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3-D Shape Measurement of Objects in Liquid with a Laser Range Finder

Atsushi YAMASHITA*L, Etsukazu HAYASHIMOTO2 and Toru KANEKO?

*1 Department of Mechanical Engineering, Shizuoka University.
*2 pylstec Industrial Co., Ltd.

In this paper, we propose a three-dimensional (3-D) measurement method of objects in liquid
with a laser range finder. When applying vision sensors to measuring objects in liquid, we meet
the problem of an image distortion. It is caused by the refraction of the light on the boundary
between the air and the liquid, and the distorted image brings errors in a triangulation for the range
measurement. Our proposed method can measure the accurate 3-D coordinates of object surfaces in
liquid taken for calculating the refraction effect by using a ray tracing technique. We also construct
calibration method of relationship between the laser range finder and the object. The effectiveness
of the proposed technique is shown through experiments. The accuracy of the 3-D measurement is
0.7mm for objects located about 250mm from the laser range finder when considering the refraction
of the light, although that is 2.9mm without the consideration of it.

Key Words.  three-dimensional measurement, objects in liquid, refraction, laser range finder
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Fig. 1 Example of image distortion (position change
of a coin).
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Fig. 3 Overview of 3-D measurement.
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Fig. 4 Principle of 3-D measurement.
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Fig. 6 Calibration method.
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Fig. 8 Calibration results of rotational center.
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Fig. 10 Experimental results I.

Table 1 Result of least square fitting.
Situation | Standard deviation Max. error

1 0.10mm 0.26mm
2 0.18mm 0.58mm
3 0.14mm 0.31mm
4 0.55mm 1.80mm

Table 2 Result of shape measurement.
Situation | Standard deviation Max. error

1 0.23mm 0.42mm
2 2.26mm 2.93mm
3 0.31mm 0.72mm
4 0.73mm 1.21mm
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Fig. 11 Experimental results II.

Fig. 12 Experimental results Ill.

oobooOoooooobooooboboooboooooon
gobooobobobooooboooooooboooo
oooobooog
goboobooooboooboooboooobooo
O001poo0p000ooooooooooboooo
oooobooooOoboOooooboooo 30coogon
000000 12000000000000000O
uoooboooooooooooooobooooooo
oobooOooobOoooooooboooooboooooon
ooooboooooboooogon

6. O g

gobooooooooboooobooobobooo
oooboooobooooboooboobooog

goboooobooobooooboooobooo
ooboobooooboobooooboooooon
oboooobooobbooobooboboooboon
oooboboooooooboobbooboooooo
obooooboobooooboooooboooo
oobooOooobOoooooooboooooboooooon
oooooooon

goboooboooooooooooobobooo
oobooOoobOoobbooooobooboooo
gobooobooboboooooobooooboo
oooboooooooooobooobooooooon
ooooboooboobooooboooo
oobooobooobooooobbooobooooo
0000 (C)145504161 0000000000000



gbooobooaogadano

@)

@)

©)

(4)

®)

(6)

@)

®)

9)

(10)

(11)

(12)

0 U

A. Yamashita, E. Hayashimoto, T. Kaneko and Y. Kawata:
“3-D Measurement of Objects in a Cylindrical Glass
Water Tank with a Laser Range FindeProceedings
of the 2003 IEEE/RSJ International Conference on
Intelligent Robots and Systenf003), pp.1578-1583.

A. Yamashita, H. Higuchi, T. Kaneko and Y. Kawata:

“Three Dimensional Measurement of Object’'s Surface
in Water Using the Light Stripe Projection Method,”

Proceedings of the 2004 IEEE International Conference
on Robotics and Automatio(2004), pp.2736—2741.

A. Yamashita, S. lkeda and T. Kaneko: “3-D Measure-
ment of Objects in Unknown Aquatic Environments with a
Laser Range FinderProceedings of the 2005 IEEE Inter-
national Conference on Robotics and Automati@®05),
pp.3923-3928.

