provide expertise to related data from a database
or communication platform (Wang et al., 2013a). For instance, the structural system
can be proposed for the special conditions of the ground in the site from civil

engineering expertise.
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The advantages of augmented reality and the necessities of the local data collection
and analyzing are discussed around common medium, data classification, spatial
approach to data mapping, holistic view, data visibility, representations with time
component, data analysis, taking note and sharing, helping architects and providing
expertise. In order to summarize, Table 4.1 shows the current state of local data in
architectural design and the potentials of location based augmented reality. It clearly
states that advantages of the augmented reality are incontrovertibly more than the
current state. From data collecting to analysing process in architectural design,
augmented reality can be appropriate for a site to manage local data complexity. A
model in which location based data is presented to use of augmented reality, can be
used to support the architect's relation with the local data. This model can be seen as
the augmented representation of the site, by nourishing the physical site with local
data. The usage of this kind of a model, prevents the architect to be detached from the

site, and supports the integration of local datawith the site to interpret more realistically

in terms of the spatial awareness.

Table 4.1 : Current state of local data in architectural design and the potentials of
location based augmented reality.

Current State of Local Data in
Architectural Design

Potentials of Location Based
Augmented Reality

Common Medium

searching various sources in
different mediums

common medium to bring various
sources together

Data Classification

data classification based on
observations

managing data classification with a
framework

Spatial Approach to
Data Mapping

understanding the spatial relations
in/between 2D/3D representations

spatial approach to data mapping
on the site

bringing together local data outside

holistic view of all local data on the

Holistic View the site site
S observable local data with naked providing visibility of hidden
Data Visibility eye properties
\I,?v(iet%r(;?i?;l;atlons imagining the spatial impact of representations with time
temporal dimension component on the site
Component

Data Analysis

using collected data after the site
visit for analysis

advanced possibilities of analysis
on the site

Taking Note &

taking note and sharing

commenting on site and placing

Sharing observations observations
geilr;:)r:/?d?r: chitects needing help to interpret and providing interpreted local data and
Expertise g meeting for expertise expertise on site
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4.2 Use Scenario of Augmented Reality Supported Model with Architectural
Perspective

The general priorities of the architectural design related to the site are to get a sense of
the physical site, find patterns, and discover new insights about the physical location
and its characteristics. With the use of augmented reality at the site visit, architects can
actively be engaged in the exploration of the environment. This study introduces a
model that can help architects to understand the spatial impacts of the surrounding
context better, particularly during the site visit. Local data can be presented on site by
retrieving and visualizing all the properties and details concerning. It is possible to
make local data visible and reduce barriers access to data by using augmented reality.

The site includes natural and cultural factors that vary in terms of categories for
architectural design. Primarily, the proposed model needs a data classification
framework to manage data. For this reason, prominent studies about data needs of
architectural design are reviewed in Table 2.1 to determine a local data framework in
this study. The framework of the local data is structured around a combination of
natural and cultural data in Table 2.2. These two main categories are natural and
cultural data which represent the context of the site. The classification of the local data
comprises various categories and subcategories under the main categories. This
framework is developed as the main part of the model to manage local data for
architects. It enables the classification of location based data in the model. For
understanding easier in the model and the use in the sample interface, local data
framework is illustrated from Table 2.2 as seen in Figure 4.1. Natural data categories
are held on the left side, and cultural data categories are held on the right side of the

illustration.

According to local data requirements in architectural design and the potentials of the
augmented reality, a use scenario is presented to explain what this model can provide
with the architectural perspective. At the same time, the use of the model is explained

in detail under this scenario to point out how this model works.

