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Fabrikasyon ve Malzeme

Editorden

JCoDe'un altinci sayisi “Fabrikasyon ve Malzeme’ye odaklanmaktadir.
Uretimin geleneksel yontemlerden yUksek kabiliyet ve hassasiyetteki
makinelere gegisi ve sayisal Uretim tekniklerinin gelismesi ile birlikte
fabrikasyon yontem ve surecleri, birgcok disiplin gibi, tasarim arastirma
ve uygulamalarinin da onemli bir parcasl haline gelmektedir. Tasarim
sUreclerinin birgok asamasinda, her 0Olgcek ve hassasiyette, malzemeyi
fiziksel ve dijital dUzlemlerde ‘kavrayarak’ bicimlendirme ve davranisini
sinayabilme firsati sunan bu yeni Uretim suregleri, gelecegin tasarim
sUreclerinde malzeme ve Uretimin rolUne dair dnemli ipuclari sunmaktadir.

Hesaplamali tasarim araglari tasarimciya bilgi, mantik ve kural tabanl,
sUregsel ve soyut dusUnme becerileri sunarken fabrikasyon araglari,
fiziksel Uretim Olcedi, teknoloji ve kisitlari, Uretim hassasiyetleri, detay ve
malzeme Uzerinden dUsUnmenin yolunu agmaktadir. Tasarimci igin bu
ortaklik, malzemenin dijital ve fiziksel olanaklari, veya bagka bir deyisle
soyut ve somut arasindaki surekli diyalog halidir. Makro, mikro ve nano
olcekte yapilan islemlerle malzemenin davranisi gesitlenmekte ve kabiliyeti
artmaktadir. Tasarimda ortaya ¢ikan bu malzeme sentezi, dijital ve fiziksel
olanaklarin  butunlesikliginde bigimsel, yapisal, iliskisel ve kavramsal
ilkelerin simulasyonlari yoluyla oldugu kadar, farkli veri test, arastirma,
olelm, gdzlem ve deneyler yoluyla da bicimlenmektedir. Bicimin, tasiyicl
sistemin ve malzemenin iliskisel bir sekilde ele alindigi yeni yapilsalcilikla
birlikte malzeme, artik Uretim surecinin bir eklentisi olmanin &tesinde,
sUrecin en basindan itibaren tasarimi dogrudan sekillendiren basat bir
unsur goérintmundedir. SUrec ve araglarin tasarim bilesenleriyle kurdugu
bu birliktelik hizli prototipleme, performans gudull calismalar, karmasik
geometrilerin hayata gegirilmesi, uyarlanabilir bigim arayislari, sus ve
bezeme tasarimi, tasiyici sistem ve detay ¢ozUmleri, dijital ve fiziksel
arasindaki geleneksel is akis modellerinin yeniden ele alinmasl ve bunlar
gibi birgcok baslikta tasarimcilara farkli ¢6zUm olanaklari sunmaktadir.

Yukarida belirtilen baglamlarda, JCoDe'nin altinci sayisi (Cilt 3, sayi 1),
sayisal Uretim tekniklerini; tasarim sureglerinde fabrikasyonu; is akislarini ve
olceklenebilirligi: fiziksel ve dijital malzemeyi: performans gudult calismalarr;
tasarim surecinde malzemenin rolUnU; tasarim pedagojilerinde fabrikasyon
ve malzeme kUltUrdnd; bigim bulma ve striktlr arastirmalarinda malzeme
kullanimlarini ve yenilikgi etkilerini tartismaktadir.

ilk bolumde, Kamile Ozturk Késtenci ve Yagmur Burcu Gines, dijital
fabrikasyon ortam, ara¢ ve suregleri Uzerine literatirde genellikle rastlanilan
nicel tanimlamalarindan farklilasan nitel bir degerlendirme sunmaktadir.
Mimarligin sanatsal/siirsel vurgusu Uzerinden ilerleyen arastirma, MAXQDA
yazilimi ile dijital fabrikasyon ve mimarlik temalarini iceren son on yilda
basiimis 197 hakemli dergi makalesinin, dijital fabrikasyonun sanatsal odak
ve egilimlerinin tespitine yardimci olmaktadir.



Dijital fabrikasyon sureglerinin tasarimdaki farkl uygulamalarina odaklanan
ikinci bolumde Ugur Efe Ucar ve Ethem Gurer, tasarim GrGndnUn kitlesel
bireysellestiriimesi sUrecinde sanal gercekligin, gelecegin seffaf ve
katilimel tasarim sUreclerini olusturmadaki katkilarini tartismaktadir. iki
farkli senaryonun ilkinde, Urln kullanicisi ergonomik uygunlugu tespit
etme amaciyla fiziksel bir tasarim nesnesini (sandalye) deneyimlemekte;
ikincide ise, ergonomik olarak uygun olmayan d&zellikleri belirledigi tasarim
nesnesinin modeli Uzerinde sanal gerceklik ortaminda kisisellestirmeler
yapmaktadir. Antropometrik uygunluk analizi ve kullanicilar tarafindan
Uretilen yeni tasarimlar, gorsel ciktilar ile degerlendirilmektedir.

Ipek Akbaylar Hayreter, hasar gérmus kdltirel miras objelerinin ginimuze
ulasamamis olan eksik kisimlarinin bir Uretken tasarim yontemiyle dijital
olarak bUtlnlenmesine dontk yenilikgi bir 6neri sunmaktadir. Calismada,
kalturel miras objelerinin eksik kisimlarinda temsili olarak baglayici gorev
Ustlenecek olan yeni olusumda, doldurulacak olan boslugun organik
formuna uyum saglayacag gozetilerek Uretken tasarim yontemlerinden
Voronoi diyagramlarinin kullanildigr Hucresel Ozdevinim yaklasimi esas
alinmistir.

Nilhan Kaya ve Ethem Gurer, dijital fabrikasyon olanaklarinin tasarim
pedagojisine etkilerini tartismaya actiklari calismalarinda, bir egitim
aracl olan Froebel bloklarinin gagdas kosullarda yeniden yorumlanmasi,
Uretilmesi ve tasarim pedagojisine olabilecek etkisini Uretim ve malzeme
ekseninde sorgulamaktadir. Protokol sonuclarina dayanarak, c¢agdas
Froebel bloklarinda bulunan bosluklar ve yardimci elemanlar sayesinde
bloklar arasindaki eylem baglantisinin arttigi ve bu sayede orijinal Froebel
bloklarina kiyasla caddas bloklarda tasarim sUreclerindeki eylemsel
repertuvar zenginliginin genisleyecegi dngdrulmektedir.

Cagn Uluduz ve Caglar Aydin, dijital fabrikasyon olanaklarini yapay zeka
ve kullanici ekseninde tartistiklari calismalarinda, yapay zeka olgusunun
tasarimci katkisi olmadan bir sandalye tasarimini ne kadar ortaya
koyabilecegini, Uretken tasarim sistemine sahip bir yazilimdan elde edilen
sonug tasarim giktilari Uzerinden yapilan analizlerle ele almaktadir. Bunun
yaninda, Uretken tasarimin tasarim surecindeki katkisi form, malzeme ve
Uretim teknolojisi baglaminda irdelenmektedir.

UclncU bolimde, Yesim Unal ve Gulen Cagdas, dijital Uretim teknikleri
ve ozellikle de Eklemeli Uretim tekniklerinin yeni geometrileri mimkin
kilmanin 6tesinde, tasarimcilarin tasarim esnasinda dusUnme bigimlerini
etkilemelerini bir derleme makale Uzerinden tartismaya agmaktadir.
Makale, Eklemeli Uretim sistemleri Gzerine yuruttlmus daha genis kapsamli
bir arastirmanin parcasi olup, makalede 6nerilen siniflandirma yontemi ile
alandaki en son gelismelerin ve uygulamada ¢dzUlmeye galisilan sorunlarin
genis bir yelpazedeki arastirmalar icinde daha iyi konumlandiriimasi
hedeflenmistir.



DérdUncu ve son bolimde, sayinin temasindan bagimsiz iki adet galisma
bulunmaktadir. Merve Akdogan ve Ozgln Balaban, derin 6grenme
aglarinin mimari tasarimdaki uygulamalarini deneysel plan Uretimi yoluyla
arastirmaktadir. GAN tUrlerinden biri olan CycleGAN modelini egitmek
icin veri seti olarak 2B planlar ve gorseller secilmistir. Uretken modeli
yalnizca planlardan olusan bir veri setiyle editmek ve benzer ancak yeni
planlar Urettirmek mUmkunken, bu ¢alismada ek bir veri setindeki gorselleri
plana donustirmek amaclanmis ve bunun icin iki veri seti kullanilmistir,
Planlardan olusan veri seti igin Palladio planlari segilmis olup ikinci veri seti
ise, mikroorganizma yapilarinin gorsel verilerinden mekansal organizasyon
ve plan olusturma olasiliklarini arastirmak icin Haeckel'in mikroorganizma
cizimlerinden olusturulmustur.

Merve Tasdelen ise calismasinda, parametrik bicim grameri kullanarak
tiyatro-parter duzeni olusturulmasini, izleyici ve sanatgl arasindaki
iliskiyi yeniden yorumlayarak tasarim asamasinda gesitliligi saglamayi ve
performans sirasinda olusturulan oditoryum duzenlerinin hareket akisi
ile birlikte seyirciye her defasinda yeniden yorumlayacagi bir deneyim
olusturmasini amaclayan bir model O6nerisi sunmaktadir. Calismada,
parametrik bicim grameri sayesinde kural tabanli bir tasarim modeli
gelistirilerek analog ile dijital arakesitinde, sahne tasarimlarinda cesitliligin
arttirilmasini, seyir deneyimi ile sahne tasarimi arasindaki bigimsel iliskilerin
ve deneyim cesitliliginin analiz edilmesini ve Uretilen alternatif duzenlerin
karsilastiriimasini hedeflenmektedir.



Fabrication and Material

Editorial

The fifth issue of JCoDe focuses on “Fabrication and Material”. Fabrication
methods and processes are becoming a significant part of design research and
applications, like many other disciplines with the transition of production from
traditional approaches to machines having the high capability and precision and
with the development of digital production techniques. These new production
processes offer the opportunity to ‘grasp’ the material from physical and digital
aspects, together with testing material behavior at many stages of the design
processes at all scales and precision. Hence, these processes provide essential
clues about the role of material and production in future design processes.

Computational design tools provide designers with knowledge, logic, rule-based
process, and abstract thinking skills. Indifference, fabrication tools open the
way to think through physical production scale, technology and constraints,
production sensitivities, details, and materials. For a designer, this partnership
is a constant dialogue between digital and physical possibilities of material,
or in other words, between abstract and tangible. The material's behavior is
diversified, and its capability is increased with the operations performed at
macro, micro, and nanoscales. This material synthesis, which emerges in design,
is shaped by the simulations of formal, structural, relational, and conceptual
principles in integrating digital and physical possibilities through different
data testing, research, measurement, observation, and experiments. With the
new structuralism, in which form, structural system, and material are handled
relationally, the material is no longer an additional part of the fabrication process
but an essential element that directly affects the design from the very beginning
of the process. This association of strategies and tools with design components
offers different solution possibilities to designers in rapid prototyping,
performance measurements, a realization of complex geometries, reconfigurable
form research, ornament design, structural system, and detail solutions, and
reconsidering traditional workflow models between digital and physical.

Within the contexts mentioned above, the sixth issue of JCoDe (Volume 3, No
1) encapsulates digital fabrication technigues; fabrication in design processes;
workflows and scalability; physical and digital material; performance-driven
research; the role of the material in the design process; fabrication and material
culture in design pedagogies; the discussion of the use of materials and their
innovative effects in form-finding and structure research.



In the first part, Kamile Oztirk Kdstenci and Yagmur Burcu Gunes present
a qualitative assessment of digital fabrication media, tools, and processes
that differs from the quantitative definitions usually found in the literature.
The research, which proceeds through the artistic/poetic emphasis
of architecture, helps identify the artistic focus and trends of digital
fabrication of 197 peer-reviewed journal articles published in the last ten
years, including digital fabrication and architecture themes, with MAXQDA
software.

In the second part, which focuses on the different applications of digital
fabrication processesindesign, Ugur Efe Ugar,and Ethem GUrerdiscussthe
contribution of virtual reality in creating the transparent and participatory
design processes of the future in the process of mass individualization of
the design product. In the first of two different scenarios, the product user
experiences a physical design object (chair) to determine ergonomic fit;
In the second, it makes personalizations in the virtual reality environment
on the model of the design object, for which it determines ergonomically
unsuitable features. Anthropometric conformity analysis and new designs
produced by users are evaluated with visual outputs.

ipek Akbaylar Hayreter offers an innovative proposal for the digital
integration of the missing parts of damaged cultural heritage objects that
have not survived to the present day with a generative design method. In
the study, the Cellular Automata approach, in which Voronoi diagrams are
used, was taken as a basis, considering that the new formation, which will
play a critical role as a representation of the missing parts of the cultural
heritage objects, will adapt to the organic form of the void to be filled.

Nilhan Kaya and Ethem Gurer question the reinterpretation and
production of Froebel blocks, an educational tool, in current conditions,
and their possible effects on design pedagogy, in terms of production and
materials, in their work where they discuss the effects of digital fabrication
on design pedagogy. Based on the results of the protocol, it is predicted
that the connection between the blocks will increase thanks to the spaces
and auxiliary elements found in the contemporary Froebel blocks, and
thus the richness of the operational repertoire in the design processes in
the contemporary blocks compared to the original Froebel blocks.

In their work, where they discuss digital fabrication possibilities on the
axis of artificial intelligence and the user, Cagri Uluduz and Caglar Aydin
discuss how much the artificial intelligence phenomenon can reveal a
chair design without the contribution of the designer. In addition, the
contribution of generative design in the design process is examined in
the context of form, material, and production technology.



In the third part, Yesim Unal and Gilen Cagdas discuss how digital production
techniques and especially Additive Manufacturing techniques not only enable
new geometries but also affect the way designers think during design through
a review. The article is a part of broader research on Additive Manufacturing
systems, and the classification method proposed in the article aims to better
position the latest developments in the field.

Inthe fourth and last part, there are two studies independent of the issue’s theme.
Merve Akdogan and OzgUn Balaban research the applications of deep learning
networks in architectural design through experimental plan generation. In order
to train the CycleGAN model, which is one of the GAN types, 2D plans and visuals
were chosen as the data set. While it is possible to train the generative model
with a dataset consisting of only plans and produce similar but new plans, this
study aims to convert the visuals in an additional dataset into a plan, and two
datasets are used for this. Palladio plans were chosen for the dataset consisting
of plans. The second dataset was created from Haeckel's microorganism drawings
to investigate the spatial organization and plan formation possibilities from the
visual data of microorganism structures.

Merve Tasdelen presents a model proposal in her work to create a theater-parter
layout using parametric form grammar. The study aims to develop a rule-based
design model through parametric form grammar, increase the diversity in analog
and digital interfaces, stage designs, analyze the formal relations and diversity of
experience between the viewing experience and the stage design, and compare
the alternative layouts produced. The motivation is to provide diversity in the
design phase by reinterpreting the relationship between the audience and
the artist and to create an experience that the audience will reinterpret each
time with the movement flow of the auditorium layouts created during the
performance.
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A Content Analysis on Poetic and Artistic Qualities of Digital

Fabrication in Architecture

Kamile Oztiirk Késencig?, Yagmur Burcu Giines?
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1 Architecture, Science, Kocaeli University, Kocaeli, Tirkiye
2 Architecture, Celal Bayar University, Manisa, Turkiye

New production techniques and digital design tools allow new possibilities in
architecture and digital fabrication laboratories provide an environment for these
new opportunities. In addition to its potential in terms of science and technology,
digital fabrication creates many opportunities for artistic aspects of architecture.
Therefore, we aimed to make a theoretical discussion and present a new
perspective for artistic and poetic aspects of digital fabrication. From this
perspective, to clarify the artistic aspects of architecture in the context of digital
fabrication technologies and to understand how the subject is covered in the
literature clearly, a comprehensive literature review has been made. Initially, the
literature review was limited to the themes of digital fabrication and architecture
to extract from out-of-context articles and 197 peer review journals written in the
last 10 years were examined. Then, a pre-coding schema was prepared from two
authors and extended after a detail literature review. The extended coding schema
was grouped in terms of their semantic distance and these groups were used to
make an assumption about papers. The software MAXQDA, which is commonly
used in the social science, assist us to identify the semantic codes related to the
research context without any omission. Articles were investigated with the
keywords created after precoding. Content analysis was used to investigate the
remaining 51 articles on the field of Architecture through these codes. Our aim is
not to prove if there is sufficient paper that discuss the artistic aspects of digital
fabrication. However, this methodology helps us to understand the focus of the
papers and the tendencies as an approach in this context. In general, the subject
of digital fabrication in architecture is studied more about materials, structures,
processes, technology and how to use digital fabrication tools instead of why it was
examined in the literature. From perspective of artistic dimension, the reviewed
papers mainly emphasize ‘characteristic, identity, variety, style, concept,
customization, subjective, subjectivity, formal, composition, tectonic, geometry,
form’. On the other hand, ‘aesthetic, beauty, expression, art, stereotomy, craft,
artifact, are less discusses codes. Words directly related to art and craft are not
discussed in the articles and there is less discussion on the aesthetic values of digital
fabrication. ‘Sense, experience, perception, intuition” are also less discussed codes
even if these are strong relationship with architectural context. Although not
included in the academic literature, the issue of digital fabrication has begun to be
discussed in the context of experience, through art installations in 1:1 scale
produced by digital fabrication tools. In a nutshell, the issue of art is at least as
valuable as the most frequently asked question of how in digital fabrication, and
this aspect should be given more place in scientific research.

Keywords: Digital fabrication, Art, Architecture, Poetic

01

Received: 24.01.2022
Accepted: 18.03.2022

Corresponding Author:
ozturkamile@gmail.com

Ozturk Kosencig, K. & Gunes, Y. (2022). A
content analysis on poetic and artistic
qualities of digital fabrication in
architecture. ~ JCoDe: ~ Journal  of
Computational  Design, 3(1), 01-18.
https://doi.org/10.53710/jcode.1062471

JCoDe | Vol 3 No 1 | March 2022 | Fabrication and Material| Ozturk Kosencig, K. Burcu, A.



Mimarlikta Dijital Fabrikasyonun Sanatsal ve Siirsel Boyutu

Uzerine Bir igerik Analizi
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2Mimarlik, Celal Bayar Universitesi, Manisa, Tirkiye

Mimaride yeni olasiliklara izin veren glincel Gretim teknikleri ve dijital tasarim
araclari sayesinde dijital fabrikasyon laboratuvarlari bircok yonden 6nci bir ortam
olarak gorilmektedir. Dijital fabrikasyon laboratuvarlarinin sadece bilim ve
teknoloji agisindan degil ayni zamanda sanat agisindan da 6nemli bir potansiyel
oldugu dustnilmektedir. Buna ragmen son on yilda bu alanda yapilan ¢alismalarda
mimaride dijital fabrikasyonun sanatsal ve siirsel yonine olan vurgunun eksikligi
dikkat gekmektedir. Bu nedenle bu olgunun literatirde sanatsal ve siirsel agidan
nasil ele alindigina dair nitel bir arastirma yapilarak kuramsal bir tartisma
yUritilmuas, mimarligin sanatsal ve siirsel yonlerini dijital fabrikasyon teknolojileri
baglaminda ortaya ¢ikarmak ve konunun nasil ele alindigini anlamak igin kapsamli
bir literatr taramasi ve icerik analizi yapiimistir. Analiz MAXQDA yazilimi ile dijital
fabrikasyon ve mimarlik temalarini iceren son on yilda basiimis 197 hakemli dergi
makalesini icermektedir. Arastirmanin amaci dijital fabrikasyonun sanatsal yonden
yeterince tartisiimadigini kanitlamak degildir ancak bu metodoloji, makalelerin
odagini ve egilimlerini anlamamiza yardimci olmaktadir. Genel olarak mimaride
dijital fabrikasyon konusu literatlirde “neden” sorusundan ¢ok malzeme, striktdr,
sureg, teknoloji ve dijital fabrikasyon araclarinin nasil kullanilacagi ile ilgili olarak
incelenmektedir. Yapilan literatlr analizi sonuglarina gore; karakteristik, kimlik, stil,
cesitlilik, konsept, form, kompozisyon, tektonik ve geometri gibi kavramlar siklikla
kullanilmis olup, estetik, glzellik, sanat, zanaat gibi kelimeler daha az kullaniimistir.
Ustelik duygu, deneyim, algi, sezgi gibi mimarlik disiplini ile oldukga iliskili olan
kavramlar da ¢cok az yer almaktadir. Ozetle dijital fabrikasyon ve mimarlik ekseninde
yapilan calismalarin neden yapildigi ve sanatla olan iliskisi bu konuda siklikla sorulan
nasil sorusu kadar degerlidir ve bu baglamda yapilacak bilimsel arastirmalarda daha
fazla yer almahdir.
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1. INTRODUCTION

‘Paradigm shift’ is a term that relies on Kuhn’s most influential book
‘The Structure of Scientific Revolutions’. (Khun, 1996) used the term
‘Paradigm’ referring to the ‘particular coherent traditions of scientific
research, an accepted model or pattern’ and ‘shift’ for the emergence
of scientific theories and changes. The paradigm shift includes
changes in theory and application together according to (Khun, 1996).
He says that these changes, which he describes as disruptive, occur
when the number of unresolved problems in a discipline
increases and these unresolved problems are focused on by some key
figures in the field (Hairston, 1982). Khun's paradigm shift concept is
discussed in every field such as sociology, education, and economy. It
is so essential to understand the types of production in society.

The change in mode of production affects the architectural paradigms
inevitably. Architecture and its production tools were also affected
by the transformation from Fordism based on mass production and
standardization of the same product to post-Fordism including a more
flexible production process and customization. While the Fordism,
which is an industrial paradigm, involves mass production and
standardisation of products to reduce the costs and make the
products more affordable (Dunham-Jones, 1997), the modernist
paradigm for architecture also involves the same characteristics.
However, the standardised body measurements and simplicity, which
were characteristic of the modernist paradigm, lead an assumption
on users as; not a unique person, but anonymous. Today the following
paradigm in industry ‘post-fordism’ and the post-modernist paradigm
involves emphasis on customization. Mass customization discussions
have been growing in literature since the late 1980s (Fogliattoa,
Silveira, & Borenstein, 2012) (Lau, 1995) and argued as a new
industrial revolution (Yao & Lin, 2016).

The characteristics of existing paradigms affect architectural
pedagogy of that time. For example, the approach of the Bauhaus, the
most influential art school of the 20th century, was associated with
the Modernist paradigm. The Bauhaus saw itself as a part of the
cultural modernity movement and made a lot of effort under the
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name of "modernism" to re-establish the unity between artistic and
technical production areas, again separated by industrial production
(Michael & Lutz, 2009). Standardization, one of the most important
features of the modernist paradigm, can be seen in the book of
Neufert, one of the first students of this school. Neufert, educated by
Walter Gropius, focused on standardized building arrangements and
pre-planned items at all scales in his famous book (Meister, 2020).
Unlike the standardization in the modernist era, the new digital era
includes digital design and fabrication tools that enabled
customization and opened up new possibilities in architecture.

Digital fabrication, which is a new form of production in architecture,
has been discussed frequently in the literature in the last 10 years.
The issue of digital fabrication was more discussed over the
perspective of how to use it. In the literature, questions such as how
to use new technologies and materials are discussed in digital
fabrication. The question of why is as important as the question of
how. One of the answers to the question of why lies in the relationship
between art and digital fabrication. Therefore, the question “how
important is art in digital fabrication in architecture” is crucial to
highlight the artistic aspects of digital fabrication in architecture. To
answer the research question, the article explains the components of
the art and then proposes a comprehensive analysis of the literature.

2. DIGITAL FABRICATION LABORATORIES

Developments in manufacturing are assisting paradigm shifts today as
they did in the 20th century (Terzidis, 2004) (Bell et. al., 2010).
Actually, the introduction of the digital design and fabrication tools is
not new. Between 1980-1990 it was associated with the first CNC
machine usage (Wiedenbeck & Parsons, 2010) even though the tool
was introduced a long time ago. CNC technologies were identified as
subtractive manufacturing tools after the first 3D printing machine
emerged in 1986 (Bhatia & Sharma, 2014), which was identified as
one of the additive manufacturing tools. However, the reason for
maker movement is not the introduction of these tools, but
accessibility of them. Hybrid manufacturing processes (subtractive
and additive together) can be used by architectural researchers in
most of the university laboratories owing to the robotic

4
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manufacturing. These are known as “digital fabrication laboratories"
today and they are assisting a milestone for architecture as in
Bauhaus.

Digital fabrication term is used for the production process of digitally
designed and materialized products (Savastano, Bellini, D'Ascenzo, &
Scornavacca, 2017) and it is categorized into three types;
“subtractive, additive and formative” (Paio et al.,, 2012). These
manufacturing techniques and digital design tools are together
assisting new possibilities in architecture in digital fabrication
laboratories. These tools provide us freedom in terms of form and
complexity in terms of architectonic. The freedom has been
interoperated a promise for more customized architectural entities
from researchers (Oxman R. E., 2010) (Kolarevic, 2001) (Johnson &
Vermillion, 2016). Architects are not just researching the formal
opportunities but also reconsider the materialization options and re-
examined the natural resources in digital fabrication laboratories
(Beorkrem, 2017), (Kolarevic & Klinger, 2013), (Oxman N. , 2010),
(Sass & Oxman, 2006). The frequently used terms “customization”
and “personal fabrication” although the construction process still
uses mass customized architectural elements.

The material emphasis and formal studies are the dominant character
of digital fabrication laboratories. On the other hand, today, art is not
in the list, but engineering, biology, material science in digital
fabrication laboratories. The fact is that digital fabrication
technologies provide us artistic, poetic and aesthetic possibilities
whether we do or do not collaborate with art. Here, the question is
how we consider the artistic value of it?

3. POETIC AND ARTISTIC QUALITIES

The researches in digital fabrication were especially focused on formal
and structural properties of architecture. Statics, functions, scripts
and simulations, which are related to how question, were used in a
descriptive way of the process. We also need to track the why
guestion as we do for the how question. The why question in the
architecture field is related with the architectural phenomenology
that emphasize its poetic, artistic and ethic dimensions. Pallasmaa
(2012) also highlights the necessity of spatial sense, experience and
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the poetry of space and critics “the blind belief in technology”
(Amundsen, 2020).

Husserl (2001) who is the founder of phenomenology, Heidegger
(2001) and Merleau-Ponty (2010) associate art and aesthetics with
experience and sensory perception. Therefore, the aesthetic value of
architecture could be discussed from the perspective of
phenomenology which determines this value through experience.
However, Heidegger emphasises the limiting capacity of technology
(Heidegger M. , 1982), (Alawa, 2013), (Corsini & Moultrie, 2018),
digital fabrication tools that emerge with technology have the
potential to exceed this limit by enabling experience.

Poetic and artistic aspects of architecture are more examined in
architectural pavilions and spatial art installations which are
significant 1/1 scale architectural element manufactured through
digital fabrication tools. These temporary research pavilions make it
possible to reconsider the human experience while researching
formal and structural relations. One of the studies that will exemplify
this issue is an ASMR-focused fabrication production. The
Autonomous Sensory Meridian Response (ASMR) is a sensory
phenomenon that has not been previously studied and has been
growing interest by people who can experience it. People react to
certain triggering sounds and visual stimuli on the scalp, back of the
neck, or other areas of the individual, such as tingling or feeling a
sensation [7]. This concept, which is generally subject to psychology,
has started to be discussed in the field of architecture. The museum
exhibition was designed in 2020 by ETER, a partnership of architects,
researchers, and educators (Eeter, 2021). This exhibition, titled
"Weird sensation feels good", is devoted to these feelings and to the
field of creativity that is thought to result from these emotions:
Products like hands produced by 3d printing, 1 km long pillow which
resembles the inner body tissue, the brain curves, vocal cords and
irregular waveforms were custom-crafted objects and produced in
the Northern Baltics. Especially for the pillow, 1 to 1 research models
were made for a better understanding the texture of the fabric
(Arterritory, 2022).

With this exhibition, Architects aimed to relax both body and mind for
individuals by experiencing tangible and audio-visual stimuli

6
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Figure 1: Sensation, human
body and technology
(Archdaily, 2021).

(Arterritory, 2022). The theme of the exhibition is that digital will
bring people together physically and emotionally and how this can be
used as a tool (Arterritory, 2022) to share this experience in a public
space (Archdaily, 2021). The design of the installation provides an
environment that allows visitors to experience a sensory environment

visually, audibly and tactilely (Figure 1) (Arterritory, 2022)

L i 4

y

Therefore, we investigated the traces of the artistic dimensions of
space in the context of digital fabrication from the scholarly journals
of the last ten years in this paper by using semantic data.

4. CONTENT ANALYSIS

To clarify the understanding of artistic aspects in studies related to
digital fabrication in the field of architecture, a systematic literature
review was made with the selected keywords and the criteria
determined below.

e Keywords: “digital fabrication” and “architecture” in order to
find journals in architectural fields and associated with the
main topic ‘digital fabrication’

e Database for the literature search: ProQuest which provides
access to large scholarly journals from various databases.

e Selection criteria for journals: Only peer-reviewed scholarly
journal articles written in English were selected

e Publication Date: 10-year period between 2012 and 2021

To evaluate the artistic aspect of digital fabrication in architecture,
197 articles were found as a result of the above-mentioned criteria
with the selected keywords. By checking the contents of these
articles, their relationship with architecture has been examined. The
topics of these articles were classified and those outside the field of
architecture were excluded. The remaining 51 articles on the field of
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Architecture were examined in more detail to extract those related to
art (Table 1).

Journals 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Advances in Civil Engineering 2

Architectural Science Review 1
Arquiteturarevista 1

Assembly Automation 1

Buildings 1 1
Education Sciences 1

Energies 1

Int. J. of Comp. Methods and Experimental 3

Measurements

Int. J. of Design 1

Int. J. of Design & Nature and Ecodynamics 1

Int. J. of Tech. and Design Education 2

ISPRS Annals of the Photogrammetry, Remote 1 1

Sensing and Spatial Information Sciences

J. of Edu. for Library and Information Science 1

J. of Pre-College Engineering Education Research 1

Materials 1 1

Nexus Netw. J. 1 12 2 1 1
Polymers 1

Rapid Prototyping J. 1 1

Scientific Reports (Nature Publisher Group) 2

Sensors 1

Sustainability 3 2
TechTrends 1

The aesthetic aspects of an architectural form, unique experience
promises, the style and the subjectivity of design, creativity and
formal language were discussed in the paper while doing qualitative
data analysis in MAXQDA software (Maxqda, 2022). A pre-coding
schema is prepared from two authors and extended while doing a
detailed reading. 37 Art-related keywords were decided by scanning
the selected 51 articles and looking at their meanings in the text.
Then, classification was done through semantic relations between the
meaning of keywords (codes) with similar meaning logically and
grouped; aesthetic, art, creativity, craft, freeform, sensory, formal
(Table 2). The software which is commonly used in the social science,
assist us to identify the semantic codes related to the research
context without any omission. Then the papers were analyzed

Table 1: Selected articles by

journal and year order.
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through these codes. Our aim is not to prove if there is sufficient

paper that discuss the artistic aspects of digital fabrication. However,

this methodology helps us to understand the focus of the papers and

the tendencies as an approach in this context.

Acknowledgements and references were excluded from the text data.

Authors’ affiliations and irrational word overlaps like ‘National Gallery

of Art’, ‘state of the art’” were excluded manually while coding. Text

data of the eliminated papers were analysed.

Groups Code

sample texts of coded segments

Table 2: Codes and sample text -
aesthetic

of coded segments.
1 beauty

expression

"a formal and aesthetic language", "architecture
expression”, "beauty of structures" (Tibuzzi, 2018)

art

2 stereotomy

artistic

"design principles of stereotomy", "artistic expression",
"art of stereotomic stone" (Boddeti, 2020) (Diles, 2018)

characteristi
c

identity

variety

style

concept

customizati
on

subjective

subjectivity

"customization of the products ", "maker style learning
", "different conceptual aspiration" (Gamerro, Bocquet, &
Weinand, 2020)

creativity

create

creative

unique

"unigue product designs" (Gamerro, Bocquet, & Weinand,
2020)

craft

5 artifact

artefact

"hand crafted", "craftsmen", "artifacts of artistic
interest" (Fallacara & Barberio, 2018)

freeform

complex

6 freedom

organic

irregular

"freeform thrust surfaces", "freedom of shape",
"organic structural morphology" (Fallacara & Barberio,
2018)

sensory

intuition

intuitive

feel

perception

experience

"the perception that the shell is floating", " the sensory
experience of a space" (Bosqué, 2015).

Form(al)

composition

8 tectonic

geometry

form

"formal language", "tectonic qualities", "geometrical
configuration" (Chilton & Chuang, 2017)

9
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The contents of the groups resulting from the classification and the
context of the phrases within the text to explain the structure of
review are explained in detail below:

Group 1: Considering the artistic aspects of digital fabrication in
architecture, the aesthetic value of the product that emerges is one
of the first concepts that come to mind. In addition to the function or
material of the product resulting from digital fabrication, its aesthetic
value is worth discussing. The word “aesthetic” is associated with
beauty and art (oxford dictionary) and the aesthetic values of the
design strengthen the feelings or ideas of the designers, namely their
expressions. Therefore, the issue of aesthetics must be considered
during the digital fabrication process. "a formal and aesthetic

language", "architecture expression", "beauty of structures" are the
sample text of these categories from the selected journals.

Group 2: Although the artistic and poetic aspects are seen as a main
keyword and backbone for the entire study, it has been analysed as a
normal word in the literature analysis within the other art related
words. All words of group two in the above table are directly or
indirectly related to art, but “stereotomy”, which is accepted as a
form of art, and word of “artistic” coming from the same root
grammatically have been put under this group. Stereotomy is
discussed in selected articles in the context of design principles and

n n

its relationship with art. "design principles of stereotomy", "artistic

expression”, "art of stereotomic stone" are the sample text of these
categories from the selected journals.

Group 3: Artistic works have a character so architecture may have
been mentioned through that aspect while the author discusses. The
word ‘character’ and other related words were coded in that segment
in order to track and visualise the frequency. The issue of digital
fabrication is defined as a process that enables customization that has
a semiotic link with the other codes in this group. "Customization of

the products ", "maker style learning ", "different conceptual
aspiration" are the sample text of these category from the selected

journals.

Group 4: Creativity, which is seen as one of the basic components of
art, constitutes the content of this group but analysed in a separate

10
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group. Creativity is a term that means; producing a unique and novel
entity. However the code ‘novel’ search provides no meaningful
result for these documents. "unique product designs" “in a creative
way”, “create hyperboloid modules” are the sample text of these
categories from the selected journals.

Group 5: Craft, which is defined as a job or activity that is related to
art but requires skill and experience unlike it, is another important
topic. It is related to Bauhaus and also digital fabrication in that
context and may be a frequently used code of this issue. “Artifact”
and “artifact”, which have the same meanings but different spellings,
are coded associated with crafts. "hand crafted", "craftsmen",
"artifacts of artistic interest" are the sample text of these categories
from the selected journals.

Group 6: The word free-form simply means not having or following a
particular style or structure (Cambridge dictionary). It is a frequently
associated term related to digital paradigms in the architecture field.
Itis used in order to discuss the freeing potential of new technologies
in terms of complex, organic or irregular forms and structures. "free-
form thrust surfaces", "freedom of shape", "organic structural
morphology" are the sample text of these categories from the
selected journals.

Group 7: Experience, sense and perception which are the frequently
associated words in order to emphasise the artistic aspects of the
architecture field as we have discussed the previous chapters in
detail. Sensory is an etymologically justifiable word with sense that is
associated with physical touch, smell, taste, hearing, and sight (Oxford
dictionary). Intuition and intuitive also considered under this segment
because it is used as a capacity for understanding something
depending on feelings instead of evidence. "compromises the
perception that the shell is floating", " the sensory experience of a
space" are the sample text of these categories from the selected
journals.

Group 8: Form, meaning the shape or appearance of something
(Cambridge dictionary), is closely related to art. Tectonic, composition
and geometry are grouped under the formal codes and explored from
the documents separately. "formal language", "tectonic qualities",
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"geometrical configuration" are the sample text of these categories
from the selected journals.

5. KEY RESULTS

Selected articles were analysed with the determined codes (Table 1).
Text data analysis with word count and frequency of them is chosen
to make an interpretation about the weight of the why question. The
column headers show id no of the publications (D1-D51) and raw
headers shows the coded words (Figure 2). From the visual density of
the matrix, it is clear that the codes in groups 3, 4 and 8 are most
frequently used codes and used at least 1 time in all papers. It can also
be seen that the ‘stereotomy’ is a specific topic that is not used in all
papers but on the other hand whose amount is also noteworthy. The
code ‘concept’ and relatively the code ‘variety’ are frequently used
words in the literary, on the other hand the total group has no
significant usage but formal codes have.

Code System
aesthetic
beauty
axpression
characteristic
style

variety
concept
customization
subjective
subjectivity
identity
creativity
unique
create
creative
craft
artifacts
artefact
freeform
iregular
complex
freedom
organic
sensory
experience
intuition
intuitive

feel
perception
formal
composition
tectonic
geometry 5 21 31 22 21 10027 23 12 13 28 21 38 9 7
form 2 2 14 5 1 4 25 2 26 26 3 6 10 5 8
art
stereotomy

artistic

When we look at the total quantity of the codes, it is clear that group
8, which includes form, geometry, composition and tectonic, is the
frequently used group. It means that the formal values of architecture
are the most discussed aspects of it. On the other hand, the group 5,

2 63

20

24 8 59

Figure 2: Code system matrix in

detail
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Figure 3: Code system in
summary within the groups.

which includes craft, artifact and artefact, is the less discussed aspects
(Figure 3).
ARTISTIC VALUES
group 8
group 3
group 6
group 4
group 7
group 2
group 1
group 5
0 145 290 435 580 725 870 1015 1160 1305 1450

Looking at the relationship between digital fabrication in art and
architecture in selected articles:

e Codes in group 3 (characteristic, identity, variety, style,
concept, customization, subjective, subjectivity) and group 8
(Formal, composition, tectonic, geometry, form) are the most
discussed codes. These codes are essential concepts for a
study in the context of architecture and digital fabrication.

e Codesingroup 1 (aesthetic, beauty, expression), group 2 (art,
stereotomy, artistic) and group 5 (craft, artifact, artefact) are
less discussed codes. Words directly related to art and craft
are not discussed in the articles. There is also less discussion
on the aesthetic values of digital fabrication.

e Codes group 7 (sense, experience, perception, intuition) are
also less discussed codes even if these are very crucial
concepts in architecture.

