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Abstract

The performance of the existing tunnel scanning system was analyzed through the
post-evaluation of NETIS (New Technology Information System) and Inspection
Support Technology Performance Catalog. Suggestions for improvement and deve-
lopment direction of the tunnel scanning system were deduced. As new technology of
Japan gave priority to providing user-centered information, it was possible to objecti-
vely compare and analyze the characteristics of various tunnel scan systems through
post-evaluation of NETIS and standard test methods in the Inspection Support Tech-
nology Performance Catalog. Construction New Technology of Korea was centered
on suppliers of technology certification, making it impossible to objectively compare
the performance of tunnel scanning systems. The performance was compared and
evaluated indirectly by comparing the specifications of the camera, which is a core
device of Japan’s tunnel scanning system. For the future development of tunnel scan-
ning systems, high-resolution and fast exposure performance of cameras and corres-
ponding high-intensity lighting devices are required. For this purpose, it is necessary
to make an experimental environment in which the performance of the camera and
lighting can be analyzed indoors.
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53], =g, 950 A& 0 & Sk FAIE Holal qlvk HE HIF(Computer vision) ] YAl i
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sto] G 24 PdE AdstolA welshr| flslixle A4 dH1S 4 4l=do] FlE Fa st o 4
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&)1 JthBae et al., 2021).
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ZE =l A= 717441 714(Construction New Technology, CNT) 2 S A7H(Area scan) 712} 7|5H]
Y A7 A AHE] 3740] SE2E] Qi) /fEkE &= KMTL (CNT 887,2020), Deep Inspection (CNT 898, 2020),
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Table 1-& NETISOﬂ =5 5719 B 7H‘4 VE“ 5 374011 tiisto] 42l Al 587 13t 20] o
A HE ZHE BTl itk AldASE e W 1720 A8 37H—4 7¢H], MIMM-R, MMSD II % TC-3
+ Bt 40 km/h = F3Y5HTE W 12 0.3~3.0 mm wE E5 28 8471 SAAf tiRt HE TEEE,
MIMM-R-2-100%°] 12 MMSD 1= 96%, TC-3-2 98% = UrEPigu}. HHH 20]14] 0.3~3.0 mm 7F Z2] 6171 &
AAIE td 2= MIMM-R-Z 49715 HE510] 80% THEE-S Hl B MMSD IIi= 100%, TC-3-2 95%=
UERSFTHNETIS, 2023). MIMM-RO] ' 20]4] TH5-8 80% 5 HQl o2& JAA 7Hdete] E43%4 HH}E
olF A] Zget o]u|z]of] AF-E2|(Motion blur)7} EHAYSTe] HE3F o] z|of|A] - E E W 4=x]o]| thotod T
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MIMM-R Hth -2 o=5-& el 2102 FAe 4= Qlr} NETIS O] Alg4A587Ee] T ZQl Ald A7HE
5= HlusH |oll= A Sl A 0 2wk
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Table 1. Results of crack detecting rate of tunnel scanning systems

Method 1 Method 2

T 1 i Perft . .
unnel scanning system eriormance (crack width 0.3~3 mm) (crack width 0.3~3 mm)

2K Area scan

- o, 0,
MIMM-R 1.5 mmy/pix (70 km/h) 100 % (84/84) 80 % (49/61)
8K Line scan
MMSD II % (81/84 100 % (61/61
S 10 pix (80 km/h) 96 % (81/84) 00 % (61/61)
4K Line scan o 0
TC-3 L0 pix (80 ) 98 % (82/84) 95 % (58/61)
Tunnel Tracer 4K A'rea sean Unperformed Unperformed

1.5 mm/pix (50 km/h)

4K Li
eQ Doctor T L0 pize( ;::)an ) Unperformed Unperformed
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Table 2. Standard test method for image measurement in tunnel

Standard items Method Specimens/Charts

* Simulated specimens are produced by varying
the crack width (range 0.1~3.0 mm).

* Use the images taken during the verification of
the minimum crack width.

Crack width * The root mean square error of each measurement }\
result of the simulated crack width and the true ||
value, using the image taken during the minimum |||
crack width verification, is the “measurement
accuracy”.

L1
NN

Z
T

T

Cracked specimens Change the width of a straight line

* The part other than the crack is scorched with
. . The non-cracked arcas are
Contaminated charcoal, etc. on the cracked specimen to create rubbed with charcoal to create
sooty contamination on the

crack width sooty contamination on the cavity surface, and cavity surface
the crack width and luminance are measured.

