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3-D Measurement of Objects in Water Using the Light Stripe Projection Method

Atsushi YAMASHITA, Hirokazu HIGUCHI and Toru KANEKO

In this paper, we propose a 3-D measurement method of objects’ shapes in liquid using the light stripe projection method.
When applying vision sensors to measuring objects in liquid, we meet the problem of an image distortion. It is caused by
the light refraction 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. The effectiveness of the proposed method is shown through experiments.

Key words: 3-D measurement, light stripe projection method, refraction, objects in liquid
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(a) Image without water

(b) Image with water
Fig. 1 Example of image distortion (position change of a coin)
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Fig. 2 Example of image distortion (size and shape change)
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Fig. 3 3-D measurement with laser range finders
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Fig. 4 Overview of 3-D measurement
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Fig. 6 Principle of 3-D measurement
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Fig. 10 Shape reconstruction
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Table 1 Accuracy of 3-D measurement

Situation Ave. error | SD. error | Max. error
Without water 0.7mm 0.36mm 1.0mm
With water 0.7mm 0.46mm 1.1mm
goooo

oooooooboooooooboboooooobood
(C)14550416 0000000000 DDOOODOOOUDOO
ooogod

gbooobooo

1) Atsushi Yamashita, Hirokazu Higuchi, Toru Kaneko and Yoshimasa
Kawata: “Three Dimensional Measurement of Object’s Surface in
Water Using the Light Stripe Projection Methodtoceedings of
the 2004 IEEE International Conference on Robotics and Automa-
tion, (2004) 2736.

2) Behzad Kamgar-Parsi, Lawrence J. Rosenblum and Edward
O. Belcher: “Underwater Imaging with a Moving Acoustic Lens,”
IEEE Transactions on Image Processifig1, (1998) 91.

3) \Vittorio Murino, Andrea Trucco and Carlo S. Regazzoni: ‘A
Probalilistic Approach to the Coupled Reconstruction and Restor-
tion of Underwater Acoustic ImagesEEE Transactions on Pattern
Analysis and Machine Intelligenc20, 1, (1998) 9.

4) Robert F. Tusting and Daniel L. Davis: “Laser Systems and Struc-
tured lllumination for Quantitative Undersea Imagindylarine
Technology Society Journaé, 4, (1992) 5.

5) Rongxing Li, Haihao Li, Weihong Zou, Robert G. Smith and Terry
A. Curran: “Quantitive Photogrammetric Analysis of Digital Under-
water Video Imagery,JEEE Journal of Oceanic Engineering2, 2,
(1997) 364.

6) U0O0OO0O,0000,000O0:"0D0000DOUDOODODOOO
03000000,”00000000000, 32 4,(1996) 607.

7) 00OO0OO0,0000,000,00000,0000:0000
g0000oo0O0o0oo0o0o0 30000000 oooooooo
00,,00000000000 D-II, 384-D-I1, 12, (2001) 2684.

8) 00 U0O,0000,000,0000,0000:"UVMSODO
goooooOoOo0oooOoOoUoooOoUOO,ooOOooOoOobo
0000o0oooooOooooooe0O00OOO, 1P1-E22, (2006).

9) Bryan W. Coles: “Recent Developments in Underwater Laser Scan-
ning Systems,SPIE980Underwater Imaging(1988) 42.

10) 00 O00:“000000000,70 3600000000000
0ooooooo, (1997) 629.

11) 00 00,00 00:“0000000GPSOOOOOOODOOO
00000000, 000000000000 00, 36,5, (1997)

24,

12) Hayato Kondo and Tamaki Ura: “Detailed Object Observation by
Autonomous Underwater Vehicle with Localization Involving Un-
certainty of Magnetic BearingsProceedings of the 2002 IEEE In-
ternational Conference on Robotics and Automati@002) 412.

13) Atsushi Yamashita, Etsukazu Hayashimoto, Toru Kaneko and
Yoshimasa Kawata: “3-D Measurement of Objects in a Cylindri-
cal Glass Water Tank with a Laser Range FindBrceedings of
the 2003 IEEE/RSJ International Conference on Intelligent Robots
and Systemg2003) 1578.

14) Atsushi Yamashita, Shinsuke Ikeda and Toru Kaneko: “3-D Mea-
surement of Objects in Unknown Aquatic Environments with a
Laser Range FinderProceedings of the 2005 IEEE International
Conference on Robotics and Automati(2005) 3923.

15 00 0,00 00,000:"000000000O00DOOOO
0000 3000000,,0000000000CO00,72 717,
(2006) 1506.

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

17) 00 000:0000000000O,0000, (2000).

18) Roger Y. Tsai: “A Versatile Camera Calibration Technique for High-
Accuracy 3D Machine Vision Metrology Using Off-the-Shelf TV
Cameras and LensedEEE Journal of Robotics and Automation
RA-3, 4, (1987) 323.

19y 000,00 0,000:“0000000000DO0O0DOOO
goo0o0oo 30000,y 00bo0o0oooooooooooo
oOooooo’os00000, 1A1-N-079, (2005).

20) Atsushi Yamashita, Susumu Kato and Toru Kaneko: “Robust Sens-
ing against Bubble Noises in Aquatic Environments with a Stereo
Vision System,"Proceedings of the 2006 IEEE International Con-
ference on Robotics and Automati¢®006) 928.



