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In order to assess the on-site applicability of 3D absolute displacement monitoring of tunnel using digital pho-
togrammetry, the displacement of the optical target placed at the measurement section was investigated, as planned
in the OO tunnel construction site. The targets on 3 measurement lines only were considered for each point of mea-~
surement for the reconstruction of 3D cubic model for the digital vision monitoring. For each 3D model, 3 or more
images have to be obtained at each point. On the last 2 measurement lines, 6 targets (crown, left and right walis)
were continuously overlapped to construct 3D models so that 6 or more apices can be shared by 2 3D models. In
order to compare the measurement methods of 3D absolute displacements in tunnel excavation, i. e, total station
and digital image measurement, both the digital image measurement and optical measurement were conducted for
10 times in the same work section. The time and measurement results of both methods were compared.
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Fig. 1. Principle of 3D-reconstruction by using spatial
intersection, homologous points and known interior and
exterior orientations of the cameras.
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Fig. 3. Arrangement of the camera and targets for digital vision.

Table 1. Results of measurement precision of total station.

Distance between targets Distance between targets
measured at 10 m off measured at 20 m off
1~3 1~2 2~3 1~3 1~2 2~3
1 5.835691 5.486117 10.730545 5.832350 5.484711 10.727212
2 5.834375 5.485445 10.728449 5.831494 5.485486 10.727133
3 5.835790 5.486580 10.731141 5.832771 5.486003 10.729021
4 5.833884 5.486989 10.730563 5.832908 5.484385 10.727455
5 5.834534 5.485428 10.729938 5.832255 5.486022 10.728176
6 5.835626 5.485678 10.727253 5.831622 5.486213 10.728038
7 5.836636 5.485429 10.728030 5.833505 5.485798 10.729252
8 5.835012 5.485725 10.726959 5.832108 5.485792 10.727429
9 5.834583 5.486909 10.727413 5.832519 5.485578 10.728656
10 5.834977 5.486364 10.727926 5.830100 5.486913 10.727175
RMS 0.0008 0.0006 0.0016 0.0009 0.0007 0.0008
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Table 2. Results of 3d measurement of scale bar using digital vision and total station.

Scale bar left target

Scale bar right target

Deviation from true

length (m)

X y [4 y z value (mm)
Total station 10m, | o755 07655 67193 01614 07930 73043  1.085585 0.909
Digital vision 10 m
Total station 20 m,
tal statio -1075 07655 67188 —0.1614 —0.7929 —7.3038 1.085498 0.996
Digital vision 10 m
Total station 10m, — jese 09209 10032 22707 09093 —10.043  1.085306 1.188
Digital vision 20 m
Total station 20 m,

11854  —09229 —10.031 22705 -0.9093 —10.042 1.085219 1.275

Digital vision 20 m
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1.0861 \ Scalebar true length : 1,08649m
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Fig. 4. Comparison of measured length and true length of
scale bar.
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Fig. 5. Target arrangement at the tunnel site for 3D displace-
ment monitoring.

Table 3. Example of determination of displacement monitoring spacing in OO tunnel.

Rock mass condition Very good Good Fair Poor Very poor
(RMR 80~100)  (RMR 60~80)  (RMR 40~60)  (RMR 20~40)  (RMR 0~20)
Spacing (m) 30 20 15 10 5
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Fig. 6. Schematic sketch of a digital vision displacement monitoring.
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(a)
Fig. 7. 3D displacement measurement section of magu tunnel(Sta. 0K+157~ Sta. 0K+045).
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(a) Digital image taken far from the face (b) Target size of each measurement section

Fig. 8. Variation of target image size depending on the distance from camera position.
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3-D displacement of tunnel.
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Fig. 10. Different view images of same measurement sections(Sta. 0K+075~Sta. 0K+045). (a), (b), (c) are images from left,
center and right of tunnel respectively.
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Fig. 12. 3D reconstruction of total measuring points by
super positioning of each model.

7/]\___4 tt]_,%tﬂ-xga 3;<Hz4_§ J_].O]-b"‘- Alci O}oa
t}. Fig. 102 Sta. 0K+075 Sta. 0K+04577 o)A 24
MR e Al 9XdM FEd oluxE Yshlz

3 B

3 WS AS 573

859 ojuxle ZeagaM - 9% 2 5

o A= 7%?% Fig 13 72+ she] A mdo] Ay

AA S AAs AN B A 22

9 HHEP/H 3x1~é YA=LL Fig. 120] YR} ok,

oletet tiAId ifi e F4ol wet sho

1~28) A= *Eﬂo} . ZH AEAE e JA)

= B BRAe x y, 2 WY HAWE A7} A
o] Zh e W ejokalS welEtyT),

CIAE H&aA &2 2o Bl

1270e] AlEAHe] FRE A-ANA A 943 A
&3 B AEE o8 ASS %’\]Oﬂ FPslo] ATk
3 &g 23] gl7le] xhorizontal), y(vertical), z(longitu-
dinal) A #3/gE-e HAE F3tH(Table 4). Fig.
1300A UERsERe] 7 WS 53 AESE Ao Haks

22}

n>4 JI)I-
: [N
m‘“ |=J

Table 4. Comparison of 3D displacement of digital vision and total station.

