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"while architecture field is relatively low tech...."

What can machine do for human in architecture field?

What can't machine do for human in architecture field?

Narrow down to working with existing/renovation/demolition...?

| machine BIM/computer aiding design/modeling/drawing building engineering/calculation/LCA
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What are the available materials?
how do you make materials available? make information available?
how do we asses those materials?

bridge the gap, what's missing in field?
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Artificial intelligence and smart vision for
building and construction 4.0: Machine and
deep learning methods and applications
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Fig. 1. Domains of Al MI_ DL and widely used algorithms.

\

ffeite Manufacturing
and Automation

Material Design
Qd Optimisaty

(%,

-,

Stmctu‘r‘al Design
and Analysis

! &

BN "\.2'0

” &MQ,.

Smart Building

\and Health /

Operation

Al
and

- "‘ S

in Building
Construction

Industry 4.0

Duwt lowd : Duvnluad high res inmage {2 65RE)

Dowrlazd =« Downlead “ull-size imag=

& )

Construction

1. Intradurtion
2. ML/DL algorithms and data acuisition
3. Methodolcpy

4. Architcctura design and visual sztion o T—

5. Matenal cesign and cptim sation

6. Structural analysis and des Bn

7. Offsite manufacturing anc automation

&. Canstruchion management, pragress and safely

9. Smart bullcirg operation and health monitoring ; N et

10. Sustainabiity, life cycle aralysis and arcularity

Management,
Progress and Say

Architectural Design
Qd Visualbaly

%

Sustainability, Life

Cycle Analysis
and Circularity/

Fig 2. Aaplication ARFAS of Al in huilding and constroction industry 4.0,

11. Fitarre trends

12. Conclusions

Viaste sorting

* Soring * constictionand demolition waste.

- andbags bycolowr

¢ Sorting * recyelable commoditios specific
MAX Al AQC stream of material St

+ 3900 picks per hous (basic design)
Cortex v 2500 picks per bow (basic design)

- AT NGOV s 23 AR DL

Zen robot

Al enabled

Robots in

waste ¥a
recycling

* Sortimg . recyclable conunodities from 2 specific

Machinex
Samurai Al

Dawnload : Dewnczd digh-rzs Imzgz (268K3)

Lowaload : Do, lullssize negue

Fig. 20. Commezcial solutions jor automated waste sorung.

—

= bk s

metal slzgs
wasd chips

-



GAN

Avoess rough Del'L Ur iversily ol Tuchn... Fuizlias= FDF Auiema eyt wrel er ralil

AR
B N

2 Jé&‘ Building and Erviranment

ol e 222 Sz0ie Le 2002, 129677

Generative Adversarial Networks in the built
environment: A comprehensive review of the
application of GANs across data types and
scales

abraham No:1 W0 7 &5, Rudl Stouffs ® o< £ g BILxkI®® 2 o

Show =ize w

/dd o Mendelsy =X Skare 4% Cite

httpae®ecines 10 W0 ey ik cewe 2007 JU2EYT Cotagarcaml el A

Abstracrt

Crnervive Ao verscid. Netwron e (AN, voe o Ly v deep e, pelvee. i L ayve
achiewave v state nf e art vesec s e genratise ks CANS e bensele ind e
bu:lt ervcorment, Joem processing large-scale urhan mobilov dacz a=d pomote sensing
irmaze: acthe remional lovizl o performance analysis and desian goneration at che
buldira level Wearalyzed 100 artides to provade a cormprehensive staze-sf-the-art

racisiw on haw T ARG ars “oreent o aawnhies In il challer coae faclcin fas anlt

Real sample Diit, wth Sake :
.lniu'-nnﬁw '
LT ] Fase Fample .
A PO e ) | € "
Y ff" J— @eneratas By \'} ———
T i
forer v 3 K
Oulicnal
Condition