In addition to an overall analysis of how the coded words is used, the
frequently used words also analysed and the results show us the main
focus of this topic as; material, structure, process and technology.

In general, material, structure, process, technology are the most
frequently used words in these publications without any
segmentation. This result shows us the focus of the research in the
last ten years.

6. DISCUSSION

The paper presents a critique on contemporary scientific research and
argues for artistic emphasis in the field of digital fabrication. The
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arguments build upon historical and contemporary integrations of art,
science and technology. It examines today’s digital fabrication
artefacts and the tendencies of scholars and designers and try to find
out over-emphasise on certain aspects of design over artistic and
poetic aspects. It questions the apparent lack of sensibility towards
soft factors and how we accommodate the intangible human needs
and desires in our designs provided all the fabrication opportunities
according to the results.

As we see from literature analysis results, technology, structure and
material are commonly used codes and there is an overemphasis on
the engineering and material science aspects of design in literature
over the last ten years. It is necessary to emphasize that this issue is
at least as valuable as the question of how and that this aspect should
be investigated more in scientific research. This result will not only
bring a critical perspective to the subject, but will also guide future
studies. Future research could continue to explore the reason for
omission of artistic aspects.

In addition to demonstrating and criticising the issue this paper also
argues the artistic aspects of architecture. Today the threefold of
science, technology and art emphasis is still a prevailing topic in terms
of today’s digital fabrication artefacts and stories behind them.
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The paper focuses on the use of virtual reality technology as a mass customization
tool in the digital fabrication process to produce design objects suitable for
different user dimensions. In line with the specified focus, the theoretical
framework of the paper was examined through the concept of standardization. The
concept of standardization was examined in terms of both the product and the
product user, and the existing anthropometric data were questioned. Because of
the inquiries made, it was stated that an overarching definition could not be made
regarding anthropometric measures and the concept of the “average man.” This
situation revealed the need for new approaches to design and production
processes. This approach, which encourages the transparency of the production
process and the ability of users to customize products by participating in the
production process, is presented concerning the development and use of digital
fabrication technologies. At the intersection of digital fabrication tools and mass
customization, this paper examines the potential of interfaces to increase
producer-consumer dialogue. Virtual reality, which can make the design product
experience on a 1/1 scale and turn the user from the “spectator” into the “actor”
of the experience, has been determined as the design tool. In line with all these,
the paper hypothesizes that the use of virtual reality as a tool in the mass
customization and digital production process will contribute to creating the
transparent and participatory design process features of the future. To examine
the stated hypothesis, two different design scenarios were designed as a paper
method. In the first of these scenarios, the participants physically experience a
design object (chair) in the real world to determine the ergonomics of the design
object for them. In the second scenario, the participants make customizations in
the virtual reality environment over the model of the design object, for which the
user determines the ergonomically unsuitable features in the first scenario. The
data obtained through anthropometric conformity analysis and new chairs
designed by participants were evaluated with visual design outputs. As a result,
virtual reality technology, which emerged as a tool suitable for the participatory
and dynamic structure of the design and production process, contributes to the
evolution of the process into a participatory structure. In addition, the presented
design and production process enables the production of many alternatives for
design objects. The production of countless alternatives is valuable not only to
reach the most suitable product for users but also to improve the creative
processes and learning environments of designers.
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Calisma, farkli kullanici boyutlarina uygun tasarim nesneleri Gretebilmek igin, sanal
gerceklik teknolojisinin dijital fabrikasyon sirecinde kitlesel bireysellestirme araci
olarak kullanimina odaklanmaktadir. Calismanin teorik cercevesi dogrultusunda
standardizasyon kavramina Urlin ve kullanicisi 6zelinde vyaklasiimis, mevcut
antropometrik veriler sorgulanmistir. Tasarim ve Uretim slreclerinde vyeni
yaklasimlara olan ihtiyag kitlesel bireysellestirme yaklasimi tGzerinden tartisiimistir.
Kullanicilarin Gretim slrecine katilarak triinleri bireysellestirebilmesini tesvik eden
bu yaklasim, dijital fabrikasyon teknolojilerinin gelisimi ve kullanimi ile iliskili olarak
sunulmustur. Dijital fabrikasyon araclari ve kitlesel bireysellestirme kavramlarinin
ara kesitindeki calismada, tasarim trtintini 1/1 élgekte deneyimleten ve kullaniciyi
“seyirci” konumundan cikarip deneyimin “aktori” haline getirebilen sanal gerceklik
teknolojisi arac¢ olarak belirlenmistir. Bu dogrultuda calismanin hipotezi, tasarim
Grininln kitlesel bireysellestirilmesi ve dijital tGretimi strecinde, sanal gergekligin
bir ara¢ olarak kullaniimasinin, gelecegin seffaf ve katilimci tasarim sireg
ozelliklerini olusturmada katkilar sunabilecegidir. Calisma yontemi olarak, iki farkli
tasarim senaryosu kurgulanmistir. Senaryolarin ilkinde, Grin kullanicisi tasarim
nesnesinin ergonomik uygunlugunu tespit etme amaciyla gercek dinyada bir
tasarim nesnesini (sandalye) fiziksel olarak deneyimlemektedir. ikinci senaryoda
ise, ilk ortamda ergonomik olarak kendine uygun olmayan 6zellikleri belirledigi
tasarim nesnesinin modeli Gzerinden sanal gerceklik ortaminda kisisellestirmeler
yapmaktadir. Antropometrik uygunluk analizi ve kullanicilar tarafindan Gretilen yeni
tasarim nesneleri Uzerinden elde edilen veriler, gorsel tasarim ciktilari ile
degerlendirilmistir. Sonug olarak, tasarim ve Uretim slrecinin katilimci ve dinamik
yapisina uygun bir ara¢ olarak ortaya c¢ikan sanal gergeklik teknolojisi, strecin
katilimei bir yapiya evrilmesine ve tasarim nesnelerine iliskin sayisiz alternatifin
Uretilmesine katki sunmaktadir. Bu durum, kullanicilarin kendisine en uygun trine
ulagmasi anlaminda degil, tasarimcilarin yaratma slreglerinin ve &grenme
ortamlarinin gelismesi anlaminda da degerlidir.
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1. GiRI$ (INTRODUCTION)

Sanayi Devrimi sonrasi seri Uretim kavraminin hizla yayginlasmasi,
tasarim Urdnlerinin endUstriyel anlamda hizli Uretilebilir ve az maliyetli
olmasi gerekliligini ortaya cikarmistir. Tasarim UrUnlerinin basit
geometrik formlara sahip olmasi, bu gerekliligin bir sonucudur. Bu
durum, tasarim Urinlerinin standartlasmasina sebep olmustur. Yirminci
ylzyll boyunca Uretilen yapi bilesenleri hem geometrik karmasikligin
hem de form cesitliliginin olumsuz ekonomik etkilerinden dolayi
geometrik olarak basit ve form agisindan sinirlidir (Dunn, 2012). Buna
ek olarak, bahsedilen standartlagsma slreci sadece Urln ve bilesenleri
ozelinde degil Grin kullanicisi 6zelinde de gerceklesmistir. Standart bir
Urind ¢ok daha az maliyetle Ureterek kar elde etmeye dayali seri Gretim
mantiginin  standart kullanicilara ihtiyagc duymasi, bu durumun
sebebidir.

insan bedenine dair standardizasyonun temelini olusturan bu disiince
yapisi, “ortalama insan” fikri (zerine antropometrik calismalarin
Uretimini ortaya ¢ikarmistir. Panero ve Zelnik’e (1979) gére bu yaklasim
bir yanilgi olup, ortalama insan kavraminin mimkun olmadigi aciktir. Bu
baglamda, ihtiya¢ ve kullanim farkliliklari, farkli yasam tarzlari ve
kaltarel gecmisler, cinsiyet, vb. gibi farkli degiskenleri barindiran
kullanici profillerinin tek bir profile indirgenmesi mimkin degildir.
Antropometrik olarak “ortalama insan” icin Uretilen bu Urlnlerin
6zinde “hic kimse” icin oldugu ve konuya iliskin yeni yaklasimlarin
gerekliligi agiktir.

Seri Uretimin aksine “kitlesel bireysellestirme” kavrami, Urln
kullanicilarinin kendi istekleriyle Grlnleri &zellestirmesine izin veren bir
yaklagimi icermektedir. Kitlesel bireysellestirme, bireysellestirilmis
ihtiyaclari karsilamak icin Urln spesifikasyonunda kullanici katilimi ve
karar verme vaadi sunmaktadir (Duray ve dig., 2000). Urinlerin nicel
olarak daha az ve ancak kisiye 6zgl olarak Uretildigi bu streg, disinsel
anlamda tasarim UrGnUnin ve kullanicisinin  biricikligine ve
bitUnculligine odaklanmaktadir. Bahsedilen odak noktasinin sadece
distnsel anlamda kalmayip ayni zamanda Uretilebilir olmasi, alternatif
bir yaklasim elde edebilmek icin 6nemlidir.

Kolarevic’e (2003) gore, dijital fabrikasyon teknolojileri ile bin adet
6zgln Urdnd Gretmek, bin adet 6zdes Urind dretmek kadar kolay ve
uygun maliyetlidir. Bu noktada, dijital fabrikasyon teknikleri kullanilarak
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bicimsel olarak birbirinden farkli bilesenleri, birbiri ile ayni olan
bilesenler ile benzer slre ve maliyette Uretebilme yeteneginin alti
cizilmistir. Baska bir deyisle, bicimsel anlamda 6zdes olarak tanimlanan
drdnlerin seri tretim yaklasimi ile Uretildigi, 6zgin olarak tanimlanan
drdnlerin ise kitlesel bireysellestirme yaklasimi dogrultusunda ve dijital
fabrikasyon teknikleri kullanilarak Uretilebilecegi vurgulanmistir.
Vurgulanan bu ifade, kitlesel bireysellestirme yaklasimi ve dijital
fabrikasyon tekniklerinin kavramsal anlamda paralelligini ortaya
koymakta olup, bu paralellik gelecegin Uretim yaklasim ve bicimleri
acisindan potansiyeller barindirmaktadir.

Kullanicilarin tasarim ve Uretim slrecine daha fazla dahil olabilmesine
donik  sorgulamalar  Uretmek, c¢alismanin  temel  eksenini
olusturmaktadir. Bu eksen, slrecin demokratiklesmesine hizmet
etmektedir (Khalili-Araghi & Kolarevic, 2020). Bu baglamda,
kullanicilarin, tasarim UrGnUnl prototipleme asamasindan 6nce
deneyimleyebilecekleri ve kisisellestirebilecekleri aracglarin kullaniminin
demokratiklesme slrecine etkisi ¢alismanin odagini olusturmaktadir.
Calisma kapsaminda, bu arag¢ “sanal gerceklik” olarak belirlenmistir.
Sanal gercekligin sahip oldugu; tasarim Grtnine iliskin modeli 1/1
Olcekte deneyimletebilme ve kullanicinin kendi fiziksel bedenini 1/1
Olcekli olarak deneyimleterek Urtne iliskin ergonomik iliskiler
olusturabilme o6zellikleri arttirllmis gerceklik veya karma gerceklik
teknolojilerine kiyasla etkilesimi ylksek bir slrec potansiyeli
barindirmaktadir. Bu baglam, sanal gergekligin kullaniimasina iliskin
temel sebeplerdendir.

- »

»
"
ANA! percekix >
g ‘
K sellestinim

TUm bunlar dogrultusunda calismanin ana amaci, sanal gercekligin
dijital fabrikasyon sirecinde bireysellestirme icin kullaniimasinin,
kullanici merkezli kolektif tasarim slrecine sunacagl katkilari ortaya
koymaktir. Bu baglamda calismanin hipotezi, tasarim trindnln kitlesel

Sekil 1: Calismaya ait hipotezi
gosteren diyagram (Diagram that
unveils the hypothesis of the study).
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Sekil 2: Calisma striktur
diyagrami (Structural diagram of

«

study).

olarak bireysellestirilmesi ve dijital olarak Uretimi slrecinde, sanal
gercekligin bir arag olarak kullaniimasinin, gelecegin seffaf ve katilimci
tasarim strecg ozelliklerini olusturmada katkilar sunacagl yonindedir
(Sekil 1). Belirtilen hipotezin incelenmesi amaciyla, ¢alisma yontemi
olarak iki farkli tasarim senaryosu kurgulanmistir. Uriin kullanicisi bu
senaryolarin ilkinde, ergonomik olarak tasarim nesnesinin kendisine
uygunlugunu tespit etme amaciyla gercek dinyada bir tasarim
nesnesini (sandalye) fiziksel olarak deneyimlemektedir. ikinci ortamda
ise, ilk ortamda ergonomik olarak kendisine uygun olmayan 6zellikleri
belirledigi tasarim nesnesinin modeli tzerinden sanal gergeklik ortami
icerisinde kisisellestirmeler yapmaktadir.  Antropometrik uygunluk
analizi ve kullanicilar tarafindan Uretilen yeni tasarim nesneleri
Uzerinden elde edilen veriler, katiimciile yapilan ¢alismalar sonucu elde
edilen gorsel tasarim c¢iktilari esliginde degerlendirilmistir. Bu noktada
calisma kapsami, Urln 6lgegine indirilmis ve kisisellestirilecek tasarim
nesnesi sandalye olarak belirlenmistir. Bu durumun sebebi,
sandalyelerin mimarlk disiplini icerisindeki seri Uretim yaklasiminin
simgelerinden birine dénlsmis olmasindan kaynaklanmaktadir. Birer
ikon-nesne olan sandalyelerin, ironik bir sekilde, islev odakli ve kitlesel
bireysellestirme yaklasimi dogrultusunda kisisellestirilmesi sireci
calismanin 6zinid olusturmaktadir. Bu noktada, calismada uygulanan
ybntemin, Urln 6lceginde uygulanabilirligi test edilmektedir. Belirtilen
yontemin tim tasarim nesnelerini kapsayamayacagl ongorilmekte
olup, kapsamin ic mimari ve mimari tasarim olcegine genisletilmesi
gelecek calismalar icin potansiyel barindirmaktadir.

"Kitlese! bireysellestirme” yaklagimina Sanal gergekligin kitlesel birgysellestirme

1. Girig
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olan gerekliligin tespiti stirecinde bir ara¢ ofarak kullaniimasi

anal \ dijital

= gerceklik | fabrikasyon

Kitlesel bireysellestirme dongtst

A
v
» 2. Problemin Belirlenmesi ve Kavramsal » 3. Tasanm Senaryolarinin
Cergevenin Olusturulmasi Geligtiriimesi

Dijital Fabrikasyon Sureglerinde Sanal Gergekligin Kitlesel Bireysellestirmeye Donlk Kullanimi



Calisma striktart, Sekil 2’de de goruldigl Gzere Ug temel asamadan
olusmaktadir. Bu asamalarin ilki calismanin girisini, ikincisi problemin
belirlenmesi ve kavramsal cercevenin olusturulmasi asamasini ve
Uglnclsd  ise  tasarim  senaryolarinin  gelistiriimesi  asamasini
icermektedir. Calismanin ilk kisminda ortaya konulan kavramsal altyapi
icerisinde, insan bedenine iliskin  fenomenolojik  yaklasimi
barindirmaktadir. Antropometrik standardizasyonun fenomenolojik
yaklasimla iliskisi ve bu iliskinin kitlesel bireysellestirmeye olan ihtiyaci
kuramsal olarak ortaya koymasi, c¢alismanin ikinci  kismini
olusturmaktadir. Calismanin Gglnct kisminda ise, ¢alisma yontemi ve
bu yéntem dogrultusunda secilen arac¢ olan sanal gercekligin slreg
icerisindeki roll tanimlanmustir.

2. PROBLEMIN BELIRLENMESI VE KAVRAMSAL CERGEVENIN
A(;IKLANMASI (PROBLEM STATEMENT AND EXPLANATION OF THE
CONCEPTUAL FRAMEWORK)

Insanin cevresini anlama ve cevresi ile iliski kurma sirecinde “beden”
aktif bir rol oynamaktadir. Bu durumun temelinde; “bir seyi oteki ile
distinmek ve bu dislnceyi o iki sey arasinda kurulan farkli bagintilar ile
dizenleme” fikri yatmaktadir (Yazar, Yil). Sayr sayma fikrinin
parmaklarla kurulan iliski yoluyla gelismesi, 6l¢l birimlerinin insan
uzuvlari Uzerinden tanimlanmasi (feet, mil, vb.) bu durumun
drneklerindendir. insan bedenine iliskin calismalar, diisiinsel anlamda
da kendisine alan agmistir. insanin her seyin dlctsi oldugu fikri, mutlak
glzellik anlayisinin insan bedeni ve oransal iliskileri Gzerinden
Uretilmeye  calisiimasi,  “makine  insan”  metaforu  bunun
orneklerindendir. Bu paralelde verilebilecek érneklerden bir digeri ise,
distince tarihi icerisinde bedenin 6zne (dislnen tdz) ve nesne
(maddesel t6z) olarak iki ayr t6z oldugu fikrine dayanan Kartezyen
Dualizmdir (Crane & Patterson, 2012). Bu diusiincenin aksine, Kartezyen
Dializm fikrini reddeden fenomenoloji, 6zne ve nesne deneyiminin ayni
bedende gerceklestigini vurgulamaktadir (Gallagher & Zahavi, 2013).
Galismanin kavramsal altyapisini olusturan bu fikri; Husserl’in “kérper”
(fiziksel beden) ve “leib” (yasayan beden) terimleri Gzerinden okumak
mimkinddr. Husserl’e (1970) gore, algl acisindan fiziksel beden ve
yasayan beden farklidir. Algisal slrecte bedenin duragan olmayan
yapisini vurgulamak amaciyla “leib” terimi kullanilmistir. Bu durum,
cevreyle iliskimizin sadece nesnelerle kurulan fiziksel iliskiye dayali
olmadiginin vurgulanmasi agisindan 6nemlidir. Baska bir deyisle,
bedenimizin bizi dinyada bir aktér yapan yasanmis bir bedenselligi
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vardir ve bu nedenle algimiz yasanmis, deneyimlenmis bir algidir
(Shirazi, 2014). Bu dogrultuda, insan bedeni disiinen t6z ve maddesel
tozin ¢ift yonla iliskisinden olusmaktadir. Fiziksel bedenin yasayan
bedene donlsim sdrecini sorgulayan bu fenomenolojik yaklasim,
calisma kapsaminda tartisilan standartlasma ve bireysellestirme
kavramlarinin sorgulanmasi igin énemlidir.

insan bedenine iliskin calismalar sadece disiinsel alanda kalmamis,
onun 6lgllerine dair oransal Uretimler ve incelemeler mimarlik disiplini
icerisinde de kendini gostermistir. Mutlak gtzellik anlayisinin insan
bedeni Gzerinden tariflenmesi ve insanin her seyin 6lcist oldugu ilkel
distncesi, mimaride sembolik olarak vurgulanmistir. Bu vurgulama
gabasi, “mimari kurguyu insan bedenine benzetmek” veya “insan
vicudunu geometrize etmek” seklinde kendini gbstermistir. Temelinde
“ortalama insan” olusturma fikri olan antropometrik calismalar yapilmis
ve boyutsal oranlari belirli, statik insan figlrleri Uretilmistir. Bu
dretimleri, mimarlk disiplini ve bedene iliskin ortaya koyulan
fenomenolojik yaklasimlarin ara kesitinde degerlendirmek, calismanin
problemini tanimlamak acgisindan énemlidir. Antropometrik ¢alismalar
sonucu dretilen ve mimari tasarim slrecinde de yaygin bir sekilde
kullanilan statik insan figlrleri, insan bedenine dair fenomenolojik
yaklasimda ortaya koyulan “fiziksel beden” ile iliskili kavramlardir. Bu
noktada, calismanin ele aldigi ana problem “mimari tasarim slrecinde
yapilan Uretimlerin, Uretilen statik insan figlrleri baglaminda fiziksel
bedenlerimize uygun olup, yasayan bedenlerimize uygun olmadigl”
seklindedir. Bu dogrultuda, fenomenolojik yaklasimda oldugu gibi,
“fiziksel bedenden yasayan bedene dénisim sireci” mimari tasarim
sireci agisindan ele alinmistir. Bu fikir paralelinde rasyonalist
distnceler de zamanla sekillenmistir. Burke’ye (1909) gore, insan
vicudunu geometrize etmek ve boyutsal oranlari belirli olan insan
figlrleri Gretmek, mimara dusincelerini desteklemesi adina bir katki
saglamamistir. Bu figlrler Gretilen distincenin mecburi bir temsili olup,
insan dogasina tamamen aykiridir.

Buna ek olarak, glnlik yasam ve eylemler ile olusturulan geometrik
orantilar ve insan figlrleri arasinda bir iliski yakalamak mUmkin ve
gercekei degildir. Bu orantinin dayatmalarindan kurtularak, insan
bicimlerindeki genis cesitlilik gorilebilir ve insanin dinyadaki yeri
Uzerine olan algl, bir dizi soyut oran ve sayidan daha fazlasina
dayanabilir (Caan, 2011). Sekil 3'te yer alan eskizler, antropometrik
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standardizasyonun fiziksel bedenimizin statik yapisini temsil ettigini;
ancak bu temsillerin yasayan bedenimize uygun olmadigl fikrini
yansitmaktadir (Desirenhos, 2014). Tim bunlar, insan bedenine ve
tasarim nesnesine iliskin standardizasyonun problemli yapisina dikkat
cekmektedir.

elestiri niteliginde Uretilen

|
|
|
i - . ‘ :
l'V' ‘ | . .
5 M ' ) . ! Sekil 3: Antropometrik kabullere
- \ - 0Ny |
: eskizler: “Disturbing Neufert
|
|
|
|
|
1

| B = X, { (Sketches produced as criticism of

: = I 4 i 'y ‘/ | T r— l anthropometric assumptions:

= } k 1 l/' [ 1 “Disturbing Neufert), Desirenhos,
| L 7| 87« Ny, 2014).

insan bedeninine iliskin standardizasyon yaklasimi, tasarim nesnesinin
Uretim sdreci ile dogrudan iliskilidir. Bu baglamda antropometrik
standardizasyon, seri Uretim vyaklasiminin gerekliligi olarak karsilik
bulmaktadir. Seri Gretim yaklasimi dogrultusunda, tasarim nesnesinin
hizli Uretilebilir ve az maliyetli olmasi fikri, insan bedenine ve insanin
tasarim nesnesinin kullanim sekillerine iliskin genellemelerin yapilmasi
sonucunu ortaya cikarmistir. Baska bir deyisle bu yaklasimin 6ziinde,
“ortalama insan” icin “ortalama tasarim Urin0” Uretme fikri
bulunmaktadir. Ancak, bu yaklasimin temelinde bulunan ortalama insan
kavraminin  kapsayiciligl  problemlidir. Hertzberg’'e (1970) gore,
herhangi bir grubun yarisi, ellinci yizdelik dilime kadar boyutlandiriimis
bir tasarimdan zarar gorebilir; clinkt bu durum, grubun daha kigik olan
yarisinin, ortalama tasarima erisemeyecegi anlamina gelir. Bu
baglamda, antropometrik olarak ortalama insan kavraminin gergek
hayatta karsiliginin olmadigi ve bunun bir yanilgi oldugu fikri ortaya
ctkmaktadir (Behara & Das, 2012). Sekil 4'te goruldugu Gzere, fiziksel
olarak ifade edilen insan gesitliliginin, tek bir profile indirgenmesi ve o
profil icin tasarim nesnesinin Gretilmesi yanlstir; ciinkl “insanlar cesit
cesit sekil ve boyutta gelir” (Franco, 2019). Baska bir deyisle, ortalama
insan kavrami kadar kapsayici bir tanimin olmasi, ortalama insan igin
tasarlanan ortalama tasarim Urlnlerinin 6zinde “hi¢ kimse” igin
oldugunun ispati niteligindedir.
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Sekil 4: Sandalye ergonomisi
in insan vicut tiplojilerine dair
yapilan bir arastirma (A research

on human body typologies for chair

ergonomics) (Franco, 2019).

=

Uzun-ince Tipoloji Ince veya Asin Kilolu Tipoloji Tiknaz-Agin Kilolu Tipoloji Kisa-Orta Boylu Tipoloji Orta-Uzun Boylu Tipoloji Kisa ve ince Tipoloji
1002 Omurgs Yapisinz 2aniol  (Mozz Anabtar Vicut formunz Szhip)  (Jzun,Mormal veys <sa boylu) [Dar Ust B2dan, Genig Kzlga ve 1G2niy Ust Beden, Kigak
Kalim Saczkiara Sahip! Kalzays Szhip)

Uriin kullanicilarinin farkl bireysel ve demografik dzelliklerine ragmen
ortak Grdnleri kullaniyor olmasi, seri Gretim yaklasiminin sonuglarindan
birisidir. Kullanicilarin kendi kullanacaklari drdnleri
kisisellestirememeleri, bu yaklasimin bir diger problemli tarafidir. Bu
noktada, Uretici ve tlketici kavramlarinin birlesimi sonucu olusan
“Ureten tlketici (prosumer)” kavrami, Uretim sirecinin degisimini ve
“kitlesel bireysellestirme (mass customization)” kavramini isaret
etmektedir (Toffler, 1970). Khalili-Araghi ve Kolarevic’e gore (2020),
kitlesel bireysellestirme, tasarimcilarin ve Grin kullanicilarinin birlikte
tasarim ve Uretim sireclerine dahil oldugu, Urin kullanicilarinin ortak
tasarimci oldugu bir Uretim sirecidir. Baska bir deyisle, kitlesel
bireysellestirme yaklasimi Uretilen Grindn niceligine degil niteligine
odaklanmaktadir. Bu Uretim yaklasimi, Garip ve digerleri (2021)
tarafindan, “standart bir Griini cok daha az maliyetle Ureterek cok kar
etmek yerine, Ureticilerin son asamada musterilerinin kendi istekleriyle
drinlerini 6zellestirmelerine izin verdigi ve cok daha az drdnin
dretildigi  bir slre¢” olarak tanimlanmistir. Bu tanimlamalar
dogrultusunda, seri Uretim yaklasiminin aksine kitlesel bireysellestirme
yaklasimi, Uretim sdrecinin seffaflasmasi ve kullanicilarin  Uretim
sirecine katilarak trtnleri bireysellestirebilmesini tesvik etmektedir. Bu
tesvikin Uretim alanindaki karsiligl ise dijital fabrikasyon araglarinin
gelisimi ile paralel ilerlemektedir. Dijital fabrikasyon teknolojilerinin
gelismesi ve bu teknolojilere erisimin kolaylasmasi, tasarim drinine
iliskin ¢iktinin  standartlasmasini  engellemektedir. Dijital Uretim
yontemleri, standart disi nesnelerin ve bilesenlerin Uretilmesine izin
vermekte ve bu Uretim sirecini olumlu bir sekilde tesvik etmektedir
(Dunn, 2012). Kendi GranUnU Uretebilen bir Grin kullanicisinin, Gretim
slrecine hic dahil olmadigl veya bireysellestiremedigi hazir bir Grind
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kullanmasi da gelecegin Uretim yaklasim ve bicimleri ile paralellik
gdstermemektedir. Bu durum, seri Gretim yaklasiminin gelecek tretim
senaryolari icerisinde kendisine yer bulamayacagi dngorisini ve yeni
Uretim yaklasim ve bigcimlerine olan ihtiyaci ortaya koymaktadir. Bu
dogrultuda, dijital fabrikasyon araclari ve kitlesel bireysellestirme
kavramlarinin ara kesitinde bulunan bu c¢alisma alaninda, kullanici-
Uretici  diyalogunu  arttiracak  yontemlerin  ve  araylzlerin
potansiyellerinin incelenmesi ve gelistirilmesi 6nem tasimaktadir.

3. TASARIM SENARYOLARININ GELISTiRILMESi (DEVELOPMENT OF
DESIGN SCENARIOS)

Gelecegin seffaf ve katilimci tasarim slrecini kurgulayabilmek adina
dijital fabrikasyon sirecinde kullanilabilecek araglarin incelenmesi
onem tasimaktadir. Calisma kapsaminda “sanal gerceklik”, Urln
kullanicillarinin =~ tasarim  Grdndnd  Gretim  asamasindan  once
deneyimleyebilecekleri ve bireysellestirebilecekleri arac olarak
belirlenmistir. Bahsedilen deneyim ve bireysellestirme slreci, Grinin
fiziksel olarak deneyimi sonrasinda sanal gerceklik teknolojisinin stirece
dahil olmasini kapsamaktadir (Sekil 2). Kullanicilarin sanal gerceklik
ortaminda Urinu fiziksel olarak deneyimledigi bir siirecin aksine sadece
sanal model Uzerinden kisisellestirebildikleri bir  slreg
tanimlanmaktadir. Bu noktada, GrinUn fiziksel olarak gercek diinyada
deneyimi sonrasl, ayni drtnin 1/1 olcekli olarak sanal gerceklik
ortamindaki model Gzerinden kisisellestirilebilir olmasi (boyut, renk,
doku, malzeme, vb. bicimsel 6zellikler) sanal gergekligin calisma araci
olarak secim sebebidir. Kullanicinin kendi fiziksel bedenini 1/1 6lcekli
olarak kisisellestirme strecine dahil edebilmesi, arttirilmis gerceklik
veya karma gergeklik teknolojilerine kiyasla etkilesimi ylksek bir streg
potansiyeli barindirmaktadir. Fiziksel olarak baslayan deneyim strecinin
sanal gerceklik ortamina aktarilmasi sonucunda ortaya c¢ikabilecek
zaman ve maliyet kazanci, Uretim cesitliligi gibi durumlar bu secimin
diger temel sebeplerindendir. Fuchs ve Guitton’a (2011) gbre,
teknolojik deneyimler genellikle kullaniciya sadece bir seyirci olma
imkani tanimaktadir; ancak sanal gergeklik, kullaniclyi “seyirci”
konumundan cikarip bu deneyimlerin “aktord” haline getirmektedir.
Kullanicinin deneyimin aktérine dontsmesi ise kitlesel bireysellestirme
sirecinde, kullanicinin Uretici ile kolektif calismasi ve Uretim sirecinin
aktorine donlsmesi fikrine paraleldir. Bu paralellik, tasarim ve Uretim
sirecinin  kullanict  odakh ilerlemesi  bakimindan  potansiyel
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Sekil 5: “The Rituals of Eating”,
Sarah Wigglesworth (The
Architectural Review, 2018).

barindirmaktadir. Belirtilen potansiyelin incelenebilmesi icin, cesitli
tasarim senaryolari kurgulanmistir. Bu senaryolar, bir tasarim
nesnesinin fiziksel ortamda denenmesini ve sonrasinda sanal gerceklik
ortaminda antropometrik olarak bireysellestirilmesi asamalarini
icermektedir.

Tasarim nesnelerinin  kullanici  ve kullanim odakli  bir sekilde
tasarlanmasi gerekliligi, tasarim senaryolarinin ana konusunu
olusturmaktadir. Bir yemek masasinin mimari temsili ve gercekteki
kullanimi arasindaki farkhhg gosteren eskizler, bu durumun 6zeti
niteligindedir (Sekil 5). Tasarim nesnelerinin mimari temsilleri, o tasarim
nesnelerinin tasarim ve Uretim slrecine iliskin ipuglari barindirabilir.
Francalanci (2012) tarafindan, “Masanin ¢evresinde tam olarak esit dort
sandalyenin bulunmasi drinlerin seri halinde Uretilmesine kaginilmaz
bir teslim olmaya mi karsilik gelir?” sorusu tasarim senaryolarinin ana
cercevesini ortaya koymak anlaminda énem tasimaktadir.

s, "TE‘\‘Q Ko™
) we N = ‘
j 150 ¥ 1 {5:’,' =1 r- .

Tasarim senaryolarina iliskin belirtilen ana c¢erceve kapsaminda
incelenecek olan tasarim nesnesi ise sandalye olarak belirlenmistir.
inceleme kapsaminin sandalye 6lcegine indirilmesi, sandalyelerin
mevcut tasarim kdltard icerisindeki konumlandirilisi ile iliskilidir.
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Mevcut tasarim kultlra icerisinde, sandalyelerin islevselliginin yani sira
ona sahip olmanin verdigi haz duygusu, sandalyeleri birer “ikon-
nesnelere” donustirmektedir. Bu durum sandalyeleri yatirim, Gretim,
kazang, kullanma ve degerden olusan bitin ticaret zincirinin simgesine
donlUstirmektedir  (Francalanci, 2012). Bu baglamda tasarim
senaryolari, ticaret ve seri Uretim zincirinin simgelerinden biri olan
sandalyenin, ironik bir sekilde, islev odakli ve kitlesel bireysellestirme
yaklasimi dogrultusunda boyutsal olarak kisisellestiriimesi sirecini konu
etmektedir.

3.1 Yontem ve Siireg (Method and Process)

Tasarim senaryolarina ait ortamlarin  olusturulmasindan 0Once,
calismada kullanilacak yazilim ve donanimlar belirlenmistir. Calismada
donanim olarak, bir adet dizUsti bilgisayar ve bir adet sanal gergeklik
g6zIugu (Oculus Rift S), yazilim olarak ise U¢ boyutlu modellemenin
yapillmasi ve Uretilen modellerin sanal gercgeklik ortamina
aktarilabilmesi amaciyla Unreal Engine programi kullaniimistir. Buna ek
olarak, calismanin katilimci grubunu, egitimine lisans diizeyinde devam
eden, istanbul Teknik Universitesi ic Mimarlik Bolimu ikinci sinif
Ogrencilerinden olusan on kisi olusturmaktadir. Katilimcilarin
seciminde, sanal gerceklik teknolojisine iliskin bir deneyime sahip
olmama kriteri goz 6ninde bulundurulmustur. Sanal gercekligin dijital
fabrikasyon sirecinde bir arac olarak kullanilmasini arastiran bu
calismada, sanal gerceklik teknolojisinin donanimsal anlamda 6grenim
ve kullanim kolayliginin incelenmesi amaciyla bu kriter belirlenmistir.
Galisma ortaminin hazirlanmasi sirasinda katiimcilarin  gvenligini
saglama amaciyla, ilk olarak uygun boyutta zemin alani tanimlanmistir
(2,5x5 metre). ikincil olarak, katihmcilarin fiziksel mekandaki objelere
carpmasini engellemek amaciyla tGg¢ilincl boyutta koruyucu sanal sinirlar
olusturan “Oculus Guardian” kullaniimistir. Bu asama sonrasinda,
donanimlar calisma mekanina yerlestirilmistir.
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Sekil 6: Calisma oncesi kullanilan
alistirma arayUzune iligkin
gorseller (Interface images for training
which were shown to participants before
the protocol study begins).

z
B
<

Calisma mekaninin olusturulmasi sonrasi, kullanicilarin sanal gerceklik
donanimlarina ve araylzine i1sinmasi amaciyla, araydz ahlstirmalari
yapiimistir (Sekil 6). Araylz ahlstirmalarinin ilkinde, Unreal Engine
programinda hazir olarak bulunan sanal gerceklik althgr kullaniimistir.
Bu ortam icerisinde, katilimcilarin hareket etmesi (teleport), nesnelerle
etkilesim kurabilmesi (kavrama, firlatma, Ust lste dizme, vb.) gibi sanal
gerceklik ortamina ait temel kullanim becerilerinin edinilmesi
amaclanmistir. ikinci olarak, Unreal Engine programinda hazir olarak
bulunan sanal gerceklik altligi icerisinde, program araylzinde bulunan
“VR Mode” ile ortam igerisinde bulunan nesnelere ait dzelliklerin nasil
degistirilebilecegine dair bir alistirma yapiimistir. Bu alistirma ile sanal
gerceklik ortaminda, nesnelerin blyUkliklerinin degistirilmesi, hareket
ettirilmesi, dondurilmesi, vb. gibi temel dizenleyicilere ait kullanim
becerilerinin  edinilmesi  amaclanmistir.  Calisma  mekaninin
olusturulmasi ve arayiiz arastirmalari sonrasinda tasarim senaryolari,
katilmcilar  tarafindan degerlendirilmistir.  Dijital fabrikasyonun
bilgisayar ortaminda baslayan bir slre¢ olmasi baglaminda sanal
gerceklik, Urinin fiziksel olarak deneyiminden sonra ve Uretim
sirecinden dnce, bireysellestirme amaci ile bu strece dahil olmaktadir.
Sanal gercekligin, dijital fabrikasyon slrecinde bireysellestirme amaci
ile kullanilmasinin, kullanici merkezli kolektif tasarim siirecine sunacagi
katkilari incelemek amaciyla olusturulan tasarim senaryolarinda, iki
farkli ortam kurgulanmustir. iki ortamdan ilki fiziksel mekanin kendisi
olup, burada katilimcilarin sandalyeyi boyutsal anlamda deneyimlemesi
istenmistir. Bu noktada boyutsal deneyim, kullanicinin kendi bedeni ve

31

Dijital Fabrikasyon Sureglerinde Sanal Gergekligin Kitlesel Bireysellestirmeye Donlk Kullanimi



sandalye arasinda olgeksel bir iliski kurmasini ve sandalyeye iliskin
yUkseklik, genislik, derinlik gibi boyutsal degerlerin antropometrik
uygunlugunu test etmesini icermektedir. Baska bir deyisle, sandalyeyi
deneyimleme slreci, katiimcilarin kendi bedenleri ve sandalye
arasindaki  ergonomik iliskiyi ~ degerlendirebilmesi  amaciyla
gerceklestirilmistir. ikinci ortamda ise, fiziksel ortamda deneyimlenen
sandalyenin modeli sanal gerceklik ortamina aktariimis ve katilimcilarin
deneyimlemesi istenmistir. Baska bir deyisle, tasarim nesnesinin
boyutsal anlamda bireysellestiriimesi c¢alismanin bu asamasinda
gerceklesmektedir. Boyutsal bireysellestirme sonucu elde edilen
birbirinden farkli on adet sandalye ve mevcut tasarim ile
kisisellestirilmis tasarim arasindaki boyutsal farkliliklar c¢alismada
degerlendirilecek veriler olarak kaydedilmistir.

