4l bl 51 Z yime

(YY=T1) 1£+¥ olo gy sas gm0 3oy (il § S 039 cumy ) Jumo (S 59895 9 pole

OIGD 9O (T dhold 515 g H1 (S 0 b i yolie Slovu (S K5 S o
ki yags ~l4b
"o god 313 0 g

*T Sl ool
a.shahcheraghi@gmail.com

Y N .
ST (>
VFeolE1Ne i oy dy o ,b RRVATYA § IO RN TN b
oS
U)L wile Lg)Lg.u s AL e S g L5>‘JJ0 LJL.JaA.g aS ol Lg)Lum Slagass 5 )94‘Jo5.: J.\LM.A )" L).M..\La 6)-::5‘5[-1 d..\.bgs\.a.a.o)
O 1 Sl Gleisle gl Slaslre (>l adgi dis) jo lidoe adly jo ailos il (6,50L la w6 SSTL Lad g
ogh ol Baa I ales (g lars slo )b sl jo oS i 4y 0B 1) egtas dialign Jele aiilel aSWog oo ,Shs, JLos 4
3t ool sl p3¥ Sliaslons anyl )8 a5 gl a0 4y il oo Gele S0k Bo)b 3l Led owijle ol plosez ly )8 (S e
20,8 2l OBl Gedtle (65550 (sla 01, sSIN L Led 5095 (>l (29 Lawg yolie
P plsle e ol e o5l osliinl Grizren 5 (5b) Slawlre 5 ol AlulS Sllllas 5l (oS 5 gk b9y fewar 09)
il oo Lo b ala
ools haus ol ek a4y ylpie g owaeldl Lol Laulg ) sl oolaiwl b lgh e aS s oo LaidFre L o gl sle andl by asdl
by by SeS 4 csoue ooy a4 i (Hlhb sloolailinl 5 Jo &)l slo ools Jiowd (ioran 5 4S5 oyl y 4 Lo slo
Sygl cews a1y cmlio s KNN wlasa o 2005 gan atws sla o,55) 5 gl (wo s
90 sl SeS @ g jlene sl M 1 Lo (ol olie plesezr (I3 (o0 daane (LA s culed )0 5 16 S Al g Sy

(S s pleisle e polie pladez 093 (b Bsn (Slawbre (b 1gualS slaojly

Olyl el ‘GA)L.J .blﬂ olBisls «olandzs g pale axly oo lons 09,5 Ko gl (g lore (55550 -\
Olpl el (ool ol3T olBils «lidios g pgle axlg (g5l o 05,5 ¢,Luils -Y


mailto:a.shahcheraghi@gmail.com

J. Env. Sci. Tech., Vol 26, No. 6, September, 2024

Explain the theoretical model of the arrangement of facade
elements using distance measuring vector in automatic facade

design intelligence

Mahsa Safarnezhad Samarin !
Azadeh Shahcheraghi %
a.shahcheraghi@gmail.com

Hossein Zabihi?

Admission Date: September 1, 2023 Date Received: January 13, 2021

Abstract

Background and Obijectives: Machine learning is one of the emerging issues in architectural research
that seeks to design and draw architectural plans such as plans and facades with the help of machine
learning algorithms .In fact, researchers in the field of computational design of building facades have
long been looking for approaches that can enable the artificial intelligence factor to participate in the
creation of architectural designs . Therefore, the purpose of this study is to find the answer to the question
of what theoretical model can ultimately be fruitful for the arrangement of building elements through
machine learning so that the computational process required to implement these elements by automated
facade design intelligence with Make machine learning algorithms possible

Material and Methodology: The research method is a combination of library studies and mathematical
calculations as well as the use of books on national building regulations in relation to the facade.
Finding: The research findings show that using Euclidean and Manhattan mathematical relations with
the conversion of facade data into unique vectors as well as the conversion of national regulation data
and facade design standards to numerical vectors, with the help of Python programming language And
KNN's nearest neighbor classification algorithms achieved good results.

Discussion and conclusion: And finally, the results show that the arrangement of the main elements
of the facade can be drawn from architectural plans with the help of artificial intelligence algorithm,
reading and facade of residential buildings based on architectural plans.