Figie T Genenal socditescture o a0 GAN Tharing Carwared propignie o, sodon noise o puessed
o Ui geneiaton e genere o lake samphe (1 2 cendienal veeten s used, Uie CAN becotme:
a condidonal GAN and the vz eancafluence the nvreame of Tae seneratory. The disceim: nanar
Greas oo bl e rer ane ake samples o detersane swohaes s el Than o loss gmdient e
calculated Csing a loss fupctiorn, and (ae respective _osses are bacx-2ropagaed o the Generator
and Discriminater. Thers is no resrict:on on the Zormet of the real and fole: samales. as leng as
(e neural netwurk wellectarz of the Generaton wod Descromnaor adapds to e Jati Toziuts,

tvezking the training dafoog fremrss et e =gy the user (o input seme
additienal infonmoation L € the mnlended Jdalised, of
|.t‘l'l'l§~' LIRS !-'I'IIIIIIIHI’ ('l"‘

TR AFE I

Digital Surface Model

DSM DUTLDING SHAPT RIFINEMINT FROM COMBINED RIEMOTIL SENSING IMAGES
BASED ON WKET-CGANS

- r - - 2 .
Kyenau Siuner’ Susco Kewres”, Feler Keown 0

' Rezrews Seasing Techawlogy Insitite, Germun Asrv:pice Cenger (D_R), Wessln g, Gern.ay
‘Exen ahittner, paterrz rarz e rds
“Techniczl Linversity of Munich, Mardes, Geeminy - marco kac-ncrd um,dz:

ALSTRALT

Vi ivzatibe the woarkllow < Ja sip il syl aowels TS
relicemen Zepoildun wsin. o hviad comdilznal cmeriare
adi errarial namnak 000 ) WTere X enITar.e FAt Con.
slstm of rue parall™ nzeworks merjes a the lasc gy form-
g aWN-"wd ctas Trinpex wl caxxlial WNIT-
COAN v aerzo DSM: wind pewchvesna s (577, budf wewr
resvluicn saellil: mapes. Tooomg these belps w propeg e
dax denadiad infoemeuns (nem s spectr] image ol cocplee
1153 uﬁui..u A0 Lucs .f:\h.c Lo 3 steicw DIV JLowt Luild-
ing slapa. Besdes, ibslings de bu g oudines . cogee
PR | TR TORTERE TS PURETIN R TR

Teddex Torwve— Condamal pesemilive silveraria’ rea-
Wik g fal irtacs woods |, H seone rehrarcns, 51 hald-
ing shapx, cebs fuseor, sebellbe Imzgea

L OINIROIULDTHIN

A digral aovcok moded (AN e e imporant and vl _ahle
By s, o G my o be saming Apliceiae ke build-
e Jewadivg 4B SR IUY VR VAU IBUOR JELRS, UL
b plamicg, ecviromeall iovaigalioe o Jise e 3
sevoen, eks, The uss of DSM foc (hoss remoke ses g
g ludies snbvaid b e il abidhicaly Losioe,
permshie o i ¥ o Uie pog ap cormlax Wb
rmuen, wlvasces G scmen lecliabos e il Bos w pad e
w geoeraled DEMs with o yravad savefivig dfyasc: (GSDY)
sttadan thae Ju cct culy frocs Dud sunveviie asial -
e, hoaza sanipune Jule o @terperennst o3 wolaeti wpnefaoe

e oo D o eyl ke ace e o G-
o I sl o DSY galily imp v s ety Mt we s
e tho bk e c=mepee e EISMs o= onest Trom ddlennd
i ronrces ta compenaate the Eruiations and grrs ofuch
cach of thae ha e “divdunity |

Wil rzeanl Jewv opecen. Cevaned o deep Jeumin, il De-
v sl L oulamve by seives wu g wols Lo lale
g s av.coag Ao ol e wouks Liave dle
nzaly i ecdiatod thaie 3 plicai’ o for s ote aeing wp-
TLERET W [ETRNRTTRE SRR SIS PR [RETR T TR TT AN T TTT) RTT R
traztee, or trafhe mcaitocicg Aecencly, a clrss of neual
acly b colled o widry mavwas s L nvinorks AV was
applizd ool ool weow.z ve s g Jatu wnd auvad
ki Dotz Dl B wly tle e eotion ol Iz gees e = b ane
fove mede. « with reli=e- =uild =g sha=c tey b¢ el of A
sav's clend i 2 fromn arereo stz e LUSEAS 74 studiel using
oo geaerar s adversinnd e o (oA ) 2 S|
In thes capes, e el thate aoeds acd feopoes a hyoud
AN mesdestor. wme= conples halfemaete= <ol m vl
e pancimonan - (MM smnges ond TeMe b peedos 70
corrase e ls nnc emly wers e wed M hoilding shapes et
aly with ==cir zompkeocd dructurss, mor: azcordc out ek
andshar e nlzes

