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Abstract

A quantitative non-contact multi-point measurement system is proposed to the
measurement of three-dimensional movement of floating vessels by using digital image
processing. The instantaneous three-dimensional movement of a floating sturucture which
is floating in a small water tank is measured by this system and its three-dimensional
movement is reconstructed by the measurement results. The validity of this system is
verified by position identification for spatially distributed known positional values of basic
landmarks set for the camera calibration. It is expected that this system is applicable to
the non-contact measurement for an unsteady physical phenomenon especially for the
measurement of three-~dimensional movement of floating vessels in the laboratory model

test.
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Fig. 2 Floating structure.
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Fig. 3 Schematic apparatus for 3-D measurement
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Fig. 4 Procedure of 3-D object tracking.
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Fig. 5 Basic landmarks.
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Fig. 6 Calibration of camera.
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Fig. 8 Principle of 3-D photogrammetry.
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Fig. 9 3-D measurement results for
movement of the floating object.
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Table 1 Meausrement error. (unit: mm)

ZEA-=

9 9

Measured | Bgsic Measured Basic Measured | Basic ]
Nolvalue®  |Marks(X) [value(¥)  [Marks(¥) |vae@ |Marks@ | 2X | 4 | 4
1 -0.50 0.00 120.26 120.04 2479 24.00 0.50 0.22 0.79
2 -60.62 -60.02 104.40 103.96 44.02 4415 0.60 0.44 0.13
3 -0.29 0.00 79.83 80.07 31.01 30.75 0.29 0.24 0.26
4 -0.20 0.00 4515 45.09 91.76 90.70 0.20 0.06 1.06
5 69.30 69.34 39.74 40.04 85.11 83.85 0.04 0.30 1.26
6 -6957 - -69.34 40.21 40.04 68.29 68.85 0.23 0.17 0.56
7 22.46 22.54 38.86 39.06 38.09 38.80 0.08 0.19 0.71
8 38.96 39.05 22.46 2254 7584 75.70 0.09 0.08 0.14
9 -389%5 -39.05 22.61 2254 63.25 63.70 0.10 0.07 0.45
10 -10.19 -10.07 1750 17.44 70.30 70.55 0.12 0.06 0.25
11 10.01 10.07 17.38 17.44 65.35 65.75 0.06 0.06 0.40
12 119.73 120.04 ~0.73 0.00 105.87 104.15 0.31 0.73 1.72
13 -20.24 -20.13 0.04 0.00 99.31 93.80 0.11 0.04 0.46
14 45.23 45.09 -0.14 0.00 3564 35.80 0.14 0.14 0.16
15 -89 -10.07 -17.34 ~17.44 11527 114,70 0.08 0.10 057
16 -39.17 -39.05 -22.50 ~2254 116.58 115.70 0.12 0.04 0.88
17 39.03 39.05 -22.94 ~22.54 11261 110.70 0.02 0.40 191
18 1045 10.07 -17.33 ~-17.44 2301 23.75 0.38 0.11 0.74
19 -69.25 -69.34 -39.76 ~40.04 8767 83.85 0.09 0.28 118
20 22.68 2254 -39.19 ~39.05 40.98 40.80 0.14 0.14 0.18
21 0.27 0.00 -44 97 ~45.09 20.59 2075 0.27 0.12 0.16
22 || -103.71 -103.96 ~-59.89 ~60.02 99.61 100.80 0.25 0.13 1.19
23 103.04 103.96 -60.34 ~60.02 47.84 46.15 0.92 0.32 1.69
24 -39.42 ~-40.04 -69.06 ~-69.34 17.44 18.80 062 0.28 1.36
25 -0.04 0.00 -80.24 ~80.07 86.74 85.80 0.04 0.17 094
26 -59.50 -60.02 -103.78 -103.96 92.54 94.00 0.52 0.18 1.46
27 59.84 60.02 -104.14 -103.96 74.27 7410 0.18 0.18 017
average 0.24 019 077
dard deviation: 0. 0. 0.
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