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Self-Localization and 3-D Model Construction of Pipe by Rangefnder
Constructed with Omni-Directional Laser and Omni-Directional Camera
Kenki Matsui, Non-member, Atsushi YamashitaMember, Toru Kanekd, Non-member

A lot of plumbings such as gas pipes and water pipes exist in public utilities, factories, power plants and so on.
The use of an omni-directional camera that can take images of B6€urroundings at a time igfective for the pipe
inspection. However, shape measurementfiscdit only with the omni-directional camera. Therefore, in this paper,
we propose a reconstruction method of piping shape by using an omni-directional camera and an omni-directional laser
with a light section method and a structure from motion. Our method calculates 3-D coordinates by the light section
method. The individual measurement data is integrated with the information of camera motion estimated by the struc-
ture from motion technique. We construct a triangular mesh by using 3-D Delaunay triangulation. By texture-mapping,

a 3-D Pipe model is generated. The validity of the proposed method is shown through experiments.
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Keywords: Omni-directional camera, Omni-directional laser, Pipe inspection
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Fig.11. Delaunay triangulation
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Fig. 15. Reconstruction of container

Table 1. Standard deviations from the least
square error plane

Standard deviatiof
Rear surface 1.08mm
Front surface 0.88mm
Left surface 0.85mm
Right surface| 0.69mm

Table 2. Angles between two least square
error planes

Measurement value Ground truth
Between rear and left 90.4deg 90.0deg
Between front and left 89.6deg 90.0deg
Between rear and righ 90.6deg 90.0deg
Between front and right 89.4deg 90.0deg

Table 3. Distances between corner points

Measurement value Ground truth
Rear surface 282mm 285mm
Front surface 283mm 285mm
Left surface 567mm 570mm
Right surface| 568mm 570mm
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(a) Image with ambient
illumination

(b) Image without ambient
illumination

Fig.19. Aquired image
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Fig.20. Reconstruction of pipe shape with the
proposed method
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Fig.21. Reconstruction of pipe shape with
movement information of manipulator
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(a) Measurement result (b) Ground truth

Fig.22. Estimation of camera motion

Table 4. Accuracy evaluations of
3-D measurement

Measument value Ground truth
Inside diameter 394.6mm 396.4mm
Height of projection 8mm 5mm
Width of projection 7mm 5mm
Depth of projection 103mm 100mm
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Table 5. Accuracy evaluations of estimatied
camera motion

Measument value¢ Ground truth
Between A and B 102mm 100mm
Between B and C 103mm 100mm
0.91mm

Standard deviatior|

Fig.23. Actual Image

Projection

(a) Frontal view (b) Inside view

Fig.24. Result of texture mapping with our
proposed method

Projection

(a) Frontal view (b) Inside view

Fig.25. Result of texture mapping with
movement information of manipulator
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