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Bionic pamametric architectural design is related to the design concept, ct
inheritance, technological innovation, and sustainable development directi
Chinese architecture. In recent years, construction engineering, as an essential
the economyhas become a consensus in China's economic development. Th
National Congress of the Communist Party of China proposed to promot
coordinated development of intelligent construction and new building industrializ
as the driving force to accedge the transformation and upgrading of the construc
industry, achieve green and lasarbon development, and effectively improve
quality and efficiency of development. As an essential part of the construction p
Lotus bionic parametric ardiectural design has the characteristics of equal emp
on theoretical knowledge and practical operation. Contemporary Chinese archit
design needs to think about green buildings and intelligent buildings. Therefol
cultivation of architectuladesign trends becomes even more critical. To this
researchers based on the characteristics of contemporary Chinese archi
development, taking the Lotus bionic parametric architectural design as an ex
conduct detailed research and elabon as a guide to the development trenc
contemporary Chinese architectural design.

This research paper covers aspects such as lotus bionic design, par
modeling technology, architectural design, and 3D printing concrete bui
production. Comgehensive application of research methods. Combining researct
and data analysis, completed the design experiment and design practice of Lotu
parametric architectural design, improve China's architectural design capal
Through this ressach content, we can understand the development trends and
research methods of Chinese architectural design, expand design thinking, and i
work efficiency when designing architectural plans. This paper combines know
and practicality, is &y to understand, and provides reference and help fo
architectural design profession.
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CHAPTER 1

INTRODUCTION

Contemporary Chinese Dbionic parametric
d advanced compueehnplaogayedapepl izadi ba t h
chitectur al desi gn. Biomimicry is a dis
stics of Dbiologifcalmtfuadrems ,Pagtarme

[
chnol ogy i s ai gnettéhlodaltgaarti tthamess tdb opt i
rformance of ‘buildings and realize arc
chitectur al desi gn, the Dbionic paramet
inciples, and inwhicsho me awidl diantgus ad p gflo
chnol ogy to make architectur al design n
ghl ight i n cont emporary Chinese archi
chitectural design iI'ssuiersonmedct alncmpe &3
guirements.

Th e significance and val ue of bi onic
ntemporary China, which is more than |
so includes rethinking and eXplnernitrsg al
vironmental awareness. The focus st
exi stence between nature and human bein
t o architectur al design. To achieve t
temporary Chinese architecture. Find th
l nnovation point in research, connect
sults of various natur al di sciplines |
chtiureal design. Research and explore ne
fferent challenges brought about by t he
ntemporary Chinese architectur al desi gt
oblaenmds ,combi ne visual communi c aatiidoend d e s
signs, serving the contemporary Chinese
inking and | ogical al gorithms, to 1 mpr
chitesdtgnr.all ndgpi re Chinese architectur a
udying the | ocal urban spiritual cul turt
nditions, and according t o t he bi onic
chitectwmmdle ploan tdhei tl ocal ur ban spiri
erefor e, contemporary Chinese bionic p
thod fulll of vitality and creativity.

vel opmenttetturbannacbhna; it is also a
novative visual communication design.



1.1 RESEARCH BACKGROUND
Background research on bionic parametr.i

China mainly incl udesgrtohurnede ascpoencotns :c poaalcil
cul tur al background. I nformation age, hum
the general trends. The construction i n
capabilities of talentepggmpaadd esecbnal sgwn.
the refined manufacturing and management
resource cost s, i mprove integrated model

and efficiency of construction projects.

1.1.1 POLI TI GQAND BACKGRO

According to the Recommendations of the
Party of China on For-Yh@edaratPhanther FNatri @r
and Soci al Dev ealearpmeGota |l asn df olro n2g0 3 5, t he e

wi | | f ulnldya memptrao v e . -tReerarh i gd anlg dfh eb diolndyi ng
the major strategic decision and i mpl eme
forwardg& Tnaes tceirt yol an covers the period f
term pl ainnede tdhev&«&€hnment. |t aims to guid
and emphasizes ecol ogi cal priority, peop
devel opment . The construction of beautifu
't i s aln oarsreindri for building a beautiful
construction pilot work plan aims to stre
civilization, promote sustainable wurban
enviraqmumdntty of the city.

On October 7, 2022, the Gener al Oof fic

Communi st Party of China and the Gener al
Opinions . on Strengt henrSkngdg |tende T@Gd resmtt r uretaima

Era. And give notice that all regions and
i mpl ement it based on actual conditions
buil ding of seni or vocational Gskadrle t
competeistsi vamd scientific and technol ogi
Pr omot i-gwga lhiitgyh devel opment in China is of

1.1.2 ECONOMI C BACKGROUND

The report of the 19th National Congres
out tihalti ssmmcwi th Chinese characteristics
has shifted from a stageguafl irtaypidde veerl owtme r
i n a <critical peri od of transforming de
structemeyveandng growth moment um. As a g
economy, buil ding on the outstanding achi



in the past, technol ogi cal progress, One
infrastructuoe,cansdgtpother opportuvedr es a
Pl an and t het eorunt Igionael so ff olron2g0 35 propose a
of new infrastructure. 't must center on
upgr andteesg,r alt ed i nnovation support, | ayout
integrated infrastructure, and new infras:
t his econaniec Cchd mteesxet ,gov-eenmebuicidepgts nly
Chi nemac snomi c and technol ogi cal l evel s. |
infrastructure construction that focuses
devel opment of new infrastructure wil/| dr
constructyonfrnacedudtroad devel opment oppor
revitalizati on.

1.1.3 CULTURAL BACKGROUND

China's traditional culture carries th
cul tur al identity. Chinese adricfhfietreecnttu reer ahs
a cul tural sy mbol and art form. Anci ent
phil osophies such as Buddhi sm, Taoi sm, a |
ancient buildings |l eft in Chindinangse, Badd
These Buddhi st buildings embody the beli
Taoi st thought pursues the | aws of natur e
comply with the principle of harmdntyhdet
trinity of heaven, earth, and man. Il n a
designs are inspired by elements such as
in nature, pursuing the integr ae.i othhianneds ec
traditional architectur al l ayout, many i i
which aims to pursue the harmonious unity
Because Confucianism emphasizes thde harnm
natur e, man and society, it affects the
buildings. Found in traditional Chinese a
the building, the decorative components
heritage and historical me mor y. I n archi
painting, copper and ironwar e, porcel ai n,
connotation and artistic charm of naladi ti
architecture has historical and cul tur al
essenti al design support for contemporary

With the devel opment of the times and
cul tur al b&@bkgabsndupbnfent architectur al
constantly evolving and expanding. We mus
i mpression, based on Chinese traditional
technol ogislsyy icomavatueouand devel op, and E



Chinese architectural cul tur e. I n contem
progressed rapidly since the reform and
created enor moa.s Reaaomaolti nvgalaind devel op
ene-s@gying, and environmentally friendly
direction in current Chinese architectur
enesgying and envir amsmeretsg! rperdatce mtgi cem emce
and environment al pol l uti on; with a new
buil dings-eé&ahdcieemretrgpui | di ngs, the direct
buil dings takes the right pashatowbhltd dae
1.2 RESEARCH QUESTI ONS

I n recent years, China -h@se ppieckermiad.f eCd e
with the construction industry in devel oy
China's constrwuction industry and those o
tohe architectumatthadesxgmangausft rwor |l d c
mut ual economic circulati on, how to i mg
architectur al design mar ket , how to I mp
architetctgoeab, dessues such as how to [
organi zation need to be focused on resear
(1) Research integrating traditional C
Chinese architectural decoration.

(2) Advancesdimgartarhetcriamd technol ogi cal
Chinese traditional cultur al el ements and
(3) Analysis and wverification of art de
2D traditional Chinese cuttarahi eéememnals
model s.

(4) Contemporary Chinese bionic paramet
eval uation based on 3D printing technolog

The study found that bi onic parametri
studied cad€EmMioeseral es.

z R ®
Fi guCGMNKI retrieves the annual trend chart
parametric architectur al design
NotRe.searchers draw their own, 2023



1% Lotus patterned tile
1% Lotus pattemed poreelain
1%Parameterized building
1%Chinese lotus pattern
1% Purametric design method
1% Parametric design language

0%Biomimetic architecture

1%Parametric analysis 0 f ‘
1%Bionic architecture

1%Parametric drawing
1% Parameterization scheme
2%Principles of bicmimeties

,—I6%Building materials @ Building materials Biomimetic architecture

28Lous Paremetric High-rise building design
2% Lotu )
B Building construction Building structure
@ Paranctric modeling S@Bionimetic applications

4% Bionics design—4
{ @ Architectural design @Bionics design
W otus design Lotus pattern decoration
4% Architectural design 5
Principles of bicminetics Sl Paraneterization scheme
@ Puranetric drawing B Parametric analysis

14% Parametric ) e 2 %
B Paraneterized building Parametric design method

6%Biomimetic applications
BParanetric design language@IChinese lolus paltern
Eiotus pattemed porcelain Lotus palterned tile

6% Parameiric model ing
IBionic architecture @M@ Biomimetic concept

@ Bionimetic theory Lotus architecture

9%Bui 1di structure iomi i 1 i
Building structure @ Puraneterized lotus @@Biomimetic algorithms

) o ~ E@Bionimetic elements Bionic architecture
13%High-rise building design

12%Building construction

Fi g2CMNKI retrpaevesmebroci architectural des
ma p
NotRe.searchers draw their own, 2023

1.3 RESEARCH OBJECTI VES

As gl obal environmental probl ems inten
more I mportantly, creatimnug btamemeivel bpeep
research goals of contemporary Chinese bi
new architectural design concepts of gr e
protecting and inheriting toaeirni adrnaglitaul
intelligent technologies to Iimprove archi
Designers design efficiency and quality
architecture and cities and &dopmewée .t he g

(13tudy the pl ant el ement s of traditi
traditional Chinese Buddhi st |l otus patte
significance and folkloreAfesearohsapndfl &n
on the changes fnadmhhiéelentsppat odsnof Ch
cultures, and contemporary Chinese tradi!/
Design;i ngaredgrraet e the standard featuales of
Chinese cultural el ements.

(2) Digital technology should be used i
combining parametric design methods with
el ements and research ways aonfd amecahnist etcd
designer s.

(3Qombined with bionics, i nnovative (gr e
from natur e, and an art design educati on
Chinese traditional cul tur al mo d e | pl ant



parametrineg c 3@r dhiot ect ur al model s and e d

ar

chitecture and Chinese architecture. De

benefiting the public.

(4) Combined with China Construction En

promooestruction industrialization and I
conservation and manufacturing generation

There are three innovative points in th

First, the subject of this stcwdhy eipd shi
There are few proposals in related resea
theoretical research and design system to

Second, few previous studies in China i
di gital desirgen,i mtnad caalclhahocercatui ve desi gn
valuabl e data reference for contemporary
founded. It can be foll owed.

Third, from the perspective of rel at e
compr @lkeemagiosscsi pl inary stwudy that tries toc
di scipline and integrate architecture int
1.4 RESEARCH HYPOTHESI 'S

QO —* ®d® D —
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Be
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ar
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Contemporary Chinese bionic parametric

nowatfii el d. Il ntegrating current moder n
ements, protecting and passing on tradi
ergy, sustainahbl e devel opment , al | owi
chnol oagpyplticedbda o architectur al design,
ality, realizing the integrated adaévelop
sumptions in contemporary Chinese archi
(1) Studying thessiognbiooaccepaanadebenef
contemporary China is a way to advoca

asonabl y.
(2) Study the plant el ements of t he t

cause it has ddulfteurreanlt vhalsueosr iicral v arnido u
n provide a design basis and theoretica
( 3) Researching the | atest technol ogy
e data reasonrsattioonfaoll | doens itgon .r elasle zreew t
solve problems encountered in the deve

(4By studying contemporary Chinese bion
ovide valuable referencelf aresdcagmteegmpama
re architecture students to gain access

5 RESEARCH SCOPE
The research scope of contemporary Chi



invol ves complex topics in multiwpled ydi sc
apply bionics, architecture, art, engi ne
technol ogy, interaction research, nonline
knowl edge such as the reconfigur atiiadn of
organi zation, par ameter, uni t;dimenbki dmnatl
organisms can be used Iin the architectur a
complex; the range i s extensive.

(1) The research ffocpulsaemrst ol ¢ ment $ hiem i tti
cul tur al patterns, especially analyzing
traditional Chinese Buddhist | otus patter

(2) Study the deformation of plant el e
modalngd how they are affected by associat|
i tsel f. The original numbers of plant el
were initially derived from |iving organi
gdi system, and these biological and natur
Using parametric methods, combined with t
cul t al mo d e | pl ant el ements, devkl op we
ef fi ency and design accuracy.

Combining algorithms and geometric
mitives, generatsavbingni ci ngear dmat
nmentally friendly green building n
Fr om ttihvee poefr scpoencst ructi on projects

se to the current adjustments to
ces in China, using 3D printing tec
ngsavibsugelrdiyn gs , abnads e d n fbouri nhadti inogns

ng construction and manufacturing
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RESEARCH METHODS

e research method adopted a mixed res
ey met hod, c omp armdti innag i analoysigsuarae tttle
od and quantitative analysis method,
tice, expert consultation method, et
ese architectural dwetsighr cwgh uvaut e i o
ctured interviews. At the same ti me,
[
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interview tBematiuoe @hichatectural -develo
depth nterviews with ewpethat combuaoaesng
and qualitative reseairtcdh imes peodtsi, orcd nafuce
in China and Thail and, and conducting the
existing |literature wgb kiotéeatedeanedsaan
materi al nclude text, number s, symbol s,

al

s i
and an yze Chinese architectur al practic



are combined. Througheamarxipl| wirlalt obhy a@mpd
to the | ogical sequence of architectural
bi onic parametric design of contemporary
compl et ed.

1. 7 RESEARCH FRAMEWORK
The resmawacrhk fgtaart s from the basic st

anal yzing probl ems, and solving probl ems
Chinese architecture's | otus bionic para
pattern amonqttshe fplcaomtvealte men al Chinese
study, use parametric technology to condu

and experiments on contemporary Chinese a

(~ |Research background source

Research objectives and significance

Ask questions ~ Research hypotheses and scope — Introduction

Research methods and innovations

- |Research results .

~ | Bionic design -

— A review of biomimetic theory

Lotus motif —

Parametric design|—

Voronoi graphics| [ Areview of parametric theory

Analyze the problem—

Digital design —

Parametric modeling

Parametric architecture Design experiments

\_ |3D printing production and evaluation

Research methodology
Solve the problem :|> Design practice

Biomimetic parametric architectural design in contemporary China

Fi g8Theesi s frreasnmeeawocrhk | ogi c di agram
NotRe.searchers draw their own, 2023



1.8 RESEARCH RESULTS
This study provides framework steps for

architectural design. This model research
it i s a compl ex research of mul tiple di
geographical terrain modeling, shadow an
ventilation simulation, daylighting cal c
pr ojoegdti mi zati on anal ysi s to stimulate t
architectur al designers and wuniversity s
provides professional reference value. I

paramesigo damples for contemporary Chine

1.9 DEFINITI ON PREDI CATE
I n the design of this study, the biomin

key el ement. Using advanced computing tec
mor phaoladg characteristics of | otus fl ower :
parameters. This parametric approach give
achieves a high degree of flexibility an
uni Jeature of architectural bioni d upar ame
and -dapth understanding and innovative ap

(L)otus i s one of the oldest dicotyl edor
of Ilcattus vation as early as the Zhou Dynas
the globe. The |l otus pattern i s armeenntegr
commonly wused i1 n Buddhist art, | ittees at ur
pattern has become a <c¢clan totem. Due to
auspicious symbol expressing different be
the essential research patterns off nsonten

(B)i omimetic design is also called desi g
design and bionics. Bionic design is dif
shape, color, sound, functios, r sslkejacacth.r e,
A design that selectively applies these

combined with the research results of bio
and approaches to design.

