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___ High-level Features for the Cell Structure |_ Building models
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Wl BEe nesth Mo 9AE 9 X PR Zueld Macsd)
AFHY EE 45e BAOUY 1 HFIA FHA YA o=
A% FEE P 9AS AAAAL 20 Qxg A WA s
%9 BlackSetd] o] LoWel B oJEHQ WY So] AgH st

Gimenez et al. (2016)> TWs &8st 7&5° 3D Rdst=
FHoR QdyE F¥YY vREAE CVC EW dolEAle]
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Wo] R0 A3 ], 3D Ul FES HFHo=z oW Y,
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de las Heras et al. (2014)2 ol A7-59 54 ZWevt 4
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T3kt Tombre?l 7S 3 &4 845 &8
x 7 B3t 5 G 71E A (Escalera et al, 2009) S F&3dhar,
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AA s Mgkl destEs dadss AE8d ¥
QGAR (Rendek et al, 2004) S 7]¥to] HHE3E
HAE Fdsth FE 2470 dEixe HAd AEE e Ax
duFE 7Rt R wA e s Ptk E479 AXE 5
HFAoZ WA F& 9 o BAFE 9 X Hgrd oid 3
Fastglom, CVC dolHAe 4708 /3] o] s 77}
N ANV Assle e RISk S gaElEe] =
s Tle ALY WeAS Ry, s #AHo] =Z=
ARl AT @E dAE W AU eTHE EEA
Hg ol ot
Dodge et al (2017)+ Rakuten =9 dHoJgHAS o=
d89ds Hgstey  =d dde] Atk dEd 7k
A2 EH ol E6H HA5 F%3ta, SURFE 83l EJ+5
F=I. HFA Ao Fo] gk Fol, 3D F-A7HA]
Tl e Odé S FAA G (Long et al, 2015) 718+e] ey
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Liu et al. (2017) %3k Rakuten HoJEHAS tido=z T &4
TEAAE WP Dodge’t HHds AAL AlawH] A
&I, Live "Heds AAY HWEIE Sl S3F A= 59
&ttt Jyds 3 2 AAY BEAYEY AeE WEA,
AAAN HAERE FEI F, olF LA AP dWHIEH AAES
TSt ol s PPl e WY W AAA ARE
AlEskst 21702 SHAL] BEAe g 10709 a2~ B AR (Y,
Ad, 34 F), 871 =2dAY e dEY, 2%, Aad 59

Arolth olgd Aw HolEE 7|Wre R He et al (2016)9 &4
HEYAES &gato] z2 AAY wAMz JrE 3 3EWY FE3
ok b gRe] g AzdEHeldS FaHd. "y 2HES
ggatol A4y, 43 A NE]

2, AT, 29T AL 24 7]
PEARNE sl AFH WY AF ndL
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TEI AL old Ao g Helds =2 vl AR FE
g8t Agst AHolth, MadElolAS T AA FEY FHES
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Aotk etARE SFHolHE F5S fld &9 E SpEE Y AR 5
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Al 3 A st ¢adFY &R

FS HHoT -7 7HtoA g

Slar, o] HAeA sy g FY

ALs FHAAA Yot 9l 2—3). S5 7IHEe] =w g4

TEAAE ARbRoR AAE, #Y A, Fx QA dA=E

A=, olw] el QA A= MIadHoel A HE 2 MiEstE ¢
h

T e Foks WEAd &
ul- KU

ZIREe] ZR AL FAR

gt} o] W oA eAAEN 288 o
FuEe e wast] JE ATE W B =R Aojde
gagth. TAAA e Agd Sy AuYEEY AYw
2988 st o)

st 71k ¢

dE TeAE 2ER o}

wEste AAMEE FY 2 E 29E 289 dHoly, Y= 4

2= HAE AL A, U9, AR ERe Aotk o= AR
B | F=E oIt

Dodge et al (2017)

ST YRS wwe A

JdE &EHa, FYES T4
TLoR HAE FEF WHAH oAty o= A 249 AA
SN &

Text/Graph separation

!
Pattern Recognition (de las Heras ef al. 2014)

1. Segmentation

(Dodge et al. 2017)

