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[Abstract]

In this paper, we propose a data augmentation method based on CNN(Convolutional Neural Network)
learning for efficiently obtaining concrete crack image datasets. Real concrete crack images are not only
difficult to obtain due to their unstructured shape and complex patterns, but also may be exposed to
dangerous situations when acquiring data. In this paper, we solve the problem of collecting datasets
exposed to such situations efficiently in terms of cost and time by using vector and thickness-based
data augmentation techniques. To demonstrate the effectiveness of the proposed method, experiments
were conducted in various scenes using U-Net-based crack detection, and the performance was improved
in all scenes when measured by IoU accuracy. When the concrete crack data was not augmented, the
percentage of incorrect predictions was about 25%, but when the data was augmented by our method,

the percentage of incorrect predictions was reduced to 3%.

» Key words: Concrete crack, Data augmentation, Convolutional Neural Networks, Elastic distortion,
Crack detection
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II. Preliminaries

1. Related Work
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Fig. 1. Images after data augmentation :
(a) original image, (b) horizontal flip, (c) rotation,
(d) horizontal shift.
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III. The Proposed Scheme
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1. Feature Transfer and Learning

ol oM AFAEY S Sl «E Ho[E o] mH
= 355k Uhe ANt CNNE A 4= o]
EollA TiAIE EA)S F&5t9 Usid= mix|of tigt &
% HE 2 tjgste e Sl ClolEE S¥shks 719
ojtt. & =wolMe A S S5l Adie U
tlol8 2% offiet Z2 olu]x|E ARt

Fig. 2ax= A= U= HlolHolY Fig. 2be CNNZ
o5t Al At fARRt TiEs A2 Zijolt. Fig.
2014 Hojps IR AROMTE QEE A2 dF
o] =4 ofIx|(Skeleton edge), ZU(Corner) 7|8t of|A],

e WS e+ oflx] HlojEjolct.

() (®)

Fig. 2. Enhanced details of crack with CNN :
(a) input data, (b) output data.
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Fig. 3. Crack vector with skeleton and corner set :
(a) input data, (b) skeleton extraction, (c) corner extraction,
(d) edge with corners.

1.3. ISP EE 52 54 g% & =wollAE Kim
o] Aot AN} fARHAl 24 7|8 o|A1S HlojE] 54

sfo] WEY9] o tlolsj2 A%ITH4O] CNNalS
ofsl 278t 2% olux| 5008, We] 7|t A ofulx]

4004 o] Q3o o]s g 7|8t go|g] 57} 7|HS
£3 SgulolEg sbHoR ARt 348 J1ue

—?'O:] O]U]Kl H}E}i 01-/'\}\]7}\:)]\% % %_75)]0] %‘—@%}0:]
oo QY. 389 22 350 1 deos o3

by

& OX] HoJElS &-g3tof o

2 20

GHliEn g
—>=—> éms >l
.8) ) )t 0] (e 1Ok [N
bl (64.64)

Layer2 Layer3

(64 64)

Fig. 4. Neural network architecture[40].
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(a) input data,
(c) contour image with e =0.005.

Fig. 5. Contour approximation :
(b) contour image,
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Fig. 6. Neural Network Architecture with our method.

2. Elastic Distortion with Crack Skeleton

£rg o 71ge PAlo] QAR WiglE 2ES BEW
Atoh pwol A2 AAste] e YA|Z HlojE
HFske Zlolch ojm) sjd Ztwel ol wigk(Affine
transform)9] 7t5X|S 245t 4¥€ R2H JFEfE HY
gtk o] 2 e olAA-ZAAA oA cioet W

SRS, olAl 7]4e] dlolel 57

e BAT 4 o,
o WA U9z WRL 5] O] ot 39 YIS
nfsble ojRik JejH & oA Kimo] Aotal
HE 1 RS SR Qo A

59} ol el 7}

O]U]K]Q,} St S Ax o]q_ e 3o O]U]KIE Ao A

2 Ra T

Fig. 7. Various crack data generated with our method.

3. Solver Extension : Adaptive Optimization
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density : (a) input data, (b) patch split,

(c) classification of FD(red) and ED(others).
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Fig. 10. Overview of generating the quadtree containing
path—state values, while ED=empty density and FD=full density.
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IV. Experiment and Results
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(a) Scene 1 : Input (b) Without data (c) With data
data augmentation augmentation

Fig. 12. Test results with our method (Scene 1).

Fig. 129} Fig. 132 232 E AN 42 ZAIE
~E3 ATo|n, Hlo|E}2 57}el] Me] An(Fig. 12
@} Fig. 13b)dct =7+ & AuKFig. 12¢et Fig. 13c¢)ofA]
S g G0 Bot FEsHA IA|E AT EFF BOIA]
£ 3% Qo] Hs 2R LAlshict

[~

(a) Scene 2 : Input (b) Without data (c) With data
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Fig. 13. Test results with our method (Scene 2).
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Fig. 14. Test results with our method (Scene 3).
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Fig. 15. Test results with our method (Scene 4).
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