(3FParametric desi fgodi sl a thedegn desi gn,
generated through parameter combinations,

thinking process, and design prototypes
parametric design. tTheutbaractt pairamiedcs i ar
described and controlled by introducing j

design variables and parameters by changi
behavior of designsaldan FParahmengeaed awetsdmga
and the el ements of each component chang:
entire structure to change.
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(MNoronoi di agr am, defined as a divisiol
Sstructurad fdowispamni I't has wunique graphi
properties that are closely combined. Th
content in computational geometry. The Vo
attracted ¢tbommuadeistiy's attention. The grap
di agram relies on algorithms and parametr
Voronoi di agram has natur al |l aws and art.i
art andadgsnghbhur MM structures in nature a
the Voronoi diagram itself has specific a

(s a new technology, 3D printing tech
processing equi pmandt zttd @Tzoubkteoewmeée zpeéi ®n an:
objects. 3D printfimgetmeclhdhion @ gfye dtasr en® | u

and customization, which are gradually erm
great potentialtionipgppoodvehigviconsamadcsafe
of 3D concrete printing is that it can
economic and environmental benefits.
(6Parametric architectur al design i s ar
pareamec design ideas. The shape of archit
ot her properties are controlled and adjt
Designers use computer programming or pr .
vari ani besgeaerated by defining parameter
Through | otus bionic parametric design
structure but a |living installation art
bl ooming | otas.arJhigmuep crutrivons | et peopl e
beauty i n modern architecture. This desic¢c
culture, and the building incorporates ad

At the samehteirmeé,s itthealpsofiound meaning of

1.10 CONCLUSI ON

Thi seamanhot us bi onic parametric design
architecture is an innovation that combin
The bi onic parametric art architectur al
Researchers i mttr dodumammeadft toneleanga onal | ot L
architecture. Create a uni que | ook and
experimental, char actfeerritsitliiczsata fo nr, e stehaerrceh
been verifiedprianctnesearLcot usndi oni c par al
appearance and has made breakthroughs 1in
efficient use of resources through intel]l
respects tradiacwoinaél ycuéxplrer eessndnew pos
architecture. It brings unique aesthetic

field of architecture. Study contemporar
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design results ansdi gce e pbeino nd arsg meatnrdi ca rdtei

small er scale. Combining the three also s
It is the embodi ment of the pioneering t
desi gn. Provide pfesessnahalehet enaadv Pl

Chinese architectural designers and coll e
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CHAPTER 2

LITERATURE REVIEW

Il n recent years, natur e, green, and en
topresl,ected in people's clothes, food, |
everyone's attention, and natural <col or d
furniture used in family |ife, wgrlkegan t
enersgayvi ng, and environmentally friendly ©b
These phenomena reflect people's ideolog
desire to return to nature. At t he same
r eceurernt s for desi gn, i ntegrating natur
psychol ogi cal needs to be close to natur
times. The integration of ecology, techno
developrmdemection of t he new <civilizatio
interdisciplinary rresear ch-diome npsliaonnta | b iso
construction model analysis, and 3D print

form and mied¢ hpar aoafy clwinoni ¢ parametric arc
2023, Xue Xi Qi ang Guo reported that Ch

symposium on cul tural Inheritance and de
i mportant speech.nfTheyi egnphaspzemothatcuelot
a new starting point, buil ding a cultur a
civilization for the Chinese nation is ou

Fi g4Chei negaelmrte Xi Jinping attended the sy
and deveaDa@pgméne
Nothe .t/ p svww. xA®EX3 . cn/

2.1 BI ONI C DESI GN AND RESEARCH

As an interdisciplinary subject, bi oni
subject s. Many human daily necessities a
ani mal and plant bionics. This paper uses
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veert he design, digest knowledge of pl art
r design, i ntegrate the two fields of

ant modeling el ements, and estabdesh ca
chitects with a convenient way to carr
ses i s presented to architects in det e
rizons and sources of inspiration.

2.1.1 CONCEPT OF BIlI ONI CS

Bi omi mi crydyi soft hlei osltougi c al principles
gineering and technology; it is a scien
rderline subject. In 1958, American Ste
re i dea of sbudgpi chei sttuctur e, form,

formation control, and other excell ent

applied to technical systems to I mpr o
d create a sompnebdewnsi mew technol ogi cze
nfigurations, automation devices, and o
At present, the scope of researcrhidn bi
chitecture, bi oninag meatbertisa | sb h emakdi ca oneep,
chitecture field mainly studies issues
il ding |life cycle, @and building ecologi
signing innovhuivenarsbhitaeablt er blasnp,eopl
rich, & T hoReassemmrkthdbNn) ¢ robots is thro
ysiol ogy, mor phology, movement, percep
gani s ms, achieve i1 nnovative applicatior
erations, exploradiimal, aerse,uenurcoildge,ctm
tertainment, and ot her power f ul funct.i
mputer model 'design, simulating biol ogi
arning to form an Binomilméegeaotmabepiual g
science, biomedicine, and other fields
gni ficant progress in medicine, medical
Biomimicry is a very promiisniimg é&anaol oyl
gineering to create more efficient and

opdwni or & Guanabara, 2005)

2.1.2 BIlI ONIC DESI GN CONCEPT

Bi omi metic design is also called desigr
sign and bionics. Landhay proposed 1in
onic design differs from bionicsoapplic
ructur e, et c. , of al | things in nature
plies these characteristic principles

mbi ned with the research resulltess ,ofnebnw o
thods, and new approaches to design. Th
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devel opment of Dbionics. The Dbionic desi g
materially but simultaneously, wa ahdo p
innovation of tradition and modernity, n a

high degree of harmony between human bein
The bionic design has the characteristi

i's mainl yn mame fsiterdt iifi c nat urda,s cainpfliinn t

comprehensiveness of art.

TabllBe oni c design features

Features DesignPhilosophy Bionics
Scientific A branch and supplement of moder Based on certain bionic:
nature of art  design. Have commoaartistic theories and research

characteristicslt is based on certain results.
design principles and has a very
rigorous scientific nature.

Infinite The research objects of design are Looking for design
reversibility infinite, andthe prototype of bionic prototypes in nature,
design is also infinite, studying promote the research ar
nature. development of bionic
design.
Interdisciplinay  Possessertain basic knowledge of Have certain basic
comprehensive mathematics, ergonomics, knowledge of biology,

psychology, mechanics, aesthetics, materials science, color
ethics and other related disciplines. scienceand other

Based ordesign, a new related disciplines. Have
interdisciplinary discipline is a clear understanding o
produced at the intersection of current research results
several disciplines. in bionics.
NotRe.searchers draw their own, 2023

2.1.3 CURRENT STATUS OF BI ONI C DESI GN

From the ptehepedevéelvepmdnt status and re
bi onic design, it is mainly reflected in
bi onic design in China is in a stage of r
and applbhicaniondesi gn have made signific
People continue to expand their i fe exrg
wisdom and structur al principles to solve
bi ol ogi cal foethge Bymabeam&nbwlbhe gradually
and systemati zed; people understand the
mat hemati cs, ergonomi cs, psychol ogy, me C
science, col or sci edncdei,s ceitphliicnse,s .a nFdr oart haenr
present, peopl e have continued i mi tatin
contemporary China are ongoing, and many
exampl e, in scientific riemssetairtctht,i oCrhsd nersck
have extensive activities in biomechanic:
et c. , to study the functions and structur
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tech, new material s, get cexplnorceo nasntdr uacptp loyr
to improve the efficiency and sustainabil
and other projects, promoting the develo
innovation and indusaddiiahtodepebopmentdeve
service innovation, I ntegrating into indt
problems from multiple angles and aspect:
upgrading of China's eacommwmrmiec i anrddisitmdwd t rc
and inject new iIimpetus into innovation. A
facing opportunities and chall enges. | nt e
vital to advancing bignessdbabsgbeeAl imadeg
and exchanges in different subject areas
also a vital issue; it is necessary to cu
professional skilwlidg;h kioonpire heesii ggre tkaloewr te
needed. With the continuous progress and
bi otechnol ogy, materials science, and co
cut+eidge technol ogiiemeed wiwlilt h bébi eamimb desi
breakthroughs in innovation and applicat:i
2.1.4 EVOLUTI ON AND DEVELOPMENT TRENDS
With the continuous advancementdepgt hsci e
study of the nagarahbhswgohe, throngb desbng
showing its unique charm, and with the de
i nnovated and enri ched, from the & nitia
interdisciplinary iomnl | aRveonmaartkiaobnl ea npdr oigmr recs?
over the past few decades and has shown g
cul tural, economi c, technol ogical, aest hi
design has its dbétthettvemesharacteristic
Early bionic designs were influenced by
The f orm, Sstructure, and function of nat
various fields. Restricted anddi aestutbdected
of the times, more have aesthetic wvalue
environment al adaptability, and human <col
Early Dbionic design ideas | aid an i mpor
research and modern bionic design.
Progress in science and technology, an
provide a more scientific basis for bioni
the rise of interdiscibpiloinniacr yd ecsoilgl na. biosr aroir
System design, sustainabl e design, i nt e
ecol ogical design trends, affect the deve
design shifts from the dlunsysoboaeamé eaptées
expression. From objective and rational d
pursuit of materi al and technology to th
gl obalization to urban rldagiaanaln diavse rbseicfoil
Bi omi metic design wil/ b efcroimen dal yk eayn dt osoul s
devel opment goals. The individual charact
design are expressed mor e st hwed u g ha smoarspshooc
i magination, representation, and other me
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1.5 MORPHOLOGI CAL BI ONI C DESI GN

omi metic morphol ogi cal design wuse
and summari zing the obar awatcdr iass
ormation, and abstraction <c
|l ing purposes.
I bionic design is based on
o nt ytphiec ale ceoxgtne rt n aoln fodr msh eo f
t hroughs and i nnovations 1in
characteristics of the exte
ds. Obj ect fumat ndryalsthido misc ncae uuir g (o
ctional principles and characteristic
rovement of object functions or the de
ture and col or Ibé ontt cdydescfi gimi olso dpiacsa&ld
or , gets acrseatuilan i om ®Bhe okj ect, and
ni ficance and expressiveness of bionic
nic design are odurbriemtilcy dess gmt irals earr
S paper. ' s Lot us bi oni c parametric ar
rphol ogi callz.biwamigg desiiggn. Huang, & Hu, :
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1 _|Main structural characteristics

Refine and summarize |of biological morphology

3 | Comparison of features 2 \Applied to design
Biomimetic form

Fi gbRrei nci pl e diagram of bionic morphol og

Biological morphology

NotRe.searchers draw their own, 2023
During this process, r dasugarlc Iferag ue xetsr ad
forms and simplified the extracted main s
feature is reproduced in front of peopl e
From the perspectivecakbeghj dbcoonseméot imc
the object form a symbolic role and ot hert
form meets and fits the functional rol e
semantics theory, it susnoalphypl|l bgs cal dbuahgn
express the object's physical properties.
emotions, describing t he t hings of t he
Corresponding to this aeeftuhettwoal ol eke,
i nherent rol e. The second is the symboli
something invisible. 't has a permanent
role is formed by peoplehsostubhpeothijeet en
people's psychological, social, and cul tu

2.1.6 STRUCTURAL BI ONI'C DESI GN

Structur al bionic design is based on u
characteristics. fDeo®sn gtnh ei ninnosviadtei omu tc o mb i
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pts and design purposes, giving obje
tur al i fe.
uctural bionics i s based on the p n
rentevet suomtfuroarlgalni sms mi croscopi I
scopic shapes for inspiration; fu h
rms bionic simulation, a discipline
structurreasl. bSitoamuicatsu i nvol ves bi ol ogy and
materi al s science, structur al d |
. . ¢ £

, and it bel ongs to

ri
ca
rt

- 3
(@)
~

es
g he
ructural dimumli atsi ndg tkeino Isa qirc ald
esigning a boat to Iimitate
er S . Typi cal examples include i m
e of engimealer mat éhroinelyss,ombi ghtrw
nd stiffness, features good the
d in aircraft, on rocketss, and
rol eeismgpromotsitngfbitcarei cead | vy
e Iimitated shapes. For exampl e
uilt in 1973, is a t iicrmd, app

yp

ompadeg,| gWiesdc worysWni ght in 194
ha'
7

— = =

)

structure, the Ba i Templ
rl okt eurs & nldmhmofr,e 2007)

C bionics bhepébeehoreseaechkdrc
i used in many fields. Applicat
skyscraper in Chicago, USA, which i
f bamboo included XbamMhbog Bgodd@smgana
o] I ow
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es are hol ow, l'i'ght i n weight, |
on Hall at World Expo in Sevyille,

g the freei moyveméne WMifl laeanmialbmj To
s RE headquarters building desig
nd the double helix structure of

external forces. B etiod ael xhper eBsisl uboi oTmiwce ra rscthr
ct uraaro nsgy sttheenm, the space spiral stru
vative application of structural tech
environment alBleye hi viesn dlnyd ot muwc tsu rnee.s t
ral Hi story Museum and Beijing Bird"'s
tiful overal/l desi gn, they also real

er space. I n, adldet ipampodove aefst setriucs
esponding structur al functions, and

al so been fully developed.
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2.2 RESEARCH ON LOTUS PATTERN
2.2.1 WHY CHOOSE THE PLANT LOTUS PATTEF

I n China, the |l otus pattern was the be:
and Zhou dynasties began to use patterns
dynasties, the style of the | otus patterrt

decooat the |l otus pattern flourished dur
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popul arized in society during the Ming a
integr al part of Chinese traditional cul t
art, latehiat @ecteuyur e, and other fields. Du
contemporary Chinese traditional archite
undergone various changes. The |l otus thel
Buddhi st aratmené&aal acomponent , It i's wide
architectural decoration and Buddhi st dec
teachings in the current rapidly developi
needs t o bec grarsiseedd foor vaanrdd .

Similarly, through big dat a, artifici
guestions. First, what are the traditions:
pl um bl ossoms, orchids, chrysant wems ms,
pine trees, pomegranates, wi steri a, and
pl ant patterns in China? The answer is p
auspicious grass, bamboo, peoni es, Lot us
patrtns are generally used in Chinese Budd
Vajra fl ower, chrysanthemum, and Brahma f

pattern consistently answers consistently
Chnese pattern can be researched.

I n a study 1nvestigating traditional p |
nearly 82% of the public are familiar wi
al most 12% of the publiiceareet haetrtyt hamst ud
should be meaningful in culture and art,

and fl ower patterns to modern design.

Survey and Analysis Sheet on Traditional
Botanical and Floral Motifs

» Familiar
» Very familiar
= Unfamiliarh
= Very strange
Fi gbTrreadi ti onal plant and fl| oaver pattern
NotRe.searchers draw their own, 2024
As shown in the results of a study 1 nv
patterns, about 60% of the respondents |
Buddhi st decorative pattern design, and

design.cdhegpbelieve this design can bett
the beauty and harmony of Buddhi st decor
expressed that they were not very conce.l
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| ooki ng f ornwmared dtecs isgeneicrmagses of traditiona

Survey and Analysis Sheet on Traditional
Buddhist Decorative Patterns

= Familiar
= Very familiar
» Un familiar

Very strange

Fi goSuwrvey and analysis form of tradition

NotRe.searchers draw their own, 2024

As shown in the rese@rthadiesiuonal opl an
auspicious patterns, 70% o&f ttrimadi pulminiad ip
fl ower auspicious patterns, and 15% of th
application of convertiioursalpagltaenrtnsandcd fvlac
interviewees hope that through innovatiyv
auspicious patterns, enabling the convent
to be better inherusedmand developed in f

Survey and Analysis Sheet on Traditional
Plant and Flower Auspicious Motifs

Familiar
Very familiar
» Unfamiliar

= Very strange

Fi g83wrvey and Analysis Form on Tradition
Patterns

NotRe.searchers draw their own, 20214

The results of the investigation and c
ot her plant and fl ower patterns show that
bi onic el ements are trendy. More ttheam 20%
el ements can help enhance the integration
of the respondents think they are very fa
be used in architectur al decomatgieon cd ®sieg
and enjoy the architectur al space. At the

|l ot us pattern bi oni c architectur al desi
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protection and sustainability.

Survey and Analysis Sheet on Traditional Lotus
and Other Plant and Flower Motifs

= Familiar
Very familiar
= Un familiar

Very strange

Fi gaSuwraerg anal ysis form on traditional I
fl ower patterns
NotRe.searchers draw their own, 20214

2.2.1.1 THE PROPERTIES OF THE LOTUS

I n the plant kingdom, |l otus is one of t
aleme of the ol dest dicotyledonous plants
characteristics o f monocotyl edonous pl ar
f ogdPiolng et. allh.er e20a0r56) many types of | otus

into two categories: ornament al and edib
there are OmMorter atddlhvam orRal varieties, and
emer@liing amei, 2022)

2.2.1.2 GEOGRAPHI C CHARACTERI STI CS O

There are records of lasusheuZhowvabymwmas
fl owers can be found in most areas acr 0SS
in the south to Heilongjiang in the north
Xinjiang in the west. POarigtienarneagigonsn afro
Sspecies occur i n temperate and boreal are
is one of the ten most famous fl owers 1in
Il ndi a, Vietnam, Mal awit heJ dpamer NGowvh eKoUe
and Europe.

2.2.1.3 THETHSEOMBOE OF

The symbolic meaning of the | otus i s ex
femal e symbol , folk symbol , and gentl emar
meani ngpepdenmdependently and intersect; th

Il n ancient society, the | otus pattern b
t hat represents prosperity and has a b
reproducti on. Il n Chinese folk culture, th
ed . The | otus symbolizes the cause of pea

Coming out of sludge but not stained, t h
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holiness, and wealth. Lotus is one of th:
themes. Therefore, 1t promotes Chinese cu

2.2.1.4 LOTUS FENG SHUI THEORY

Feng Shui is a traditional culture | ef"
nation; in Feng Shui knowl edge, architect
and edurbvui | dings belonging to the water.
surfaces; |l otus iIs also the principle of
Shui. According to Feng Shui, wateghis we
tdring about the wealth of abundant wate
benefits architectur al Feng Shui. Mor eov
making it a promising feng shui object.