3.2 Verilerin Toplanmasi ve Analizi (Data Collection and Analysis)
Calisma kapsaminda, katilimcilarin sandalyeye iliskin belirledikleri
ozellikler, calismanin ciktisi ve gelecek calismalarin girdisi olmasi
anlaminda 6nemlidir. Bu noktada, katilimcilardan fiziksel mekanda
sandalyeyi deneyimlemesi sonucu, kendi bedenleri ve sandalye ile
iliskileri  baglaminda sandalyeye iliskin bireysellestirmek istedigi
boyutsal 6zellikleri belirtmeleri istenmistir. Bu 6zellikler:

e Katilimci 1, 2, 4,9, 10 tarafindan, sandalyenin oturma genisligi,
sirt ylksekligi ve oturma yuksekliginin fazla oldugu,

e Katilimcal 3, 5, 6, 7, 8 tarafindan sandalyenin oturma genisligi,
sirt yuksekligi ve oturma vylksekliginin az oldugu seklinde
belirtilmistir.

Bu asama sonrasinda verilen modelin boyutsal 6zelliklerinin
degistiriimesi sonucunda fiziksel ortamda deneyimlenen sandalyeden
boyut olarak farkli ve her kullanicinin kendi antropometrik uygunluguna
gore olusturdugu 10 adet farkl sandalye modeli olusturulmustur.
Olusturulan sandalyelere iliskin boyutlar (genislik, yikseklik, derinlik),
mevcut tasarim ile kisisellestirilmis tasarim arasindaki boyutsal
farkliliklar calisma kapsaminda degerlendirilecek veriler olarak
belirlenmistir. Bu verilerin nicel olarak analiz edilebilmesi igin
gorsellestirmeler  yapimistir.  Yapilan  gorsellestirmeler  ile,
deneyimlenen sandalyenin gercek boyutu ve katilimcilarin olusturdugu
boyutlar arasindaki fark, grafik anlati seklinde ortaya konulmustur. Sekil
7'de gorllebilecek bu grafik anlati, ¢alisma katiimcilarinin boyutsal
olarak bireysellestirdikleri sandalyelerin  plan ve goérindslerini
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gostermektedir. Grafik anlati ile, farkh katilimcilardan elde edilen
verilerin tekil olarak gozlemlenmesine ek olarak, karsilastirmali bir

sekilde analizlerinin yapilmasi amaglanmaktadir.

Sekil 7: Katiimcilar tarafindan Buna ek olarak ¢alisma kapsaminda elde edilen verilerin analizi, sanal

sandalyeye iliskin Uretilen farkll g rcoklik ortaminda elde edilen sandalye varyasyonlarinin, sandalyenin
boyutsal varyasyonlar (Different

dimensional variations of the chair
produced by the participants). karsilastirilmasi  sonucu elde edilmistir. Belirtilen karsilastirma,

fiziksel mekanda deneyimlenmesi sonucu belirtilen o6zellikler ile

antropometrik uygunluk analizi ve kullanicinin  bireysellestirme
eylemlerinin gbzlemine dayanan tasarim senaryolari sonucu elde edilen
bulgular asagida listelenmistir:

e Katlimc 1, 2, 4, 9, 10 tarafindan, sandalyenin oturma
genisliginin, sirt ylUksekliginin ve oturma yuksekliginin fazla
oldugunun belirtilmesi sonucu, katihmcilarin bireysellestirme
yaklasimlarinin sandalyeyi kicultmeye yonelik oldugu tespit
edilmistir. Bu baglamda, sanal gergeklik ortaminda istenen
kicgiltme oransal olarak yapilmistir.

e Katilimci 3, 5, 6, 7, 8 tarafindan sandalyenin oturma genisligi,
sirt yksekligi ve oturma yiksekliginin az oldugunun belirtilmesi
sonucu,  katimcilarin  bireysellestirme  yaklasimlarinin
sandalyeyi biyltmeye yonelik oldugu tespit edilmistir. Bu
baglamda sanal gerceklik ortaminda istenen blyltme genel
anlamda yapilmistir.
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Katihmci 3, 5, 7, 8 tarafindan sandalyeye iliskin oransal
blyltmelerin, X-Y-Z eksenlerinde bitincll olarak yapilan bir
oransal blyUtmeyi icermedigi; aksine bazi eksenlerde
bldyldtmenin bazi eksenlerde ise kiclltmenin yapildig
gbzlemlenmistir. Bu durum, calisma kapsaminda sandalyeye
iliskin pargalarin ayri bilesenler olarak modellenmesi ve
birbirinden bagimsiz olarak kontrol edilebilmesinin sonucu
olup, bireysellestirme cercevesinde, genel gecer arketiplerin
yorumlandigr  6zellesmis  Oneriler  gelistirebilme  firsati
sunmustur.

Katilimci 3, 5, 6 ve 8 tarafindan ¢alisma dncesinde sandalyenin
oturma genisligi az olarak belirtilmis ancak calisma sonucunda
oturma genisligi daha da azaltilmistir. Bu durum, fiziksel
ortamda ve sanal gerceklik ortaminda sandalyenin farkli
algilanabildigine iliskin bir bulgu olarak degerlendirilebilir.

Katilimci 1 ve 10 tarafindan bireysellestirilen sandalyelerin,
bireysellestirmeye donlk olarak gorece daha az midahale ve
tasarim eylemi icerecek bicimde, mevcut sandalyelerin 3
eksende (x, y, z) de es oranda kigdltilmesinden 6te bir iddiasi
bulunmamaktadir ve sandalyenin parcalarina iliskin tekil
oransal degisimlerin yapilmadigini gdstermektedir.

Katilimci 2 tarafindan bireysellestirilen sandalyenin, boyutsal
anlamda kullanilamayacak kadar klglltilmids  olmasi,
sandalyenin sanal ortamda deneyimlenememesi sonucu boyut
algisinin kayboldugunu gostermektedir. Bu baglamda, boyutsal
alginin kaybolmamasi igin bireysellestirilmek istenen nesneye
ek olarak boyutsal olarak referans verebilecek nesnelerin
arttirilmasinin, boyutsal kavrayisl etkileyebilecegi
ongorulebilmektedir.

Kullanici 9 tarafindan ¢alisma Oncesinde sandalyenin sirt
ylksekligi fazla olarak belirtilmis ancak calisma sonucunda sirt
ylksekligi daha da arttiriimistir. Bu durum, fiziksel ortamda ve
sanal gerceklik ortaminda sandalyenin farkl algilanabildigine
iliskin bir bulgu olarak degerlendirilebilir.
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4. SONUCLAR VE TARTISMA (FINDINGS AND DISCUSSION)

Galisma kapsaminda sanal gergeklik teknolojisinin, dijital fabrikasyon
sirecinde kitlesel bireysellestirme araci olarak kullanimi, antropometrik
uygunluk analizine ve kullanicinin bireysellestirme eylemlerinin
gbzlemine dayanan tasarim senaryolari Gzerinden, katiimci ile yapilan
calismalar sonucu elde edilen gorsel tasarim ciktilari esliginde
degerlendirilmistir. Degerlendirme sonrasinda elde edilen verilerin
analizi sonucu ortaya cikan bulgular su sekilde maddelenebilir:

Calisma katilimcilari, tasarim senaryolarina iliskin ilk ortam olan
fiziksel mekanda sandalyeyi deneyimledikten sonra, kendi
antropometrik ve ergonomik uygunluklarina goére sandalyenin
boyutuna iliskin degistirmek istedikleri &zellikleri tespit
etmigslerdir. Bu 6zelliklerin her kullanici 6zelinde degismesi ve
her kullanicinin farkh sekillerde bu degisikligi yapmak istemesi,
antropometrik standardizasyonun kapsayici olmadigl savini
destekler niteliktedir. Bu sav, her kullaniclya uygun tasarim
¢ozimleri Gretmesi bakimindan kitlesel bireysellestirme
yaklasiminin kullanim potansiyelini yansitmaktadir.

Calisma katihmcilarinin, sanal gerceklik teknolojisine iliskin bir
kullanim  deneyimlerinin ~ olmamasina ragmen, verilen
sandalyeyi sanal gerceklik ortaminda boyutsal olarak
bireysellestirebilmis olmasi, 6grenim ve kullanim kolaylig
saglamasi baglaminda, sanal gercekligin gelecegin katilimci
tasarim ortam ve pedagojilerinde kitlesel bireysellestirme araci
olarak kullanilma potansiyeli icin 6nemli bir ¢iktidir.

Sanal gerceklik ortami ve fiziksel mekan arasindaki alg
farklihginin azaltilabilmesi igin, katihmcilarin élgilerini tahmin
edebildigi ve dogrudan iliski kurabildigi referans nesnelerin
kullaniminin arttiriilmasinin  boyutsal kavrayisa olumlu etki
edecegi dngodrilmektedir.

Algisal strecin sadece mekan odakli degil, ayrica egosantrik de
bir durum olmasi, kullanici odakli bir arag¢ olan sanal gercgeklik
teknolojisi, tasarim ve dretim sireclerine dahil olmasini
kolaylastirmaktadir.

Dijital Fabrikasyon Sureglerinde Sanal Gergekligin Kitlesel Bireysellestirmeye Donlk Kullanimi



e Bitmis Urlnin deneyimlendigi statik bir sistem yerine dijital
fabrikasyon slrecinde sanal gerceklik kullanilarak dinamik bir
sire¢  onerilmistir.  Ote yandan, calisma kapsaminda,
katilimcilarin tasarim nesnesine iliskin midahalesini sinirlayan
birtakim kurallarin veya parametrelerin belirlenmemesi,
kullanilamayacak Urlnlerin Uretilmesiyle sonuglanmistir. Bu
baglamda, tasarimci tarafindan belirlenen bazi parametrelerin
sabit tutulmasi, kullanici merkezli bireysellestirme sirecinin
verimliligini arttirabilir.

e Katilimcilardan bazilarinda, boyutsal anlamda kullanilamayacak
kadar kigik veya buytk Grdnlerin olusturulmasi, kullanicinin
sanal gerceklik ortamindaki kisisellestirme strecine belirli alt ve
Ust limitler eklenmesi gerekliligine isaret etmektedir.
Katilimcilarin ~ kisisellestirme  slrecinde tamamen 06zglr
olmamalari ve belirli kisitlamalarin  getirilmesi, ortaya
cikabilecek nihai Grinin kullaniciya olan uygunlugunu ve
bireysellestirme sdrecinin verimliligini arttirabilir.

Bu arastirmanin sonuglari, Grnin kitlesel olarak bireysellestirilmesi ve
dijital olarak dretimi arasinda kullanicinin strece daha fazla dabhil
olabilmesine dontk bir ara¢ olarak, sanal gergeklik teknolojisinin
gelistirilerek  kullanilabilecegini gostermektedir. Bu dogrultuda,
kullanicilarin, tasarim UrGninU prototipleme asamasindan 06nce
deneyimleyebilecekleri ve kisisellestirebilecekleri ara¢ olarak sanal
gerceklik teknolojisini kullanabilmeleri, tasarim sirecinin katilimci ve
kullanici merkezli bir strece evrilmesi acisindan dijital fabrikasyon
teknolojileri ile dogrudan iliski icerisindedir. Tasarim sirecinin katihmci
ve kullanici merkezli stirece evriminde, bilisim teknolojilerinin geligimi
ve bu gelisim paralelinde dijital fabrikasyon ve kitlesel bireysellestirme
alanlarinin ara kesitinde yapilacak calismalarin sirekliligi onemlidir. Elde
edilen tim bu bulgular neticesinde, sanal gerceklik teknolojisinin dijital
fabrikasyon slrecinde kitlesel bireysellestirme araci olarak kullanimina
iliskin calismalarin sayisinin arttiriimasi gerekliligi aciktir. Bu baglamda,
potansiyel calisma alanlari: sanal gercgeklik teknolojisi kullanilarak,
kitlesel bireysellestirme sirecinin farkli tasarim nesneleri ve mekan
Olceklerinde calisiimasi; boyutsal parametrelere ek olarak, farkliislevsel
ve estetik parametrelerin sanal gerceklik teknolojisi kullanilarak kitlesel
bireysellestirme slreci icerisinde degerlendiriimesi ve sanal gerceklik
ortaminda kitlesel bireysellestirme yaklasimi dogrultusunda araylzlerin
ve yazilimlarin gelistirilmesi seklinde siralanabilir.
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Sonug¢ olarak, dijital fabrikasyon teknolojilerinin gelisimi, Grin
kullanicilarinin tasarim ve Uretim slrecine dahil olmasini ve sirecin
daha katilimci bir sekilde ilerlemesini saglamistir. Bu noktada kullanicilar
acisindan, tasarim ve Uretim strecinin nihai Grin Gzerinden okunmasini
saglayan ve statik bir yapiya sahip seri Uretim yaklasimi yerine tim
sirecin dinamik olarak deneyimlenebildigi kitlesel bireysellestirme
yaklasimi, dijital fabrikasyon teknolojileri ile daha uyumludur.
Calismanin  kavramsal altyapisinda ortaya  konulan  kitlesel
bireysellestirme donglsi hem strecin hem de final Grinlinin édnemini
ve dinamik yapisini gdstermesi anlaminda bu savi destekler niteliktedir.
Uretim sirecinin, kullanicinin &zellikleri, kullanim sekli ve istekleri
dogrultusunda kullanici odakli bir yapiya donismis olmasi, Gretim
aracglarinin da bu dogrultuda kullanilmasini veya degerlendirilmesini
gerektirmektedir. Tasarim ve Uretim sUrecinin katilimcr ve dinamik
yapisina uygun bir arac olarak ortaya cikan sanal gerceklik teknolojisi
ise, Urtn kullanicisinin bu stirece 1/1 6lgekte dahil olabilmesini sagladigl
icin, stirecin tamamen katilimcli bir yapiya evrilmesini saglamaktadir. Bu
yapl, tasarim nesnelerine iliskin sayisiz alternatifin Uretilmesini
saglamaktadir. Sayisiz alternatifin Uretilmesi ise sadece kullanicilarin
kendisine en uygun Urlne ulasmasi anlaminda degil, tasarimcilarin
yaratma slreclerinin ve 6grenme ortamlarinin gelismesi anlaminda da
degerlidir.
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Integrating the missing parts of damaged cultural heritage objects with original or
contemporary materials is an important restoration technique that directly effects
the perception of the artifacts. In the conservation of cultural heritage, when an
integration is to be made to the original object, the new material to be added
should have a different surface texture so that it can be distinguished from the
original. Within the scope of this study, it is aimed to digitally integrate the missing
parts of the damaged cultural heritage objects with a generative design method.
Developing technologies support the digital documentation and effective
presentation of cultural heritage. The artifact can be integrated digitally without
the risk of damaging its original state, and in the following stages, it can be
experienced by people in museums through different ways of representation when
supported by tools such as augmented reality. Such current practices can
contribute to the increase of interest in cultural heritage by strengthening people’s
interaction with the historical artifacts. In this study, the Cellular Automata
approach is taken as a basis, in which Voronoi diagrams are used as a generative
design method, considering that the new formation, which will take in charge as a
representative binder in the missing parts of the objects, will adapt to the organic
form of the space to be filled. In the selection of this method, which is based on
more irregular neighborhood relations of cells in different sizes and shapes, it is
taken into account that it allows the type of production aimed in the study. The
missing parts of the objects are modeled in three dimensions, and the gaps are
digitally integrated with Voronoi diagrams with different cell sizes. It is among the
aims of this study to draw attention to the disappearing cultural heritage values
with different representations of cultural heritage objects integrated with
generative design-based digital methods and to contribute to the field of cultural
heritage conservation. When the related leading studies in the literature are
evaluated, it is considered that experiencing the outcomes of this study through
different current technologies such as augmented and virtual reality will increase
the interaction of people with cultural heritage.

Keywords: Computer Aided 3D Modeling, Digital Presentation of Cultural
Heritage, Digital Integration, Delaunay Triangulation, Voronoi Based
Generative Design
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Kiiltiirel Miras Obijelerinin Voronoi Tabanli Uretken Tasarim

Yontemleri Kullanilarak Dijital Butlinlemesi
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Hasar gormus kilturel miras objelerinin pargalanip yok olmus olan eksik kisimlarinin
0zgln veya cagdas malzemelerle butinlenmesi eserlerin algilanmasini birebir
etkileyen 6nemli bir restorasyon mudahale teknigidir. Kiltlrel mirasin korunmasi
alaninda, 6zgln esere bitlnleme yapilacagl zaman, yeni eklenecek malzemenin
6zgln olandan ayrilabilmesi icin farkh ylzey dokusunda bir malzeme ile
mudahalenin belirgin kilinmasi gozetilir. Bu c¢alisma kapsaminda, hasar gérmus
kiltarel miras objelerinin ginimize ulasamamis olan eksik kisimlarinin bir Gretken
tasarim yontemiyle dijital olarak bitinlenmesi amaglanmistir. Gelisen teknolojiler,
kulturel mirasin dijital olarak belgelenmesini ve etkin bir sekilde sunulmasini
desteklemektedir. Eser, 6zgin haline zarar verme riski olmadan dijital olarak
bltunlenebilmekte ve sonraki asamalarda ise artiriimis gerceklik gibi araclarla
desteklendiginde miuzelerde ziyaretgiler tarafindan farkli temsil vyollaryla
deneyimlenebilmektedir. Boyle glincel uygulamalar, insanlarin tarihi eserlerle
etkilesimini  glclendirerek kaltirel mirasa olan ilginin artmasina katki
sunabilmektedir. Bu ¢alismada, objelerin eksik kisimlarinda temsili olarak baglayici
gorev Ustlenecek olan yeni olusumda, doldurulacak olan boslugun organik formuna
uyum saglayacagl gozetilerek (retken tasarim yontemlerinden Voronoi
diyagramlarinin kullanildigi Hiicresel Ozdevinim yaklasimi esas alinmistir. Farkl
boyutlarda ve bicimlerde hiicrelerin daha dizensiz komsuluk iliskilerine dayanan bu
sistemin seciminde calismada amagclanan Uretime olanak tanimasi goz 6niinde
bulundurulmustur. Objelerin eksik kisimlari G¢ boyutlu olarak modellenmis olup,
bosluklar farkli hiicre boyutlarina sahip Voronoi diyagramlariyla dijital olarak
tamamlanmistir. Uretken tasarim temelli dijital yéntemlerle biitiinlenmis kiltirel
miras objelerinin farkli temsilleriyle yok olan kiltirel degerlere dikkat cekmek ve
mirasin korunmasi alanina katki saglayabilmek bu calismanin amaglarindandir.
Literatirde konuyla ilgili 6nde gelen ¢alismalar degerlendirilince, bu ¢alismanin
sonuglarinin artirlmis ve sanal gergeklik gibi farkli giincel teknolojilerle
deneyimlenmesinin  insanlarin  kiltirel  mirasla  etkilesimini  arttiracagi
distnilmektedir.

Anahtar Kelimeler: Bilgisayar Destekli 3B Modelleme, Kultlrel Mirasin Dijital
Sunumu, Dijital Butiinleme, Delaunay Uggenlemesi, Voronoi Tabanli Uretken
Tasarim
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1. GiRi$ (INTRODUCTION)

Kiltlrel miras alanlarinda ve mizelerde karsilastigimiz cesitli eserlerin
ve objelerin hasar gérme, parcalanma veya bazi bdélimlerinin yok
olmasina sebep olan etken cogunlukla uzun yillar icinde maruz kaldiklari
dogal asinmalardir. Buna ek olarak, tarih icinde savas ve vandalizm gibi
insanlarin sebep oldugu etkenlerden dolayi da tahrip olabilmektedirler
(Vesna et al., 2017). 1980’de UNESCO Dlnya Mirasi Listesi’'ne dahil
edilmis olan Palmira Antik Kenti’'ndeki pek cok heykel ve anitsal yapi
saldirilar sonucu neredeyse yerle bir olmustur (Cakirca, 2015). Yok olan
kaltirel miras degerlerini yerine getirmek mimkin olamasa da, benzer
olaylarin tekrarlanmamasi amaciyla dnlemlerin arttirilmasinin yani sira
en temel ve oncelikli olarak kultlrel miras bilincini insa etmeye ve
yayginlastirmaya yonelik etkinliklerin kiglk yaslardan itibaren egitim
sistemine dahil edilmesi, insanlarin arkeolojik alanlar, mizeler gibi
yerleri ziyaret etmelerini tesvik eden daha dikkat cekici g¢alismalarin
yapilmasi dnem kazanmaktadir.

Kultirel miras algisi, insanin yer ve aidiyet duygusunu sekillendiren
onemli kavramlarin arasinda yer alir. Gelisen dijital teknolojiler, bu algyi
besleme ve glclendirme yolunda glicli katkilar sunmakta olup kulttrel
mirasi belgelemenin oOtesinde artik onu tecribe etme vyollarimizi
donustirmektedir (Economou, 2015). Kultirel mirasin daha gorinir ve
bilinir kihnmasi amaciyla konuya duyarl farkl disiplinlerce ¢alismalar
artmakta olup; cevrimici oyunlar, animasyon, artirilmis gerceklik gibi
hizla gelistirilen dijital uygulamalar bu calismalari destekleyen araclara
dontsmustir. Kiltdrel miras eserlerini sanal mize gibi dijital
ortamlarda deneyimleme imkani, bu degerleri ve mekanlari algilayis
seklimizi de dénustirerek glclendirir (Margetis et al., 2020). Cevrimigi
mirasin evrensel boyutta ulasilabilirligi 6zglnlik, aidiyet, kimlik gibi
mimariyi sekillendiren kavramlarin yeniden yorumlanmasina sebep
olmustur. Dijital 6zglnlik, artirilmis 6zglnlik gibi ilging yeni yaklasimlar
ortaya atilirken, dijital replikalarin orijinalini ne kadar temsil edebildigi
de bir soru olarak karsimiza cikar (Hermon & Niccolucci, 2018).
Artirilmis ve sanal gercgeklik uygulamalari, 6zgln eserlere bir zarar
gelmeden algilanma dizeyini arttirmaya yonelik firsatlar sunmaktadir.

Antik kentlerden cikarilan yapi, heykel ve buluntular, detayli olarak
belgelendikten sonra cesitli restorasyon teknikleriyle temizlenip
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saglamlastirilmaktadir. Antik yapilar gibi tasinmaz kiltirel miras 6geleri
yerinde korunurken, heykel gibi tasinabilir kiltlrel miras objeleri uygun
atmosfer kosullarinda sergilenmeleri icin genellikle mizelerde veya
yine bulunduklari yerde korunmaktadirlar. Arkeolojik alandan tasinip
muzelerde daha uygun sartlarda sergilenen heykellerin bazen
replikalari  Uretilerek  orijinal  konumunda da  sergilenmesi
saglanmaktadir. Tarihi eserin mevcut durumunun detayli modelinin
Uretilerek belgelenmesi korumada 6nemli bir asamayken eserin etkili
yontemlerle temsil edilerek toplumla bulusturuldugu yaratic
calismalara ilginin artmakta olmasi alanin gelisimi konusunda umut
vericidir.

2. RESTORASYONDA BUTUNLEME TEKNiGi (COMPLETION METHOD IN
RESTORATION)

Hasar gérmis olan tarihi yapi, heykel ve objelerin parcalanmis veya
glndmize ulasamamis bolimlerinin 6zgln veya ¢agdas malzemelerle
tamamlanmasi, btlinleme olarak tanimlanan ve eserlerin algilanmasini
dogrudan etkileyen o6nemli restorasyon tekniklerindendir. Koruma
yasalarina gore fiziksel bitlnleme yapilabilmesi icin ilk tasarima dair
yeterli ve glvenilir veri olmasi gerekir. Bitinlemede oncelikle tekrar
eden O6gelerin varligindan veya geometri uygunsa simetriden
yararlanilir. BUtlnleme icin eserin 6zgin malzemesiyle ayni veya
icerigiyle ortlsen benzer bir malzeme kullanilabildigi gibi sonradan
yapilan midahalenin fark edilebilir olmasi amaciyla 6zgininden farkl
bir malzeme kullanimi da tercih edilmektedir. Yeni eklenen malzemenin
orijinalinden farklilasmasi olumlu bir yaklasim olarak gérilmekle birlikte
fiziksel olarak 6zgiin malzemeyle uyum saglamazsa uzun vadede kalici
olmayabilir (Duran & Kaya, 2020).

Mimari eserlerin veya heykellerin statik olarak ayakta durabilmesi icin
bitinleme  asamasinda  taslyici  elemanlarla  desteklenmesi
gerekebilmekte olup, eksik kisimlar analizler sonucu belirlenen uygun
malzemeyle doldurulmakta veya kismi bir tamamlama tercih edilerek
bilincli olarak bos birakilabilmektedir. Tamamlama asamasinda cam gibi
seffaf malzemelerden yararlanilan glincel ornekler dikkat cekicidir.
Gelisen dijital teknolojiler, kiltirel mirasin dijital olarak daha etkili
sunumunu desteklemekte olup 6zgiin esere hasar verme riski olmadan
eserin dijital olarak belgelenip butinlenebilmesine, gerektiginde
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artinlmis ve sanal gerceklik gibi teknolojilerle farkli ortamlarda
deneyimlenmesine olanak verir.

3. LITERATUR ARASTIRMASI (LITERATURE SURVEY)

Kiltlrel mirasin korunmasi alaninda, tarihi eserlere sonradan yapilan
midahalelerde son dénemlerde kullanilan malzeme ve tekniklerdeki
cesitlilik farkli bakis acilari ortaya cikarmistir. Striktirel ve malzeme
ozelinde fiziksel olarak yapilan ve cogunlukla seffaflik gibi 6zgin
malzemeyle zit yaklasimlarin benimsendigi alternatif uygulamalar tarihi
esere olan ilgiyi arttirabilmektedir. Ornegin, yok olmus olan antik
Siponto bazilikasinin geometrisinin tel érgilerle yeniden canlandirildig
sanatsal uygulama alandaki kalintilara olan ilgiyi yogunlastirmistir
(Tresoldi, 2016). Fiziksel midahalelerin sakinildigi kiltirel miras eserleri
s6z konusu oldugunda ise eserlerin dijitallestirilerek farkli araclarla
temsil edildigi calismalarin  arttigl  gorilmektedir. Bu dijital
uygulamalarin baslica motivasyonlari arasinda 6zglin esere hasar verme
riskinin olmamasi, sanal mizelere dijital veri saglayarak kultlrel miras
degerlerine ilginin arttirilmasi, eserlerin replikalarinin Uretilebilmesi ve
orijinal eserden elde edilmesi zor olan geometrik ve doku bilgilerinin
tamamlanmasi yer alir. Eserlerin {¢ boyutlu lazer 6lcimi gibi
yontemlerle elde edilen modellerinde teknik aksakliklardan dolayi
calismalarda sayisallastirilamamis sorunlu alanlar ¢ikabilmektedir.
Modeldeki sorunlarin giderilmesinde Delaunay tg¢genleme, parametrik
ylzey olusturma ve deliklerin doldurulmasi gibi cesitli yontemler
kullanilabilmektedir (Gomes et al., 2014).

Hasar gdrmas tarihi eserlerin dijital bUtlinleme asamalarinin adim adim
temsil edildigi calismalarda eserlerin geometrik olarak daha kolay
algilanabildigi ve gercek butlinleme asamasina ciddi bir althk
olusturdugu goruldr. Yapilan bir calismada segilen objeler U¢ boyutlu
olarak modellendikten sonra simetri kurallarina goére butlnlenerek
eksik parcalarin geometrileri imalata yonelik olarak modelden parca
cikarma yoluyla ayristirilmistir. Objenin eksik kisimlarinin 6zgininden
ayrisacak bir renkte tamamlandigi modelinin, objenin bitlinlenmemis
orijinal modelinin ve ayrica eksik parcanin modelinin yanyana
sunuldugu temsiller, objenin algilanmasina katki saglamaktadir
(Papaioannou et al., 2017).
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Arkeolojik objelerin onarimi ve korunmasina yardimci olmak igin 3b
taranmis arkeolojik miras objelerinin veriye dayali iterasyon yontemiyle
dijital tamamlamasinin yapildigl bir baska calismada, kiriklara sahip
hasarli objeleri 3b olarak analiz ederek eksik geometriyi tahmin
edebilecek derin 6grenmeyi esas alan bir algoritma kullanilmistir.
Simetrik olan objelerde cok daha dogru ciktilar elde edilirken, objelerin
daha hasarli olup simetrinin kayboldugu durumlarda derin 6g8renme
tekniklerinin  3b  voksellestirilmis girdileri islemesi &zelliginden
yararlaniimistir (Hermoza & Sipiran, 2018).

Bltlinleme yonteminin dijital olarak farkli bir formatta ele alindig
glncel bir ¢calismada ise, ‘The Trace’ ve ‘Missing Duppa’ isimleriyle
gelistirilen dijital oyunlarda tarihi bir bolge canlandirilmistir. Sanal
oyunlarin ilkinde oyunculardan dijital modeldeki eksik parcalari
tamamlamasi istenirken digerinde oyuncular bir gizemi bulmaya yénelik
mimkin oldugunca mimari elemani yikmaya yonlendirilir (Aydin, et al.,
2017). Birbiriyle etkilesimli olarak oynanan oyunlarda yaratilan dijital
miras ortamlarinda oyuncularin yikilan veya yeniden olusturulmus eksik
dokulari fark etmeye basladigl bilissel strecler takip edilmektedir.
Kultirel mirasla farkli etkilesim yollarinin arandigi yenilikci calismalar
teknoloji ile i¢ ice blylyen yeni neslin alana ilgisini artirmak agisindan
da kiymetlidir.

4. YONTEM (METHOD)

Matematikte, iki boyutlu dizlemde veya U¢ boyutlu uzayda yer alan
sonlu sayida dagiimis noktalari merkez alan farkli boyutlardaki
cemberler blylylp cemberlerin kesisim noktalari birlestirildiginde
olusan cokgen hucreler bir Voronoi diyagrami olusturur. Bir noktalar
kiimesinin Voronoi diyagramiyla bu noktalari merkez alan gemberlerin
kesisim noktalarinin birlestirilmesiyle olusan Delaunay Uggenlemesi
birbirinin grafiksel eslenigi olarak tanimlanir. Bu calismada, dijital olarak
bitinlenmesi amacglanan miras objesindeki sinirlari belirli olan
boslugun organik formuna uyum saglayabilecek ve gerektiginde belli
kurallara baglanabilecek bir 6riintiide doldurulmasi hedeflenmis olup,
Uretken tasarim yontemi olarak Voronoi diyagramlarinin kullanildig
Hicresel Ozdevinim yaklasimi esas alinmistir. Ayni sekil ve blyukliikte
hiicrelere sahip olan dizenli bir Hiicresel Ozdevinim modelinin aksine

farkli boyutlarda ve bicimlerde hucrelerin daha dizensiz komsuluk
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Sekil 1: Calismaya ait yontem
akis semasi (Method flow chart of

3B

MODELIN
ELDE

EDILMESI

the study)

iliskilerine dayandigl Voronoi diyagramlari (Navid & Akhababa, 2013)
dogadaki tasarimlarda da sikca karsimiza ¢lkmaktadir.

5. YONTEMIN UYGULANMASI (IMPLEMENTATION OF THE METHOD)

Bu calismada yontem olarak belirlenmis olan Voronoi diyagramlarinin
orintd algoritmasinin cift kavisli ylzeyler, kati kitleler, paraboloid ve
tonozlar gibi cok cesitli geometrilere uygulanabiliyor olmasi (Agkathidis,
2015), calismada hedeflenen boslugun doldurulmasini esas alan
Uretime olanak tanimaktadir. Voronoi diyagrami orlintdsinden
yararlanarak gelistirilecek batinleme calismalarina yoénelik objeler
secilirken, 6ncelikle koruma yasalarina gére bitinleme yapilabilmesi
icin ilk tasarima dair yeterli geometrik bilginin olmasi sarti géz 6ninde
bulundurulmustur.

Arastirma slresince devam eden sebebiyle

pandemi kosullari

calismanin uygulama asamasinda cevrimigi materyaller

degerlendirilmistir. Secilen U¢ boyutlu obje modellerinin eksik
kisimlarinda temsili olarak baglayici gorev Ustlenecek olan yeni dijital
olusumlar icin, oncelikle doldurulacak olan boslugu cevreleyen saglam
kisimlarin sinirlari ve onu tanimlayan noktalar belirlenmistir. Boslugu

tanimlayan yeterli sayida nokta belirlendikten sonra, organik formuna

2B VORONOI
DIYAGRAMI
I—» URETIMI
Grasshopper:
Maodeldeki eksik kisim tek bir - Surface Voronoi

kahinhga sahip diiz veya egrisel

N L 1 1

bir ylizeyse, 2b yizey olarak DUz - i
tamamlanmasi

EGRISEL

Bitinleme galigmasina
uygun olan gesitli kiltirel
miras objelerinin 3b
modellerinin elde
edilmesi: ‘obj’ formatta
agik kaynaklh modeller
kullomlmistir

(https://sket

YUZEY ¢

T T
W
-, !

BUTUNLEME S

3b objelerdeki eksik
kasimlarin ozgiin
geometriye uyumlu olarak
tamamlanmasi

TEMSIL

Killtiirel miras objelerinin
. Voronoi ile 3b dijital
biitiinleme asamalan ile ilk
we son hallerinin birlikte

temsili
-RHINO -
Modeldeki eksik kisim 3b bir - -f )
hacimse, 3b hacim olarak 1 1
tamamlanmasi, farkh
geametrilzrin alugturulmas: 3B VORONOI ' '
DIYAGRAMI
| > URETIMI
Grasshopper:
- Voronoi 3D
- Weaverbird
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uyum saglayacagl gozetilerek boslugun belli kurallara bagh olan bir
Voronoi diyagrami 6riintistyle doldurulmasi esas alinmistir.

Calismaya ait yontem akis semasinda takip edilebilecegi gibi, dncelikle
obje modellerinin eksik kisimlari  Rhino uygulamasinda orijinal
geometriye uygun (¢ boyutlu hacim olarak modellenerek
tamamlanmistir.  Ardindan eksik kisimlarda olusturulan modeller
Uretken tasarimi destekleyen Grasshopper uygulamasiyla Voronoi
diyagramlarina donustirilmustar (Sekil 1).

5.1 Prototip Calisma (Prototyping Study)

1. Koruma vyasalarina  gore bitinlemede  simetriden
yararlanilabilecegi ilkesi bitlnlemeyi gecerli kilabilecek gigli
bir gerekce sagladigi icin, eksik kisim modellenirken simetriden
yararlanilabilecek bir obje secilerek ilk deneme calismasi
yapilmistir. Stilize edilmis antik kemerli bir girisi temsil eden
ornek objenin ‘obj’ formatta modeli Sketchfab acik kaynakl
web sayfasindan elde edilmistir (Sekil 2).

Sekil 2: Stylized Ancient
Archway (Yakovenko, V., n.d.)

Deneme calismasini hizlandirmak icin 6ncelikle modeldeki poligon sayisi
belli oranda azaltilarak model hafifletilmistir. Eksik olan kisimlarin tam
simetrigi olan kisimlar modelde var oldugu icin, Rhino uygulamasindaki
‘Boolean Difference’ araci kullanilarak tam olan hacimden hasarl olan
simetrik parcanin c¢ikarilmasiyla eksik hacimler elde edilmistir. Aracin
duzgin calismadigl bazi noktalarda, eksik hacim mevcut geometriyle
uyumlu formda U¢ boyutlu kapali hacim olarak modellenerek
tamamlanmistir. Tamamlanan kapali hacimler ikinci asama olarak
Grasshopper uygulamasinda ‘3d Voronoi’ eklentisi kullanilarak 3b
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Sekil 3: Voronoi Bitlinleme
Prototip Galisma: Stilize
edilmis antik kemerli giris
modeli (Voronoi Completion

Prototype Work: Stylized antique
arched entrance model)

Sekil 4: Voronoi 3d
eklentisinin ¢alismaya
uyarlanmasi (Adaptation of
Voronoi 3D plugin to the study)
(Voronoi 3d in Brep |
Grasshopper3d, n.d.)

hacimsel Voronoi'ye dénustlrilmustir ve Voronoi geometrisinin
yogunlugu modelin 6lcegine uyum saglayacak sekilde ayarlanmistir
(Sekil 3) (Sekil 4).
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5.2 Kiiltlirel Miras Objelerinin Dijital Bitinleme Calismalari (Digital
Completion Studies of Cultural Heritage Objects)

Uygulamanin ikinci asamasinda, gercek kiltlirel miras objelerine
odaklaniimis olup, pandemi kosullari devam ettiginden ¢evrimigi olarak
ulagilabilen ve butlinleme calismasina uygun olabilecek objeler
belirlenmistir. Grasshopper Voronoi eklentilerinin farkli geometrilerde
uygulanabilirliginin de test edilmesi icin ilki 3b hacimsel tamamlama,
ikincisi ise 2b egrisel ylzey tamamlama olmak Gzere iki farkli geometri
Uzerinde cahsilimistir. Suriye’nin UNESCO Kulttr Mirasi listesinde yer
alan Palmira Antik Kenti’'ndeki Zafer Kemeri'nin ¢ boyutlu taratiimis
modeli (Sekil 5.a) ile Amerika’nin Glney Karolayna eyaletinde ¢ikariimis
olan antik bir seramik yassi kabin ti¢ boyutlu taratilmis modeli (Sekil 5.b)
Sketchfab acik kaynakli web sayfasindan elde edilmistir.
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Palmira Antik Kenti'ne ait Zafer Kemeri'nin vyikiimadan o&nceki
durumunu yansitan 3b modeldeki eksik kisim modelde mevcut olan
taslarin sinirlarindan yararlanarak Rhino’da ylzey olusturma ve
‘Extrude’ araciyla modellenmistir. Elde edilen kapali hacim “Voronoi 3d
in Brep’  Grasshopper  eklentisiyle  hacimsel  Voronoi'ye
dondstirtlmustar (Sekil 3) (Sekil 6).

Sekil 5: a. ‘Palmyra's Arch of
Triumph’ (Flynn, T., n.d.). b.
‘Catawba Earthenware Pan’
(RLA Archaeology, n.d.).

Sekil 6: : Voronoi Bittinleme
No.1: Suriye’nin Palmira Antik

Kenti'ndeki Zafer Kemeri
(Voronoi Completion No.1: The Arch of
Triumph in Palymra Ancient City, Syria)

ikinci bittinleme kullanilan antik seramik yassi kap modelinde ise eksik

olan egrisel yilzey, Rhino’da iki egri arasi ylzeye dondstliren ‘Loft’
araclyla iki boyutlu ylzey olarak tamamlanmistir. Farkli boyutlarda
hicrelere sahip Voronoi hicreleri ‘Surface Voronoi’ Grasshopper
eklentisiyle egri ylzey Gzerinde olusturulmustur (Sekil 7).
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Sekil 7: Voronoi on Surface
eklentisinin ¢alismaya
uyarlanmasi (Adaptation of
Voronoi on Surface Grasshopper
plugin to the study) (Voronoi on
Surface | Parametric House,
n.d.).

