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Abstract

ABSTRACT

Keyword: Digital Transformation, BIM, Robot, AEC Industry

"Digital Transformation" is the key to many advanced countries in the world to
enhance their industrial and national competitiveness in recent years. The goal is to
effectively use information and communication technology, optimize existing processes
and create new value.

Over the past few years, Taiwan has taken "Digital Country, Smart Island" as its
general policy guideline, planned and refined relevant national policies for digital
transformation, especially strengthened industrial innovation, and introduced smart
technologies to promote the digital transformation of the overall industrial structure and
enhance the economy value. On the other hand, the promotion of digital transformation
is even more important when the construction industry is facing shortages of workers and
materials.

In response to the national policy of industrial digital transformation and to solve
the problem of human resource shortage. How the AEC (Architecture, Engineering,
Construction) industry can steadily transform and improve driven by forward-looking
digital technology, rolling corrections and promotion strategies, become an integral part
of digital transformation policy planning.

Research project content includes:
1. Inventory of digital tools, platforms, and forward-looking digital technologies.
B Development and application of Al artificial intelligence, XR, 3D scanning
technology, robots, and digital twin.
2. Digital transformation demand survey and Innovation case analysis.
B Surveys, interviews, and analysis of innovative organizations in the digital
transformation of the national AEC industry.
3. Digital transformation policy research and Innovation strategy planning.
B Policy analysis and strategic planning, drafting an executable framework.
4., AEC industry innovation digital transformation simulation design case
implementation.
B Taking social housing as an example to simulate the construction operation
process.
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The expected result includes:
1. Collation and analysis of tools, platforms, and forward-looking digital technologies.

2. Two forums on the digital transformation of the domestic AEC industry.

3. Analysis of Three Innovation Cases of the Localized AEC Industry.

4,  Construction Operation Process Simulation and Design Case Operation.
AEC Industrial Digital Transformation Policy Promotion Planning Suggestions.
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7z AT ~ 3D Scan ~ XR ~ Robot ~ 2 % Digital twin ZA4p b B> HF E 1 L
LauE RonAr 0 T FPigAeRiE T g_'f CER N o

AELFELER P
LoFE AL oA A F A pIAT e 8 102 L5 I0F F gl P
B o FREFE Al o 2 R o
2. ¥ LA e T ¥Rz 4731 % ~ AL~ 3D Scan~ XR - Robot ~Digital
twin % 4p B e o 7 e 2B A 2 e T TR AR

3. AMEFAEC A F i E A RA AT E X RE ma N2 fud 1{#‘



Fed PLIAR- FRLAR

AFF KA A BIAS > F-PEEAE BT EEHNFS AR o

SR R Y H ﬁ‘ﬁ¢1*‘ua.uw%gi HiFE R

Wl o A BIME PaZ W% > R H U Hiia E’Q%{m""‘{m%%

@*0*:W{£ﬁ$ fnif Arg w é%%é”mémﬁmww&wﬁm i

PENER T ESTENTIE N E SNVt & A E - S L
@%i?oﬁ%ﬁ“ﬁ#*ﬁ%%T@WTo

W 7¢ Bl s

!

A

W A 4 #r e i [ 5K
U Y B S

B2 % I b 1 ik
Al =3D Scan -XR
Robot -Digital twin

.

I

A [ P A 4% I

-

MR, Uik, b

BT T 4 BIAECHE %
WA 78 ) R R
v
75 SR 7 17 A A WA Y SR I35

(1% 2 e S ) R SR L

I

HEie
B 2 ) i

WHGAI . R

Ji 52 AECE e
WA 70 e I
ZHEmh 4

VPSSR B
&I

s Y N
:j:: ::I:

T
:I:: :I:: s ey
SR I 4 ABR)

&—

WK/ Rtz IE

!

HERR 4T

l

56 B 7T

W1-3 FiHa - 2Heiam(®y Lk 237550
5



LS REE ¥R SIFER Ut SIER * ik SEPE - S S
$IH AR

% 1-1 E: T TER
Lo1-1 s TR RSER 4

PRER ErE 34 T ER

=% ﬁ): S j)f’ 4 ﬁ)f’ 4 ifv 44
1 ﬁ;;é‘ 2 1528 1 T 2 1 T 1 A IF3

) el af el a|a|nl|n
S . N
Bt == + 112/07/08 i it
TR
RS L GRS LA RS ¥
4
AI+BIM %
o W S E e da o P
T3Pk
ﬁg¢2? u—@ﬁg¢2$ﬁﬁﬁgﬁgf
e LT
R R e % 112/08/23 (78 ¢ F 3k §
2% 4
RS A mE D L, )R

PEIE AL 22 : 112/05/({4 L‘LWR )
SO ===y S 112/08/25 ** & & 1 ff7 A u| B 7% »
AEFm A " a

P& Rk

e 3t 112/05/27 g2+ 8§ > 1 %

e o 112/10/06 * B2 ¢ < A | #95» &
; o B
% K ¥ ,
. — | 112/11/13 22
v w
% 3F 2
;-»r% | peiar 112/11/24 38 6
gk
‘3’%;\;%‘{? 27 21 A ISV
s | s 112/11/30 i 2
v w
1
o A |2]3]5(T]819)|
(R4 4|, [0]0]0f0l0f0f
REARARARARAR, .
0




FoF M prE A BRI
FoF PMIRAEFERR
¥- & dr#d)or 3B A

1. Al + BIM i ig

FLI L ER FRA ACAPTFIERER > T UARFRLT B
A(ang B, 2022)

(1) #&#+@w(Design Cognition) @ % - FAE A 60 # & A 12 FER|p 7 F¢
Bt F Rl {1 A FEFE - BB ERP O RT G
gL AR AV T e W TR R 2P A Herbert Simon %% & 1969 &
dipmenigy 80 4 1 448 (The Sciences of the Artificial)(Simon, 1969)>
TR R N AR AL AR S G SN AR A FE
g * % & Herbert Simon f}iﬁ’&.* AEBRAE TR F L %}bi&h
= 4 % Chuck Eastman ##%= 3| Herbert Simo # 3 sr¥x3 » »+ 1969 & 5 &
W E - EBEaA 1 FERE g #* % 47 Cognitive Processes and III—
Defined Problems: A Case Study from Design” # 3 #h=~ » = i Z AR %
- BFuAIFELYERAKT P & A G fF (Eastman, 1969) - Chuck
Eastman #2847 1973 # A7 « 2 57 E 8 7 (Artificial Intelligence)
&% p # itz BRI 7 (Automated Space Planning)(Eastman, 1973) >
M= BRI G G BAEFOp BATA R AT s P RHmT R LA L FE
L REF R WALy gy T pEE MIT Media Lab 2 4% 4 Nicholas
Negroponte » &% 2= ## ® | (Architecture Machine)& %4 » 523 & %
T KB A BT L o 59 5342 (Negroponte, 1973) 0 B ETT A 1 AF
ELrZARIERTFTT TRE R R U e 2o T -
ﬁ%Jﬂ&?mwﬁPf’%§%&§%?E i 2D/3D B WA 6