2. 2. 16 TITHAOHI NGS

Af ter BuddhiCqhmnaprheadn ttdhhe East, t he |
auspicious flower by the Chinese; not onl
|l otus seeds, |l otus pods, and | otus root s.
t he Buddha'slroa)tmurneg melacmse t ak t he practi
| evel of wisdo This sentence i s a met aj
| ot us; Buddha's nature wil/l appear. Lot us
called enligharceameat .aMfthecharacteristics
are consistent with Buddhist teachings.
sacred and pure flower; Buddhi sm advocat e
tenaci ous s piomwietr ;o ft htehe&ilghttusirfeasures of
headed by the |l otus flower. The | otus s
Tao( Wemi bang, 2023)

Lotus TaoiTsatoitsema cihsi mgsniati ve religion of
since ancient times; the |l otus is @& symbo
magi ¢ weapon of He Xiangu, the eight i mmo
l otus, rmg aschoulidneul tivate themselves wit

2.2.2 LOTUS PLANTS AND CULTURAL FORMS

2.2.2.1 THETHE®STORBYPAFTERN I N CHI NA

Chinese traditional decoration, rtnhse | ot
t hat eadppeart he history of decorative patt
a |long period of continuity in the histor
has a | ong history in our country; it h a
prmitive period, Xi a, Western Zhou, Sprin
Wei, Jin, Southern and Northern Dynasties
meaning and appearance correspond to dif
andoéving. Lotus fl owers are used on buil
engr avipnags,t iwag,l relief carving, pai-nting,
cutting, embroidery, and New Year peicture

varying degrees of expression.
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2.2.2.2 THE EVOLUTI ON OF LOTUS PATTE
PERI ODS OF CHI NESE HI STORY

The devel opment of the | otus pattern in
period, including Xia, Wastremig BhatesSprain
period of Buddhist influence includes the
and Northern Dynasties. The fusion period

peri od of prosperity andYupopulMirnigt,y ainndc
dyna(Xiireyu.,, 2023)

Initial period Fusion period

; &

¢
&
! l ‘A
N
9 o@
% \\Q,_Q.,o s - a.&

Primordial Parng wnd Wei and Jin

poriod Xia Zhou [AutumnWarr i ng| Qin Han

3
-
®
@
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Buddhist Prosperity and

influence period popularization period
Figub@bLetus pattern develgped in China thro

NotRe.searchers draw their own, 2023
The |l otus pattern is one of the classic
already existed in primitive ti mes. It 1 s
The originalprliomiutsi weatG@leirmesien soci ety ori
wor ship of l'otus as food and survival ; [
mysterious age of irrationality, and the
essential teengirodection of | otus patterns
Archaeol ogists have discovered various
patterned square tiles, for different pur
which are not repeitattyi;vet haendp aatrteerfnul H a so f
characteristics. This shows the ancient r
to express the subjective feelings of ob
patterns to decor atna wwaprpil yus henmmv itroo ntnheen t c
necessities, enhance artistic flavor, and
After Chinese history entered a civiliz
can be traced back to the Ppahanhgr mandaZhos
decorate bronze vessels; most have four,
During the Spring and Autumn Period anc
terns in art and culttl yr @pgreadualr

i ngl e

|l otus pa
fo petal s, doubl e petal s, or
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more natur al and vivid than befor e, it en
I

pattern posture.
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t mai nl gnédppehes bandi
utensil s, |l otus patterns usu
e beauty @GuUo-HZD&R Atni otnh eo fmitdhde
and Autumn Period and the Warr |
ed and nat tAruadlu;mni rPetrh e dl atna $ hr
e use of | otus patterns gradual
h essential feature i s BBts com
r olsipfeer,i ttyh ea nsdy mboovlei cf oomeani ng
ally, and it has beddmelamag n

riod, |l otus patterns were mai
: representing a symbolic re
pattern al sionigriaadu ad b syt rtarcatn ¢
rreal i sm.

t he Qin Dynasty, Chinese culture
d military thinking. The devel opment of
e paying more aamneéenfuanotitonaglriatcyt.i c@ddiin
corating utensils is relatively rare ai
ape of the | otus pattern changGescame a
out minor det aigl ss;hatplee i mo ¢th eo wetxsatgagred iart
mpl e and concise overall i mage; however
e freehand brushwork of the primitive ¢
rated on ut emrsielxsangpnd ,buihledilnogtsu.s R i |
unearthed from the No. 1 palace site
esents the | otus pod. The | otus has e
ract shape.

e lotus hewdHdan Dynasty became a typi
otus patterns is gradually increasing
more deeply explored and expressed.
n gks .HiTshteo rbiocoal ~ Records contains rec
jade used by Emperor Wu of the Han
I tical position of the [ otus in the
asty, China's native | otus pattern
and eight petals; under the influe
: and | otus pods appeared, a
rn mainly occurs in the sha
he fl ower heads on the fron:
e middl e i r o upnrdo, p osrutriroonuendd epde thayl swe ltlh e
de @amore accessible expression. nBhis | ¢
ri ous e ns, Buddhi st pedestals
he decorative content (
r -  the devel opment of pl
artistic symbol, dthe | o

tus pet
ometric
During
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otus pattern in the Wei,s JwindelSyu!
various works of art and cul tur al
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Dynasties were a period of frequent war s,
was disintegrated during the Weidhidsm, S
flourished in the Wei, Jin, Southern and
a motif in some Buddhist decorations. The
the Qin and Han unification t houwglotpse nvedr e
the door to plant patterns that cel ebrate
new art form, showing its unique artistic
crafts. The | otus pattern is ewiBeddhas psr
appearance and natur e. I n the | ate Northe
change. The elegant and fl exible beauty
Dynasties was integrated intectalme pneotrtee ram
more whol e with the aesthetic philosoph
accumul at n, precipitation and subl i mat.
Chinese n on, it shows t heofaéesotthuest iicn stih
Ji Sout rn and Northern Dynasties.

i ng e Sui Dynasty, the application
nues o play an essential roleejn cu
ousd ntvied ggl, yamf | ife intereste.they
otus pattern is rich in decoration,
sentative o f t he decorative compon
tecturlaoltude part dteircars, were al so wi del
es, tombs, and other buildings in ¢t}
ations of the Daming Palace of Empet
oes of wyhasNgrthednt e White Horse T
ngs and decorative components with |
of the |l otus in their designs; | at e
ot us peetctud ranr  raefplld cwtas i ons and auspi
customs in dyeing, weaving, and arch
he Sui D y of China has become a
rationegdg eplhy oi mthe culture and re
e applic of | otus patterns reac!tl
ux of cu s from outside the regioc
r
u
e
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ved breakthrough development, many r
i n shape, gorgaeusnastapkbeumpd di ver s
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tectur al decoration, the | otus patt
ang Dynasty. Such as the statues of
emplrge, numbree &rfe da&acloaati ve ¢ omg
pattern chlapmend kasescdrnviersgs ,anld
ne and wood carvings, etc., the
ad mpdment sAtatt hteh same ti me, | ot
ctur al decorative components ir
r exampl e, the Qi xia Temple i n Nanjing
ped usanudl ptrehes ectural LdecoGangy
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g the Tang Dynasty, cul tur al
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trong. Gradual l vy, auspicious graphics s
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formed. The | otus pattern of this period
decor attarvres ,paftrom si mple to complex and r
Chinese national tradition are formed by
During the Song Dynasty, the |l otus patt
the Sui aanhde3ang Dynwe delicat e, conci s
pears in various artworks and architec
oration, |l otus patterns were al so wide
ot herthei Sdngg®ynhasty; for example, t
g Dynasty and the Longmen Grottoes 1in
vings and decorative components. I n Bl
symbolei zleottuhse ilsotaulss.o Tchh osely conne
nirvana and purity. Lotus pattern
on is becoming increasingly matu
c Chinhkesel ptauant pagtern has si mpl
ss, and has the style of traditic
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y, the | otus pattern became a signi
ani ng ddecwalmar mor

tical changes and soci al transf or m:
e |l otus pattern also underwent some
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ream decorative pattern, omutofi ti te
i on in people's |lives. During the
painting, scul ptur e, cerami cs, €
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Yuan Dynasty, the | ot
Yuan Dynasty and shaj
i-n Bu hist temples yanmdttyowe
religious art form of the | ot
corporating Buddhist stories, m
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us patterns of the Ming Dynasty

, a Yuan dynasties but also achieve
gues. Compared with the Yuan Dynasty,
were more detailed and comgéernrtsbowleg

pattern was also widely wused in the Ming
t hecpepal agardens, and tempskaped dsthen i oag
wood carvings, brick carvings, and ot he
everywhere. The |l otus fl ower is an auspic
art; i1 hasobroamgnt significance but al s
and religious sighn cance. The | it us pat
f e
d
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shows the profound nfluence of th | ot us

During the Qilnoggt uBby npaastttyer nt heer v e as a
symbol, and he played an essential role i
and |ife. The | otus patterns of t he Qi nit
showing a morelel effhatranewsetdi ecehygmic pr
people to focus on pursuing materi al enj c
of Ilife; the patterns are also more diver



2

and refined on time terimgi mdl abahii tect ur al
gardens, and templ esstodpdadcestQd mg Oymwisn g/s ,

brick carvings, and other decorative comp
pattern oempomanitve i these buildings ar ¢
craftsmanship, which shows the high achi
decoration art. It not only has decorati

connotation aindanmee; gitoubasilgeacdme one of
Chinese culture.

2.2.2.3 THE SI GNIFI CANCE OF THE DEVE

PATTERNS I N CHI NESE HI STORY

After comprehensively analyzing and thi
hi storicaleseacememntss found that the | otus
origin and development process of Chines:¢
evolution, the |l otus patterns of each pe
aest hetistichsaa,r alcherpol i tical, econogni c an:
Constantly giving new artistic and spirit
the cultural psychology of different eras
i nheemrde and evolution of the | otus patter

the past but also a reflection of the int
achievements of its cul tur al devel opment
acumul ation of Chinese national culture;

including everything.
How to use the perspective of traditi

devel opment form of the |l otusspiatatiraon f
creattemrmg,agllke wi th new expression media an
modern design, this research makes it ext
stylistic features and decor aitvevel meédiesa st o
design, Designers should base on the theo
of the appearance and connotation of tr ac
of conventi onal patterns, 1l om&kdemgn faodesil gr
individual patterns of the |l otus pattern
modernity. I n this way, the |l otus pattern
Over the years, it has abmdrbetdaifrmedi §om
meanings, and it has become one of the mo

2.2.3 APPLI CATI ON OF LOTUS PATTERN I N A
2.2.3.1 APPLI CATI ON OF LOTUS PATTERN
CHI NESE ARCHI TECTURAL DESI GN

Archtuee must be beauti ful and practic
artistic characteristics. Many buil dings
great artist-tbemedi Chgpesdobushitecture
charmioes€harchitectur al art and culture
culture. Specific cases include Changzhou
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Sports Center, Sl ender West Lake in Yang:
Hangzhou aXi nFeQugyui s a | arge park mainly
Qingdao World Museum Lotus Pavilion, Ordo
Par k  andmar k buil di ng, Xinjiang Grand

Mongol ia Xiang s htaevMa,n etecs.erThd odxutse rHioor f
feature regional decoration and detail s,
cul tur e, and tend to use | ines, a combi
transparent mat erheal subeutaekr ¢tbarmradt ercits
el ement architecture. Make the building a
FiguWajin Lotus Pavilion and Hangzhou Oly

NotPeh.ot ographed by researcher, 2022

2.2.3.2 APPLI CATI ON OF LOTUS PATTERN
CHI NESE ARCHI TECTURAL DESI GN

I n modern design, the | otus el ement h a
Chinese folk cul ture. |t is widely wused
cul tureormsisdearabl e i nfluence and robust \
beauti ful personal ity and beautiful t hin
reproduction of human | ife and the pros
architectwmaldedegmr atTherefore, it has bec
the vitality of the Chinese people and na

I n Chinese Buddhist templ es, |l otus fl o
component s. I n ancient uChidnegese, palodacass pa
decorate pillars, beam heads, door | eaves:
Lotus Throne of Famen Templ e, the Lotus C
Lingshan Buddha, et c. The Bihge Wielpd eGenos ¢
buildings of ancient Chinese Buddhi st t e
appearance of the Big Wild Goose Pagoda i
t heme, symbolizing Guru PadmasambhBaia an
Temple is where emperors of ancient Chin

buildings in the templ e. The pavilion's v



Figu2Mxi Lingshan Giant Buddha Lotus Deco
NotPeh.ot ographed by researcher, 2022

The use of | otus patterns in modern arc
common. When designid®,t utshd hdeeneeli sp rod rtte no
informati ve, cel ebratory, entertaining,
processed exaggeratedly and composed of ¢
shaped. Lotus patternspectoanlssi,stwhmacihn!| gr eo f:
abstract the 1l otus i mage, then decompose
of Chinese buildings, liotecsanpbaeteers t hat
the visual i mpact |l eb bkekerktikedied; i nt maa
buil ding materials and building structur e
show the details of the | otus pattern thr
form of the | ot urse iaand haep mluy lidti ntgo sbturiulcadiur
and other parts; in this way, a modern bu
It can not only increase the beauty of th

spiritualegoasontaedomy rthe buil ding.

2.3 RESEARCH ON PARAMETRI C DESI GN METHODS
The parametric concept makes the design

rational basis for, as a new trend of tho
in thhki ptagtydars. The paramet-bhasededeé ging
met hod t hat introduces the relationship
vari abl es, making the design process f ¢
devel opmenitgiotfalgil odtail o ™, parametric desig
used i n various design fields. Compared

design extends people's thinking depth t
expands t he é&'rse atditihn kifng ey lreferring to
di sciplines; ®Ahidedgidess goomputtempossibili:
Parametric design methods are often used

algorithmstomatetdi desi gm optimizati on. Tt
first requires defining the parameters ir
geometric di mensions, mat er i al properties

the desigmcdlejreactt'icschmaard range of variati
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these complex systems, researchers or ar
si ngileci plinary thinking mo d e and est al
met hodol ogy frowmea BgwdpéEerepegt design re
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nstraints, combined with design softwal
tomatically analyze and search for opt.i
l ution that meement e Basamgaet riequdesi gn
pport design verification and iteratiyv
| ows mul tiple design options t o be ge
l i dation of t hed doeusti gtnh rpol uagnh csai nmublea tciaa mr,
rification means; the wverification of
mul ation, experiment, or other verifica

2.3.1 PARAMETRI C DESI GN

2.3.1.1 PARAMETRI C DESI GN CONCEPT

The pawametfemr st wused i n mathematical (ol
fluencing factors. The parametric desig
e devel opmentaidadfe dCAIR sdagmp utec@®men ,0gd&hamg
: Xu, & LRar a2ne2t4r)i ¢ design i s a desiagn
ng Shaodong's research on parametric i
l utions through partahmeteaon ceopnbi mfatp arnmam
e design thinking process and buil d de
rametric design. The characteristics ar
scribed and contr ol laendd beys tiarnbtlri cschu cnign ga
t ween design variables and parameters;
a res and behavior of 'designs can be ¢
system; the el ementtshei n ogpadh gda acmdo me
s the entire structure to change. 1In
tion to the design's |l ogic and the d
nerate rules, iamd rfeisudltl.y Ifni rhd st hdea sic
ct model ing design, Bian Jing concl
cts oymamic, ngel fand i1rregul ar char
des concepts suUueh ganifzrmadctoal,, aemme mge
sential direction in contemporary ar

c
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Digital design Parametric design

Figu®Behemati c diagram of the relationship
parametric design
NotRe.sdarsc draw their own, 2023
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Parametric desbagsned smet hpoadr atmedateri nt r od
el ationships between parameters, promot e
chieves design flexibility, efficiency,
2. SPARRAMETRI C DESI GN THEORY
The theoretical foundation of parametr.i
ompl exity science, the ideological foun
deol ogical ffogedarn atoino m fd d(dRexgsisianett h200d202 )o
(1) Complexityfsemestctedyirngi camplex sys
eeds to have a precise definition. Liwu
hi nking, t he work organization model, €
onlinearity means ctolbatdiaaadter siyghte m ibreg wi
epresent the relationship between two va
o, with each drop, the outcome of the e
his is a typicalitnyonilni ntehaer spcrioecnetsisf.i cL iwnoe
heoretical di scipline established by sci
hi ngs through Il inear relationships. The
el ati onshi ps aprreoxo nmayt i tomeso roeft incaatlu raep. On
an reveal compl ex phenomena. Topology, f
heoretical sources of parametric design
?t?:grr;l Systems II:;:iz‘(s:)iI;;ative structure

General Systems

Science

Synergy Self-organization

theo
Cybernetics v

Emergence

Information theory Hypercyclic theory Topelogy Fractals Chaos Theory
L

J

Modern Systems Science Menlinear science
L J

Complexity science

FiguL£empl exitiyagrcamnce D

NotRe.searchers draw their own, 2024

a. Topology

Topology is a broad subject; it is an e
di fferent from traditional European geol
di mensi ons, hasdnethhnog &aonddanguie h and n
properties and spatial def ormati on. Topol
space's shape and connection properties
and I mprovement ofgydesi pgmismmhapeéy. cOhogelrme
properties of space, even by stretching,
structure remains the same, these spaces

Topol ogy can transcend tdeo neotgriyc aonfd thre
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t heli

sformati on rel at i(oNwoswha kp,s 200h2n@pLl oesxp | e X
sformation relationship can be descr
rate rich and varied for ms.