* The cracked part of the specimen is rubbed with Cracked specimens
Crack with soot  charcoal, etc. to fill the crack, and the crack width l by i

Soot-filled crack specimens
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Table 2. Standard test method for image measurement in tunnel (continued)

Standard items Method Specimens/Charts

Concrete  Marking
—— v

* Place the markings of different widths and colors
on concrete plates inside the tunnel. Markingon the concrte fce

Marki ) .
arking * Take pictures and measure the color, width, and
luminance of the markings.
* Create a crack by embedding a rectangular vinyl
chloride plate that copies the crack inside the 0.5, 1.0, 2.0
concrete specimen.
Depth of . .
ept .0 * Measure the crack width and depth by making
crack width . . 100/ 3007
three types of vinyl chloride plates (0.5 mm,
1.0 mm, and 2.0 mm) and two types of depth
(100 mm and 300 mm).
* Attach markers to four points on the tunnel wall.
Length * Verify the distance between the markers in the
measurement longitudinal and transverse directions by
accuracy calculating the error of the measured value from
the image.
.. * Calculate and verify the error of the distance
Position . . .
between the markers and the installation location
accuracy .
from the image.
* Verify the extent to which the color difference
Color can be identified in the captured image by
identification visually inspecting the image with three

technicians.

AENETISO| 5549 5712] g A7l Al A" 5 Table 22] HH A 7% A5 7122 1.0] I A1 B
of| whe} 4535 A= 4710]# MIMM-R, Tunnel Tracer, MMSD 112} TC-30]t}. 87]0] BF 5 5 F4E =,

do| 54 Ao, x] Aol M A 591 F 471 = tiste] 35402 £, Al AaE
Table 31} Zro] A2]s13itt. MIMM-RY} Tunnel Tracer+= 39470 7HH|2E MMSD 112} TC-3+= 2H1AZH 71|

2HE -8t Aol A Z1Re] B 27 Al o] s )= ZhEte ], ZhHete] SRt sl
g o) s T ThE 2o = ot iHRte] SRet Al ge sl BE 27l Al 2H 0] AdsS vl
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Table 3. Results of standard test method for image measurement in tunnel

Error of crack width | Average error iy Color
Model . . E f . .
ode Camera Speed (Min. crack width) | rate of length rror ofposition identification
MIMM-R | 2K Area scan | 41 km/h 0.43 mm 1239, | Longitudinal: 39.0mm |
(0.2 mm) Transverse: 19.7 mm
Tunnel 0.46 mm Longitudinal: 11.5 mm
4K A 4 h 1.26 9 1
Tracer rea scan | 40 km/ (0.2 mm) 6% Transverse: 38.5 mm Color
. 0.22 mm Longitudinal: 13.3 mm
MMSD II | 8K Line scan | 60 kmh 0.67 % engliudina Mono
(0.1 mm) Transverse: 17.5 mm
TC3 | 4K Line scan | 40 knvh 0.20 mm 0980, | ongitudinal:20.0mm |
(0.1 mm) Transverse: 18.0 mm

24 d 2 54 A7 4K Fi= 8K o] 2RIATH ZHl}ol| 4= 0.1 mm w4 = gl
Hell 2K Fa= 4K G4 71H|2k= 0.2 mm wE Z7E] Ao] 75 R A 0 2 FAE QI h|ete] el ot
2} 2jo)7} eI SS-S SIRISHIT. W F A2 ofu| 2ol A Seto B HEN AS on|Ritt. v £ =7
A= o Fo| 57 Aol gt :3te] B Alu Rz}i Lrebd Aok, 2RRIAZH 7heh= s 2fo]
o] < = 0.1 mme] ti5le] 0.2~0.22 mme] Q27 Q= Ao 7 urEP*E‘r FAATH 7ol = FE &
0.2 mmo]| th51d 0.43~0.46 mm 2] 227G 71 ﬂ%} ct. oln|= gl
0] z}Akof 4 0.1~0.2 mm FE Zo] 89ho 2 AJ¥o] 7H5SRAIT, 01‘1111%011*1—5— 7Y £0]0.2~04 mmE A=
= ZoR BURE S Qlr) w4 & 542 on|2| 9] Eolfet A gloH 74 ZgH] <] o] 2] Foli'50] Table 1

oA Ltehdl 5.0 2 Tejal uf, 114 790 2 Bt ojulA]e] FHL o]

