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Deep Learning Models for Autonomous Crack Detection System
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ABSTRACT

Cracks affect the robustness of infrastructures such as buildings, bridge, pavement, and pipelines. This paper presents an automated
crack detection system which detect cracks in diverse surfaces. We first constructed the combined crack dataset, consists of multiple
crack datasets in diverse domains presented in prior studies. Then, state-of-the-art deep learning models in computer vision tasks including
VGG, ResNet, WideResNet, ResNeXt, DenseNet, and EfficientNet, were used to validate the performance of crack detection. We divided
the combined dataset into train (80%) and test set (20%) to evaluate the employed models. DenseNet121 showed the highest accuracy
at 96.20% with relatively low number of parameters compared to other models. Based on the validation procedures of the advanced deep
learning models in crack detection task, we shed light on the cost-effective automated crack detection system which can be applied

to different surfaces and structures with low computing resources.

Keywords : Surface Inspection, Crack Detection, Computer Vision, Deep Learning

el o O Ol5} ¢l G ¥}o
A3t 78 BA Al2"HS A dEd 2o #ek AT
XNED XU -8NT-YE A
|:_|||- % .g:!?’rﬁ’r . jl:l % A_-lﬁ’rﬁ’r% . _Igr % 7|T+TTTTT

(@] OF

L1 =
dEE AE, 1, B2, $5% 59 7Y Aol S F= 84l & AFolAE HAF BT ARRE 29 5 e AsEE
FY 94 29 Tk 80 o) AT Asge A S, B ATANL olgl AR Aol Agd chket BElel 3
glofe A& $sto] 53t vlolH g FEstgitt o], AHFE v Eofol w2 452 U¥se VGG, ResNet, WideResNet, ResNeXt,

DenseNet, EfficientNet H21'd 2&& #-85tict. §9 dlol8 A2 & W% HAE FQ0WLE Wiro BEl 452 AFH] fsiA

183t A A, DenseNet12] 2dlo] 2 nletule] 242 /HAME BAE Aol o) 96.20%) HIHES Dste] 7V 2 452
wolzolh. el 29| 28 4% A% A5 B9, DenseNetl21 5 B8le] ARY Aol 42 47 tlol 2T £L 29 2 452

Holz &4

A2Ee FEo] F5Ee SInT.

F|QE  BEH ZAL 2 EX|, ZDE HIHE, el

.M 2 A A ;oltHll. webs #FES 270 dasto] A sk Zi
] ) ) 2 AzZo) by 8§40 Yol FasiTH. 712 A%E
) 7% AS5E0A Yok g2 A AFEY —tﬂ—?—— = HAAAL ANT} 714S 7E AR |otoa A HEQ)
SAA Bk ohet B1H0R FHHS A AINE  gopy Here AEsie sloz LgET 9o ol pe
# o] EL TRAL/EATY FRARINE FeA] AXTH A A T, SR, HRR net ke
iﬁ*éﬁ%jlqﬁal 71E D] Ags ot aRE d7dtols AFzo] 2 g3 7|x W H|LT} Aj7to] AQET)
(e} ZHALE
13 AR dnletu olo] Wt # B} Belstel A5shE A4l A|2H
] 3] 9 AFuteln olE A 2 AN . =
w4+ ] 3 %;H;‘quygﬁ QIE|AMALo]AA ALY ZoAol iFHL AH3]. #+E A= A #H +E &
HH H] ﬂ a: H:,;L_L}q]g}ﬁ OI_TLZ]‘—OQ]-O]—_\,]— /;]/\]-_\,]-z-l H o B} 5 1
-H H] ﬂ %:}‘éﬂ‘%‘:ﬂ—‘ﬂ’ﬂ_ OIHEHAZI}\]—O]O{/\O_L]_ 0]_1_11‘\__%%].913’1_ Z-—,A X]'Q’]— LHT‘O’] E-E EIZ]E ‘_rL'H‘:e 2 q O] o th ‘T‘ILE_'
Hit o 2 %: A7 ATY QuelPi R 4199l EA5l7] flsf e HA 7l&o] HE&EHI Ut ASE
P Bl 3] W AT e AT A EtAAE AU 5 ==
Manuscript Received?October 14, 2020 h & x| HofoA JiolA A 55 FE5F= Gabor “éﬂ