B. Kamgar-Parsi, L. J. Rosenblum and E. O. Belcher:
“Underwater Imaging with a Moving Acoustic Lens,”
IEEE Transactions on Image Processingol.7, No.1,
(1998), pp.91-99.

V. Murino, A. Trucco and C. S. Regazzoni: “A Probalilis-
tic Approach to the Coupled Reconstruction and Restor-
tion of Underwater Acoustic ImagedFEE Transactions

on Pattern Analysis and Machine Intelligenceol.20,
No.1, (1998), pp.9—22.

B. W. Coles: “Recent Developments in Underwater Laser
Scanning SystemsSPIE Vol.980 Underwater Imaging
(1988), pp.42-52.

R. F. Tusting and D. L. Davis: “Laser Systems
and Structured lllumination for Quantitative Undersea
Imaging,” Marine Technology Society JournaVol.26,
No.4, (1992), pp.5-12.

Y. Ogawa: “Shape Evaluation for Underwater Object,”
Proceedings of SICE Annual Conference 19€1097),
pp.629-630 (in Japanese).

B. Shigematsu and N. Moriya: “Development of a
Deep-Water Topological Survey System Using a Laser
Scanner with a GPS,Journal of the Japan Society
of Photogrammetry and Remote Sensikgl.36, No.5,
(1997), pp.24-34 (in Japanese).

H. Kondo and T. Ura: “Detailed Object Observation by
Autonomous Underwater Vehicle with Localization In-

volving Uncertainty of Magnetic BearingsiProceedings

of the 2002 IEEE International Conference on Robotics
and Automation(2002), pp.412-419.

H. Kondo, T. Maki, T. Ura, Y. Nose, T. Sakamaki and
M. Inaishi: “Relative Navigation of an Autonomous
Underwater Vehicle Using a Light-Section Profiling
System,"Proceedings of the 2004 IEEE/RSJ International
Conference on Intelligent Robots and Syste(2604),
pp.1103-1108.

R. Li, H. Li, W. Zou, R. G. Smith and T. A. Curran:
“Quantitive Photogrammetric Analysis of Digital Under-
water Video Imagery,”IEEE Journal of Oceanic Engi-

neering Vol.22, No.2, (1997), pp.364-375.

(13) J. S. Jaffe: “Computer Modeling and the Design of
Optimal Underwater Imaging System$ZEE Journal of
Oceanic Engineeringvol.15, No.2, (1990), pp.101-111

(14) J. Yuh and M. West: “Underwater Roboticgytdvanced
Robotics Vol.15, No.5, (2001), pp.609-639.

(15) Special issue “Underwater Roboticdturnal of Robotics
Society of JapanVol.22, No.6, (2004), pp.691-738 (in
Japanese).

(16) H. Murase: “Surface Shape Reconstruction of a Nonrigid
Transparent Object Using Refraction and Motion,”
IEEE Transactions on Pattern Analysis and Machine
Intelligence Vol.14, No.10, (1992), pp.1045-1052.

(17) H. Kawamura, H. Saito and M. Nakajima: “3-D
Shape Measurement of Underwater Object by Temporal-
Spatial Image Analysis, Transactions of the Society of
Instrument and Control Engineersol.32, No.4, (1996),
pp.607-609 (in Japanese).

(18) D. Nakayama, A. Nakano, T. Kaneko, K. T. Miura and
T. Kubo: “Determination of Observation Parameters for
Stereoscopic 3-Dimensional Measurement of Objects in
a Glass Water Tank,The Transactions of the Institute
of Electronics, Information and Communication Engineer
D-Il, Vol.J84-D-ll, No.12, (2001), pp.2684-2689 (in
Japanese).

(19) A. Yamashita, S. Kato and T. Kaneko: “Robust Sensing
against Bubble Noises in Aguatic Environments with a
Stereo Vision System,Proceedings of the 2006 IEEE
International Conference on Robotics and Automation
(2006).

(20) S. G. Lipson, H. Lipson and D. S. Tannhaus@ptical
Physics Third Edition Cambridge University Press,
(1995).