Before starting to use the model, the user should be ready on the site where local data
to be observed. The model can be used on portable display devices, because of the
need to move freely on the site. Initially, the model sends current location information

to request the related local data. Then, local data is provided based on the selected
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categories to display on the site by scanning in a given field diameter corresponding
to the current location. When the user looks at the site through augmented reality,
surrounding local data is shown on the display device (Figure 4.2). As a common
medium via augmented reality, the model represents local data overlaid on reality. The
model helps to present local data in an augmented environment without being in
different environments for hardcopy or digital sources. This circumstance makes easier
for the user to focus on local data. The user observes all the virtual content directly

with the real environment.
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Figure 4.1 : The illustration of local data framework.
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Without any classification and filtration, an explosion of data occurs in the augmented
representation of the site. Though the user can access information from various
categories, it is necessary to classify data in the model. Therefore, local data
framework is used to manage data by the model. It provides local data under certain
categories in accordance with the data classification required by the architect. In order
to avoid getting mentally overloaded by viewing lots of content, the user should be
able to choose the preferred local data from each category. The user can filter the local
data by the selection of the categories on the provided framework. When user selects
a category in the model, all of the local data that are connected to this category
corresponding to the location, are shown on display device. The user can filter the local
data by multiple selections of categories. The user also may choose specific categories
to view the local data in a less crowded scene. This makes it easy to find out the content
that user is interested in. It clearly shows that filtering is an important tool to obtain
effective data for the model (Figure 4.2).

Selection of each data is carried out on their icons or short descriptions by tapping or
gesturing it to depend on the display device. Each category can be described by a
specific icon that is a representative thumbnail image in the model. When the user
selects a category to bring the content, a detailed view of the local data is overlaid on
the screen. This detailed view can provide various types of contents to explain the
associated local data. The types of content can be text description, 2D image, 2D video,
3D wireframe, 3D data, 3D model, 3D animation, audio and so on. In addition, content
can consist of many media types like text descriptions and 3D models to describe the
local data. Thus, the user can access further details related to the selected local data. If
needed, translucent background can be used to draw attention on local data. Besides,
different colours can be used by the model to provide the visibility of interface. In

order to see other local data, the user can then bring back the category filtration screen.

The model enables a fully interactive augmented environment that allows the user to
navigate in the real environment. Instead of being fixed to an environment, the
augmented reality encourages users to move freely within the space. In model, data
visibility is provided firstly by the user’s perspective of view. Besides, the model
presents local data around the user according to the field of radar which is controlled
over the interface. Changing the field diameter is useful for displaying local data

among the crowded data (Figure 4.2).
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A user of the model
while observing the site

Scanning by field diameter [gigig diameterpanel

Natural data panel
Cultural data panel

by the selection of categories

Filtering the local data

Record/data adding panel

Displaying local data

on site

Figure 4.2 : A sample user interface with tools of interaction for the model.
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The model provides a spatial approach to data mapping on the physical site. There is
a strong need for 3D representation to visualise the data in a proper form. The model
breaks the constraints imposed by 2D representation, moving toward 3D
representation of the environment. For this model, a particularly important aspect of
the augmented reality is its ability to make the user feel naturally surrounded by local
data. The model can give users powerful new ways to observe relationships and
connections between the local data. Augmented reality is able to display integrated
views of local data in a spatial context. Figure 4.3 shows the mapped data in 3D form
of representation within the model. Moreover, 2D representation of the properties can
be visualized by changing into a map mode in which each local data is presented 2D.
Through its map mode, the model allows the user to explore local data on the map

view in case of need by holding parallel to the ground plane (Figure 4.3).
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Figure 4.3 : 3D & 2D representations on the model.
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In addition to working on the site, the model can also record during the site visit and
afterwards display local data with the site. Local data can be taken from the site to use
in design through the model. The data to be considered in the design can be marked
among the local data presented in the environment. Besides, the user can take location
based notes, photographs and so on to add data or comments. Thus, the user also can
share added local data with other users through the model.