2. Vectorization (Liu et al. 2017)
l 1
Structural Recognition My propos al

$
Building
model
% 2-3. B A Z2ANA gy G Fe] B3
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AFAdezes Hede] Aes fd =i A7 W §9 onA
AeE AR B ey S dAe FAHA vk Liu et
al. (20172 ZAAES WHEIE 9 S AdEs 7] 9
Helds ARERET dEEs vRIVEHAR 42 Edoe

=952 Edol s AadHelde] daEd sIEfeR Y=
BAE FEEOIY FEd EAMY ZRE &Este] HA Eo

2]
AR HE SR g FEEE JEolth, & =i =49
TrAAE E dugFe s s 4 o FAsT A2
A A 7lskerd WAz} obd wWe AAE &Y
daglFo] YRAoRE WA AAs W destE FrHHoR F
Ao, gF duYFE T A dANA FAste] &85 Floln
Liu et al (2017)¢] ztekst ¥9& ooz #iAs FAZTH, 2
v st xde] dist el AA, & AdY FxE T
olxd st e HREE HACA AU FxE HAs,
st xdenl A8 Jhedd V=9 =W Y ZERAAES HE3st

AN7Hx Hgstel HET 5 QA = A7} ek
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(a) 92 =9 (b) A=A A (c) Algte Ay

I 3-8 AlwE B o] HA 9 oAIqkeE 2paE o A
Wl 9 HAS tider A3ty HH= ved 2u(1d 3-3).
ojmj, Al WAL T|estHd FYRG W] FxE A VEoR
o
=

sto] wre] el AREEA fb= WAE Assta, W

e T A
HAZ B9 gt PR B/1%w, 949 A4 FARG dpe

2)
AW T2 Fdolehe F4AR Ade] JE At Wid dds
A3 dAsts A=RYg FAAHE ol e 2 Al =1l
gp ] ZJelA 7ol Bagt A7 A e Ade 7 xet
Fe B 4 AEE Rdste FEo] ofd, ¥ =28 FEe
HA 2 gk ZQ7E o A FEsoltt o3 R3S AW
dolg o] daAds ofsil e g dudse] Ase #AaArls
Q]le] Huh Ajteh= 2T W2 4 ARt ek Rt
7]Eo] WAske AdRe Vs e HHoR Sk Aljksks W e
T A Aw dHolHY 75 Ads ol dlFaL, 53 mre
el v dad gejel epfgo] ZhssiA sk Aol Yt
el dd ZES Zg3h epEdEg AR HolH e JddAE
oj ARk, o= "o &gl T FEola 53] F =welM=
~EHY ERAYE A Este] Aol "olA = s Besta ot

gage oS AeEe s Tule FEHoR sk
AAQ WA FTE fh 2 AAE Hge) FrEe] zFom
ZAY 5 gomz, oF WEH xYor FdESY Sad A
ARE FEahs wAow Aowt mAz 4nd spawne 919
Ze~s gaor Bth(1® 3-4). B 9AE H4a9 Hxolw
Zast 5% dve Hb wAge A4 Aueld. wAe
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a9 3-4. BAE 229 1d
(I AFA L AFA T ek X w2 O 254)

2AEE 1 L, T, X 47F4] 245 7HAH, ol 7+ 1, 2, 3, 4719
HA 7 Wy AES 9nsig. 499 EAEl=  O(opening)
ZYAE 7 WA dAdEE U8 F €8 T nddt
ole} Z2 5719 EF¥AE RN EAY JEE EE&sto] A

Al EHss ez 753 A9 dolHAS % 3-1°1A
e 4 vk AFS dE =¥ diEiA 59 F"HE WA}
ZUTE BHSAL, e EHe BEAY R/ S ehlE S sl

¥ 3-1. AlH &9 dolgAl 2le o A

CE

e "
FLED]
— e

24 e K



)
i

I
e o
=
gy ;
- %
[}
e Soe
B s : ol
=
gezxs L i k| LI
1
HHL | e
P =
- j\“'] [
5 i i O ]
3 =t S 20
= E
=+
& 1
= e T
= ’E‘_ L

et i =
E‘”“}

25



A 4 A T HE3 Z2AHA

e Ad FxE FEs] 9% HE3t ZEAAe] S
o3 2" 4-1). WA, dd vEYIE EEste] =W
2EHY WY BAE AR Y& Fdgth 7 oY HEYAs
g&y= FavHEs  Fetel, w0 EWelx Fdsk 9A
W (feature map)& FZ3t1 ol & 7|Rto =2 72} A9g FH3s FEH=E
2 7 24 S| EWY (heat