TR IEE o

{set of DUs) feet of cperations) (nz of heuriatics)
fatlore
4
all’d
®. l trfed? @

ux.«'/ \?.lu:-—f—u: —— pa
l tried? [
- .. ‘ -

o) \ ,l!, loaden by bake leteltey solon

)

{eet of comstraiats)
W 2-1 60 & * Eastman %3202 Al #73 52 A p & 472 g j#
(B % %k : Eastman, 1969)
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R R IR Y R L Sty RS L

(2) % 7% st(Expert Systems): % = FFE & % 80-90 # A 1A ER 4o F
(BIFE BT MBS A 7 P RE S 2 (Natural Language
Processing) ~ “o# 2 (Knowledge Bases) & % R i fteuE > » Prolog = 3 ﬁx
¥ BRSNS A AR F RN RI i AT M
witnAarie 2o TR | (Logic)# it 5 "R, (Rules) > aeéﬂéaié*ﬁiW*Jl
o i A #H R B iEd 7 (Knowledge-Based Design) (Roseman et.al.
1990) » == en® 3> ;% (Knowledge Representation) = 5 »FFE ek 247 3
E N (D) FE R (Semantlc Knowledge) (2) 4% B & s
(Procedural Knowledge) (3)if i ¢ 3 (Conditional Knowledge) (4)Ft
it ez (Descriptive Knowledge) PR IR R AP & Rk kil
B LG AIFENER RN BL RS %‘,\,E *“MJ # % (Rule-Based)
HK PR o B R B ed o 6)4eid 3] ¢ 2 (Shape Grammar){Y *
A5k 35 % #3442 ) (Shape Rules)2 =4 M= 8 % @ (Stiny, 2006) » SEED
PEFEERL E ARV ADREOT R T p e (Flemming and
Woodbury, 1995) > % #eaw= 3 " W agprt X b4 F 0 P E e gk
POZENRIUEFFOLE FP TR P AT T o

(3) %3k &3 (Parametric Design) : % = FFE & F 4b# (S enfdicit K LB
B> F Y 22?51’ # & (morphogenesis) e & » #3512 g iTeuE 425 31
XI5 LT reF E 2 (Algorithms) & (722 B 2538 474 K 3h 2 28k -

4 % (Frazer, 1995)(Spiller, 2009)(Jabi, 2013) » 3¥ % F skt ek 3t
BNPE RN VIR ;i %ﬁfﬁi AN e 18 5 i mihE 2 (Sakamoto, 2008)(Woodbury,
2010) » L FFEER T FR T R 2 RE AR A oL G A ;‘r;iz f@
PR RAR P RGERGFE 2 AT P hAaem o F G F R 3‘1*%*’ REPAE
I R R M S Ee oz v 2 (Building Skin)ik 3t (Hensel, 2013) .
Bkt (Simulation) & F42 % » K 3+ (Data-Driven Design) » i% ) = 5 2= A fF
o ¥ IRBCH 1 2 ¥inde (Scheer, 2014) A AFIC B Hc-1 £ R
LG ko s FRER FRCRPESATAKNE LS Bt
(Sacks, Eastman, Lee, and Teicholz, 2018)

(4) BIM#*3*(Building Information Modeling, BIM) : % = Ff i & BIM2Z #

T Al amand foo @ % ARC A FEH Fr BIM1 &5 2 fg* bz &
g P AriAR 0 BIM 2 8 - PR E > 2 ERPRA L ORE 0§
KRG G E AR R RERRFA YR BB S KPS BIN %

FERRAALSFTIE R E - AT AEERFE (Levy,
2011)(Aksamija, 2013)(Lin and Gerber, 2014) (Levy, 2011)(Aksami ja,
2013)(Rudder, 2013)(Lin and Gerber, 2014) > %-#cit k2> ~ ;% & ;2 2 BIM
oneng o BAERA LA E AR AR B R OV A .
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(5) *a#xE(Artificial Intelligence, Al) @ % 7 FFEHE_Al 2 & keoph
Rk TR FIUE Edp A T B R B R Y B R e P DRI
&W% CRALIFELATRE ) BT AR ORY B E AT i
BN R A LR AL E - R o ko e PR R
FRE D F K AR L MG A RE 0 S DB S RIS -

1970s | 1980s 2000s 2010s 2020s

BME miEn || BoMR: | BRA: | wmmeE ' BERMRA :
(Design Cognition) SR SRt BIMARt ATEE
(Expert Systems) (Parametric Design) (Building Information (Artificial

Modeling) Intelligence)

| Generative design& Parametric design
(Fnler 1995)(Spiller, 2009)(Jabi, 2013)

Automated Space N . - it s J Big data AR %ﬁ
Planning | ” Image recognition {5 it
i 5[';:’.}\" ALTERH RS BIMEN ( Parametric design & BIM Machine Learning H8 38 88 15 47 )

(Eastman, 1973) e
= = Knowledge-Based Design ‘ "'f!m

(Roseman et.al. 1990) T

| (Flemming and Woodbury, 1995) |

(Levy, 2011)(Aksamiia, 2013)(Lin and

Gerber, 2014) (Levy, 2011)(Aksamila, | LA T8 88 SYERILS) b7 580k 10T

2013)(Rudder, 2013)(Lin and Gerber, | Bl (1 @)% 74 SRIMALB A RE ] -
2014)) L >

Xﬂi’i} ) h*\“’
Z)A-MF)!YJ |

S|ACLRET ~ FOUEMBIMEERAEER »
BT RA T BRI AWET

Digital construction

‘ s
Architecture Machine | #4517 | (sakamoto, 2008)(Woodbury, 2010)

WS N MOl iEY: -
__(Negroponte, 1973) __7 [ Building Skin Simulation & Data |
FAEHIN Y] | (Hense),2013) | (scheer,2014) |
RARENRNN BRSBTS
= AURIRS MR NSY - BISESIREE
AR MR S ey T