As a sample to architectural use of the model from the site, topographical contour lines
and legal boundaries can be visualized on the site. Generally, architects take drawings
of the site from the local municipality to consider height changes and boundaries on
the site. Then, architects need to interpret these heights and boundaries for their
designs without breaking the relationship with the site. Architects can have a printed
copy of the site drawing with them during the site visit, otherwise they wait for
working on digital format of the site drawing. This model can present height changes
and boundaries from the digital drawings that can be provided open access from the
local municipalities or national government database. It can draw topographical

contour lines from height points in a computational process (Figure 4.4).

Figure 4.4 : The visualization of topographical contour lines and legal boundaries
via augmented reality.
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When evaluating the site from the architectural perspective, the use of the surrounding
area and the built environment must be taken into consideration. Therefore, the
architect firstly checks the current state of the surrounding area and the built
environment through the site visit. Although it is important to observe the site with the
current state, it does not provide comprehensive data for the architect. It is necessary
to obtain the city development plan that contains the data of the existing structures
from the related municipality or its web service. This model can present land use and
built environment data by covering the view of the site (Figure 4.5). The user of the
model can easily evaluate current state with provided data for architectural design. In
this model, the scope of the databases that are used to provide the data is important,
because it may be restrictive on data. For example, it may be comprehensive enough
to provide data about the residentials on a building block for architects. Therefore,

municipalities and government agencies are important in providing such data.
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Figure 4.5 : The presentation of land use and built environment data on site.

The presentation of local climate data can be provided through the model for the
architect while on the site. When the user selects climate category, the sunbathing and

prevailing wind direction data can be visualized on display. Besides, graphical
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comparisons based on annual periods such as temperature, daylight, precipitation and
humidity can also be presented to the user from related databases (Figure 4.6). The
databases of meteorological research institutions can be used to obtain such climate
data. By observing and considering climate data on site with the use of this model, the
architect can develop design decisions against natural conditions such as the sun and
wind effects.

‘Location: Bristol, UK
51%45'45.0"N 2°58'79.8"W
05.05.2019 / 02.27 PM

Prevailing
Wind Direction

Figure 4.6 : On site access to local climate data with the use of model.

As an example of effective use of natural data, this model can provide detailed data
about vegetation. Taking advantage of the natural vegetation of the environment is
important in order to act respectful to nature and to increase the comfort of the
building. In this context, the model can present data of the local vegetation to the user
while on the site (Figure 4.7). In addition, if there are specific trees in the site where
the design is to be performed, the model can provide in situ data about these trees by
matching from the database. These are possible with the databases of national
government agencies or universities that conduct inventory studies on the natural

environment.
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Figure 4.7 : The presentation of local vegetation data on site.

Architects do not always design in new urban development areas. Most of the times,
architectural design needs to be carried out in areas of cultural importance in specific
contexts. In this case, the architect must obtain data about this context. The building
components which are used in the architectural design may be determined for the
preservation of areas under specified inventories. Besides, the architect may keep
using the cultural context of the area in order to maintain integrity in the environment.
For such a work, it is necessary to investigate the current local data extensively. As
shown in Figure 4.8, the local door and window styles can be displayed via the model
on site. In addition, the windows or doors on the existing buildings can be matched
from the library of the local door and window styles with the image matching structure
that can be developed in the model. With the help of this matching system, architect
can easily experiment and decide about architectural design components, materials and
general adaptation of new building with existing building at the site. That kind of an
approach gives architects decision making opportunities in urban form, building
fagade and opening/solid ratio in design as soon as the architect visit the area.
Moreover, matching system can collect other similar inventory from the database and

show them for the use.
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Figure 4.8 : A view of the local components of the buildings.

