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A Study on the Accuracy Analysis of Position Measurement Target for
Underground Facilities by Retro-reflection
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Abstract Recently 3D surveying is recommended to manage underground facilities systematically
before refilling of site operation. As the demand of realtime localization increases, cost reduction
and consistent data construction which are realizable by using one man surveying method with
unmanned target, are necessary for constructing DB of all sorts of the underground facilities with
more speediness and correctness. This study sets a goal to develop a new type of surveying target
which allows realtime localization to be performed by one man, through making an optimum
reflector(triangle, quadrangle, and semispherical shape) by using the retro-reflection principle of
optical prism which is being used for surveying currently. The new surveying target makes
realtime surveying possible. To check reliability of its data, the accuracy is compared with
surveying coordination of total station for each type in a quantitative method.

In the result, the usefulness of the reflector for Underground Facilities localization is proved.
Thus the foundation for underground DB construction conducted by one man is established for

acquisition of 3D location information in more efficient way through using unmanned target.

Keywords : Underground Facilities, 3D Surveying, Retro-Reflection, Surveying Target
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Figure 1. Principle of reflection prism
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Figure 3. Surveying targets(6cmx6cm)

Table 1. Reflection performance of micro
prism reflective paper(cd/Ix*m’)

Obs:gged iﬁlcjigdlgngé white | yellow | red | blue
01° -4° 1000 750 200 45
30° 460 345 115 26
0.9° -4° 700 525 150 34
30° 325 245 86 20
-4° 240 180 48 11
0.5°
30° 135 100 27 6
2.4 88 SEERI HAE
ARE 2nAE TPEFY B WA oo
A T A ZeFo] HE Aew B
21 A2 BARGemx6cm) 2 4H2HE (6cmx6emx
6cm) TTALZ AAE AL +@2mm+2ppm*xD 7)<
AU =S 7k = TOPCON GTS-723 (HdjAkA ]

128 F 3000mE ol&ste] SFd7teAs % Fx
AUEE Felste] Brt 147 RAbA] ERZl 9
Frbs Agle oF 150m=z F9l Ao HUm
S e Agate] R AE A9 &
gFHe] AAE & ¥l Al 1b5em o3}
2 yehuth #8824 43 w13 /)& 33
ztol 7k Aol P& ALY ©]

paR=1]

N oxl
lrm

|

AR«
N o [H

-~ ol

K 2

% 5

2

el I,



B0

offget

+30mnm

target height +30mm

Insert magnet

6
o M
oz
[
>, e
o oF
o o
oo
o oxl

offaet  +15mm
target height +26nm

~0.010me] #*&
30~150m®] t”Hoﬂ 1

o 2= o]oh:]_ ]

AR AR

ﬁéﬂH

e Fat A Eb21 <]
2,
= AP
Zgol AL
= = e
o4 FFS uet
& (30x)& e
xﬂﬂ o}M#D@i =

ﬂ‘:} 7-.““5] (60mmX6()mmX60mm)

A o] A2 (40mm*40mm*40mm)

H (mx25mmx25mm) FE Y] E7lS A
]

