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iKong, a coastal city along the Persian Gulf, features traditional houses with four main
Keywords: gcomponents: windcatchers, Sabat (shaded walkways), main rooms (living areas), and
Vernacular Housing i yards, along with non-living spaces. Understanding the organization of these elements can

Hot and Humid Region of Iran i help develop a typology of vernacular houses in Bandar Kong.
Machine Learning H

Clustering, Similarity Measure- ETHODS: One of the key applications of machine learning methods recently

ment employed in architectural research is the measurement of similarity in architectural
{ images. Categorizing and describing architectural features within each category is essential

%for identifying architectural types. Previous studies have utilized cosine similarity for

.................................................... . imeasuring the similarity of architectural plans. Cosine similarity measurement criterion
Use your device to scan iis particularly effective for evaluating sparse vectors and is commonly used in positive
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i spaces with a range of [0,1]. Due to the diverse nature of architectural data, this method
ghas proven effective for evaluating plan image similarities. The aim of this research is to
i apply machine learning techniques to select case studies and cluster the houses of Bandar
i Kong based on the shape and arrangement of windcatchers, sabat, courtyards, and living
i spaces. For this, Anaconda version 3.9 and Jupiter 6.4.5 were utilized. The cosine distance
algorithm was employed to measure similarity in terms of shape and spatial relationships.
iThe hierarchical algorithm, using the average linkage method, was used to extract and
i categorize the features of each plan.

INDINGS: According to the analysis, the architectural plans of Bandar Kong houses
i can be divided in 3 different clusters. Scatter diagrams of each cluster can shows
i characteristics of each cluster. According to the scatter diagram, the length, width, and

Number of References height consistently fall within the ranges of 2.5-3.5 meters for length and width, and 9-9.5
30 i meters for height. By analyzing the scatter diagram of the characteristics of each cluster,

i the following results have been extracted. In the first cluster, the windcatcher is located in

%the east, and the sabbat or courtyard is located on the west side of it. The main rooms are
imostly located on the north side and the service spaces are located on the east and west

Number of Figures isides. In the second cluster, the windcatcher is centrally placed on the west side of the
14 ihouse. Here, the plan layout tends to extend along a north-south axis, with living rooms

T positioned on both the west and east sides. In the third cluster, the windcatcher is located
ion the west side of the plan. In this category, the extension of the plans is mostly east-
= i west. The northern side of the windcatcher typically features the Gatieh room, and in most
Number of Tables iplans in this group, the wind room connects to either the northern room or the Gatieh.

3 i According to the similarity measurement, the plans of Younesi, Golbat and Karchi houses
i have the highest shape similarity and spatial relationships with other plans.
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Extended ABSTRACT

- ONCLUSION: Nowadays, with the growing volume of data and the complexity of

data analysis, software solutions are increasingly used across various fields, including
i architecture, to minimize errors. One major challenge in architectural research is the
 classification and selection of case studies for analyzing architectural types. In this study,
after evaluating the shape similarity and spatial relationships of architectural plans, the
i Younesi, Karchi, and Golbat houses were selected as case studies due to their highest
i similarity in both shape and spatial relations compared to other plans. Using a hierarchical
i classification method with average linkage, the plans were grouped into three main
categories. The defining characteristics of each category were extracted from the charts
i and compared with the corresponding case study from each group. As a result, the Karchi
i house represents the first category, the Golbat house represents the second, and the
i Younesi house represents the third, with their respective features aligning closely with the
extracted characteristics of each category.

{ HIGHLIGHTS:

- Evaluation of machine learning methods in checking the similarity of architectural plans
- Using machine learning methods to categorize architectural plans based on the
i characteristics learned to the machine.

- Extracting characteristics of architectural plans using machine learning methods.
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Table 1. Summarizing the used methods of retrieval, similarity measurement and classification in previous researches
and the approach of the current research