This model especially supports to interact with properties of a physical site that do not
have a natural or perceivable visual representation. The user can also focus on the
invisible properties of the site beyond the visible properties. For instances, subsurface
infrastructure elements can be superimposed into the view of the user. Figure 4.9
shows a subsurface infrastructure of the city that contains natural gas distribution
shafts, electrical cable shafts, internet cable shafts, sanitary shafts, and future
infrastructural shafts which are projected but not built yet. In the representation,
information of subsurface infrastructure shaft can be optained by local municipal
authorities. It also get infrastructural informations from transportation ministries,
private companies about energy, internet or heating. Therefore, architect can easily get
the data about the provider opportunities and designing details about infrastructural
use. In another example in Figure 4.10, model can provide local flood data of a site
which occasionally live flood emergencies. By the vision of that, architect can get
architectural design decisions with the data of annual flood levels. These datas can
easily be collected and then provided by institutions about natural reservations and
disasters. This kind of a data augmentation of local environmental characteristics save

the architectural design from fatal mistakes.
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Figure 4.9 : Representation of invisible properties on site.
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Figure 4.10 : The visualization of flood data on site.
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The model provides glimpses into temporal dimensions of the site. The users are able
to view the historical elements and planned projects on site via augmented reality. As
in Figure 4.11, model can expose archeological conservation areas under sites which
are selected by an architect or a construction company as potential construction areas
as soon as the first site visit of the architect. Such a scenario makes architectural design
easier for the conservation of archeological site and the design of site plan from the
very begining of the work. These data can be obtained by the councils of conservation
of cultural and natural properties, and local universities. Moreover, the model can
allow users to view the old images that are matched to their locations, virtual
reconstructions of historical elements onto the historical site.

AfArcTheologicaI Site

“ -~ Archelogical Excavation Period:2019-2023

Figure 4.11 : Exposing archeological conservation areas with the use of model.

Figure 4.12 shows an example of how local data can be presented with the time
component. Recently developing BIM systems can also be used as design
documentation and delivery of the projects to the local municipalities or national
authorities. Additionally, BIM systems can be used for programming the construction
stages upon financial or developmental projections. Therefore, municipalities can

easily upload projected datas of the city, such as projected architectural designs of the
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buildings, to the system and model can easily share this information with other user
architects. This kind of an access provide architectural design data by projected
building to the architects of other surrounding projects. For instances, when the
architect starts to check how the other buildings impact the view from the site, the
architect can realise that a new building totally blocks the view of the site in future
planning with the use of this model. While on the site without losing time, the architect
is therefore forced to revaluate the position and orientation of the design according to

the local data.
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Figure 4.12 : BIM based local data with time component.

The model can help architects to provide interpreted local data of the site. Especially
for architects as an example, legal regulations that generally requires a translation from
regulation to 2D plan can be shown on the site in 3D visualization via augmented
reality (Figure 4.13). Moreover, users may need knowledge about various elements
from different fields and learn relevant knowledge with this model. The model can
provide expertise from related fields such as civil engineering and geological

engineering.
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This model puts in order local data that can be used during architectural design by
responding to the natural and cultural context of the site. It is presented as a conceptual
scenario of how local data can be used in architectural design through augmented
reality. This model facilitates greater awareness especially when it is used during the
architectural site visit. It enables users to more profoundly explore the site by
interacting local data. The use of augmented reality can make a decisive contribution
to collect and analyze the local data, thereby encourage users to consider the

surrounding context.

Figure 4.13 : Helping architects with interpreted local data.

It is necessary to analyse local data for architectural design, and the model can provide
local data directly on the site. Users can gain an extensive contextual understanding of
the site during the site visit by knowing outcomes. With the use of this model, site
analysis can be obtained without losing time in any research process on the site where
the design is to be performed. Thus, the architect can highlight the analysis of the local
data that is considered important in the design process. It allows the architect to make

strategic decisions about the design is to be realised.
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4.3 Technical Structure of the Model in Augmented Reality

The conceptual use scenario that explains how to use the model also provides a
description of the architectural contributions of the model in a site visit, however, the
operability of the model also correlates with the technical structure. The technical
structure of the model in augmented reality is presented under its components and
operation.