ReURR

B 2-2 &lff%AI L_L£ )ﬁ%’!&iﬂ?‘ g B }ﬁfi
(B % %R #g 8, 2022)

ﬁ%AIAAﬁﬁﬁyéﬂgﬂﬁiBO&impz% A% 4o B 2-2 7
» % Bastman & 2 60 # R Al S 2R p divd o> 2 & 2018 &
sk enig i 4 4 BIM Handbook ##- BIM 4 F A w I BREE FEEP 2030 & ch BIM 3
B R ® 0 #3pw» Al BIM % B r¢ B (Sacks, Eastman, Lee, Teicholz, 2018) -
@ Al PRFARS 7 A & o

2. FRRRAEHMnTE

AR N Hhi R e ¢ R AT A (BIM) 2t H s mpt iy E 5
e BAe 2 A3 A £ 7 e TG H2 LRE - ."11545“’%#%#‘3—’?%
(A~ = 2 ¥y (3D S an)‘ﬁt > %4 (Digital Twin) > #3¥H ¥ 5 (XR) > 1
2 ® 4 (Robot) EHiraZ A A £ 7 chp* Fin o A 758 L Hirhoe F

%ﬁm’ﬂﬁﬁvﬁpﬁﬁﬁgﬁéiﬂm?@@“*% B 484 o

B Al raxE

A1 EaE BT ikt Al hdpde A e(Alan M. Turing) & 1940 #
BE A RBEEEE FRA7FRBes? F NMEEEE > FFLPRE
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b A FAIATL B EBAAEF P E ARG LR b

e LE RN § - B RE SRR AP ¥ A ROL Y
ol A B FFLIEE R “”"‘T‘”;{ﬁ’ﬁﬁfﬁ Bypic 2 TR e K5 L i@
BRrEESF Ad B 2i7E ko A1 Ge(Artificial Neural Network,
ANN)eng8 4= » 4o b X ey ~ B GPU T A8 5 Bz 4 = BoFE > 4 @ 4
I EREFE RF RS E s a gk A2 FESR P > 1] 2016 £ Google
DeepMind B % e 4 1 57 & 44250 AlphaGo Fpc R #3 » £ 4 L334 1
AESTS > ERAIFESPEEFRLATRALH I FEDT (5 4,
2022) -

A ESaRTFREF = BIFER > 33 X 1 E (Artificial Narrow
Intelligence) ~ % * 1 % £ (Artificial General Intelligence) ~ 4z + 1 & £
(Super Intelligence) » 53 A LA Edpen A & R L AF B i £ it 4 v do B3
ow s Bl atu s B A I EEFE AR X JEIZ(Reasoning) fr f# 4R 4R
(Problem Solving) e ic ; A2 4 L AFEE 5 p AL &~ QAR X ey 5 48
FRIETF A HEFHH B(Singularity) kg A 2 FEdeg F R § Al
B TR EL o B Al 4 n Al BT R (2R, 2019) -

F AL E 7% DI 0GR BB 23 AR I AR S Ao 17 AL fR b
A Al 2 i/1 42/ % 3 2 ¥ (AEC Industry)mf%’* FRAPHOER > G
Al A2k 2 BAEB 43 T 35dkd > e fgf'f‘fijiml% BmE LA LA ok
g s chA 1 E R (Human-Centered Al) » @ 553 5§ Seh— % P o

BAlAFE> G TS E FRBIFEDFEE > £ H OpenAl »+ 2022 & 11
? #a“" ChatGPT & > B Al A ¥ ikEaF 2 S L 37> WAl 5 A#H -7 U
PERERY AR L 2N A]L A RS iR RAR DT EDEMILE o
B %513"2 Al Bt 57 a0 3% 5 A0 Baedeiztiasd 28 AL 2 &4
T4tA £1¢ 2 ¥ -(ChatGPT £.9 OpenAl B ch— B A 17 EFrt %% L 4250
FUBNPNE A p g o RSB R Fed- g )

7 ChatGPT ehs F 3 & p F > » § k7~ F A4 Wifh Al 1 28

DALL-E 2(2022, Apr), Midjouney(2022, Jul), Stable Diffusion(2022, Aug)

2 g esdE it ControlNet(2023, Feb) » 73 % P> & & 4 B iendjiv Gen-

1(2023, Feb) B KPR F A A A ) FR TR S RS

?s'?fﬁ R EEAl L Rt T W R EASTE FIRPRw 0 X ik AR
KRR I e R o

1245 al6z H@inrmnz\ & "f%fvl* FFALRT S pgeka d o R
~Ht ez - L AAIFEHES PR A AR H T eIE P o T A Y G- L ehn
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ER LRy XL E I

PP ARIE EIVIT B BRI B S A g BRI g < A

SPNFTABAMEE LRI RN FETRIRBLERRT R )
A EF DAl A &SP BT 70 &brfg o ABF e AR Al A 54

Do gy APTRATORA] e B R E R A GREE] 0 2 5 Al A SR E
R oo R R e R %ﬁr%—Stable lefusmn 22 ControlNet
FREHFTFHERI OB RTREL NS QEPRPFERR T sl T
TR (A S E - ARG interior Al------ ¢¢ Al AERA R SRY {
e Al L5 AL FILRER R o

Top 50 GenAl Web Products, By Monthly Visits

1. (@) chacer 1. YOU 2. NightCafe 31 GPIGZ.ai a1 3Fliki

2. characterai 12. |eonardo. 22. [Feplicate 32. [IZ runway 42. pornpen.ai
3. Bard 3. QPIXLR 23. 4 Speechify 33. () Playground 43. == KAPWING
4. ¢ Poe 4. VEED.IO 24. IiElevenLabs 34 Rlaiber 44, (@ Gamma

5.  (QuilBot 15. Ctome 25. lexica 35. @ Hotpot 45. () Looka
6., PhotoRoom 16.  Al-Novel 26. VocalRemover 36. Stable Diffusion 46. humanor not?
7 cwTAl 7. cutoutpro 27. [ writesonic 37. copy.ai a7. PIXAL

