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Document Image Binarization using
Background Estimation and Stroke
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and Minimum

Su (2013)
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Jia (2018)
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Parallel Nonparametric Binarization
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Features and Support Vector Machine
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1 NZRL] i,j " Dj (2—1)
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P A Gl 4 2-1sh Zon, oA it BHIT
Z 49 ARES, j= BHY WAL 2R =S ol OgHE 2
AGL, B AT jol Be FARS, B A% o] 9@ BeY 4

e omatt, e, U WEY 5 A (2-2)e] by kel 2
AR S Abgate] A 9l AE jO T2 AAES

m

S, = << ”i_j”>2> (2-2)
ij = €xXpl|— o
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of 7iH dHlolHE FUg THeAIRE FEHEE RolFE HAR sE 4
2] F o]t (Bouveyron and Brunet—Saumard, 2014). °]& 3t &EEZ
TR e A T aRle] AAE ke 1HE ¢ v

o], o]ggt SAo] ro]l=rt gk HlolHe| £ des YEE Ao
2 A v A Kwon er al, 2022). Wb 2 Ao AR
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P(x;) = zﬂka(ka.Zk) (2-5)

k=1
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kA S ARk £ Aed B8 ouath ol Ym, =1 olth,
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1 1
N Colu, ) =——F——exp(-=(x, - W)=, - 1)) (9-¢)
(2m)z|z|*/2

wepA  ZheARE REE FAe] 9% BEeEs 0={nur}; n=
{7'[1,"',7'[](},/.1. = {/.11,"',/.1](},2 = {21""; Z'k}E Zé-.q‘(:i:']: T 9\/1-9—]:4 7_1 E—Z’:P/]
2 $Ee A @-1¥ #uh

n K
L(Olx;) = Z In {Z”ka(xdﬂk,Zk)} (2-7)

i=1 k=1

olglgt 1 fEE WHOoE Jh9AQE SRR 74 By Vg -
Hh3F(EM; Expectation—Maximization) €18]&S ALgete] 449
ok Z1gig-HAds dagEe ¢4 BeE 2713 sha, 2718 ¥ B
ol et 21 ¢ E GOttt 1§ 7]H gk (expectation) T

7 glolEl7F dAl B R olFoX #HE T KWHA IHOoZHE A

T AFRES BT 2-8),

1w, N(x; |, 2
. iV Cxil e Zie) (9-8)
Die=1TkN (Xl threr Z3)

Ye(x) =

H 3} (maximization) @Al A= 71 zk SAlOlA AAksE AlEEE
Hojglel= B4E AFEsd. Host @A olA Aitst \5EgS v

3 o 211
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2.2.4 w7 AA olmA] YA

2 ool w7 olZold, 2.23MelA 7teAt EF R
AgE A A g B FHe B ¥ 49 24 24 6

et Hage W Hagow WA AL st o d

of slgsts Qe u
% olr X g AR ouA o] AL L1Z vige] AolF FaL
w2 HAgh Aol g welth 3, F o|nA o g4z Aol APAA
o 7 gele TR F vk otk Bwe MY AFEe|A 7
3

oju] Aol A E © = M

Hl} v} 9lt}(Jindal et
al, 2021). ¥ AFelA % olgst HAZL Xfo]E uigow Hj7A AA
oA E HFHOoE AYATH
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2—2] o|x 3=

= 9lal g 54 BR

w5 3 A
w7 Ahmadi et al.(2015), Xiong et
° al.(2018), Jana et al.(2017)
e Ahmadi et al.(2015), Xiong et
i al.(2018), Jana et al.(2017)
F o gk Ahmadi et al.(2015)
gk Ahmadi et al.(2015)
o tjv) 2k Su et al.(2012)
e Sehad et al.(2013), Bharathi et
al.(2013)
XA} Bharathi et al.(2013)
Contrast Westphal et al.(2018), Sehad et
(=) al.(2013), Bharathi et al.(2013)
Dissimilarit
Ty Jain (2013), Bharathi et al.(2013)
oo (o144
[o = e .
H t
A3 E 9 OTOE efqel Y Westphal et al.(2018)
A T (f-2H49)
[} - -
ASM (F154) Jain (2013)
Westphal et al.(2018), Sehad et
Energy (4 #]) al.(2013)
Peak (F 11%]) Jain (2013)
Entropy . .
(Wore Wa) Jain (2013), Bharathi et al.(2013)
2= R 231
T T T o
SR Vargas (2018)
P1~P8, =434 | Kasmin et al.(2019), Jana et al.(2017)
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Wol whS whe FAGE AL WF 9L 5ol Fohath oy
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Grey Level Co—occurrence
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N-1N-1