Researcher Year Retrieving Image similarity Clustering Spatial similarity Functional similarity
plans method
Feist et al., 2022  Convert plan to Revit Python - -
vector C# COP-KMEANS
Shih & Peng 2022 - layoutGMN - - -
Cosine similarity
Son & Hyun 2022  Convert plan to The result of - B Python-GED B Python-GED
matrix dividing similar Gmath4py Gmath4py
cells into total cells
Aldero et al., 2021 - - Hierarchical - -
average linkage
Son & Hyun 2021 Convertplanto  Cosine Similarity - B Python-GED B Python-GED
matrix Gmath4py Gmath4py
Babakhani & 2021 Grid based Cosine Similarity Pythone Grid based -
Keifari Hierarchical
Ran Xiao 2020 Polyomino The result of Scipy sklearn Polyomino Grid- Based
Grid- Based dividing similar Complete linkage
cells into total cells
Hu et al., 2020 Turning CNN - GNN(Graph CNN(Convolutional Neural
function Neural Network) Network
Yusif & Yan 2019 Grid based Hongarian K- medoid - -
Algorithm & Grasshopper
cosine Similarity ~ plugin with python
Rodrigues et al., 2017 Grid based Cosine similarity Hierarchical Spatial -
Turning clustering relationship matrix
function
Tangent
distance
Point distance
Mosavat & 2021 Convertplanto  Cosine Similarity - - -
Babakhani vector
Babakhani & 2021 Convertplanto  Cosine Similarity - - -
Shahmohammadi RGB
This study Convert plan Cosine Similarity Hierarchical Spatial relations The performance of the spaces
to pixels clustering average ~ matrix and cosine adjacent to the wind deflector is
400*400 linkage distance considered in four directions.
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Fig. 3. Clustering methods (Saxena et al., 2017)
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Fig. 4. Architectural plan preprocessing
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Fig. 8. Selecting the most similar case sample
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Fig. 9. Plan of selected case examples with the highest
percentage of shape similarity and spatial relationships
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Fig. 5. Result of measuring the similarity between
architectural plans in Jupiter’s environment

Fig. 6. Top right: Shape similarity heatmap of Kong
port plans - Bottom right - linear regression of shape
similarity percentages (Jupiter output); Top left: Heat
map of similarity of spatial relationships of Bandar
Kong plans- Bottom left- linear regression of similarity
percentages (Jupiter output)

bad bulgy (wwalis
LLg )l oo L Lad g0 a5 550 ,9) o olacl
o L Lad g0 aS a0 j0) S g (sl e il
so—hailen g5 oo ooy ylis (ausb ails bLg
slalad g , ol s o)Ll )l 4 55 asdie jo aS
3y Cmal gl 9S50 (I 50 =53k Holome
el oa s ;i o Sleas glalad an Sl

e 4 el Ly, a5l slaises ¥ IS
A o ol |

‘Windcatcher

Room 1
room 1
I
Sabat
Windcatcher

Yard

‘Windcatcher ~ Sabat Yard Room1 Windcatcher room 1

‘Windcatcher
1 1 0 0 1
Corresponding Sabat 1 1 1 1 0
matrix Yard 0 1 1 0 Y
Room 1 0 1 0 1 0
1 0 0 0 1

‘Windcatcher room 1

Corresponding
vector

[110011111011000101010001]

Fig. 7. Converting spatial relations to the
corresponding matrix
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Fig. 10. Process of selecting case samples with the greatest shape similarity and spatial relationships
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Table 2. Characteristics extracted from architectural plans
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Fig. 11. Dendrogram of classification by three methods full link - average link - single link (Jupiter output)
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The use of the classification method with
complete link has led to the introduction of
noise data into the categories and large
differences between the data in the first
category.
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Fig. 12. Comparison of categories resulting from clustering using the complete link method (right) and average (left)
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Fig. 13. Extracting the range of length and width of the wind deflector opening in the first category through a scatter
diagram

Table 3. Extracted features from the categories and comparing the features with the samples selected from the first

step
Characteristics Clusterl Korchi house Cluster2 Galbat house Cluster3 Younesi house

Sabat length 8-9 9 17-18 16.9 10-11 11
Sabat width 25-3 3 2-25 2.4 1.5-2 1.5

Room length 4-45 4.5 45-5 4.9 5-6 5
Room width 2.5-3 2.7 2.2 2.2 3-35 3
Length of the windcatcher 55-6 6 45-5 5 6-7 6.7
Width of the windcatcher 2.5-3 3 2-25 22 2.5 2.6
Close spaces ratio 55-60 59 50 - 60 50 50-55 55
Open spaced ratio 25-30 25 25-35 35 20-30 30
Sabat ration 15-18 16 10-25 15 13-16 15

Ao A wd b SuSTy Jlogas 5l ead sl
Y Jeos j0 ol sla S5g g alin d g0 ol ) an
b e ladiges imman wl 0a i 00
L mlad by, o o cal b o i a S a o
g oS >, loails D oSl Lady sl
w5k gl )ly Sob asles (e Jobo
Gl g0l )1, 59,0-9 5 V,0-V,0 &F,0-Y,0 0ogamxe 4o
A AWy o Sy dlee LS A aw 0
il 0y 20
S8 by 8ol gl aws sl ot gl aiws
slolad 5 Joi a Lo o Lol Lol .ol
Ca.o_...))é ...\_;)‘\) )‘)J Lf’)'cj L;)_MJ &Lé).) ‘raLo\.\?

