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Abstract

In order to keep infrastructures such as tunnels and underground facilities safe, cracks
of concrete lining in tunnel should be detected by regular inspections. Since regular
inspections are accomplished through manual efforts using maintenance lift vehicles,
it brings about traffic jam, exposes works to dangerous circumstances, and deteriorates
consistency of crack inspection data. This study aims to provide methodology to auto-
matically extract cracks from tunnel concrete lining images generated by the existing
tunnel image acquisition system. Specifically, we train a deep learning based semantic
segmentation model with open dataset, and evaluate its performance with the dataset
from the existing tunnel image acquisition system. In particular, we compare the model
performance in case of using all of a public dataset, subset of the public dataset which
are related to tunnel surfaces, and the tunnel-related subset with negative examples. As
a result, the model trained using the tunnel-related subset with negative examples
reached the best performance. In the future, we expect that this research can be used
for planning efficient model training strategy for crack detection.

Keywords: Deep learning, Crack detection, Semantic segmentation, Image proce-
ssing, Concrete lining
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Fig. 1. Overview of relevant-dataset selection and model training
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Fig. 3. Preprocessing procedure for images
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Table 1. Sub-datasets and their relevance to the Big Eye imagery

Name of sub-dataset Relevance Remarks
CFD v Background is concrete surface
cracktree v Background is concrete surface
Eugen Muller 4 Background is concrete surface
Sylvie Chambon v Background is concrete surface
Forest v Background is concrete surface
Rissbilder v Background is concrete surface
Volker v Background is concrete surface
DeepCrack A Some of images are relevant, the others are not
Crack500 X Background is asphalt surface
GAPS384 X Background is asphalt surface, contains lane paining
noncrack A Background is. concrete surface or tile, and we expect that negative
examples can improver model performance
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Table 2. Re-organized Kaggle dataset

Re-organized dataset Sub-datasets Number of images
Kaggle-original All 11,298
CFD, cracktree, Eugen Muller, Sylvie Chambon, Forest,
Kaggle-rel 5,898
aggle-relevant Rissbilder, Volker, DeepCrack
CFD, cracktree, Eugen Muller, Sylvie Chambon, Forest,
- - 7,309
Kaggle-relevant-noncrack Rissbilder, Volker, DeepCrack, noncrack ’
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Fig. 4. Examples of pre-processed images

SHH, Azteloto] A det 2hillw) Akmolld - E o] F2 1 ok FAHEH. CAD AF&EE polyline 22 5]
D= o Z3t BAGle] 1 Bhag EAE ol ‘”%Eﬂ A E ZE A1) whdsty] flste] FEekA A

ZAHKmorphological operation) 2] LE<1 =W (dilation)= 2-8ot] W E 23 F747| vHYT=3It.

Journal of Korean Tunnelling and Underground Space Association 555



Sangwoo Ham - Soohyeon Bae - Hwiyoung Kim - Impyeong Lee - Gyu-Phil Lee - Donggyou Kim

k549 PSPNet= 7| B 4 H5 A1AH 2] 9] glo|gAlS: o] 8510 715t AT} Table 37} 22 H71 4
e B 4= A Test mloU+= 7= Hlo|gjAllof| A A Q)= 713} noncrack-S A EISt] e5A17& w7 7}
A =okom, ¥ Q= AT RS nfo MRS SEAIHS 7t I HE =t e a2 V= EHE 9

& F5 A LEE] HlolEAlE A 27t A= Fig. 59 Er. 72 HiolB Al A - Q=7

SAIZ] 3% R BA A3V SR A S18H 4 ol

77} noncrack-2

Table 3. Training and test mloU of the trained PSPNet

Dataset used for training Training mloU (%, Kaggle) Test mloU (%, Big Eye)
Kaggle-original 79.64 50.82
Kaggle-relevant 78.30 55.44
Kaggle-relevant-noncrack 78.03 63.60

Fig. 5. Crack detection results of PSPNet. (a) is the results of PSPNet trained with Kaggle-original, (b) is Kaggle-
relevant, and (c) is Kaggle-relevant-noncrack, respectively.
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