Accepted : November 14, 2020

5 Al A
* Corresponding Author : Park Eunil(eunilpark@skku.edu) 2 LBP(Local Binary Pattern) e &

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

491 A9} 7L



162 HEX2|SS[=2X/ATEY N L 0| 38 HM103 H55(2021. 5)

She Canny AE718 &% A7 AF=HAS
2T F4¢] dEst Qe "ed e 2d
of H&stele A7k FFHL ATHO-111. ol
=2 °OHA AT £7F A0 FE A48T
Ste e AlASEH.
ot 7129] A7-scle B 7HA el et WA, ot
< TR 2 @g0lA A 4= Qe viE 9 dTe
Shtel dlojel Alof| st A5 st E3 AT
o8 A2 o] gyd BEE Ve s 4% vuE s
£ Aol Heft 2 @70lM A8 7hstt dukA]l
TE HA Bl FAsIaA B ofet oA, ojnA] EF &
Aol ot 2 e TFIshes o] ZeS ARgste] 42 &
Aol glof HA9| dse e ZEE B stuAt it
=29 e 28004 2 4 4 B AY A
7= Astal 3 doly Ay dAE], ged 2d
< R AEHE AASEen, AdoMe 2E 4T,
S5golMe A8 FF A7 Gl diste] 7IEsilth

5
o

fijo
2

=]
A v Ve 28 4 A& A2"ES AXTE A

T7F YA AA, 4= olRske gAY 7] ¥liE

UEL
,
fu
=]
T—ﬁ
i
1o
H
)
=
ne
flo =
ot
>,
:.'L
)
O
N
X
1o
‘
ox,
=)

Crack Segmentation
Dataset

SDNET-Deck
Dataset

SDNET-Pavement
Dataset

SDNET-Wall
Dataset

Crack Detection
Dataset

Damage Detection
Dataset

T(Precision)E 2@/dot3tt. [512 Canny AZ&7]2 A=
7I9E B9 +E& A&

Iy 99 22 A2 AR 28 99l o &
A F2 WU AAdNoF she WARRT sid 49 o199
FAoNM = BBAeI7E AA Y= EAR0] E4%
T 99d 7S 283 e vd Ao EdstA 2
P11 Qlof, Hlo|HE 7IRte R on] Qli= B4 Ao
24 7129 HFE HA 7HEY 5 =22 452 Bt
(6-8]. "Held ZEl 7 AT 3] A(convolution)
A4bE B3l olm Ao AL} 14l EAS TES
2 52 T B A= AT

olo] ged< &8sto] EH FEES HES= d7=°l o
& Y et [9olA= 4719 FF 52 7H A
< AQtsto] 712 99, A2 99 A9 F&T} A4 o A&
ERotes SEorylrh. o AW HUE(Precision)
86.96%2F A& (Recall) 92.51% 12|31 F1-H4 89.65%
£ 7]E3l9] ¢+& SVM, Boosting ZHo] B3] 2 A5
7185kt E3, (1004 = 870 &2 71X &8+ 4173
T 2dg st FIES 482 AESIH. 2E2
oF 41t 9] 712 256, M2 256 A9 oju]x|& o}
98%9] w2 AL=E Bt [11oA+= 778 S8+
A9l VGG16, InceptionV3, ResNet RdS A83}o]
Z32EY #d< A&l H&stuth HE2 ViR
227, A= 2279] o|n|X| & Yol F+F o5& FRsI5 e
H VGG16 HHo| ¢k 99.9%9] 7MY w2 FE=E Hoh

olof] & fA+oflA FFRE, TFEE, S 5o tfst 1=
& #1919 7 tlolHE £kl ofF Bl thfRt oA E
Ago| 7Fset wE HE IS AAlskar HEokaAr gk