L MENQDUL MY

Tl bivk 0 AN Loser Gz, adplativg neural —veovochs
itcoducec by Sosle om wi b [4] viedes fooul o liere-
awculs e vouendaie cowiskh siees . The adza sl e al-

R AR 11 s 1B TGN Ladid Bt I e 2 Lalis e o owr g isn
Flg. 2: Vienl anzivels af DS Mg, jerenaec »v sieTo (AN md Whel-2CGal artieos. over sdecmd utan e “he
DS gy wre oo dipded for Deea visealisalioon

cobing L1 Fiz launc F2. 27 we can rao that e odies ard
T0fiZeE can be cavn vare well D e AN (mags, R meor
<0 AL bulldings ndy Jrom PAN ezag2 thong wonll e wecy
difliv. At ks nol conldn 30 formustivz, = iva i vy
perant hereforz, e combings o of thesz 1o npes of

fomorkor k Cgnad comeamdss whlch ands o advaniegen. o

razcnerRel evan comatkosd boodr s, chidh s d Foul o
seInaee nzing a gk erores DEN infcoman o,

To cue~thfy e qealisy of the gracoacd DEVS, wr eval
aod e mordes wien @liate oot (YMAE), &l eae
soaaved sriow RMAE,, sovmazed wodiaw abicine davie

C B S [T R T

Point2Poly

TernsFacaedla e Rtan g

1SPRS Joumnal of Photugre mmetry anc Rer-ote Sensing

1sureal heengage v ahvass sordxa e sprgan

L
Recer streting enmoart b ildhir 2 mnede’ s frmm point cloads o ving deep e
im>lict felds
Aheny a4 2w 455 Hego Led T, Kopenn kadoni s - gim g bar -t
B L R AL AT Ny
ML ) \‘"’” B hanl SRR PR b o B e 3
ST LE TN arsrnegr
A Wer Bas bornen 2 sndezardagle s s sz pram 1 v wnes v vk wpde
Virsimme, TR, BOLSOY 3 <3E00S NPHAR DN = AR CEIAX S PG pivh K S 2K 2P, e P 2
mapatala e Warif srrid Iy an iy me me nar dde wopesl s ldeg aabecaae of el e
antns

“owrmibi g bewiiagurdn 17 a0 0o s prenl s abpbar s ar ailiisag vl

(oo Awi € pvab AN Ll o Ba waediG KL 1 ve wgBit Bad 4 1ierw B 6 cog wewl
adews by Sndida snars e grres vhem ani = A Assrsar 557 o hmweahd bocrend
LA e o w pa bl vk ekhewli] ope wran YL G s A doyer o8 watad vy
s Reay, wobabae joam, revuerrbor, sl bescd veoue, o, aaoeedny L eploacdee wed
AR WEYE AL B WK ek EOEL R TR0 Sid WE WD (O SRR WX D e T,
ilasa JILY Dol b b anad s b b g B WL T