4.3.1 Components of the model

Augmented reality has received increasing attention as an interactive medium that
allows users to search for information in a realistic 3D space (Kim et al., 2017).
Especially, the improvements in mobile devices and the use of location as the basic
resource for context aware services have provided useful components for using
augmented reality in the field of architecture (Riera et al., 2015; Grubert et al., 2017).
Most of the location based augmented reality systems are designed to present
information about point of interests, similarly, the proposed model offers local data
regarding an architectural site survey. In the determination of the model components,
the study related to structures of the location based augmented reality systems in Table

3.2 are taken into consideration (Unal & Demir, 2018).

The current devices on location based augmented reality use hand-held or head-
attached displaying. This model targets hand-held and head-attached devices to display
local data while on the site. Hand-held displays come to the forefront with the
widespread access, while head-attached displays provide natural platform with hands-
free working environment. For introducing the model, hand-held displays are used

because of being widely available range from smartphones to tablets.

Augmented reality encompasses user interfaces that allow for interaction with digital
content embedded into the physical environment of users. Information browsers, as an
augmented reality user interface, provide to monitor and control information that is
registered to the physical site. When the capabilities of the information browsers are
taken into account, facilities of the filtration and the radar are the significant tools
during the display of the site. Consequently, information browsers are the most suitable
interface type for this model and can be used without any experience. The design of
the user interface in the model should be simple and user-friendly. Therefore, the
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interface needs to be organized based on the user, the environment and the data. The
sample visualizations of the model in the user scenario are kept as simple as possible.

Hybrid tracking based on GPS and inertial sensors is sufficient with the development
of the model. Nowadays, mobile devices from smartphones to tablets are already
equipped with GPS and inertial sensors. It also shows that these types of equipment
are provided automatically by the hand-held devices. These display, interaction and

tracking types can be used to realise this model.

4.3.2 Operation of the model

The operability of the model is provided by an integrated workflow. The workflow of
the model is extensively explained under the stages of data acquisition, data query and
data display (Figure 4.14). In the acquisition of data, commonly used methods and
different methods which emerged with developing technology are discussed in relation
to the model. The query and display infrastructure of the model is explained based on
the working principles of the studies carried out in the field of location based

augmented reality.

Data Acquisition on the Model

The data acquisition system is needed to provide, manage, and filter the data of the
model. Data is obtained from sources according to the data classification in local data
framework that is specified for architectural design in the model. It is presented as a
well-structured framework which could be readily used by augmented reality systems
to support architectural site survey. On the other hand, this model also needs access to
available and reliable data sources. It is necessary to link the model to databases that

contain necessary information associated with the site.

Regarding databases, firstly, the model can acquire data from relational databases.
Relational databases provide structured data according to required parameters and
different levels of accuracy depending on the source. In the case of a data format, it
may be necessary to convert or adapt to other formats for local data, compatible with
the model. Therefore, standardization of data type formats may facilitate
communication between different databases. If databases contain different data

associated with a location, they can be compared directly to provide a way to validate
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by data comparison facilities. Generally, these databases are stored in a cloud system

to access information about the current location when needed.
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Figure 4.14 : Workflow of the model.

Beyond the relational databases that are primarily used in data acquisition, big data
and crowdsourcing methods can be utilized to acquire data (Bermejo et al., 2017;
Huang et al., 2014; Vico et al., 2011; loannidi et al.,2017). Big data can analyze the
data that has a location information without any data classification. Any data fed into
this model with big data has to be pre-processed, in this way it provides classified data

that can be used. Therefore, it is necessary to develop an automatic and intelligent
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domain information extraction mechanism to always provide relevant information
with respect to the local data classification. By crowdsourcing method, users can
upload their individual data to a cloud database system that is integrated into model.
This allows users to actively participate in the local data creation process by sharing
content in situ in an augmented environment. Besides, 10T allows a variety of
information to be collected by sensors linked to the internet (Leppénen et al., 2014). It
allows users to access heterogeneous data from different pervasive sources in a site