- S\ o 18. [ ForefrontAl 28. @CHATPDF 38. ZeroGPT a8. WRITER

9. (¥ WuggingFace 19. [ Clipchamp 29. D-I[}/ 39, (> Smodin 49. 4 NovelAl

10. [ Perplexity 20. TheB.Al 30. ® Chub.ai 40. ZMO.AI 50. DeepSwap

&Consu’nev

Number of Companies vs. Funding Raised

25

# of Companies on the List

| I
0 . .
$0 <$10M $10-50M $50-100M $100m+

Funding Raised

@Cﬁn&mer

B 2-3 2023 & 6 * SimilarWeb % zkin & fo APP i * —F‘]‘Et
(B % %k :Andreessen Horowitz, 2023)
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SACE VLSRR 38 P S A UL EEY SR

g Al B * K5 - 72 3 LARES > v uaphp AVE/CA¥CGER/
1 4%/ % ﬁ)gxi¢ﬁh7fiiil WP 2 R R A #L*““im,,.ﬁ;_m*ﬁ&%‘
ARBE s { e F 5 gk 17 > BIM L*g?q»L?,'_,,, Wk \A’r;—r; )g]a*K
Gt TR FEPERY A 4 g\ﬂ\btag;lrlg\ae«w&lgthmﬁ'f%lﬁﬁ‘%”r%ﬁa ° 4o iw
Al D B AR AF AR BIVIRG EAF R A AR
EEITORE &8 A AR K R T ] L g

i

a@

CRECE o

3D Fhw irE - An S REFL RS RE oy Fil e Hgr > A
PP ERFE RS By T iy 3D B o irE K
SEF i 0 3D Fly HESL PR AL F e FR ML TS U7
THRETFHAEDRERES BEG o fI* TR FEEHRHY itV
O e

Wy DR RIFHMTL R ¢ FE 2 AT R R E R (SV) 4k Rl (SL)-
HapE i plEe (ToF) 12 k& § & (LiDAR) - # # > LiDAR (Light Detection
and Ranging) ®_- fERIHAF v J1% kehF B4R IT kR E b Mgy o T
Kk > LiDAR #tatve AR Z B 2 EHEE Y > FMTF F LEhH i > ot %
Bu s SR RRETERY o

D FHFEMEFHFTE (AR Hishg s > = 545 T3 P araardgg o
ERAF  ARDPFEFTUEBEEELXE R FRF RPN FFSE D F
BT RS { 4 B F foin BN i f R o 0t 0h o 3D HF d BT R AL S
RICKAE BIF T o e 103 & Ao pgeng 258 1 Bcdy > $0 38 17 fodi ]
BRmkad kenp T E3 ER L& -

>‘1

¥ ook o 3D g HATBAUR Y ST M B TRl o SR 3 B s
‘g Jle g F L T R R o B BT IR ol L
HEFERAE b A3 p 2GR EN Sk 3D 32k S E s BT
ERPFT R GBS E TP 2 RS ki A T Ui
e e 2 3D Frk Rk o

W 3D fy P BT E KW RGP e 0 T3 BT BHA
Al R A o B R G A AT TR ol FEEHR G reHT L AR
B S 4D M ek e e T (SV) ~ SRR iRl (SL) ~ & R R RlEE (ToF)
*£# 5t (LiDAR) - & LIDAR (Light Detection and Ranging) it 3 - f8i4
PIHAATOF » 7 1 T 258 1 9 I3 5 LB i o 4ok W ain) £ ]
B BT E o TF NS > APT UTEH 0 3D ks AR K B
AR B S E & AT o % h 3D H g N
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FoF M A ERR

W 3Dy e B

3D HFds PaTenE B RAeT g n] 1960 £ N o 5B ol BAOR RIEE
K FEGAB IS R I Wz AR o d 0§ e T R
PHAAZETR ~2PER{ey 4 c R Fm A ade > S PFe K570
B S angdy o

AT MFREATAS P SFEEMRE SR L LR 1R
%% o b4 > FARO Photon 120 3D & St4fps 4 527 ried = agenz afid) o o
hOREEF PP L BN > 2 kR e SV N R B E B 6 Pl
FE T IRELLZ 20 DRLEREFHTTSF AN o (28T MR R A
LR EARY 22475, 2012. PhD Thesis. )

f” TR B B S JE 3D #rde T 0 doig gk ~ ToF (Time of
Flight) fr= 8% §aREEZ o & 33ty B b N ghArdt 2L Gl4op &5 &
U8 frBh 2 HURIL I -

W AR 3D e pakTeng B REAR 0 VI E g P B a0k {odle s o
IR NG ol P > B e ‘54_9" 7 E A o R 3D
PR R L FOMHRE R FRTFEFF R EFT AL AR e
SRR FEAERPY O PED0 R Lk

3D #F45 LHTE PED LA gedE 1 s R o B U IR
fﬁrs BARSHEHMIE 5L MARREfrl £end & o 43040 o W F H A

TS 0 NPT U F AR K 3Dk FEEF K S hRIRTIOR o

Z
A P Xy Ypuip)

S (Distance)

B (Elevation)

)

/ / a (Azimuth) X

Y

Bl 2-4 ek Eona (vRIL o (Y Lk:Wu et al., 2021)
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SRR A FARTZ B A AR TR ARG LR R L

W kiR oz &Rl R

3D //%Ivlc*ﬂ?;}"‘?’g,__ji,ﬁh‘)’? m};ﬁﬁic’ y o }.M\ }g,&rmfaf;,j@_lu xljm/\ mrg

BEEi Ao d #an it o j81990 & 4= eng Li‘F'“s’zp VAR P 2 £ pE e
CARENE oA A I‘*’:}iﬁr’;rﬁéﬁi%i o iE o 1993 & 5 Cyra
Technologies £ & 7 - fad 5% d & IAREF R F fF R B oo nfAfFh B

NI RS F 3D kR B #-)i%’** ® et 8 302001 & 0 Cyra 4% Leica
Geosystems % > %@ 1 4 1’3«4,\3]) ek F SR ok & AR ;g,j .

3D ke B SR LT Y L FEARE 0 KUEARIE 2 T
FEUFE o bdr - EFAT PRI D EERFRTEAREBBEL PR
SRFR T A S AEAFR T I ESEE B D Rk FE T ESN B L
RAMEEGeF 3D £ o BAPEMRY > F THRF D TrF o BA K
® 1 RE e o

3D ,%9?"04’?1?#"#314%3& BT LR AR E D Y op;lj;}ﬂ a4, ‘E‘fﬁ&&lm V]
Ok R YA A BRI B EREE £ R L T

RGP R RS N 0 3 R F 0 2 AonF o B R T Ef gl .
L AR 3D kiR HL BT ER T o Bldor - AT HEF AR
RGEA EEA A% 3D T ML TR SRS 0 r 3D ek @

