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Three Dimensional Measurement of Submerged Objects in Transparent
Vessels Using a Manipulator-mounted Laser Range Finder
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Hirotoshi Ibef, Atsushi Yamashita!f, Toru Kaneko!Tt and Yuichi Kobayashifft

Abstract An important need exists to digitally archive 3D models of objects, such as specimens of rare underwater
creatures. These objects are sometimes preserved in liquid contained in transparent vessels. When measuring submerged
objects, light refraction should be considered. Refraction can be considered with ray tracing, but the 3D coordinates of the
vessel are necessary to use this method. In this paper, we propose a method that takes advantage of transparent vessels not
being completely transparent to measure both a vessel’s surface and a submerged object using a laser range finder mounted on
a manipulator. The method uses a camera to detect reflections from the vessel surface and the submerged object. A captured
image may have multiple reflections from various paths, so it is necessary to identify the correct reflections. The proposed
method identifies the reflections from the vessel on the basis of epipolar constraints related to the position of the laser range

finder and identifies the reflections from the object by ray tracing. Experimental results demonstrated the effectiveness of the

proposed method.
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Laser range finder.
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Reflections from various paths.
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Procedure flow.
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Measurement model of LRF.
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Image acquisition and identification.
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00000000000 [deg] | 29.8 | 30.0
00000000000 [deg] | 30.5 |30.0

025 00000300000
Measurement result.

024 00O0D0ODO
Model of dolphin.

004.30000000000000000000O00OO
gooooD 2000000000000 1750000000
oboobooo20000b00b0obogooobogoono
gogbboobooobobooboobboobooboo
gogbboobooobobooboobboobooboo
gogbboobooobobooboobboobooboo
gogbobooboobbooboobboobdg

5. 0O 0O O

00000000000 LRFOOOOOOO0O0000
gobooobooooooooooboocooooooooo
gobooobooooooooooboocooooooooo
gobooobooooooooooboocooooooooo
gobooobooooooooooboocooooooooo
oobooooooooon

cooboooooboboooboooboooooooooon
gobodooboooooooooboocOooooooobooo
gooooooooooooo ssooooooooooo
gobooooooooo

00000000000D000o (A)226800170000
gobooobooooooooooo

o od

10 A. Banno, T. Masuda, T. Oishi and K. Ikeuchi: “Flying Laser
Range Sensor for Large-Scale Site-Modeling and Its Applications
in Bayon Digital Archival Project”, International Journal of Com-
puter Vision, 78, 2-3, pp.207-222 (Jul. 2008)

20Y. Okamoto, T. Oishi and K.Ikeuchi: “Image-Based Network
Rendering of Large Meshes for Cloud Computing”, International
Journal of Computer Vision, 94, Issue 1, pp.12-22 (Aug. 2011)

30 H. Murase: “Surface Shape Reconstruction of a Nonrigid Trans-
port Object Using Refraction and Motion”, IEEE Transaction on
Pattern Analysis and Machine Intelligence, 14, 10, pp.1045-1052
(Oct. 1992)

40 R. Li, C. Tao and W. Zou: “An Underwater Digital Photogram-
metric System for Fishery Geomatics”, International Archives of
Photogrammetry and Remote Sensing, XXXI, Part B5, pp.319-
323 (Jul. 1996)

50 A. K. Chong and P. Stanford: “Underwater Digital Stereo-
Observation Technique for Red Hydrocoral Study”, Photogram-
metric Engineering and Remote Sensing, 68, 7, pp.745-751 (Jul.

0O ODo0oo0o0obo0ooooooboooofdoobooooooooooo0oooobooooono 3000000

2002)

60 A. Yamashita, R. Kawanishi, T. Koketsu, T. Kaneko and
H. Asama: “Underwater Sensing with Omni-Directional Stereo
Camera”, Proceedings of the 11th Workshop on Omnidirec-
tional Vision, Camera Networks and Non-classical Cameras (OM-
NIVIS2011), pp.304-311 (Nov. 2011)

70 R. Kawai, A. Yamashita and T. Kaneko: “Three-Dimensional
Measurement of Objects in Water by Using Space Encoding
Method”, Proceedings of the 2009 IEEE International Conference
on Robotics and Automation (ICRA2009), pp.2830-2835 (May
2009)

80 T. Maki, H. Mizushima, T. Ura, T. Sakamaki and M. Yanag-
isawa: “AUV Navigation Around Jacket Structures I: Relative
Localization Based on Multi-Sensor Fusion”, Journal of Marine
Science and Technology, 17, pp.330-339 (Mar. 2012)

90 R. Li, H. Li, W. Zou, R. G. Smith and T. A. Curran: “Quan-
titative Photogrammetric Analysis of Digital Underwater Video
Imagery”, IEEE Journal of Oceanic Engineering, 22, 2, pp.364-
375 (Apr. 1997)

100 A. Yamashita, E. Hayashimoto, T. Kaneko and Y. Kawata: “3-D
Measurement of Objects in a Cylindrical Glass Water Tank with a
Laser Range Finder”, Proceedings of the 2003 IEEE/RSJ Interna-
tional conference on Intelligent Robots and Systems (IROS2003),
pp.1578-1583 (Oct. 2003)

110 A. Yamashita, S. Ikeda and T. Kaneko: “3-D Measurement of
Objects in Unknown Aquatic Environments with a Laser Range
Finder”, Proceedings of the 2005 IEEE International Conference
on Robotics and Automation (ICRA2005), pp.3923-3928 (Apr.
2005)

1200000000000000 ODO000000000 LRFOOOOO
goooooo 3sooooon0r ,00b0b00000000000, 35,
39, pp.21-24 (Oct. 2011)

130 A. Prokos, G. Karras and E. Petsa: “Automatic 3D Surface
Reconstruction by Combining Stereovision of the International
Archives of Photogrammetry”, Remote Sensing and Spatial In-
formation Sciences, XXXVIII, 5, pp.505-509 (Jun. 2010)

140 R. B. Fisher and D. K. Naidu: “A Comparative Analysis of Algo-
rithms for Determining the Peak Position of a Stripe to Subpixel
Accuracy”, Proceedings of the 1991 British Machine Vision Con-
ference, pp.217-225 (Sep. 1991)

150 Z. Zhang: “A Flexible New Technique for Camera Calibration”,
IEEE Transactions on Pattern Analysis and Machine Intelligence,
22, 11, pp.1330-1334 (Nov. 2000)

0o o0 oo

00O OO 20000000000000000
002007 000000000000000000000
0000000000000 000D000000oOOn
00000020120000000000000000
0000000000000D0000000000onnO
ooooo

o0 oo ooo

oo [0 1996 0000000000001998
0000000000000000000000200100
000000002001 000000000000000
002008 0000000000000000002011
0000000000000 0000000000000
0000000002006 002007 0000000000
000000000200400000000000000
0000000000 (0D)000000000000
0000000000000 0000000000000
0O 00 ooo

0o [0 19720000000000001974
0000000000000000000000197400
0000000000 NTTOOOO1997 000000
0000000000000 000000000000
0000000000000 0000000000no
0000000000 0000

0O ooo 00 oo

OO0 OO 19970000000000001999
000000000000 00000000000000
2002 000000000020020000000000
000000000000000000000000 2007
2, 000000000000000000000201200
0000000000000 000000000000
00000000000 (00)00000000000
ooO0oo0oooo0oo

(9) 9