Sekil 8: Voronoi Bitiinleme
No.2: Catawba seramik kap,

Guney Karolayna, ABD. (Voronoi
Completion No.2: Catawba
earthenware pan, South Carolina, USA)

Bltlinlenen seramik kaptaki yeni Uretimin daha iyi algilanmasi icin
Rhino’da elde edilen farkli gorlnUsleri duzenlenerek bir arada
sunulmustur (Sekil 8). Fizikten kentsel planlamaya kadar c¢ok cesitli
disiplinlerde kullanilan Voronoi diyagramlarinin bilgisayar destekli Ug¢
boyutlu modelleme alaninda gelistirilen eklentilerle farkli geometrilere
istenilen hacim ve yogunlukta uygulanabilme olanagl bu calismada
tercih edilme sebebi olmustur. Kiltlrel miras objelerinin batinlenmesi
konusunu inceleyen bu ve benzeri calismalar icin hem dijital uygulama
hem de olasi fiziksel uygulamalara katki saglayabilecek bir tretken
tasarim yontemi olarak kabul edilebilir.
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6. SONUCLAR (RESULTS)

Bu calisma kapsaminda, kiltlrel miras objelerindeki eksik kisimlarin
alternatif dijital bir Uretken tasarim ydntemiyle tamamlanmasi, elde
edilen iki ve U¢ boyutlu gorsellestirmeler ile objenin algilanma dizeyinin
arttirlmasi hedeflenmistir. Objenin biitliinleme asamasinda kullanilan
Voronoi 6runtl algoritmasinin farkl geometrilere uygulanabilir olmasi
hem iki boyutlu vylzeylerde hem de ¢ boyutlu hacimlerde
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uygulamalara olanak tanir. Koruma vyasalarinin isaret ettigi
batinlemede yeterli veriye sahip olma gerekliligine dikkat edilerek
secilmis olan objelerde eksik kisimlarin  geometrisinin  mevcut
geometriyle uyum saglayacak sekilde modellenmesine dikkat edilmistir.

Dijital bUtlinleme uygulamalarinin 6zgln esere zarar vermeden
yapillmasi, evrensel koruma ilkeleriyle ters dismeden farkli
malzemelerle deneysel calismalar yapabilmeyi olanakli kilar. Calisilan
miras objelerinin eksik kisimlarinin kapali hacim olarak modellenip
Voronoi hicrelerine dénustlrildigu bu dijital butlinleme calismasinda
elde edilen modeller bir sonraki asamada ¢ boyutlu yazicilar araciligiyla
Uretilebilir. Bu asamada eksik kisimlari dolduran Voronoi hicrelerini
striktrle uyumlu olacak sekilde farkli noktalarda farkl yogunluklarda
ayarlamak ve cesitli malzemeler deneyerek Uretimi cesitlendirmek,
miras objesinin degisik dlceklerdeki temsillerine olanak saglayacaktir.

Bu calismada gerceklestirilen Voronoi diyagramlariyla bitinleme
pratikleri gibi baska Uretken tasarim temelli dijital butinleme
yontemleriyle gelistirilecek calismalar kiltirel miras objelerinin farkli
temsil yollariyla algilanabilmesine olanak verecektir. Eserlerin dijital
olarak bittinlenen kisimlarinin net olarak ayirt edilebildigi ve eserin yok
olmus parcalariyla birlikte bir bitin olarak algilanabildigi benzer
calismalarin yaratici temsillerle insanlara ulastirilmasi, ortak kaltdrel
mirasin savas ve vandalizm gibi cesitli sebeplerden yasadigi kayiplara
dikkat ceken bir yol olabilir. Uretken tasarim ydntemleriyle gelistirilen
dijital batlnlemeler, kiltlrel mirasin sanal olarak deneyimlendigi dijital
oyun ortamlarina dahil edilebilecegi gibi artirilmis gergeklik gibi
araclarla yerinde ve mizelerde deneyimlenebilir. Kialtirel miras
eserlerinin glincel teknolojiler araciligiyla toplumla etkilesime gegcirildigi
boyle calismalar koruma alanindaki bilincin gelisimine katki
saglayacaktir.
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Nowadays, with the increasing digitalization and the increase in digital fabrication
production technologies, the dialogue between the digital and physical world is
accelerating and strengthening. The effects of digital fabrication, which is the
transition of design with computational design tools in the digital environment to
production with 3D printers in the physical environment, on design education
pedagogy are widely discussed. This study covers the reinterpretation and
production of Froebel blocks, which is an educational tool in the intersection of
digital and physical production, in contemporary conditions and the discussion of
its impact on educational pedagogy. The process of determining the technology to
be used in the production phase of digital fabrication and the material to be used
is another aim. In this context, Froebel blocks designed by Fredrich Froebel and
used in his own educational pedagogy were redesigned with digital computing
tools and produced with fabrication tools. In this study; it was carried out in 2
stages as design and application. During the design phase, Froebel blocks were
redesigned with a contemporary interpretation with digital computing tools and
produced with a 3D printer from digital fabrication tools. Due to the total weight
and calibration problems in the production process, 3D printing with wood,
filament and 3D printing with resin were tried in terms of material selection, and
3D printing with resin was preferred. In the application step, postgraduate students
who did not have a design education made operational sequences on the design
problem given with Froebel blocks and contemporary Froebel blocks, and these
stages were recorded visually and audibly. Records were divided into protocols and
analyzed on the basis of block type and actions. It is visualized with the linkography
visualization technique. In the analysis process, it was observed that the design
activity with contemporary Froebel blocks took longer than the design activity with
Froebel blocks, and the participant performed more and additionally different
types of actions. During their designs, the participants “adjoining”, “overlapping”,
etc. with the Froebel blocks. In addition to these actions with contemporary
Froebel blocks, they performed actions such as "inserting to gap", "removing from
gap" and "rotating". It has been observed that the action connection between the
blocks has increased thanks to the gaps and auxiliary elements found in
contemporary Froebel blocks. It is thought that the enrichment of the operational
sequences in contemporary blocks compared to the original Froebel blocks will
contribute to the richness of the design operational repertoire. In addition, basic
manipulations to existing block geometries offer important possibilities for
customizing and replacing the individualized products of the future with digital
fabrication tools.

Keywords: Froebel Blocks, Design Pedagogies, Digital Fabrication, Linkography,
Design Actions.
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GUnUmuzde artan dijitallesme ve dijital fabrikasyon Gretim teknolojileriyle dijital ve
fiziksel diinya arasindaki diyalog hizlanmakta ve kuvvetlenmektedir. Dijital ortamda
hesaplamali tasarim araglariyla tasarimin, fiziksel ortamda 3 boyutlu yazicilarla
Uretime gecisi olan dijital fabrikasyonun, tasarim pedagojisine etkileri cokca
tartisiimaktadir. Bu calisma, dijital ve fiziksel Uretim arakesitinde, bir egitim araci
olan Froebel bloklarinin ¢agdas kosullarda yeniden yorumlanmasi, Uretilmesi,
tasarim pedagojisine olabilecek etkisinin tartisiimasini ve Uretim sacayaginda
kullanilacak malzemenin belirlenme sirecini kapsamaktadir. Fredrich Froebel’in
egitim pedagojisinde kullandig Froebel bloklari, dijital hesaplama araclariyla
yeniden tasarlanip fabrikasyon araclariyla Uretilmistir. Calisma; tasarim ve
uygulama olarak 2 asamada gergeklestirilmistir. Tasarim asamasinda, Froebel
bloklari dijital hesaplama araclariyla cagdas bir yorumla yeniden tasarlanmis,
toplam agirlik ve kalibrasyon problemleri nedeniyle dijital fabrikasyon araglarindan
recine bazli 3 boyutlu yazici kullaniimistir. Uygulama asamasinda, tasarim egitimi
almamis lisanststl 6grencileri, Froebel bloklari ve cagdas Froebel bloklarini
kullanarak verilen tasarim problemi Uzerine eylemsel dizgeler gerceklestirmistir.
Uygulamalar, gorsel ve isitsel kaydedilmistir. Kayitlar, blok cesidi ve eylemler
bazinda protokollere ayrilip analiz edilmis, linkografi teknigiyle gorsellestirilmistir.
Uygulamalarda, cagdas Froebel bloklari kullaniminin daha uzun sirdaga,
katilimcilarin daha fazla ve farkli tirde eylem gerceklestirdigi gozlemlenmistir.
Katilimcilar, Froebel bloklariyla “yvan yana koyma”, “ist lste koyma” eylemlerini,
cagdas Froebel bloklariyla ek olarak “bosluga yerlestirme”, “bosluktan ¢ikarma”,
“déndirme” eylemlerini gerceklestirmislerdir. Cagdas Froebel bloklarinda bulunan
bosluklar ve yardimci elemanlar sayesinde bloklar arasindaki eylem baglantisinin
arttigl gorulmustlr. Eylemsel dizgelerin, orijinal Froebel bloklarina kiyasla ¢cagdas
bloklarda zenginlesmesiyle 6zellikle tasarim eylemsel repertuvar zenginligine katki
saglayacag dusinulmektedir. Buna ek olarak, mevcut blok geometrilerine yapilan
temel manipilasyonlar, gelecegin bireysellesmis Urinlerini dijital fabrikasyon
araclari ile bicimlendirme yéninde 6nemli olanaklar sunmaktir.

Anahtar Kelimeler: Froebel Bloklari, Tasarim Pedagojileri, Dijital Fabrikasyon,
Linkografi, Tasarim Eylemleri.
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1. GiRI$ (INTRODUCTION)

GUnUmuzde dijitallesmenin her alanda kullaniminin artmasi ve dijital
fabrikasyon Uretim teknolojilerindeki gelismeler ile birlikte gerek
fiziksel, gerek dijital tasarim araclari Uretilmistir. Bu durum, tasarim
sireci ve egitimini etkilerken, ayni zamanda bu alanda yapilan Uretim
asamalarinda kullanilan yéntemler ve araglarda da 6nemli etki
birakmistir. Tasarim araclarinin gelismesi, tasarim sdrecine dinamizm
katmaktadir (Guzelci, 2015). Tasarim pedagojisinde kullanilan Gretim
yontemlerinin fiziksel ve dijital ortam arasinda 6lceksel ve slirecsel gidis
gelislerin, yani tasarim ortaminin degisiminin tasarim strecine katkilari
konusundaki arastirmalar, teknoloji alanindaki bu gelismelerin hizina
yetisememektedir. Teknolojik gelisimler tasarim egitimi pedagojisine,
kavramsal ve fiziksel olarak dretimi destekleyen ve bu iliskiyi
glclendiren bir ortam saglamistir. Bilgisayar ve nlmerik kontrolll
Uretim araglari, teknolojinin gelismesi ile bu iliskiyi glclendirmistir
(Kolarevic, 2004). Bu noktada; dijital ortamda sanal tGretimden fiziksel
ortamda gercek Uretime gecisin oldugu dijital fabrikasyonun, tasarim
pedagojisindeki 6neminin kavranmasi ve dijital fabrikasyonun
uygulanmasinin yaninda bilimsel anlamda egitim perspektifinde
kullanilmasinin uygunlugu, olumlu ve olumsuz etkisinin sorgulanmasi
noktasinda vyeterli ¢alisma bulunmamaktadir. Bu calismanin amaci,
dijital fabrikasyon olarak adlandirilan dijital Uretim ve devaminda
gerceklesen fiziksel Gretimiiceren arakesitte, tasarim pedagojisine katki
saglayacak bir tasarim araci gelistirmektir. Bu baglamda dijital
fabrikasyonun Uretim sacayaginda kullanilacak teknoloji dogrultusunda
kullanilacak malzemenin belirlenme sireci de bir diger amactir.

Dijital fabrikasyonun egitim pedagojisine olabilecek katkisini arastirmak
adina Froebel bloklari bir baslangic noktasi olarak degerlendirilmistir.
Calismanin yontemi, bir egitim araci olan Froebel bloklarinin cagdas
kosullarla dijital fabrikasyon ile yeniden yorumlanmasi, lretilmesi ve
egitim pedagojisine olabilecek etkisinin karsilastirmali analizi ile
tartisiimasini kapsar. Bu baglamda, Fredrich Froebel tarafindan
tasarlanan bloklar ve vyazarlar tarafindan dijital hesaplama ve
fabrikasyon araclari ile ¢cagdas bir yorum getirilen yeni bloklar araciligi
ile, tasarim egitimi almamis lisanststl 6grencileri ile verilen tasarim
problemi Uzerinden yaptiklari eylemsel dizgeler karsilastiriimistir.
Eylemsel dizgelerin, orijinal Froebel bloklarina kiyasla ¢cagdas bloklarda
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zenginlesmesi ile o6zellikle tasarim egitiminde eylem repertuvarini
zenginlestirmeye katki saglayacagi distinilmektedir.

Froebel bloklari, Friedrich Frobel tarafindan anaokulu 6grencileri icin
tasarlanan, yas gruplarina gore farklilik gosteren fakat en temelde
geometrik cisimlerden olusan bir oyuncak olarak tanimlanabilir (Tovey,
2016). Bu bloklar en temelinde kip, dikdortgenler prizmasi, silindir,
kire gibi ideal geometrilerden olusmaktadir. Bloklar ile oynanan oyun,
oyuncunun Ug boyutlu diisiinme yetisini arttirmakta ve distnsel olarak
tasarlananin, maddi ortamda gerceklestiriimesine olanak vermektedir.
Froebel bloklari, Bauhaus hareketine ilham olmanin yaninda Frank
Lloyd Wright, Le Corbusier, Buckminister Filler gibi bircok mimarin
cocukken oynadigl oyuncaklardan biridir. Wright, Froebel bloklari ile
oynamas! sayesinde zamanla her seyi bir bloklarin 6rintist halinde
gordigini ve “gormeyi” 6grendigini soyler (MacCormac, 1974).

Teknolojinin gelisimi ile nimerik kontrol sistemlerinin gelistigi CNC,
Lazer kesim ve 3 boyutlu yazicilar tasarim egitimi pedagojisinde
kullanilabilmektedir. Ozellikle 3 boyutlu yazicilar, tasarim asamasinda
farkli  programlar,  Uretim  asamasinda  farkli  malzemeler
kullanilabilindiginden ve hizli prototipleme imkani sagladigindan dolayi
tasarim egitiminde cokca kullaniimaktadir. Bu baglamda, Froebel
bloklarinin bigcimsel 6zelliklerine sadik kalarak ¢cagdas bir anlayisla dijital
ortamda hesaplamali araclar ile yeniden tasarlanmasinin ardindan 3
boyutlu yazici ile Gretimi gerceklestirilmistir. Uretim siirecinde toplam
agirhk ve kalibrasyon problemleri nedeni ile malzeme secimi
bakimindan ahsap, filamet ile 3 boyutlu basim ve recine ile 3 boyutlu
basim denenmis, recine ile 3 boyutlu basim tercih edilmistir.

Bu galisma, temel olarak tasarim ve uygulama olmak lzere 2 adimdan
olusmaktadir. Temel alinan Froebel bloklari, bicim analizine gore temel
geometrik sekillerden olustugu; eylemsel analizine gbre Ust Uste — yan
yana koyma vb. hareketler icerdigi olarak tanimlanmistir. Tasarim
sirecinde, bu sonuca sadik kalarak Froebel bloklari dijital ortamda
yeniden yorumlanmis ve 3 boyutlu yazici ile regine malzemesi
kullanilarak tretilmistir. Ust tiste — yan yana koyma vb. eylemlerine ek,
oyuncuya hareket glidist katmak ve tasarim elemanlari arasinda yeni
topolojik iliskiler tiretmek icin yeniden yorumlanan bloklara dijital
ortamda farkh biyuikluklerde bosluklar acilmis ve ayni capta silindir ve
cubuk elemanlar (ara elemanlar) eklenmistir. Bu geometrik yorum,
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eylemsel dizgeyi; yeni eylemlerin tlremesi, yeni iliski bicimlerinin
tiremesi, yeni detay ve birlesimlerin tiremesi, bloklara yeni geometrik
bicimlerin yaninda, islevsel (ara baglanti, képri vb.) gorevler de
ylklenebilmesi, striktirel kompozisyonlara daha fazla olanak
taninmasl gibi nedenler ile zenginlestirmektedir. Uygulama slrecinde
ise Uretilen Froebel bloklari ve ¢agdas Froebel bloklari ile tasarim
egzersizi yapilmistir. ilk durumda Froebel bloklari (st Gste koyma, yan
yana dizme gibi eylemleri icerirken, cagdas olarak yorumlanan froebel
bloklari ise bu eylemlerin yaninda, déndirme, bosluktan gegirme gibi
eylemlere de olanak vermistir.

Calismada, Froebel bloklarrile tasarim sirasinda ortaya cikan olasi eylem
mekanizmalarini saptamak icin protokol analizleri yUrutGimastar.
Protokollerde tespit edilen eylemler, nitelik ve nicelik bakimindan
derlenmis ve linkografi yontemi ile temsil edilmistir. Sonuglar
degerlendirilirken, fiziksel/ dijital arakesitinde Uretilen yeni bloklarin
tasarimcinin - eylem repertuarini  gelistirmeye yonelik  katkilari
tartismaya aciimaktadir.

2. FROEBEL BLOKLARI (FROEBEL BLOCKS)

Froebel bloklari, Frederich Froebel tarafindan “dogada bulunan fiziksel
formlar ve iliskilerle tanistirmayi amaclayan uygulamali bir mifredat
sistemi” olarak tanimladigl okul déncesi egitim igin tasarlanmis cesitli
geometrik sekiller ve renklerden olusan oyuncaklar batintdir. Bu
oyuncaklar cocuklarin sayilar, kesirler, renkler gibi temel ogretileri
O6grenmelerini saglamanin yani sira gesitli geometrik sekiller arasindaki
iliskileri kavrayabilmelerini de amaclamaktadir (Economou, 1999).
Froebel’'e gbre bu oyuncaklar, dogada bulunan bircok canli ve cansiz
varliklari  refere etmekte ve c¢ocuklarda dogayr tanimada ve
yorumlamada ara¢ olarak kullanilabilme potansiyeline sahiptir
(Provenzo, 2009). Bu sayede cocuklar dogaya ait somut ve soyut olarak
nitelendirilebilecek unsurlari, somut ve basit geometrik sekillerle
kolayca anlayabilmektedirler. Froebel bloklari, erken cocukluk
déneminde, onlarin bilissel ve motor gelisimlerini arttiracak nitelikte
oyuncaklardir (Stiny, 1980).

Her bir oyuncak, bir alt seviyedeki oyuncagin devami niteligindedir. Bu
devam, beraberinde farkllasan malzeme, sayi, blyuklik ve renklere
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gore karmasikhgl da arttirmaktadir. Farkh yas gruplarina gore, farkl
oyuncak tlrd belirlenmistir.

Oyuncak 1 / bebeklik ya da erken gocukluk dénemi (gift 1): Oyuncak 1,
cocugun kavrayabilecegi blyuklikte kirmizi, sari, mavi, mor, yesil ya da
turuncu renklerde olabilen yumusak iplerden olusan, cesitli sekillerin
olusturulmasini saglayan top seklinde Froebel oyuncaklardan ilkidir.
Yuvarlaklik, yumusaklk, yukari, asagi, etrafinda, gel, git, yakin ve uzak
kavramlarini 6gretmek kullanilan bir oyuncaktir (Clements, 1981). ipler
sayesinde farkli sekiller yaratabilen cocuk, zihnindeki sekilleri yaratabilir
ve bu sayede hareket, hiz, zaman, renk ve kontrast gibi iliskileri
kavrayabilmektedir (Brosterman, 1997).

Oyuncak 2 / 1 - 2 yas (gift 2): Oyuncak 2, sekil itibari ile oyuncak 1’e
referans veren ahsap bir kire, delikler iceren bir silindir ve bir kiipten
olusur. Ahsap kiire, bulundugu yerde sabit durmamasi ve farkl bakis
perspektifinde ayni gériinmesi; ahsap silindir konuldugu yerde sabit
durmasi, farkh bakis perspektifine gore ayni gériinmesi; bosluklar iceren
ahsap kiip ise konuldugu yerde sabit durmasi, deliklerden ¢ubuk ya da
iplik gecirilebilmesi, bakis perspektifi acisina bagli olarak farkli gérinis
vermesi acisindan farkhhk gostermektedir. Bu sayede Uc¢ farkli
geometrik sekil araciligiyla cocuk, farkli oyunlar yaratabilir ve bu
calismanin  da odagindaki tasarim eylemlerini zenginlestirebilir.
Kazanilan eylemsel dagarcik, yaratici ve Uretken tasarim sireclerini
destekler niteliktedir.

Oyuncak 3 /2 - 3 yas (gift 3): Bir ahsap kip kutu icerisinde her bir kenari
1inc, icerisinde ahsap 8 adet kipten olusan oyuncak 3, yaratilan oyuna
gbre parcgalara ayirma ve birlestirme gibi aksiyonlara yonelik Gst lste —
yan yana koyma gibi eylemsel mekanizmalara olanak saglar.

Oyuncak 4 / 2 — 3 yas (gift 4): Oyuncak 4, oyuncak 3 gibi ahsap bir
kutudan olusmakta fakat parcalari oyuncak 3’te bulunan kiplerin 2 kati
uzunlugunda ve vyarisi genisliginde 8 adet dikdortgenler prizmasi
seklindedir. Bu farklilik ile pargalarin uzun ya da kisa kenarina dik
konumlandirildiginda farkh bicimler olusabilmektedir. Bu oyuncak,
ayirma, birlestirme, gibi aksiyonlara yonelik Gst Uste — yan yana koyma
gibi eylemsel mekanizmalara olanak saglar.
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Tablo 1: Froebel Oyuncaklari

1,2,3,4,5veb

(Froebel Gift 1, 2, 3,4, 5 and 6).

Oyuncak 5 / 3 — 4 yas (gift 5): Oyuncak 3 ve 4 gibi ahsap fakat daha
blyik bir kutu icerisinde, 0.5 in¢ kiUpler, bu kiplerin ikiye ve doérde
bélinmis halleri ile toplam 39 parca bulunmaktadir. icerisindeki kiip
sayllarinin artmasi, 6lculeri itibari ile birbirlerinin tam kati olarak
sekillerinin farklilasmasi sayesinde, farkli oyun yaratimlarina olanak
saglamaktadir.

Oyuncak 6 / 4 — 5 yas (gift 6): Oyuncak 5 boyutunda ahsap bir kutu
icerisinde oyuncak 4 ve 5’deki kiip ve dikdortgenler prizmalariniiceren,
toplam 36 parcadan olusan daha karmasik bir oyuncaktir. Tablo 1'de
oyuncak 1, 2, 3, 4, 5 ve 6 diyagramatik olarak gosterilmistir.

Oyuncak 1

Oyuncak 2

Oyuncak 3 Oyuncak 4 Oyuncak 5 Oyuncak 6
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Calisma kapsaminda 3, 4, 5 ve 6 numarali oyuncaklar referans
alinmistir. Bu oyuncaklarda bulunan kip ve dikdértgenler prizmalari,
sekil ve birbirleri ile olabilecek eylemsel konfiglirasyonlari lzerinden
incelenmistir. Her bir blok tird, sezgisel ya da planli olarak yan yana ve
Ust Uste koyma eylemlerini tetiklemeye yoneliktir.

3. CAGDAS FROEBEL BLOKLARI (CONTEMPORARY FROEBEL BLOCKS)

Okul 6ncesi egitimde geometrik iliskiler ve sekiller gibi gorsel icerikli
konularda kullanilan Froebel bloklari, soyut ile gergek diinya arasindaki
bagl cesitli eylemler ve baglantilar mantigina dayanarak cocugun
kavramasini saglamak Uzerine tasarlanmistir. Bu eylemler yan yana
koyma, Ust Uste koyma, bitisik koyma gibi eylemlerdir (MacCormac,
1974). Froebel bloklari ayni zamanda matematik gibi sayisal becerilerin
gelismesinde de etkili bir aractir (Luecking, 2013). Bunlara ek olarak
Froebel bloklarinin sahip oldugu geometrik sekil ve dlcllere bagli olarak
bicim grameri kurallari ile form tlretmeyi amaclanan algoritmalar
ginimuizde gelistiriimektedir (Keskin, 2008). Gokhan Keskin,
calismasinda Farkli  kompozisyonlarda konut 06zelinde formlar
gelistirmistir. Bu baglama gore, Froebel bloklari, bircok tasarim
arastirmalarinda kullaniimaktadir. Froebel bloklari bicimsel ve eylemsel
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potansiyelleri bakimindan incelenmistir. GUnimuzde dijital tasarim ve
bloklari
yaklasim ile donistlrilmesi yorumlanmasi ile cagdas Froebel bloklari
olusturulmasi

fiziksel Uretim birlikteliginde Froebel Uzerinden cikacak

amaclanmis ve eylem mekanizmalarinin

kisisellestirilmesi, cogaltilmasi amaclanmistir.

Mevcut Froebel bloklari oyuncak 1, 2, 3, 4, 5 ve 6 kapsaminda tam,
yarim ve ceyrek kip, dikdortgenler prizmasi, kire ve silindirden
olusmaktadir. Bu elemanlar Froebel tarafindan olmasa da yazarlar
isimlendirilmektedir. Bu
gruplandirma, calismanin analiz kisminda kullanilmak Uzere 6nem

tarafindan ana ve ara elemanlar olarak

tagimaktadir. Ana elemanlar, temel geometrik sekillerden olusmakta
iken; ara elemanlar, ana elemanlardan turetilen geometrik sekilleri
ifade etmektedir. Sekil 1’de Froebel bloklari, filament kullanarak 3D
printer ile Uretilen Froebel bloklari ve regine kullanarak 3D printer ile
Uretilen gagdas Froebel bloklari gdsterilmistir.

FROEBEL BLOKLARI
ANA ELEMANLAR

URETILEN FROEBEL BLOKLARI

ARA ELEMANLAR ANA CLEMANLAR ARA ELEMANLAR

Froebel bloklari,

8cmx4cmxdcm dikdortgenler prizmasi, B1 - 2 cm@x4cm silindir ve C1 -

ana elemanlari Al -4cmx4cmxdcm  kip, A2 -

4cm@ kire ve Al ana elemanindan tireyen ara elemanlari A1_1 yarim
kiip ve A1_2 ceyrek kipten olusmakta ve Sekil 1'de gorilmektedir.

FLEMANKLAR

YARDIMC!

Sekil 1: Froebel Bloklari,
Uretilen Froebel Bloklari,
Cagdas Froebel Bloklari

(Froebel Blocks, Produced Froebel
Blocks, Contemporary Froebel Blocks).

CAGDAS FROEBEL BLOKLARI

ANA ELEMANLAR ARA ELEMANLAR
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Uretilen Froebel bloklari ise ana elemanlari A1 - 4cmx4cmx4cm kiip, A2
- 8cmxdcmxdcm dikdértgenler prizmasi, B1 - 2 cm@x4cm silindir ve ara
elemanlarit A1 ana elemanindan tireyen Al 1 4cmx4cmxlcm kare
prizma, Al _2 6cmx6emxlcm ici 4cmx4cm  bosluklu dikdortgenler
prizmasi, A2 ana elemanlarindan tldreyen A2_1 4cmx4cmxlcm
dikdortgenler prizmasi ve A2 2 8cmx8cmx4cmx4cmxlcm cokgen
prizmadan olusmakta ve Sekil 1’de gortlmektedir. Bu Gretimin temel
amaci, bir sonraki Uretim adiminda, geometriler arasi eylem
mekanizmalarini  arttirmak igin  yapilacak mudahaleye zemin
hazirlamaktir. Calisma kapsaminda yapilan uygulamanin 1. adiminda bu
bloklar kullanilmistir.

Sekil 1’de Ust Uste —yan yana koymak eylem mekanizmalarini arttirmak
amaciyla yeniden yorumlanan cagdas Froebel bloklari gorilmektedir.
Ana elemanlar; Al- 4cmxd4cmx4cm  kip, A2-  8cmx4cmxdcm
dikdortgenler prizmasindan olusmaktadir. Ara elemanlar, Al a
4cmx4cmxlcem kare prizma, A1_b 6ecmx6cmxlcem ici 4cmx4cm bosluklu
dikdortgenler prizmasi, A2_a 4cmx8cmx4cm dikddrtgenler prizmasi,
A2 b 4cmxdcmxlcm dikdortgenler prizmasi, A2 _c 4cmx4cmxlcm
dikdortgenler prizmasi, A2_d 4cmx4cmxlcm dikdortgenler prizmasi,
A2 e 8cmx8cmx4cmxdcmxlcm ¢okgen prizmadan olusmaktadir.
Bunlara ek olarak B1 2 cm@x4cm silindir ve 0.5 cm@x10cm cubuklar
yardimci elemanlardir. Yardimci elemanlar, ana elemanlar ile ara
elemanlar arasindaki baglantiyi saglamak icin kullanihr.

4. YONTEM (METHOD)

Calismanin ybntemi, tasarim ve uygulama olmak Uzere 2 asamadan
olusmaktadir. Tasarim asamasl 2 adimdan olusmakta olup ilk adimda
Froebel bloklari 3, 4, 5, 6'nin bicimsel ve eylemsel analizlerine bagl
olarak Uretilmesini kapsar. Diger adimda ise Uretilen Froebel bloklarinin
dijital fabrikasyon ile Uretimini vyani dijital ortamda yeniden
yorumlanmasini ve fiziksel ortamda Uretilmesini icermektedir. Uretim
sirecinin sonunda uygulama asamasinda ise katilimcilarin, verilen
tasarim problemi ile Froebel bloklari ve c¢agdas Froebel bloklarini
deneyimlemelerini icermektedir.

Calismanin uygulama asamasinda, Froebel bloklari ve ¢agdas Froebel
bloklari ile yapilan adimlarda ayni 4 kisinin katihmi saglanmistir.
Katilimcilar 25 — 30 yas arasi tasarim egitimi almamis yUksek lisans ve
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doktora o6grencilerini icermektedir. Her bir katilimci icin video ve
fotograf kaydi, calisma sonrasinda ise sozel geri bildirim alinmistir.
Uygulama slresince katilimcinin herhangi bir dis etkene maruz
kalmamas! adina uygulama ortaminda sadece katilimci ve uygulama
yUrutlcUst bulunmaktadir.

Uygulama sonrasi katihmcilarin tasarim sirecinde yaptiklari eylemler
Bloklar,
ile  gorsellestirilmistir.

protokollere ayrilip, aralarindaki iliski analiz edilmistir.

hareketler ve iliskiler linkografi teknigi
Protokoller, Froebel bloklari ve cagdas Froebel ile yapilan eylemlerin
tipoloji ve sikliklarini karsilastirmali bicimde 6lgcmeye odaklanmaktadir.

Sekil 2'de calisma strecinin akis semasi gérilmektedir.

Sekil 2: Calisma Surecinin Akis
Semasl
(Flowchart of the study process).

1= 1 ac 2. 99
[FROEBEL BLOKLAR 2 . URETILEN AL ) CAGDAS
- | Froehe! Bloklen 3, 4.5 6 |
o [FROEBEL BLOKLARI v et gramath o |FROEBEL BLOKLARY
o ‘ Bicimsel Ahal benser bigim gramen [ T aylembere olenak saflayan delikior
‘ 1INiImse 4 ‘ ’
W \
< ‘ vl 1 Anal ‘ ey eyinmier ey eylemier « eh nylemier
- +| Eylemsel Analiz
" - | UYGULAMA 1 | » | UYGULAMA 2 s SONUCLAR
= |
“sayalinizdebl badwyl tanmmisgin Wayalinizded kadyl tamimlugin * Margilnghirma
T Jratilun frombel Blokiar Coltdog Feoebel Bloklan
| sl el Dahe 8oce taannm sfitiml shsamiy Aatilimaiine Dahw Snce tannrom sfitiml simamiy
- Dadet dabiane, L wdet vOhan) Hsans Ofrenchy D adut dobtora, 1 stet yBisah Baand adrendinl
1M aini wiam' nimi!
w ANraet we lyitael kayi viden aesel v pibant keyit: video eviem snalidl
>
- eylam analigl

Tasarim ve uygulama olarak tanimladigimiz dijital Uretimden fiziksel
Uretime ve fiziksel ortamda uygulama asamalarinin sirali olarak
gerceklestigi bir calisma gerceklestirilmistir.

4.1 Tasarim Asamasi (Design Phase)

Tasarim asamasl 1. adimda mevcut Froebel bloklari geometrik ve
iliskisel olarak incelenmistir. Froebel bloklari 1, 2, 3, 4, 5 ve 6 birbirini
takip eden zorluk derecesine sahip oyuncaklar olmakla birlikte
iceriginde ayni ve farkli tip bloklari da bulundurmaktadir. 1 ve 2
numarali Froebel oyuncaklari; 3, 4, 5 ve 6 numaral oyuncaklarda
bicimsel olarak yer aldiklari icin calisma kapsaminda Froebel bloklari 3,
4, 5 ve 6 incelenmistir. Bicimsel inceleme sonucunda Froebel bloklari
dijital ortamda tasarlanip, 3D printer ile filament kullanarak Gretilmistir.
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Tasarim asamasl! 2. adimda cagdas Froebel bloklari, Froebel bloklarinin
es bicim grameri ve eylemlere sadik kalinip, vyeni eylem
mekanizmalarina olanak verecek sekilde bosluklar acilarak dijital
ortamda tasarlanmasi ve 3 boyutlu yazici ile recine kullanarak
Uretilmesini kapsar. Yeni eylemsel mekanizmalari gbézlemlemek amaci
ile yardimci elemanlar olan B1 silindir ve B2 cubuklar ek olarak
Uretilmistir. Sonuc olarak tasarimin bu asamasinda ana elemanlar, ara
elemanlar ve yardimci elemanlardan olusan cagdas Froebel bloklari
Uretilmistir.

4.2 Uygulama Asamasi (Application Phase)

Tasarim asamasina bagl olarak uygulama asamasi 2 adimdan
olusmaktadir. Uygulamalar, kontrol grubu olan daha &énce tasarim
disiplininde yer almamis 4 adet lisansistli 6grenci ile yapilmistir.
Katilimcilara 6ncesinde ¢alismanin konusu ve yapilacak olan tasarim
calismasi plani hakkinda bilgi verilmistir. Froebel bloklari ve cagdas
Froebel bloklari tanitilmis, ellerine alip 3 dakika incelemeleri istenmistir.
Froebel bloklarinin okul dncesi egitimde kullanilacak gercegine bagl
olarak, okul 6ncesi cocuklarin soyutluk idrakinin olmadigi ve zamanla
kazandigl dolayisi ile soyut bir tasarim problemi yerine somut anlama
gelen, ortak kabul edilen bir kavramin tasarlanmasi amaglanmistir.
Bilindik, ortak kabul edilen bir nesnenin soyutlanmasi istenmistir. Bu
durumu destekler bicimde, 3 boyutlu tasarim becerisi kazanmaya
donlk 6zel bir gorsel soyutlama egitim almamis katilimcilar tercih
edilmistir. Mekan ve mekansal ogeler gibi kisiler arasi farkh anlama
gelebilen tasarim problemleri yerine, ayni kabul edilen figtratif bir
problem verilmistir. Bu tasarim problemi, “hayalinizdeki kediyi
tanimlayin” olarak belirlenmis ve tasarimin yatayda veya diseyde
olabilecegi aciklanmistir. Doganin basit geometrik sekillerden olustugu
anlatilmis, bu baglamda hayali bir kedi yaratimi katilimcilardan
istenmistir. Tablo 2’de uygulama adim 1 ve uygulama adim 2’ye ait
calisma prosedirl ve calisma ortami gosterilmistir.
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Sira | Uygulama Adim 1 Uygulama Adim 2

1 Katiimcinin (yas, mezun oldugu okul, gegcmis deneyim ve becerilerivb.) | Uygulama adim 2 hakkinda bilgi verilmesi, verilen tasarim probleminin
genel 6zelliklerini anlayabilmek igin 6n gérismenin yapilmasi incelenmesi, katilimcinin sorularinin yanitlanmasi igin 5 dakikalik zaman

taninmasi

Calismanin igerigine dair kisa bir agiklama yapilmasi Katilimeinin uygulama adim 2 igin tasarim énerisi gelistirmesi
Uygulama adim 1 hakkinda bilgi verilmesi, verilen tasarim probleminin | Uygulama adim 2 sonrasinda, katiimcidan sézel geri bildirim alinmasi
incelenmesi, katilimcinin sorularinin yanitlanmasi igin 5 dakikalik zaman
taninmasi
Katilimcinin uygulama adim 1 igin tasarim 6nerisi gelistirmesi

5 Uygulama adim 1 sonrasinda, katiimcidan sézel geri bildirim alinmasi

Uygulama Adim 1 Calisma Ortami

Uygulama Adim 2 Galisma Ortami

| ‘

|| katihimer

|
g\ gozlemci
| c—

] —

video sayit
cohad

-

.|
|

| katihimer

!
|

L

¢

bloviar

video sayit
oha

| e

| gozlemci
|5

Uygulamanin 1. adimi 20 dakika ile kisitlanmis olup, calisma ortaminda

video ile gorsel kayit alinarak yapilmistir. Uygulama calismalari
genellikle, katilimcilarin performansina bagl olarak 5 dakika ile 10
dakika

uygulamalarda, katiimciyi gbzlemlemek, kayit tutmak ve gerekli oldugu

arasinda degiskenlik  gostermektedir. Gozlemci  tim
durumlarda katilimcinin sorularini yanitlamak Gzere hazir bulunmustur.
Uygulamanin sonucunda streg ile ilgili s6zel geri bildirim alinmistir. Sinif
ortaminda yapilan tasarim ¢alismasinin protokol analizi sonucunda nicel
veriler elde edilirken, sozel geri bildirim sonucunda nitel geri donusler

elde edilmistir.