L LT .
"wove o wes e e ek Tl ds macnike

Ny *e 4 a1 e chmne prhes v by

nth xpt W peoee £ orord hevewih e xwexnsig At B D e iy n elgws reeadety pelpcexs bl
meger, b d pehzael snile; wabc ne pesi dranl- I R N RL TN L LI TR T TSR,
VOIS ENral e EOES Ve VNN 1T Ol Nroa Jwperaels serdac r 30 O e Ay K A
PAERE AR The ABr g menary P ida cpdtaled el censmvegtines el gl s pesfe s wni
woardiag e dr ek s e AR e le b ke e L R T | T S U P N R S
Ie " i f omen aqgdo it wllbaie’ nezaimirmidir sl T L T mraven e e heeih svas sl b vy
Vo are e Al W bonden boasfe s wt e pver s o ek wesacdng o B i sas svskor xd nayey L
e x‘n”, [ERITT c“ NI nﬂl&’l Wi lu“ FUTeTY :..'.“ MA el el ..l': e, A0 Jllljl"l‘.l d ‘l"l§
DR . DRPRE BT . . wrvda e e e e e R e Wl

-

»!
-
»

L
R 4
L
¢ I ve ¢

iFACADE

Facade Style Mixing Using Artificial Intelligence for Urban Infill

2

ty @ Ahmad Khairadeen All 1.2° ¥ and 4 One Jaslen?

T Avchitedural Engrwesering :e;wtlmi’nl Callege of Engreening, Universily ol Duhok, Duhok 42001, kaq
? Haenglim Architectura and Frgineering Company, Seoul 421310, Republic of Korea
" Author to whom comrespondance shuld Se addrassec.

Archiecturs 2023, 3(2), 252-269; httpa:l'dol orgM0.3390/architecture 2020015

Recuived: 23 January 2023 ' Revised: 26 March 2023 | Accepted; § May 2023 7 Published: 11 May 2023

Abstract

Artdicial inlelligence and machine 2aming, In particuar, heve maza rapid advancas in image srccessing. However
ther incorporation intc architectural design is still in s early slages comparad to other disciplines. Tharefore, this
paper addresses e developmert of a7 ntegrated doltom-up digtal cesign approach and descrives a research
framework for incorparsting the deep comvolutonal generatwe adversaral netwers (GAN) for parly slage dosign
expicration and the generaticn of intrcale and complex aller~alive acade Jesigns for urban intericrs. In this daper, 2
rove facade deaign ia proposed using the archileciura: alyle, size, scale, and openings of wn adecent bulldings as
ra‘erences 1 create & new bulding design in the came negiborhood for utan INMl This tewy creatsd building

Figure 1. The IFACADE eysmr;' architecture.
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arcriectutal style differancae thal zre negle:i-:-:l in this paper. Yis processed tha images manually and chosa the best
420 mages and a-ased the "ast. Tha additional images were colectad from the eTRIMS database, wch contained 60
facidn nages, and tha Ecole Condee Pans facade dolabasoe. The Exsade images collealed worn proooessoed o 128 =
129 picels with 3 chanrels, and dwiced lo BD cercent t-aining, 15 percent test anc 5 percent validaticn, The facace
Imagae constraints are ™ followng <2 dasat;r; facade molding, comice, plitar, windaw, docr, elll, blind, balocny, ehep
decoralion, and background "

To Increase the tr2ining speed. the lmag'es rasolution were dacragsed to 128 x 128 pxels with threa channe's
they are not suitable 7o high-resclution image gensration, This research normalizes e mage color values tc -1, 1)
before feadirg e image into the modal '

4.2 JFACADE Mooel Training ;

This rasearch used Tensorfow to implement the mocal raining \We also started th goneratn raolutions from 8
€ The mcdels were optimized by slechastic g:radiont descant For all experiments, the leaming rate was “xed at 0.002
which Lpdatas e genarmioe ooce far aach didgcriminator update

We snplamented (e proposed archileclure in Tensorlow usng a workslabivn wilh @ NVIDIA 2080 Ti GPU, Qw
mocal uses StyleGAN [5] with the ADAM coimizer (o1 = 3.5, b2 = 0.009) and was rained for 11 days anc 6 h. The
learning rates of the generalor and discrimingzor ware both 0.0001. The stack sze was 1. We set thelFyaber oF gilics
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Definition
* Building adaptation, John Douglas

What is adaptation? 3

Table 1.1 Value of the building sector in the UK (Goodier and Gibb, 2004)

