A study on the meaningful characteristic variables of the image for estimating the
depth of concrete cracks
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Abstract

Since the depth of concrete cracks is important information for evaluating the safety of facilities, a technology capable
of accurately and quickly measuring the depth of cracks is needed. However, in the facility maintenance practice, the
crack depth is measured through non-destructive testing using ultrasonic equipment. This method has the disadvantage
of poor efficiency. Such limitations of existing technologies can be solved through the development of image-based crack
depth measurement technology. This is because if the crack depth measurement is based on an image, restrictions on the
timing and location of the inspection can be resolved. In order for such image-based crack depth measurement
technology to be developed, identification of image characteristic variables related to crack depth must precede. Therefore,
the purpose of this study was to identify image characteristic variables meaningful to the crack depth. In order to
achieve the purpose of the study, we collected 100 actual cases of cracking, measured the crack depth, and took an
image. In addition, we created a dataset by extracting image characteristic variables such as hue, luminance, and
brightness from the captured image through image processing technology. Using the thus—produced dataset, we conducted

statistical analysis to identify significant image characteristic variables for crack depth estimation.
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Grayilde] stz AAR Apolol i
e Aoz wAH,

E2. Gray 22 21t 0@ Zo|ztel MM EAM Zof
Research Standard oot
. Mean .. of p
unit deviation .
correlation
Gray_min | 13.63 9.861 -0.509 0.000

48 sH=mde|E|ojUAHES S| =2

6.3 RGB olo|x|e| sttt #d ol AFx7Ho
ZHA|

_?/]oﬂ}ﬂ H?G
pearson ArZE-A] L&
table 33 #t}. 9} Red/Green/Blue |
g shagh HAA o #h2 Z+7F - 0.493,
-0.504, -0.519¢] 2 4 W 7ke] RAATASTE 0ol k=
A7 o] Folghes Zhg ol A R AGEA T Wgk &
B 0015t 22 gho® uyERytth whebA
o] =49} Red/Green/Blue
= 247t 5o AuaAvt

3. RGB =t #t1t #Y Zlo|ztel AN EAM Zaf
Research Standard Cotiine:
. Mean . of p
unit deviation .

correlation
Red_min 13.26 10.379 -0.493 0.000
Green_min | 13.75 9.959 -0.504 0.000
Blue_min 13.19 8.677 -0.519 0.000

6.4 HSV o|olx|e| stigtnt ¥ ol AFR O

ZHA|

el dAs AFErhd 3-1, 3-2, 3-39 AFEA &
A& 938le] pearson A S AAEH o, 4 A
= S table 43 Zoh WA, 7Y Zo] A=4 H
(Mz) Adel sag AMALS FRASE - 0111,
frolrE 02602 Yeht H(x)= 79 dolsh 4
A7 e Ao 2 BAEAT 5 7 E Zo] AS5A
o S(AE) Ao sag HAGDY] FAATFE -
0219, o+ 0.0282 YEY F954 0.050] ol
A el AXAG ARl kg ol YAt
Ae AoR FAHAT dH, T Zo] ASA GV
(WE) Qe HAZre] ABASE - 051903 G
S8 e 0018t} de gea UeEhg e ol 9 V(g
L)zt 5o AHRAVE e AoE FAEANT

E4. HSV 3t ik 2 Zolzie| AN EA Zuf

Research Standard Gt

- Mean .. of p
unit deviation .
correlation

H_min 0.33 1.724 -0.111 0.269

S_min 0.83 3.300 -0.219 0.028

V_min 15.12 10.449 -0.519 0.000




6.5 HLS 2E 2| stagtnt @#d Zo| dEX|Zhol A

Aol s A7t 4-1, 4-2, 4-39] AFEA =
g 93} pearson I EA S HAAsIR o B4 4
I= oS table 53 2ok WA, TE Zo] A= H
() Adel sagt AAHX FRASE - 0110,
frolFES 0252 Uety HA2)= 74 ol &
WA Qe Ao BAHI w3, G Qo] AFA
& SGHE) A Ha shagiihe] AaAsE - 0.210,
FOFEL 00362 e} Fol%E 0050 el A T
2o AZAS AR L FF S FRAAL Ut
Aow BRI @, #9 ol AZHe LEIE)
Aol AR ARAFE 0507013 FoFEL
0018 22 ghoz yepyh #d Zlo]9f L(3]%)3t
= 29 ARAATE de Aoz EAHAY

E5. HLS =4 231t o Zlo|ztel AtaM EAM Zat

Research Standard Gl

. Mean .. of D
unit deviation .
correlation

H_min 0.32 1.651 -0.110 0.275

L_min 13.71 9.733 -0.507 0.000

S_min 0.42 1.718 -0.210 0.036

6.6 YCrCb Z® ol =ta#rdt o ol AFx 7o
A

Aol AAg A47HA
$8to] pearson ArHE
U} table 637} 2tk WA, o
Ard e FHAggkel A
0018t 2 3