Uygulamanin 2. adimi 20 dakika ile kisitlanmis olup, calisma ortaminda
video ile gorsel kayit alinarak yapilmistir. Uygulama calismalari
genellikle, katiimcilarin performansina bagli olarak 10 dakika ile 15
dakika
uygulamalarda, katiimciyi gbzlemlemek, kayit tutmak ve gerekli oldugu

arasinda degiskenlik  gostermektedir. Go6zlemci  tim

durumlarda katilimcinin sorularini yanitlamak Gzere hazir bulunmustur.
Uygulamanin sonucunda sudre¢ ile ilgili geri bildirim alinmistir.
Katilimcilar, uygulamayi ayni giin, ayni sinif ortaminda, sirali olarak

Tablo 2: Uygulama adimlari

protokolleri
(Protocols of Application Steps).
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yapmislardir. Bu sekilde katilimcinin, uygulamada yapacagl tasarim
hakkinda dusinmesi olasihginin mimkin oldugu kadar azaltilmasi
edilmesi amaclanmistir. Uygulama adim 1 ve adim 2’de katilimcilarin
tasarim problemine verdikleri cevap sirasinda yaptiklari eylemler video
ile gorsel olarak kayit edilmistir. Bu sayede yapilan eylem analizi ile
eylemlerin  neler oldugu ve hangi sira ile gergeklestirdikleri
kaydedilmistir.

Calisma sonucunda katilimcilarin sirali eylemlerinin gorsel kayitlari,
calismanin deney sirecinin verilerini olusturmaktadir. Kayitlardan
katiimcilarin eylemleri protokollere ayrilip, eylem niteligi ve sayisi
saptanmistir. Bu sayede Froebel bloklari ile ortaya ¢ikacak potansiyel
eylem sayilari ve tirleri ile cagdas Froebel bloklarindan ortaya
cikabilecek potansiyel sayilari ve tirleri karsilastiriimistir.

Calisma sonrasinda katiimcilardan istenen tasarim problemine 6zgl
eylemsel dizge raporu cikarilmis ve sozel geri bildirimler alinmistir. Elde
edilen geri donisler dogrultusunda uygulama 1 ve uygulama 2
arasindaki eylemsel potansiyel fark nitel olarak, geri bildirimler nicel
olarak yorumlar kisminda degerlendirilmistir.

5. ANALIZLER VE DEGERLENDIRMELER (FINDINGS and EVALUATION)

Uygulama 1 ve uygulama 2 kapsaminda kapsaminda katilimcilardan
elde edilen bulgular, protokollere ayrilip degerlendirilmistir. Yontem
béliminde gosterilen protokoller sonucu elde edilen bulgular
linkografi grafiginden vyola ¢ikarak gorsellestirilmistir. Linkografi,
tasarim hareketleri ve bu hareketler arasindaki iliskilere odaklanan, bu
sirecin analizini ve isaretlenmesini iceren gorsel bir struktlrdir
(Goldschmidt, 2014). Tasarim hareketlerinin birbiri ile olan iliskisi
baglantilari (links) olusturur. Ozbaki, Cagdas ve Kilimci'ye (2016) gore
tasarimcinin tasarim uzaminin tasvir edilmesi, linkografi yonteminde
hareketlerin birbiri ile olan iliskileri ile olusan ag ile ifade edilir.
Baglantilar, ileri baglantilar (forelinks) ya da geri baglantilar (backlinks)
olarak siniflandirihir.  Hareketler kronolojik olarak siralanarak,
baglantilari ile birlikte dikey ve yatay uzamda bir matris olusturur. Sekil
3’te tasarim hareketi, baglantilar arasindaki iliski, ileri ve geri hareketler
gosterilmistir.
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Linkografi ile gorsel anlatim teknigi, tasarimcinin tasarim eylemi
sirasinda  yaptigl  hareketler ve bunlar arasindaki iliskileri
gdstermektedir. Bunun da otesinde, bu hareketlerin 6rintisi linkografi
grafiginde incelendiginde, tasarimcinin hangi asamasinda denemeler
yaptigini, yeni bir fikir Uzerinden tasarimini gelistirdigini, ya da
gelistirdigi tasarim dUstncesinde ilerledigini  gorulebilmektedir
(Goldschmidt, 2014).

Moves 1 2 3 4 5
[Hareketler)

(lleri Baglantlar)
Foredinks

(Geri Baglantilar)
Links Backlinks

(Baglantlar)

Linkografi teknigi, katihmcinin Froebel bloklari ve cagdas Froebel
bloklarrile tasarim sirasinda yaptigl hareketleri gdstermek ve arasindaki
orlntldyd aktarmak igin kullaniimistir. Calisma kapsaminda bloklar ve
hareketler arasindaki iliskiyi daha anlasilir olarak anlayabilmek icin
Goldschmidt’in (2014) tanimladigl linkografi tekniginde dizenlemeler
yapiimistir. Sekil 4'te calisma analizlerinin temsil semasi ve hareket
tUrleri gbsterim lejandi verilmistir.

Sekil 3: 5 hareket ve 6
baglantidan olusan bir
linkografi 6rnegi. DUgimler
baglantilari, gizgiler grid
sistemini gbstermektedir.

(An example of a linkograph consisting
of 5 motions and 6 links. Nodes
connections, lines show the grid
system)

(Translated from Goldschmidt, 2014b,
p.49.).

Sekil 4: Calisma Analizlerinin

Temsil Semasi
(Presentation scheme of study
analyzes).

I»
1. HAREKET ESINTISI SINTIL |H 2 MAREKET
ARERET KESINTISIZ KESIN >
8LOXK TUR0 HAREKET MAREKET gt BLOK TORD TEKIL KOYMAK
YAN YANA KOVMAK
> Pt @ @ B bt > UsT OSTE XOYMAK
— N
Ty | | | ARALIKLI KOYMAKX
“wn nN - N
BOSLUGUN KCINE 30KMAK
—e L * & --oenee < L L L L *—
DONDURMEK
CIKARMAK
GERI BAGLANT
ILERE BAGLANT GERl BAGLANT MARECET TURD 2. HAREXET KESINTISIZ HAREXET
3 MAREKET KESINTI HAREXET

Katilimci A, B, C ve D’nin uygulama 1 ve uygulama 2’de tasarim
problemine iliskin Froebel bloklari ve ¢agdas Froebel bloklari ile
yaptiklari tasarimlar bu temsil semasi ve hareket tirleri gosterim
lejandina gére sematize edilmistir.
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Sekil 5: Katilimci A’nin
Uygulama 1’deki tasarim

eylemlemleri linkografi grafigi
(Participant A's design actions in
Application 1 linkography chart)
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5.1 Uygulama 1 ve Uygulama 2 Tasari Eylemleri Karsilastirmasi:
Froebel Bloklari ve Cagdas Froebel Bloklari (Application 1 and

Application 2 Design Actions Comparison: Froebel Blocks vs. Contemporary Froebel
Blocks)

Uygulama 1, Froebel bloklari ile verilen tasarim problemine iliskin A, B,
C ve D katilimcilarinin hareketlerini icermektedir. Sekil 5’deki temsil
semasina gore, katiimci A icin hareket verileri Sekil 6 ve Sekil 7’de,
katihmci B icin hareket verileri Sekil 8 ve Sekil 9'de, katiimci C igin
hareket verileri Sekil 10 ve Sekil 11’de, katiimci D icin hareket verileri
Sekil 13 ve Sekil 13’te gosterilmistir.

Katilimci A:
. s
n 2 [+ - " [ 4 = : E - k - -
o ~ \ [
- L - . L L - - . - - L - -
o " g 3 “ [ n » o o W "
k)
2
»> »
~
- 1 » |l- o~ » R "_
- . - -~ - - L L
n L] [+ (-] - o <o
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4

Katilimci A’nin verilen uygulama 1’de tasarim problemi icin yaptig
hareketleri iceren linkografi grafigi incelendiginde, eylemlerin bir
noktada kesintiye ugradig diger eylemlerin sirali olarak ilerledigi
gorilmektedir. Bunun nedeni, katilimci A’nin tasarimi yeterli gormedigi
ve yeniden baslamasidir. Katihmci A, uygulama 1’de bloklari 3 kez tekil
koyma, 18 adet yan yana koyma, 16 kez Ust Uste koyma, 2 kez aralikli
koyma, 1 kez ¢cikarma, 5 gez geri baglanti, 41 kez kesintisiz hareket, 1
kez kesintili hareket yaptigi gérilmektedir. Uygulama 6 dakika 43 saniye
strmektedir (Sekil 5).
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Katilimci A’nin verilen uygulama 2’de tasarim problemi icin yaptig
hareketleri iceren linkografi grafigi incelendiginde, eylemlerin kesintiye
ugramadigl gorilmektedir. Katilimer A, uygulama 2’de bloklari 1 kez
tekil koyma, 3 adet yan yana koyma, 23 kez Ust Uste koyma, 18 kez
boslugun icine sokma, 4 kez dondirme, 4 kez gikarma, 53 kez kesintisiz
hareket yaptigi gorilmektedir. Uygulama 8 dakika 5 saniye stirmektedir
(Sekil 6).

Katihmcr A'nin - uygulama 1 ve uygulama 2 hareketleri
karsilastirildiginda, uygulama 2’nin uygulama 1’den daha fazla hareket
icerdigi gorilmektedir. Ayrica, ¢calisma kapsaminda incelemek istenen
boslugun icine sokma ve dondirme hareketlerini icerdigi
gorilmektedir. Bunun nedeni, Uygulama 2’de kullanilan cagdas Froebel
bloklarinin bosluklar icermesi ve baglanti elemanlari olan B1 ve B2
bloklarini icermesidir (Sekil 6).
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Sekil 6: Katilimei A'nin
Uygulama 2’deki tasarim
eylemlemleri linkografi grafigi
(Participant A's design actions in
Application 2 linkography chart)
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Katilimci B:
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Sekil 7: Katilimei B'nin Katiimci B'nin verilen Uygulama 1’de tasarim problemi icin yaptigl
Uygulama 1'deki tasarim hareketleri iceren linkografi grafigi incelendiginde, eylemlerin sirali
eylemlemleri linkografi grafigi . o . . ,
(Participant B's design actions in olarak ilerledigi gorilmektedir. Katilimci B, uygulama 1'de bloklari 1 kez
Application 1 linkography chart) tekil koyma, 1 kez yan yana koyma, 12 kez Ust Uste koyma, 3 kez aralikli
koyma, 1 kez cikarma, 2 kez geri baglanti, 18 kez kesintisiz hareket
yaptigl gérilmektedir. Uygulama 6 dakika 23 saniye sirmektedir (Sekil
7).
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Sekil 8: Katilimci B'nin
Uygulama 2’deki tasarim

eylemlemleri linkografi grafigi
(Participant B's design actions in
Application 2 linkography chart)
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Katilimci B'nin verilen uygulama 2’de tasarim problemi icin yaptig
hareketleri iceren linkografi grafigi incelendiginde, eylemlerin kesintiye
ugramadigl gortlmektedir. Katilimci A, uygulama 2’de bloklari 8 kez
tekil koyma, 20 kez Ust Uste koyma, 3 kez aralikh koyma, 21 kez
boslugun icine sokma, 2 kez dondiirme, 3 kez ¢ikarma, 57 kez kesintisiz
hareket vyaptigi gorilmektedir. Uygulama 18 dakika 14 saniye
strmektedir (Sekil 8).
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Katilimeci B’nin uygulama 1 ve uygulama 2 hareketleri
karsilastirildiginda, uygulama 2’nin uygulama 1’den daha fazla hareket
icerdigi gorilmektedir. Ayrica, calisma kapsaminda incelemek istenen
boslugun icine sokma ve dondirme hareketlerini icerdigi
gorilmektedir. Bunun nedeni, Uygulama 2’de kullanilan ¢agdas Froebel
bloklarinin bosluklar icermesi ve baglanti elemanlari olan B1 ve B2
bloklarini icermesidir (Sekil 8).

Katilimei C:
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Katilimci C'nin verilen uygulama 1’de tasarim problemi igin yaptig
hareketleri iceren linkografi grafigi incelendiginde, eylemlerin sirali
olarak ilerledigi gorilmektedir. Katiimei C, uygulama 1’de bloklari 2 kez
tekil koyma, 6 kez yan yana koyma, 19 kez Ust Uste koyma, 1 kez
boslugun icine sokma, 28 kez kesintisiz hareket yaptig1 gortilmektedir.
Uygulama 4 dakika 57 saniye stirmektedir (Sekil 9).

» 7y

L AR Y

» 7y
1
® 11y

Sekil 9: Katilimci C'nin
Uygulama 1’deki tasarim

eylemlemleri linkografi grafigi

(Participant C's design actions in
Application 1 linkography chart)
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Sekil 10: Katimci C'nin
Uygulama 2’deki tasarim

eylemlemleri linkografi grafigi
(Participant C's design actions in
Application 2 linkography chart)

VAl

Katilimci C'nin verilen uygulama 2’de tasarim problemi icin yaptig
hareketleri iceren linkografi grafigi incelendiginde, eylemlerin kesintiye
ugramadigi gérilmektedir. Katihmci C, uygulama 2’de bloklari 9 kez tekil
koyma, 6 kez yan yana koyma, 15 kez Ust Uste koyma, 3 kez aralikl
koyma, 44 kez boslugun icine sokma, 2 kez cikarma, 1 kez geri baglanti,
80 kez kesintisiz hareket yaptigi gorilmektedir. Uygulama 16 dakika 30
saniye strmektedir (Sekil 10).

hareketleri

C'nin uygulama 2

karsilastirildiginda, uygulama 2’nin uygulama 1’den daha fazla hareket

Katihmci uygulama 1 ve

icerdigi goralmektedir. Ayrica, calisma kapsaminda incelemek istenen
boslugun icine sokma hareketini icerdigini fakat dondirme hareketini
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icermedigi icerdigi goérilmektedir. Bunun nedeni, Uygulama 2’de
kullanilan c¢agdas Froebel bloklarinin bosluklar icermesi ve baglanti
elemanlari olan B1 ve B2 bloklarini icermesidir (Sekil 10).

Katilimci D:
z
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Katilimci D’nin verilen uygulama 1'de tasarim problemi icin yaptig Sekil 11: Katilimci D’nin
hareketleri iceren linkografi grafigi incelendiginde, eylemlerin sirali Uygulama 1’'deki tasarim
olarak ilerledigi gorilmektedir. Katimci D, uygulama 1’de bloklari 1 kez eylemlemleri linkografi grafigi
. L . (Participant D's design actions in
tekil koyma, 30 kez yan yana koyma, 2 kez Ust lUste koyma, 2 kez geri Application 1 linkography chart)

baglanti, 33 kez kesintisiz hareket yaptigl gorilmektedir. Uygulama 3
dakika 27 saniye stirmektedir (Sekil 11).
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Sekil 12: Katilimei D’nin
Uygulama 2’deki tasarim

eylemlemleri linkografi grafigi
(Participant D's design actions in
Application 2 linkography chart)
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Katiimci D’nin verilen uygulama 2’de tasarim problemi igin yaptig
hareketleri iceren linkografi grafigi incelendiginde, eylemlerin kesintiye
ugramadigl gortlmektedir. Katilimci D, uygulama 2’de bloklari 5 kez
tekil koyma, 8 kez yan yana koyma, 10 kez Ust Uste koyma, 6 kez aralikli
koyma, 39 kez boslugun icine sokma, 1 kez déndirme, 3 kez cikarma, 2
kez geri baglanti, 71 kez kesintisiz hareket yaptigi gorilmektedir.
Uygulama 15 dakika 35 saniye sirmektedir (Sekil 12).

Katilimci D’nin - uygulama 1 ve uygulama 2 hareketleri
karsilastirildiginda, uygulama 2’nin uygulama 1’den daha fazla hareket
icerdigi gorilmektedir. Ayrica, calisma kapsaminda incelemek istenen
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boslugun icine sokma hareketini ve dondirme hareketini icerdigi
gorilmektedir. Bunun nedeni, Uygulama 2’de kullanilan ¢cagdas Froebel
bloklarinin bosluklar icermesi ve baglanti elemanlari olan B1 ve B2
bloklarini igermesidir (Sekil 12).

Katilimci A, B, C ve D’'nin uygulama 1 ve uygulama 2 sonucunda ortaya
¢ikan tasarimlari Tablo 3’te verilmistir.

UYGULAMA 1 UYGULAMA 2 UYGULAMA 1 UYGULAMA 2

KATIIIMCI A
KATILIMCI B

KATIIMCI C
KATILIMCI D

Katihmci A, B, C ve D'nin uygulama 2’yi tamamlama sureleri uygulama Tablo 3: Katilimci A, B, C ve D'nin
1'yi tamamlama sirelerinden fazladir. Ayrica, uygulama 2’de tasarim Uygulama 1 ve Uygulama 2
siireci boyunca bloklarla yapilan hareketler, uygulama 1’da tasarim Tasanmlar o

(Designs of Application 1 and Application
sUreci boyunca bloklarla yapilan hareketlerden sayica fazladir. Calisma 2 of Participant A, B, Cand D)

kapsaminda, yardimci elemanlar B1 ve B2 bloklari ve ana elemanlar ile
olan bosluk icine sokma hareketi ve dondirme hareketinin uygulama
1’de yapilmadigi, uygulama 2’de yapildigi gorilmektedir.
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6. DEGERLENDIRMELER (EVALUATION)

Froebel bloklari, okul oncesi egitimde cocuklarin bilissel ve motor
becerilerini gelistirmek icin tasarlanmis ve ginUmizde halen
kullanilmaktadir. Bunun yaninda bu bloklar, cocuklarin 3 boyutlu
geometrik sekilleri anlamak ve aralarindaki iliskileri kavramak, bu
iliskilerle birlikte kendi tasarimlarini olusturmaya yardimci olur. Froebel
bloklarinin birbiri ile olan iliskileri ve bloklar arasi eylem repertuvari
genisletilirse, 3 boyutlu geometrik sekilleri anlamak ve aralarindaki
iliskiyi cesitlendirmek mumkin olabilir mi? Buna ek olarak cagdas
Froebel bloklari tasarim egitimi pedagojilerinde kullanilirsa, tasarim
ogrencilerine 3 boyutu anlama ve kullanma konusunda katkisi olur mu
ve bu slrec¢ hangi Uretim araci ile saglanabilir, bu Uretime hangi
malzeme uygun olabilir sorulari dogrultusunda Froebel bloklari dijital
ortamda yeniden tasarlanip, fiziksel ortamda yeniden Uretilmistir.
Froebel bloklari ve yeniden tasarlanan ¢agdas Froebel bloklarinin birbiri
ile olan iliskisi ve hareket mekanizmalarini deneyimlemek calismanin
yontemini olusturmaktadir. Uygulama, daha 6nce tasarim egitimi
almamis 4 adet katihmci ile yapilmistir. 2 asamadan olusan Froebel
bloklari ve Cagdas Froebel bloklari ile yapilan uygulamanin protokolleri
sonucunda Froebel bloklarrile “tekil koymak”, “yan yana koymak”, “Ust
Uste koymak”, “aralikli koymak”, “cikarmak” gibi hareketler yapilirken,
cagdas Froebel bloklari ile bu hareketlere ek olarak “boslugun igine
sokmak” ve “dondirmek” hareketleri gerceklestirilmistir. Tasarlama
eyleminin cagdas Froebel bloklari ile daha uzun sirdtGgi dolayisi ile
katiimcilarin tasarim asamasinda daha fazla disindGgu ve bloklarla
daha fazla tasarim hareketi gosterdikleri gdzlemlenmistir. Tasarim
eylemlerinin artmasi, deneme yanilma yolu ile farkl tasarim sonuglarina
ulagilmasi dolayisi ile Uretkenligin artmasina yol agmaktadir. Ayni
zamanda bloklarin birbiri ile olan iliskisine ek yeni baglantilar (bosluga
ekleme, dondirme) eklendiginden 6tiri 3 boyutlu Gretim mantigini da
arttirmaktadir. Fakat calismanin asil amaci, bloklarla oyunun yaraticiliga
olan etkisi degil, tasarim eylem mekanizmalarini arttirmaya yoneliktir.
Tablo 4'te katilimci D’ye ait uygulama 1 ve uygulama 2 tasarim
kompozisyonlari gortlmektedir. Gorsellerden anlasilabilecegi gibi,
cagdas Froebel bloklari ile yapilan tasarim eylemleri, mevcut Froebel
bloklarina gore zenginlesmektedir.
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UYGULAMA 1 UYGULAMA 2

Tablo 4: Katiimci D'nin
Uygulama 1 ve Uygulama 2

Tasarimlari (Designs of Application 1
and Application 2 of Participant D)

Froebel bloklari ile yapilan uygulama 1’de ¢ogunlukla “Ust Gste koyma”
ve “yan yana” koyma eylemleri yapilirken, cagdas Froebel bloklari ile
yapilan uygulama 2’de cogunlukla “Ust Uste koyma” ve “boslugun icine
sokma” eylemleri yapilmistir. Eylemler arasi iliskilere bakildiginda,
Froebel bloklari ile yapilan uygulama 1’de “Ust Uste koyma” ve “yan
yana koyma” eylemleri sirali gelirken, uygulama 2’de ise bu sira
bozulmus, “bosluktan gecirme” eylemleri gerceklesmistir. Bu durum
tasarim slrecinin uzamasina neden olmustur. Uygulama 1'de “tek
kullanim” eylemi tek basina kullanilirken, uygulama 2’'de tek kullanma
eylemini “bosluktan gecirme” eylemi izlemis ve bu eylem kimesi
baslangictan itibaren ¢cogunlukla ilk 6 adimda gerceklesmistir. Calisma
kapsaminda cagdas Froebel bloklarinin, Froebel bloklarindan farkli
olarak, eylem sayisini arttirdigi ve eylemler arasindaki iliskiyi
cesitlendirdigi gdzlemlenmistir.

7. SONUC (CONCLUSION)

Froebel bloklari, tasarim egitiminde kullanilan, bloklarin birbiri ile olan
iliskisinin tasarimci tarafindan gerceklestirilen eylem mekanizmasina
gore degistigi geometrik sekillerdir. Bu calismada tasarim egitim
pedagojisinde kullanilan Froebel bloklarina ¢agdas bir yorum getirerek,
Froebel bloklarinin tasarim eylemlerini arttirmak ve farkli eylemler
katabilmek amaclanmistir. Froebel bloklarinin birbiri ile olan iliskileri ve
bloklar arasi eylem mekanizmalari repertuari genisletilip, 3 boyutlu
geometrik sekilleri anlamak ve aralarindaki iliskiyi cesitlendirmek
tasarim egitimi acisindan yararli olacaktir. Bu durum, Froebel bloklarina
bosluklar acilarak ve bosluklara uyumlu yardimci elemanlar eklenerek

olusturulan cagdas Froebel bloklari ile 3 boyutta farkl geometrik
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kompozisyonlar ve eylemler gerceklestirerek mtumkin olabilir. Tasarim
egitiminde cagdas Froebel bloklarinin kullanimi, doluluk bosluk, sekil
zemin, ritim, denge, kontrast iliskileri, mekanlar arasi kurgu gibi tasarim
konularinin kavranmasina yardimci olabilir.

Gagdas Froebel bloklari, dijital fabrikasyon ile Froebel bloklarinin
eylemsel repertuarini gelistirmek Uzere tasarlanmistir. Bu noktada
dijital ortamda hesaplama araglari ile tasarlanan ve fiziksel ortamda
Uretimi saglayan dijital fabrikasyon ile mevcut geometrik sekillerden
yeni bloklar dretilebilmesi saglanabilir ve bu sayede tasarima
repertuarina yeni eylemler eklenebilir. Tasarlanan yeni bloklar ayni
zamanda anlik olarak Uretilebilir ve bloklarla olan iliskisi
deneyimlenebilir. Dijital fabrikasyon dijital ortamda tasarlanip, dijital
ortamda Uretimi kapsayip, tasarim problemine 06zgli modellerin
Uretilmesini sagladigindan, tretim sisteminin daha devingen olmasini
saglamakta ve tasarim eylemlerini zenginlestirmek icin bir olanak
saglamaktadir.

8. GELECEK CALISMALAR (FURTHER STUDIES)

Tasarim egitiminde kullanilmasi amaclanan c¢agdas Froebel bloklari,
sadece bu calisma kapsaminda degil, farkh calismalarda da kullanilmasi,
potansiyellerinin  gelistirilmesi amaclanmaktadir. Cagdas Froebel
bloklarinin gerek bicimsel 6zellikleri degistirilerek gerek bu parcalara ek
bloklar eklenerek, tasarim eylem dizgisini arttirmak ve eylem tiplerini
arttirmak hedeflenmektedir. Calisma, daha 06nce tasarim egitimi
almamig 1 yiksek lisans 3 doktora 6grencisi olmak Uzere 4 lisanslstl
katilimcr ile gergeklestirilmistir. Katiimcilar kontrol grubu olarak
secilmis, cagdas Froebel bloklari ile tasarim eylemleri arttirdigl sonucu
ile tasarim egitimi pedagojilerde ilerleyen calismalarda kullanilabilecegi
distnulmektedir. Bu dogrultuda gelecek calismalarda, tasarim
egitimine yeni baslayan o6grenciler ile bu calisma gerceklestirilmesi
hedeflenmektedir. Cagdas Froebel bloklarinin, tasarim egitimine yeni
baslayan 06grencilerle ritim, kontrast, denge vb. temel tasarim
ogelerinin kavranmasini kolaylastiracagi, tasarim eylem repertuarini
zenginlestirecek  Uretkenlik ve vyaraticiigl  destekleyecegi ve
kisisellestirilmis yeni bloklar ile kompozisyonel varyasyonlarin giderek
artacagl ongorilmektedir.
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Machine as the Designer of Generative Solutions in Chair

Design
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The use of artificial intelligence in design processes has become highly visible. The
utilitarian use of this new technology in design raises questions about the
relationship between man and machine and its contribution to the final product.
This study, which was carried out specifically for chair design, analyzes the design
outputs obtained from Autodesk's Fusion 360 software, and examines how far the
generative system can realize the chair design without the contribution of the
designer. The contribution of generative design to the design process has been
examined in terms of form, material and manufacturing technology. In this context,
it reveals that the role of the designer in creating a complex design product cannot
be ignored.
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GUnUmdiz tasarim Urunlerinde, yapay zeka kullanimi oldukga gérunir olmaya
baslamistir. Fakat, bu yeni teknolojinin tasarim alaninda faydaci kullanimi, insan-
makine arasindaki iliskinin yaninda elde edilen son drine katkisiyla ilgili soru
isaretlerini  de beraberinde getirmektedir. Sandalye tasarimi 6zelinde
gerceklestirilen bu ¢alisma, yapay zeka olgusunun tasarimci katkisi olmadan bir
sandalye tasarimini ne kadar ortaya koyabilecegini tretken tasarim sistemine sahip
bir yazihmdan elde edilen sonug tasarim giktilari Gzerinden yapilan analizlerle ele
almaktadir. Bunun yaninda, Uretken tasarimin tasarim sirecindeki katkisi form,
malzeme ve Uretim teknolojisi baglaminda irdelenmistir. Bu baglamda, cok
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1. INTRODUCTION

The design and manufacturing styles of chairs are changing with the
developing technology throughout history. It is an undeniable reality
that the computer has become an indispensable part of the design
process with the computer technology that has developed. This study
guestions to what extent computer technology can contribute to the
design of a chair without designer intervention.

Especially in the industrial revolution, innovative materials and
manufacturing technologies showed themselves in every field of
design. For this reason, the years of the industrial revolution have been
a period that can be called the breaking point in which innovative
approaches in furniture design were introduced. In the history of
furniture design, although the shaping of furniture was done with
traditional methods until this period, the idea of using steam, the most
important energy power of the period, brought innovation to these
methods (Postell, 2012). This innovative production technology, called
the steam bending technique, was first used by Samuel Gragg in 1808
in the chair design called Elastic Chair. This technology led to the
emergence of Michael Thonet’s No.14 chair, which is considered the
most successful mass production product in the history of furniture
design (Thompson, 2011).

In the 20th century, the technology that developed with the help of
machines in the previous century gave birth to the emergence and
development of artificial intelligence, which could take over the mental
workload of humans with the information processing power of
computers (Li & Du, 2007). Joris Laarman’s Bone Chair (2006),
Autodesk’s Elbo Chair (2016) produced with the Dreamcatcher project,
and Al Chair (2019) which is jointly designed and produced by Philippe
Starck and Autodesk, are chair designs from the recent period with the
undeniable contributions of generative design (Figure 1).
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No.14* Bone Chair? Elbo Chair® A.l. Chair*
1859 2006 2016 2019
Michael Thonet Joris Laarman Autodesk Philippe Starck &
Dreamcatcher Autodesk Fusion

Project 360

Generative design is a design process that helps to discover unknown
or unclear alternatives to a design with the help of mathematical and
logical methods. Mathematical and logical methods describe
algorithms comprising design parameters and objectives. These
algorithms search for the most appropriate parameters such as
material, manufacturing method and manufacturing cost among many
design alternatives during the design process. As a result of this
process, alternatives that cannot be obtained with traditional design
are achieved. These generative design products’ general characteristics
are (McKnight, 2017):

e Reduced weight

e Maintained or improved performance
e Reduce development time

e Increased creativity

e Increased efficiency

e Customized product development.

With the use of generative systems in today's product design, we
encounter two different design processes outside the traditional
process: generative design and data-driven generative design (Figure
2). Among these, the designer takes an active role and makes the most
contribution to a design product in the traditional design process.
Especially in furniture design, the choice of creative ideas for the
solution of the determined function, and the presentation of form and
construction in design are completely realized by the decision of the
designer. In generative and data-driven generative design, it is seen
that the role of the designer is quite small. In these processes, the
designer leaves the final product design outputs in the hands of the

Figure 1: Chair Design from the

Industrial Age to the Age of
Artificial Intelligence
Phaidon,2006; Laarman, 2015;
Harsuvanakit, 2016; Jordahn,
2019).
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Figure 2: Generative Design
Systems (Bidgoli & Veloso,
2018).

85

machine by entering the parameters (design area, material, production
technology, etc.). The designer makes the choice of the final product
proposals and can decide to repeat the design process by choosing one
of the traditional, generative or data-driven generative design
processes for their development. Considering all this, the level of the
designer's contribution in the design process of generative and data-
driven generative design, which proceeds in partnership of machine
and human, cannot be clearly expressed. With the advancing
technology, artificial intelligence somehow challenges the designer in
the field of design, so we need to question today's design approaches
(Giaccardi & Redstrom, 2020).

Designer Product

Py

'I’“a'
.’0 2
% o Generative

Data

A > 1A H\.\ﬁ'\ﬁﬂ

B ‘} Vv
> Machine > Generative >

Learning System

Traditional

Generative
Design

Data-driven
Generative Design

Although there are many furniture designs produced with generative
design methods, scientific studies in this context are very few. In their
study, Barros, Duarte & Chaparro (2015) discuss the generation of chair
designs with shape grammars and their improvement with optimization
tools offered in CATIA. Bidgoli & Veloso (2018) enabled the designer to
design by interfering with the chair design generated as a point cloud
by the DeepCloud system they created using the machine learning
method. In this method, system learns from a database and sets inputs
and constraints instead of the designer. Apart from these, Li and
Lachmayer (2018) discussed generative design approaches for
modeling creative designs; Liu et al. (2019) created chair design images
with the support of artificial intelligence using generative adversarial
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network and finally Ramesh et al. (2021) created an application in which
they used text as data and transformed it into furniture visuals.

The chair, which is one of the furniture that people use every day, has
been tried to be generated in the “Autodesk Fusion 360” software with
the generative design method. In the study, it is aimed to question the
design outputs generated with the ready-made generative system
without the intervention of the designer. It seeks answers to the
questions of whether a chair design can be created by artificial
intelligence alone or how much it contributes to the design.

2. MATERIAL AND METHOD

Chairs have been the subject of innovative studies and they have
become the first objects designed and mass produced in cooperation
with artificial intelligence (Al Chair by Philippe Starck & Autodesk,
2019). This study, which examines the relationship between design and
artificial intelligence through furniture design, has been discussed in
terms of chair design for these reasons.

Various software have been examined to observe the generative design
solutions of artificial intelligence. Currently, Solidworks Simulation
(Dassault Systemes), xDesign (Dassault Systemes), Functional
Generative Design (Catia, Dassault Systemes), xGenerative Design
(Dassault Systemes), Siemens NX and Autodesk Fusion 360 software
offer generative design support. As can be seen in Figure 3, Autodesk
Fusion 360 is the software that includes the most features, offers free
use, and is used in chair design (Al Chair, 2019) has been chosen for this
study.

This study was carried out with the Generative Design plugin, which
allows the use of artificial intelligence in Fusion 360 software. In order
to obtain a design output in the Generative Design plugin (Figure 4), a
3D model must be defined. This model should consist of three different
parts; Preserved geometry, which is the masses that will be connected
with each other and will not change, obstacle geometry that allows us
to determine the area that artificial intelligence should not particularly
interfere with, and the starting shape that is desired to be processed
(Figure 5). According to the design problem which we expect from
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Figure 3: CAD software
packages using Generative
Design (Westerveld, 2021).

(CAD: Computer-Aided Design,
CAE: Computer-Aided
Engineering, AM: Additive
Manufacturing)

Figure 4: Generative Design
Process of Autodesk Fusion
360.

artificial intelligence to be solved, at least two of them must be defined
as preserved geometries.

Functional Autodesk
Solidworks Generative | xGenerative | Siemens | Fusion
Simulation | xDesign | Design Design NX 360
Nonstructural
v v v
parameters
Iterative
) v v v v v
algorithms
Remove and
) v v v
add material
Incomplete v
CAD model
Accurate CAE
) v v v v
analysis
Multiple
v v
results
AM controls v v v

Design Design Design .
Model + S + ' + -0 + | Material
Space Conditions Criteria
> Preserve > Structural > Objectives
Geometry Constraints
> Obstacle > Structural > Manufacturing
Geometry Loads
> Starting Shape
\'2
Artificial
Intelligence
\'2
Generative Design
QOutcomes

After the 3D model is created, it is necessary to specify the design
conditions for this model. The design conditions include the data of two
main values: structural constraints, which masses are selected as fixed,
pin or frictionless, and structural loads, where force, pressure,
momentum and bearing load are determined.

After determining the 3D model and design conditions that artificial
intelligence will analyze, the design criteria should be selected. In the
design criteria, objective (minimizing mass or maximizing stiffness) and
manufacturing types (unrestricted, additive, milling, 2-axis cutting or
die casting) to be used should be specified. Finally, the material
selection should be made for the 3D model to be used in generative
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design analysis, then it is sent to the cloud network of the software for
artificial intelligence to process the data and generate design outputs.

2.1 Identification of Design Problem

Model proposals have been developed to examine the artificial
intelligence-design relationship. The parts that make up the chair are
divided into three: the seat, the backrest, and the legs. Since these parts
are generally rectangular or circular in shape, the seat, backrest, and
foot elements are first defined with 2x2, 3x3, and 5x5 points, and in the
next stage with rectangular planes instead of points. The use of
anthropometry and ergonomic data is inevitable when designing a
chair, which is a product that interacts with the human body. In order
to answer the question of whether the machine can develop such a
solution in the generative design process, ergonomic and
anthropometric values are ignored. In this respect, only
anthropometric data defining the standard dimensions of the elements
that should be in a chair design in the developed problem models are
discussed. The standard dimensions are 40x40 cm for the seating
surface, 40x40 cm for the backrest, and 40 cm for the foot heights
(Panero and Zelnik, 1979).

2x2 3x3 5x5 Planar
* T . :j:z
IEERANT T -
2L | Latee | lagwe |
Model 1 Model 2 Model 3 Model 7
», i,’ :{n
g } ﬂ’i’ Z .
HEE=SEL iy
Model 4 Model 5 Model 6 Model 8

First, model proposals called Model 1, Model 2 and Model 3 are created
to examine what kind of seat, backrest and leg formations will be
produced by artificial intelligence. Chair parts are defined with points
in these models. In Model 4, Model 5 and Model 6, the leg parts are

Figure 5: 3D design models
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Figure 6: Creation of
Generative Design Model
(Autodesk Fusion 360)

defined as planes in order to examine the shape formation in the leg
part of the chair without limiting it to points. In Model 7, the seat and
backrest part of the chair are defined as rectangular planes and the legs
are defined as points. For unrestricted leg formation, the leg part is
defined as a plane in Model 8 (Figure 5).

In every chair design that is expected to be created by artificial
intelligence, the 3D model is made ready for analysis by placing obstacle
geometry so that the artificial intelligence does not interfere with the
volume that will allow a person to sit (Figure 6).

- (]
£ =
@
@ = —
Q@ r
@
@
| LY
M Preserve Geometry M Obstacle Geometry Starting Shape

The following values were kept constant in all 3D models, and the
analyzes to be performed by artificial intelligence were carried out in
the gravitational environment (g = 9.807 m/s2):

Structural Loads: A force of 1100 Newtons, which corresponds
to 110 kg of weight, is applied to the seat surface of the chair,
and 450 Newtons, which is approximately equivalent to 45 kg
of weight, is applied to the backrest. These force sizes are
applied based on the ISO 7174-2 coded "Furniture - Chairs -
Determination of stability" standard.

Objectives: It is aimed to minimize the mass for minimal
material use in the design outputs. The safety factor value is
based on the program's standard value of 2.00.
Manufacturing: By using two different options as unrestricted
(both additive and reductive) and additive only, it is desired to
monitor the differences between the design outputs that
artificial intelligence will obtain without any limitation or by
imposing a limitation on the use of manufacturing technology.
Materials: Titanium 6Al-4V and Orgasol Invent Smooth-PA12
offered by the program were selected for the design masses in
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each 3D model in terms of their suitability for the selected
production technologies. These two different choices also aim
to observe the effect of material use in artificial intelligence
analyzes performed on the same model.

3. RESULTS AND DISCUSSION

In the study, the contribution/functionality of the Generative Design
plugin of Autodesk Fusion 360 to a design problem was tested. In this
context, it has been examined whether the artificial intelligence of the
program can design a chair on its own without the need for a designer.
In the first stage of the study, the seating surface and backrest of the
chair were defined with dots. In the second stage, these elements are
given as surfaces. The results and feedback produced by the Fusion 360
software are evaluated and explained below (Table 1; Table 2; Table 3;
Table 4; Table 5; Table 6; Table 7; Table 8; Table 9).

In the first stage of the study, designs with fixed and non-fixed number
of legs were produced. When the produced design outputs are
evaluated;

For generated designs with fixed number of legs (Model 1, Model 2 and
Model 3):

1. In Model 1, where the number of points forming the planes of
the chair (seating, backrest, leg/s) is the least, it has been
concluded that the similarity ratio in terms of form in the
design outputs created by artificial intelligence is the least and
the design outputs differ in mass.

2. Ithasbeen observed that the design outputs created for Model
2 and Model 3 have a very high similarity ratio in terms of form.

3. While the backrests create more hollow structures in Model 1;
a solid surface formation was observed in Models 2 and 3.