Do A Bcdp B P Sk Al e S o p BN > 2 W R { M
SRl Rl BARABHEAFTRE T 4 e o

3D ; ﬁ%%ﬁ#¥4kﬁ&i7ﬁﬂ%gﬁﬁu 1B A S o NEE BN SHE
Tolp® B L > v e A R T AL EF B Y 2T A sk A o fi
Cyra Technologies e#% & & > ¥| Leica Geosystems e4f £ 3+ i » 3D jfk 4
fo BTl B AR w A BRI ARTeiR S it £ o

B 3D Ff g

3D Hrdw phire HiE s B A ap K2 Efea (7Y e g8 F e ade s RAIH
£~ 3D 4B Pl ol s 1 A2E ~ Bkt o 3D HFrd PR AL E 2 T S Ak e
F oo iLIE HEA WA 370 A ;rﬂﬁﬁj\.ﬂ/\ﬁ@ FERF M N RREFAZLR
Je# i 3D BRI R E L Ay b o oo

N

BF ORI kAP ehbed dF g 2 0 SRR Bk o 20t 3D b
EFRARE ALY AP i,ﬁfv]]ﬂﬁg;‘i’ﬁ_ﬂ{i‘tﬁ ?;}%f@’y—ﬂm%ﬁ?o $ g g
e ‘“%fa’mﬂ%?* 3D Frdefrag flEe S50 Fw 3D & s
o

BIRAR e A M A2 F 47358 > 3D Frdg Biivs B F L& niEH o 20 2
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FoF M A ERR

B 80 & ik B A MRy o d o BB G S e 0 MR
3D gy o 4t vk o SEE 3D Frds HAFLA K el Y TEH AR IER S 0 v © A R
FRG AT FESP R ARUEF e IRV o
3D Ffw e EX L F SAbg - FEBHM T A
FHaETr o B A7 U #Eﬁv%‘:}iﬁfrm*ﬁ’b”frﬁ‘ AT o SEF LT - R 0 2
frﬂ’v" ERTE NI (2 Rl B Gl R R VY CRERE S
% e e ae o

Instrument and accessories Software
Preparation | J
Trainning
b, 4
Calibration
R
Confirm project objective and requirement » Site survey

Planning

v
Develop the implementation plan « £l Neonn e bk
P p‘ P (highly recommended)

v

» Scan as planned > Monitor the operation during scanning

Scanning ~ Repeat if necessary
' ¥
Finish data acquisition <« Deal with the anomalies
Registration/Georeferencing
v
Data pre-processing Data cleansing and noise filtering
Data format transformation
Resampling
Processing . '
Segmentation and classification
v Surface generation

Data post-processing i .
Texture and image mapping

2d graphic exporting

Analyzing MR OR DR QA PT SM

B12-5 3D 44 ch1 ez (R Y KiRWu et al., 2021)
W 3D #Fds chA K

3D Fraw PATE EFFH AR JoLIATH LEFE o AL DB EY > B
Piwe S BEFOILERL LT ERY Y e R R EZEATFE
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AR ELFT B A EF LR A E LR 5B

KA UG > D Fe S A EE R R T Db g o

iTE imlﬂ,t o D FR BTN ET g'rn‘oie'&r’—};;;‘,%%?%n‘iéi
FEAFE A 3D1°ﬂ?4’“3}i4*~f’ ¢ IBITHEHL S AT~ B M,«frf« o HER P&
PR R B G on ¢ ek o gt b B E T BAPR ﬂ}%‘;%{r;}ﬁ;;pbﬁ&
Yk TiRT ﬁk—frni‘,{ﬂio

SEF pprenie 0 3D R ik & MR e FIBATE R0 R R B
T S S s
FAH e DR B AN E

AR APTUHPFIDFLPENTEI B BTESRB gL FHA
Frlg ek SR @17 3D BRI { e B R foiim o gL b 0 f B0 1 B 4 1B
AL BFEfeR e THMH E-BERDFE > > REIDFRKXAT L
AR for r o

AR/VR #psenfE &+ . 3D Hfeh- BELER AR - "EF R H mﬁkﬁmmﬁ
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AN DA AT oG A AR D FHEHR L T b FEcE S B
7T OUEF D EF o BT NIRRT EEE R 8 F 3D Fh ok
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Virtual Reality > f # VR) -

BXRUEEFHR PG HiEke BRBT R (
&9 8 (Mixed Reality f 4 MR)

¥4 7 8 (Augmented Reality f§ #£ AR) ~ %
1A R RE S AR BE At R e o

| Mixed Reality |

Real Augmented Augmented Virtual
Environment Reality Virtuality Environment

—_—

Low High
Immersion Immersion

W26 RF-mHEaFWMaTR (B P XAk Milgram & Kishino, 1994)
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(82.3%)> % | &
3-50) 3 4 P gHE P AT £ H R

R RIE S kR

WE AR o R R
(human - robot collaboration) »
e HRC IR ~ Pe k& ATABE T 7

Human-robot Collaboration for On-site Construction

| & *

FoF M A ERR

i

=

R * endri s 7§§° I EEIRCETIESF (Y
#\ é“d\ﬂ"(jﬂl"ﬁy‘?f';rv’g‘mﬁg_
I8 o (Emamlnejad & Akhavian, 2022)

)
@ o

’E‘_%‘L’fﬁ”ﬁ?lf%fyzﬁl‘ﬁmkﬁk‘ i®
1'*";’ _ir'+°,‘/7;ﬁ:l ’k‘sﬂ.?ﬁ
2023)

%.g<g 4
TR ﬁ—l 4 g
? &_- (Zhang et al.,

Database: SCOPUS
Search methods: (Title,
Abstract, Keywords)
Document type: all kind of  “hus
subject area ¥
Year: 1993-2021

TITLE-ABSKEY.
“col

AND (Year 1993-2021)

Records identified
through the database
search: n=206,158

Systematic literature review (SLR) methodology

Exclusion

TITLE-ABS-KEY
(“collabrative robot” OR
b e OR

Limitto “Source type: Journal
and Conference Proceeding” +
“Documenttype: Artie and
Conference paper” + “Subject
Atca:“Engineering” AND
“Computer Scienee™*
“Langwage: Englis™
Records identified

through the database \
search: 1=7,638 \\

Robot programming
for deployment and
workflow planning

Adaptive g
Inclusion programming )
Human-robot

interaction in
construction tasks

Interaction
interface

HRC for On-site
construction

Q =
7 p—
- 03 Safety 4 D. and safety Issues for

Management on-site HRC

Eligibilty

Validation

+ Safety collaborative
modes

« Risk factors of on-
site HRC

+ Proposed safety

review

Preprogramming
i oot
mmmmmmmm

| - Poqlamm nq by |

demonstration  /

Ly

Gy S E o f B
I*;&% A Eé_{«frf’} ‘E"E;éjij,‘"k?o

— 4
FERS2 AR TR (R Y kR Zhang et al., 2023)
e i s
’ﬁ’éfF ] ’“'Jmﬁﬁgg&#m"ﬂép PFﬁ ik Bl o — X EID
$e s 3D FTESE A D e E AR -

Level

Description

Full Autonomy

Robot performs all aspects of a task autonomously

Supervisory Control

Robot does all aspects of task, but human continuously
monitors the process. Human can override and set new goals

Executive Control

Human sets an abstract high-level goal. Robot autonomously senses
environment, sets the plan, and takes action.