Non-Crack

P T3

Fig. 1. Example of Employed Datasets



3. Al

3.1 CloJEf A1

2 AFoME T2 Zo] #E ottt 42 BAE
et JEE P53k Fig. 12 AREE Hlolg Al9] d7
B2 HoET AR, #E X D 24 gt Holg A
< A 21]. & AFo4E Crack Segmentation Tl
Ao g rgrggtet. o] Hlog Al E #Eo] YXE
7] 95t JAF ESH(semantic segmentation)= 2J3f
golg] Mog ZALE9 EIYE FXREY HH
[v]A|et 34 olm]A], 1e|a #+F9 YA E HAISIL
upAS ofuAE EFFStAL glow Zb ojmA= VtE
448, M= 448 AR L= olqlt}. & AtolA= T Tl
o[g] Alo] W & olu|x|e A olnA 9,887}
1,411%= Z42F A&kl

SRR, 7]&9] AolA %%?l’ g #H dolg A&
2H&-51ltH22]. o TlofE Al 54709) waF 2wk, 104 719
FAERE, 72709 BoA FET #F o|n|R|%}F A4 o|u]A|
£ x;3tsto] 9F 56,0009 o|n| A& Zgsta Ut & A+t
oA ZF glog A& SDNET-Deck, SDNET-Pavement,
SDNET-Wall dloJe] Mog wgrisict. zt ojuA|= 7t2
256, A2 256940l &4 FAEHE F4 ou|x]e}t
A oA = wEF oA 2,025%, 11,595%, ZFEE0]
Al 2,6087%, 21,7267 12| HollA 3,8514, 14,28770]
o} ZF oju| A= 1ALt AAY], 7+ E HH 5O ThefEt
HS(noise)2 Essial Ut

AR, #H +F Ao BT gloly Alo|t}.[23]
AFo A= Crack Detection Tlo|E Ao & wrgsict, 0]
dolg Ale thordt Z32E nWol 7t2el AE7) 2zt
227 TAQJA +#4 o]u]Z] 20,0008 FAF o|u]A] 20,000
Ao waksla 9ok,

upAgto &2, msfitt ©R] EopollA 71E0] 8= d
oJg] AloJt}{10]. & AFof|Al= Damage Detection H|OJE]
Moz wHslch24]. s glole] ML 2%, 1} So] %
o A=Y 7tEe}t A27F 247 128 BAS] #HH «+E o]n]A|
o} ZA olvRAE 47 9914 1,264 235t ot

—E— Aol A= H4 do]g Ao ZZF 80%2] °lu|A&

Zoto] HEo] £ HolEZ ARSHL H 20%2] Tlo]

E1§ 1d9] 455 A5 HAE HolHRE ARESIH

Zy olmA= ZFE 224, AE 224 AR ZHEHEYL
0~2559 < 7IXd Z+ 94AE 03t 1 Alo]2 WEkskolt.

o)

o Ml R
lrmarﬁmﬁ.m
ol'-\ﬂﬁoL

=

%

3.2 Do 1M

2 Aol oA 7 EAlOl =2 H5Z Eoli QL
L gokst d8yd RES ARSlo] #48 5 52 v
Aot B AFoAE VGG16, 19[12], Residual Network
(Res) 34, 50, 101, 152[13], Dense Network (Dense) 121,
161, 169, 201[14], Wide Residual Network (WRes) 50,

Aset 22 HA| AA-E 2B B2d 220 29 A7 163
S SELU activation function
4
3
2
14
0
_14
-2 T T T T
—4 -2 0 2 4

Fig. 2. SELU Activation Function

101[15], ResNeXt (ResNX) 50, 101[16], EfficientNet
(Eff) BO, B2, B4[171& Ar_35}9ict