Dissimilarity = Z Z P (i —j)? (2—12)
i=0 j=0
N-1N-1
Contrast = P li — jl (2—13)
i=0 j=0
N-1N-1
Homogeneity = _ Py (2—14)
1+ [0 — ]
i=0 j=0

Energy = P; ; (2—15)
i=0 j=0
ASM = /Energy (2—-16)
Peak = Max(P; ;) (2—17)
N—-1N-1
Entropy = P (=InP;)) (2—18)
i=0 j=0

A7, Pl #tS Gl TRl B SAEY -l

7h ol tiZ (contrast) v+ WHE zolE SAseE AR, WAL
SAEY BEo ggdozRY He "old Qe Py 24l tisto
= X7 AgEY, s AA o] s FAdo] WESE o
Z %S M oA (dissimilarity) &t A HUE zo)

= S5 A% HEE dx9 Awdks 7HAY] "ol ¥ek: xfolE
=oighstrt. W, AR (homogeneity) = P 7F W E SAEA Y
o] Aol EoQls Wl 7 & @hs JHAA do a8ln w e
(ASM; Angular Second Moment) Z+ o %] (energy) & HWIE ¥
HAEE SAote FHEol, At W 459 9] Wit gle Wl &

ghe etk 3 RE Sagoe) A w Auge A =k whA

i}
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o o] o]t Ald AtelA gl ARE® DIBCO HolH A& & =
A EloTH Aolr] wltell & =4 54 A =pale] EAshd, 7t &
A7E AAE = i glo] SHA0R AT w2 AT AR

BFoE AdHe] glof &
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(Vargas, 2018)
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otherwise

if a;j

Pn + Py,
0,

{

M(4)

where:

(2—-19)

—max{c|(c <j)A(a,. =255}, r=i

pr = min{c|(c > j) A (ac = 255)}

min{r|(r > i) A (a,. = 255)}

by =

—max{r|(r <i)A(a,. =255)},c=j

........
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webd, FAagel 2557 ohd FA ay e A WF A%H (p,)
2l

FHefgkah ofefel 3= Rl FAY F dEA T FHAge Aol
ARt

max{c|(c < j) A (a,. = 255)}

r min{c|(c > j) A (ayc = 255)}
L ] a ‘ ®=aq.

L
max{r|(r < i) A (a,. = 255)}
min{r|(r > i) A (a,. = 255)}
aij ®=qa.
.
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2.3.2 dFXHYLE 24

2 AFAME olxstE f3t v 7 RdE dAPEYAE RdS
Abgsh g 22 Breiman (2001) 9 AEAUYE 2dS 1%
3} B mdo|ty, AY¥gAEE [1¥ 2-10]3 Zo] Holg Al
FEAES (Bootstrap) ME® WHS AFES Ura, olE AFgEl o
T ANHAPUFE NHE F olE FTEEte] AAE EESTh webA,
WAL AES] Ao eha] atA Q7o tigk Awo] a3ttt
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2.3.4 H7HA &

2 AFoAM AMgete HIMA ¥ FH7F & wel Rd A
H7 e} o3t Ay} ojnjx] FrFE o] o E Ao A ARE-SE
Ay mde] B Ae2 xe o] A =
score® H7}sFct B Ao

H
- =
A AEERY ASENS VS dE B9 s el A
?

= o €4 -
A= gl delHE wgtshs slojth wEA, 2 Ao HF =H
Gde AL WY F A AXE F/E AEAATHIE 2-3]).