Keywords: Computational design, Automated design intelligence, Facade layout, Residential buildings.
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Figure 2. Manhattan distance display

b adly Jolowi
g3 cnl Y lacasgaze Jlesl g (Sauzme 2ol sl
sl plazsly slod (sl 5 5,0) iSlas 5 Jolas Lulul s
Olosez anld LSl (g el Ol 8 Jolaie (35S
sblexsle sl 5oy >hb Liss o L owsjle ol
5 Jolate sl iSlas g PBlax 1 o Sle ool (S9Sne
SleMbl T X jgme a5 () Jgaz) abboo g0 sloles
il il bales glis ) g ik slaws Y jgme 5 lalei 5,6
%)t olasl gyl Gloosl ik g ilss Ul e )ss]
Byo maile cnl )10 551 (000 s line ol 1d)
splasle sl (b o Jolate slaosly 5l (omd

ol et r“-:-ﬂ)? Ll ol o (YY) c—wlools JI 8 )
b anld gl waie dea Caz o 4yl p5 ey
5 b O BLSI 6,80 5 (g g s ol
ol gam glagingsy 10 5wyl 1) (ol Slaslre 5 Gt
alh e )0 (o g Jol a8 0 1A s a5l
bilr 5 pledazr Cuzr 55 b (Bl ln oedle 50k
ol lailo slod sjls yolic

OPIR 9

9 Joliie slo Jse 2 g (o5 slo o9y oll 2 Ghgn
slod Sy ol )0 @ly o el a8 S & 90 (2L oud L)
il S5 o g0 Slaize S ale 4 plaisle Lol
ably Gyl sl wlen b )53 (b iee g el onys S
Sl ol polie conl (o alold la (59, &5 (221,
lad ol o ail so (o) g oo o ooy o) Lol
2 &I Gl ales ISl g b abals )5 Dlatse
O L (b @b 5l (S &S cwl olon g3 el
loy Oygo L Lol jolie pom cl a8 5 & 90
Ol Jasgs il oo polie (l (655 )],8 wlatses gl ls oS
b e o sjlaibiul g Lules (segs 5 998 (o0 550k
GHls> epate by @)l Lawgs aslsl yo a5 wil (e
Al Wb L (b (9a g wisd (o0 il o3k ajls
S a5 oily> | Lo (Fb Lalss 9 (D 4 by e slals
Gkl pleitle (ol (sles )3 Hie 5 (ouadldl slo Joe 2
bl glei b wles 6,881 G5l oy by ssiws
035 s JS055 & 00 s oMy 7k sl FoSne
il alols : (Euclidean distance) wouds! aloly
Gom 90 slad 1o (X)) i 90 (o poiions dlold 4 bgs o
ol 0als oalo Hlas VS o oS jghailes el

dxy)= [E2_, () = %1)2



Yy e (s o8 15 33 51 (6 35 0 5 b Lod puolie oz (655 Joo (s

Lod wlib olaxi g glaisl g (B0 (i yilo —V Jgur

Table 1. Matrix of width and height and number of facade floors
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Figure 3. Showing the points and coordinates of the elements of the sleeper wall, the main wall of the facade and
the parapet in the facade of a one-story residential building
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Table 2. Calculation of the distance between Coordinates of points of the sleeper wall

Coordinates of
points of objects

Data objects

Data objects v;

Obijects distance

V1 A(0,0), C(10,0.36) x1=0 x2=10 v1=0 v2=0.36 | d Euclidean
=/(0 — 10)2 + (10 — 0.36)2=10

AD=(10, 0) & X1=10 X2=0 | Y1=0 Y2=0.3 | d manhattan =|10 — 0 |+]0 — 0.36 |= 10.36
DC=(0,0.36) 6
B(0,0.36),D(10,0) x1=0 x2=10 | v1=0.36 | v»=0 d Euclidean =\/(0 — 10)2 + (0.36 — 0)2=10
BC=(10,0) & | x1=10 x2=0 | v1=0 Y2=- d Manhattan =|10 — 0[+|0 — (—0.36) |=
CD=(0, -0.36) 0.36 10.36

V. | B(0,0.36), F( | x1=0 x2=10 | v1=0.36 | v2=3.60 | d Euclidean
10,3.60) =/(0 — 10)2 + (0.36 — 3.60)2=10.51
BC=(10,0) & x1=10 x2=0 Y1=O Y2=3.24 d Manhattan :|10 -0 |+|0 — 3.24 |:13.24
CF=(0, 3.24)
E(0,3.60),C(10,0.3 x1=0 x2=10 v1=3.60 | v2=0.36 | d Euclidean