pi}

:oé
olr
0,
Z
wh
é
>
!
i
o

P

ré
E
=
HT
i)
_qa
5
>
réé
Y
=)
=

o] =4 A oA MMSD I (8K 1A 712 0.67 %, TC-3 (4K 2HIAZH 7H2h-20.98 %2] 3
o 27} Lo, MIMM-R (2K AT 71H[2h-2 1.23 %, Tunnel Tracer (4K G G270 7HA2H = 1.26 %2
Q27 UERT i AR eRRIAN Fijeke AN ZhlekE o o] =2 A E e I Qlek 91X 4
S 9] 32 MIMM-R-2 =4+ HI5F 59 .0 mm, T 19.7 mm 2271 137 Tunnel Tracer—= T HI5F 11.5
mm, FTHEF38.5 mme] @27t AT GAATN Fh|Eh= et vkt e k] bt dAdstA] ¢k
1 o|m| 2|7} ET Rk = ek ko 2 23 At Ut MMSD I 9 39 13.3 mm, T
17.5 mm 227} Q)1 TC-35 5 1 20.0 mm, I 313F 18.0 mm ] 2217} st il A7l 7hjah=
ekt S2 kY] @275 mm OMH Tt At e AR B |, 114 Fj o= QIgth on|z] A3t
Al [T = o] mhE @A FAATN FheletE o 2= 2 0 & T A A 452 7H|et o]w)#]
ALK €] 7461 F= 2 e(Mono) 9] A1 1~— o io|m, MMSD IIi= 7H|2ke] o]m| 2] k7 B ehx] Aejo] A]

3

oAz }wjete] 79 2K 4K slieo] mhe T AlE ATjolA] Eetet ol et aigkeh slw
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FUIH 4K ST o] RRIATH 7H|tet G470 ZHete] TRt b Bl sk eRIATH 712 Kt o -
St oS ekl A0 = B9
3]’ JAATH 7H |2t -89 H] oA 8K S o] 749 o] 54 A of 92] o4 2] @ 2k= 4K s
7ttt 7V AT LERH QI 8K =] %411 MMSD 1+= 60 kmvh = 511 4K s
E—J TC-3+ 40 km/h&] £ 2 FJ5IS17] whizel &9 T35 ollA Zol7t Ao}, FaE5 1 2ol & Aot
T B0 Al Aol A 8K sVt o] 4|1 MMSD II7H4K sV o] TC-3E et @ 2p7} 21l ofm| 2| o] 54
ol B 2 Ao= weEr]
g A7 A AR ZHeke] sl whet o]n| 2] Fdof AfolE HofFal Qlek. sujol| A ZiIE BE A7)
3 Al ERE o] HY A 71 A 7P RIS B Al ol wiet A3 gkt At glo B = Tt
S vl wslo] Hd A7 A 2RO A5 7HE A 0 2 WIS Table 4= Q&3 o] B'd A7 A
A 0] 7Hd|2} Al S A2|et Ao}, ZH2f E5F, SV, FPS (Frame Per Second), A E]<=(Shutter speed),
o Ro} /it i 2 LRSI Y20 MIMM-R-LS 20080 384 3k4-0] 7H|el2 gAfjste] &% 7
0™, 2013 0] 2K sV o] AT 7Hlet= 1o =5 ZaYstIrh =] KMTL Y} -FAR 2K 5
Ao A FPS (Frame per second) 2t A EIS oA Zto]7} QAR 7Hd|et S S 715 2 Table 32] 22}
H|wsto] g 2] 0 = 45131t =7 2] Deep Inspection?t MTEC 9] 4K 270 7H|2et Al 452 28
L= 2= AE9] Tunnel Tracer©|th. Table 32] & & =4 Aol A A <4 = 0.2 mm7HA] AE-2 7155}
THAl A=A A = gt o]n|R]of| M= - Fo] 9F0.46 mm= HEF|]ICE FH| o] 21 &
e 5ke-FollA 2to| 7t Q& o AR, =i o] B A7 A AR HISRt A5-0] ZHHEtE ARkt Yol gw
oA H5ZF on]| AL}t AR FEE ZES A0 R Yt 4= Qi

[¢)