Stk Helde 9EQ A wskd =
map)< 1 /MEEE 9

Jrolmz H4 AFHY
AL HF =9
ojuff ofy] AofF %%

W B P5E Fd WY 542 wgetes
doh 29 A WAL B AE TR Ay RS TS| =w

A ZRAAE A ST

deldS Python 7]¥+e] Tensorflow ® & AMER 1 AFA W 9
AA3e Gurobi® & BE3STh IHS SsiAE GTX 1080 Tig
el 8Algtel AR, HF AHe EHol oAM= =W siud 2%
ojufe] AJ7to] ARt

Raster format Deep-networks
H L p

L] ! I (D Style Transfer I ‘_.'1 %

Shared Tl ‘Weight

Integer programming

I (@ Junction Heatmap }——F

Max[ 5w/ + B wE Pl

Vector format Subject to.

» .
Adjacency matrix Bl el H0= Lol k,: b —
(_qulCtiOl’lS o walls) ZiAij = D)y Yi=1l..,n, j=1.,n

i:_‘ SEMi=(1-J) Vi=l.on, j=l..n

ILMERS(I-P) Vi=1.,m, j=1,..m

O 4-1. =] HE 3 L2 AA

® https://www.tensorflow.org/
9 http://www.gurobi.com/
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A1Ad 2Ed ERAHY FHE

Held> A Edan g BAg JRe 29 F 7HA Ads
el dEHQh. "Jed 7IRke] oA 9] A= thee #Fe=
A & Qo "ded UEHAY HAEFA #o]o (convolution layer)
2 ol A9 A W& FESE TR, & dF #olo (fully
connected layer) i A& WA AyHE E9ste 44 #ololg
Az g3Ald F Utk ATl AMgskeE T UEYAY] AEFA
gojojo] WiEy= Fie FHuHE Ik, sds A 9§
ZIdto 2 AER WS BAE RO F¥o| —/Fﬁgﬂ*% sttt

T 4009 AleEH T dolEAl Fof 3508 ﬁﬁ% FZ oo
ol AFEFAL T 50 fFeol ARgeRdith Helds fs oY
olm A& 7] 256x256 HAow wAFI Ak tﬂ;:;i}ﬂr B g
SIEYY 2HELE FYst 7|2 AA3Y. U 7R Mz
Hlgo] FQ3% FAHE XEdstr] witel o] vl&s Ak oln|A
715 ®WEAAE Hu webx omAE FAeA AVE SEe
A% (cropping)©] ofd, W FkE G AV|E FHse 99
(padding)= &&etqltt. =3, dojel T4 S8l 90%= =99
slde 9 olmA e #HY FEe d¥ete WY AFE, A AEE

W sk A H 9 (jittering) 9] 2= T3

.

o

1.1 JIEYZY &

Feature Extraction Scoring T‘LL_L
Input O -

@style - ﬂ

=y Converter
F{L - L ; (DInterpretation
w ] ] e HER
] d (3)Junction =
Heatmap . .

a9 4-2. 989 HEST =2
YEY A % (architecture of networks)® oS3 Zoh(ad
—2). @9 F&E =HY A Be FEte 9, @8 @2 747
el
=

9 94 WS FA AFE WA A9e 25 98 U
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@9 9= Wy AudE AdE B oA ola, @ E¥€E
Zk B4 Sdae tsdHe s|Efeln. &, [, @17 AEY
EdAH s 3P, (D, @] s|IEfe T3 EAg JRE
=9 skl

WMEYI= ot AFE Fustel, He er al (2016)9
ResNetl525 F7g3Fo] A3ttt WA, ResNetl529 bottleneck

REY WES 29464 1947 Z9vh ot Hede TS0
1ol MEsL okl 1Y oleAe e Avle 239 BU=
Ao AYEE Eoly] 9% Aoz FPAY. FOE Folg
98 A AAT PR AAGL, Al WEH wAz =W
g% T WEAAES FRAA AdsAG. AdHE vEAA:

gAEFMA #olo] (deconvolution layer)E& 7]HFO =
BE9A7)= d8s Fdsta,
. AEY W
A&,
Tzimiropoulos, 2016)
64x64x2048°] A P&
64x64x59 HEHE
4715 "HAEFA doloE
ZFA S AFREE 34104 &l T
e, Gid &, Ad =27, B&F) / (A