. Crown Left wall Right wall
Section
157 6.338 -0.194 4.785 0.000 0.000 0.000 13.419 0.000 0.000
152 6.310 4512 4.764 0.100 4.827 0.194 13.314 4.704 0.222
147 6.541 9.576 4.858 —-0.098 9.558 —-0.093 13.516 9.219 0.009
142 6.758 14.252 4.882 0.035 14.325 0.179 13.570 14.214 —-0.009
132 7.032 24.694 4,727 0.062 24.588 0.000 13.523 24.160 0.111
120 6.807 35.082 4.604 0.033 35.294 -0.266 13.617 35.389 0.097
110 7.306 46.061 4.432 0.051 45.631 -0.400 13.919 45.372 -0.232
100 7.283 57.610 4301 0.343 57.382 ~0.516 13.970 57.363 -0.422
95 7.268 62.788 4.352 0.267 62.613 -0.361 14.065 62.522 -0.385
90 7.128 68.131 4.113 0.231 68.028 -0.334 13.970 68.049 -0.312
85 7.062 72.621 4.068 0.079 72.402 -0.414 13.907 72.132 —0.493
75 7.078 82.674 4.089 —-0.062 82.690 -0.707 13.904 82.526 -0.858
65 6.494 93.599 3.759 -0.191 93.676 -0.922 13.737 93.544 -0.930
(a) Digital vision measurement
. Crown Left wall Right wall
Section

157 6.505 -0.486 5.551 -0.13 —0.466 0.379 13.161 —-1.466 0.822
152 5.99 3.778 6.524 0.657 3.82 0.488 13.679 4.855 2.359
147 6.925 9.959 5.02 043 8.217 0.251 13.92 9.184 2.092
142 7.625 12.853 7.432 0.167 12.979 3.905 15.047 14.193 3.736
132 7.792 24.554 6.209 1.241 23.14 2.139 14.75 23.617 0.61

120 8.173 34.664 4.794 -0.149 35.413 1.958 13.667 35.791 2.598
110 7.797 45.863 5.538 0.282 44.306 2.54 14.002 44.745 1.523
100 8.661 56.94 5.454 0.261 56.197 1.707 15.183 57.05 -0.291
95 6.984 63.058 5.92 1.261 61.622 1.913 15.25 61.636 1.273
90 7.154 68.321 3.952 0.478 67.984 0.709 13.571 67.229 1.073
85 6.863 72.906 5.607 -0.255 71.502 -0.174 15.27 71.247 0.4

75 7.081 83.103 5.648 -0.145 83.1 0.479 13.93 81.509 2.613
65 6.699 93.189 7.143 1.095 93.03 ~0.454 14.445 93.613 1.221

(b) Total station measurement



k) yd 2=
574 ABE DA - olBE - ARA - o1H
8
554
T
6 —e—Y coordinate 50 + Digital vision
4+ Z coordinate - 45 ] e
£ o
E 4o 7
t .
3 35 P
E 13 e
E % a0 -
=4 -
_E- 2 25 4 T
8 5 204 el
2 @ - -
[} E s - J——
= s U ¥
104 P
5 T T T T T T T 1
4 40 50 60 70 80 20 100 110 120
Range of measurement {m)

T T

Fig. 13. Disparity of 3D coordinates of targets between total
station and digital vision.
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Fig. 15. Comparison of cycle time between optical measu-
rement and digital vision measurement.
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Table 5. Comparison of time of measurement between optical monitoring and digital vision system.

Total station

Number of

Digital vision

Measuring date . .
measuring section No. of targets

Time of measurement

.. Time of measurement
No. of images

(min.) (min.)
2006. 6. 20 7 21 17 17 8
2006. 6. 21 8 24 18 19 9
2006. 6. 22 9 27 21 21 10
2006. 6. 26 10 30 24 24 11
2006. 6. 29 11 33 30 28 13
2006. 7. 06 12 36 37 32 14
2006. 7. 14 13 39 44 34 15
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