Figure 4. Specifications of bar and triangle sttt R Rle] A-sk AL @A EZlY
target A7 B AHolfol] Aoz Fulrie ot
Table 2. Survey results by targets
No. Division X Y H AX AY AH AS
Optical prism 202029.244 164373.561 45.130 - - - -
05-2702-259 Bar 202029.246 164373.561 45,135 0.002 0.000 0.005 0.002
Triangle 202029.250 164373.562 45,132 0.006 0.001 0.002 0.006
Optical prism 202041.231 164374.000 44953 - - - -
05-2702-260 Bar 202041.234 164373.999 44962 0.003 -0.001 0.009 0.003
Triangle 202041.230 164374.000 44955 -0.001 0.000 0.002 0.001
Optical prism 202053.080 164372.425 44833 - - - -
05-2702-261 Bar 202053.071 164372.426 44.832 -0.009 0.001 -0.001 0.009
Triangle 202053.070 164372.427 44.829 -0.010 0.002 -0.004 0.010
Optical prism 202064.530 164368.862 44724 - - - -
05-2702-262 Bar 202064.531 164368.864 44722 0.001 0.002 -0.002 0.002
Triangle 202064.530 164368.860 44,717 0.000 -0.002 -0.007 0.002
Optical prism 202097.965 164355.464 43.940 - - - -
05-2702-263 Bar 202097.963 164355.466 43.945 -0.002 0.002 0.005 0.003
Triangle 202097.960 164355.461 43.937 -0.005 -0.003 -0.003 0.006
Optical prism 202075.747 164364.604 44505 - - - -
05-2702-264 Bar 202075.744 164364.606 44500 -0.003 0.002 -0.005 0.004
Triangle 202075.743 164364.610 44501 -0.004 0.006 -0.004 0.007
Optical prism 202068.077 164357.604 44554 - - - -
05-2702-265 Bar 202068.076 164357.605 44551 -0.001 0.001 -0.003 0.002
Triangle 202068.075 164357.607 44,552 -0.002 0.003 -0.002 0.003
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Table 3. Surveying distance of targets
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Figure 7. Underground facilities surveying

using targets
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Table 4. Surveying accuracy of targets

