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Ahstract

The mmber of concrete bmldimgs 1z steadiby
IneTeammneE even as conshuchon  matenals  have
drversified due to the development of constrachion
technolomes. However. because of the matenal
properties. cracks ocour due to vanons cansas over fme,
and these cracks adversely affect the safety and fimetion
of the biding Therefore, the mspechon and
manapement of cracks m concrete bldimes 15 a
aguficant part of the mamfenance field of bwldine=,
Cwrently, crack meshpatron work 15 camed out in the
form of visuzl mspection nang ample equpment, such
az a crack scale Thizs mepechon method has the
dicadvantape of eroming accwrzeyv and objectvity of
measmement reqults. Tosolve these problems, this study
propeses an automated process for detectine crack=susng
deep learmng and 1mapge procesang technology.
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1 Imtroduction

Most of the bmldines or Earth have used concrete as
2 major buldms matenal ance the irvenbion of arti ozl
cement The mmnber of concrete wmldings 1= steadiy
IDeTeasmeE  even a5 consbuchon metenals  hawe
diversified due to the development of construchion
technolomes. However, because of the matensl
properhies. cracks ooy due fo Vanous canses over fme,
and these cracks adversely affect the safety and fimetion
of the bwiding. Thewefore, the mopecton and
manzeement of cracks m concrete aldmes 13 a
sgmficant part of the mammtenance Seld of muldmgs.

Camrently, crack mwvestzaton wook 15 camed out
such as 2 crack scale. This approach requoes a lot of
expertize and cammot avoad ervors from the researcher's
expenence and subjective udgments To address these
problems, the use of deep learmmg technology has
ermerged for more efficient and objective svaluation of

faciites. Therefore, m this study, we mopose an
awtomated process for detecting cracks wsing
laarnmg for more effictent and obyactive development o
facility defect dugnoas technology.
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2 Literature review

Crack mveshization work 15 carned ot m the foroy of
visuz] iInspection uang sumple equpment, such as a cack
seale. Thi= mspechon method has the disadvantaze of
enAmng acomacy and ol ectivity of meammement resulis.
To solve this problem vanmous studiez have been
condocted ance the early 2000z to apply 1mage
procesang and deep learmne technolopy to ormck
umeshzahon.

Imaze processing 15 2 method of perfommng some
operafions onoan imsge to gat ap enhanced mmage or
extract some useful imfarmation from it [7]. The process
of deteching cracks usng mage procesang 15 Hypecally
through processes such as pre-meatment, segmentation,
feahmre extrachon. and erack detecnon Byum etal (2003)
and Lee et al (2008) applied 2 morpholozy technique to
this process to detect cracks In addition. Evmesal (0100
conducted a study to detect crecks by apphang Fuz=y
logie to the values of the B &, and B channels to unlhize
the contrast of idenaty of the mapes. However, these
studies had lnmtations in that they conld not claszafy the
form of vanous cracks and are suscephible to noise a5 a
eliminate nolse in mages,

To compensate for the hmatations of these stuadies,
recent smudies on deep learmns-based  detechon
tecimiques have been conducted Deep learmng 13 a
subfield of machine learmne concerned wath algonthos
inspired by the straechure and fimeton of the brain, called
artzficial newral metworks [3].

These deep learmine alponthme can be clasmfied mio
detailed alponthme, dependng on the form of
comnectmaty between nodes and the mmmesical model
used and ame mamly used m the fisld of mmge
recogniion, czlled z convolunonal pewal network
(CE). A CHN 15 pot only used for applyving mmage

173



ICDCB

recogmtion but also 1o meny research areas, such as
object elanafication and mage sepmentafion A vanety
of shdies have been conducted recanthy to apply 2 CHE
to detect cracks (Yomg-pn Cha et 2l 2017; Emn el al |
2017; Cho et al., 2018).

However, these studies were msufficient fo extract
the charactenstic mformaton of cracks or fo demve
that was the ba=mis for estimafing the cause of the cracks.
Therefore, we propose a process that can detect cracks,
charactenshic information, such as width length and
shape, and sface detencranon, such as leakage, white
coahng, and rebar exponme, by wang deep learmng and
LINa e Processing.

3 Crack detection process using deep
learning

Thas shedy proposes a crack defection process wang
deep learmng and 1mage procesang technology to detect
cracks m concrete strhoes more objectively and
effimently. This process comasis of three detmled
processes, the crack detection phase, charactensac
information extraction phase. and detenormbon detechion
phase (Figure 1}

Tarirag o

Ol Dwmaiion plas

s —_— >
L[ rrmees |-|!l"""|!’." {4 o | 1 DRt || = Db
P i s | R

[ — ] epeses ¢ s T
e ["'| il § -+ | | vk
H | f:ifﬂ | | Foas deR T | Ilu;::;:;"f': .

PO T i
| Betetmsbes dwie Lk T E.l_“.::-ﬁ '
Exliarbch R Vi Rl i

b .

Fimme 1. Crack detection process

#  The crack detection phase 15 the first step m the
enfire process to check for aracks m the pmape, A
crack inmee data set 1s required to perfonm this step.
To produce this datzset, a large mimber of crack
mzpes must be collected and labeling and 1mage
augmentation performed. After completing the
dataset, the CII learmng process 1s performed.

*  The charactenstic information extraction phase 15 a
step to calculate the wadth and length of 3 crack and
to extract the form of a crack. To perform this step,
mnzpe  procesang  techmaues, swch as edge
detechon and pixel calenlation can be wmad.

#  The detanoration detection phase 1= 2 step to check
if there haz been swnface detenocmbon, soch as
leakape. white coating, and rehar exposure, arowmd
a crack. At this sfzge. the O wall be applied m
the same way as m the crack detection phase.
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4 Conclnsion

This study proposed an awtomated process for crack
detection usning deep learming fo develop objective and
accmate crack inspechon technolosy. The results of ths
study can be wsed as bamic data for the development of
the megne-based Habty defert diagnosis avtomation
system and fo dewelop facility state assessment
technology.
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