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Reconstruction of Structure Shapes of Facilities from Large-scale Point Cloud (1st report)
- Estimation and evaluation of connecting components based on extracted surfaces -

Ryo MATSUOKA, Hiroshi MASUDA

The recent progress of laser scanners makes it possible to capture dense point-clouds of large-scale facilities. Large-scale
facilities are mainly composed of many primitive surfaces, such as planes, cylinders, cones, spheres, and tori. However, it is
not easy to reliably extract these surfaces from point-clouds because it is actually difficult to capture complete point-clouds
of surfaces. In this paper, we discuss how to reconstruct pipe structures from insufficiently extracted surfaces. In our
method, we first extract planes and cylinders, which can be reliably extracted, and detect the relationship among detected
surfaces on a depth image. Then we estimate shapes and locations of various pipe structures using the relationships among
surfaces. Finally we verify estimated shapes based on visibility tests and eliminate inconsistent structures. In our
experiments, our method could sufficiently reconstruct pipe structures using only a single scanning data.

Key words: point- cloud, laser scanner, 3D modeling, shape reconstruction
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Table.1 Rules for connecting surfaces

Usage Relationship of Surfaces
. + A group of cylinders that have the
Pipe same axis and radius.
+ Two cylinders whose axes intersect
Connect orthogonally.
pipes by 90° + The intersecting point of two axes is
Elbow out of the cylinders.
Connect + Two cylinders whose axes intersect
pipes by 45° by 45 degree.
) + Two cylinders whose axes intersect
Tee Conn_ect pipes orthogonally.
at T- junction « The intersecting point of two axes is
inside one of the cylinders.
) + Two cylinders that have the same
Connect pipes axis and different radius.
Flange on the same
axis + The axis of a cylinder and the normal
of a plane are the same direction.
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Fig.16

Extracted structures in Facility B

Table.2 Rate of conformity

Pipe Elbow Tee Flange

Facility A | 188/195(96%) | 32/35(91%) | 9/11(82%) | 21/23(91%)

Facility B | 132/151(87%) | 39/45(87%) | 8/10(80%) | 10/14(71%)

Total 320/346(92%) | 71/80(89%) | 17/21(81%) | 31/37(84%)

Table.3 Rate of recurrence

Pipe Elbow Tee Flange

Facility A | 188/225(84%) | 32/51(63%) | 9/11(82%) | 21/38(55%)

Facility B | 132/153(86%) | 39/55(71%) | 8/10(80%) | 10/20(50%)

Total 320/378(85%) | 71/106(67%) | 17/21(81%) | 31/58(53%)

Table.4 Effect of conformity evaluation

Pipe Elbow Tee Flange

Apply 198/213(93%) | 34/47(72%) | 11/20(55%) | 29/42(69%)

Not Apply | 188/195(96%) | 32/35(91%) | 9/11(82%) | 21/23(91%)

Table.5 Timing of calculation

Surface Extraction Model Generation Total
Facility A 3mb4s 0m53s 4ma7s
Facility B 3m48s 1mb50s 5m38s
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