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Abstract

This study introduces an objective typification methodology that employs deep learning to analyze the exterior appearances of buildings. The

conventional approach to typification was reliant on subjective analysis and was limited in terms of the number of structures that could be

assessed. This study aimed to overcome these limitations by establishing an objective typification method using deep learning, focusing

specifically on public office buildings. The research process involved a comprehensive survey of domestic public office buildings to compile

an image dataset. Subsequently, a model was constructed utilizing Convolutional Neural Networks (CNN), a form of deep learning, to grasp

the distinctive features of building images. These features, extracted from the CNN model, were then organized into groups through k-means

clustering. The outcome of this clustering enabled the analysis of each cluster’s unique characteristics, facilitating the establishment of

typification criteria such as building height, fa?ade pattern, materials, protrusions, and roof structures. This methodology’s effectiveness was

validated through a comparative analysis with prior research. The results of this study offer potential applications in fundamental

investigations concerning the current state of public office buildings and in typification studies encompassing diverse architectural forms

beyond public office buildings.
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Table 1. Exterior elements by previous research

author exterior elements details
Regular, Vertical symmetry,
facade composition Horizontal symmetry,
Irregular
Punched window, Vertical
. type of opening window, Linear window,
gh, Kim, Curtain wall
Kim(2021) | structure protruding Flat,  Nonflat, — R-shape,
attern C-shape, I-shape, S-shape,
p F-shape, G-shape, B-shape
window to wall ratio | 30%, 50%, 70%, 90%
construction method
of exterior material Dry, Wet
skin, lattice, stacking,
self-reliance, segmentation,
shape -
opposition, memory,
movement, compound
ornament canopy, fake beam, objet,
signage
Ahn(2014), material stone, glass, brick, concrete,
Kim(1997) dryvit, tile, metal, wood
horizontal, vertical, square
pattern grid, rectangular grid,
mixed grid
metallic, white, gray,
color brown, red, green, blue,
black
Cha & bt :
Park(2021) . >
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Figure 1. Data preprocessing

g 2R40E {F3P3d 4 UATHGuérin et al, 2018).
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Table 2. Accuracy of CNN models

ofo il ofy

Model Top-1 accuracy Top-5 accuracy
AlexNet 0.625 0.86

VGG-16 0.715 0.901

Inception 0.782 0.941

ResNet-152 0.870 0.963

= 11 ] 5L = ol & e}
A%E o9 ARH F95% A% Gy B8
Feature Extraction Classification
[ 1T |
ResNet-50 Model Classifier
mputimage T Classified image with

224x224 Class label
Output

e

Figure 2. ResNet50 architecture(Chaurasia, 2020)
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HEZ Fe dugFo s, 2 059 TAMCERE a9
Ol &stes volH7AA S Ayt A4V He A5
2 v w7bA d4ke wrEst Hlg Juog Fof
Fth(Hong & Lee, 2022). k9] FAHES doj= HAT}
I, Foizl Y wloly ztzho] 7 TWke FAAY 1

FoE Rt O F 4 7Y FAZEE oAl Akbst
3,4 "E OFeE HeE FAYES WHEsHY, Figure 390
Ueld A o] FR3et. F iHA S8 2HY T4
< ui, FH2H &ake Fo JEE S & o,

A e () 2ol ALY o] Fe HAsEHE S,a
= Zlo] daeFe F37F "k

()

b
M-
]
5

|
x

k-means Fo] 2B HL gstH A FHo) o wEn,
Aol Fokx FH3t Ae d8] &85 ATH(Kang,
Jung, & Jang, 2017). & | 1= Pythone] thEZQl 7]
Agrs gholBeeld  Abo] A H(scikit-learn)ol| A Al F3t=

k-means clustering &38| &S ©]-83H T}
Labelled Clusters

_4,.\

Unlabelled Data

e %o o o
o © o o

L]
.. 0% K-means

[ J
) @
e o
o X = Centroid

Figure 3. k-means clustering diagram(Jeffares, 2019)

k-means Se]=E A = R MFKE AR A
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Figure 4. elbow method

Table 3. Determination on number of clusters

k 11 12 | 13 14 | 15 16 | 17| 18 191 20

num| 3 163 | 273 | 230 | 153 192 |49 |33 |3 1

k-means S| 2B PG 7Md & @ 27 SAU%Y
dEFE wo] WET+= Holth(Arthur &  Vassilvitskii,
2007). o2 7§87 Y AH k-means & 2B H S 1,000
WoFdgsta, 7 wessgkel #he AdE AAEATh
olgA ==9 A= wf 1,000 FHuict A7 2
gtk olE AAdetrl fEiA 100000 ZY=HA S
ZF 100 star, 1009 FH2EH Ao 700 o]
4 e FY2HE ERD HAES e FH2HE
Rt
4 J%Xoe k7F 129 Wi FH 15Y Wj7bA] Ptk
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T Ao AHAER AY3tan. 949 ouA7F M F
Ao 7M7kE HAela LEZ9] o|m A7} FAH F
HAZ 717k Aot} ol A&std, F82FH 09