Shared Control with
Robot Initiative

Robot does all aspects of the task and can ask human for assistance in
setting new goals and plans, if there are difficulties and ahcllenges.

Shared Control with
Human Initiative

Robot autonomously senses the environment, develops plans and
goals, and takes actions. Human monitors the process and may intervene
and set new goals and plans if the robot is facing challenges.

Decision Support

Both the human and robot sense the environment and generate a task
plan. Human makes the final choice and commands robot to execute tasks.

Batch Processing

Both the human and robot monitor and sense the environment. Only human
sets the goals and plans for the task. Robot executes the assigned tasks.

Assisted Robot senses the environment and chooses to intervene with task that
Teleoperation human assist with all aspects of it.
2 Human is responsible for sensing and planning. Robot assists the human
Teleoperation b ;
with task execution.
Manual Human does all aspects of the task with no involvement of robot.
% 2-1 $HEA22rE4 (B4 %k:Enaminejad & Akhavian, 2022)
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B Digital Twin &> #2

"#ci=% 4 | (Digital Twin) =24 2.4 BIM % E A
(BIM) i M»2hAAF OB rfrF AL L mE 12452 63D
Ko 4E% % @'?"E'ﬁ.%ﬁfrﬁ ko fRm s B =2
BIAR KM 2w 3 U] e 20 U pREE G I - B2 Ak
P& o

4o®l 2-7 #77 > Deng £ 7 - BT B df2 7\4‘3711‘ FEBIM 3 #icF B i
R e H 1 Bt A BIM ¥ 2547 BIM A& ks> % 3 BN ey
(IoD)% & » % 4 5#BIM&E + 1 %" (AD#i & & 17 Ei?‘] eI
e F %’-’?’? o e F frernensl oo v o Fles e w BIM G cF HOALK o
BIM#EK » & 2 12 fo g #3 B Ewwg@pﬁo

?BIM % iRl v &F BF{ ATERTIRK D G ™y AR Flpt g
ﬁ R 1 B8 fr e FEREAL 63D Y £ LEEATELT Ko
TR B R A e84 (Digital Twin) A 5 - iR X AR

B Frerseany - B4 A4 Michael Grieves > 2003 # A A& 54 & %
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2003) o PIM 2 4 32 ity if 5
qaﬁg%

(Grieves,
SLE B2 B D
SR s A it o e g4 (Digital Twin)id i 4 32
pliE - B o BB 0 # 1 A
iE A s 1 48fow 1 (AEC) 4R38 » B4 o,

n

-3

:3::_3_

GRS Sk S5

SAp kR
SR et P - B

W%Eﬁﬂ\@%ﬁﬂu£?W1@m&%m’

B 5% TR 5L

Level 3
)
>

¥R AR

$ LR TR R W G

u?_l,{%}_&][’%q"’ o

BIM

BIM + Simulation

BIM + Sensors

BIM + AL

Digital Twins

<

y

 Concept Design
« Construction
* Scheduling

Static 3D visualization
tool uses a 3D digital
model with detailed
project information.

®
—

* Facility Management (FM)
* Operation / Estrmation
* Sim-Based Prediction

BIM models as data
sources for further anal-
ysis of the construction
process or building per-
formance.

-

fal?

+ Real-Time Visualization
+ Real-Time Monitoring

Linking BIM models
with real-time IoT sen-
sors data for monitoring
and management.

* Decision Making
* Data-based Prediction

Data collected by IoT
sensors is used to devel-
op real-time predictive
algorithms that enhance
the monitoring and
management.

=

[ sﬁaL

* Control Feedback
= Optimization
* Interaction

Inteprating data with
Digital Twins and using
Al to provide intelli-
gent monitoring and
management of build-
ings.

Digital Model
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Digital Shadow
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https://www.gpsvisualizer.com/elevation

ype lstitude longitude altitude (m) name desc lkml_folder
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. 963746881 128.221518@55 26.
22.9635585187 128.221518756 25,
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23 21 A4 Bathroom ad 4 1 1500 3000 4500000 4500000 5 19
24 22 A4 Bedroom Bath Ad 4 1 4000 5000 20000000 20000000 4 19
25 23 A4 Bedroom N Bath - ad 4 1 4000 4000 16000000 16000000 4 19

B 5-55 Excel 2 @#n 2E 7L (WS k23584
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B 5-56 :E{749 T 5 fe ¥ o Dynamo %A (B F Rk A3+ F 5 H)

e A T el ehp #e it 2 2 Dynamo #rA oA R A S 9 BAKAHIEAH
PP CSV T 4 46 5 List FHRSH -BHI L 5 Wi 4fe 1 8 f dic-C
Fr#-Revit eoHl i T 6 % @274 % ~ Dynamo ¢ ** DynaSpace *fi: i& & 1T &
#HEF 5 Mm% #a) 0 D4 F-boundary polygon #4# = Convex polygon e

E 4 23 ¥ boundary polygon & 27 X fhend & » % 05 T 5 fie § $H&

158 o F ﬂﬁ% = DynaSpace & iF& 8 - G ﬁ?ﬁw BTG B u‘*%} S4BT G e B
Bl o H %35 &z B (Department) 7 7€ = [ # F#-T 5 » BSEH 5 Revit
e o

Import CSV

Bring space specification data from CSV(Need transpose list). =

I:] File Path .+ Data.ImportCSV

o fitePath
\spac.csv
T

Boolean

O True O False

B 5-57 ZrzAPa2EnCSVAZ(RY k235584

ie {7 DynaSpace & & F & {7 % 38 % ¥ Sl 0 CSVehg i 4 8
M Revit ehT g e ¥ R R F & *‘x;;szj,r"&mv«krﬁag%x* o L X MG e
B e R e NS ). *%r* ConvexHull &8> 88 & 3 #7F R4sT
R ER R S ¥ i&;éﬂm@%%’u‘@éﬁﬁ
Dynaspace 7 boundary vertices °

pLeb o iRRE P fexhanig * 3Pk % Silent Mode 14 %2 Setting f4p B 4~
$#c o ¥ @ * Engine. Execute & 2-34 i DynaSpace 2 = -
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Random Vector