—

Table 4. Comparison of camera spec in tunnel scanning systems

Nation Model Camera Resolution FPS | Shutter speed (s) | Color | Development
Japan MIMM Area scan 380,000 30 - Mono 2008
MIMM-R 1920 = 1080 30 1/2,000~1/3,000 | Color 2013
Korea KMTL Area scan 1920 x 1080 60 1/4~1/10,000 Color 2020
Japan Tunnel Tracer Area scan 3840 x 2160 30 - Color 2018
Korea Deep Inspection Area scan 4096 x 2160 60 1/8,000 Color 2020
Korea MTEC Area scan 4064 x 3044 30 1/4,000 Mono 2021
Japan MMSD II Line scan 8192 x 1 - - Mono 2017
Japan TC-3 Line scan 4080 x 1 - - Color 2019

Q1.2 9017 A% 0] 8K FRIA 7HEE gt €] A AAE MMSD 1S 7idbstsict, Zfjoll= o}
2] 8K S0l FAAT F= 2RIAH 7HH|2RE -89t B A7 AlAER AN 2] oRgteh BE A7)
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A2l ko] Aol ket SetA e, ofnlA] Z]vte] B Avid AAE Aake Sfalae Fleate] Aol
olc}. G5 7t 71be] 6 A7 AAE] A 2R 80 kinh 04 0.3 mun/pix
A

o] Ralls-& ZHe TEAO] o] ] 215517] SIS 8K oJAo] TaE 7ok FasHs wete] diste]

= A
Z 0| IAIE HoFA1 QLI 2010). 1 mm/pix2] ©]u]Z]of|A4] 0.1 mm & Zo] 8<¢to 2 A1
F01 QI Fig. 2= w4 HE AT E o & &8sto] o|n|aldollA #d Za} vl o] gk “1ejo] AAY(Gray
scale)@] 2fo] 3H(0~255) HE}E Sl E Z-2 HESH= ARIE Eo511 QU th(Nishimura et al., 2012). Wang
etal. (2022) Z1ef|o] AA| P 2] HalE E-8t w4 F HE BE-S Foll 1 mmpix 2] o204 0.5 mm #+4F
Z20.546 mmZ &1 9.2%2] Q28-S BlstTt. sHAITE o]u] ] o] S, e, 21 Xk SO T3
o] Aol H& 7hado] =71 wiEell 0.1 mm T Q] oA o =2 exp I A 0 = ek

0.3

0.2

Crack width (mm)

0.1

0 1 2 3 4 5

Image pixel size (mm/pix)

Fig. 1. Relation between graph of resolution and crack width
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L1l 11118

0.2mm 0.6mm 1.0mm

Fig. 2. Gray scale (0~255) in 1 pixel captured by crack scale test chart

zloll= o2t A FE HES S0l Held 71l A=A Qlck. A ghat Feieha] AAkAt H(Ukai,
2007; Shen et al., 2015; Huang et al., 2017), Texture analysis 2] Gabor Filter (Medina et al., 2017) ¥, o€l Q1
2l(Pattern Recognition) ¥ 5 CNN (Convolutional Neural Networks)=- 0]4‘10} & A= W (Makantasis
etal., 2015) Z12]2Z FCN (Fully Convolutional Network)®l] 2Joll &5 54 9] Al5-S AFgsto] #E 9] oJu|&E
2 2SIk o|wA] Q14 W (Huang et al., 2018) -5 T &a12|50] %}%ﬂﬂ Ak, A B =

W2 0] o|n| 2|5 ShsH|olH = 7 kg o] S sHAIRE, Aie] AR k= o]n| 2|9 4 o] wheh A}
o] {IAIZIEL. oJr] A =5 0.2~0.3 mm o] #E-& HESH| HlsliAl= olnlA] E6lks 27 0.2~0.3 mm/pix €]

7] YA = 7] s
= 717} A 75ho] Aarslal
T} Table 5+= 7}”1]'3}4 F9 7|53 2ol 5 e Zlofet, 2RIAT 7|t A0 7 etk o) 114 el
e} felRH 0] oA A 71 19] Z1o] 27 st S17] st o] BaEaReld ez 7fulet
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(Inertial measurement unit) S -8t 2Fo] Y& 0 57|21 dljofst= T o] St

Shel Aok o138 Yt offZo] HX g} o 9lom, FIA M 7o} ] &S] 2o W a5t Attard et al.,
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Table 5. Comparison with camera features

Items Feature Pros Cons
Line scan High-speed capturing Small field of view, image distortion
Sensor Area scan Easy and standard, large field of view Not as fast as line cameras
Shutter Global No motion blur, no noise Expensive (~3x of the rolling shutter’s cost)
Rolling Cheaper Motion blur, including a switch noise effect
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