[o

HU

T

ful
T

3 Q0% YCAE) 0ol B4 AREAN 9 Aoz
A @8, 79 2o A=A % Cr, Ch(AA) A
do Hagk kel gaAS

7}
z1 0] 9} 174]7} ssi% 7&; 4

=3
E6. YCrCb =t gtmt 7Y Zlo|zZtel Attt EAM Zof
Research Standard Cliez
. Mean . of D
unit deviation .
correlation
Y_min 13.63 9.861 -0.509 0.000
Cr_min 125.34 2.100 -0.097 0.339
Ch_min 119.68 1.836 -0.054 0.590

6.7 Lab2H 2| afagtnt 7@ ol AEX[ZHe| A
‘?_

Aol AAF A4 6-1, 6-29] AFEA EHE
$3}o] pearson 4TS AAFG o, B4 A=
U table 77 2tk WA, 7 Zo] AEA9F L(HE)

0492013 §o 85

Aol HAgIEe] &

ﬁim }4 dAsE A7 - 0178, 70.066i ‘/PEPM
ow, fogs2 27 0076, 051222 e a, b(A
) Ade #d Zolst BAVL gl Aew EAHS

E7. Lab st gtnt 7 Zlo|Zie| Mud EAM ZTf
Research Standard Cotiine:
. Mean . of p
unit deviation .
correlation

L_min 11.38 10.020 -0.492 0.000

a_min 123.75 1.654 -0.178 0.076

b_min 126.08 2.237 -0.066 0.512
7. 28

B AT 79 do] 240 folu olnx =
CEEE R

7] 98l A S A A2 1471 9]

S 53k 10070 < ol

ez #¢d Zol A=A Gray, RGB, HSV,

HLS, YCrCb, Lab oln|#|¢] 7} Ajddd shigh ko] 4

B BAS AN AR BN A9e ge 2

o] gk,

(1) Gray Ad9 33423k
(r= -0509)2 7}zl t},

(2) RGB ©|H A9 R, G, B A9l gigte #d o}
Z2v7h &o] A (r=-0.493, -0.504, - 7}
A=

(3) HSV o]mA¢] HAMZ)E= #¢ Zolg #dol glo
M, S(GHE)e= kg 5o AdaA (r=-0.219), V(9
5 &9 4#3A (r=-0519& 7HAt

(4) HLS olm Aol H(MZ)E= d4 Zolgt #edo] glo
M, LEE)E 59 A##A =-0500E 7HA 1,
SGAHIE)E oFg &9 AdAdA (r=-021005 7}t

(5) YCrCb oM A 9] Y(ME)E 74 Zol9t &9 A
A7 (r=-0509)2 7}A 11, Cr, Ch(Ma})= #A#H o] ¢l
=

(6) Lab ©]7A] L(M&)e= o4 Zo]f
(r=-0.492)2 7}A 1

rlo
&Y
ng
AN
-
1o,
tlo
1o
ox
e
r 2|
)

/\

z
o
sl
N

&9 daa

H173 1% 20214 1280 49



-SR-S

oot o o of

N

K

N

bl

o o ooxl

i ofk

—_

o
m
}-ﬂ rlo
T o
o,
o
oo
of
B &

B
o

it M
_\'1_14
o
>0 OHTT
o
=
o 12
N
-
oX —1}1'

[Tl
-
)
N, g
i

e o
Py
o 0
&,
o [—
v
>

S
s

[N

= =
o foox

o, o o

o E

Y

o

2

o

A

e

of

&

oxl

=

oz = E ox

M
=

- ol

ox g

HE X
of
ot
o

ol
)

b
e
T
o
=
rir

12
i fo
o 1
rJ

et

_0|L

¥ =
fr
= 7
o
oy 18

= a2 H0N -

)
Q‘L
)
=
M
"o
po
|o
fitl
il
oo
%0
o
Mo o 9 o ob i )y 2

o 2
< 9
ML r2 fo
il s &
o e
i > B u
¥ 1o N o
& A
ofL dlo
ol o
ox
(e,
N
et
o
23]
o
~

=

100708 AAl #E wlolHE o] &3t

X, = Nk
i S
N [
;mﬁé L/ U =S
r'(; 1t o -z e -
= 1012J1“}fm2—“
12 g
2o ok
33;;?“
o0 o
T o e
DU
2
ol
Emlm
[
N
2
__).4_1“
&1
ng

o

¥ —
o
N
)2
Y
==
i
lo
N

0{1
PR
rlr
2,
ok, -

N
2
e
il i
W M
>
E
2 e
; 4

0
mit rlr
N
- b~
LN

10, ofd of
2 2
o,
=)
X
Jim
oX,
rE
N
|
=Y
ne
N

T o
i
e
)
lo,

o X
% Lo
(ot
Il
N
)
2
-
il
>

o

}(Data Augmentation) %

1tt.

o O ¥ H1 o oE

4 = T 2 ox
wol L om
2 oy 10 o rot =

oxl
o

£l , ol (2018), D d T J g
= ZIYE At F2E 7F ©A s ut
F3) =584, 34(12), pp.145-154.