visit.
Data Query on the Model

In the model, data is queried in specific steps. Firstly, GPS as location, compass as
direction, and accelerometer as orientation information are acquired to provide sensor
data. When the acquired location information is sent to the query to obtain local data,
direction and orientation information are used to calculate the point of view. By the
use of location information and effective field diameter, local data is queried from the
data arranged in the local data framework. The effective field diameter allows the
querying of data in a specific distance from the current location. In addition, the use of
filtration through data categories affects query results. By the calculation of the point
of view with the use of direction and orientation information, local data results are

queried to display.

Data Display on the Model

In the model, data display is performed with the data obtained from the query process.
Local data is presented to the user when it is covered by view angle, filter options and
effective field diameter. The change of the point of view affects the data to be
displayed. According to the new point of view, the local data acquired during the query
process is taken into the display process. Besides, the change of the filter options
affects the data to be displayed according to the preferred data classes. When the
effective field diameter is changed, local data is queried again according to the new
field diameter. According to changing situations; local data newly included in the
display is added, local data outside the display is removed, and local data that remains
in the display is preserved. In addition, the model allows local data to be displayed on
site with appropriate visualizations of the data. Data visualization is to be considered

for the representation of each local data in the local data framework.
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4.4 Conclusion of the Chapter

This chapter introduces a model that present local data in a location based augmented
reality system to use in early stages of architectural design. By considering the
necessities of local data in architectural design, the potentials of location based
augmented reality are utilized in the development of this model. The proposed model
Is presented in a use scenario to explain how to use the model and express its
contributions from the architectural perspective. Besides, technical requirements for
the operation of this model are stated with suitable components and workflow. Thus,

this model is extensively handled by different viewpoints.

Focusing on the data need of the architect during the site visit and site analysis before
starting a conceptual design, the proposed model provides data on site according to the
local data framework through augmented reality. Using such a model for the
exploration of the site supports the architect about common medium, data
classification, spatial approach to data mapping, holistic view, data visibility,
representations with time component, data analysis, taking note and sharing, helping
architects and providing expertise. By bringing architects into more direct contact with
the site, the model facilitates to understand the surrounding local data in situ and
supports the reasoning process to design. As local data can be made easily available
within the context of the site, architects can carry out site survey more effectively and

efficiently.

The model has potential to be the base with the local data framework to the applications
of architectural design in augmented reality. This model presents a medium around the
user in order to be aware of surrounding conditions accordingly to the current local
data. As a further study, this model can be developed as an in situ design platform for

architectural design.
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5. CONCLUSIONS

In this study, the current conditions related to the data in architectural design are
expressed. According to the specified necessities, the proposed model is developed to
provide data to the user in the current location. The model presents relevant virtual
data directly in the context of the physical site with the use of augmented reality.
Besides getting data about the site, the model supports user’s design thinking during
the site visit. Exploring the environment with the factors that affect the design makes

way for design ideas pertinent to place.

5.1 Contributions of the Study

The theoretical framework of the study emerges from the data, information and
knowledge relation which is explained in a relative approach. The main contribution
of the study is that it provides a basic explanation of these terms and their relationship
between each other for preventing the misuse in scientific studies. The origins of the
data which draws attention to natural and cultural references indicate that the
fundamental classification can be organized under natural and cultural categories.
With the extreme increasing human impact on nature, the classification of data that
base on being natural or cultural becomes more important. According to have a human
impact or not, the state of being natural or cultural data can be determined easily. While
this distinction clearly can provide to take into consideration the preservation of natural
conditions, it can also enable to benefit from cultural gains of humanity for

architectural design.