Lo

No.| Division | Po. X Y Ho| ax | oy | as | sl |offset| reetDistance) Height
height| error | error
Optical prism 200299.178 | 161032.249 | 22.406
T 1200299.170 | 161032.265 | 22.455| 0.008 | -0.016| 0.018 | -0.049| 0.008 | 0.044 | 0.010 | 0.005
Triangle M |200299.169 | 161032.266 | 22.440| 0.001 | -0.001 | 0.001 | 0.015 | 0.015| 0.025 | 0.014 | 0.010
B ]200299.167 | 161032.270 | 22.427 | 0.011 | -0.021 | 0.024 | -0.021| 0.025 | 0.008 | 0.001 0.013
1 T 1200299.167 | 161032.270 | 22.456 | 0.011 | -0.021 | 0.024 | -0.050| 0.020 | 0.040 | 0.004 | 0.010
Rectangle M |200299.168 | 161032.269 | 22.441 | 0.010 | -0.020 | 0.022 | -0.035] 0.020 | 0.020 | 0.002 | 0.015
B [200299.165 | 161032.273 | 22.425| 0.013 | -0.024 | 0.027 | -0.019] 0.020 | 0.000 | 0.007 | 0.019
T 1200299.165 | 161032.273 | 22.448 | 0.013 | -0.024 | 0.027 | -0.042| 0.000 | 0.025 | 0.027 | 0.017
Hemispherical | M | 200299.163 | 161032.276 | 22.436 | 0.015 | -0.027 | 0.031 | -0.030| 0.020 | 0.015 | 0.011 0.015
B |200299.162 | 161032.279 | 22.425| 0.016 | -0.030 | 0.034 | -0.019] 0.025 | 0.000 | 0.009 | 0.019
Optical prism 200293.731 | 161042.953 | 22.565
T 1200293.722 | 161042.969 | 22.613 | 0.009 | -0.016 | 0.018 | -0.048| 0.008 | 0.044 | 0.010 | 0.004
Triangle M |200293.721 | 161042.970 | 22.597 | 0.010 | -0.017 | 0.020 | -0.032| 0.015| 0.025 | 0.005 | 0.007
B |200293.717 | 161042.977 | 22.582| 0.014 | -0.024 | 0.028 | -0.017] 0.025 | 0.008 | 0.003 | 0.009
9 T 1200293.718 | 161042.975 | 22.610| 0.013 | -0.022| 0.026 | -0.045| 0.020 | 0.040 | 0.006 | 0.005
Rectangle M | 200293.717 | 161042.977 | 22.595| 0.014 | -0.024 | 0.028 | -0.030| 0.020 | 0.020 | 0.008 | 0.010
B [200293.717 | 161042.977 | 22.577| 0.014 | -0.024 ] 0.028 | —0.012] 0.020 | 0.000 | 0.008 | 0.012
T 1200293.722 | 161042.969 | 22.603 | 0.009 | -0.016 | 0.018 | -0.038| 0.000 | 0.025 | 0.018 | 0.013
Hemispherical | M | 200293.716 | 161042.978 | 22.592 | 0.015 | -0.025| 0.029 | -0.027| 0.020 | 0.015 | 0.009 | 0.012
B |200293.713 | 161042.982 | 22.578 | 0.018 | -0.029 | 0.034 | -0.013] 0.025 | 0.000 | 0.009 | 0.013
Optical prism 200287.157 | 161062.082 | 22.681
T 1200287.160 | 161062.067 | 22.731 |-0.003| 0.015 | 0.015|-0.050| 0.008 | 0.044 | 0.007 | 0.006
Triangle M | 200287.162 | 161062.058 | 22.711 [-0.005| 0.024 | 0.025 |-0.030| 0.015| 0.025 | 0.010 | 0.005
B [200287.162 | 161062.055 | 22.694 |-0.005| 0.027 | 0.027 | -0.013]0.025| 0.008 | 0.002 | 0.005
3 T 1200287.162 | 161062.056 | 22.725 [-0.005( 0.026 | 0.026 | -0.044| 0.020 | 0.040 | 0.006 | 0.004
Rectangle M | 200287.163 | 161062.053 | 22.711 |-0.006| 0.029 | 0.030 [ -0.030| 0.020 | 0.020 | 0.010 | 0.010
B |200287.163 | 161062.053 | 22.692 |-0.006| 0.029 | 0.030 |-0.011]0.020 | 0.000 | 0.010 | 0.011
T |200287.161 | 161062.061 |22.720|-0.004| 0.021 | 0.021 | -0.039|0.000 | 0.025 | 0.021 0.014
Hemispherical | M | 200287.162 | 161062.056 | 22.709 |-0.005| 0.026 | 0.026 | -0.028| 0.020 | 0.015 | 0.006 | 0.013
B [200287.163 | 161062.050 | 22.695 |-0.006| 0.032 | 0.033 |-0.014]0.025| 0.000 | 0.008 | 0.014
Optical prism 200303.145 | 161024.778 | 22.312
T |200303.137 | 161024.792 | 22.363 | 0.008 | -0.014| 0.016 | -0.051 | 0.008 | 0.044 | 0.008 | 0.007
Triangle M |200303.134 | 161024.797 | 22.341 | 0.011 | -0.019 0.022 | -0.029| 0.015 | 0.025 | 0.007 | 0.004
B |200303.133 | 161024.799 | 22.324 | 0.012 | -0.021 | 0.024 | -0.012| 0.025 | 0.008 | 0.001 0.004
4 T 1200303.139 | 161024.789 | 22.358 | 0.006 | -0.011 | 0.013 | -0.046| 0.020 | 0.040 | 0.007 | 0.006
Rectangle M [200303.133 | 161024.799 | 22.342 | 0.012 | -0.021 | 0.024 | -0.030| 0.020 | 0.020 | 0.004 | 0.010
B [200303.131 | 161024.803 | 22.326 | 0.014 | -0.025] 0.029 | -0.014 | 0.020 | 0.000 | 0.009 | 0.014
T 1200303.133 | 161024.800 | 22.354 | 0.012 | -0.022| 0.025 | -0.042| 0.000 | 0.025 | 0.025 | 0.017
Hemispherical | M | 200303.131 | 161024.803 | 22.341 | 0.014 | -0.025| 0.029 | -0.029] 0.020 | 0.015 | 0.009 | 0.014
B |200303.130 | 161024.804 | 22.327 | 0.015 | -0.026 | 0.030 | -0.015] 0.025 | 0.000 | 0.005 | 0.015
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