4. While there is monolithic leg formation in Models 2 and 3; It
has been determined that more free leg forms are formed in
Model 1.

5. In Model 2 and Model 3, no difference was observed in terms
of form formation between additive and unrestricted
manufacturing technologies. It can be said that this form
difference occurred only in Model 1.
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Table 1: Design outcomes of
Model 1.
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For generated designs without number of legs constraint (Model 4,
Model 5 and Model 6):

1. Compared to models with leg constraints, less material is used
and more hollow forms are generated.

2. Although there is a similarity with the first stage in the design
outputs in which the additive manufacturing method is used,
differentiation is observed in all three elements (seating,
backrest, leg/s) that make up the chair.

3. In the design outputs where the unrestricted manufacturing
method is used, more structural solution suggestions are
encountered instead of a massive form formation.

4. Although the formation of the legs are not fixed in Model 4, the
formation of four legs can be explained by the fact that it is the
form that will best realize the portability of the forces applied
to the surfaces.

A monolithic leg form is formed in Models 5 and Model 6.
In Model 5 and Model 6, we can talk about a fixed seating
element, not a portable chair.

Examining the design outputs created by artificial intelligence through
all the problem models (Models 1, 2, 3, 4, 5 and 6) of the first stage;

1. The use of different materials does not create significant
differences on the design outputs in terms of form.
Unrestricted manufacturing method reduces material usage.
As the number of points on the planes (seating, backrest and
leg/s) forming the chair in the problem models increased, the
design outputs produced by artificial intelligence created more
massive and closed forms. While 2x2s create open forms;
Models with 3x3 and 5x5 created more closed forms. The most
monolithic state is observed as Model 3.

4. Model 1 and Model 4 have a more delicate structure compared
to the others, which can be explained by the decrease in the
number of points where the load is applied.

5. Some design outputs are in forms that we can call chair design
away from human ergonomics.

6. As the number of iterations increases, the use of materials
decreases regardless of the manufacturing technique, and
more hollow forms are formed.
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7. Where leg form wanted to be analyzed as unrestricted; Models
1, 2 and 3’s design outputs have a solid backrest, while Models
4,5 and 6’s have more open. Beside, when the manufacturing
and leg types are unrestricted in Model 4, 5 and 6, the leg
profile has been observed that it becomes thinner.

8. In Models 1 and 4, the fact that the points to be connected by
the artificial intelligence or the load to be applied by the person
sitting on the chair are only on the corners of the seating and
backrest surfaces did not create any planar form on the seating
and backrest surfaces in these models. In this respect, for a
surface to be formed within the program, there must be
preserved geometry in at least one coordinate on this surface
where the load will be applied. Because of this situation, in the
second stage, the seat and backrest elements that make up the
chair design are defined as planar and the final products are
obtained.

In the second stage, models with defined seating and backrest surfaces
were given to the software. When the generated design outputs are
evaluated;

1. In Model 7, the leg element consists of a closed volume. In
Model 8, where we wanted the leg to be non-fixed, we can
observe the free-form formations for it. This can be associated
with the low number of iterations.

2. Onthe contrary, we encounter a reduced volume in the design
output number 12, which is produced on the Z- axis with the
additive manufacturing technology in Model 7. Since the
number of iterations did not increase in the titanium-produced
derivative number 6, the volume did not decrease. It
emphasizes the importance of the axis in the additive method.

3. It has been observed that the design outputs generated with
unrestricted manufacturing in Model 7 and the design outputs
6 and 12 generated on the Z- axis in additive manufacturing of
all models have the same form characteristics.
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Table 9: Design outcomes
for all models.

As a general review is made for all the result products;

It is clearly observed that the addition axis (x+ ... z-) creates
constraints on the final outputs in the additive manufacturing
method (Model 1, Model 4 and Model 7). In general, this
situation is due to the nature of the additive manufacturing
method. However, design outputs 6 and 12 of Model 1 and
Model 7 produced on the Z-axis with this manufacturing
technology show that there are deviations in the results of the
program.

As the number of iterations increases, the program decreases
the mass volume as it is intended; we can observe the
formation of forms with voids. In addition, due to the material
difference, there is an insignificant change in the forms.
Although the design outputs were solved in accordance with
the aim of minimizing mass, the size of solid volumes reached
high weights in contrast to a chair design which should be
portable.

In the generative design analysis, material selection did not
provide any remarkable difference in form formation in the
design output. Therefore, it can be mentioned that material
reactions should also contribute to this design process.

The whole model is made of a single material and there is no
possibility to choose different materials.
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4. CONCLUSION

The approaches of designers to new designs are changing with the
developing new technologies. Generative design offers designers
opportunities such as saving time, alternative design solutions,
customizing the design, and better performance in the final design.
Despite these, the generative design plugin is insufficient in its current
state contrary to design a whole product by itself and the designer's
experience is the most important input of this design process.

When we look at the design outputs generated by the generative
design method;

o The software tries to optimize the structural forms it creates
for the given purpose by reducing the use of materials. In
parallel with this, the resulting products are very close to each
other in terms of form, within the possibilities given by the
manufacturing methods.

o Considering the form formation obtained in both stages; The
low number of inputs in the model proposals given for the
analysis of the software supports the presence of more
alternative forms. Defining chair elements with planes instead
of point inputs provides better results in order to create a chair
design. When the seating and backrest surfaces were defined,
it was possible to reach chair designs in various forms with
generative design.

o The design outputs obtained against the given design problem
require reconsideration within the designer-generative system
relationship. The generative design method can be used as a
support system for the designer to find the optimum structure
in the design process, rather than being a system that produces
a design product on its own

o In the generative design process, the software lacks material
diversity and the combined use of production technologies due
to the use of a single material and/or manufacturing
technology. These constraints necessitate the design product
to be in a monolithic structure or separate consideration of
elements/parts of a design product.
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Generative design plugin needs to be developed in order to be used as
a valid design tool. In this context, visual inputs similar to the desired
product may be given at the beginning of the design process, and it can
be expected to allow the designer to intervene through the results.
When the software is evaluated as an artificial intelligence, it can be
expected that data such as ergonomics, anthropometry and culture can
be processed by the software in addition to visuals.
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1. INTRODUCTION

The latest developments in computational design have caused a
massive paradigm shift in contemporary architecture. The power of the
new computational tools allows the designers to design fluid and
dynamic transformational forms replacing the rigid norms of current
processes. Kolarevic (2003) in his book of “Architecture in the Digital
Age: Design and Manufacturing” argues that “The topological,
curvilinear geometries are produced with the same ease as Euclidean
geometries.” Therefore, declaring the end of widely accepted use of
grids, repetitions, and symmetries in architecture which opens up new
doors to infinite variability and mass-customization.

Integrating design and manufacturing around digital technologies
restructures the roles of the architect, the engineer and the builder and
creates a more seamless organic way of doing things eliminating the
dichotomy between designing and making.

Digital Manufacturing (DM) and in particular Additive Manufacturing
(AM) significantly impact how designers think of complex mechanisms
and geometries while designing. This article is motivated by the fast-
paced changes in Additive Manufacturing (AM) in large-scale structures
and the opportunities arising from manufacturing components,
modules and even monolith buildings.

AM commonly known as 3D printing has been identified as a truly
disruptive innovation, and as one of the five emerging technologies
(among Al, Robotics, Augmented Humans, Internet of Things) that are
believed to significantly impact the future (Prentice, 2014). The widely
accepted definition of Additive Manufacturing is the automated
building of physical models, layer by layer from three-dimensional (3D)
computer aided design data. Whilst additive manufacturing can refer
to any process where a product is created by a layering principle, it
predominantly indicates technologies and processes involving 3-D
printing with scale and precision in mind. (Ngo et al., 2018). When we
look at the developments in second decade of 215t century 3D printing
technologies are implemented for very different products, such as
jewelry, biological implants, automotive parts, bridges and houses.
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This article is part of a research on Additive Manufacturing (AM) and
has evolved organically out of necessity while trying to map out the
latest developments about large scale AM processes. Due to the ever-
increasing interest on the subject both in academia and private sector
there is an immense number of applied researches. Since the subject
matter involves several disciplines i.e. material science, robotics,
architecture, engineering, business etc., the research area is also very
diverse. This aims to better understand and position the latest
developments therefore challenges on a number of diverse subjects
through a proposed classification method.

This article predominantly evolves through three stages. After the
introduction chapter the authors give a brief overview of the subject
and then introduce the methodology on classification of large-scale
Additive Manufacturing, moving on to the proposed classification
through case studies and finally in the last chapter we discuss the
current challenges and future potentials.

2. A BRIEF OVERVIEW AND METHODOLOGICAL APPROACH

2.1 A Brief Overview

Additive Manufacturing is a term that encompasses several varying
technologies of layered production of artifacts. The American Society
for Testing and Materials (2009) defines Additive Manufacturing as “the
manufacturing of objects through the deposition of a material using a
print head, nozzle, or another printer technology”.

In the early 1980’s 3D printing was being discussed in the academic
circles, it was not called 3D printing but Rapid Prototyping (RP). Though
Dr. Hideo Kodama applied for the first patent RP technology in 1980,
Charles Hull was the one who both took the credit for
stereolithography, and also patented the technology in 1984 (Paull,
2017). 1999 was a milestone year in terms of printing biological
materials. Scientists at Wake Forest Institute printed synthetic scaffolds
of a human bladder and then coated them with human patients’ cells
(Moon, 2014). In 2005, the Rep Rap movement, an open-source
initiative enabled the users to print parts of a 3D printer by another 3D
printer (Goldberg, 2018). This was the breaking point for desktop 3D
printers. This development marked the beginning of the maker
movement. Inthe early 2010’s, large scale robotic 3D printers emerged
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and experimented on pavilions and other small-scale structures. In
2017, already several projects were competing with time to become
the first 3D printed house (Varotsis, 2018).

The main principle of Additive Manufacturing is universal for all of the
different methods and scales: layering of a 3D CAD model by a software.
The layering process is also called slicing and the device used to
manufacture the output is called the printer. Different methods require
different curing processes; it can either be by exposition, heating, or
bonding.

The size and the preferred resolution of the model determines the
number of layers on the model. The resolution of the 3D printed object
is ruled by the thickness of layers.

Before the actual printing process starts which material will best suit
the needs required for the object should be decided. Materials used in
3D printing has a broad spectrum which will be discussed later. Some
materials work with specific AM technologies therefore when choosing
the material, the technology is also chosen simultaneously. On the
other hand, the main determining factors in surface quality are the
chosen manufacturing method and the materials used.

Menges, in his 2015 article, Material Synthesis: Fusing the Physical and
the Computational, states that the material technologies and
construction methods have always shaped architecture, making it
impossible to separate architectural design from advancements in
production, fabrication, assembly and construction. Nonetheless the
developments in cyber-physical production systems in the
manufacturing industry created a paradigm shift in conceptual
transformation of design thinking.

Although AM, as a Digital Manufacturing technology has been around
since the 80’s its potential in large-scale architectural typologies is
being explored only for the last decade. The AEC industry has always
been slow to adapt technological advancements due to difficulties in
changing the traditional way of designing and making things.
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2.2 Methodological Approach

Due to the novelty of the subject, the research on AM especially on
Large Scale Structures proved to be rather challenging. Since AM is
deeply connected with real life experiments and applications both in
the industry and the academia, it was difficult to bring together all the
research in a meaningful and a coherent manner. Therefore, specific
case studies are chosen based on their significance in order to map the
necessary approach for classification of architectural scale AM
applications. As Yin (2003) argues case study is a deliberately chosen
method when the observation of a recent phenomenon within its real-
life context, has blurry limits between that phenomenon and its
context. This method allows researchers to keep the coherent
characteristics of real-life events while analyzing a specific
phenomenon.

The lack of a widely accepted classification method led to merging a
few of the methods and creating a new hybrid one. In the proposed
method, the categories are determined based on the general literature
review of the subject but also equally inspired by the necessity of not
having an all-encompassing classification system to better position
each and every one of the case studies chosen from a large group of
project pool. While each category in the proposed system, on its own
is a thorough research area and has several in depth studies on them,
it is very rare to find a comparative study based on classification of
different and broad applications.

During the research for the subject matter several academic databases
and other online resources are screened including Elsevier, Science
direct, Ebsco, Proquest, YOK Ulusal Tez Merkezi etc. The keywords used
in literature review is defined in Table 1. Duplicate entries and articles
outside the scope of the article are removed, ensuing 45 articles and 15
other resources being used in the final version (Figure 1).

Both in database and other online resource researches nine additive
manufacturing terms, ten construction terms and twenty eight other
related viable terms have been used.
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Category Included terminology

Additive 3D printing, [3-D printing], additive construction,

manufacturing direct digital manufacturing, automation in
construction, concrete printing, clay printing,
contour crafting, binder jetting, material

extrusion
Architecture & Building, pavilion, architecture, cement, clay, civil
Construction engineering, concrete, construction, large-scale,
computational
Viability Classification, types, typology, structure, load-

bearing, reinforcement, sustainability, material,
technology, mould, formwork, module,
component, joint, monolith, form, materiality,
building code, cost, design, economics,
efficiency, energy, in-situ,  optimization,

Table 1: Keywords. productivity, strength, time
? Keywords: Records indetified through Duplicates removed
5 - Additive Manufacturing Terms[9] | database research[n=3523] T [n=21]
2 - Construction Terms[10]
g - Viability [28) l
el Ut e
= - Non-construction related
- - Material science focused l
g articles
& ’ mzhszglﬁ.;es Abstract screening —_ Records exluded
- Additive manufacturing not the [n=318] [n=175]
main subject
5 Exclusion Criteria: Full text screening Records exluded
S | -Limited rigor [n=143] —F [n=98]
w - Not relevant
Figure 1: The Flow Diagram for
. ,5 Studies included in the article Other resources included in
the research conducted is 3 [n=45] the article [n=15]
summarized -
The finding from the resources eased determining some of the main
categories of the proposed classification in this article due to them
being accepted by large institutions like The American Society for
[ [ . u i
Testing and Materials (ASTM). On the other hand some subcategories
were more open to discussion. When we move on to our proposed
classification approach, under each category these discussions will be
mentioned if there is any.
The main categories of the proposed classification are; Technology
used, Materials Used, Type of Process, Site of Manufacturing,
Deposition gear, Structure type, and Reinforcement type. Each
category defines a different aspect of an application without going into
m
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too much detail for the purposes of creating a broad basis that enables
a comparative study.

3. THE PROPOSED CLASSIFICATION

The evaluation of case studies in a comparative perspective through the
lens of existing methods led to a merging of a few different approaches
and rewording some of the categories to create a consistency of the
language used. The main seven categories and their subcategories
which constitute the classification criteria are described below:

3.1 Categories

= (lassification of Additive Manufacturing based on the Technology
used: Although several new technologies are introduced every year
there has not been a new technology that would shift the widely
accepted existing classification done by The American Society for
Testing and Materials (ASTM) (2009). All the new technologies
introduced can classified under one of the seven technologies that are
widely accepted. The seven technologies determined by ASTM are; Vat
photo polymerization (VP), Powder bed fusion (PBF), Material extrusion
(ME), Material jetting (MJ), Binder jetting (BJ), Directed energy
deposition (DED), Sheet lamination (SL). In this article the AM
technologies defined by ASTM and summarized in the Table2 will be
utilized. The Table adapted from Tofail et. al. briefly summarizes the
advantages, disadvantages and the materials used in different AM
technologies.

= (lassification of Additive Manufacturing based on Materials:

Additive Manufacturing is possibly the most direct method of bringing
forms into material world. As the digital design is able house every bit
information, the designer can control every detail manufactured by AM
technologies. With such control over fabrication it is possible to
generate every kind of form without any additional costs. This creates
the possibility of optimization both in form and material distribution. In
macro scale, with topology optimization the layout of the material is
being organized based on the load the design receives and in micro
scale it allows the designer to control material heterogeneity. In order
to better understand the process around materials it is in our best
interest to understand the scope of the materials used in AM processes.
The classification of Additive Manufacturing materials has been a long
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disputed subject. The main discussion on the classification of materials
is whether they should be classified based on their initial state or based
on their deposition state. To go deeper into discussion would be
inconclusive but most importantly would derail the general subject
matter. Therefore, in this article the widely accepted classification of
Kruth et al (1998) will be used. Kruth et al (1998) classifies the materials
based on their deposition states; liquid based, solid based, and powder
based. Whilst the main classification method for materials are based on
three states, we also find it valuable to dedicate a separate discussion
for advanced materials even though taxonomically they can be
classified under any one of the three states.

Solid based materials: All solid-state materials either in the form
of asheet or a roll fall under the category of solid based materials.
Solid-based AM systems work with selective gluing / joining
methods. These processes are different from one another,
though some of them use the laser in the process of fabricating
prototypes. They all utilize solid in one form or the other, as a
material to create the final product. Laminated object
Manufacture (LOM), Selective Deposition Lamination (SDL),
Ultrasonic Additive Manufacturing (UAM) are the most common
technologies using solid based materials.

Powder based materials: Powder based AM systems work on the
principle of transforming a material from a powder to a solid state by
melting or binding. The method of melting or binding differs for all the
systems, some employ a laser and others use a binder/glue to achieve
the joining effect. Binder based powder systems work on the basis of
depositing a binder material on to the selective regions of powder
particles to produce a layer of bonded particles. Since the process uses
a powder bed usually the protruding parts do not need a support. To
remove the unbonded powder particles a cleanup process is required.
Some of the most used powder-based AM processes are Laser
Sintering, Power Binding Printing, Selective Laser Melting and Selective
Laser Sintering.

Liquid based materials: Liquid based AM systems involves transforming
a material from a liquid to a solid state. The solidification process can
happen either by photo curing or curing by itself. If the chosen method
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is deposition of a liquid state material via a printing nozzle solidification
of the material is achieved by curing by itself. The material can be in
solid state before extrusion like a polymer and can be melted via a
heated nozzle only to solidify again in the desired form. Some of the
extrusion-based processes are Fused Deposition Modelling, Inkjet and

Table 2: ASTM categories of AM
Summarised. Abbreviations: Vat
photo polymerization (VP), Powder
bed fusion (PBF), Material extrusion
(ME), Material jetting (MJ), Binder
jetting (BJ), Directed energy
deposition (DED), Sheet lamination

Polylet. (SL). (Adapted from: Tofail et. al.,
2018)
AT Basic principle Example technolo, Advantages Disadvantages Materials
catugoty principl p gy 5 g
Liquid bind jet
. quic.oin er-/s Je Free of support/substrate Polymers
printed onto thin layers X . T .
R Design freedom Fragile parts with limited Ceramics
of powder. The part is g ; : ; i
BJ built up laver by laver B 3D inkjet technology Large build volume mechanical properties Composites
P yery .y Y High print speed May require post processing Metals
glueing the particles . R
Relatively low cost Hybrid
together
L d iti LD High d. trol of
aser epo§| ion (LD) ig e‘gree control o Siifgaes Al AR Sesd
Focused thermal energy Laser Engineered grain structure &
‘ x 2 2 " requires a balance Metals
DED melts materials during NetShaping (LENS) High quality parts ¢ '
, R Limited to metals/metal Hybrid
deposition Electron beam Excellent for repair .
X o based hybrids
Plasma arc melting applications
Widespread use
M ial is selectivel | i Vertical ani
aterial is selectively Filéed Deposition nexpensive ertical anisotropy P
ME pushed out through a Modelling (FOM) Scalable Step-structured surface Composites
nozzle or orifice 8 Can build fully functional Not amenable to fine details P
parts
High f droplet Pol
2 accuracY.o "Ope Support material is often ° yme‘rs
. deposition ) Ceramics
Droplets of build . required R
M) 7 , 3D inkjet technology Low waste % Composites
materials are deposited < : Mainly photopolymers and :
Multiple material parts ; Hybrid
R thermoset resins can be used . )
Multicolour Biologicals
Relatively i i
' elatively |nexpe.n5|ve e Baiiveiydiow
Thermal energy fuses a Dirzet Mera) Laser small foatpring Lack of structural integrit Metals
R gy Sintering (DMLS) Powder bed acts as an e G BILY. Ceramics
PBF small region of the Selective Laser integrated support Size limitations Polymers
powder bed of the build " < . g PP High power required i .
. Sintering/Melting structure - Composites
material X Finish depends on precursor K
(SLS/SLM) Large range of material . Hybrid
2 powder size
options
LamInstet Opjcct Strength and integrity of parts
Manufacturing (LOM) " g g .y P Polymers
. 5 High speed depend on adhesive used
Sheets/foils of materials Ultrasound i R Metals
SL . Low cost Finishes may require post .
are bonded consolidation/Ultrasound ) 1 . Ceramics
o 3 Ease of material handling processing p
Additive Manufacturing i s X Hybrids
Limited material use
(UC/UAM)
Limited to photopolymers
Large parts poly
o ; . Stereo Lithography (SLA) ESR Low shelf life, poor
Liquid polymer in a vat is oy ¥ x Excellent accuracy » : Polymers
VP . Digital Light Processing o % mechanical properties of K
light-cured Excellent surface finish Ceramics
(DLP) A photopolymers
and details .
Expensive precursors/Slow
build process
Advanced Materials: As mentioned previously different advanced
materials can classified under different states of deposition (solid, liquid
or power based) yet it is worth mentioning some of the latest
developments in material science. Though these advanced materials
have not found their place in large scale applications yet with the fast
14
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Figure 2: a. Homogenous
material, b. Joined material, c.
Functionally Graded Material
(FGM) (Strauss, 2013), d. Close
up interior view of the
fabricated multi-material
mullion interface (Grigoriadis,
2019)
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pace of ever-changing developments we can expect to see their
application in near future. Since early 80’s the number of materials
produced by AM has increased immensely and comparatively advanced
materials have seen a rise in interest for the last decade. (Khooa, et al,
2015) We will be focusing on two types of advanced materials; (i)
Functionally Graded Materials and (ii) Smart Materials.

Sometimes FGM and Smart Materials can be confused with each other.
FGMs can be simply defined as gradient materials whereas the
definition of smart materials is more disputed and vary between
different researchers. Leo (2007) argues that in order for a material to
be accepted as smart it has to demonstrate a conversion of energy
between two psychical states such as conversion of thermal energy into
mechanical. Varadan et al (2006) further defines smart materials as
materials that can sense an external stimulus, respond to it changing
their material properties or geometries and return to its original state
as soon as the stimulus is removed. On the other hand, Khooa et al
(2015) defines a category of passive materials, which lack the inherent
capability to transduce energy.

Functionally Graded Materials (FGMs) are defined by the variation in
composition and structure in a controlled gradient resulting in different
material properties in a single part (Figure 2). The materials can be
designed for specific function and applications.

The material properties allocated in the CAD file help different
resolutions of the material particles to be manufactured. The AM
process used is based on Ink jetting, which sprays viscous plastic
droplets onto a building platform at high-speed enabling different
materials to be melted together to form a true gradient. (Strauss, 2013)
The variation can be from flexible to rigid or soft to hard enabling the
user to design an object in one manufacturing process (Figure 2.d).

As Grigoriadis (2019) puts it “Discrete boundaries will be replaced by
gradients. For example, this method is targeted to the area in the
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facade where glass and aluminum frame connect in a unitized curtain
wall panel. The component-based make-up of the facade system is
associated with problems such as environmentally hazardous
production processes, and post-installation failures. A component-less,
continuous FGM connection would eliminate these issues.”

Khoo et al (2015) classifies Smart Materials based on the number of
materials used in the printing process: with a combination of multiple
materials or with a single material.

Both in single material or combination material components the most
important thing is the inherent properties of the raw material being
used. It is this material that defines the self-adaptability, self-sensing,
shape memory and decision making (Varadan et al. 2006).

Another term that is used predominantly within the smart materials
context is 4D printing. Pei (2014) defines 4D printing as the process of
making of an object using AM technologies with inherently responsive
materials. The final object reacts to stimuli from its surroundings
resulting in a physical or chemical change of state through time.

In 4D printing with single material smart nanocomposites and shape
memory alloys are most commonly known materials. Nanocomposites
is a very specialized subject and we will not go into detail. On the other
hand, shape memory alloys (SMA) is used in a wide variety of sectors;
from dental wires to helicopter blades. SMA is a type of smart material
that can convert thermal energy into mechanical work, remembering
their original shape and returning to it after deformation from a
stimulus.

Among the leading 4D printing companies and research labs are MIT’s
Self-Assembly Lab, Stratasys, and Autodesk. In 2014, one of the leading
researchers of MIT, Skylar Tibbits, started working with Autodesk on
creating a computer system that allows geometry inputs to measure
how 3D printed objects will be able to change post-print

Another important institution working on Smart Materials is Defense
Advanced Research Projects Agency (DARPA). DARPA’s Engineered
Living Materials (ELM) program are working on 4D technology to create
a micro scale self-building army and “living biomaterials” that has the
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structural properties of traditional building materials with the ability to
rapidly grow, self-repair, and adapt to the environment.

= (lassification of Additive Manufacturing based on the Type of

AM Process: The selected case studies are classified first based on
whether they are manufactured as a mould or not. After the first
division the categories are subdivided once again based on their scale;
whether the printed structures are modules or monolith structures.
The first division is based on a study of Martins and Jose (2014) in which
they analyze several digitally fabricated structures whether they are
moulds are not. They classify the mould making process as the Indirect
Intervention and manufacturing of the final product as the Direct
Intervention. In this article the same classification method will be used
only using the word “manufacturing” instead of “intervention” to
ensure consistency in wording.

e Indirect Additive Manufacturing: Formwork / Moulds

Additive manufacturing technology in construction industry is still in its
infancy stage. Although there several breakthroughs, currently
available AM techniques may not answer some of the needs of the
construction process. It may seem like the logical procession to assume
that directly printing the structure or parts of it is the most
economically efficient way to go, in some cases using a mould might be
the best available option. On the other hand, using a mould does not
necessarily mean limiting the three-dimensional freedom. This is where
AM technology creates an opportunity not only the giving the designer
3D freedom but also increases the structural efficiency with more
economic and sustainable solutions.

e Direct Additive Manufacturing: Modules/components, joints
and monoliths
In AEC industry scale is an important issue. Depending on the project’s
needs the structure may be planned either based on
modules/components or in a monolithic manner.

Usually the manufacturing of modules/components or joints takes
place in a controlled environment. Both crane and cable-based
solutions can be used. The only limitation is the transportation of the
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manufactured part. The same robot manufacturing the part can also be
used to assemble the pieces together, in this case the whole process
will be fully automated from CAD data to final product (Labonnote,
2016).

Monolithic structures based on their scale are mostly on site in situ
fabrications.

= (lassification of Additive Manufacturing based on the Site of
Manufacturing: Due to environmental and economic concerns the site
of manufacturing carries a great importance. In order to lower the
carbon foot print of the construction it is always ideal to be able realize
the manufacturing process on site with the least amount of material
and minimum necessity for transportation of components. Therefore,
identifying whether the application is an in-situ (on site) or ex-situ (off
site) helps determine the efficiency of the project. Currently the 3d-
printing gear, especially in experimental projects, do not allow them to
be used in an environment that is exposed to elements.

= (lassification of Additive Manufacturing based on the Deposition
Gear: The first attempt to adopt AM in large scale applications has been
by using cement-based materials by Pegna in 1997. Consecutively three
large scale AM processes have been introduced to construction and
architecture industry: Contour Crafting (Khosnevis, 2006), D-Shape and
Concrete Printing (Lim, 2009). All three technologies have been widely
adopted and are further developed by several researchers both from
the academia and the industry.

—— oh O
i {T

a) b) 0) d)

The above technologies uses three different deposition head mounting
gear; it is either frame, robot or crane (Figure 3). Labonnete et al (2016)
adds a fourth approach, swarm robotics.

‘Contour crafting’ and ‘concrete printing’ by means of a crane or cable
suspension are developed to manufacture monolithic structures.

Figure 3: Different
technological solutions. a.
Frame, b. cable-suspended
crane, ¢. swarm, d. robot arm
(Labonette et al, 2016)
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Although both techniques have many advantages, 3D freedom is not
one of them therefore lacking one of the main advantages AM brings.
However, swarm and robotic arm methods prove to be more efficient
due to its greater efficiency in every scale and mobility. Some of the
methods involved in traditional construction like damp proof
membranes or sound insulation etc. are still addressed through
traditional methods. Also, Paoletti (2018) states the fact that the trade-
off between printing resolution and speed is another potential
problematic area: although the hierarchy among elements as to their
functional relevance allows the user to choose more high accuracy and
isotropy prone areas, the techniques should be further developed to
allow further detailed control in the 3D printing process. Multiple
material nozzles or Functionally Graded Materials for construction
might answer some of the above problems.

= (Classification of Additive Manufacturing based on the Structure
Type: The structures can be divided into load-bearing and self-
supporting. Load-bearing structures are those that carries and transfer
the loads to the next load bearing element and finally to foundation. By
providing a spatial rigidity it guarantees the strength and stability of the
structure. Load-bearing walls, columns, beams, slabs are among the
elements of a load bearing structure. Due to the fact that AM is
presented as a manufacturing technique that will enable a fully
automatized construction process, the manual placement of steel
reinforcement bars in concrete is a problem waiting to be resolved.
Although in some research-based applications, mixture of steel fibers
and concrete is experimented to increase the rigidity of concrete
against tensile forces, the result cannot rival the conventional method
of reinforced concrete. Self-supporting structures can transfer the
loads received from its own weight to foundation. In most applications
either the designed structure can only transfer the load of its own
weight or the structure is rigid enough under compression but not
tension which again constitutes a problem for a fully automatized
process.

= (Classification of Additive Manufacturing based on

Reinforcement technique: As previously mentioned due to the low
tensile strength of concrete without reinforcement is a problematic
area. To resolve the issue about tensile performance of 3d printed
concrete, several reinforcement techniques had been tested in
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research-based AM processes (Sartipi, 2020). These are; External
reinforcement, internal reinforcement installed within 3D-printed
formwork, internal reinforcement encased by printed concrete,
internal  reinforcement installed during printing, additively
manufactured reinforcement. In the below table (Table 3) the proposed
classification system has been tested with a wide range of AM

Table 3: Proposed
Classification Matrix

Applications. for Large Scale AM
CLASSIFICATION MATRIX
1 2 3 5 6 7 8
Project Name The
Deep Organic Concrete |DFab House | Arup 3d . . Apis Cor
Yhnova ; Radiolaria
Facade Column Formwork | Smart Slab Print Joints . House
Pavilion
lginder Jetting (BJ) X X X
Directed Energy Deposition (DED)
|Material Extrusion (ME) X X X X
Technology Used IMaleriaI Jetting (M)
Powder Bed Fusion (PBF)
Sheet Lamination (SL)
Vat Photopolymerization (VP)
Solid based
Material (s) Used Liquid based X X X X
Powder based X X X
Direct AM Process
Components X
Module
Type of AM Process Monoliths X X
Indirect AM Process
Formwork/Moulds Discarded X X
Stayed On X X
In-situ X X
Site of © iring
Ex-situ X X X X X
Large Scale
Portal (Gantry) X
e Boom (Robotic arm) X X X X
Deposition Gear
Swarm
Crane
Small Scale X X
Load bearing X X X
Structure Type
Self Supporting X X X X
External R. n/a nfa n/a n/a
Internal R. installed within 3d_printed formwork X
Reinforcement (R.) Internal R. encased by printed concrete
Internal R. installed during printing X
Additively manufactured R. X
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Proposed Classification
Matrix for Large Scale AM
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CLASSIFICATION MATRIX
9 10 11 12 13 14 15 16
Load- Polymer
Project Name Mini Respon The Metal Lattice
Saltygloo ’ Tecla Fiberbots |Striatus
Builders Ve Cellular Bridge Reinforceme
Envelopes ot
Binder Jetting (BJ)
Directed Energy Deposition (DED) X
Material Extrusion (ME) X X X X X X X
Technology Used Material Jetting (MJ)
Powder Bed Fusion (PBF)
Sheet Lamination (SL)
Vat Photopolymerization (VP)
Solid based
[Material (s) Used Liquid based X X X X X X X
Powder based X
Direct AM Process
Components X X
Module X X X
Type of AM Process Monaliths X X X
Indirect AM Process
Formwork/Moulds Discarded
Stayed On
x . In-situ X X
Site of Manufacturing
Ex-situ X X X X X X
Large Scale
Portal (Gantry)
B Roboti X X X X
Deposition Gear oom (Robotic arm)
Swarm X X
Crane X
Small Scale X X
Load bearing X X X
Structure Type
Self Supporting X X X X X
External R. n/a X n/a n/a n/a n/a
Internal R. installed within 3d_printed formwork
Reinforcement (R.) Internal R. encased by printed concrete
Internal R. installed during printing
Additively manufactured R. X X
3.2 Case Studies

A study of the major additive manufacturing processes constituted a
basis of technological framework for this article. In the following
chapter relevant case studies will be explored. Every project carries a
significance either due to its production technique, materials or its
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scale. The fact that it is difficult to find two projects that carry same
characteristics proves that the technology is in its very early stages.

Though a particular importance is given to explore a wide variety of
case studies, as expected not all of them have innovative approaches.
One of the largest additive manufacturing companies in AEC sector is a
Chinese company called WinSun. In 2013 it has realized a first and like
a factory belt line printed 10 single story houses consecutively in 24
hours with $4800 cost per house. Since then, the company was able to
develop methods to build larger scale structures from 3 story villas to 5
story buildings.

There are several other companies working on AM technologies.
Though some of them have significant contributions to the
development of the method mostly their contributions are relatively
limited. The following case studies are chosen based on their
significance either because of the technology they use or because they
are pioneers in the methods they utilize.

= Zurich Deep Facade — ETH Zurich

ETH — Zurich Deep Facade, a six-meter-high aluminum structure is
significant because the molten aluminum is cast in a mould made of
sand (Figure 4.a). The mould is 3D printed using binder jetting
technology. It is said to be the first metal based structure cast in a 3D-
printed mould. The significance of the method is that it allows the
designer to realize complex forms relatively cost effective and in a short
period of time. Designed with a differential growth algorithm and
topologically optimized panel is cast in 26 articulated modules and
combined on site (URL—1).

Y
NN

A\

Figure 4: From left to right; a.
Zurich Deep Facade —ETH
Zurich (Dbt, 2019), b. Organic
Column — XtreeE, (Material
District, 2017) c. Concrete
Formwork — Al Build (Al-Build,
n.d.)
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Figure 5: From left to right; a.
Smart Slab — ETH Zurich (DFAB
HOUSE, n.d), b. Yhona-
NantesE, (Batiprint3D, n.d.), c.
3D Optimised Joints-Arup
(ARUP, n.d.)
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= QOrganic Column — XtreeE

This 4m-high column in the playground of a school in France have semi-
load bearing properties (Figure 4.b). They are designed with topological
optimization tools in two parts; the formwork, and the concrete that is
cast inside the formwork. The printer is an extrusion based printer
using two types of cement mixture; one for the formwork and the other
for the structure. The modules are assembled on site (Material District,
2017).

= Concrete Formwork — Al Build

The custom mould uses and extrusion based printing technology
(Figure 4.c). The aim of the project is to explore different moulds for
concrete work to give the designer increased flexibility. The significance
of the project is that to create the 3D printed mould any recycled
material can be used with zero waste manufacturing (Al-Build, n.d.).

= Smart Slab — ETH Zurich

The Smart Slab project as a part of the DFAB House Project is the first
concrete slab fabricated with a 3D-printed formwork (Figure 5.a). The
lightweight concrete slab is cast into a 3D printed sand mould using
binder jetting technology. The design of the concrete slab is
topologically and structurally optimized meaning less material is used
with increased structural strength. The cantilevering slab is placed on a
s shaped load bearing wall and carries another two story unit above
itself. It is manufactured in eleven modules and assembled on site using
post tensioning cables. The largest cantilevering point is 4.5 meters
with varying depth between 30 and 60 centimeters. As a result, the
weight of the slab is 70% less than a traditional slab (DFAB HOUSE, n.d.).

=  Yhnova - Nantes
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The 3D print house project led by University of Nantes have 5 rooms
with an area of 95 m2 (Figure 5.b). The patented BatiPrint3D technology
uses a laser-guided, four-meter-long robotic arm to deposit layers of
different construction materials. The extrusion based 3D printer has the
capacity to print 3 different materials; foam like material for formwork,
an insulation layer, and a concrete mixture (Batiprint3D, n.d.).

= 3D Optimised Joints — Arup

Arup Group has developed the optimized 3D printed joints for a trio of
large tensegrity structures used as street lighting, in a shopping street
in The Hague (Figure 5.c). The highly irregularly shaped design required
1,600 nodes to connect the cables to the struts. They have used
selective laser sintering to print sand moulds and use molten steel to
cast the parts. The 3D printing of sand moulds lowers the cost of
manufacturing in comparative perspective to direct 3D printing of
metal parts (ARUP, n.d.).

= The Radiolaria Pavilion — D Shape

The Radiolaria Pavilion is one of the very first attempts to 3D print in
architectural scale and ‘print’ entire buildings as a unigue piece printed
at once (Figure 6.a). In 2004 Enrico Dini an Italian engineer developed a
manufacturing technique on an area of 6 by 6 m and limitless height.

As technique uses selective binder jetting it does not need any supports Figure 6: From left to right;
a.The Radiolaria Pavilion =D
Shape (Turner, 2009), b. Apis
“first” in large scale 3D printing the binder jetting method is mostly not Cor House, Apis Cor, (Apis

and allows complex geometries. Though the pavilion represents a

preferred due to difficulties in creating large scale powder bed Cor, n.d.), c. Minibuilders —

manufacturing environment (Turner, 2009). IAAC (Sttot, 2014).

= Apis Cor House — Apiscor

The house is said to be the first 3D printed house on site (Figure 6.b).
The technique used is extrusion based with a cement based material.
The bot left a small gap between the interior and exterior walls in which
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the team then placed fiberglass reinforcements and sprayed a
polyurethane-based mixture for insulation. Though the house carries
significance due being the first fully functional in situ large scale AM we
still cannot talk about a fully automated process. Since the
reinforcements are placed by the team it can be accepted as a hybrid
process (Apis Cor, n.d.).

=  Minibuilders —IAAC

The researchers at The Institute for Advanced Architecture of Catalonia
(IAAC) observed that the construction robotics all share one limitation
that the size of the object printed is limited with the size of the system.
(Figure 6.c). They develop a family of small-scale mobile construction
robots who are assigned different tasks, working independently
towards a single goal (URL — 10). There are three types of printing
robots whose functions are differentiated. The first robot is able to
print the foundation while the second one can attach itself to the
already built structure and print more nonlinear forms. The third one
has a vacuum apparatus and can directly attach itself to the wall of the
structure printing vertically to increase the strength of the horizontally
printed layers. All the multidirectional robots work on an extrusion
based technique using fast setting artificial marble as material and use
hot air to fasten the curing process (Sttot, 2014).