Considering the relationship with the place in architecture, the data in the field of
architectural design are handled under the local data approach in this study. By means
of this approach, local framework associated with a place is defined for architectural
design. To take advantage of the local data approach, a data classification framework
is needed to manage data. Therefore, data classes that are needed in architectural
design are examined with their origin through the comprehensive review of the related

studies. Architectural studies, site planning studies, and legal regulations in
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architecture and planning are evaluated to construct a data framework. Afterwards,
local data framework is developed with the use of fundamental classification as natural
data and cultural data, and the relationship of data classes with each other. Alongside
local data framework as a guide to classify data, it also indexes data by the use of
location information. The classification of data through this framework provides a
systematic approach to easily access to all data associated with the place in
architectural design. Without a systematic approach, data acquisition bases on the
person, and it can cause to forget or ignore some related data. Understanding the site
and its surrounding potential through local data provides an analytical process for
architectural design. It supports the architect in design by taking data into account.
Local data framework is provided specifically for the architecture field, but it can be

used by other fields like site planning and design.

The review section of the study contributes literature review with the evaluation of
augmented reality systems in the context of architectural design. First of all,
augmented reality characteristics and requirements are reviewed to draw attention to
the current state. It is seen that combining real and virtual, interaction in real time and
registration in 3D are characteristic properties of augmented reality systems. Besides
that these fundamental characteristic properties also demonstrate the technical
requirements of the augmented reality system as the display, interface and tracking.
Afterwards, location based data representation in augmented reality systems is
investigated to allow for on site representation of data. MARS, Archeoguide,
VIDENTE, CityViewAR, AREA and BIM based AR applications are surveyed as a
state of the art by reviewing their features. Developments to the recent conditions from
the first implementations are revealed with components of systems and significance of
applications. The potential contributions of location based augmented reality systems
and appropriate component structures are discussed for architectural design. When the
applications are evaluated in terms of their potential contribution to architectural

design, it is observed that location based augmented reality systems can provide;
- on site representation of data,
- user's direct interaction with data,
- presentation of invisible data,

- quick view of surrounding data,
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- presentation of data on urban scale,

- visualization of past and future situations,

- analysis of the proper data,

- editable application layout for architectural applications.

By evaluating the applications in terms of their components, it is observed that which
components in the field of augmented reality are suitable for location based augmented
reality systems. This study clearly shows that although head-attached devices can be
used in location based augmented reality, hand-held devices from smartphones to
tablets are mostly preferred type of display because of the widespread access. Besides,
information browsers are only interface option to represent excessive data for location
based augmented reality. Finally, hybrid tracking based on GPS and inertial sensors is
essential to locate and direct the data for location based augmented reality. This study
also indicates that these components need to be taken into consideration when planning
location based augmented reality systems for architectural design.

The proposed model is developed in the direction of all these studies. Moreover, the
necessities of local data in architectural design and the potentials of location based
augmented reality are discussed in the current state, and the possibilities that the
proposed model can provide are presented. Using proposed model for the exploration

of the site supports the architect about;
- common medium that combines real and virtual environment to present data,
- classification of data based on local data framework,
- spatial mapping of data on the site,
- holistic view of data,
- data visibility to hidden data,
- data representations with time component,
- data analysis from the proper data,
- taking notes and sharing observations during the site visit,
- helping architects to interpret data,

- providing expertise from other professionals.
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In this study, the proposed model is presented in a use scenario to explain how to use
the model and express its contributions from the architectural perspective. Local data
framework is used as the main part of the model for the classification of local data in
use scenario. The possibilities of augmented reality in the proposed model are

supported by visualisations.

Technical requirements for the operation of this model are stated with suitable
components and workflow. In the determination of the model components, the studies
related to components of the location based augmented reality systems are taken into
consideration. The workflow of the model is extensively explained under the stages of
data acquisition, data query and data display. In the acquisition of data, although
relational databases are handled as the basic data acquisition method, different
methods which emerged with developing technology are discussed in relation to the
model. The query and display infrastructure of the model is explained based on the
working principles of the studies carried out in the field of location based augmented

reality.

