AF A=A A40P 1Z 20249 29 pp. 15 ~ 28 ISSN 1229-2427 (Print)
JOURNAL OF THE KOREAN GEOTECHNICAL SOCIETY ISSN 2288-646X (Online)
Vol.40, No.1, February 2024 pp. 15 ~ 28 https://doi.org/10.7843/kgs.2024.40.1.15

ElE == ATFHAHS flet o|0|X] Hio]E] F= A CIOIE FLx3t By

Image-Data-Acquisition and Data-Structuring Methods
for Tunnel Structure Safety Inspection
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Abstract

This paper proposes a method to acquire image data inside tunnel structures and a method to structure the acquired
image data. By improving the conditions by which image data are acquired inside the tunnel structure, high-quality
image data can be obtained from area type tunnel scanning. To improve the data acquisition conditions, a longitudinal
rail of the tunnel can be installed on the tunnel ceiling, and image data of the entire tunnel structure can be acquired
by moving the installed rail. This study identified 0.5 mm cracked simulation lines under a distance condition of 20
m at resolutions of 3,840 x 2,160 and 720 x 480 pixels. In addition, the proposed image-data-structuring method could
acquire image data in image tile units. Here, the image data of the tunnel can be structured by substituting the application
factors (resolution of the acquired image and the tunnel size) into a relationship equation. In an experiment, the image
data of a tunnel with a length of 1,000 m and a width of 20 m were obtained with a minimum overlap rate of 0.02%
to 8.36% depending on resolution and precision, and the size of the local coordinate system was found to be (14 x
15) to (36 x 34) pixels.
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Fig. 1. Tunnel structure investigation device (TSI-T001)
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Fig. 2. Example of scanning method (Fontana et al., 2003; Lee et al., 2020)

Table 1. Tunnel crack grade classification standards (Korea Infrastructure Safety Corporation, 2019)

Criterion a b c q e
Category
0.1mm < 0.3mm < 1.0mm <
Concrete < 0.1mm 3.0mm <
. < 0.3mm < 1.0mm < 3.0mm
Concrete lining
Reinforced 0.1mm < 0.3mm =< 0.5mm <
< 0.1mm 1.0mm <
Concrete < 0.3mm < 0.5mm < 1,0mm
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(a) Tunnel structure safety inspection image (existing method)

Fig. 3. Tunnel structure safety inspection image
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(@) Tunnel structures investigation device (TSI-T001)
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(a) Distance 10m, detect line width 1mm

(b) Distance 10m, detect line width 0.5mm

(c) Distance 20m, detect line width 1mm

(d) Distance 20m, detect line width 0.5mm

Fig. 5. Crack simulation line identification image data

Table 2. Experimental parameters

Width Height Unit
Resolution M N pixel
Detect area (width/height) H \Y, mm
Al/ML resolution m n 227 pixel
Local coordinate X Y Integer
Sub coordinate X y Integer
Overlapping rate w d %
*Overlapping rate 0% — 50%
Tunnel length/diameter L (length) ‘ D (diameter) ‘ mm
Data structure (X, Y) Array
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Table 3. Crack simulation template data acquisition results at resolution 3840 x 2160

Resolution Distance Detect line width Average detect width Average detect height
3840 %2160 (m) (mm) (mm)

(a) 10 7,658.65 4,307.99

(b) 10 5,883.48 3,309.46

(c) 20 10,912.81 6,138.46

(d) 20 6,390.90 3,5694.88

Table 4. Crack simulation template data acquisition results at resolution 720 x 480

Resolution Distance Detect line width Average detect width Average detect height
720 %480 (m) (mm) (mm)

(a) 10 6,039.45 4,026.30

(b) 10 3,998.52 2,665.68

() 20 7.315.39 4,876.93

(d) 20 5,364.21 3576.14
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(b) Distance 10m, detect line width 0.5mm

(a) Distance 10m, detect line width 1mm
Fig. 6. Crack simulation template data acquisition results at resolution 3840 x 2160
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(c) Distance 20m, detect line width 1mm (d) Distance 20m, detect line width 0.5mm

Fig. 6. Crack simulation template data acquisition results at resolution 3840 %2160 (continued)
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(b) Distance 10m, detect line width 0.5mm

(a) Distance 10m, detect line width 1mm
Fig. 7. Crack simulation template data acquisition results at resolution 720 %480
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(c) Distance 20m, detect line width 1mm (d) Distance 20m, detect line width 0.5mm

Fig. 7. Crack simulation template data acquisition results at resolution 720x480 (continued)
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W
38402160 10 1 6.73 0.82 (19%x21) (17x10) 1,965 19,977.50
3840 %2160 10 0.5 0.02 0.13 (25%28) (17x10) 3,230 32,838.33
3840 %2160 20 1 8.36 6.99 (14%x15) (4x3) 1,012 10,288.67
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