Fract al

act al science is an emerging discipl
omena; fractal oef @he no me aso enti wuatrti ut sya |
tal object can be composed of sever al
e and has similar characteristics. To

part of theilfaracdhhdpe idr adtlr Fatsu raed sti on
nce provides these phenomena with mai
o(mendcar-Egaeézado & San Mart2zn, 2024)
Chaos

aos theory i dia@asdichaiogliicn e htematmesitau i r
ems. American meteorologist Lorenz pr
rdered and unpredictable dynamic beha
ct t he di sorrdeersys tsethat eChoafo st hteheomtyi

oration of nonl i near system behavio
edictabl e behavior. Chaos theory stu
vior of systems. Deeop dcehra o st htehreeo rayr emas
erns and structures and fractal char e
ntial and wi despread applications 1in
itecture, economifc®) desryptogmrapmpy,s ar

ki ng about the compl exi t(yionfg,hd eZshiegnn, fC
& Liu, 2022)
) D&d reiulzesophi cal thought basis

|l euze' s philosophi cal t hought was pr
osopher and cul tur-al t heori st in th
osophy, political science,, c Dletl eruazle"
osophical t houghts put forward many

moderni st phil osophy( Hanr rpiosl,i t2i0cls4,) aes
Fol d

e philosophy of wrinkl es IS one of
eered by Delpdyzef Ffwonldlse DPrilloagze prop
i mitations of binary opposition thi

itional concept of binary opposition,
S, surgesefanddchgngesednoppdsing con
rtance of complexity, fluidity, and
uze is widely wused in cultural; sattudi e
core,hatkbesats thadstional binary st
Nomadi c

madi c philosophy is a critical conce

r book A Thousand Pl ateaus, Capitalis
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furthe®sthought andemaziomlcepstsudifed-ltui di t
Il i near i thyi,eraamrdc hygn whi ch ar e ©thheo usgphattsi.alT h
core of the parametric design is to regar
adj ust par amet er ssi genx pd pa ece ,a abnrdo aarea o udea
i nnovation. Facing the complexity of spa
architectSuwr maaod, fOtrrimener, & Haslinger, 2

C . Di agram

Di agr am-vies balnexpression in Deleuze's |
to express complex i deasmaondtaanhcepte, &ah
as a supplementary form and wuse graphic
relationship, flow, and changes between <c
parametric nonlinear a XahiWed ogtuwr afl r odre sT g
University thinks that Del euze describes
connects input functions and output for ms
dynamic and generative diagriaconusofeltehment
described by a set of computer inst,ructio
Del ze diagr ams, on the one hand, i n sir
il

o]

d

B

T OO0 9 S5 <

u
strating the design preoaéeéssheomgenke
erties of an abstract machine between
: Becoming
ecoming occupies an essential place in
is considered by Deleuze to be the fundan
the generating process. Del euze proposes
notions of essentialism and substantialit)
of parametric design on architectur al d
constitute design parameters, a theory o
mecham of al gori thms.

(3) The i deolfoigg eimd rddetsisagm omiet hloed ol ogy

I n the | ate 1950s and early 1960s, syst

pr

met hodol ogi cal research field of archite
degn processes tried to solve probl ems |
process. The methodol ogi cal regeintes aé mem g
design met hods. Systems theory, represent
desmgihhodol ogy is related to el ememaget ha
process of anal ysi s, synt hesi s, and eval
met hod. Hel p researchers organi ze, anal
i nf ommastoiuor ces® Gesedarngh eon i ndustri al d
met hods summari zes that the Jones system

a. I n the analysis stage, the research
factor s, onganicaeegbohems | hel ps form a ¢
relies on diagrams to clarify the relati

systematic data organization, expressed
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mor phol ogi cal aandrmatecsahrehaont consider
anal ysi s.

b. In the comprehensive stage, research
and synthesize it to form a thorough <co
performancecseatemantoambdned set of answe
relationship between an el ement and the w
constitute.

c . I n the evaluation stage, the researc
resul gsstdsinsgtics, operations research me
techniques, etc., assess the | ogic and cc
requirements, verify and evaluate whether

probl esnmel eacntd a design solution.

| |

Information - Optimal
?2335 ion |_,| analyze |_,| synthesis || evaluate |, g%l#tbc%n
(ERFLHA bkl & i Ezg@%ﬁ&m

FiglbDenes System Design Met hodol ogy Diagr
NotRe.searchers draw their own, 2023

Luckman added to Jones's thinking that

research theomrayg, ad @feackniismgp ndrecsd eggas . Luckma
design is not a simple and complete | ine
through the cycle of analysis, synthesi s,
l evel "to a mohren , s peetcidver ymalkeevhgl, Td fh ed esoil su
all -psabl ems al ways have rel at i-q e e sotpipoons i
answer s; there is no guarantee that the
solution to thelprablem. ofnthes paxrametr
architectur al shapes, Ren Zhenhua summa
Breaking the problem into smaller ones, a

make up the entire design.

Decision constraintson
instructions, experience,
and technology at the
previous level

Reference

i elationship
Possible answers for (.a_nfh'.sf ____________ 5 Parity P A E
system development Addto E —
SE—

S ¢ | T

Comprehensive P

Figudaeckman's met hod diagram
NotRe.searchers draw their own, 2023

I n the | ate 1960s, based on the appl i«
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chitectur al design met hods, many resea
i encychwnldogpy into the field of ar-<chitec
neration design methodol ogy. Alexander
resolving conflicts. People's behavi ol
tweeontext and form i s discussed. Ther e
research design have the following asp
a. Urban architecture theory is a metho
rspective of the city as a whol e.
b . Theat etresearch on Dbehavioral and e
terdisciplinary science of architectur e
e demands of human activities on arch
vironmentowghtpeopémotsi ¢ ins, and needs.
C Architectur al mor phol ogy theory st uc
sign and uses psychology, sociology, er
pl ore the nature and | aws of morphogene
d. The astchd y ecft ur al semiotics theory st
formation theory aesthetics, under st anc
d forming new design thinking methods.
e The theory of ecologicaltiaathictoedtewmn
intaining the environment and saving el
onic parametric architectur al design cl
ol e. Objectifying the designpi rtimeg raege
ovides an i deol ogi cal basis for paramet

2.3.1.3 PARAMETRI C DESI GN APPLI CATI O

The application of parametric design <c
ina mainly includes architectural desi
ot hing design.

(1) Architectural design field

The use of parametric design in the con
rametric design we are exposed to is re
dustry is particularly prominentnd Ut il
mputer programming | anguages, met hods f
il ding designs create diverse architect
| es. I n architectur al design, pracsedas o n

n be translated into a di gi tdail memestihoonda I
ace usi ng computer | anguage. Par amet r |
pearance design, structur al desisgm,, f un
nstruction and manufacturing, et c. Th

signers can quickly generate and contro
sign effects, and better me et the func
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buidi ng. Parametric design breaks through
geometry. From a physical poi nt of Vi ew,
mechanics, the original regular form and
formthwthe help of computer | anguage alg
nost andar di(iLed f abams |, Al i bablan, C& i Araf, a etir,a
Chinese architectural ietlhemgarnt amectarni cbeone:
parametric architecture with Chinese cul
devel oped to a great extent in the works
become a symbol to identify them.

AN

FigiﬂWerks by Frank Gehry and Zaha Hadi d
Nothad.t pes d. ni2@i2ct. com

China has also made considerable progre

design. Ma ny Chi nese architects and des
parametric design methods, demonstrating
essenti al and iconic architectural proj ec
Stadium in Beijing, China, and thegWater |
were both realized through parametric des

Figu®Beijing National Stadium Bird's Nest
Wat er Cube, Beijing, China
Notha t/E:so0o. ni2@i28d. com

(2) Graphic design field

The application of parametric design in
desi gn, | ayout design, pattern design, gr
parametric design as a tool or method ins
think and design concepts. Therefore, the
design is revolutionary. Parametric desig

graphic structures in graphic desimgsn, and
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and provide i1ideas for topol ogy optimizat
stimul ates designers' creativity and brir
shapes, si zes, angl es, spaci ng, etc., t h
various parameters, generate countl ess wul
experience. User participation provides n
closer to the solution's maturity.cefppl yli
the designer's long editing and unnecess
efficiency and accuracy, which differs s
Parametric | ogical thinking provide.s i nnc¢
We can solve complex |l ogical relationship
optimize the graphic design system thro
Parametri c deersa gne c hanso | ao gni ecva | product of |
bri ng new possibilities to the devel opmer
parametric tools and technology provides
devel opment space for i nnovation, persor
Chinacouanerfeiting design incorporates |
currency used in China, the RMB, is a typ

Figu®Geaphic design parametric application
NotRe.searchers draw their own, 20214

(3) Industrial design field

Applying parametric design in industri:
change the rigidity and minimalist emptin
The combi nateiramnz adfi omariaametndustri al desi g
and poses new difficulties for compl ex
algorithm transl ation of traditional Chi

generation algomgthmshm@aoldo BiDe sp,riantcompr e
evaluation were conducted from factors s

performance, production technology, etc.,
in terms of strucndirmdt ertiralngpgeér, f ccromd mad .,
can result in inducsrtire mtle d,e stilgant bies ,n gp gIr a1
That is to find [ ogic from industrial des
this |l ogicalzegedantiromlshaofp,pareamet els vari a

work efficiency to a certain extent, and
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al so helps designers in the creative thin
and cal can aetxet;enisti oo olf( Btihred .d ets.i gWMerH. L.
1779 November 2010)

Figa@edustrial desi gndipaaggraamet ri ¢ appl i cat
NotReesearchers draw their own, 2024

(4) Fashion design field

The application of parametric design in
on chrorscker desi gn, as it provides fresh
modern déstygnngl mprovements in the quali-t
more and more modern ¢l othes that seek i
styles are simple in structure; par ametr
folding me¢cdowdshyphmdand rhythm, highligh
gives people visual activation, and has
clothing. This kind of parametric compl ex
craft cignhi Pg@grdesetric design means and
interest to clothing design.

./ N =2

FighParametric application diagram of <cl o

Notheag.t p:// ww@0B#4Api c. com

2.3.1.4 THE DI FFERENCE DEETWAEN PARAM

METHOD AND TRADI TI ONAL DESI GN METHOD
Ther e ar e significant di fferences bet

traditional design met hods. Design of any
production of finishele pproadaued s, ofhaisdeal g
the early stage, metdei ram,c oannsdt rpurcotd uocnt iionn tah

in the | ater stage. Traditional design wus
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t o compl ete the desgmnupeancom@autaenct ail g
mat hemati cal model s to generate design s
generally -dodwnptlsi naeatropdesi gn thinking de
deci-md kinn g relying on artifcanmalexpmesus ti

desiG®@nkasi gn ideas intuitively; what you
is relatively subjective; however, the d
unknown. Traditional desi gns ouusrucad sl ya nrde qtu
responding and adjusting quickly during t
is complicated. The parametric design ado
has the advantages of reasonaltlaem ibred batsiec
specific parameters and constraints, aut g
design pl ans t lisate xnpeeectt etdh ed edsei sging ngeoral s, a
purpose of the design. At $&eg BBMeEeabni me, n
and optimitzenke, i gmeneabhting multiple desioc
comparative analysis of wvarious soluti ons
of flexibility and repeadlabddsitgyns.s not p

Tab2A2Co mpari son table between parametric de
met hods

tradition

arametric d
P met hods

Theoreti ci nonlinear l'inear t
design co bot wu@m t odbo wn
desi A i\ ControllabiliLow contro

g g IOtolerance predictabi
: . abrief bur:
design feat'rational, pr ¢

i nspiratio
Design resufcomplex and definite a
Efficient anclntuitivel

convenient fcdesign ins
Advant ages | . . .

and i ntuitivewhat you s

design inspiryou get

The process «(The worklo
algorithm frerepeated m
compl acodt e@qiduring pl a
certain progris huge

Di sadvant ag:

NotRe.searchers draw their own, 2024

Based on design theory and concepts, th
theory. |l t-up salagolbb ot honinc | ogi ¢ ar-chitec
di mensional design systems. Traditional 0

t cdhbown-temdl structure dhamengenenbte@dessgngl
the design process, features and results,
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adjustments and optimizations to achieve
par ameadsdlcs, there may be a | ot of detail
process, i ncreases the Iikelihood of err
adjustment and modi fication of the corre:
par ametderl s with reasonabl e and compl ex d:

the traditional design method is mainly t
the designer's direct or indirect design
factors have a more significant i mpact,
an error occur s, Pt owi | return to a part
continue modification. Therefore, t he ©pe
awua at e; traditional design methods are i
design method is applicabl e, It can be u:¢
design; this is the original intention of

2.3.2 PARAOMMEHRI K€GM

Parametric modeling is a technology tha
modern comput ers; It 1.s 'an essenti al tec
Parameterization aims to build a dc¢oamgpl ex

parametric model i ng
modeGencharaovaaramz3 ) i
carrier for I ater desi
computers is the fundament al guarantee f
ust ment of parameter val uesl Idyurci hnagn gtihne
sign and i mpl ementing modification
ng the parameter"s value all ows mo
new design sol utions. mohdeerlei nigs
d many design software platfor m:
model ing, which could be more ac
i
n
0

tools or design S0
enodal cogrekatbon

)§
e gn deepening. Rel
n
t

e f-use iIs also | ibigedal Ne
g in Architecture, believed th
I hey can also be design e:
the parametric design and ¢
parametric modeling and des
maomputer interacti on, vi sual progr amn
rosman, Macorini, & lzzuddin, 2023)

[
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2.3.2. 1 CEBMMBNER | NTERACTI ON CLASS

Humammputer inter amotdiedm nigni pat d@metprioc e
modeling and the methods and methods of
humans and Coemmyt 8mas cel |l os, FalbdesCogmkee s
use Iinteractive techniques such as graph
programming to observe chanigerdowsn arhee meae
interactive adjustment#ts metlheedbapkt em pred
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However, the threshold for such tools is
AUTOCAD design platform softwar e,utguttygdih
entire design process.

eeers

Fi gA&TOCAD desig platformsftware i nte
NotRe.searchers draw their own, 2023

2.3.2.2 VI SUAL PROGRAMMI NG CLASS

Vi sual programming for p arparnoegirra nemi mg d
environment provided by some modeling too
without <coding, change code | ogic accordi
connections to represent modelTlpearvarmettienm g
of code is weakened, and the visual fr ame
programmi mgwhpéueg designers build form bui
scripting knowledge. 't i s a gr aphisc alo a
explore forms wusing generative algorithm
parametric design. |t needs to be integr
pl atfor m. Grasshopper s -tan s@®o ndveesniigennt 5 0 fe

pat fORodr-Cgaerzado & San Mart2n, 2024)

‘.

BREkex : Mcheel & Associates

Loading.renote asseably GhFython. ..

Figa¥teasshopper design software platform
NotRe.searchers draw their own, 2022

2.3.2.3 SCRI'PT PROGRAMMI NG CLASS
Script programming for parametric mode

programming | anguage to achieve automated
the wuser i nterface; designers are requir
| anguaglygy, i dputecthe coding algorithm to ¢
construction of parametric model s. The R

create 3D models for design, modeling, pr
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curves thraeaughl mztahemad ati ons and NURBS
numer ouwisnspl agd exports t o mul tiple f orm
conversion between different pl atfor ms.
program that comesswmbabBt Bhynotecompl erqs8c

utilizes scripting command | ine interacti
model s. This pure script programming meth

a

use; therefore, i1t iIs not widely used.

p——

DG P-p-e- @

«. @ =

Fig@ascript p.vr'ogmr"é‘r;im‘iﬁ-gj. di agram
NotRe.sear chers draw t heir own, 2024

2.3.3 PARAMETRI C DESI GN VORONOI DI AGRA

The graphical form design of the Voror
parametric design methods. The Voronoi d
attracted the design community's attentio
has nat ud aadr tliaswtsi anrhythms in natur al sub
The Voronol diagram s an i mportant rese
Many natural structures Jihnh nature are verl
di agram_ ietcsdlifc hhesthpeti c characteristics
combined with the graphic topology relat
subject s, l et's study the application of

geometry.