71Hro 72

£7135H0,

o

A&

2 9
ERE
o o

7 A %

gz FH

E4-1. 999 HELAY] AR T2

=ole A=

Age 728

(Bulat

(D Interpretation of floorplans

1 2 3 4 5
1x conv layer | 3x bottleneck | 8x bottleneck | 38x 3x bottleneck
(64, 7x7, | modules modules bottleneck modules
2x2) [(64, 1x1), [(128, 1x1), modules [(512, 1x1),
1x pooling (64, 3x3), (128, 3x3), [(256, 1x1), (512, 3x3),
(3x3, 2x2) (256, 1x1)] (512, 1x1)] (256, 3x3), (2048, 1x1)]
(1024, 1x1)]
(@ Style converter (® Junction heatmap
1 2 3 1 2
1x conv | 1x deconv | 1x conv 1x conv layer | 1x deconv
layer layer layer (5, 1x1, 1x1) | layer
(64, 1x1, | (64, 4x4,| (3, 7x7, (5, 4x4, 4x4)
1x1) 4x4) 1x1)
3 +
28 "':l"*-_i _'\,,I_. 5
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1.2 &4 &=
1.2.1 28 EAAH

A7 "JeYd Ve A EdAHE 98 Conditional
GAN (Isola et al, 2017)& &-&33th Conditional GANE] H4lo] ==
GAN(Goodfellow et al, 2014)2 7]E Fx= AA UEYI9 Ad
HEAZE &3 oA BEES HWHLTAZ HLsks Aoty +
Ne) Jed MELAZE AEFH 7 27 BxEs stk A
NEFH} ExIS ek A9 A98s F¥e M2 AAAowR
71 Zlo] FZHA ot o] Ao w Shgo] XqyH ¢
S AAsA ¥t} Conditional
AFH} BxFL HAE AAsE omA e #AR
AAI T, e AL oA HeE5 &Esto] dages ¥t
2 HJ99 vEYas 48 oluAe figh A =
T3y gk

dg ouAFE x, 2o USH= tE AEYY olnAE y, WH
rolz= HWEE zE #V|sit. Y WESAE G ¥ vEYAE
Dolt}. Conditional GANS] ZHA& Y UELY AL x2 z5 yel
gt Zlolth Gifxz}—»y. © ®w, oA AE HEYIE dY
oAt A A #Alold| 1, A" TP ol 0=
o ZF A~k wigke L1 o] g &4 gk ofefjol

v
1% rlo
=

LCGAN (G' D) = Exrprdate () [lOg D(x' y)]
+ Ex“‘Pdate(x),Z“'pz(Z) [1Og(1 - D(xl G(xp Z)]

LLl @) = Ex,y~pdate(x,y),z~pz(z)[”y - G(x, Z)”l]

Conditional GAN®] HE#Ql 242 ofeish gol, A F &4
$5% Eo AUH2EAST T Aotk a4 vEIAE e
ol Kol T} $ate] AEFY WE o|u A S A FT}

G = argmingmaxp[L ., (G, D)+ A- L, (G)]

cGAN

2EFY EdAade AN WEYAsE A HEYIC o
A AL EAES 271 S8 =aE] oEe waor et



TAANCE AE HEA it Hof ALt A UES I thsh
wAe] WHES Fol EYAE skt S A4 EYAY
< 28 B T, Logre(= Legan + A L) 5 HALS6he SR
% 4 ogome B ERANE HrRA: PEUS TEol
H &

A% mAe sERY &4 AT g5

2 Y| EYAE Conditional GAN¥ wl37}A| 2 PatchGANS
gg3tth, PatchGANS 2 Y EYart ~gd wWste] st
ARCw @d] 0, 1+ E9sts 2ol otd, olmx & I8t A=
ol ZF siR|e] diE] A FdE 2akd Y JHE d9E

st glolth omAE X Wiz H¥d AGgAA SHS
wdeln] AE WsE Sasti Zlo] mAow ob ARRg
FANE S4e] Jhsdt wHe] SAIE 2 ofdrh ¥ Aol
Auvedas @24 27074 2 709 169 A% da A8e
Faetel Aok wlaskgic

