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[Abstract]

In this study, we propose a crack detection method using limited data with a U-Net based image
inpainting technique that is a modified unsupervised anomaly detection method. Concrete cracking occurs
due to a variety of causes and is a factor that can cause serious damage to the structure in the long term.
In general, crack investigation uses an inspector’s visual inspection on the concrete surfaces, which is less
objective in judgment and has a high possibility of human error. Therefore, a method with objective and
accurate image analysis processing is required. In recent years, the methods using deep learning have been
studied to detect cracks quickly and accurately. However, when the amount of crack data on the building
or infrastructure to be inspected is small, existing crack detection models using it often show a limited
performance. Therefore, in this study, an unsupervised anomaly detection method was used to augment the
data on the object to be inspected, and as a result of learning using the data, we confirmed the

performance of 98.78% of accuracy and 82.67% of harmonic average (F1_Score).

» Key words: Deep Learning, Concrete Crack, Crack Detection, Anomaly Detection, U-Net,
Unsupervised Learning
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I. Introduction
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II. Preliminaries

1. Related works

1.1 Anomaly Detection
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Table 1. Classification of the Anomaly Detection

Classification Data Label
Supervised

Anomaly Detection o o

Semi-supervised o A
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Fig. 1. Architecture of Unsupervised Anomaly
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III. The Proposed Scheme

1. Deep Learning and Generation of the Model
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Fig. 4. Architecture of Model for Crack Image Inpainting

Table 2. Hyperparameters for the Learning Model

Hyperparameter(unit) Value
Kernel size(pixel) 5x5
Filters(count) 16-32-64-128-64-32-16
Layer(count) 4
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2. Detection of Crack

2 AFolM= ol EA] WM 4 dlolEet &3
glolg 7te] xtolg ol o= EXIshRol 52 &3l
U A4 ofulx|et def et A2 o]ulX|Y| RlolE
&ofl 23YES] HES FETTh Fig. 69 1, 29 1}
Y wFo| Fdigh s
< Fig. 64 39 ap7gdat 2ol ZF 4= flojE]
3}5 ZHolEE HAE9] grayscale W=
difference map2 A3t

U™ oJu]R]o] #E FFY grayscale a2 EF A

FEE o5 7] T, grayscale glo] At} W E2
Ol“P‘V’ﬂ’\ih wEo| 2919 O il FAHA SYE7]
TjZoll grayscale %ol XA Htt. wets, &2 oju]x]
oAl 4 oulx|Q] o] Aol Lot SHITt. ShA|T
A oJu]x]oflA AfolE LokA] EHH, wEo] ohd F29
A ofoJy A glo] Bl o] BAsh] $fsh utolH A
ol tisliM= 002 HAste S it} iAoz of2f
o] Alat Zo] relu 45 AL&sH HAH Lye ¥ ©f
0R]9] = Zholt, Oy &3 o]u|x]2] =4S Zholtt. Dy
+ FEAor dad 42 oux|Y T oot
Dy = relu(Oy — Ly)

l"

)
|o

(/
Crack Inpainted
|mage image
-/
A‘_“_N_J,éz _— ‘ﬂ‘\\_\‘),L\
0@ ﬁg Crack detection
Concrete crack
inpainting model
J
Fig. 6. Process of Concrete Crack Detection
Y S Sl AAl #E olulx|of tigt +E FEgt
At OF Fig. 71 2t} Fig. 709149] (a)= Y=g A
Al #2 olu]x]o], (b= F&H E9 OJulA], ()=
F2e] 2p ojujxz gRe] B Arjz FE01 9
OO o

2 4 ol 3RA ofofx]9] 3% (c)2HE HlojEfo

271 9182 Holtd], Y olujxlolH B & 4 9)

o o

So] o] ofd HHilE U2 Wyslo] 9L w
Qck. W (b)ZY 5% olulAloME 2¥o] ohd BE
o Aold A 259 2 & & ck

(a) Original crack image

ié [ i
/ g~

= . WS

(c) Crack label data

P

Fig. 7. Results of Concrete Crack Detection

3. Performance Evaluation of the Model
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{a) Original data

{(b) Crack extraction data (threshold:0.1)

Ao

{c) Noise reduction data

)

{d) Crack label data

Fig. 8. Results of noise reduction

Table 3. Evaluation Indicator of Classification

Performance [12]

Indicator Description

It is the fraction of true positives out of
what the model classifies as true, which
excludes false positives.

Precision

It is the fraction of retrieved positives out

Recall . )
eca of true positives and false negatives.

It is the fraction of the correctly
predicted and can show the performance
of a model most intuitively. But, its value
as a performance indicator decreases
when the portion of the independent
variables is imbalanced.

Accuracy

The harmonic mean of precision and
recall is an indicator that can accurately
assess the performance of a model and
explain how effective the model is when
the data are unbalanced. It evaluates how
well recall and precision are harmonized
and not biased. If the value is skewed to
one side, the harmonic mean comes out
low, and the higher the value, the better
performance model.

F1_Score
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Table 4. Evaluation Result of Performance

Threshold | Precision Recall Accuracy | F1_Score
0.01 0.3593 0.8701 0.9353 0.5085
0.05 0.7788 0.8109 0.9839 0.7945
0.1 0.9104 0.7571 0.9878 0.8267
0.1 0.9243 0.7476 0.9879 0.8266
0.15 0.9604 0.7094 0.9877 0.8160
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E3 7]E U-Netg 53t 48 5£9] 72 Table 59
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Table 5. Evaluation Result of Performance(U-Net)

Threshold | Precision Recall Accuracy | F1_Score
0.1 0.806 0.922 0.988 0.86
0.4 0.949 0.875 0.993 0.91
0.75 0.986 0.807 0.992 0.888
0.9 0.994 0.742 0.989 0.85

IV. Conclusions
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