2. SVARONOI DI AGRAM CONCEPT

The definition of a Voronoi di agram i s
primary data structure for spatial di vi s
mat hemati cal properties that,amang!|l oceasleyn
have introduced the Voronoi di agram into
architecture, interior, and art installat
form. This i1s different fcreom ofrimea kKirrmgli t I
boundaries of conventional spatial order
that combines freedom, flexibility, compl
topol ogi cal rel ationships -ated waedeersi g hj n qus
i nnovative simul ati on t o gener ate new n
algorithms, dynamically generate architec
i ntegrates natur al science and desiubhmpeatt
studi es.
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2. 3VORONOI DI AGRAM RESEARCH OBJECTS

The Voronoi di agram algorithm is the o
algorithm is a vital algorithm | anguage i
devel opment of get,her ecscemp wctheerr s a have begu
experiments, and traditional architectur a
current soci al devel opment , architectur a
complexity scienae.e Troxdiisteisomal tdrec lpirtoe @ts
geometric forms and the control of propo
standards and cul tur al concept s; at t he
structures, constoufcorn mnt hechasgsesf ¢ehe.
architecture and geometry are closely rel
supports the design and &Gomstvred otpimem to fof
technol ogy, Digi equi femenst aver hcgmpkrex g
From the perspective of natur al science,
starting point,-dwmeh&ereondalrogqr aphtiwo r el at
di mensi onal spatial dseceschbumewr alrathiidresh
spatial form order. Voronoi di agram bel on
geometry, and complex architectur al geom
research on Voronolt d B aigfrdaey eallt g ofrrianh ms o n
architectur.al geometry and forms a sharp
Tab3Compari son between traditional archite
architectural geometry

Traditional ar compdrexhi tectur
geometry
Ti me Industri al proclnformation an
backagr technol ogy
cultur Rationality, c¢cGraphics, gene
backgrdiversity nonlinearity, |
SubjecHumaniti ®&si,e®®oNonlinear scie
founda science
Geomet Eucli dean geonTopol ogi cal ge:
basi csgeometry geometry, al gel
di fferenti al g
computati onal
geometry, etc.
ApplicS mple archite complex archit
object
Aest heC arity, still Dynamic, smoot
trend

sSimplicity, abcontinuity dif"-
rational ity hierarchy, int:
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Design Oppositi onma-n I mitation | ear
Sourcemade rul es of natural rul
Design To@gownontr ol Bot tugmgener at.i
met hod combination of
Operat Hand dr awn computer gener
pl atfo
Design Logical order, Rules for morp
procescombi npartoipoonr,t i geometric | ogi
scale, functioprocesses
et c.
Desi gn Hori zontal andlllustrations,

expresaxonometric dr
perspective dr

Drawi nPl ane construc3D computer i n-
expres

Constr Simple, mass i Complex, CNC m
featur production assembly
NotRe.searchers draw their own, 2024

2.3.3.3 PURPOSE OF STUDYI NG VORONOI

The purpose of stwudying the Voronoi di a
new sci ent itfonecetc otnhcee pdesyv, el opment nieneds o
addition to meeting the functional requir
moratsml,usionghsnew scientifacdedndepignan
become a trend to explore various possibi
The form of the Voronoi diagram has a cer
i herms of 'spatial form.

FigaBebbl e theorgl experiment diagram
NotPeh.ot ographed by the researcher, 2023

Combining mathematical geometric theore
grid, foam theory, and honeycomb structur
new spaces. It was found that the Voronoi
an d t he controllability of t he shape, [
Il nterpreting the influence of the Voronoi
trends and the emergence of new design f
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art iessttihceta cs, design structure, computer
contemporary science carry out theoretica
and unique architectur al space forms. The
sgni ficant; it also guides the practical

2.3.3.4VORONOI DI AGRAM MEANI NG

The research significance of t he Voron
interdisciplinary aspect; nfew atruernatls saciee
design art, bringing new f or ms t o ar chi
algorithms give full play to computer aut
spatial concepts. I n terms ofi W@sna@gwidasie
met hods, it is experi meanitcadd dvasindrny tdedhre
the help of parametric design software,
bui ng model s; i n the design tpreo deussc,t ii
nee of the building but al so find new
al g ithm in geometry, conduct basic res
i ss the generative signi fi ceaannciengo fofa
al constructi on, due to the contin
ol ogy, 2D cutting fr ondiOMNOY smaccrha ln ema
telligent fpah onttse db iulididn g gcso o dtroie tudp d &
iques such as chemical synthesis. |t
onstruction industry and pioneering
id of the traditional c o ni sctarl u cctoi nocne pf
chitectur e, |l ook at new forms of ar
re the building process.

o
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2. 3.3.5VORONOI DI AGRAM PRI NCI PLE
The research principle of the Voronoi

archi tdectigmali s the ordinary Voronoi diagrt
of a set of perpendicul ar Dbisectors conne
on the plane, divide the plane into multi
t he wahreerae t his point 1is | ocated( Mosultihnee cs e
2022)Carry out pl ane division according

di screte point has a cell polygon area as
inside the region is the closest to the

epanded from multiple angles, and it diff
of the Voronoi diagram. 1t is the perpend
adjacent points and is no |l ongerneadsitmai (
the book GI'S Spati al Rel ationship Cal cul e
cells forming the Voronoi di agram will tr

di mensi onal pol yhedr al structures.dVoronoa
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geometric shape reconstructions. The pol
triangle formed by connecting related poli
triangl e, and the center of the <circumci
Vo onoi pol ygon associated with the trianc

associated clustered triangles,s are the
Del aunay triangul ation network and the Vo

be okwvm from the Voronoi diagram's definit.i
structure based on the principle of prox
areas formed after spati al di vi si on; eact
and each point in the polygon area is <clo
ot her target. Zhao Renliang believes tha
boundary of the 1 nfluence area of tthlee s pe
Voronoi di agram wi ||l help researchers be
geometry algorithm and promote the develo

‘ e T 1A

> 1\\ ; B :%i\ :—‘Jﬁ":,

| [

"\ S

Figa®&eronoi graphi cs
NotRe.searchers draw their own, 2024

2.3.3.6 DMOR®RNAOM ALGORI THM AND PROGRAI

The Voronoi diagram algorithm is also c
a cruci al computer geometry algorithm. TI
named after geol ogist Georgtyi oVmroemocomput
automatically generate Voronoi di agrams W
the imaging technology of Voronoi di agr
geographic i nformation systems;drndawicmngn, b
spatial analysis, and other applications.
points as input and builds a Voronoi diag
its nearest nei ghbor. For a giowreen nseeatr ecft
neighbors; the point closest to that poir
is the core of the Voronoi diagram al gori
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of vertical bi sectors from e@iarcth pDiatnaade
Voronoi di agram, and the perpendicul ar ©bi
the boundary of a series of adjacent ar e
Voronoi di agram al gorithm, intl wadigrog i t & oni
iterative algorithms, et c. These met hods
Depending on application needs and scena
al gorithm. The core principle of héde Vor
di stance between each point and i1its neai
di agram based on these distances. By con
each point and its nearest neighbor, the
forming a Voronoli di angeriagnh.b oTrhisse akicrhd sfp e
regional division, and other work provide

Currently, because computer programming
designer s,deasricghnietresc tcuarnalchoose the appropl
for exampl e, generating componiem¢ ssthohlm a&s

Grasshopper and Rhino Script for design
pl atfor ms, p-u tatgirmagm tahleg oVoirtohnmo ii ndtio t he de
into a visual graphic script for m. The
complicated; it becomes easier for ordina
it according tourtahleidesniegendesr.s Aoarmidleacds e
software platform, which uses t hei\llosreodn o

al gorithms; wide tmreenrs i oh al s g eda gniwiocssi omra |l a st
model , it i s condaraethodet o ahgepmetess s
into the foll owing.

a. Use computers to convert the Voronoi
mo d e |

b. Enter the generation conditions acco
as the Jjeintput point s

C Af ter i'nputting the conditions, gen
triangular mesh required by the architect

d The architectural designer creates
conditions based on the design el ements.

e.l qorithm software related to other al
can diversify graphics.

f. Modi fy and adjust the generated Voro

g. Finally, output the final result.

2.3.3.7VORONOI DI AGRAM ALGORI THM STE

The Voronoi di agram algorithm steps <ca

algorithmic steps of pl ane drawing, t he

algorithmic steps of Grasshopper.
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(1) Al gorithmic steps of plane drawing

Voronoi I|dg argirtabhmsa mostly wuse plane Voro
eferring interpretations of geometric d
es the results of the plane Voronoi di a
r pl ane omepsptianbg iissh t he Voronoi diagram

asonably connected to form a triangul a
| aunay triangul ation networ k.

a. l nput a point set, with each edits mirge |
ecific Il ocation on a plane or a set of
b . Using the coordinates of the maxi mun

termine the boundary or <circumscribed
ope ofonobohedVagr am.

c. Make cross correspondences between t
iangl es.
d. Make the circumcircle of the triang
i mary for m. I f the circpmsati bedeain dlee
at generates the circumscribed cescl e i
e circumscribed circle is deleted.
e. Through the generated Del aunay tri .
jacent trdiasngil etse ofoiemtc,h connect the ce¢
ese adjacent triangl es, make a perpend
gment on the three sides, perpendicul ar
nal |y, ‘amvoroonmoiingdiaagerl ane i s for med.

Lo o j\»wge

o © o o, :

O] 0} .

°© o %o %@Qﬁ
g2aNVer onoi di agram based on charting alg
tRe.searchers draw their own, 2024

(2) ®raswphd algorithm steps
The ¢iraaspehd al gori thm in t hemamy omniomi lda raig
th the plane dr-aavsaed al gori tthms igm@ypth

ints in the graph, the vertices can be
a . Draw a circle with any discrete poin
b . Gradwaaslel ¥y hiencrnecle's radius until th
d i ntersect until the plane where the d
the set of <circles.

c. A straight |l ine connects two ricrteesr;s ¢

e Iintersection points where these | ines
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d. Connect the points corresponding to
finally, a flat Voronoi diagram is obtain

Fi gaa®eronoi di agram based on graphic algo
NotRe.searchers draw their own, 20214
(3) Grasshopper algorithm steps

Grasshopper's algorithm is based on the
parametric desdignugpmlat pboomedar pl ugl gori th

model s in the Rhino environment. Voronoi
and computer algorithm | anguage is used
generates a series agiframomatrcdlitabkblter ¥06r s
Voronoi diagram algorithm transforms know
on architectur al space with mathematical
properties of the Voromoi dal @griamhmascreixp

and designed as wvyour own Grasshopper ope
parametric design technology and theory.

a . Using the Grasshopper interface int.
di mensi o&dail meonrs itohnrael ~ Vor onoi di agrams i s
pl atfor m.

b . The script was edited according to
battery i nput via Grasshopper software, a

C . Set the pei rtedrismeawocsairoensdil maomrs itohnraele s p
adjust as needed.

d. By running the Grasshopper script, u
a way to visualize algorithms and output

a

e e om0 80 0000 WE M4
PRIt reno e 2 000 00 00 Z e i o
ol bl [ H-e-s

Figi’JWeroﬂ‘n'ovi‘ d“i‘aéwram pl ane based on Rhino
algorithm diagram
NotRe.searchers draw their own, 2024
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FigBlWero‘Flmowiw'a'i'a"gwrwam 3D algorithm diagram
Rhino platform
NotRe.searchers draw their own, 2024

Fi gTwdi mensi onal Voronoi effect and batt
NotRe.searchers draw their own, 2024

- %W: i

Fi gB8® Voronoi effect and battery diagranm
NotRe.seadchar s heir own, 2024

2.3.3.8VORONOI DI AGRAM APPLI CATI ON |

FI ELD

Digital technol ogy was wused to devel op
di agram algorithm, and a series of effec
surfacesuwedetpra@apply the Voronoi di agr al
the di mension of the Voronoi di agram used
and three dimensions, t he-diGmemeitomnal eWaqr
di agram c anb wiel daipmpd isekdi nso, f acades, curta
The dhmee@si onal Voronoi diagram is mainly
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structure and plausibility. I't can be wuse
can aled fboer usr ban furniture, spiritual f
product models, etc. The Voronoi diagram'
be applied to | and pl ot anal ysis and pl
out lainnde , shape planning, interior functior
pol yhedral structwural configuration, etc.
topology, fractal, iteration, tessellatio
| anguage diversification and model opti mi

Architecture is an integral part of t he

to meet the needs of human beings and &
Architectur wilt hentvh @ obdneaslta pmeret and t echnc

of buil dings has undergone significant

experiments have attracted much attention
becomes continuous, Ssmootohverflapwi mg, dy!
t wisted, hol |l ow, pl astic, conflicting, f
char actlerr itshteiicrs.r esearch on parametric en
Heping and Xu Jiong, to sumdespgnédrhe, pus
mat hemati cs, geometry, desi gn, physics, a

technol ogy as new design styles and treil
geometric form of -aavragntr tecaucbhigheciomgalipl &
using parametric design and algorithmic d

ideol ogy, to try to solve their probl ems.
di agram design generates a trheel avtoiromohi @i L
and the graph, | etting researchers or a
i nspiration, and there is an increasing
architecture. By studying thearicesnsamadcme
theory that relies on geometric |l ogic to
various design art theories and practices:c
and architectur al designerssuseantdedVeoil g
many architectural designs to achieve opt
without overl apping. Therefore, It IS W
engineering, urban planning, environment a

|l 2000, Arup Associates established the
commi tteaeeptb research on wvarious types

application i n architectur al design, an:
advanced gsbmettyrandesearch departments
systems research institute NLSO, partly f
GGU. Then, some companies researched gec
Foster's Speci al Mioi dde |Ar&rho upe ca sd ZLaohdae HRee
for architectur al design proposal s, a col
optimization modeling and other progr ams

Evolute company, the Swiys,s elecs.i ginhteoiPrr ordeusc
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geometry and computer graphics on multipl
t wand dhmeasional mosaic systems, as well
as folding, branchingovitadaegl @aspowadf alopadé¢
for designing and constructing the Vorono
forms of iterative design architectures d
emer ge

Researchers have repraatil yalsuanmalrii c&tdi an
di agram in architectural design

State Project pictures Project name Area Time Place Designer Application Part [How to apply Place
continuous
/] space with
J " . blurred
Invention Net.Lab Year2006 | Virtual G_Nome "f";jf“';‘:‘i a:d “"‘g’r:“‘;’“ “"boundaries of
project PURCENE walls, floors,
and
Tulum Heritage Museum l\':cxi;? Andrew Wall (structure) | Ingredient CE];::[U;‘:}I;N
(TLLUM SITE 13som' | Year2006 | WP \ G e
MISEUM ) ayan Kudless design analysis overal
ruins layout
National Kaotsinng Taiwan s wbiicon| eua | Pl
Performing Arts Center 100000 m* P : : .
) = m Year 2007 Weiwu Zaha Hadid and program  |extraction for | integrated
(National Kaohsiung Urban Park| setup i If into the
of the Arts) analysis landscape
Graphic
elements are |The wrapped
Mélbousas Flora silve extracted and | shell wants
Victorian college of art e MvS T iy | tapologically ]~ tobe
(Yictorian College S000m | Year2001 | goect | Architectural | B o B | cones| integrated
of the Arts) Soulthank Design Office P planning and with the
orthogonal architectural
windowing space
forms.
§ Algorithm
Properties = =
. Building exterior| application, mknlzmmn
Development| ‘ ‘ Li Bo Beauty Salon Center Year 2005 Icity, Moun Shohei mlle::mr anadce simﬂlalion " and .
and Design Fuji, Japan| pout experiment e
planning o effective
construction Bpace.
configuration
5 Extraction buildxﬁg‘s
" AT and fagade serves
Mikimoto, Ginza 2 205w | Year200s | KO | qoyoro | Building facade |yppyication of|as both skin
apen. o geometric
elements | supporting
structure
- Graphic
M/Hajime < complex
. s s .| Building facade element
K Tokyo Cell Building, Japan 3000 m’ Year 2007 Tokyo M.asubuchn multi-layer skin c;!mnbion layered
workshop epidermis
China
Construction
Design, together| 2 2
> s % = 3 The structure of |Optimal spacefUnique space
g China National Aquatics 532 m* 2003.12- Beijing | with Hugh and o 2 .
m Center (water Cube ) 79532 m 2008.1 China PTW the sg:&e steel anhllecll{re mcl\llsflum
Architectural me analysis system
Design Office of
Australia
- The overall
. oy s planning of
Harpa(Reyk javik Concert | oo | o | Reyijavik, | Henning Larsen| Building facade | Covstal ) iging
Hall and Conference Centre)| = Gl Iceland Associates | SPacestructure, | architecture | =y o,
interior space analysis
regular and
changeable
st Landscape <
s planning, Basic  |Architectural
L. (L'prduba Center for 12287m | 2008-2013 | Cordoba, | Nieto Sobejano | building space Eosirsin space cell
‘ontemporary Art Spain Arquitectos | layout, precast | - Go o7 structure
concrete structure| .| diagram
building facade [*P2°¢ enalysis
M~ Topological
December extraction of Spatial
. & ichung 2009- i S uliie ol S
| Taichung Metropolitan 57685 2009 Ta{man‘ Toyo lto Basic plane space| lvu?_ complexity
Opera House November China generation dimensional | 4 g oty
. - i 7 and diversity
Built 2014 Voronoi
properties
N, M N _ Graphic | The spatial
. Foulbnllﬁ(:'\dlum m‘Bonsov 8925 m* 2011-2014 | Belarus |OFIS Architects| .‘\lummul‘n_clad it s ‘mclmcctun\-
city, Belarus metal skin srfuce mmplclfycms
optimization ihe’zkin
Glmph-u; “Generative
i elemen ot
T s, Integrated design| _° “"¢ tree-like
FESHERET | soym | ver20i3 | TV | qouone [ ofarchitecture | SMIBCHON 1o
8 China d landscape | OPtimization, Z
and landscape 4 topology | BY design
shaping algorithms
Element form|  Form
EMERGENT = : 3 3
| < Cor Shenyang, vt | Architectural | finding and | integration,
Cultural and Sports Center | 13000 m | Since 2011 | Liaoning, | ™™ "™ spatial form and | mathematical | _overall
cnyang China skin model  [harmony and
calculation unity

Fi gB®Replication table of Voronoi diagram
NotCeoo.mpi |l ed and analyzed by the researcher
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As a result, thsrearbbveabesn wimang 1t &e
algorithm has been used in building const
experimentation and practice I n archite
researcher, it i s fouerdattihoant ailng otrhiitsh nVobraos
perpendicular | ine between two points, th

Through the concept of I nformation ana
envir onnpeanrta medtaetrai zed process model s are

Envirbamemnformation can be created 1in

di agrams to create parameterized structur
based on expectations.