At FAE 1672, i oWAE i ET7AH
AHATHolth. FH2H 19 g FAE 157=,
F oA APTFAH TATAHoIT S 29 3|
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TAoltt. Ze2H 39 sdete BAE 191E, dE
olulAl= FFFAANAY HEdEHolt. F=E 49
At HAE 15712, dE ovA = AT AH A5
TAoth. S 2E 5o dF3e HAE 257ME, UE
olulAl= &4 E A ST oItk F2EH 69 3
FEE HAE 2E, HE oluAE RIPAHI LT
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Table 4. Result of K-means clustering
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Buildings

Representative Images

16

Gapyeong-gun  Office, Gwonseon-gu  Office, Daegu Nam-gu Office, Michuhol-gu
Office(Incheon Nam-gu Office), Busan Buk-gu Office, Busan Seo-gu Office, Busan Jung-gu
Office, Sujeong-gu Office, Yeoju City Hall, Yeoncheon-gun Office, Yeongtong-gu Office,
Ulleung-gun  Office, Jangseong-gun Office, Jeonju City Hall, Cheoin-gu Office,
Hamyang-gun Office

15

Gangnam-gu Office, Deokjin-gu Office, Masan Happo-gu Office, Manan-gu Office,
Seowon-gu Office, Asan City Hall, Yeonggwang-gun Office, Yeongdong-gun Office,
Uljin-gun Office, Uiwang City Hall, Incheon Jung-gu Office, Jeungpyeong-gun Office,
Hongseong-gun Office, Cheorwon-gun Office, Daedeok-gu Office

& weitavin
s < IR

14

Gangdong-gu Office, Gyeongsangnam-do Provincial Government Western Office, Gyeyang-gu
Office, Dongdaemun-gu Office, Dongjak-gu Office, Bupyeong-gu Office, Siheung City Hall,
Yangsan City Hall, Yangcheon-gu Office, Yeonsu-gu Office, Yeonje-gu Office, Yuseong-gu
Office, Jongno-gu Office, Jinju City Hall

19

Gangneung City Hall, Gyeonggi-do Provincial Government Office, Pohang Buk-gu Office,
Gwangju Metropolitan City Hall, Gijang-gun Office, Daegu Jung-gu Office, Daejeon City
Hall, Dobong-gu Office, Busan Jin-gu Office, Busan City Hall, Seoul Jung-gu Office,
Seongdong-gu Office, Seongbuk-gu Office, Yongin City Hall, Ulsan City Hall, Jeollanam-do
Provincial Government Office, Jeollabuk-do Provincial Government Office, Pohang City
Hall, Geumcheon-gu Office

15

Gangbuk-gu Office, Goesan-gun Office, Damyang-gun Office, Donghae City Hall, Muan-gun
Office, Boeun-gun Office, Bundang-gu Office, Suseong-gu Office, Uiseong-gun Office,
Jincheon-gun Office, Changwon City Hall, Hoengseong-gun Office, Yangyang-gun Office,
Wando-gun Office, Pyeongchang-gun Office

25

Gangseo-gu Office, Gochang-gun Office, Gwangsan-gu Office, Gwangju Dong-gu Office,
Gwangju Seo-gu Office, Gunsan City Hall, Nowon-gu Office, Dalseo-gu Office, Daegu City
Hall, Dongan-gu Office, Mokpo City Hall, Songpa-gu Office, Yeongdo-gu Office,
Wansan-gu Office, Ulsan Nam-gu Office, Ulsan Dong-gu Office, Jeongeup City Hall,
Jungwon-gu Office, Cheongwon-gu Office, Chungju City Hall, Samcheok City Hall, Andong
City Hall, Goheung-gun Office, Ilsan Seo-gu Office, Gunpo City Hall

32

Goseong-gun  Office (Gangwon-do), Gangjin-gun Office, Gyeongsangbuk-do Provincial
Government Office, Guro-gu Office, Namwon City Hall, Miryang City Hall, Boryeong City
Hall, Yecheon-gun Office, Eumseong-gun Office, Incheon City Hall, Jangheung-gun Office,
Hadong-gun Office, Hapcheon-gun Office, Hwasun-gun Office, Jinhae-gu Office, Yeosu City
Hall, Naju City Hall, Gyeonggi-do Provincial Government Northern Office, Bonghwa-gun
Office, Gongju City Hall, Yeongwol-gun Office, Danyang-gun Office, Seocheon-gun Office,
Jeongseon-gun Office, Jeju Special Self-Governing Province Office, Hongcheon-gun Office,
Gumi City Hall, Anseong City Hall, Gunwi-gun Office, Ulsan Jung-gu Office, Mungyeong
City Hall, Daejeon Jung-gu Office