F7 o7 ARgeelth. vobrh ks 7= dA H4
< Rdo] Folgta 53 A9 9] HE Ul AdE A%
A AREsIR o, dntA o AUEg AFES M2 ATHAE Tt
Ao AFES ATAE AAss gEtvlE el wel fEEow Wk
o owEbe, AEEg AdES $dY TReACR i 23T

AFsl F1—score

%H

kit
%
N
k=
AnJ
of
ol
2
td
e
1o
oX,
olr
o
ot
N
)
ol
ol
@
i)

B ATolA AEE o] st WRlES A APE HEFE =Y I

o] #2 H7l= PSNR(Peak Signal to Noise Ratio), NRM (Negative
Rate  Metric), DRD(Distance to  Reciprocal Distortion),
MPM (Misclassification Penalty Metric) A| & AF&-3F3th. PSNR A
B =9 oA g A oA 1 FAEE H7bsk= Aol ™, PSNR
FeTs 7 olvAY fFAMYel Eoa #dkgith. NRMS RO
SEA] ek FAo] ok A 3EE FN(False Negative) ¥ FP(False
) A Ho®m Axtatr)el A olm Ao ZARSE o] X3 A
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3} olnx]Yd= NRM 2 Zholdth, MPM2 3 o]n|x|oa] zHE

g A 7Nk Frke Ax e Ao AY oA
B i

M
Hu
i,
15
i
=2
=

Lu (2004)= o3} o|nA|=5E =AY 7|59 22 o948 dAS

L4 F Wt He T A4S VEoR T 8AE A o
ol T JARTYH eEFE o] Wyl WoldgE 24 12 FF
o] gropxlvtir gk vp Utk o5 Eol o [2¥ 2-12]19 A%

2] 7217 (distorted) olm| X et4d, [2¥ 2-12 (b)]9 H=HE =0

2 45E oRFY o] g A T JAZHEE He] golxit),

(a) At olmx (b) @7 HAS xZ3tele= A3 o]m|A] oA
(29 2-12] Agel W& e&8F 4 oA (Lu, 2004)

(28 2-12 (b)]9 A olvA = BF EFY JAS ¥33ta 9l

AS & al
=, 7H JZ5 oluA 9 A= LEFE Aol a A el A
al 7] ol ARAZE EARE Q1A sk el & Z=A7F flvh wbd,
(28 2-12 (119 7FF =3} o] oREY FHao] Fo} FAgH
Bl EojA Slers =4 o] offuh. wEhA, DRD A= A4zt

(skeletonization) 2 =& AW oA 2HE FE3 ZoF A Ay

L
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—ohat A AHgskel o)A olrjA el el HEE 59T W 2
BRE o] Bae] FPowyy W Wold A £ 4 g
g Hojar}
H 2-3] F7F GBo mE 7 AE 2D 54
A N A F T4
EEas R _ TP + TN
(accuracy) Y = TP Y FN + FP + TN
AU E Precision = —
B g (precision) reasIon = rp kP
Hs Bt A& TP
Recall = ——
(recall) TP+ FN
Precision X Recall
F1-score F1=2x ( — )
Precision + Recall
: 2552
Peak Signal PSNR = 10 X logyo -
to Noise ¥ v
Ratio 1 2
(PSNR) where: MSE = mz z|GT(l,]) —R(@,))|
i=1j=1
Negative NRM = NRpy + NRgp
Rate Metric 2 Fp
NRM here: NRpyy = ——— ,NRpp = ————
(NRM) | where: NRpy = py—p - NRre = pp
JREREE Orpy _ Ziz1 DRD
olvlAl F4 | Dbistance NUBN
7Y Reciprocal where: .
Distortion ..
(DRD) DRD, = » ) [6T(i)) ~ Rilx,y)]
i=—2j=-2
X Wy, (&)
Misclassifi 1 FN FP
isclassifica _ 1 i z j
tion Penalty MPM =25D Z v ¥ L drp
Metric _ =t =1
(MPM) where D is the sum over all the pixel to contour

distances of the ground truth object.
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2.4 A

AYEAAE RS Ea o|Asst 4R oNAF o 3
T S8 dAZ o]} A8 A= Jindal er al, 2021; Jana et al,
2017, Xiong et al., 2021; Gatos et al, 2006, Mitianoudis et al., 2015)
oA Qo w ALEE A4 AR BAL Fadel Wao] e 24