74 (2016), olnA] BA7|H& o] &3 ZAYE T2
5o Ag HE oluA s I AHRI|EE 3 =EA
14(10), pp.163-168.

AL, 28T (2002), oA ZZ ANV HE o] & o
delA gy @ 220 N eSS =

22(4-D), pp.639-647.

N

HES, S, 953 (2014) , =£87 ojvA £247]
He &8% T2 duyd Ve A, dSAHA TS
34, 17(6), pp.545-557.

HEH, 288, A3 (2006), RE2A] 7|ve] 2G4
A7 S o] &3 HEHE 14, FAF T3] =
7, 10(1), pp.197-205.

o, AH&, A (2000, MR o] s}ke} LA
IHE 8% Z2UE x9¥ FE9 AT dues

=T Ae (B X HESIE =28

() =

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ft 2ad e =4, 17(3), pp.361-368.
7539 (2007), NAA FFH 2 7S o] &3

.
7Y 2% 9 B @A 5 ARA 2053

rf

(2012), o] A EA 7S o]
TEEY] #d HE A2 A, g
A e 3 e s, 16(1), pp.64-77.
d, ol&7l, v, =49, +42E (2019), "4

PN ofo

43 FadEe 7dE HdE U, o
zZA, 35(11), pp.163-170.

(2018), Bl Y& o] &gk oA
hel &), o) gtE 535h3] 7],
66(8), pp.92-97.

Allen Zhang et al. (2017), Automated Pixel
Pavement Crack Detection on 3D Asphalt Surfaces
Using a Deep Learning Network, Computer—Aided
Civil Infrastructure Engineering, 32 (10), pp. 805-819.
Young-Jin Cha, Wooram Choi and Oral Buyukozturk
(2017).

Detection Using Convolutional

Level

Deep Learning Based Crack Damage

Neural Networks,
Computer—Aided Civil and Infrastructure Engineering,
32(5), 361 - 378.

Cao Vu Dung and Anh Le Duc (2019), Autonomous
concrete crack detection using deep fully convolutional
neural network, Automation in Construction, 99 ,
pp.52-58.

Donghan Lee, Jeongho Kim and Daewoo Lee (2019),
Robust

Learning-Based Semantic Segmentation, International

Concrete Crack Detection Using Deep
Journal of Aeronautical and Space Sciences, 20(1),
pp.287-299

Gajanan K. Choudhary and Sayan Dey. (2013), “Crack
detection in concrete surfaces using image processing,
fuzzy logic, and neural networks”, 2012 IEEE Fifth
International Conference on Advanced Computational
Intelligence (ICACI), pp.404-411

Liang-Chien Chen, Huang-Hsiang Jan and Chen-Wei
Huang (2001), Mensuration of concrete cracks using
digitized close-range photographs, in Proc. 22nd Asian
Conf. Remote Sens., Singapore, pp.1248 - 1253.
Kasthurirangan Gopalakrishnan, S.K.Khaitan, Alok
Choudhary and Ankit (2017),
Convolutional Neural Networks with transfer learning
for computer vision-based data-driven pavement

Agrawal Deep

distress detection, Construction and Building Materials,
157, pp.322-330.

Lei Zhang, Fan Yang, Yimin Daniel Zhang and Ying
Julie Zhu (2016), Road crack detection using deep
convolutional neural network, 2016 IEEE International
Conference on Image Processing (ICIP), pp.3708-3712
Wilson Ricardo Leal da Silva and Diogo Schwerz de
Lucena (2018), Concrete Cracks Detection Based on
Deep Learning Image Classification, Proceedings of



22.

The Eighteenth  International  Conference  of
Experimental Mechanics, 2(8), pp.489.

Yusuke Fujita, Yoshihiro Mitani and Yoshihiko
Hamamoto (2006), A Method for Crack Detection on a
Concrete Structure, 18th International Conference on
Pattern Recognition, 3, pp.901 - 904.

i i

B E3Y (received) : 2021-12-04
B AALY (reviewed) : 2021-12-07
A 3L (accepted) : 2021-12-26

M17# 15 20214 128

51