= =

3
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Bl 5-58 A= 4ppe B B i §t #c(Random) K = (B % kik: A3 F 8 W)

Plan Surface Buundary for DynaSE“\><

Bl 5-59 #-Revit #4r & 2,48 % » Dynamo (W% % ikh: A3+ F 5 %)

Convex polygon Of Boundary Polygon
Adjust Points

Execute Convextull

=

® 5-60 12 ConvexHull & 2-i& & ¢ 582 (@M% Kk 4355 %)

~

B 5-61 & * Engine.Execute & 2:34 {7 DynaSpace # = (R % kik: 23+ F g ®)
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Bl 5-62 DynaSpace # = % BB (2B (B % km: 23552

i# * DynaSpace 85 {5 » ¢ FFl4ct BlenT o M (2@ - HiER T Fn £
e 0 5 -fLRAPREGEMGRE N ERAT S MG RFHSF B
SR R REBYEGEFLTAWIdth) 2 iFER (Depth) » T 7 #-[2)chy B
MR BTG o

Public space 3
(Public space 4
Public space 1
Kischen
Ab Living reem
Baih
i NP
= IO Living reem
Nialh
Public gpece 8
Public space 2
iy A2 Living rosm
Public space &
N
L .

Bl 5-63 #-7 M GRER:EGTH (B k2338480
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Visualize Space Name

i o i

Space Rectangles

Space Boundary

Space Surface

Vit sce by i 5k

18

Department
Color

P —

Area Boundary Surface

W 5-64 #-z AR GBS E3T 6 o Dynamo %k (B 5 KR4 E 50
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el enpditd L o g g RS Henjp i
*,

Bl Bl E BTG eng Fz?aﬁf;a; Output » & iz B A~ &M ED 5

Details

28 = Sortby  Facility - 4

Outputs
Facility 79999999.9999075
I K Enablefiters Click and drag over axes to add filters A 775000000
a2 77500000.0
= N a3 76892165-.931:
000,001 A4 76857172472
: a5 76895999.106
feaee A6 77500000.0
ooaoon ] A7 77033990136
. A8 77499999.9993399
ca.0or | A9 72048955158
— A1D 77500000.0

B 5-65 Generative Design 2 2 T * %~ 7@ % (B Kh: 2355 &)

Properties x| @ 3D} X £ South
————— Basic Wall
Generic - 140mm Masonry ~
———— :
Walls a | 8 EditType
Constraints 2 |8
Location Line [Wall Centerline
Base Constraint Level 20
Base Offset 0.0

Base is Attached
Base Extension Distan...;0.0

Top Constraint Unconnected
Height 3200.0
Tap Offset 0.0

Top is Attached
Top Extension Distance 0.0
Room Bounding
Related to Mass

Cross-Section Definition 2
Cross-Section Vertical f

Structural 2
Structural
Structural Usage Non-bearing

Dimensions A
Length 4000.0
Area 12350 m?

Volume 1729 m*

Identity Data A
Image i i
Comments : ]
Mark |

Phasing A
Phase Created New Cq
Phase Demolished None

IFC Parameters A
Export to IFC By Type
Export to IFC As
IFC Predefined Type
1fcGUID 3Qjh2p6kv3IPgiTHZz..

Properties help Apply.

W 5-66 i A DMEREL Revit B~ (MY k235580
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FAM R T Skt F 454 b H oW Y BT E 1
B p L3 S e S A R S AT B R 2 B % v
REE o a7 Al 4 S A RIS > 2 E R AL FoF o

BV i R R IIE 2 ks B N E AL BB R L
Az B Y c R EREME RIEARELERY TR FRRB T RTE M
Fud & % Pinterest *t gt IHF R Y » # * Brime R F BT A ED KL
512%512 2 5 » 2 Stable Diffusion = Preprocess images # it ¥ B & i& {7
T SJIL

@® Home® Create  Q Search F p—
«
oo -]
Metin Bag
fb 183 followers Follow
., Comments A
‘ Rodrigo hola
29w Reply @
1 Comment s Q
B e ?

Bl 5-67 @ * Pinterest >™ 4 i+ 3F 5% B 5 (B & Rk 3B p 1)

WATERMARK BORDER
IMAGE FORMAT & QUALITY

B 5-68 & * Brime #F #' = B ¥ (B & Xk :FPp ®E)

BRI R B SR E D - BF R AP & Stable Diffusion E &
¢ ¥ %_Source Directory » # #-Destination Directory % %3 7 k2 {8 & 3t
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TR - DR A IR R R a7
for caption s ¥ @ IR AJSLAH S F 0 FRIRT B S E HE-
o

Create embedding Create hypernetwork Preprocess images Train

Source directory

C:\Users\USER\Desktop\housing

Destination directory

C:\Users\USER\Desktop\housing pretrained
Width
)
Height
]
Existing Caption txt Action

ignore

Create flipped copies

Keep original size Split oversized images

Auto-sized crop Use BLIP for caption

F B &> 15 % » Bl 9 ¥ Create flipped copies °

R Use BLIP
B 3% 7 0

512

512

Auto focal point crop

Use deepbooru for caption

Interrupt

[ Preprocess ]
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Stop training

B 5-71 Kohya # * fig (B* kik: 423 F58)

£ %k & 8> Kohya 4 & %#cs3k 7> LoRA type & * g3k i& Stardard-Train
batch size % #+=t = /| » 2R — # Bcf B 5 B (g3 12GB 2 F 7 00 ¥ RE 2
Z R 1)°Epoch % "3 ¥ > fie & Save every N epochs % #_°Mixed precision
23 HCH R 0 B3 126GB ¥ :E bf16 > F BI:E fpl6 o Number of CPU threads pre
core fic & CPU % #ci% #% - Learning rate # £ ¥ > % 5 0.0001 + - @ Text
Encoder learning rate PIZ % 2 8 ¥ F - £ » 5 0.00005 - LR Scheduler 3
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ES TS Y E SN S0 SRR Sop R SR I A

WARC B2 > FER EiE 5 % constant ¥ o Network Rank 5 #-AH & > &
7 8G # ¥ 478 64 - Network Alpha 5 Bl A %% » TR A4 PN o