The Voronoi diagram and other al gorith
met hadd, t he mul tiple types of potenti al
algorithm must be exploited.

Extend f r-cbimmd rmsei a mweol Voronoi di agram to
t hrdeenensi onal spademe¢ msicarealt ev idehvwt hafeanh e
progress to space construction, combi ni ng
space architecture and space utilization

Voronoi diagrams are inthédadwdyi antahbth
possi bslboimey alt h@ar nati ve configurations wil
geometric i nf oamyghetni eorna treesmavianriinagbh,t esngi aad
control owhahacteeseafch with | arge amount

2. 3. AMPARIAC DESI GN GENETI C ALGORI THM

A genetic algorithm was developed in t
Holl and from the University of Michigan,
fundament al theorem of genetdcthEgbhebdhms
foundati on o f genetic al gorithms. Genet
evolutionary | aws of biology. That i s, t
survival of the fittest mechani smesbt of s
survival and detection. Subsequently, exp
much <calculation and application wor k. i
combinatori al optimizati on, machitnd sl ear 1
cruci al technol ogy for modern intelligent
been frequent international academic ac
algorithms ar e booming. Fan Hui yuan and
opti mhz atisi gn that, i n the early 1990s,
algorithms. Although it started | ate, it
been achieved in many fiel ds. John Frazer

desingnt hie 1990s and created the evolutic
buildings as adaptable as species in nat.



5

algorithms can perform curve and surface
des(i@aawvall aro, Cutello, Pavone, & Zito, 2

Al gorithms require editing ofompmomgr amn
scripting platf oersmsgni nanar cchont&tcitauado n ti

MAYA Mel , and Python based on C | anguage,
pl atforms such as CATI A based on CAA. Dur
sthc as conditional statements, | oop stater
di fferent algorithm | ogics, which enabl e
iteration and recursi oamgerctl usytetre mssteaerd ig
for digital architects to perform form ge
computational functions in analyzing and

Many algorithms also serve essenti al
genetiictlamgas an opthe mbaaite omhenet moids t h
model consistsdowhode&hgn Vhei abjestive f
and the cons QO @X0od0d@=nid,in2,iz,res composed.
concepaitns, cmaracd eal gorcsehm structure of |
foll ows.

C
a
u
T

2.3.4.1 BASI C CONCEPTS OF GENETI C AL

omosome, a tiny compound contained i
netic materi ali,c ngaednee sup of mul ti pl e
ness, 1I-n the process of inheritance
aptation of species to the |iving en
i vaoadluladct i on of design variabl es.
ulation, collection of individual s.
odi ngj nfgemma tiicon i's- arranged 1in a
type to genotype.
odi ng,r omma pgpeinnogt yfpe t o phenotype.
edthieomperati on of selecting sever al
tain probabilityofgdrmer dlilty elsds éddse@r
Crossover, where et sameo e siid i ont omnf fb oa th
h
I

of g

of a

Y
o
T T oOo0oOo0T Qo T

e
the process in whic the two strings befo
w chromosome, a o called genetic rec
e s
b

QO
>
D

Mut ati on, when ¢ replicate, may prc
obability, thereby <changing the charac

moS OoOmesS.

O T
5 =
—
o

2.3.4.2 MAIN CHARACTERI STI CS OF GENE

Universalityrithe gehgtineedbsgada o use th
obtain information; themre¢en si mfoormmatdi drmo.
i's suitabkeal Borhighgg nerlaiknaard dibg erceti e
optimizationalwiexpmues ain@ang.tic

Parall el i sm, the genetic algorithm oper
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trajectories are used to search for the t
Gl obally, the selection mechoamitshmre oenttih
popul ati on, coupled with i1ts good paral/l
character and robustness.
Simpliletyget of feasi ble solutions for
encoded, and the obj ectaisvet hfeu nfcitti noens sc aonf
feasible solution.

2.3.4.3 GENETI C ALGORI THM CONSTRUCTI

First, the design parameters of the dec
that is, the individual phenct ydpeda eX ma mde dt.
Second, an optimization model mu s t be
objective function and its mathemati cal d
Third, t he chromosome encoding that re
correspondi ng  ddeectoedri mign ende t htohde irsel at i onsh
genotype X and individual phenotype X is
Fourth, the quantitative evaluation met
the specific operation method of the gene
Fifth, determine the relevant operating

Determine decision variable| Individual Codi
s % . oding method
constraints phenotype X

Decoding Personal
method genotype X I_L‘
description

Determine fitness it F (x)

conversion rules LENSES 2

Optimal problem

Design genetic Genetic
operators algorithm

S tintiatiin woust [Ractionroo .
Fig4£enstruction process diagram of genet
NotRe.searchers drRaw their own, 202

There is an excellent igonmeadt igeemel é tcw e
genetic algorithms can optimize parametr.i
process. Il n parametric design, we can use
|l ocation, and ot her artdamatbart eset tTihmpu,g hwda
design resul ts. The genetic algorithm 1
bi ol ogi cal evolution process through ope

mutation to select t hei aolptp onmu | astoilount.i oWe
determine the objective function and par a
for parameter optimization. We can then wu
an initial set of par amteitneg so bajnedc tciavl ec ufl uan
Next, we can use select, crossover, and r
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continuously optimized by calculating the
the optimal parameteresogobinasubnh. fodhet &F
design can be combined with genetic algor
gl obal optimization design process, and t
are greatly i mproved.

2. 4. RESEARCH ON ARACRA METCRIURAL DESI GN
2.4.1 RESEARCH BACKGROUND

Il n t h1e9 9nisd, architectur al parametric de
Col umbi a University i n t he Uni ted St at
Architectural Alliancet €athiemge ¢ ournt hes UKnN
design. The earlyaexiperairmennttecofs, avamptr es
Hani Rashi d, and Jason Lesser, promoted
architecture Fl ui d archidterceg amlei nesd aanar
the works created by Greg Lynn in this e
parametric architectur al design and have

Mo s t peopl e questioned parametric archi
| @n t i me, computers were only used as toc
power f ul automati c generation function

technol ogy has gradually become more poplL
and officesi mget dbegpply digital technol o
Guggenheim Museum, designed by American a
Bil bao, Spain, just boldly used aerodynal
structure of e hoo mpuusteeurm otnhitsh i s al so on
architectural designs practices.

2.4.2 THEORETI CAL BASI S OF PARAMETRI C A

2.4.2.1 FRACTAL THEORY
Fractals can be represented as geometr

geometrshapgedvkei ke a snowfl ake, and the
compl ekSplamneal ., 2024)

n=0

n=1

n=2

n=3

Fi gB¥ech fractal graph
NotRe.searchers draw their own, 20214
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There are also widespread fractal pheno
melted snowy ground, winding mounglada mts, I
textures, natur al phenomena of cl ouds art
characteristics of fractals. Fractals ma
phenomena and can also reflect numeyrous f
in a society, the social fractal of human

country, province, city, and family.

Figaa®eerpinski triangle diagram
NotRe.searchers draw their own, 2024
The fractvalal tshedrey sienpl e rul es behind c

consciously apply fractal thinking to ar.
etc., and generate design works with comp

2.4.2.2 THE | MPACT OF RRAEGTAECGHGMET

DESI GN

The emergence of fractal art, which bri
architecture, l'ets people pursue the irr
construction industry press, hehaubbok Kbe
Shiling, mentioned that Japanese architec
Hei senberg's quantum mechanics and Einst
geometry hinted at the possibidenryi ofnat
phenomena; it was previously rejected due
in the middle realm between order and cha
in the age of |ife wildl

be developed base

Fi gBFeact al art design drawing
Notha.t p:// ww@&0B@Bpic.com

The fractal theory all ows people to rea
and biological organisms, changes peopl e’
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more willing to get closer to al eopheusal
aesthetic appreciation of architectur e;
geometry boxes and eagerly | ook forward t
Under this i1idea's guidance, architects b

design a uniqueDamichh tarcd¢hiraé¢ctf odorn Ut zo
famous | andmar k, Sydney Oper 957. The Sydn
of Ssubstanti al white shell Il i ke a sailb
mat memcal principles of fractal geometry.

Fig®ern Utzon Sydney Opera House render.i
Nothag.t p:// ww@0BHApi c. com

2.4.2.3 PHILOSOPHY OF PARAMETRI C ARC

French postmodern p&GnhoosmntprhatotGall il zan iDe
a philosophical perspective that advocate
wrinkles, explaining concepts such as norm
influenced the parametmdct e chasiecstoafr ail de
convergence of i deas. ' n other words, par
and met hod that, according to the philoso
for under standing andphlkirlemsophityal Dihveug
Del euze, difference and repeatability, en
on algorithms and parametric models to ad
architectural designhomphlhes,formyj dedoewr a
knowl edge and understanding, provides a p

First, fold philosophy explains the ¢
bet ween things through abstractspontcepihng,
and twisting. Matter is subject to variou
causing multiple morphol ogical character
viewing reality as a conti nuoearsamtr oxred sf a
t his kiwady offoltdwiong i ncludes time and space
and intertwiimedhi @rnarnmnloinc a l way. The gern
the rise and fall of the yeatrhtihs' si dseuar,f avcaer |
of expression have appeared in architectu
spdpe esented from a complex, diverse, anc

Second, nomadi c philosophy comes from
space and the differences between nomadi
|l ifestyle has no fixed residence, relying



5

adapt to environment al changes; nomadi c
seehsi st fluidity and variability as a phi
traditional binary opposition thinking a
thinking. The core of parametric archit ec
procepbore a broader design space, and f a
architecture and form has i mportant i mpl.
Third, Di agrams serve as tools for e X
explanation, and anal ygriasmsi naraer crhdtt esit mp le
photographs but symbolic systems with d
di agrams are static, explanatory forms of
generative diagrams. 't dén negxsplaaidn tthlee ei:
of the architectural designer's design in
Fourth, the generation concept makes tr
it establishes a dynamic process, and th
architectur al desi gn, relevant factors ¢
architectural design results are generate
2.4.3 PARAMETRI C ARCHITECTURAL DESI GN A
Il n parametric architect drexlt dexi gre,sitgwmc
one is a variable factor, and the other
obtained when variable factors change as
parametric design is an pretucectdirfafedes:
on changes in variable factors. The varia
architectural design more flexible. Comp
processing of compl ex s hamdke s mdreec 0 e 6 U rmeotr
architectur al designer only needs t o c h
relationship, and you can modify or <chang
Parametric architectur al desigmms br oa
conforming to parametric characteristics.
of nonlinear theory. Il n a narrow sense, I
architectur al shapes processed mhputdermgi t a
technol ogy i n its desi gn and construct.
architecture S a buil ding wi t h conti n
characteristics ar e affected by archit
environmentadalt fissctaoar abstract reflection c
Architecture of Jumping Universes, publ i s
aut hor Charles Jenks once said that comp
scientixitycamgpllras reached maturity. Som
basic ideas of complexity science and its
t he compl exity of factors affecting con



Fi gd®Rel oading Lans di agram
Notha:t pwww. arch/Z2®@24 ege. com

Therefore, we cal l this design method
parametric nonlineamararcwi sercdar alndelse gf
parametric architectur al design ori ginat
Therefore, it i s subject to the devel opme
ti me, parametric desidoctpirovi descafns it @
construction, c¢changing the traditional cCo
t hat emerged after deconstruction; it 1is

two situations | ndesairgametOni-eci the cdcd epeict aurr a
is to complete the scheme design by hand
used to produce the model. The other is t
architectural dessi,gnanddegaesn earnadt ed enseiwy na rtcoho

2.4. 4 DEVELOPMENT OF PARAMETRI C BUI LDI I

CONSTRUCTI ON TECHNOLOGI ES

The shape of the building depends to s
mat erial selection. Al efjamidtrec tZuaree ai P od ot
i@ the engineering of theematepmaehti péelm
di sciplines, the digital age triggered a
composite building mamemiufldsct wlarred.c olrslt iakne
masonry material s, these new composite m
typi cal mechani cal properties; they are a
structure and exhi btiti sdialfsea ermnd g wihragsacd rea
ability to deal withChae:- toaetpl &lx.i,ty2®2Z4)ma

Furthermore, since the skin of the <co
traditional buil ding facade, iIitthecemésra
buil ding, thus HYetaring fuadacofobhandoathe
mor e abstrac( Yuaannd eetx palTeheg ie2f@lr7e), the mate
used as building materials are more comp.l
pl at es, met al pl at es, ceramic plates, ac
expr esfsf adite of buil ding skin. Through com
also have different forms of expression t
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Parametric design has also brought abovt
e produced. With thenideviee¢opmelindgsgagf c
nufacturing technology has been gradual
hieving the construction of compl ex sheé
sign. At present, connep utoeorl sn uameer iccoarimocnol
the construction industry. They contr
form various operations on the object:
cessing of building crmpesasepast sThri semn
keeps the required model, Computer Nu
hining technology is rapid prototypin
ed deposi t idanmenmmosd eolnian g ,p rti bnd e ensge Inmeod tdii e
tering method, and 3D printing method.
ding principles, and the raw materials

- 5 O O o o —

2.4.5 THE | MPACT OF PARAMETRI C ARCHI TEC

ARCHI TECTR®RRAL A

Architecturdli mansi osala aht etor m; it is
ws in architecture; the most significan
chitectural art S an art t hagctawambi n
coming an aesthetic object is a product
acticality to aesthetics. Due to the ¢
ructur e, the aesthetic charaatlerf umfcta ol
d there are certain |limitations in the
The functions o f architecture and art
aracteristics. The quality of the buil
dgment tafr adr caheisttencet i1 cs. I f a building
tion i's not satisfactory, itlisoalkso
ionality 1 s essential, but the art
akectreali ty applications, funcsional i
to tell which part is functional or
rametric architectur al design is an
r deconstruction,of i tthes déewnel damnemntt a
nol ogy. l t uses parametric technol og
i tectur al desi gn. Zaha Hadid i-s one
nstruction design periodarbese dekbegnw
osity constantly. I n the Chanel Mo b i
[
n
I
g
a

>
(@]

tectur al design | amguwyage ztehldr adwegh gaoo
g the building a sculpgtusak sé@esultal
ing technol ogy, breaks the | imitati
n
d

- ® T I3 T 0O IS DO QL OSSO

devel opment of flowing shapes. Zatl
vancement of data i magigwyg nsaokiet wtalm e
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construction of mobil e art exhibition ha
manufacturing processes to generate a na
created the organic form of thepentiineee

buil ding from the industrial era of the 2

The i mprovement of architectural techno
of architectur al art, all owing architectu
fully. At ,t htehes amev etliompanent of architectu
progress in construction technology. The
the perfect combination of technology and

2. 5. 3D ARCHI TECTURAL PRI NTI NG TECHNOLOGY
With the development of China's econom)

has gradually emerged as a new construct
Chinese construction, intelligent manuf ac
signiévebopmdnt trends in China's constru
of 3D concrete printing, automation adva
met hod for the industrialized construct.
situati@ans odom@éhstni ¢c buil ding modernizatio
devel opment of 3D concrete printing, 3D
concrete material s, research on printing
successful iprofClkicha.cakesthe constructi or
production, 3D printing can be wused accc
attributes such as specific shapes, t ext L
For the smootihntdelvieil pgmte naormdtructi on i n (
provide beneficial reference value and pr

upgrading of China's digital sector.

