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Self-Localization and 3-D Model Construction of Pipe by Earthworm Robot
Equipped with Omni-Directional Rangefinder

Kenki MATSUI'S, Ryosuke KAWANISHI[5], Atsushi YAMASHITA[5], Toru KANEKOJ[5],
Taro MURAKAMI 8, Hayato OMORI[6], Taro NAKAMURA[6]

>Department of Mechanical Engineering, Shizuoka University
3-5-1 Johoku, Naka-ku, Hamamatsu-shi, Shizuoka 432-8561, Japan

"6 Department of Precision Mechanics, Chuo University
1-13-27 Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan

A lot of plumbings such as gas pipes and water pipes exist in public utilities, factories and so
on. The use of an omni-directional camera which can take images df B6Surroundings at a

time is dfective for pipe inspection. However, shape measurement is difficult only with the omni-
directional camera. Therefore, in this paper, we propose a reconstruction method of a piping shape
by using a rangefinder construted with an omni-directional camera and an omni-directional laser.
The rangefinder is mounted on an earthworm robot. Our method calculates 3-D coordinates by the
light section method. By integrating the 3-D coordinates with the information of camera motion
estimated by the structure from motion technique, the shape of the pipe is reconstructed. The

validity of the proposed method is shown through experiments.
Key Words Omni-Directional Rangefinder, Earthworm Robot, Pipe Inspection
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Fig.1 Earthworm robof®
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Fig.2 Omni-directional Fig. 3 Omni-directional laser.
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Fig.4 Procedure.
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Fig.5 Calculation of 3-D coordinates.
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Fig. 6 Resolution of omni-directional image.
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Fig. 8 Relation between base line and measurement error.
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Fig.9 Procedure of SFM.
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Fig. 13 Estimation of camera motion.
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Measurement data

Fig. 15 Delaunay triangulation.
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Fig. 16 Projection.  Fig. 17 Experimental environ-

ment.
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Fig. 18 Earthworm robot equipped with omni-directional
rangefinder.
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11

(12)

Measurementalue | Groundtruth
Insidediameter 203mm 202mm
Heightof projection 6mm 5mm
Width of projection 6mm 5mm
(a) Image with LED (b) Image without LED Depthof projection 102mm 100mm

Table 1 Accuracy evaluation.

illumination.
Fig. 19 Aquired image.

illumination.

mo—j——— >4l
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(a) Bird’s-eye view. (b) Top view.

(a) Frontal view. (b) Inside view.

Fig. 20 Result of 3D shape measurement. Fig. 21 Result of texture mapping.
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