=0 B2 HY=9 gA35 &~ QI E 7F pdnjr} 2k ¥

FE FoUTh ¥A, 7 BdojlA wiA] Fsd 15 Zq‘ﬂ'i]'

59 AE ASH A AMRE FAEF AT Weight
Standardization °©] FE€H PAF ASCE AAHA
olof whe} vjx] A3t AEE A AUH VGG Hdoll=
A AT olFol A AHst A5 FUkeHoh E3
EfficientNet 2@ Swish®} Sigmoid &4Js} 5 ARE510]
FEsI9 o 1 o] wele SELU(Scaled Exponential
Linear Unit) €43 T¢E Argoto] B @A
Hdol 832 dFo|nRet oA ERE
softmax &2} 2709 FAE 7HA= So=2 WA EHoH
ndo] &SR cross entropy 57t A-8E AT

1) Weight Standardization

st 2 Zdo] JHYAET} A4 (vanishing) HAY

Eexploding)dhe 2 ®WAoto] HElo] A3} 1}7go] ¢t
AHAog AYLHEE 3t Weight Standardization(WS)=
ddF 59 7l dis et A= sAFe=E A
A7t 7= vl A7) &A1 EAS hAdste] =
do] E&X 07 EolEE St [18] WS HiA| A+t3t,
5 B3t 59 A3t 53 A AH8HT) Equation (1)

2 WSE &3t @45 9 d4hs UelY, y= 39 &
g, W 20 7154 wol WSS A 83 7153, = S
ALY, 2= ol FollA AEHE Aol

y:f;V*a: (@)}

Equation (4)°1A Wt [&8] A9, 1] 3715 WSl 99,
L 39 98 Ad x Ao 27, W= BLolA iy WA



164 HEX2|5H]=

L=k
/4

DEAN H HolH

&8 H103 HM55(2021. 5)

Table 1. Accuracy of Each Model for the Datasets

Crack SDNET- SDNET- SDNET- Crack Damage Combined
Model Segmentation Deck Pavement Wall Detection Detection Dataset (%)
Dataset (%) | Dataset (%) | Dataset (%) | Dataset %) | Dataset (%) | Dataset (%)
VGG16 97.26 90.31 93.20 89.64 99.31 89.14 94.82
VGG19 97.17 90.53 93.38 89.94 99.29 90.02 94.93
ResNet34 98.50 90.64 93.73 90.93 99.74 94.90 95.59
ResNet50 98.23 89.06 93.59 89.42 99.63 93.35 95.01
ResNet101 98.50 91.59 94.06 91.21 99.74 97.18 95.87
ResNet152 98.76 89.68 94.04 90.99 99.61 95.79 95.55
ResNeXt50 97.92 90.68 93.77 90.55 99.75 94.90 95.49
ResNeXt101 98.76 91.45 94.82 91.79 99.66 93.13 96.04
WideResNet50 98.50 91.74 94.68 91.32 99.65 95.79 95.99
WideResNet101 98.32 91.30 94.53 90.55 99.58 92.68 95.66
DenseNet121 98.41 91.85 94.84 91.92 99.78 96.90 96.20
DenseNet161 98.45 91.63 94.68 92.39 99.83 94.01 96.17
DenseNet169 98.50 91.56 95.07 91.70 99.69 97.34 96.16
DenseNet201 98.50 91.92 94.41 90.93 99.80 94.90 95.92
EfficientNetBO 98.27 91.15 93.88 89.50 99.45 93.57 95.29
EfficientNetB2 98.05 90.27 93.86 89.44 99.53 96.01 95.26
EfficientNetB4 98.05 87.41 93.08 88.12 99.40 96.23 94.44
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Table 2. Number of Parameters and Ratio of Each Model AZ1 AA dlolgo tigt A% 7;,1%—5 2T 534519t
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