2.5.1 DEVELOPMENT HI STORY OF 3D PRI NTEI

As an i nnovatitvleatt excthinwdrotgs traditi ona
met hoesr,i n3Ied concrete i s expected to pl ay
industry in the future and promote the de
direction onddiogitebli vengenWang, .LiThe& W
ear |l i est epornicnetpetds coofnc3rDet e emerged in the
begamreaxml machine control methods to prir
design templates. Only at the beginning

technol ogy start to make breakthroughs;
have boegcondiuctdembhe resear ch and propos

technol ogies and prototypes. I n 2004, Pro
of Southern California developed Contour
Use | arge a odbmwrtircolaransndr ete spraying and

by |l ayer. Contour Crafting i s an essentia
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technol ogy and providesciaherocanhiste usol owni
ti me, mamy treasnsarand companies began to w
3D printing concrete machines and compl et
them, a research team from the University
printed trisg wWaurlll dy-pshiafbii ¢edbten8bDete house |
t he practi calprapnptleidc actoinocnr eotfe 3dDchnol ogy.
materials company Wi nsun and American tec
successfulmeg Ipuiilndiemdgssosuch as houses an
promoting t he devel opment of 3D printin
technol ogy company XtreeE developed the
BOD2 wuses a mobil e r obhoapes aannd tsoi zpersi notf
component s, I ncluding walls, columns, anc

has promoted the application of 3D print
industry and received wi degpmamgad aast tpen tnita
worl d' sprfiimtsed 3cboncrete bridge prototype,
technol ogy. I n 2017, China Construction
Il nstitute successfully printeactaeergatdensn
traditional Chinese architecture. This f
technol ogy can retain traditional cul tu
construction can also be realizeldiné nwade
devel oped by Iltalian 3D printing company
series models and configurations, with ¢ttt
varying sizes and complexity. THesenproht
technol ogy, high efficiency can be achi e
achieved, and they have become critical p
recent -gyriamtsed 3®oncrete technol oglywilaes be
From building homes and bridges to urban
industry toward digitalization and intel!]l
enabl esclaaregebrui | di ng pri nti ng, ornesdturcuec tcioonn
speed, etc., bringing new possibilities f

2.5.2 TYPES OF ARCHI TECTURAL 3D CONCRET
( ID)Shape printer

The-Slbbape printer was initially designe
architect HdBdiafpoe Dorniint er | sssaaleotossttact
with a | arger printing area and accuracy,
di mensi osssapddhepdi npeecusiesnachmntghol syst
desi gnehde aidnsk,j esto excel |l ent printing accur
achieved. The ability to print compl ex g
more creative inspiration and personali ze

shape persi nga euniuggue cantil ever printing pt
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structures, buil dings can be printed wi
simplifies the princomgtpucte N &h et amapu
D-Shape pannterbkize renewable materials, s
sustainability and promote environmental/l
sector. Customization capabi l-Shtape mrrientad
Customrzeding can be carried out accordir
designer s, and individual buil ding compo
enables creative design and personali zed

Fi ga®Shap printer
NotRe.searchers dBaw their own, 202
(2) Frame printer

The +Hryagpnree 3D printing concrete machine
concrete equipment made of sturdiyi gnediat yo

of the equipment are ensured. This struc
guarantee precision and accuracy during p
stabl e buildings. Modul ar design eicgdiohte
system, and separation of component s, S |
mai nt enance and replacement; this design
more convenient and |1 mproves reliability
ue malktiis motion systems; Accurate movemer
directions. This design allows the print
z axes to achieve architectur al printing
ti me, tthyep ef rparment er i s equi pped with an ¢
automated control, it can precisely contr
spraying, ®clicewve o-af fainghengyh printeng pr
productivity. The injection system is a
controlling concrete spraying and realizi
the injection system includes elleemsentandsu
control valves, which can accurately cont
to meet wvari ous -tpyrpientpirnigntneeresd sh.a vFer aamec er t
Abil ity to adapt to constructiitoyn. plrtojean

customized according to the designer's re
adjustment capabilities, such as adjustin
etc. To meet the needs of different const



| »

Fi geaFreame printer
NotRee.searchers dBaw their own, 202

(3) Gantry printer
The gantry 3D printing concrete machin
printing concrete equi pment owi tphr iandtjeuds toabb

can be flexibly adjusted as needed. Gant i
can pr isntz eldarcgoenrcr et e components, have gr
industry, and-scan eaa@amide veod lugredg @ i icn go,ui p dd
feasible solutions for |l arge constructi o
frame structure constructed from sturdy
excellent rigidity and stahlbiyl iatnyd. aTchciusr ast
printer during the printing process, ensu
A hpgkcision motion control system is one
't enabl es precise positiheniXng Yandnuho tZi @i
excellent printing accuracy and | ayer f1:
printing tools, such as numerous nozzl es
operations to be prprfovenedprsiimuil n g nefofuisd iy
and speeds up buil ding printing and compl

Regarding open systems, some gantry pri

systems that can be integratgdntivygd DD he
printing concret-admasthamlee,i sl aar ghee ipgrhitnt i

struct upreecikiigpm contr ol system, and adyv
features -sach saspmoflttiand open oy ptoe @t ila
in the construction industry; Ptowi || S U

of buildings.

Figa4aLantry printer
NotRe.searchers dB8Baw their own, 202
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(4) Robotic arm printing system

The robdtipdiaatmnd concrete system i s a
th high flexibility and precisiom. The
ol , accessible and flexible movement, i
rdeenensaceral Teps design enables the rob
the printing needs of buildings of dif

entire building structures. Robotic ar
intimaglapaee working radius, and a prin:
ver a wide range of spaces and achieve
smal | residenti al or a | arge commerci a
etnedaces. The robotic arm printing syste
ntrol capabilities. |l achieved exact pc

d Z axegpresimsgomi glwmsi ti oning and moti o
m pgr isnytsitnem i s egumep peech swirtsh arnedalf eedbac

e ability to monitor changes and correc
rougthi meeadlat a feedback, the system can
set uirn time to ensure the accuracy and s
Regarding materi al selection, robotic |
r various concrete materials. 1t can us
eciaul gt gddr moncrete materials for prin
ncrete system focuses on sustainabil it
nimizes material waste and energy consu
ne prihtsceabfrogicadl awareness 1 s signi
d contributes to sustainable devel opme
stem i s also mobile and removabl e. Due
stem cayn ddeplgouyiecdkland moved bet ween di
nstruction sites. This flexibility mak
il dings 'and particular scenaritesasthch ¢
rrain. I'ni addrim &8D, promdi ng concrete s
tenti al in the construction and engine

mpl ex geometric shapes and curve struct
sign and csonsewuptiobhinghtechnol ogy br
nstruction industry and provides custon

g4Rebotic arm printing system
tRee.searchers dB8aw their own, 202
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Fig@@ﬁprintiné concrete technology diagr a
Notha .V g svww. c 2®&r2.3c o m/

Optimization of 3D printing concrete m

printing process; optimizing material for
strenag@tdf.usBy ng the composition, particle
| ayer adhesion, stability, and flow can Db

Optimizing printing parameteprsi ntsednc ®rscre
Adjtusng the nozzle diameter and printing !

thickness and temperatur e, print quality,
printed concrete also requires considerat
the structural form, internal support St
stability of the building and the wutiliz
overhangs and increasing internal hol |l ow
material s. Path planning plays a <cruci al
arranging the printing path and reducing

efficiency and stability. I n addition, mé
nozzle posture, choosing the appropriate

print quality, and process coepnrtirnotle dc acno naclr
invol ves quality control and inspection
devices and monitor the temperature, pres
you can adjwust printing parameters and co
consistency. Considering the costslandr eeay
optimization technology also involves re
renewabl e concrete materials and recycl i
can reduce costs and reduce waste.

2.5.4 APPLI CATI ON OF 3D PHNINHI NBESEECHNC

ARCHI TECTURE
Currently, China's prefabricated buil di

mod el by tr angpflearcrei nwgo rtkh et oc afsatct ory pref a
gualitative change. With tRehmapiodyde 3&| p
prefabricated buildings with digital mo d

received widespread attention and applica
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concrete technology, witimait g edf fcihairarctt er
brought an innovative change to the devel

The application of 3D printing concrete
di sruptive technol ogyy darss trnewdotdiycgtn Oipre d ie il ¢
new possibilities for architects and eng
processed through automated machi nes, abl
efficiently, and the construrgot ooankty meedsus
the manual burden but also effectively | ¢
housing solutions with good Iiving condi
technol ogy makes building consyructpoeaecims
control the amount of materi al used,; wa s
construction techniques often | imit the r
Through 3D printing concr et eant eacchhn celveeg ymo

compl ex and unique architectural forms an

e, R =
15 ity |

Fi gaB® printing constructioncase di agr an
Notha ./ g 8Sw. huanqi u. com/ a/l 667415/ 42PCt QdacA

Currentl vy, there ara&pmlni ciantciroena sd axgge sn uan
concrete technology in Chinese construct.
Pil ot Free Trade Zone, a curved office bu
technol ogy; it shows tlhegy oantbd nant onLiok e f
and technology dinnovation p@&mrka«it echorcednan
technol ogy to buil d -cuonsitquco nbruuinlidtiyn gessal |lenc
Hunan Province, China, d oz enpsr ionft itnign yc omoc
technol ogy, significantly reducing constr
higlohality l|livingrenvedormmerctr et 8Dtechnol o
solutiow®stoholuswng project sari mhiCtha smtaur d,r
technol ogy was wused to print an exquisit
significance and artistic valwue in a trad
Combining traditional and mordrerof dEBiI ges
traditional culture. In terms of wurban in
Chinese <cities, tunnel s, and other struc
efficient construction, saving time and c

These castersatdempaart of-pthetedptooatebn |

in Chi

nese

architectur e. Wi t h t he contin
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2.5.5 CURRENT PROBLEMS I N 3D PRI NTI NG (
TECHNOLOGY

China has made i mpressive progress in ¢
ces challenges and problems that mu s t
sear ccht iacned. pHEogui pment selection and equ
y points. Current equipment could be fz¢
nstruct-soal ef buialrdiengs. The scale expa
all ecrge ve enfeftdhods must be found to incr
ability of the equipment directly affec
ad to wastage of materials and poor bo
erapbthsandnappearance of the building
chnol ogybsyuagserast agkrng method, it may
nding between | ayers, cracks, etc., whi
abComplyex structures and details may b
rougihhyy bggerstacking technology, | imitin
omeY.r yChen .etAlmdut, 2m2pr)i nting slicing
ftware plays a key role. Because the ne
ftware perforemgprecda al oy daeapeada,eal i ng wi
ojects. In addition, file format standa
th data transmission and processing. SI
ructures teyemadr qqutahe tycodrd he printi:H
ocess characteristics of edoempctrhe tres s3ela rpcrh
rification. One of the critical i ssues
fficientts eaxnpderprment i c al applications ar
fety is al so amnRexiasnsiunee dt htaot enneseudrse ttoh eb es
tes dupiingtitmg@ &8®nstruction process.
Regarding the entirentomgtcoatcrenei n e/
eds to overcome some challenges. The ¢
cessary to ensure the safety and qual.
eds to cultivate professopnpoanéste wBDhpkn
chnol ogy; this requires joint efforts f
ntinuous devel opment and progress of sc
ortcomings in all aspecitnowdtli dre gnmndada
ina's construction field.

. 6. DI GI TAL DESI GN

The meaning of digital design is relati
computers and the digitizatiomiafeddes:i
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designehapedevapidly. I n actual design pi
call ed digital desi gn. In the 1990s, wh
software and algorithms to generate new a
many paople s€theering because it presente
architectur al era of digital design was ¢k
technol ogy, represented by the internet
artifi giealcej nteal lIgiiving birth to a- new r
commerce has subverted traditional busine
on the conventional communication publ i s|
people | ookhef druwaurrce tod tintelligent tran.
reshaping the financi al sector, i n part
intelligent manufacturing as its core is
competition, sushrws4Geyr manhg' 8ni ndd St at e
Uni ted Ki nwalou smaeanwfhacturing, Japan's | ni
Made in China 2025 strategy, etc.

2.6.1 RESEARCH ON THEORIES AND METHODS
ARCHI TECTDEALGN

The expglomr of digital architectural desi
computing images into materialized actual
digital desi gn to digital construction.
technolalgytedhmoltogy is widely wused in va
reality and virtuality, as well as humans
in his book Digital Survival t hat comput
det er mi nrewsi vaadr. sfTthe new 3D design -soft wa
orthogondli nemd mhmapes on the screen, anoc
all ows architects to control surface mod
geometry. Wit dan ddhracdoeapr eerx gr aphics, from \
constructi on of physical entities, archi
experi mental bwuilding construction in nov

An essential feature of the buislpterenwohn,]
and reorganization of space; the dispersi
traditional building types and use spaces
other building types and use nemplacdeillawve s
said in his monograph Designing for a Dig
digital age, people have | ess and | ess ne
needed iIs electronic, intecesti Mihe diowerd:
bet ween di fferent buil di ng types ar e b €
mul tifunctional, a space with more depth
increasing density of communi cati on, an
acel erated structur al reorganization and
open and uncertain envimenmeherphat aal baw
wi || satisfy the t-amahosnittriooln niarncany eaneand mmsa

oorganizing style.
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2.6.1.1 PHI LOSOPHY OF DI GI TAL ARCHI T

I n people's daily |ives, People tend to
by observing everything in natur e; none
obj ecgteso maerter i ¢ shapes with regular rul es;
t hat human science, technology, and produ
that Euclid's geometric theory greatly 1in

. -

‘s‘

-

Figa®® printing construction case diagran
Notha .t/ g svww. cr2®&m.2c o m/

I n t R2e0tnhi dcentur vy, nonl inear scientific
breaking through the shackles of ' i near
aut horitygeoofmeBucdlci dc'ysst emst amdaPdiozdedt sSoi
to be produced. The establishment of f uz:
theory, emerg-ehapsddarmmeomygt hemat i c al analy
shows peopletabhel dyedmocdered structure f
revealing nature's rich potenti al for CC
bet ween time and space, Sshowing the wunif
high degreendf fdantdiinwi.t Prof essor Xu Wei ¢
desi proposessing that buil dings, | i ke ot h
scientific theories and begin to eliminat

shapes at mwaarldsnear devel opment path.

2.6.1.2 THE CREATI ON OF DI GI TAL ARCH

I n 1988, Columbia University pioneered
Columbia University School of Architectur
atetBritish Architectural League, changed
software technology and replacing tools
architectur al desi gn, putting architectur
1994, the Columbia University Graduate S
paperless design studio. They combine res
digital design theory research and desi gt
(MELYX ha&s programming | anguage. Students mlt
system, Genetic Algorithmic (GA), and oth

to make connections bet ween di fferent t h
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internalhatagtenl stcics of di fferent thing
possibilities of form. Finally, the grap
transformed intdi reencommat ers htalpreee each d
personal it ydeasnd ndinfefteroadrst, and the possib
explored in vari directi

E

-l 4\;:. v
/ A 7
“*J ':_ ,j
LL. 3 s j’ ;
Fi ga4Paperl ess Design Dr awi
NotRe.searchers dRraw their own, 202

I n 2000, Peter Testa fromheaeMdDepach unse:
Institute of Technology <coll aborated acra
to form a new matri x of disciiplM»nraplyogen ¢
Surface Structwsiystemat ou-ges meftabceeesl, f rseoef t w
devel opment is based on Alias/ Wavefront !
MOS S, Peter Testa Emergent Design Group c
desi gn, added genetic algorithm GA,odismpr c
through digital means, further emphasi zin
In 2001, t hrien GEWNMRBI md ugn MAYA was | aunche
Mapskgstem controls GENR8's surface gener a

Evol btaisemd on genetic algorithms; this al ¢
and realize program evolution; architectu
or modify the parameter environment at a
all ows eatr ehal designers to control t he s

effectively. He pioneered digital archite

Ao SHw abr B ASRIR ki

A
cwa
L Lds
Irms

"

4

.

.

SSHDX N0 MIDOMG VS =
Bkl TS R Dol

1 ol e wa
B Tear SR wEme SNW CemTe Im R

F|g4|&l=eee form pl ot
NotRee.searchers draw their own, 20214

From December 2003 swamMaharcdh 200k, t & dhteu m
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the Pompidou in Paris displays built or
architectural design offices, shows the a
archrakectdesi gn and research, also showcas

redefined.

Architect
non standard

Fi g4|9xle-atndard\\architecture exhibition at
Notha . g svww. abbs/282&. cn/ bbs

From Sept emrdarob2004£20t0at, Xu Weiguo, a pt

Architecture at Tsinghua University in Ct
theorawrngted the exhibition, -gaanr dien ta@rcnha ttie
works titled MHastSpbBorwdrain cell s, t he |
architects who are currently the most I
community are on display. Not onl-syc aMaes it
av agnatr d e arecxhhiitbei cttiuorne, but it was also the
standard architectural idea and work was

_— ..

Figb@einghua University Fast Fornwarge, Hot
NotPeh.ot ographed by the researcher, 2023

2.6.1.3 THE MATERI AL CONSTRUCTI ON OF
ARCHI TECTURAL DESI GN I N THE WORLD AN

I n the 1990s, di gital design still rel
virtual f or msg raanpdh itchse wheisluel thianvgi ng gr acef
Still, far from bei-gqar che parscsh ibtl eec tbu i welri en g

in morphogenesis but also turning to th
physical consnrmat e oinalr est@aucthuowe and str
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British Architectural Association, Scho
group Semtech through teaching, research
comply with the strfwatmamale diaveradiitly taynadd:
design, research on forms thfatndédireg smet adb
and behavioral characteristics of materi a
under geometric aoas,tepbhbfiscsaamedef ohi di gi
of material structsecraseamddpltedueticonEagpl
of irregular shape structures iIin actual P
structures asl uptotoeypbeisol bgi adl ti ssue
characteri stsicad et moadwedms ,f wirli te a numeri c
structure and form, and use it as a desi g
The -A40bhhver smrof ptalve IArochi tectural League
is an example of the combination of digit
form was determined through a rigorous p

structur al ribeaewtolbl CNCTmacpractice me]l
construction and research on CNC <constr
possibility of realizing complex irregul e
production tool s. Néerib OX marmef rMam staltd uBle
Technology in the United States expl ores
and structure of nonlinear bodies based ¢

N i Xin'"s work Raycouofti hgghts andosmpaexw |
environment.