= Saltygloo — Emerging Objects

The Saltygloo is one of the earlier projects of Emerging objects. The
project carries a significance due to the material experimented in 3-D
printing. The group used locally harvested salt and designed
component based pavilion with computational design tools (Figure 7.a).
The material used is a combination of salt and glue creating a strong,
waterproof, lightweight and inexpensive material. The structure has
336 translucent panels supported with lightweight aluminum rods
flexed in tension (Emerging Objects, n.d.).

Figure 7: From left to right; a.
Saltygloo — Emerging Objects
(IAAC, 2018), b. Load-
Responsive Cellular Envelopes
(Naboni, 2017), c. Tecla - WASP
(3D Wasp, 2021). 2.

v
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= |oad-Responsive Cellular Envelopes — Politecnico di Milano

The researcher from Politecnico di Milano ties the motivation behind
their latest work to increasing concerns over environment and a need
to find a solution through nature inspired design. Using principles of
morphogenesis and biological materials they have designed a load
responsive cellular envelope (Figure 7.b). With a design to fabrication
workflow the approach encompasses the use of computational tools,
Additive Manufacturing, and material experiments (Naboni, 2017).

= Tecla- WASP

The project combines a traditional material, unfired clay, with state of
the art computational design tools and 3D printing technologies (Figure
7.c). In large scale additive manufacturing in order to increase
structural capabilities several infill patterns are used. In this study by
designing infill patterns the researchers were able to embed thermal
properties in the wall section to control conductance. Extrusion based
3D printing technique allowed the researchers to create complex
geometries (3D Wasp, 2021).

=  The Metal Bridge — MX3D

The bridge is 6 meters wide and 3D printed with six-axis robots that
control the welding machines using molten steel (Figure 8.a). The
project adheres to local council’s regulations allowing it to be used on
a real life canal. The bridge is also equipped with sensors in
collaboration with Arup Group to test its performance by collecting
data such as strain, rotation, load, displacement and vibration. The

collected data will be tested continuously on the virtual twin of the
bridge (MX3D, n.d.).

=  Fiberbots — MIT

Figure 8: From left to right; a.
Metal bridge — MX3D (MX3D,
n.d.), b. Fiberbots - MIT (Hitti,

2018).
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Figure 9: From left to right; a.
Striatus — ETH Zurich/Zaha
Hadid Architects (Striatus,
n.d.), b. Polymer Lattice
Reinforcement — University of

California, Berkeley (Salazar et.

Al, 2020)
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Neri Oxman in her 2013 work examined cocoons built by silk worms to
better understand their weaving method. Robotically fabricated metal
structure has been used as a scaffold to weave cotton threads to
prepare a surface for the silkworms are attached. After the installation
the metal scaffold has been removed and the silk worms are observed
with the tiny sensors attached to their foreheads. In her seminal work
she has observed that the silkworms are in a way working like a
multiaxis 3D multi-material printer depositing silk fiber (Oxman, 2014).
This observation has led to a second research which is based on a
swarm of robots “designed to rapidly build high-strength tubular
structures by winding fiberglass filament around themselves.” (Kayser,
2018). The experiment’s innovative approach comprised of 16 robots.
The robots are identical, working simultaneously depositing fiberglass
to fabricate self-supporting composite tubes (Figure 8.b).

The robots feed a mixture of fiberglass thread and resin and cured by
the UV light attached to the robots’ body. The tubular structures are
made of fibers but also in macroscale the structures themselves can be
considered as part of a fibrous structure, each of them carrying load
bearing properties themselves. Though fiberglass is used in this study,
for further studies smart fibers made of natural materials are being
developed (Hitti, 2018).

= Striatus — ETH Zurich/Zaha Hadid Architects

This is a 16 metre long 3d-printed bridge realized by ETH Zurich in
collaboration with the Computation and Design Group at Zaha Hadid
Architects, Holchim (concrete manufacturer) and incremental3D
(Figure 9.a). Due to the fact that the bridge is made of hollow blocks
and is held in place by solely compression, it uses 70% less material and
does not need any reinforcement or binders. It can be disassembled
and recycled. The main difference from other printing gears is that, it
uses a six axis robotic arm with a special printing head allowing to form

non-uniform, non-parallel layers (Striatus, n.d.).
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Reinforcing concrete with polymer fiber particles is not a new
development, yet the researchers were able to improve the
efficiency of polymer reinforced concrete by a 3D printed lattice
reinforcement which is designed to act as a series of trusses
(Figure 9.b). This design is able to support heavy loads from all
directions. These polymer reinforcements are printed with
material extrusion technology and in modules (Salazar et. Al,
2020).

5. CURRENT CHALLENGES AND FUTURE POTENTIALS

Although Additive Manufacturing technologies in AEC gained quite a bit
of momentum in the last decade it has still several challenging
limitations to overcome.

As of 2021 the tallest building built today is a five story building 3D
printed in modules and assembled on sight by Winsun in China. This is
a challenge due to the limitations of the printers in large scale
manufacturing. Though there are promising studies on swarm printing
(IAAC Minibuilders, 2014; Oxman, 2018) they are still in their infancy
stage.

Material development is another challenge AM is facing. Concrete
mixes that are compatible with 3D technologies should further be
studied to resolve issues on durability and stress resistance.
Reinforcement is another disputed subject to be resolved in order to
fully automize the fabrication process. As of 2019 the automized rebar
system developed in ETH Zurich by Gramazio Kohler seems to be best
available option. Last but not least though there are multi material
printers for small scale manufacturing they are not introduced in large
scale applications. The multimaterial printers in large scale would
resolve issues around the component based assembly system.

The understanding of matter has changed with the invention of
electron microscope. The micro scale structure of matter in nature
showed that the materials is rather fibrous than monolithic which in

128

JCoDe | Vol 3 No 1| March 2022 | Fabrication and Material | Unal, Y., Cagdas, G.



129

return led the architectural researchers to reconsider architectural
systems (Snooks, 2012).

Menges (2015) also makes a case for fibrous systems and argues that
in nature almost every load bearing biological structure carries very
similar properties with fibrous composites. The fibrous nature of
biological structures can be replicated through various manufacturing
methods. Robotic manufacturing and AM technologies being one of
these technologies allows further exploration of structural systems
found in nature. Considering the current research focuses AM
technologies have not been able to exploit morphological
characteristics of biological structures. Though progress has been in
increasing the efficiency in material use through topologically and
structurally optimized designs still most of the researches are dictated
by conventional way of construction.

We believe the real potential of Additive Manufacturing has not been
explored in full depth. The forms and the methods that AM is
experimented with mostly belong to the industrialized production
system. Innovative architectural thinking coupled with technology has
the power to transform the architectural landscape. At first glance the
AM techniques promise a more sustainable, economically efficient and
an easily built mass customizable future but in our opinion the greatest
opportunities lie in the fact that it enables the architects/designers to
explore new ways of thinking and designing.

6. DISCUSSION AND CONCLUSION

To an outsider Additive Manufacturing technologies may seem like an
all-purpose, one size fits all technology. In reality it is very important to
choose the right (or the most suitable) technologies for the right
project. In this sense designers should be very well informed with
capabilities and limitations of each technology and also the material
associated with the said technology.

In this study we offer a classification through case studies to provide a
unified and systematic characterization of large scale AM applications.
This classification will help in identifying AM processes, provide
guidance to better locate the gaps in future research topics. Some of
the gaps can be listed as follows; there are seven identified AM
technologies yet only three of them are being explored for their
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potential in large scale structures consequently the types of materials
being used is again limited due to the fact that they are inherently
connected to the chosen AM technology. On the contrary, the types of
AM processes (direct/indirect) and site of manufacturing which are
again inherently connected subcategories are fully explored. Another
category that is explored maybe most vigorously is a cross section of
robotics and mechanical engineering that is the deposition gear. Yet,
one of most critical issues waiting to be explored further is how to
automate the integration of structural reinforcement in AM processes.

On the other hand due the fast pace of technological developments on
the subject, the categories of classification might need to altered.
Another important issue is that though the main focus of this study has
always been to create a broad classification system that would
encompass all the latest developments it lacks focus of an in-depth
study on every category or sub category would require. A further study
through a computational mid mapping technique based on the current
categories would better show the correlation between different
technologies and case studies.
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In this study the application of deep learning networks in architectural design is
explored via experimental plan generation. With image processing abilities of deep
learning networks such as GAN (generative adversarial network), training
generative models with architectural visual data is possible. One type of GANs
called CycleGAN is specially chosen for the purposes of this study because of its
flexibility on visual datasets and low requirement of preliminary labor. In the scope
of this study, 2D plans and visuals are selected as datasets to train the CycleGAN
model. Instead of training the model with only one dataset of plans and let it
generate similar but novel outcomes, in this study two datasets are used to
experiment on translations into plan-like images from a different dataset. For the
dataset that consists of plans, Palladio’s plans are selected. Because the embedded
spatial organizational data can be easily decoded and used as a training set for the
CycleGAN algorithm, thanks to their potent and symmetrical representations on
2D. Second dataset is formed by Haeckel’s microorganism drawings, in order to
investigate new possibilities of spatial organization when they are emerged from
the visual data of organism structures. Instead of original microorganism images,
Haeckel’s drawings are selected because of their idealized plan-like figures with
rotational symmetry. The model was trained with these two datasets to perform
image translation between them. Although the model can work both ways, this
paper focused on and evaluated the translations from Haeckel’s microorganism
drawings to Palladian-like plans. Eventually the model translated Haeckel’s
drawings into plan-like images which shows the features of the forming patterns of
Palladian plans. The outcomes can be beneficial and inspiring for the conceptual
and preliminary design processes as well as studying the visual transformations
between architectural and out of field visuals. This study, contributes to the field in
terms of the application of Al methods -specifically GANs- in experimental plan
generation tasks.
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Bu ¢alismada, derin 6grenme aglarinin mimari tasarimdaki uygulamalari deneysel
plan Gretimi yoluyla arastiriimistir. GAN (cekismeli Uretken ag) gibi derin 6grenme
aglarinin gérintl isleme yetenekleriyle, mimari gorsel verilerle Gretken modellerin
egitimi mUimkindir. GAN tirlerinden biri olan CycleGAN, gorsel veri seti esnekligi
ve On iscilik gereksiniminin diisik olmasi nedeniyle bu calisma icin secilmistir. Bu
calisma kapsaminda CycleGAN modelini egitmek igin veri seti olarak 2B planlar ve
gorseller secilmistir. Modeli yalnizca planlardan olusan bir veri setiyle egitmek ve
benzer ancak yeni ciktilar Urettirmek mumkinken, bu calismada farkl bir veri
setindeki gorselleri plan benzeri gorsellere donustirmek amaciyla iki veri seti
kullanilmistir. Planlardan olusan veri setiicin Palladio’nun planlari segilmistir. Ctinka
bu planlarin iki boyuttaki gliclt temsil dili ve simetrik 6zellikleri sayesinde, mekansal
organizasyona dair gomuli veriler CycleGAN algoritmasi tarafindan kolayca
¢oziimlenebilir ve bir egitim seti olarak kullanilabilir. ikinci veri seti ise, organik
yapilarin gorsel verilerinden mekansal organizasyon olusturma olasiliklarini
arastirmak icin Haeckel'in mikroorganizma c¢izimlerinden olusturulmustur.
Haeckel'in gizimleri asil mikroorganizma gorselleri yerine, idealize edilmis ve
rotasyonel simetriye sahip plan benzeri figirler olduklari igin segilmistir. Model,
aralarinda gorsel dontsim yapmak icin bu iki veri seti ile egitilmistir. Model her iki
yonde de galisabilmesine ragmen, bu makale Haeckel'in gizimlerinden Palladyan
benzeri planlara dondsimlere odaklanmis ve bu donusidmlerin  sonuglar
degerlendirilmistir. Calisma sonunda model, Haeckel’in gizimlerini Palladio’nun
planlarindaki bicimsel 6zelliklere sahip plan benzeri gorsellere gevirmistir. Sonug
Grtnler, 6n tasarim surecine ve mimari ile alan disi gorseller arasindaki gorsel
doéntsiumleri arastirma konusuna fayda ve ilham saglayabilir. Bu calisma, yapay zeka
yontemlerinin -6zellikle GAN'larin- deneysel plan tretimlerinde kullanimi agisindan
alana katki saglamaktadir.
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1. INTRODUCTION

With the rapid increase in computer science developments especially
in Al field, new architectural design approaches are a topic of discussion
and exploration. Parametric design methods and computation have
been used by architects for decades and the computer is considered as
a partner instead of just the medium, more and more each day. But
autonomy and adaptivity, which are features of Al methods, bring out
new possibilities and discussions in architecture field. Shortly,
autonomy is performing tasks without guidance and adaptivity is
improving the performance by learning from the medium.

In this vast Al field, architectural design process can be approached in
many ways. But particularly, 2D visual generation -plan generation- is
focused on, in this study. In the context of 2D and 3D visual generation
problems, a deep learning network -which is a subfield of machine
learning that is a subfield of Al- called GAN mostly dominated the field
since its proposal by Goodfellow et al. in 2014. GANs’ popularity has
been gained by their generative features which also show great
potential for architectural image generation.

GAN, generative adversarial network, includes two different units with
different tasks but work together as a team. These models are called
generator and discriminator. Generative model generates novel
outcomes by learning from the dataset. The discriminator on the other
hand, evaluates the outcomes from the generator in order to get a
good enough result in the end, by eliminating the inadequate
outcomes. After these evaluations and many training repetitions the
outcomes get better and appear as real as possible (Goodfellow et al,
2014). After the proposal of GAN, many types of it emerged such as
CycleGAN (Zhu et al, 2017) and pix2pix (Isola et al, 2017).

In the scope of architectural plan generation with GANs, the embedded
spatial organizational data can be decoded and learned by the network
and used to build a generative model. This model can perform the task
of novel plan generation without a guidance with its autonomous
ability. The process is mostly performed by the trained model but the
selection of data is done by the user and is crucial because the input
directly affects the model and the outcomes as a consequence. These
networks learn from the data by recognizing the forming patterns and
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develop their own generative model accordingly. Therefore, the
dataset should be formed carefully to serve the purpose of the study.
Following the selection of the datasets, a preliminary work to prepare
the data for the training is also necessary. In example, for the
supervised training of conditional adversarial networks such as pix2pix
labelling the distinguished parts of the images and pairing the images
in the datasets are needed for image to image translation (Isola et al,
2017). However, there are also unsupervised methods such as
CycleGAN —cycle consistent adversarial network- which is proposed by
Berkeley Al Research Lab. and does not require labelling or image
pairing (Zhu et al, 2017). CycleGAN only requires datasets to resemble
each other for sufficient outcomes. In this way, CycleGAN distinguishes
from the other GAN types by its low requirement of labor and flexibility
on datasets. A CycleGAN model which is trained by two different
datasets, transform the images from the fist dataset to the second
dataset-like images and, vice versa. The model can work both ways in
terms of translation with the same datasets. However, without image
pairings and labelling, CycleGAN has some constrains on the outcomes
and does not give elaborate results.

For the image to image translation purposes of this study, firstly the
focus was on selecting the proper datasets. The study is planned around
the task of image translation between architectural visuals and
organism visuals in order to see the spatial formations when they are
emerged from natural forms. For both datasets, selecting data within
the same style or context was important. Thus, the architectural visual
dataset is composed of Renaissance architect Palladio’s architectural
plans due to their potent representation and symmetrical organizations
on 2D that make them prone to be easily decoded and used for the
training by CycleGAN algorithm. The architectural visual data is taken
from Palladio’s book “I Quattro libri dell'architettura” (The Four Books
of Architecture) that is written in 1570. Second dataset is formed by the
visual data of microorganism structures. However, instead of using the
visual data of original microorganism structures, zoologist and marine
biologist Ernst Haeckel’s drawings are selected because of their
idealized figures. The images are taken from Haeckel’s book
“Kunstformen der Natur” (Art Forms of Nature) that firstly published in
1899 and consist of hundreds of microorganism and animal drawings.
In selection process, the figures that have rotational symmetry are
chosen in order to achieve a matching dataset which has organized and
plan-like images for the Palladian plan dataset.
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The purpose of building an image to image translation model with
natural and architectural forms requires a network that is flexible on
datasets. Because identical image pairings between datasets and
element labelling was not the case for the datasets in question since
one of them consists of architectural plans and the other one consists
of microorganism drawings. Moreover, the dataset images have some
restrictions in both quality and quantity because of time and hardware
limitations, as well as original image qualities. In this case, Palladian
plans dataset consists of 100 and Haeckel's drawings dataset consist of
105 images in 256*256 pixels size and grayscale setting. Considering
these constraints, a CycleGAN algorithm which is an unsupervised
learning method is selected in order to train the model and generate
plan-like visuals from microorganism images by accepting the possible
visual restrictions on the outcomes. Also, although the resemblance of
the datasets is enough for CycleGAN in general, the only resemblance
of the datasets of this study is their symmetrical and organized figures.
Thus, the model would not be able to generate clear and rigorous
Palladian plans. Another reason for this is, without supervising, the
model would not possibly be trained on the spatial relations and
functions of the plans. Thus, an elaborate visual generation, such as
realistic plans in this case, is not possible. The model however, even
without knowing the context, would be able to learn from the features
of the images such as the forming principles of the lines, how these lines
repeat, collide and surround the void areas, if these features are clear
and distinguishable enough, which is the case for Palladio’s plans. With
this much information, the model in question is expected to generate
plan-like visuals from microorganism figures by image to image
translation. Eventually, the outcomes, the differences on formations
and training values are evaluated.

1.1 Related Works

Recent related work differs from each other in terms of the GAN type
they use and the aim of their studies. On Table 1, the difference on their
preference on datasets can be seen as well. The authors selected
proper datasets to train their GAN models and generated novel
outcomes out of the model (Zhao et al, 2021; Celiker et al, 2020; Balci
et al, 2020; Uzun et al, 2020; As et al, 2018).
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Authors Year | Study GAN types Datasets

Zhao, C. W,, Yang, | 2021 | Generating the layouts DCGAN, A selection of hospital

J, &L, JT. of hospital emergency pix2pix, emergency departments’
departments CycleGAN layouts

Celiker, Y. E,, 2020 | Exploring new spatial CycleGAN Modern interior and sci- fi

Efendioglu, G. & formations movie visuals

Balaban, O.

Balci, O., Terzi, 2020 | Generating game maps | CycleGAN Satellite images and game maps.

S.B. & Balaban, O.

Uzun, C,, 2020 | Generating Palladian DCGAN Palladio’s original plans and

Colakoglu, M. B., plans Palladian plans generated with

& inceoglu, A. Palladian grammar rules

As, |, Pal,S., & 2018 | Generating conceptual InfoGAN Architectural drawings in

Basu, P. design axonometric and graph view

In the research conducted by Zhao et al. (2021), three different GAN
types are used to train generative models for layout generation and the
results are compared. They focused on generation of plans from a
dataset of plans, instead of translation to plans from another set of
data. Thus, the authors used 120 hospital emergency departments’
layouts to train the model. According to them, CycleGAN was the most
applicable one for the layout generation in terms of the flexibility on
datasets and low requirement of labor, also the generation of proper
and applicable results.

The researches Celiker et al. (2020) and Balci et al. (2020) resemble to
this study in terms of the GAN type they use and their approach. Both
studies used CycleGAN to perform image to image translation with the
model that is trained by two different but similar datasets. Celiker et al.
trained the model with modern interior and science fiction movie
interior visuals and evaluated the results of the translations from
modern interior visuals to sci-fi movie atmospheric visuals. Balci et al.
on the other hand, studied in a bigger scale and focused on maps in
their studies. They trained their model with two datasets which are
formed by real satellite images and game maps and evaluated the
outcomes of the translations from satellite images to game maps.

Another study that is conducted by Uzun et al. (2020) focused on
automating the plan generation process with a DCGAN model that is
trained by Palladio’s original plans and another set of Palladian plans

Table 1: Some of the related
works.

140

JCoDe | Vol 3 No 1| March 2022 | Fabrication and Material| Akdogan, M., Balaban, O.




141

Figure 1: Some of Haeckel’s
microorganism drawings in the
first dataset.

which is generated with the Palladian grammar rules, as a case study.
Eventually, the authors evaluated the efficacy of the DCGAN model for
architectural plan generation. They stated that the DCGAN model
which was trained by Palladio’s original plans were not successful in
terms of proper plan generation due the heterogenous data. However,
the second DCGAN model that is trained by the dataset which is formed
by Palladian grammar rules, showed better quality results because of
the homogeneous data.

2. STUDY

The proposers of CycleGAN, Zhu et al. (2017), offered different image
to image algorithms with their network. In this study, one of their
CycleGAN algorithms, called “Summer to Winter Yosemite”, is used.
The existing algorithm and datasets of Summer to Winter Yosemite are
changed according to the needs of the study. It is trained by two
datasets formed by Palladio’s architectural plans and Haeckel’s
microorganism drawings in order to perform translations from
microorganism drawings to plan-like visuals.

First dataset consists of 105 images of Haeckel’s microorganism
drawings while second dataset consists of 100 images of Palladio’s
architectural plans. Dataset visuals, obtained from books, cleaned and
prepared manually one by one in a 256*256 pixels size and grayscale
setting (Figure 1 and 2).
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For the training, the dataset images are needed to be split into two as
training and test sets by 4 to 1 ratio. The training set is used to train the
model and test set is used to test the trained model. Then the algorithm
is trained by these datasets by decoding the visual formation principles
and patterns on the images. Eventually the trained model translated
the images from the first dataset which is formed by Haeckel’s selected
drawings into the images which follows the forming principles of the
visuals from second dataset that is formed by Palladio’s plans.

Algorithm is run many times with different batch size and number of
epochs to see the difference in results and reach a satisfying training
point. Python programming language and Google Colab notebooks are
used for the process. After each generation, the outcomes are
evaluated while considering their training values within both objective
and subjective perspectives. On Figure 3, image translation from
microorganism drawings to plan-like visuals can be seen after different
number of epochs (Table 2). 1 epoch refers to 1 training of the whole
dataset. However, many iterations are needed to train the whole
dataset. The dataset was split into batches to train one by one. The
batch size for the training in this study was 16.
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Figure 3: The results of the
translation from
microorganism drawings to
plan-like visuals with Palladio’s
plan dataset, with gradually
increasing epochs. 1000
epochs in total. original 200 400 600 800 1000

n_epochs | 200 400 600 800 1000

Table 2: Number of epochs and d_X_loss | 0.3056 0.1851 0.1389 0.3908 0.0315

loss values of discriminator and d_Y loss | 0.1850 | 0.4289 | 0.1777 | 0.2405 | 0.0913
generator for the outcomes on
Figure 3. g loss 3.2833 | 4.9128 | 4.3460 |3.7329 | 3.9413

Table 2 shows the loss values after the trainings. These loss values for
discriminator and generator are used by the model to change the
weights for their functions to optimize the outcome. Discriminator tries
to be better at distinguishing real images which are from the dataset
and fake images which are generated, while the generator tries to be
better at generating more realistic images and fooling the
discriminator. The loss graphic can be seen on Figure 4 shows the
fluctuations on training losses while the generator and discriminator try
to get better at their tasks. It can be seen that while the discriminator
143
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losses (blue and red lines) decreased in the end of the training with
1000 epochs, the generator loss (green line) showed a slight increase
in the end which means there can be a better training point with more
reasonable and satisfying visuals. However, the visual outcomes also
need to be evaluated in terms of the visual quality and expectancy in
order to achieve a good training point.

Figure 4: Training losses
graphic generated with the
algorithm for the outcomes on
Figure 3.

After seeing the first results, a third dataset is included to this
experimental phase in order to see the differences that datasets can
cause on the visual outcomes. Instead of Palladio’s plans dataset,
another dataset that is formed by 100 random plans taken from an
online source (ArchDaily, 2017) is used to train the model with
Haeckel’s drawings. The purpose was to train the model with a plan
dataset that is not homogeneous and does not have potent
representation features like Palladio’s plans have. In comparison to the
potent representation of Palladio’s structures with load bearing thick
walls and void areas they surround, the random plans obtained have
much lighter structures and are kept as they are with all their
furnishings. The images are prepared in 256*256 pixels size and
grayscale setting (Figure 5).

| ! ! ! ! ! ! B Figure 5: Some images from
[ = | i , P ohe . random plans dataset.

The training happened this time for the datasets of random plans and
Haeckel’s microorganism drawings. The visual results were not
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satisfying in comparison to the previous training with Palladio’s plans.
Because the random plan dataset consists of heterogeneous data
which are plans with not much symmetry and weak representation with
their light structures (Figure 6). Table 3 shows the number of epochs
and loss values for this training. Although the loss values reached
similar points with the previous training with Palladio’s plans dataset,
the outcomes were not successful in terms of visual quality. This shows
the importance of evaluation of the results in both objective and
subjective manners in this study as well as using proper datasets to train
the CycleGAN algorithm.

Figure 6: The results of the
translation from
microorganism drawings to
plan-like visuals with random
plan dataset, with gradually
increasing epochs. 1000
epochs in total.

original 200 400 600 800 1000

Table 3: Number of epochs and n_epochs | 200 400 600 300 1000
loss values for the outcomes d X loss | 0.4470 0.4132 0.4341 0.2480 0.1658
on Figure 6. d_ Y loss 0.3111 0.3556 0.0745 0.1157 0.1989
g loss 3.8440 4.6403 3.6422 3.7899 3.9976

After this experiment, more trainings are done with Palladio’s plans and
Haeckel’s drawings datasets with a greater number of epochs in order
to achieve a better training point (Figure 7 and 9).
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original 400 800 1200 1600 2000
n_epochs | 400 800 1200 1600 2000
d_X_loss | 0.3263 0.2723 0.2792 0.1931 0.1454
d_Y_loss | 0.1636 0.1028 | 0.2311 0.3464 | 0.1014
g _loss 3.7101 3.9390 | 3.5056 3.9218 3.2578

Table 4 shows the number of epochs and loss values for the training.
The loss graphic which shows the fluctuations can be seen on Figure 8.
It can be seen on graph that all of the three loss values decreased in the
end of the training with 2000 epochs. However, the visual results differ

in terms of visual quality and satisfying the expectancy.

Discriminat or, X
Discriminatar, Y
Generators

Figure 7: The results of the
translation from
microorganism drawings to
plan-like visuals with Palladio’s
plan dataset, with gradually
increasing epochs. 2000
epochs in total.

Table 4: Number of epochs and
loss values for the outcomes
on Figure 7.

Figure 8: Training losses graphic
generated with the algorithm
for the outcomes on Figure 7.
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Figure 9: The results of the
translation from
microorganism drawings to
plan-like visuals with Palladio’s
plan dataset, with gradually
increasing epochs. 3000
epochs in total.

Table 5: Number of epochs and
loss values for the outcomes on
Figure 9.

Figure 10: Training losses
graphic generated with the
algorithm for the outcomes on
Figure 10.
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original 600 1200 1800 2400 3000
n_epochs | 600 1200 1800 2400 3000
d_X_loss 0.2641 | 0.3065 0.4385 0.7124 0.4070
d_Y_loss 0.1507 | 0.0705 0.3223 0.2969 0.3538
g _loss 4.2142 | 3.9209 3.6080 2.9825 4.2599

Figure 9 shows slightly better visual outcomes in terms of visibility of
the structures and spaces after more training with greater amounts of
epochs. However, it can be seen that the visual quality optimized after
the half of the process and then decreased through the end. Table 5
shows the number of epochs and loss values for this training. The
related loss graphic can be seen on Figure 10.

Sharply increasing trend of the generator loss value can be seen on the
graph in the end of the process which also corresponds to the quality
decrease on the visuals. The training experiments with greater amounts

Discriminator, X
Discriminator, Y
Generators

o

2

4

&

8

Plan Generation with Generative Adversarial Networks: Haeckel's Drawings to Palladian Plans




of epochs stopped from this point because of the decrease trend in
both visual quality and loss values. After the experiments on training
with different number of epochs it is seen that the points in between
2000-3000 epochs was optimal for the generated visuals.

3. DISCUSSION

In this study, the algorithm is trained with the Palladio’s plans’ load
bearing walls and the spaces defined by them without knowing the
functions and relations of these elements and spaces. However, the
embedded data about forming these spaces is revealed partly on these
2D images which appear to have dark and thick lines which have
symmetrical setting and surround the white and perpendicular areas.
This data used to transform the microorganism drawings into plan-like
visuals. When the outcomes are evaluated, it can be seen that, the
model translated the images from the Haeckel’'s microorganism
drawings dataset into the images which follows the forming principles
of the visuals from Palladio’s plan dataset. The trained model turns the
organic curvilinear lines into linear lines as it is learned from Palladio’s
plans (Figure 11). Also, the lighter shades of gray and voids in Haeckel’s
drawings turned into empty spaces; and darker shades of gray are kept
as filled areas or lines. However, if the darker and filled area is big, then
the algorithm also turned it into void areas. Because the Palladian plans
does not have that big filled areas.

Figure 11: The results of the
training with 2100 epochs.
Translation from
microorganism drawings (on
the left) to plan-like visuals (on
the right).
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Figure 12: The outcome of the
training with random plans
above and with Palladio’s plans
below.
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The results also showed limited visual quality which was expected due
to the constraints of the study such as low quality of the original dataset
images, difference of the formations on images in two datasets, limited
potentials of unsupervised training as well as limited time and
hardware. It is seen that the quality and the quantity of the content of
datasets are crucial. Meticulously prepared images with higher
resolution and potent expression on 2D give better results in terms of
training the CycleGAN model. Pixels size could be increased to get more
satisfying visual quality, however then the visual data which needs to
be processed will also increase and thus the amount of time for the
training will increase and more computer processing power will be
needed. Low requirement of labor and time was important for.
Therefore 256*256 pixels size is selected because it gives results with
good enough resolution for the scope of the study.

From the training with random plans dataset, it can be seen that
unclear and faded images which consist of mostly non-symmetrical
plans with lighter structures than Palladio’s, resulted in unsatisfying
outcomes. The difference between Palladio’s plans with their potent
symmetrical expressions and randomly gathered heterogenous plans
without any common style was the reason for that unsuccessful
training. Comparison of this training with random plans and the training
with Palladian plans dataset showed the importance of introducing
decent and proper datasets to the CycleGAN algorithm for training, in
terms of visual quality and also coherence in style (Figure 12).
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The CycleGAN model does not require the datasets to be paired or
labelled, however it requires them to resemble each other. The
previous translation works, in example, were between modern interior
images and sci-fi interior images, and satellite maps and game maps
(Celiker et al.,2020; Balci et al.,2020). However, in this study the second
dataset was out of field and the only resemblance between the
datasets was the rotational symmetry of Haeckel’s drawings and the
mirror symmetry of Palladian plans. This also explains the translation
limits of the visuals. The training repetitions showed some difference
on the outcomes, but the model could achieve only these outcomes
with the existing data. The loss values also showed this limitation. The
model constantly checks the loss values and differs the weights of its
functions in order to get better results. However, when the loss values
are good enough for the model, then the weights don’t change
according to values. Instead, the discriminator decides with fifty
percent chance whether the image is real or fake. This explains the
fluctuations on the loss function graphs.

The low requirement of preliminary labor of CycleGAN is an advantage,
especially non-requirement of labelling the images. However, the
colorful images can cause some problems. Because similar colors on the
images can be identified as the same kind of data by CycleGAN due to
not labelling the data. Thus, this misreading can be seen on the
outcomes. In the study of Balci et al. (2020) in example, the algorithm
mistakes the areas with similar color as same kind of data and trains the
model according to that. Thus, this mistake can be seen on the
generated images. In the scope of Balcl et al.’s study, the mistake
occurred as reading the water and green areas on the maps as the same
kind of data which resulted in interpreting the green areas as water on
the visual outcomes and turning the green areas into sea on the
generated maps. This specified problem, however, didn’t occur in this
study. Because the data images kept or translated to grayscale.
Furthermore, digitally representing and processing grayscale images
are easier and quicker than processing colorful images because of the
lower amount of data. Also, only expectation from the generated
outcomes in this study was to form filled and void rectangular areas to
generate plan-like images. Therefore, checking the translation of
different texture was not necessary.

The non-requirement of labelling the images was an advantage in terms
of time and labor. However, it also constrained the image translation
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abilities of the model. With labelling, training the model on functions
and relations of the spaces would be possible. But this training would
not be possible with CycleGAN but another network with supervised
learning method.

4. CONCLUSION

In this paper, an experimental study has been conducted by translating
microorganism drawings into plan-like visuals with a CycleGAN model.
The difference of it is that it is a study of image translation of idealized
natural forms into architectural spatial organization with a deep
learning network. The study is important because it shows the ability to
train models with architectural data to perform within the forming
principles of that data. This study demonstrates that the trained model
can be trusted to generate within the forming principles of the
datasets, as long as the forming patterns are decoded properly by the
algorithm. Beyond being an example of usage of Al methods in
architectural design, the study is also important in terms of generating
architectural spatial formation from out of field visuals such as natural
forms which have different forming patterns. This can be inspirational
and useful for the conceptual design process as well as studying the
visual transformations between architecture and out of field areas.

Apart from transformations, this study also shows the potential of an
optimization tool. Taking the advantage of a tool to generate many
novel architectural visual options which actually follows the established
design principles as learned from the dataset can result obtaining
optimized results. Moreover, these optimized results will be achieved
in a short time. Otherwise manually conducting many options would
take a significant amount of time and labor.

Another issue to point out is how will the design practice be affected
with the developments in Al field. Moreover, which profession is going
to dominate the design practice from now on with the developments
in Al field? Architects should own this discussion themselves and be the
leading force for these new dynamics. These dynamics will definitely
guestion the established ways of design, research and practice. The
researchers should contribute to this phase with many experimental
studies which can lead to discoveries and discussions. This study, in
example, can stimulate other researchers’ minds for examining the
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architectural image processing, translation and generation possibilities
with different datasets as well as experimenting with different scales
other than plans which was the focus on this study.

This study can be developed further by experimenting with different
datasets, enriching the current datasets or building a model with a
different GAN algorithm. In the scope of this study’s datasets, the
Palladian plans dataset, in example, can be enriched with other
Renaissance architects’ works which follows the Palladian principles.
Haeckel’s drawings, on the other hand, have other possibilities since
Haeckel have many other drawings which can form a matching dataset
with a facade dataset, in example. After the unsupervised training for
this study, a supervised training can be studied next which can let the
labelling the spaces on plans according to their functions and training
the GAN model with it. Thus, the outcomes of this trained model will
form architectural spaces according to their functions. Experimenting
on whether the model can decode the patterns of spatial organization
according to spatial functions and relations of them can cause more
discussions and stimulations.

This study also indicated the importance of the dataset collection part.
In order to achieve satisfying outcomes, the model needs to be trained
well with suitable datasets. In the scope of Al in architectural design
studies, this is the responsibility of the architects and needs to be done
carefully in order to achieve proper results. It appears that, in the
future, the architects will be using some Al method tools to help them
in the design process specially to achieve optimized results. Thus, the
responsibility of gathering suitable content for the datasets and
specially the selection of “good” designs mostly for the optimization
models should be discussed more within the architectural design field.
Because there are important questions appear like whose design or
which design or design of the which part of the world will be
represented and which will be left out.

In conclusion, this study as with the other deep learning studies in
architecture field holds many possibilities for the parts that is inclined
to automation, experimentation and exploration in the design process.
These new possibilities will help architects in their research and
practice more and more each day. The possibilities that the Al methods
offer can help architect’s mind to explore within the creative field as
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freely and widely as it can while leaving the computational and
automated parts to the computers.
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This study aims to reinterpret and diversify the relationship between the audience
and performer by creating a tool to produce stage design layouts. The project
enabled diversification of the sensory relations between the audience, performer,
and stage and provided a wide variety of alternative layouts. It also aims to provide
diversity in the design phase to create more alternative stage layouts and possible
platform movements using parametric shape grammar. Concerning the parametric
shape grammar, a rule-based design model is developed and positioned on the line
between analog and digital. The process starts with choosing the stage
configurations; each of the three configurations, namely proscenium, thrust, and
the arena, has different layout diagrams according to the rules. The rules, spatial
relations, and dimensions are investigated by analyzing a well-known experimental
theatre, Dee& Charles Wyly Theatre. The spatial relations determine the
constraints, and the results gave parametric shape grammars. There are labels for
some areas to enable matching functions that are related. The play starts when the
first plan layout is chosen, which is created using parametric shape grammar. If the
doors are closed, and the audience is in their seats, the parterre platforms
movements start by randomly choosing the previously created layouts. The rules
are created in the plugin named SortalGl in Grasshopper. The random selection and
timer also are enabled in Grasshopper. The article presents a proposed design tool
that can be used to gather the data with the sensors. These sensors could store the
audience's data in every movement of the parterre platforms with different
scenarios. Further studies can elevate by using previously stored data from the
audiences. With the movement of the parterre platforms of the auditorium, the
layouts will help create various experiences for its audience. In future studies, it is
recommended to measure the variety of experiences that movements of the
parterre enabled. The latter aims to investigate the effect of the reinterpretation
of the space on the audience. Although there are no flexible and experimental
theater stages with enough technical equipment to provide these features in
Turkey, it can also be considered a proposal for a new theater stage design with
increasing interest in recent years.

