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3-D Shape Reconstruction of Pipe
with Omnidirectional Laser and Omnidirectional Camera
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A lot of plumbings such as gas pipes and water pipes exist in factories and so on. However, it is difficult for
humans to inspect them directly because they are laid underground. Therefore, automated inspection by robots is
desirable, and many efforts have been done to solve this problem. However, many of existing inspection robots have
to rotate the camera to record images in piping because a conventional camera with narrow view can see only one
direction while piping has a cylindrical geometry. The use of an omnidirectional camera that can take images of 360°
in surroundings at a time is effective for the solution of such problem. However, the shape measurement is difficult
only with the omnidirectional camera. Then, in this paper, we propose a reconstruction method of piping shape by
using an omnidirectional camera and an omnidirectional laser.
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Fig.2 Omnidirectional laser

Fig.1 Omnidirectional camera
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3. L—YRimt

I T TR S L — I, B A T
Yo Tl EClEzR-o M E LTIRE SRS, 20729
FHIZAT 9120, Wi kTl —Y L HETE BEEN L
FERDPLER (FEER R LBV Z20HET 208 R”H 5.
AHFIETIE, Z O L —YFHOHUBRIMEIC T w7 AEENE &
I FEN3]EHAND.

9, BE L2l mEgoR.Lr s ERicEREL, v
— R E RIS (X4) .

LT, sz L=V HREERICB T, PR R O
GBI DM O SR EK 5 IR T LR AT T A
AR 5.

fr) 1)
fi-1) 1]

i+d r
Fig.5 Gaussian distribution

Fig.4 Radial scanning
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Fig.6 Calculation of 3-D coodinates
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Fig.7 Experimental environment 1

Fig.8 Measurement device 1
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Fig.11 Measurement data 1

Table 1 Standard deviation from the least square error plane

IR ZE
ki (-H8) 1.08mm
ki (FHB) 0.88mm
st U] 0.85mm
AR 0.69mm
Table 2 Angle between two least square error planes
ERORTAE | Bl
hokm (REB) - A2 90.4deg 90.0deg
P (TEB) - MR 89.6deg 90.0deg
o (RE) - ARl 90.6deg 90.0deg
P (TEB) - ARl 89.4deg 90.0deg
Table 3 Distance between corner points
£ iLH D FEEE HAE
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past U] 567mm 570mm
A 568mm 570mm
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Fig.12 Experimental environment 2  Fig.13 Measurement device 2
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Fig.14 Image with ambient illumination 2

Fig.15 Image without ambient illumination 2

Fig.16 Measurement data 2

Table 4 Inside diameter
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