6)

=/(0 —10)2 + (3.6 — 0.36)2=10.51
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EF=(10,0) & | xi=10 | x2=0 | v1=0 o= - d Manhattan =[10 — 0 [+[10 —
CF=(0, -3.24) 3.24 (—3.24) |=13.24

V3 E(0,3.60),H( x1=0 x2=10 v1=3.60 | v2=4.70 | d euclidean
10,4.70) =/(0 —10)2 + (3.6 — 4.70)2=10.06
EF=(10,0) & | x1=10 | x=0 | v2=0 v2= d Manhattan =|10 — 0]+]|0 — 1.10|=11.10
FH=(0, 1.10) 1.10
G(0,4.70), x3=0 x4=10 | v3=4.70 | v4=3.60 | d Euclidean
F(10,3.60) =/(0 —10)2 + (4.7 — 3.60)2=10.06
GH=(10,0) & | x1=10 x2=0 v1=0 Y2= - d Manhattan =|10 — 0[+|10 —
HF=(0,- 1.10) 1.10 (-1.10)|=11.10
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Figure 4. Showing the points and coordinates of the elements of stairs, terraces and stair rod in the facade
building
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Table 3. Calculation of the distance between Coordinates of points of the stairs, terraces and stair rod with the
formula of Euclidean and Manhattan distance

Coordinates of points of Data objects x; Data objects v; Objects distance
objects

Vs | 1(2.90,0),J (3.20,0.18) x1=2.9 x2=3.2 v1=0 v2=0.18 d evciicean =/ (2.9 — 3.2)2 + (0 — 0.18)2=0.34
1L=(0.3,0) & LJ=(0,0.18) x1=0.3 x2=0 v1=0 v2=0.18 d manhattan =|0.3 — 0 |[+|0 — 0.18 |=0.48
K(290,018),L(320,0) x1:2.9 ><2:3.2 Y1:0.18 y2:0 d Euclidean :\/(29 — 32)2 + (018 — 0)2:034
KJ=(03,0) & JL=(O,'018) x1=0.3 >(2=0 Y1=0 Y2= -0.18 d Manhattan :|03 - O|+|0 - (—018)'2 0.48
L (3.20,0),M( 6.80,0.36) x1=3.2 x2=6.8 v1=0 v2=0.36 d euiicean =/ (3.2 — 6.8)2 + (0 — 0.36)2=3.61
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Vs | LO=(3.6,0) & [ x:=360 | x;=6.80 | vi=0 v2=0.36 d wanhaten =|3.60 — 6.80[+[0 — 0.36|=3.96
OM=(6.80,0.36)
N(3.20,0.36),0(6.80,0) x1=3.2 x2=6.8 v1=0.36 | v2=0 d euciigean =/ (3-2 — 6.8)2 + (0.36 — 0)2=3.61
NM=(3.6,0) & M0=(0,-0.36) | x;=3.60 x2=0 v1=0 v2=-0.36 d Manhatian =|3.60 — 0]+]|0 — (—0.36)|=3.96
Vs | N(3.20,0.36),P(6.80,1.26) x1=3.2 x2=6.8 v1=0.36 | v»=1.26 d Euctidean
=/(32 — 6.80)2 + (0.36 — 1.26)2=3.71
NM=(3.6,0) & MP=(0,0.90) | x;=3.60 | x=0 v1=0 v2=0.90 d panhatian =[3.60 — 0]+|0 — 0.90|=4.5
Q(3.20,1.26),M(6.80,0.36) x1=3.2 x2=6.8 vi=1.26 | v,=0.36 d Euctidean
=/(32 — 6.80)2 + (1.26 — 0.36)2=3.71
QP=(3.6,0) & PM=(0,-0.90) | xi=3.60 | x,=0 v1=0 v2=-0.90 d panhaten =|3.60 — O[+[0 — (—=0.90)|= 4.5
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Figure 5. Showing the points and coordinates of window elements in the facade of a one-story residential.
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Table 4. Calculation of the distance of the windows with the formula of Euclidean and Manhattan distance