Focusing on the data need of the architect during the site visit and site analysis before
starting a conceptual design, the proposed model provides data on site according to the
local data framework through augmented reality. By bringing architects into more
direct contact with the site, the model facilitates to understand the surrounding local
data in situ and supports the reasoning process to design. Within the scope of the study,
although the user is the architect, the professionals from urban planning, urban design
and other related professions are the potential users of the model. The model also can

be useful to architecture students for educational purposes.

5.2 Limitations of the Study

In this study, local data fundamentally contains a limitation with the location.
Considering the nature of local data framework, location is handled as the major
context source to classify the other contextual factors. Therefore, instead of being
evaluated in a separate framework, temporal context is embedded in subcategories like
the other contextual factors as identity and action in this study. This arrangement is

important to classify data with the use of location as an index.
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Local data framework is formed by considering the relations of each data class to other
classes in reviewed sources. Categories are clustered with subcategories according to
their relationship with each other. Although emerging from a comprehensive study,
local data framework is based on the data classes in reviewed sources as a limitation.
However, local data framework is expressed as an open approach to development
rather than a framework that is terminated in the study. When different classes of data

are acquired from new sources, this classification system can expand.

Itis possible to classify local data framework in different ways depending on the varied
classification approaches. The classification of natural and cultural data can also be
carried out under different categories and subcategories. To develop subcategories,
more comprehensive research is needed for each data class. Considering that it is not
possible for each data to be accepted with generally accepted parameters, the model
should be able to use each data class under different parameters. Although it is possible
to define each data class with its qualitative or quantitative parameters, the sources
used in this study are not suitable for a research within this scope. This kind of study
requires a more comprehensive research based on the practical use of each data in daily
life.

There is no integrated database that provides access to all data classified in the model.
Therefore, data must be obtained from different databases and these databases vary by
country and its organizations. Within the scope of the study, it is emphasized what
kind of data acquisition approaches can be used rather than where data can be provided.
It is necessary to link the model to existing databases that contain all the necessary
information associated with the site. With developing technology, existing databases
are not the only data source. Different methods that allow accessing data such as big

data, crowdsourcing, data mining, 10T can be used for the model.

In terms of architectural perspective and technical structure, the study has been put
forward in detail to be applied as a model. The realization of the model as an
application is not covered in this study. It can be carried out with long-term work under
a scientific research project and it needs a team working in interdisciplinary structure
both in architecture and computer fields. Within the scope of the thesis, instead of
realizing an application that can succumb to time with developing technology, it is

considered to propose a fundamental model.
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5.3 Further Studies

In addition to providing a theoretical basis, this study provides a framework for the
practical use in further studies. Local data framework is developed to determine the
appropriate information that should be provided to architects. It can be integrated into
computational platforms that effectively interact with and utilize from data contained
within the site. The proposed model has potential to be the base with the local data
framework to the applications of architectural design in augmented reality. This model
is important because of presenting a medium around the user in order to be aware of

surrounding conditions accordingly to the current local data.

Moreover, the proposed model can be moved one step further with the change of
working styles. It is possible to widespread acceptance of the platforms and tools to
design on site beyond designing at the office environment, in the near future. This
model with the improvements to be realised can also allow the user to design on site
interactively with local data. Thus, it can serve as an in situ design platform for
architectural design. Besides, the structure of the model which is intended only for a
single user to observe local data, can be transformed to design facilities on site for

multiple users.

Data acquisition for the model can be developed in detail to put into practice within
further studies. Recent technological advances led to data acquisition methods that can
be successfully used. In the future with the developing technology, big data,
crowdsourcing, data mining, and 10T technologies will be the easily utilized data
acquisition methods. The use of these different data acquisition methods may provide

data analysis even more easily for augmented reality applications.

It is also possible to improve model components to access more comprehensive data.
In this context, drones can be added to model components for a better field view. In
this way, the user can observe the site with local data from different heights and more

dominant positions.
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