Fig. 1 Overview of building interventions in the

Sector Value (£bn) % spectrum of adaptive reuse.
New build (excluding civil engineering) 533 54 ’ D"anﬂS’: Els De Vos
Construction refurbishment and repair 45.0 46

Total UK construction 08.3 100 / / RetrOfit

<
Q /
~ ray .
P = 7 Conversion
// m
//(4) Demolition (remove) E ,
_~13 and 4) Restoration (bring back) 8 , Ren Ovat l on
c ,/(/3) Remodelling (improve/extend) -S /
- O //
% .E—, //(2 and 3) Renovation (upgrade) “.Qﬁ , =S .
¥ 5 Rehabil
5 z ~7(2) Rehabilitation (modernize) E , e a I ltatlon
= /
. -
//(2) Refurbishment (facelift or makeover) Q /
,/ ﬁ_l .
,7(1 and 2) Conservation (preserve purposefully) / Refu r blS h me nt
//(fl) Preservation (arrest decay) /
Risk of Obsolescence and Deterioration ’ / / ReStO ratlon
Notes
I. Maintenance: Basic adaptation works including fabric repairs (see Chapter 2) / CO nse rvation
2. Stabilization Strengthening and major improvement works to the structure
including inserting epoxy resin stitches in wall junctions /
(see Chapter 7) / P t'
3. Consolidation: Medium adaptation and maintenance works including damp rese rva lo n
proofing measures and timber treatment (see Chapter 8).
}. Reconstruction: Substantial rebuilding of part or parts of the building
(see Chapters 7and 11)

Amount of changes ~ to the original

Figure 1.1 The range of interventions
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Refurbish manual, Georg Giebeler S

£ c
-% Mzinterance Maintenance 2
o =
5 L
s m » 5
- cosmertic repairs  reploces, repairs  replaces, repairs  replaces, repoirs  extends repairs changes building  completely g‘
.§ does not add new  defective parts cefectiveand/or  defectiveand/or  to load-bearing  function,clong  eliminates
components cutdatedpants  outdatedpaerts  structure with consequent  structure and
Planning work required for building Planning work required in repairs and compenents
(M) compared to new build' comparison to M (building)? modification
o2 = Figure 8 Level of interventions (Giebeler et al., 2009)
& 23| 2 £
c g @ O e -§
o - €3 S e [«
B = Q.| O = =
@ . © - 0 2 O > = -~
- g 3 ¢ 28| 8 cg 2 8
EDd» &8 Z § B<| @ €% &8
22 & ® § 2§/ 3
r8 & A& 82 ZEe|R % %
Reconstruction/restoration ++ + + + Costly, time-consuming planning because research is necessary
Demolition/deconstruction na na na - + na Often carried out by specialised contractors
Renovation/maintenance na na na - + ° ° ° Costly, time-consuming organisation (When can work be carried out?)
and accounting (many management services)
Repairs/maintenance na n/a -~ - + 0 a ° Costly, time-consuming organisation/accounts, often no planning services
Partial refurbishment -- na + ++ ++ n/a n‘a na Costly, time-consuming organisation and accounting,
frequently disputes with neighbours
Refurbishment .- na 0 + ++ 0 + + Great demands placed on site management because of many uncertainties
Total refurbishment -- na + + + 0 + na In total slightly higher costs/more works reqd. at new/existing interface
Conversion + > ++ +4 ++ 0 ++ +4 High design costs due to adaptation to suit the existing;
high construction costs
Gutting/rebuild with part retention| - . ° + + Extra costs for safety measures only
Extension + ° + ° o Measures in the existing account for only a small part of the total budget
Fitting-out + . +4 +4 ++ n/a n/a na Many parts of existing bldg. continue to be used; partial fit-out; costly,
costly, ime-consuming organisation/accounts, often disputes w. neighbours
Change of use na . na na na ° o o Only an approval required, but can be very extensive
++ much more -- much less /' no comparison, cannot be ' Provides a guide as to how much higher the conversion
+ more n‘a hardly or never evaluated (e.g. owing to surcharge must be or where it can be ignored
o about the same required major fluctuations) ? Necessary increase in the conversion surcharge
less depending on the size of the project.
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