@9 o= AAGh ouHAH FAEL Ax Add Few v}
A

Bl Hed A 3F A S ddsts Wels ndss WEk u
gt [2% 2-1317 o] F 7kA A2 vepd & 9lvh (29 2-13
(@12 A5& datae=2 dxs 4709 AL uste] JdAHS &
et Zloln [2¥ 2-13 (]9 ABS= dskaeo gEe] ozt

s

(a) F3tahs B (b) s D ojzka P

(2% 2-13] WPl W A A T

ozt Al HAFESE Hs = AFelA=  OpenCV

dolneod AT Ad AR B4 B4Z Agate] AaHs
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[ 3-2] &7 24 A5 vHux
R Wy R I T B - R B B 1
score
Aelo] A 3} (fgt;g) 0.985 | 0.703 | 0.721 | 0.793 | 0.801
'\('ig';"g)k 0954 | 056 | 0575 | 0.708 | 0.700
REREE! Sé%‘(’)%l)a 0972 | 0.715 | 0.722 | 0.799 | 0.802
(\2’\(/)%';) 0.956 | 0.873 | 0.848 | 0.904 | 0.896
Lu
o (2010) 0.981 | 0911 | 0.902 | 0.944 | 0.935
714k
O];ﬂi}' Su
(2010) 0.965 | 0.797 | 0.792 | 0.853 | 0.852
)
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WAy
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o] Z 3}
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3.4.3 o3} A3} ojm|x| ] w4 Bl

(Mean—Square Error; MSE) & A}g3}o] AAbstt}h PSNR A 27 =&
T5, A3} olu|x|7} A o]u|A]o Atk AT 4 ). o] 3t

PSNR A 3%E= WY FHAE Rdo] 1654302 714 53 As5S 1

FN (False Negative) 2} FP(False Positive) #|3£2] 3¢S e}l
U= NRM A= 7 #o] S5 =9 oln|x|oA 2k 7% g4

o] gt dAst 4= Qlth. NRM A% A WP EHAE T o] 0.093
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Abstract

Development of Machine Learning Based Binarization

Technique of Hand—drawn Floor Plans for Automatic
Extraction of Indoor Spatial Information

Suh, Hanew

Department of Civil and Environmental Engineering
College of Engineering

The Graduate School

Seoul National University

Along with the recent development of artificial intelligence
and the Internet of Things, social interest in indoor location—based
services providing real—time information from user location is
getting high. For location—based service development, indoor

spatial modelling is essential to represent indoor topology.

Therefore, many studies have been conducted to extract
indoor structure information from various types of data such as
laser scanners, architectural drawing images, and CAD plans. In

particular, the automatic extraction technology of indoor space
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information is economically efficient compared to manual modeling,
so algorithms for automatic extraction of floor plan entities like
walls, windows, and stairs from 2D floor plan image are actively
developed. Previous studies mostly used “clean” floor images that
floor plan entities and background are clearly distinguished.
However, in the case of hand—drawing architectural floor plans
created using various types of pens and ink, there are large
numbers of noise in background. In addition, since the pixel
intensities of every floor plan entities are not constant depending on
the pen or ink used, there is a limit to applying the previous
algorithms. Therefore, this study aims to perform binarization to
distinguish floor plan entities from background with noise and
irregular patterns. The purpose of this study is to expand the scope

of previous floor plan analysis studies to historical and old buildings.

For dataset, we use architectural drawings of the Japanese
colonial period written in the early 1900s. The Japanese
architectural drawings used in this study have various types of
noise made during the process of storage and digitization. Also,
floor plan entities consist of all different colors depending on the
type of materials used. We apply learning—based binarizaiton
algorithm and our algorithm can be divided into two main steps. The
first step is to reduce the noise that is widely distributed across the
background of the drawing image using a Gaussian mixture model.
The second step is to extract features that distinguish objects and
backgrounds based on the random forest model, and to learn various

forms of small noise. For evaluation, we perform the classification
113
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performance of suggested algorithm on test set. Our binarization
algorithm results in 98.5% precision and 99.0% F1—score rate. This
study has two main contributions. First, our algorithm successfully
distinguishes various types of floor plan entities with different
thickness. Second, study scope of automatic extraction of spatial
information from floor plan image can be expanded from electronic

floor plan image to hand—drawing architectural floor plans.

Keywords : Floor Plan Analysis, Indoor Spatial Information, Machine
Learning, Binarization, Random Forest

Student Number : 2019—23752
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