Keywords:  Generative systems, parametric shape grammar, stage design,
experimental theater stages, audience experience.
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Deneysel Tiyatro Sahnelerine Parametrik Bicim Grameri ile

Sahne ve Parter Diizeni Onerilmesi
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Bu c¢alisma, parametrik bicim grameri kullanarak tiyatro-parter dizeni
olusturulmasini, izleyici ve sanatgi arasindaki iliskiyi yeniden yorumlayarak tasarim
asamasinda cesitliligi saglamayi ve performans sirasinda olusturulan oditoryum
dizenlerinin hareket akisi ile birlikte seyirciye her defasinda yeniden yorumlayacagi
bir deneyimin belirmesini planlamistir. ilerleyen calismalarda ise fiziksel degisimin
yaratacagl deneyim cesitliliginin sunulan yontemlerle 6lgllerek, mekanin yeniden
yorumlanmasinin izleyici izerindeki etkisinin arastiriimasi énerilmektedir. ilk olarak
parametrik bicim grameri sayesinde kural tabanli bir tasarim modeli gelistirilmis
analog ile dijital arasindaki gizgide konumlanip, sahne tasarimlarinda gesitliligin
arttinlmasini hedeflenmistir. Seyir deneyimi ile sahne tasarimi arasindaki bicimsel
iliskilerin ve deneyim ¢esitliliginin analiz edilmesini, tretilen alternatif dizenlerin,
tek bir salonun ¢ok ¢esitli kullanilmasini saglayarak gesitli diizenlerin belirmesine de
olanak saglamaktadir. Beden ve mekdn iliskisinin her dizende yeniden
olusturuldugu, farkli senaryolarla verinin parter platformlarinin hareketinde karsilk
bulacagi bir tasarim araci 6nerilmektedir. Turkiye’de bu ozellikleri saglayacak kadar
teknik donanima sahip esnek ve deneysel sahneler bulunmasa da son yillarda artan
ilgiyle birlikte yeni bir tiyatro sahnesi tasarimi igin 6nerilebilecek bir tasarim araci
olarak da degerlendirilebilir.
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1. GiRi$ (INTRODUCTION)

Mimarlik, kullanici ve mekan arasinda etkilesim sonucunda beliren ve
her seferinde yeniden yorumlanan baglar kuran bir tasarim alanidir. Bu
bagin nitelendirilmesinde slphesiz ki kullanicinin payi, yasadiklari,
gorusd, o anki dusinsel durumu ne kadar 6nemliyse; tasarimcinin da
fiziksel unsurlar kullanarak olusturmak istedigi algi o kadar énemlidir.
Kullanicinin bu slreg icerisinde deneyiminin derinlestiriimesi bu bagin
deney aninda tekrar tekrar olusturulmasi, strekli degismesi ve ayni
zamanda mekanin yeniden yorumlanmasini saglayacaktir. Edimsel
kavraminin, mimariye entegre olusunun da 6znelligin mekadna dahil
olmasi ve performans sirasinda yerin kendisinin bu strece katilmasiyla
gerceklestigi belirtilir (Smitheram,2011). Boylece degisen sartlara
adapte olarak, ona gore alternatifler sunan, belirlenen kurallar
cercevesinde izleyici ile birlikte mekdnin da sirece dahil oldugu
gozlemlenebilir. Nitekim sergilenen sanatin, monoton bir dizen
sisteminden c¢ikarak izleyicisine ve sanatcisina deneyim cesitliligi
saglamasi beklenmektedir. Mekéansal anlamda ise yeni bir form ve yeni
Uretim bicimleri ortaya c¢ikararak, bu deneyimi bir lst seviyeye tasimaya
calismasi 1950’lerin sonundan beri slire gelmektedir (Bengl, 2019).
Gelistirilecek kural tabanli tasarim modelinin alternatif sahne-parter
dizenleri tasarlayan bir tasarim araci olarak islemesi, parametrik bicim
gramerleri kullanarak bunu Uretken sistemler cercevesinde ele almasi
beklenmektedir. Parametrelerle belirlenen kural setlerine adapte olan
deneysel, esnek ve uyarlanabilir; Kara Kutu Sahne gereksinimlerinden
uzaklasmayan bir tasarim aracinin {retilmesi hedeflenmektedir.
Sanatgi-izleyici iliskisini temel alan ve performansa gore degisen,
performans icerisinde hareketli parter duzenleri Ureten bir arac ile
geleneksel tiyatro sahnelerindeki ddsemelerin hareketsiz oldugu
sisteme alternatif bir yaklasim énerilmektedir.

2. DENEYSEL SAHNELER VE SAHNE TEKNOLOJILERI (EXPERIMENTAL
STAGES ANS STAGE TECHNOLOGIES)

Performans alanlari, sanatiniicra eden sanatci ve o performansa taniklik
etmeye gelen seyirci ile tanimlanan mekanlardir. Deneysel Sahne ya da
Kara Kutu Sahneler, deneysel, esnek ve uyarlanabilir olmasi; sanatgi ve
izleyicinin keskin bir sinirlarla ayrilmadigi ve bu iliskinin cesitli sekillerde
kurulmasi sebebiyle esnek olan sahnelerdir (Ozel, 2017). Temsil
mekaninda bulunan sanatci ve seyirci arasinda mekanda algisal farklilik
yaratip bu iliskiyi yeniden tanimlamak icin; uzakhk ve yakinlik iliskisi,
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seviye farki, sahne dizeninin degismesi gibi etmenler kullanilabilir.
Ornegin, Mesut Arslan’in Betrayal oyununda sahnedeki seffaf
duvarlarin, oyun sirasinda hareket etmesiyle icraci ve seyirci arasindaki
iliski stirekli yeniden tanimlanir (wpZimmer, 2019).

Sanatgi-seyirci iliskisini oyun sirasinda veya oyuna 0Ozel yeniden
tanimlamayan, désemenin hareketli oldugu ve hem désemenin hem de
tavanin hareketli oldugu 6rneklere rastlanir. Onerilen tasarim
modelinin motivasyon kaynagl olarak sayilan ve ayni zamanda ilk
hareketli sahne Onerisi olarak kabul edilen, “Podienklavier” 1958'de
Disseldorf Tiyatrosu Yarismasi’na giren Werner Ruhnau’nun énermis
oldugu esnek sahne sistemidir. Cesitli topografya sistemlerinin
olusturulabildigi bu tasarimla Ruhnau, tiyatronun geleceginin mekanin
icinde oynanan oyunla degil, mekanla birlikte olacagini ve bunun iginde
esnek bir mimariye ihtiyac duyulacagini savunur (Lehmann-Kopp,
2007). Onerilen tasarim sisteminin motivasyon kaynagi bu noktadan
gelmektedir, artik izleyicinin oyunun bir parcasi olma hevesi giderek
artmis izleyici silinen sahne cizgisini geride birakmaya baslamistir.

Proscenium Thrust Arena Traverse

FlatFloor ... Studio Theater Bipolar Sandwich

Daha yakin zaman &rneklerine bakildiginda, Dee&Charles Wyly
Tiyatrosu’ndan bahsetmek gereklidir, OMA ve REX is birligiyle yapilan
bu tiyatro sahnesinde, gelisen teknoloji ile birlikte, istenen parter-sahne
iliskisinin cok daha hizl ve efektif bir sekilde yapildigini, Gstelik sanatgi-

Sekil 1: Dee&Charles Wyly
Tiyatrosu Esnek Sahne
kullaniminini gésteren gorsel
(The schema of the Dee&Charles Wyly
Theatre flexible usage) (AT&T
Performing Arts Center Dee +
Charles Wyly Theater - Project,
2013).
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Sekil 2: Deneyimin belirmesini
acliklayan diyagram (The diagram
of experience emergence).

izleyici-alan arasindaki iliskinin Sekil 1'de gorildigl gibi tekrar tekrar
tanimlanabildigi  gorilmektedir (Ozel, 2017). 600 kisilik seyirci
kapasitesi ve hem sahnesinin hem de parterlerin esnek kullanimiyla bu
calismada deneysel sahneler icerisinde bu teknolojiyi kullanarak bir
sahne tasarimina gidildigi, hem de mekanlarin iliskileri ve biyuklukleri
acisindan optimum bir iliski icerdiginden mekansal baydklukleri
tanimlamak icin althk olarak kullanilacaktir. Tanimli birimlerin hareketli
olmasi sebebiyle bircok sahne c¢esidine olanak saglamasiyla tiyatro
makinesi olarak adlandirilan bu 6rnek sahne-seyirci iliskisini
performansa bagl olarak yeniden yorumlamasina olanak saglar (AT&T
Performing Arts Center Dee + Charles Wyly Theater- Project, 2013).

3. DIJITAL TEKNOLOJILER VE DENEYiM (DIGITAL TECHNOLOGIES AND
EXPERIENCE)

Tek bir basit désemenin hareketsiz oldugu ve parter dizenin
degismedigi sahne platformlarindan hareketli oditoryum dizenlerinin
olusturulmasiyla daha karmasik ve sanat Grlind haline déntsmds bir
performans alani tasarlanmasi planlanmaktadir. Proje kapsaminda
rastgele olusturulan farkl parter semalarina ek olarak, analog sistemin
dijitale donlsimU de yeni bir sistemin olusmasina olanak saglar. Buna
ek olarak mekana dijital bir katmanin eklemlenmesiyle deneyimin
karmasiklasarak, oyun sirasinda her bir degisimle yeniden

yorumlanmasi bir diger 6ge olarak ele ainmaktadir.

------------------- Yeni bir sistemin olugmasi: Analog oditoryumun dijital bir katmanin
i eklenmesi

=)
05

b Deneyimin yorumlanmasi: bedenin mekani duyulan araciidyla
her diizende yeniden yorumlanmasi
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3.1 Dijital Teknolojiler ve Beden-Mekan Deneyimi (Digital
Technologies and Experience of the Body and Space)

Beden ve mekan iliskisi bedenin mekani duyulari araciligiyla
deneyimlemesiyle baslayan bir srectir. Deneyim slrecinde birey hem
kendine hem de mekana yeni anlayislar kazandirir, kendi mekansal
algisini  yaratir (Ucay, 2019). Mekan deneyiminin olcilmesi,
kullanicisinin anlamlandirmasi ve algilamasi ile senkronize ve birbirini
besleyen bir slrectir. Mekan ile kisisel bir bag kurmasi igin; Altman ve
Low’a(1992) gore algisal, davranissal ve duygusal olmak Gzere 3 baslik
bulunmaktadir. Bunlar kullanilarak bir mekani farkli katmanlarda
algilamak mimkindir. Form ile birlikte kullanic geometriyi ve
organizasyonu genel olarak algilar, mekanin fonksiyonu ile birlikte
davranissal olarak bir algl sireci baslatir, mekadna yukledigi anlamla
birlikte ise duyusal bir anlam katarak mekani buttncil bir sekilde algilar.
(Guzelkahraman, 2019) Proje kapsaminda, onerilen hareketli oturma
dizenlerinin her degisimi, seyirciye performans sirasinda mekansal
algisini yeniden olusturacagl bir firsat sunmaktadir. Fiziksel hareket
sonucunda, seyircinin bir o6nceki duzenden farkli bir deneyim
olusturmasi 6n gortlmektedir. Bu deneyimin objektif ve sibjektif
ciktilarinin élctlmesi, bu ciktilarin da proje kapsaminda sunulmasi
planlanmaktadir.

Mekan deneyimi Gzerinde yogunlasip, cesitli teknolojiler kullanarak bu
deneyimi somut verilere doken 6rneklere bakildiginda cesitli cihazlar
kullanildigl, kullanicisinda o zamandaki degisimlerinin  6lcildGgu
gorulmektedir. Beliren ve degisen deneyimin élctlmesi icin beden-algi
ve deneyim Uggeninde konumlanmis bir proje olan Strata’da (2017)
oldugu gibi kullanicinin olusturdugu veriler sensor yardimiyla olgilebilir.
Bu cihazlarla beyin dalgalarini EEG ile stres seviyelerini GSR (Galvanic
Skin Response), kalp atis hizi ve nefes almayi viicuda temas eden alicilar
yardimiyla 6lctlmesi 6nerilmektedir (The Mill: STRATA, n.d.). Bunlara ek
olarak 2019 yilinda bitirilmis In’in isimli yUksek lisans tezinde kullanicinin
sanal gerceklik ortaminda deneyimini somut bir ortama tasimak icin,
kullanicilarin akill bileklikleri ile uyumlu bir uygulama yazilp, bu
uygulama sayesinde kullanicini kalp atis hizi gibi verilerinin cekilip
degerlendirilmesi 6nerilmektedir (Ucay, 2019). Toplanan farkli verilerin,
hareket anindaki etkilerinin derlenip, somut bir cikti elde edilmesi
onerilmektedir.
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4. PARAMETRIK BIiCiM GRAMERI YONTEMININ SAHNE

TASARIMINA UYGULANMA ASAMALARI (THE PROCESS OF
IMPLEMENTING PARAMETRIC SHAPE GRAMMAR FOR THE STAGE DESIGN)

Bicim grameri, 197Q’li yillarin basinda George Stiny ve James Gips
(1972) tarafindan literatlre kazandirilmis ve tasarim dillerini analiz
etme ve yaratma yolu olarak tanitilmistir. Parametrik bicim grameri,
bicim kurallarinin sema Gzerinden tanimlanarak bu kurallarla isleyen bir
Uretken sistemdir. Bu bigcim grameri sistemi kullanilarak lietratlre
kazandirilmis olan Queen Anne Evleri (Flemming, 1987) ve geleneksel
Turk evleri (Cagdas, 1996) gibi; sahne tasarimi alaninda analiz ve Uretim
islemlerinin sonucunda asamalarin agiklanarak literatire kazandirilmasi
onerilmektedir. Bu proje kapsaminda belirlenen kural setleriyle
parametrik bir bicim grameri ortaya konulmustur. Mekéana
yerlestirilecek tasarim elemanlari dagarcigi olusturulmus, belirli bir
Onem sirasi gozetilmistir. Burada plan tipini belirleyen en 6nemli mekan
sahnedir, Uretim slreci sahnenin yerlestirilmesiyle baslayip daha sonra
diger mekanlarin eklenmesi ile devam etmistir. Tasarim elemanlari ile
bicim grameri arasindaki mekansal iliski kural setleri ile tanimlanmistir.
Daha sonra benzer elemanlar icerisinde de 6nem sirasi belirlenmis olup,
buna gore kural siralari gbzden gecirilmistir. Sahnenin sekli, blyUklGgu
ve vyeri tanimlandiktan sonra, kural setinden bir sonraki kural
uygulanmistir. Bu kurallara 6rnek olarak, sahne yoninin belirlenmesi,
kulis tipinin ve yerinin belirlenmesi, acil cikislara gore gerekli hollerin
tanimlanmasi, sahne ile kulis arasindaki akisi saglayacak iliskinin
kurulmasi, parter sayisini belirlenmesi ve sahnenin yiksekligine karar
verilmesi gibi kosullar gosterilebilir.

Baslangic olarak tek bir performans cesidi Uzerinden tanimlanan
kurallarla dizenin olusturulmasi éngérilmustir. Secilen performansa
gore bazi sinirlamalarin  konulmasi gerektiginden de bahsetmek
gereklidir, 6rnegin dans performansi sirasinda sahnenin belli
kisimlarinin hareketli olmasi dansclyl zora sokabilecegi gibi, tehlikeli
olabilecegi de g6z oninde bulundurularak performans sirasinda
sahnenin hareketi gdz ardi edilecek ve parter dlizeninin hareketli olmasi
dnerilecektir. ikinci kissmda da bahsedilen deneysel sahne diizenleri
belirli kurallara gevrilmis, seyirci-izleyici deneyimini ¢esitlendirmek igin
kendi kurallarini olusturmustur. Gelistirilen sistem icin belirlenen
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performans secilip sanatcilarin giris cikis duUzenleri incelenmis,
belirlenen sahnelerde ilk kuraldan baslayarak farkli parter dizenleri
Oneren bir tasarim araci tasarlanmistir. Bu tasarim sistemiyle
performans esnasinda kurallar cercevesinde 6nceden dizenlenmis
platformlarin hareketiyle, oyun esnasinda degisen hareketli bir parter
sistemi gelistirilmistir.

4.1 Ornek Projenin Plan Elemanlarinin Tanimlanmasi Mekansal
iliskilerinin ve Boyutlarinin irdelenmesi (Analyze of the Sample Project
Floor Plan to Investigate Spatial Relations and Dimension)

Calismanin baslangic asamasinda hiyerarsik iliskilerin kurulup, tasarim
sozIlUglindn olusturulmasi amaciyla, hareketli oturma alanlarina sahip
Charles&Dee Tiyatro’su secilmistir. Sahnelenen oyuna gore,
performans baslamadan dnce degistirilen oturma dizenine sahip olan
projenin dizeni, calisma alani olusturulmasi acisindan incelenmis,
parter kotu plani Gzerinden irdelenen iliskilerin yardimiyla; kurallarin
olusturulmasi ve akisin dogru kurulabilmesi icin mekansal iliskilerin ve
boyutlarin incelenmesini onerilmistir. Plan elemanlarinin
tanimlanmasiyla baslayan inceleme sonucunda, asagidaki elemanlarin
eklenmesine karar verilmistir:

=  Sahne
= Parter
= Kulis

= Sirklasyon alanlari (holler, merdiven...)
= Acil ¢cikis

= Teknik birim

= YUk Asansori

= Depo

= Sanatcl girisi
= Seyirci girisi
=  Mutfak

Sekil 3'de ilk asamada planin alinip, izgara sisteme oturtulmasi ve
boylece mekanlarin islevlerine gore ayrilmasi gosterilmektedir. Daha
sonra izgara sistem Uzerinde islevlerine goére boyutlari incelenen
birimlere karar verilmistir. Farkli renklerle temsil edilen islevsel birimler,
kural setleri olusturulurken sirayla eklenerek adim sayisini
olusturacaktir. Son asamada sari ile gosterilen kisim normalde o kotta
bulunmayan kulisi temsil eder. BUtlin islevlerin tek bir kotta
tasarlanmasi 6nerileceginden plana ekstra kulis eklenmistir.
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Sekil 3: Dee&Charles Wyly 4.2 Kurallar Setlerinin Belirlenmesi (Determination of the Shape Rules)
Tiyatrosu Sahne Plani
Uzerinden mekansal iligkilerin

ve boyutlarin incelenmesi.
(Identification of Dee&Charles Wyly prensibini anlatan bir akis semasi gosterilmektedir. Kural setleri soyle

Kurallarin belirlenmesi asamasinda en énemli 6ge olan, sahnenin yon
sayisinin belirtilmesiyle baglanacaktir; Sekil 4’te butin sistemin calisma

Theatre floor plan to investigate spatial

relations and dimension). siniflandirilabilir:

= Kural Seti 1: Sahne yoni belirleme
= Dort yonla (KD)
= (Ucyonli (KU)
= jkiyonla (KI)
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= Kural Seti 2: Kulisin yerinin ve boyutunun belirlenmesi
= Sahne ile kulis arasinda dogrudan bir baglanti
kurulmasi gereklidir. Bu asamada ek olarak sahne
arkasinin da dis cizgisi gizilir.
= Kural Seti 3: Sahne ile dogrudan baglantili yik asansorinin
yerlestirilmesi
= YUk asansorinin eklenmesi gereklidir. Direkt sahne ve
disari ile iliskili olacagindan kulisten geriye kalan yere
yerlesecektir.
= Kural Seti 4: Parterin dis hatlarinin gizdiriimesi ve yonine karar
verilmesi
= Kural Seti 5: Acil ¢ikislarin ve hollerinin belirlenmesi
= Parterin ve dis cephenin cizgileri cizdirildikten sonra
acil ¢ikis hollerinin belirlenmesi gereklidir.
=  Kural Seti 6: Sahne arkasinin birimlerini yerlestirilmesi
= Kural Seti 7: Merkez parterin yerlestirilmesi
= Kural Seti 8: Genel parter diizenin olusturulmasi
= Bu asamadan itibaren bir adet parter yoni secilerek
onun Uzerinden plan Uretimine baslaniimistir.

Batin bu setlerin bitisinin ardindan sirkilasyonun akisi kontrol
edilmistir. Mekanlar arasinda gegisin, acil cikislarin disariya agilmasi
tamamlandiktan sonra tasarim havuzundaki planlar gorus acilari, acil
cikislar ve akustik denge gibi konularda kontrol edilip performans
basladiginda uygulanacak olan ilk dizen belirlenir. Daha sonra
performansin uzunluguna gore olusturulan sahne dizenlerinin degisme
sireleri hesaplanir, slire sonunda havuzdan rastgele baska bir dizen
secilerek Sekil 4'te dikdortgen icine alinmis olan son kisim performans
siresince dongi icinde calismaya devam eder.

Sahnenin yoninin belirlenmesi asamasi Kural Seti 1 olarak Sekil 4'te
tanimlanmaktadir. Sekil 5’te detayl gosterilen ikinci kurala baktigimizda
dort yonli sahne secilerek baslatilan tasarim sirecini KD kural seti
temsil ederken, g yonli sahneyi KU kural seti, iki yonli sahneyi ise K
kural seti temsil edecektir. Bu calismada Uretilen plan semalari iki yonli
sahne kabulinin yapiimasiyla baslamaktadir. Parterin yerlestiriimesi
icin tiyatro sahnelerinde kabul olarak nitelendirebilecegimiz uzun
kenarin secimi gozetilecektir.
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yEn sayis P, !
G yonla | Akustik denge
iki yonla sadlzndi mi?

Performans bagladiktan
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diganya
agilyor mu?

¥
Merkez parteri yerlestir.
¥

Geriye kalan parter
diizenini olugtur.

=

¥

Sirkilasyon elemanlarim
kontrol et.

[y

Mekanlar arasi
gegigler saglamyor
mu?

Hayr

sekil 4: Sistemin isleyisini  Bjr sonraki asamada sahne ile dogrudan iliskili elemanlara
aciklayan akis diyagrami

(Flowchart of the process). gecileceginden oOncelik olarak kulis secilmistir. Mekéansal buyuklik

acisindan Ug¢ farkh kulis tanimlanmis olup, bu kulislerin yerlerinin
degistigi kural samasi 2.set olarak KI/2 olarak adlandiriimistir. Sekil 6'da
gorialdigu Gzere bu kural semasinda ise 6 adet kural bulunmaktadir.

Kl/2.4 kuralinin secildigi varsayilarak, kulisin eklenmesinin ardindan sira
sahne ile iliskili elemanlarinin eklenmesine gecer. KI/3 olarak
adlandirilan kural setinde yik asansorinin eklenme olasiliklari
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incelenirken, dérdunci kural setinde KI/4 olarak adlandirilan, parterin

dis hizasi eklenir ve yonine karar verilir, bu asamaya kadar parterin

dizilecegi uzun kenar secilmemistir.

KI/5 kuralinda parter bolgesine disa acilan koridorlarin cizdirilmesi

eklenir. KI/6 kurali ile tanimlanan sahne arkasi elemanlar eklenir, bunlar

yangin merdiveni, tuvalet, depo ve merdiven kisimlaridir. Kalan kisimlar

sanatgl girisi ve sirkilasyon olarak tanimlanir.

KI/7 kurali ile merkez parterin yerlesimi yapilir. Bu asamadan sonra

olusturulan bes adet parter kurali ile rastlantisal olarak parter birimleri

Sekil 5: iki yonli sahne secimi
yapildiktan sonra segimler

sonucunda olusan kural semasi
(The rule diagram and combinations
according to proscenium stage

eklenir. Parter ile sahne dogrudan ya da dolayli olarak iliskili olmali fakat ~ selection).
Sahne tipi belirleme ve konumlandirma kurallan kural seti 1 Kulisin tipinin ve yerinin belirlenmesi kural seti 2
Dort yonla sahne Ug yonli sahne iki yonlu sahne 2'{;""1“0";",""'” “yguianmetsiin
. < " B B B > B B B
Ay > B Alxy) — B Alay) — B —> >
KIf 2.1 KIf 2.3 KIf 2.5
Kuf 11 Kif 11 —
B B B B
Ko/ 1 — —2 8 8
A(xy) >B Aly) — B
e
KIf 2.2 Kif 2.4 KIf 2.6
KU/ 1.2 Kif1.2
A (o) S Yik asanséranan eklenmesi & Dig parter hizasinin belirlenmesi kural seti 3&4
KIf 2.3 kuralinin uygulanmasinin ardindan «{ 31 kuralinin uygulanmesinin ardindan
KIf13 ,— ’—
B -y B B —> B
A Gay) > g
_
Kif 1.4 Kif 3.1 Kif 41
YOk asansérunin eklenmesi & Dig parter hizasinin belirlenmesi kural seti 5&6&7
KIf 41 kuralinin uygulanmasinin ardindan
B _'_ - _|_ B _'_ . _'_ - i;
O
Kif 41 Kif 41 Kif 41
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Sekil 6: Olusturulan Kural Seti 2

(The combinations of Rule 2).

parterlerin de birbiriyle iliskili olmasi gerektigi unutulmamali, yan yana
geldiklerinde kot farkhliklari olusturup birbirini engellemeyecegi
durumlar saglanmalidir.

Kulisin tipinin ve yerinin belirlenmesi kural seti 2

KI/1 kuralinin uygulanmasinin
ardindan

B —> B

I

i
g

Kif 21 Kif 2.3 Kif 2.5
B ‘ N B I —> B
Kif 2.2 KIf 2.4 Kif 2.6

4.3 Mekansal iliskilerin ve Sahne Tasariminin Getirdigi
Kisitlamalar (Constraints of Spatial Relations and Stage Design Necessity)

Kural setleri olusturulurken, cesitli etiketlerle kisitlamalar getirilmek
durumunda kalinmistir. Bunun sebebi mekansal hiyerarsi kaynakli
olabilecegi gibi, bazi islevlerin birlikte islemesi, ya da mekansal olarak
bulunmasi gereken yer performansa bagh olarak dnceden belirlenmis
olmasi da olabilir. Ornegin sahne arkasi, sahne ve sahne 6ni gibi
bélgesel kisitlamalar olabilecegi gibi, acil cikislarin ya da yik
asansorlerinin disariya acilma zorunlulugu olabilir. Sahne arkasindaki
elemanlarin ikinci kural seti belirlendikten sonra bulunabilecegi bolge
belli oldugundan 6zellikle ilk asamalarda sahne tasarimi olusturulurken
cesit sayisi kisith kalmis, parterlerin eklenmesiyle cesitlilik arttirilmistir.

4.4 Modelin Olusturulmasi (Generation of the Model)

Kurallar olusturulduktan sonra model asamasina gecilmistir. Bu
asamada Rhinoceros uygulamasi icerisinde bicim grameri yorumlayicisi
SortalGl eklentisi kullaniimistir (Stouffs & Dy, 2018). Bu eklentinin
kullaniimasini  sebebi, ayrintili  kurallarin  olusturulmasina olanak
saglamasl, detayh ara yUz{ ve glincel olmasi ve Rhinoceros programi ile
birlikte calisabilmesidir.

Bina Bilgi Modelleme ile Erken Tasarim Asamasinda Karar Verme Streglerinin Stirdiirtilebilirlik Baglaminda Degerlendiriimesi



Sekil 7’de mor gruplar baslangic sekillerini ve ilk kurallari, pembe gruplar
kurallarin dogru isleyebilmesi icin eklenen etiketleri icermektedir. Mavi
gruplar ise ana tasarim olusturulduktan sonra, dis parter cizgisi
icerisinde konumlanacak olan birimler icin olusturulan kurallarin
olusumu ve uygulanmasini géstermektedir.

Sekil 7: SortalGl eklentisinde
olusturulan kurallar

gbzikmektedir (The diagram of the
rules that created in the SortalGl
plugin).

Sekil 8: a & b: Etiket kullanimini

gosteren gorseller (The figures for
the usage of the labels).
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Baslangic asamasi olan sahnenin yon sayisinin belirlendikten sonra
oditoryum yonu belirlenmis olacak, boylece parter, sahne arkasi ve
teknik birimlerin gelecegi ylizeyin etiketi de karar verilmis olmaktadir.
Sekil 8a’da iki yonli sahne secildiginden tek bir tarafa parter
eklenecegi bilinmektedir, kisa kenar olan “a” ve “c” ayritlarindan biri
arka sahne olarak isleyecektir. Sekil 8b’de ise acil c¢ikislarin
belirlenmesinin  ardindan ilk merkez parterin vyerlestiriimesi
gorulmektedir. Merkez parterin yerlestirilmesi ve diger parterlerin

dizimi sirasinda “p” “k” “b” ve “k” etiketleri arasindaki dikdortgenin

icine yerlesecekleri yandaki nodiillerle tanitildigi gérilmektedir.

Sekil 9: Rhinoceros iginde
SortalGl kullanarak
parter dizeninin olusturulma

asamasi ve kural nodulleri (Rule
nodules and parterre design process by
using plugin SortalGl in Rhinoceros.)
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Parter olusumu, ayrilan alan icerisinde merkeze bir parter
yerlestirilmesiyle baslar. Daha sonra tanimlanan bes adet kuralin
rastlantisal olarak uygulanmasiyla devam eder. Yarim birimlik noktalarin
tanimlanmasiyla birlikte, drnegin 1 birimlik parter elemaninin 4 noktasi
tanimlanir, 2 birimlik elemanin 3 noktasi ve 3 birimlik parter elemaninin
6 noktasli tanimlanir. Devam eden sidrecte tanimlanan noktalarin
eslesmesi slreciyle parter elemanlari dizilir. Kurallarin eklenmesiyle
olusturulan parter 6rneklerinden ikisi bir 6énceki adimiyla Sekil 9'da
gorilmektedir.
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4.5 Olusturulan Sahne Tasarimlarinin Rastgele Yiikselme
Durumlari (The possible situations of the Stage Elevation Layouts)

Olusturulan sahne-parter tasarimlarinin performans sirasinda tehlike

yaratmayacak sekilde  degistirilmesi  6ngorilmektedir.  Sahne

tasarimlarinin geldigi noktaya bakildiginda otomatik sistemlerle kontrol
edilen platformlarin, bu noktaya kadar getirilen ¢alismaya gore rastgele

hareket  ettiriimesi  6nerilmektedir. llerleyen  calismalarda

performanstan  belirlenecek  veriler  c¢ekilerek  platformlarin

hareketlerinin performansa dayandiriimasi énerilmektedir.
icin Sekil 10a’da de gorilen bir akis
izlenmektedir. En son olusturulan sahne tasarimlarinin bir havuzda

Calismanin  bu asamasi

toplanip baslangi¢ tasarimi olarak bir 6nerinin secilmesiyle baslamasi
onerilmektedir. Performans baslamadan &6nce sahne ve parter
elemanlarinin hemzemin olarak baslamasi, seyircilerin yerlerini alip;
birlikte gore

olusturulan farkh sekanslarda parter platformlari hareket ederek

performansin  baslamasiyla oyunun uzunluguna

seyirciye farkli bir deneyim yasatmasi 6nerilmektedir.

Oyunun uzunluguna 16 egit
parcaya bolindr. Sekans
uzunludu belilrlenir.

v
'd ™
Ik iki siraya basan platformlar 0-
30 cm arasinda ylkselirken,
geriye kalan Gc sira 30-60 cm
arasinda yukseltilir.
e A

Kapilar kapandikian sonra oyun
acilirken tasanm havuzundan
secilen ilk tasanma gdre
platformiar yikseltilip, oyunun
baglamasi beklenir.

Ovyun baglar.

h
'd ™

Havuzda kalan 15 diger plandan
biri rastgele secilir, o plan
Uzerinden rastgele ylkselimeler
yapilir.

A A

¥

Oyun boyunca planiar
uygulanana kadar islem devam
eder.

Sekil 10b’de son kural seti sonucunda elde edilen parter diizenlerinin
temsili gorilmektedir. Son asamada 16 farkli diizen elde edilmistir, yeni
bir kural eklenerek ya da var olan kurallar birden ¢ok kullanilarak farkli

Sekil 10: a: Parter
platformlarinin hareketlerini
gosteren akis semasi. b: Son
kural asamasinda olusabilecek
parter diizenlerinden birinin

yUkseklik temsili (a: The flowchart
of the rules for movements of the
parterre platforms. b: The possible
elevation diagram that is created
according to the last shape grammar
application.)

b. 30-60 CM ARASI YUKSELME
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Sekil 11: Grasshopper
icerisinde olusturulmus
rastlantisal yiikselme ve

platform secimini anlatan
sema (The diagram of the possible

elevations and platform movements
that are created by using
Grasshopper).

duzenler elde edilebilir. Bir parter dizeninin komsuluk iliskilerindeki
bakis acilari ve acil ¢ikisi engellemeyecegi gibi kisitlamalarin kontroli ile
birkac versiyonu yapilabilmektedir.

Platformlar arasindaki kot farkhliklarin, tehlike yaratmayacak o6lctde
tutulmasi, goris acilarinin engellenmemesi gibi kosullarin kontrolt
saglandiktan sonra, platformlar arasinda minimum 10 cm gibi
hareketlenmelerin olacagini kisa sireler icin bu farkliliklarin 30 cm’ye
kadar cikabilecegi on gortlmektedir. Kot farkinin maksimum 30 cm
arasinda belirlenmesi acil durumlarda ¢ikis yapmasi gereken izleyicilerin
hareketini engellememek ve bakis acilarinin kontrolinin saglanmasini

kolaylastirmaktir.

7m

Bina Bilgi Modelleme ile Erken Tasarim Asamasinda Karar Verme Stireglerinin Strdarilebilirlik Baglaminda Degerlendirilmesi



RASTLANTISAL YUKSEKLIK BELIRLEME ASAMASI PARTER PLATFORMLARININ HAREKETI

0

=
]
]
=]
o
@

|

srsplif]

=l

Random)

Sekil 11’de gorildiga tzere 5’e 5'lik birimlerden ilk iki siranin 0-30 cm
arasinda, arkadaki diger siralarin ise 30-60 civarinda yikselmesi
planlanmistir. Oyunun uzunlugunun bilinmesiyle esit sekanslarina goére
belirlenen araliklarda rastlanti ylzdesini degistiren bir bilesen eklenir.
Belirlenen yikseklik sinirlari icerisinde rastlantisal olarak yUkselmesini
saglayacak olan ve Sekil 12’de tanimlanan iki ayri hareket vektord, bigim
grameri yontemiyle olusturulmus olan sahne tasarimlarinin sahneye
olan uzakligina gére 6n sira ve arka sira olmak tzere ikiye ayrilmasindan
sonra yUkseltme hareketi icin kullanilacaktir.

Son agamada Sekil 11’de gosterilen 16 farkl planin, Sekil 13'te kullanilan
bilesenlerle rastlantisal olarak donglye sokulmasi tzerinden, ilk planin

0 Trimmed Surface
1 Trimmed Surface
2 Trimmed Surface §
3 Trimmed Surface
4 Trinmed Surface
S Trinmed Surface

Preview]

=)

Sekil 12: Yukseltme sirasinda
kullanilan sinirilandirmalarin
tanimlanmasini gésteren
sema. (The diagram of the

identification constraints for the
elevation of the platforms).

Sekil 13: Plan semalarinin
rastgele secimini gosteren
sema (The diagram of the random
selection of the plan layouts).
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Sekil 14: Sekil 11'deki 3. plan
semasinin parter
yukselmelerini gosteren kesit
semasl (The sectional chart showing

the possible elevations of the third
plan layout in the Figure 13.)

— I
e — — I
- i —
—— i
_—— 2 . - memil———

6 parter dizeninin yUkseltiimesiyle olasiliklar dahilinde binlerce farkh
senaryo olusturulabilir, ortalama iki perde siirecek bir oyun icin 2-2,5
saat gibi bir stre boyunca calistirilacak olan sistemin, 7000 ile 9000
saniye Uzerinden bir hesaplama yapildiginda her planin uygulanmasi
icin 450 saniye yeterli olacaktir. Bazi parter diizenlerinin bilesenden ayni
rakamsal degerin cikmasi sonucu tekrarlanmasi da miumkundur. Sekil
14'te ilk parter duzeninin yikseldiginde olusan kesitler sematize
edilmistir. Mor renkli alanlarinin 3, 4 ve 5. siradaki platformlardir, 30-60
cm arasinda 10 cm’lik farklarla yikselip alcalmaktadir. Pembe renkli
platformlar ise yangin kacis ve arkaya dogru uzanan On parter
platformlardir, 0-30 cm arasinda ylkselmektedir. Bu sadece bir plan igin
11 dongi sonucunda elde edilen kesitlerdir. Tasarim havuzunda kalan
diger plan semalari secilip rastgele dongl sayisi ve sirasiyla bu tasarim
cesitlendirilebilir.

5. SONUC VE DEGERLENDIRMELER (CONCLUSIONS  AND
CONSIDERATIONS)

Tiyatro salonlari ve performans merkezleri incelendiginde performans
sirasinda  sahnenin ve dekorun hareketli oldugu sahneler
bulunmaktadir. Fakat parter dizeninin performansa gore degistigi
ornekler bulunmasina ragmen performans sirasinda bir degisimden s6z
etmek mimkin degildir. Ulkemizde gittikce artan ilgiyle birlikte yeni
sahneler yapiimakta ve bircogunun teknolojik donanim, akustik,
izolasyon gibi konulari géz ardi edilmeden titizlikle tasarlandig
gorilmektedir. Esnek sahneler, son vyillarda izleyicisine sundugu
deneyimle birlikte tercih edilmekte, oyun yazarlari ve oyuncular
performanslarini bu sahnelerde sergileyerek izleyicisiyle arasindaki
cizgiyi kaldirip oyunun bir 6gesi haline getirmektedir. Bu ¢alismayla
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birlikte hareketli salon tasarimi icin bir tasarim aracinin dretilmesi ve
sonuglarinin degerlendirilmesi 6nerilmektedir. Olusturulan sistemin
ciktilari olarak elde edilen dizenlerin, seyir deneyiminin katmanlarini
detaylandiracaktir.

Daha sonraki calismalarda ise seyircinin alisik oldugu stabil platform
algisini yikarak parter hareketinin, vicudundaki etkisinin 6lctilmesi ve
bu verilerin  somut ciktilarinin elde edilmesi planlanmaktadir.
Sonrasinda parter dizenlerinin olusturulmasi sirasinda belirlenen
rastgeleligin yerine kullanilmasinin denenmesi ilerleyen calismalarin
motivasyonu olacaktir. Verinin islenerek, hareket vektoriine giden ve
rastgele olma durumunu Ureten bilesenin yerini almasiyla kullanicinin
tepkilerinin tasarima dahil edildigi bir sistem kurulabilir.

Performans sirasinda baslangic evresinde, akilli  bilekligi olan
seyircilerden deneye katilmak isteyenlere telefonlarina indirecekleri bir
uygulama ile kalp atis hizinin takip edilecegi bilgisi verilip, izin alindiktan
sonra, yukseklik sinirlamalari icinde en yuksek kalp atis ortalamasinin
bulundugu parterin en ylksege/en alcaga cikarilacag gibi kurallarin
olusturulacagl bir sistem olusturulacaktir. Sadece kalp atisinin
saglayacagl veri hassas ve yeterli olamayabilecegi icin, bir sonraki
asamada EEG ve GSR olgen alicilar yardimiyla beyin dalgalari ve stres
seviyesi OlcUlip oyun 6ncesinde bir grubun verisinin kullaniimasi da
planlanmaktadir. Oyunla senkron sekilde devam etmesi gereken bu
uygulama icin bir uygulama olusturup kural semasi olusturulacaktir.
Somut degerlerin kosullu sartlara baglanip sonuglarinin ytkseklik
temsiline donlstirilmesi beklenmektedir.
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