&

T \ -\‘ ‘.'i // ;
o1 B il t “#“i:l i
n

Fi gSlPdactre(s wior Kis x i
Nothag.t ps: / / wwvw.2n3i pi ¢c. com/

The most representative digital archit e
Beijing Phoenix Media Center hosted by S
Architectur al Design. The Phoenix Media C
concefptthe M°bius <circle to generate a
magni ficent atrium space, a structural st
The Chinese entirely i ndependentl| vy desi
Company CNCnlhaahd Construction, parametr.i
and other digital technologies were used
in completion and exquisite in construct
building @endf ornrmeémse,become a new | andmar
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Qingdao Garden Expo service facilities de
Ni ubei Mountain Volunteer House designed
Sichuan desi gned biynyyan Uhdmnwersity, Shenz
designed by Zhu Pei, the Foshan Art Vi |

Hangzhou Alibaba Exhibition Center design
designed by Lin Qiudayofardeddd Ccecmppaersye,nt
digital architectur al practice in my coun

\

|
e

o~y QI i, N P

Fi g!ﬁlxida[hiagi tal Architecture Pr
Notha ./ psvww. ni2@®i28. com

Pr‘a“ct ice Case

2.6.1.4 THEORY AND METHODS OF DI GITA

DESI GN
Digital architectur al design is insepa
worl|l dwi de i s attributed to school educat.i
construction projects, etc. It staeted at
1990s, organized teaching in the paperl es
the United States; al most every spring at

open design studios for students taax echoos
combined with their own research and des

perspectives. Di gital architectural desi ¢
nolni near architectural design course of T
this course takes i deas such as emer gence
uses Rhino, MAYA, and other software as
materi al experiment s, bi ol ogi cal mor phol ¢
find form after that, many domestic 1inst.
University, South China University of T ¢

Jiancheng University have opened design o
| 4993, Greg Lynn edited fooh e i &l@ hnatgeacztiunree
in 1995, he published Bubble in the Jou
published the monograph Ani mat e FORM, t
architecthealrydasdgmet hods.

Il n 2004, Nei l Leach edited and publ i she
combining digital design and construction
Il n 2006, Rei ser and Umemoto published t
the knowl edge sy stherd ywau hhavwe ha dtexclur al C

vi sion of new construction is opened thro
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I n 2011, Mar k Burry's book Scripting
Programming researched standartdl matelsa g . a
digital design process also allows rout.i
computers; designers can spend more ti me

The Autopoiesis of Architecture, publ i
2012, el abow apg ®rsamet rai ¢ architectural sty
The most representative work in the fi
eries oddibtoeodk sbycoProf essor Xu Weiguo of
rchitectur al t heori stnkNetialn kL ygnrcohu;p , h obtr i g
nternational and domestic research resul
he field of digital architecture, it 1 a
rchitectur al design and research in Chin
Basend loearning from Western digital de
nsi derds npgr iChairnya nati onal conditions, | o
r developing Chinese architectural desi
a . The combination ofdnaodingiihalar asgylsi teenc
clidean geometry and Newtonian cl assic
plain diverse natwural phenomena and con
nonl i near systems anmrdactthaelort leesorwer ec hb
' I ul ar awsatgoenmatt, o ma,r tmuflitcii al neur al net wo |
b . These include fractal t heoraygenahaos
tificial neur al net wor ks, et c. amhhde acaq
formasednsystem control have become th
iences and engineering. |t has also aff
c. The i nf | @se npchei loofs olpehliecuazle i deas on di
Gil le s Del euze' s phil osophi cal concepts d
architectural design. His philosophical
Smooth, etc. They have been repeatedly ci
Changedwsy architects view and solve prob

d. A theoretical study of dir gdt i o rCalnls

S
a
[
t
a

- 0
o O

O O dMm
o — X C

nw — 9o
O - =

constructing Tectonics 1is that the buil di
construction | ogicts Ddegveédladp €@eomtstamncteéexine
digital technol ogy to generate architectu
of buildings with the help of CNC equi pme
Construction shouldgifoll dwethenglenarahed
express structural and Construction | ogi
results will express a new poetic quality
e. Parametric architectur al design and
Par ainret besi gn and Al gorithm Generation,
University systematically explains the th

design examples of parametric design and
parametrircalardgddsitgret wuegards various i nfl



7

vari ables, and based on the research on t
that connect the multiple parameters, the
technol ogtye tlwuiglednienrga vol umes, Sspace or s
solution and dynamic design solutions by
of the most essenti al theoretical met hod.
model i ng hunsse soralrguolrei tsystems, uses a speci
the algorithm to form a program, and ge
computer calculations; it is a specific t
met hod.

f. Resragyshitemati c methods for controll
and construction processes. The differeni
building iIs the error; miqumi it yg Const ak
Researchcomt realr omet hods in the digital b
process wil|l hel p reduce mistakes and 1 mp

2.6.2 COMPLEXI TY SCIENTIFI C ALGORI THM N

DESI GN

Complexity Science Algorithm Model I n
computers as essenti al tools wusing metho
based on theories from complexity science
for ms.

Compl exity science is developed from s
compl exity and compl ex systems. In the 1
Ssystems science, dominated by organizat.
cybernetics, and information theory. It i
scienbhe. 19%AO0¢$, systems science theories |
synergy theory, catastrophe theory, and o
and it became the second stage of systems
t opey, complex adaptive system theory, and
compl ex systems theory emerged and becam
system science. I n addition, compl ex net
op

t i mihzeaotriyon mat hemati cal theory, etc., er

I\ AP LA

& AL 7 & '/ﬂ;\j,‘»v

FigbhBehematic digagram of co‘mplex net wor k
NotRe.searchers draw their own, 20214
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2.6.2.1 Bl RD MI GRATI ON MODEL

The agent model aofmsbitrmd smimgd attieot he cl u
flocks during migration. During the migr
complicated; bird flight is a continuous
occurs continubesfFVightd pfbeetss, which cc
flight of each bird. However, the above p
the simulation. First, the processtof inf
sever al At meé hepsientspeci fic points in time
deter mined, and the reactions are accord
simplified into three types; that i s, t ho
collisieomns, timev same direction as neighbor
fl ock. In addition, each bird in the f1 ¢
ignoring the influence of the individua
in tbekf From a microscopic perspective,
concerned wi th it's relationship with ne
someti mes gathers and sometimes scattere
interactiomlbenoweenersever

Based on the above principles, constrt
mi gration mainly includes five parts: ge.
aligning, approaching, and moving forward

i

b,Random number seeds sr,Set the initial time ti=0,N points are randomly

generated within the spatial range a,As the location of the initial flock,and

select n values
Jhis orientatio

in the angle range from -b to b,Bestow on each bird as Initial
n,establishes the initial flock.

Inityalize, Set the flight time of the flock t,Flight speed v, The number of birds
n,The extent of the initial flock a, The range of the initial flock flight direction

Fi gbh&dSemul ati on
NotRe.sear cher s

The position of each bird is checked, If the
distance The nearest bird is too close, is far|
away from your current nearest neighbor.

1

The direction of travel of each bird is
detected, Make it travel in the same
direction as several nearby birds.

3

The position of each bird is detected,Keep
it close to the center of the flock within its
observation range.

Align

Output the
shortest path

1
al gorithm and diagram
draw their own 20214

of
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The model contains a | arge amount of d
analysis results can be obtained from va
mal e | generates morphology rather than di
resul ts. I nstead, you can use the data in
and then the morphol ogical generation r e:¢
t he characteristics of bird mi grati on.
mor phol ogi cal generation, which relies or
the intuitive morphological results of tF
a e processed differently, and different ¢

2.6.2.2 CELLULAR AUTOMATA

Cellul ar Automaton is a computing model
Ul am, using the concept of Cel |l ultairmeSpac ¢
steps through the same basic rul es, as a

used to si-mephteat henspltbcess of organism
used to simulate complex systemsbiandgryat u

sociology, and other fields.

The core content of cellular automata i
setting of rules i1 s relatively free. As
without the influencenlof cehkargeasalbasedidn
i fe and deat h, di fferent i nitial shape
mor phol ogi cal results. For exampl e, it wi
shape and has 1, aB8d 6rnbighbghbossrvRkyeda
progresses, the body gradually grows and
states will also produce different morpho
trying to fgintdi an nagtuwedn ttrmeem, a cel l ul a

bi omorphic algorithm to generate this tra

g oo

1 ghbo Twc ‘\< 1gh\ TS Thru Ne u,hbm s Four Neighbors rl\( N \thﬂl Six Ne lhthr\
D th Death Survival a Survival

‘~.<l', r.\”
S
\§w4 & ”
*g\,vv Q
20 10 80 100
Fi gbh®éuster processes in different initia

NotRe.sear cheroswndr a2w 2tdhei r
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Cell ul ar automata provide a simple and
can be produced by simple repeated applic
understand and study the dynamics of natu

2.6. 2.3 BE®EL HOWNEIYON MODEL

The bee nectar <collection model i nvol v
Environment al factor s, and individual bel
model i s algorithmically mor e caomiplceoxl anhya
algorithm. The bee honey collection model
di fferent-gafTiner ihnogn ewymo d e | of begast hcean ngi
behavi or o f bees, and the simulation pro
i nformation about bees and fl owers. Furth
Di fferent simulation models wil/| produce

The bee honey <coll ection model i's a n
consistinghoheyhseearpert-éampldyéeebeeandTin
source is a feasible solution to the opti
processed in the bee colony algorithm. Th
t he f eatsiiobn ;e tshoel uvamount of nectar eval uat

S a-woomee correspondence between the hired
sourcehi rddn bees ar e foll ower and scout
i nformati ecttho selbectsnand making greedy
new nectar sources to replace their origi

( Begin ) ( End )
v 1
l Initialize the bee population ‘ I Output the optimal solution |

l Calculate the fitness value ‘
[e— NO

)

Employing bees to determine the
ey,

Whether the end
condition has been met

T,y = Tid + Gid(Tid — Tha) source of the initial marker nectar,
And search for newsources of hon

Instead of marking the nectar
source, a new nectar source is
generated, and a new nectar
source is marked

NO

Calculate the fitness value, and make
greedy selections

fit,

------- Hire bees and recruit bees

5N ity
Follow the bees to assign YSE Record the best nectar
the nectar source source locations
) Follow the bees in search of the
Choose for following bees source of the honey ‘;\arizur's;iéh;ggé?zh‘sg‘z
A nectar source Change the nectar source tag
Figb#éow chart of honey collecting model

NotRe.searchers draw their own, 2024
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2.6.2.4 FI GURE

The graph is a standard computer scien
represents the relationship between el eme
construct pol yhedrons or more coaptie’a sp
structur al relationship, and the types o
relationship can generate a corresponding
bet ween two grid nodes can be f ousnod.veAl go
various probl ems, such as the shortest [
probl em

) et c.

Fi gbRhevariety of diagram exampl es
NotRe.searchers draw their own, 2024

The morphological reawletr shhsed @n ctome i
there tHisnteoseeltfi on, and it iIis a closed c
t hrdeenensi onal cur ve, depending on the di
traversal solves the morphol ogical result

S
".

Figbh®ade shortest traversal solves the mor
NotRe.searchers draw their own, 20214
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2.6.2.5 STRANGE ATTRACTOR

Strange Attractor is an attractor with
hyperb8Stiangeg. Attractor describes the tre
showing a strange and complex structure.

observed in chaotic dynamic systems. This
descry beidmmpl e geometric shapes or traject
complex reflections in chaotic dynamic sY
behavior. Not all attractors are strange
pont s. For attracting fixed points, al |
t herefore, they are not sensitive to ini
conditions do not affect their asympltlotic
changes in initial conditions <can signif
peculiar Attractor also has a fractal str
strange Attractor canh gener atre naotsieorni;e si to
be used for the morphol ogical design of
Mul ti ple morphol ogical results are super
parameter settings to form thaisigt ai'nd tqv 4
spati al curve based on the strange Attrac
planar building skin; the two combine to

1

I (g v W
N .
/w*\ f/ 4@; i

Architectural skin ; !

fl
Overall form "H fi’, i
'- ?‘5 g 1
/A\} 1 «, &\ / ‘“

Figbh®Beil ding bl ocks offorsmerdange attractors
NotRe.searchers draw their own, 20214

Structural skeleton

2.6.2.6 SHORTEST PATH ALGORI THM

Al gorithms for finding the shortest p a
al gorithm, SPFA al gorithm, etc., and the
appliclase ohowvamorphogenesi s is dmaldli.ngTh
mo d e | Si mul-fait recdi ntgh eb ephaatvhi or of ants to o
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al

Fi

a
NotRe.searchers draw t h

gorithm contains more data and i s more

g&il(iSdaoet pat h di
own, 2024

Il n the most primitive ant colony model,

more than two ants of different | engths,
st dathee, probability that ants choose vari ol
shortest path can travel faster between f
round trips is higher. Ants also heame mo
ot her paths. This will affect the ant's ¢
consciously choose the shortest pat h un
compl eti-noggahezsabfprocess.

Food Food Food

-
.

D Route

L
. B

Nest

Nest Nest

Fi go®Ae sliamtued map of ant col ony pathfindin
NotRe.searchers draw their own, 2024

2.6.3 COMPUTATI ONAL SI MULATI ON OF Bl OLC

The study of bi ol ogi cal forms by archi
scientific exploralbiimlno@ifc &li 04 wige rctail stf ®;r m
is, to some extent, more valuable than ¢t
bi omorphic forms, the internal structur al
form, t he | awsphofgelmiesli @ giamall dmorel opment |,
behavior trajectories, etc., the forms di
for architectur al design and Provide ric
desi gn.
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The <core of icroudpauttiactn oinsl amws al gor it hm
algorithm describes the characteristics
determine the results of morphol ogies gen
design firm is owibg bHeoéoagieal byobmrr fir
the characteristics of biological forms a
then write the algorithm into the program
bi omorphic tclhhatr acdrerbetgemer ated. The pr o
prototypes, and new design shapes can al s
Therefore, the computational simul ati on
mor phol ogy al gdadbisa hgner ankmatae®se studies t
of morphology; finally, a biomorphic si mu

Bi omorphic design simulation, starting
bi ol ogical f or msr,i lue etsh d amhgauraggeet @ roi Ldteisas
anal ysi s diagrams to represent i ts char
algorithms i nto computer programs, runs t
simul ated bi ol ogi alogfrarmmg 0o gred eu sad et hair c h
Forms of simulation wil| be developed fro

| am taking the phyllotaxis of plant or
research into biomorphol ogyhi andegihgn pmetc
for architectural design. The phyll otaxi s
phyll otaxis, whorled phyllotaxis, and clu
one | eaf grows on each nodgiet,e bphyl It dtr dxigh
| eaves growing on each node, born rel ati
| eaves growing on each node, radiating e
growth of |l eaves i Yul,ugthamng, oZhamagr t &b Ha

1.Alternate 2. Opposite 3.Verticillate 4. Fascicled
phyllotaxy phyllotaxy phyllotaxy phyllotaxy

Figb2eaf order morphol ogy map

NotRe.searchers draw their own, 2024

The morphol ogi caallt ecrhnaartaec tpehryilsltoitca xoifs i s
each node; the plane projection angle bet
flat surface, The | eaves form two sets of
number of -adj@meeontntwlbe two sets of Fi bor
The spiral coi l formed by the | eaves and

also regul ar, It can be represented by tw



| (oe]

FigﬁuMerphologiéal analysis of alternate |
NotRe.searchers draw their own, 2024

| f you use a program to i mplement t he
phyll otaxy, it can be i mplemented wusing
programming. R mi nRoyctehroons ' | abnuguage progr amr
met hods.

Fige#Aéternate | eaf order morphology of Ar
simul ation
NotRe.searchers draw thei.r own, 2024

[
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Figo®se mul ati on diagram of | ogarithmic spi
|l eaf order morphol ogy
NotRe.searchers draw their own, 2024
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FigotAhéternate | eaf order mortphdlhegy hvagpse a
NotRe.searchers draw their own, 2024

. e

.Fﬁ?zﬁgm

FigobAéternate | eaf order aorphology was ¢
construction form map
NotRe.searchers dBaw their own, 202

2.6.4 DBLPUHZEOSOPHI CAANDHDUGHTAL DESI GN

Gilles Del euze graduated from the Phil
Uni versity in Pari p.hi Desephrey' ¢ hedraay siad i
devel opment of nonlinear science in the
cattll @ new nonlinear philosophy. Del euze's
architectural desi gner s. Gilles Deleuze ¢
phil osophi cal and aesthetic concepts. He
natur al fi't between Gilles Deleuze's thot
i mplications for the devel opment of archi

2.6.4.1 DERIENATE THOUGHT

Gill es Deleuze's creative iLnetiebrnprze t alt6i4c
1716, combined with the Baroque styl e, D ¢
French Pli, English Fold concept and was

the Baroque in 1988, this concedptaaldsdol d
and their nomadic thoughts explain the ul

constituted, mani fol d, automaticity, et c
Del euze, folds are everywhere, evaereyt hi n
wrinkles everywhere, and some things can
things are also composed of monads spiral
of reality; it represents sevikawd @ pridwero

understanding of pleats by understanding



