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Abstract

Underground concrete structures are usually designed to be used for decades, but in
recent years, many of them are nearing their original life expectancy. As a result, it is
necessary to promptly inspect and repair the structure, since it can cause lost of
fundamental functions and bring unexpected problems. Therefore, personnel-based
inspections and repairs have been underway for maintenance of underground
structures, but nowadays, objective inspection technologies have been actively
developed through the fusion of deep learning and image process. In particular,
various researches have been conducted on developing a concrete crack detection
algorithm based on supervised learning. Most of these studies requires a large amount
of image data, especially, label images. In order to secure those images, it takes a lot
of time and labor in reality. To resolve this problem, we introduce a method to increase
the accuracy of crack area detection, improved by 0.25% on average by applying
adversarial learning in this paper. The adversarial learning consists of a segmentation
neural network and a discriminator neural network, and it is an algorithm that
improves recognition performance by generating a virtual label image in a competitive
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structure. In this study, an efficient deep neural network learning method was proposed using this method, and it is
expected to be used for accurate crack detection in the future.

Keywords: Adversarial learning, Crack detection, Semantic segmentation, Health monitoring, Image processing
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Fig. 1. Concrete crack images from USU
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Frequency weighted ToU : (D 3¢,)™ 'Yt/ (t:+ Y onj—ny) (10)
k i j

Crack IoU : Y jn,/ (t;+ an,; —n,;), where i = 1(only crack region) (11)
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Table 1. Performance index of K-fold cross validation method (unit: %)

Learning type K Pixel accuracy | Mean accuracy Mean loU Wl;r;ﬁ;lee;fzu Crack IoU

1 98.18 87.49 83.36 96.56 68.62

) 2 98.54 88.64 84.58 97.23 70.67

Supervised 3 98.57 92.14 86.46 97.34 74.41
learning

4 98.45 89.48 85.02 97.08 71.66

Avg. 98.44 89.44 84.86 97.05 71.34

1 98.19 87.42 83.41 96.57 68.70

] 2 98.53 88.85 84.60 97.22 70.72

Adversarial 98.65 91.82 86.91 97.45 75.23
learning

4 98.45 89.88 85.05 97.08 71.71

Avg. 98.46 89.49 84.99 97.08 71.59
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4.3 QA ZatHjw
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Table 2. Result images

. . ised learni A ial learni
Crack images Label images Superv1se.d earning dversarlta earning
result images result images
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