Coordinates of points of objects Data objects x; Data objects v; Objects distance
R(1.17 ,1.46),5( 1.72,2.60) w=117 | x2=1.72 | =146 | v,=2.60 | d cuclicean
=/(117 — 1.72)2 + (1.46 — 2.6)2=1.2
6
RU=(0.55,0) & US=(0,1.14) x1=0.55 x2=0 v1=0 v2=1.14 d Manhatan =]0.55 — 0 |+]0 — 1.14|=1.69
V7 | T(1.17,2.60),U(1.72,1.46) x1=1.17 | x=1.72 v1=2.6 v2=1.46 deuclidean=
J@17 = 1.72)2 + (2.60 — 1.46)2=1.2
6
TS=(0.55,0) & SU=(0,-1.14) x1=0.55 | x,=0 v1=0 v2=-1.14 | d manhatan =[0.55 — 0 [+]0 — (=1.14)|=
1.69
V(4.13,1.46), W( 5.36,2.60) x1=4.13 | x=5.36 | v1=1.46 | v,=2.6 d Euclidean
=/(413 = 5.36)2 + (1.46 — 2.6)2=1.67
v VY=(1.23,0) & YW=(0, 1.14) x1=1.23 x2=0 v1=0 vo=1.14 d manhattan =|1.23 — 0|+|0 — 1.14|=2.37
8
X(4.13,2.60),Y(5.36,1.46) x1=4.13 | x2=5.36 v1=2.6 v2=1.46 d Euclidean
=/(4.13 = 2.6)2 + (2.60 — 1.46)2=1.67
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XW=(1.23,0) & WY=(0,- 1.14)

x1=1.23

x2=0

v1=0

Y2='1-14

d Manhattan :|123 - 0|+|0 —
(-1.14)|=2.37
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Figure 6. Showing the points and coordinates of door elements in the facade of a one-story residential building.
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Table 6. Calculation of the distance between Coordinates of points of the doors with the formula

Coordinates of points of Data objects ; Data objects v; Objects distance
objects
Vo | Z(5.69,0.36),A'( 6.53,2.46) x1=5.69 | x=6.5 | v1=0.36 v2=2.46 d Euclidean
3 =/(5.69 — 6.53)2 + (0.36 — 2.46)2=2.26
ZC'=(084,0) & C‘A':(O, )<1:0.84 XZ:O y1:0 Y2:2-10 d Manhattan =|084 - 0|+|0 - 2.1|: 2.94
2.10)
B'(569,246),C '(653,036) x1:5.69 )<2:2.4 Y1:6.53 Y2:0.36 d Euclidean
6 =/(5.69 — 6.53)2 + (2.46 — 0.36)2=2.26
B'A'=(0.84,0) & A'C'=(0,- x1=0.84 | x,=0 v1=0 v2=-2.10 d Manhattan =|0.84 — 0[+]|0 — (= 2.1)|=2.94
2.10)
V1o D'(8.27 ,0),E'( 9.33,2.10) x1=8.27 | xx=0 v1=0 v2=2.10 d Euctidean 2\/(8.27 —9.33)2+ (0 — 2.10)2=2.35
D'G'=(1.06,0) & GE‘:(O, )<1:1.06 XZ:O y1:0 Y2:2-10 d Manhattan =|106 - 0|+|0 - 210|:316
2.10)
F(8.27,2.10),G'(9.33,0) x=8.27 | %=93 | vv=210 | v=0 d euctigen =/(8.27 — 9.33)2 + (2.1 — 0)2=2.35
3
F'E'=(1.06,0) & E‘G:(O, - x1:1.06 XZ:O y1:0 y2:-2.10 d Manhattan :|106 - 0|+|0 - (-210_'2316
2.10)

2l plisle gl jo ol jaie SO Glgie 4y alys oo

S sy Sype 4 b Sl SV S Gulal

sl 5l gpolie Sledbl gol> &l o Sy as anil

i 5 (omaldl alols s i, 5l a5 aies LS L




Ol o g oy o O1% youo YFY oloygs st VPO 0;loudt s ) buxo (55919550 g pale YA

21052 alrsg 41 Lod 50 (3T ylovaz 09225 g Lod 003l polis (led —V IS

Figure 7. Showing the elements of the facade and how it is found in the facade by the vector
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Figure 8. Showing the main points of facade vectors in pairs (binary)
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Figure 9. Theoretical model of the process of the components of the facade in automated design intelligence
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