17

Gangwon State Office, Geoje City Hall, Goseong-gun Office (Gyeongsangnam-do),
Gyeongsangnam-do Provincial Government Office, Gyeongsan City Hall, Gyeryong City
Hall, Dongnae-gu Office, Masan Hoewon-gu Office, Suyeong-gu Office, Yangpyeong-gun
Office, Yeongdeok-gun Office, Jungnang-gu Office, Cheongdo-gun Office, Paldal-gu Office,
Changnyeong-gun Office, Ansan City Hall, Uiryeong-gun Office

22

Geochang-gun Office, Gurye-gun Office, Guri City Hall, Geumjeong-gu Office, Gimpo City
Hall, Namdong-gu Office, Daejeon Dong-gu Office, Dongnam-gu Office, Mapo-gu Office,
Sangdang-gu Office, Seogwipo City Hall, Seoul City Hall, Seocho-gu Office, Seongju-gun
Office, Suji-gu Office, Anyang City Hall, Yesan-gun Office, Ulju-gun Office, Uichang-gu
Office, Chuncheon City Hall, Chilgok-gun Office, Heungdeok-gu Office

37

Gwangju City Hall (Gyeonggi-do), Gwanak-gu Office, Giheung-gu Office, Dangjin City
Hall, Deokyang-gu Office, Boseong-gun Office, Busan Gangseo-gu Office, Busan Nam-gu
Office, Busan Dong-gu Office, Buan-gun Office, Sacheon City Hall, Sangnok-gu Office,
Seodaemun-gu Office, Seongnam City Hall, Seongsan-gu Office, Suwon City Hall,
Sinan-gun Office, Yangju City Hall, Osan City Hall, Ongjin-gun Office, Yongsan-gu Office,
Ulsan Buk-gu Office, Wonju City Hall, Icheon City Hall, Ilsandong-gu Office, Imsil-gun
Office, Jangan-gu Office, Cheonan City Hall, Chungcheongnam-do Provincial Government
Office, Hanam City Hall, Hampyeong-gun Office, Wanju-gun Office, Dalseong-gun Office,
Sejong City Hall, Hwaseong City Hall, Namyangju City Hall, Pyeongtack City Hall

26

Pohang Nam-gu Office, Goyang City Hall, Geumsan-gun Office, Namhae-gun Office,
Nonsan City Hall, Muju-gun Office, Buyeo-gun Office, Suncheon City Hall,
Yeongdeungpo-gu Office, Cheongyang-gun Office, Tongyeong-gun Office, Gwacheon City
Hall, Gimhae City Hall, Yeongam-gun Office, Taeback City Hall, Hwacheon-gun Office,
Chungcheongbuk-do Provincial Government Office, Gimje City Hall, Seosan City Hall,
Gwangju Buk-gu Office, Incheon Seo-gu Office, Gwangjin-gu Office, Yanggu-gun Office,
Gwangmyeong City Hall, Daegu Dong-gu Office, Sancheong-gun Office

16

Gyeongju City Hall, Goryeong-gun Office, Gwangyang City Hall, Sangju City Hall, Sokcho
City Hall, Uijeongbu City Hall, Iksan City Hall, Jecheon City Hall, Cheongju City Hall,
Haman-gun Office, Haeundae-gu Office, Daegu Buk-gu Office, Daegu Seo-gu Office,
Sunchang-gun Office, Gokseong-gun Office, Yeongcheon City Hall
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A 3ke] Table 5 74 2]3t ATt

Table 5. Features of clusters by similarity

No.,| building heights pattern material other

0 | low vertical stone protrusion

1 low horizontal stone -

2 | mid square grid stone -

3 | high irregular glass -

rectangular grid B

4 | low (horizontal) stucco

5 | mid horizontal stone -

6 | low irregular stone roof

7 | low square grid stone -

8 | mid vertical stone -

9 | mid horizontal glass -

10 | low irregular brick -

11 | low horizontal stone protrusion
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Table 63 T
Table 6. Exterior elements

exterior elements details
shape horizontal rectangle, vertical rectangle,
irregular
horizontal,  vertical,  square  grid,
pattern rectangular grid, mixed grid
material stone, glass, brick, stucco

window to wall ratio

30%, 50%, 70%, 90%
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Table 7. Features of clusters by prior research

No. shape pattern material | WWR

0 horizontal rectangle | vertical stone 30%

1 horizontal rectangle | horizontal stone 30%

2 horizontal rectangle | square grid stone 50%

3 vertical rectangle irregular glass 70%

4 horizontal rectangle Eﬁgﬁ;ggg:lr) grid stucco 50%

5 horizontal rectangle | horizontal stone 50%

6 horizontal rectangle | irregular stone 50%

7 horizontal rectangle | square grid stone 30%

8 irregular vertical stone 70%

9 irregular horizontal glass 90%

10 | horizontal rectangle | irregular brick 30%

11 | horizontal rectangle | horizontal stone 30%
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