PoaP R A B Al e o TR Stable Diffusion 4 NEH R R
B - B2 %8 Stable Diffusion B4 =1 & 5 4 & % o - 5 Checkpoint i #
Az FHRTFE 2 R EEA (Lora) £ 18 & ControlNet(7 #h Brit 4 = #-7] ) o
TR 5 Lora #2730 Al F B2 & Checkpoint $iof] i@ * 4 = o

PR T € A WAl 5 architecture_Exterior_SDlife Chiasedamme (1%
ﬁ » Hoang_StablediffusionLife-# Civit Al # 7T %)L d Generative
Deisgn 4 = & %8> X e A AL B » %= » Stable Diffusion 78 » @& * ¥ # &
(Inpaint) B EFE AN €374 = » FiE- #H 2% A4 = (ControlNet) >
Fooie- Himdld SR R H L S B L RE R

B

“w b oS (B

P —

B 5-72 Stable Diffusion # * fi& (@M% Xik: 23+ FFH)

i > Stable Diffusion #%-#c3k %_- Sampling method % B~4% 3 2 » Z %
& & % e Checkpoint #3]3% @ Sampling steps = P~k B> — 43k 75 20-
40 2 FF > E8F €3 é’:ﬁ@ig"ﬁ Width/Height % 2 = B ¥ f#47 & > M+~ % #&
e Checkpoint # * @ 3 » K T4 = 512%512 b 2 B %= 4 LBt /] o

Batch count % # =K fc> ¥ K e 1B - Batch size 5 =t 4 2 ¥k
R L N L LN gle* il 0 FERA K o (FG Scale = Bk
B J P2 22D @3 f#E s 777 - Denoising strength % w5k 2L & >
g:t_a: Pl ¢ % f B L EAR % (0-1) > — 423k 5 0.7-0.85 -

¥ ek Fa,% %> ControlNet sh%#ck %> 2 4 :F Low VRAMiE 58 - 12 4 2= H B
@ = > % %@ * Canny B4 > 72 » Control Weight : #-#4/4#€ - #EE ik
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a3t 0.7-0.85 2 &F o

Inpaint area Only masked padding, f 32
e
o Whole picture Only masked
Sampling method Sampling steps 20
Euler a - o
Refiner &
Resize to
Width 512 Batch count 4
—— n L
Height 512 B Batch s 1
o
T
Q
0.75

-1 @ . Extra
Additional Networks <
ControlNet Unit 0 [Canny]

Single Image

Gmmage

Close

- b ®E = -

Set the preprocessor to [invert] If your imag

o

s white background and

Enable Low VRA Pixel Perfect Allow Preview
Upload independent control image
Control Type
All Canny Depth MormalMap OpenPose MLSD Lineart SoftEdge Scribble/Sketch
Shuffle Tile/Blur Inpaint InstructP2P Reference Recolor Revision

T2l-Adapter |P-Adapter

Prepr

canny - n control_sd15_canny [fefSed8e] - o)

.
reprocessor Resolution 1069
9
r yw Thre 122
9
Car 200

® 5-73 Stable Diffusion + ControlNet #%#ck T (W F Rk »23>F g ®)
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B E b & g R B o P ol g o i 2 B R £ & R LTT R PR
Ao @ B A LFEREFR A LD o L1 2 K
Blijse =2 > g Bp 75 BIM ~# > fe ¥ 4039

Adjust

—

/ ERFA B PR IURE , MERe
HAFAERNSMRER,
StairCase

Ve

TR A0 T 0 G K SRR

Revit Element

RS I ) o0 P A VLR 0, LAPy-
Charmi! #:Revit API #5Python Fiif:
+ LA MpyRevitiii &, WELABIEA
§i.

Preliminary Plan

F 081 56 i 8 4 2 1 N2 4 R e
WA W, SIGRERE. R
B FRE .
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""“Create first Column"""

point = XYZ(0,0,0)

symbol = FilteredElementCollector(doc).0fCategory(BuiltInCategory.0ST_Columns).WhereElementIsElementType().FirstElement()
level = FilteredElementCollector(doc).0fCategory(BuiltInCategory.0ST_Levels).WhereElementIsNotElementType().F
element = doc.Create.NewFamilyInstance(point, symbol, level, StructuralType.NonStructural)

B 5-76 & * Revit API+Python @ ie%r+ (B & *ik: ¥ A+#5 @)

all_columns = FilteredElementCollector(doc).0fCategory(
BuiltInCategory.0ST_Columns).WhereElementIsNotElementType().ToElements()

for columns in all_columns:
columns_Top_Level = columns.get_Parameter(BuiltInParameter.FAMILY_TOP_LEVEL_PARAM)
Level_4_id = ElementId(348759)
columns_Top_Level.Set(Level_4_id)

B 5-77 & * Revit API+Python @l ie%r& (B & ki B A#5 @)

"""Create first beam"""

point_start = XYZ(0, 0, 400/30.48)

point_end = XYZ(1800/30.48,0,400/30.48)

1line = Line.CreateBound(point_start, point_end)

beam = FilteredElementCollector(doc).0fCategory(BuiltInCategory.0ST_StructuralFraming)\
.WhereElementIsElementType().FirstElement()

level_2 = doc.GetElement(ElementId(694))

element2 = doc.Create.NewFamilyInstance(line, beam, level_2, StructuralType.Beam)

Bl 5-78 & * Revit API+Python @ i¥%r4 (B * &k BH#g @)

wwnCpreate Wall"""

4 ARGUMENT
point_start = XYZ(0, 0, 0)
point_end = XYZ(1800 / 30.48,0,0)

line = Line.CreateBound(point_start, point_end)

4 CREATE WAL
walll = Wall.Create(doc, line, ElementId(694), 0)

"""Set Parameter to Level 4"""

wall_top_constrain = walll.get_Parameter(BuiltInParameter.WALL_USER_HEIGHT_PARAM)
wall_top_constrain.Set(float(640 / 30.48))

B 5-79 & * Revit API+Python @ iE%rA (Bl % %k R F#5 2)

"""Create Window"""

point = XYZ(0, 600 / 30.48, 0)

window_type = FilteredElementCollector(doc).0fCategory(
BuiltInCategory.0ST_Windows).WhereElementIsElementType().FirstElement()

window = doc.Create.NewFamilyInstance(point, window_type, wall2, StructuralType.NonStructural)

"""Set Parameter to 2000 height"""
window_slight = window.get_Parameter(BuiltInParameter.INSTANCE_SILL_HEIGHT_PARAM)
window_slight.Set(float(200 / 30.48))

W 5-80 % Revit API+Python %l i (M % % i 8 435 1)
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