1.2.2 2Ag] 3| EH

EAE el #xek FUAAE Sl FE] FE SIEWS] FHw
Ang FHstaldh ehigd B AEe A4 AR g 2L
AT Q3 S5 SlEl o] HEE SEWS FEHE wppolof
Shrell Abgshs 266x256 A AVIE VIEem, 5/e EAlE
H2E EHSE 256x256x5 FHE S|EWE T 4 SH
2 BAE J4 HEEYE L1 Ayt 494 ol Fis Ad
Az Zdsglct

Foon® g o

J* = argmin; Ly,
where L;ync(J) = Ex jp tare () [sigmMoid_cross_entropy(J ), N]

mAE SlEYY UMEAAD e &4 ds Hasbshe BdFoR

gEFnh olw, B EA T ( Ly, )v I 7INEe] g2 A
JdE 29 (pixel—wise sigmoid cross entropy) S AFEsl3ith TAE
el e S|EW HolEl ol tia] F2 e A mdEdT AEA
de=z® 24 WA @z e Aozm  pAAoR

NZ 12 121 1[p1110gp11+(1 pl])log(l pl]) 9/] o‘j—}\]—

el
bt J.\. n
30 ] 8- ‘_'.]i



THHGN= BEAg FYP2 F, W=ou|x] Ho], H=o]u]A] %],
1:1—

pP=sigmoid &% #b).

7420 BREE UEYI FERE AEY EdATe EAE
S| Ev SAZIE gy 2o Agd EdaAH A
HEYA(GE [O,012 ®dHx, 248 3ERY dEJaDE
(O, ®]ox mdHAY. ol gFS fa 77 &4 el d44
HeulEEs  Hoerh dE =9, AHY EdAyY &4

DT(Lstyle)g %5_}_— 6‘}_%% @9/] lq-‘j/]'t’]}ﬂli— v‘ﬂ_?(é% /B]-]:Hoﬂ/\i {E}\E]
-2 HAiAgsts wEkow [ ,®]94 stetulElo] ok sho]
A},

minimizeg, j [LStyle +4- L]unc]

MEg A s A wWan v

Agstel AU SHe WA £4 @

48 YEQZLY £ FF (Lgan) @) AT

ofml, £4 ¥4 WEe A 1¢ AMAow 5 dolHAY
Wio] AZAow AT AW ¥ ERAE AgHew

EA4
A AFE Zol A Loy % £ 9 WE AES B3 49
510 Al = AAAHoT G* = argmingLseyre, J* = argmingLync,

Q_:} = = H
D* = argminpLegan® Al 7S] St5S DAMERE WhEske] skl
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Abstract

Increasing Generality of Floorplan
Analysis Process using Style Transfer

Kim, Seongyong
Department of Civil and Environmental Engineering
The Graduate School

Seoul National University

Owing to recent technological advances, location—based
services such as tracking, navigation have expanded indoor and the
size of the related markets has been increased. As the demand for
indoor services and researches increases, constructing indoor
information is emerging as a primary concern. Among them is the
method using a floorplan, viewed as an effective way to construct
information since a floorplan has a high accessibility. It is required
to improve versatility of technology to apply to a wide range of
floorplan formats. Floorplan analysis has been developed in this way
by introducing learning algorithms. However there is a limitation on
utilizing technology since previous studies were performed with
comparatively simple floorplans and it is hard to construct training
data set. The main aims of this research are improving performance
of analyzing complex floorplans by applying style transfer, and
developing floorplan analysis process which can be generally
utilized by suggesting simple criteria to construct labelling data.
More specifically, this research constructs new dataset which is
more various and intricate than the previous one, and performs
vectorization of building factors using deep learning based style
transfer. Regarding a format of floorplan as a style, deep learning
network outputs information on indoor structure in the process of
transferring a style of floorplan. Analysis performance on complex

floorplans has been improved by using style transfer, and in terms
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of constructing indoor structure, it shows 87% of detection rate and
85% of recognition accuracy of a room, which is a similar level as
the previous researches. To sum up, style transfer lets us do
floorplan analysis on complex and diverse formats, easily

constructing labelling data.
Keywords : Indoor Information, Floorplan Analysis, Style Transfer,

Integer Programming
Student Number : 2017—23581
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