NY JL»: d..:Uan o] 00 p.o..w)) (5_’):- 9 ‘55)_«“
a5 S0l gl Jls O jgloe Jol aiws (6l
9 bl (e Ojglome g 4z sS (S5 Spglme
Lo pglne o 5aiS]y slnfoges j1 oaliil s g 5

sl 00 ‘—Q.o._m).: \F JL»: d.:ua.a

o5 saidly

ol am g L mgl pgo Jlomw 4 gl o
10 S oty slaals DL, was plosl gl oo



e G5 GGy 525 B 4 b 5 slono W ST g TRl g GWadigS

1P1-IYF Ol /1 0 )b . 18 6590 . 1Pt Ll gyl

e disd ] 50 5 0l L1 ioren aiylo
D18 6y (SaiS gl aiws 4

=E ek jo Sl Ao ol 0 e g diw

= S i Lapdh (SoaiS ol 5 D
UL g a8 8ol sl Jleis & jglome oily oo
=5k Gl aws ol sladly 25T )8 g 0 dl o
o=l g 5ol gl oyl o], ass Ly Jloos 3Ll ag
(5 i (S S Al
A G (6 =S p e diwd ol o el o)ls
o=l 50 ey LGl s 0 ls 0 s g0
Ao, el iy ;K00 4w 90 A Cad Al

S50 Alwd 90 A

500 09,5 99 Ay diwd ] 0 Al glalad
S5 Aol g Sy

S 50 (6,l5—50 g Laosls og il ay ax g5 L 039,

Sl Glee an Lo jl38ls 5 lg s 51 eslaiwl dLaosls
)QQS)LAMW)“DBJ.C)“S)LM)JLLI? ,,..._m LY
ozl g ganaiws s il o 35S Sl
0j9—> 0 ol S —iagh sloa il 5l 68,60 4 gl
G295 l j0 bl e (g lone sLadisS 4 alllas
Laidly (mlad by, 5 (S8 (mwcaled 5l Gy
Sladiges ly—e 4 ClS 5 (2 S (i 4S5
Llsy 5 LS5 Lo 5l aslts oo o VL Ly (63,50

e dugayle 84 u8 L 5Ll Sol gLl Js
L 8ol L1 s LLS ) LoDl aidy 10 0050 dws
IS ey slad b Ll aws o) o 8ol 5Ll
slalad U g ails o], das Sleas slalad g oo
dL" ] d_d)f)‘)Jd_l.v °|)3L5‘>3)5J—"‘°TEL"')‘
S § 3,10 (6 iy (SiS Ao Q_;.I)o)_:falf
B ol o ped Al s Ay Sl Ao ol jo
i 500 Al wd 90 Ay S Alwd o) j0 bl
J_m)gsc)_u)_a.n\”c\_'ud_:wﬁf)bd_bjobj_b
s slolad oo o aws ol Gla Db o imen

o albos jo S0l gLl aiws ol joipg0 aiwd

SoiS A ol s ccwlad F 1 sasl e
) Lol g el (g - ot i (L
99 3l e am sl S 1,8 (B b g (m)f Cee 0
Lo ol casd )5 51,8 (3,5 Cow ;0 S0l a5 3,5
o 0 3yl S8 & G 0 Ao Gl o
Pgasds )l 8a s Ly gl oSeb sl Jbs
Oglome ol 18 Sy LA 8 (g Ceon
S Sl Ay il oo bl , S5l 3, 5
o bbbl 5, gt bl b Ly, 5ol
5 bl Gos g as)ls (g in SoaS aws ol
la bl .cewl 1S Jol s an ol a1

Diagram

ard
Windcax
Sabat y
F
i
¥
Inerface 2
space

Adjacency to the east and |
west of Windcatcher

Adjacency to the north and
south of Windcatcher

[—
ace -
| v s 2
. Al
Winkai § a
| e B4 =
o & =
N ag
st S
-
B
toterfuce |,
| ko i
10 15 20 25 30 35 40 45 S0
[
=
. w
= ]
N -~
vard 8 g
Windkat _ 4| I~
cher g =
oo & £
o
Interface 3 =]
space P
Rocan

Aro3ajed pamngy

Fig. 14. Drawing the diagram of the plan of each category according to the scatter diagram of the adjacencies
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23. Manhattan Distance
24. Single Linkage

25. Complete Linkage
26. Anaconda

27. Jupiter 6.4.5

28. Numpy

29. Heat map

30. Dendrogram
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