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Abstract Recently, the facility extension construction and maintenance market portion has increased instead of
decreased the newly facility construction. In this context, it is important to examine the reverse engineering of MEP
(Mechanical Electrical and Plumbing) facilities, which have the high operation and management cost in the
architecture domains. The purpose of this study was to suggest the Large Point Cloud-based Pipe Shape Reverse
Engineering Method. To conduct the study, the related researches were surveyed and the reverse engineering
automation method of the pipe shapes considering large point cloud was proposed. Based on the method, the prototype
was developed and the results were validated. The proposed method is suitable for large data processing considering
the validation results because the rendering performance standard deviation related to the 3D point cloud massive data
searching was 0.004 seconds.
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ReverseDesignStrategy

ReverseDesignProgram -Name:string

T*

-Name: string +begin()

+action()

() 0
AR

Segmentation RANSAC

Filtering

Pipe

Database Shape

-Point1: PointXYZ
-Point2: PointXYZ
-Radius: real

<H

-Name: string -Name:string

-Grids

PointCloud Plane

-A: real
real
real

real

-Name: string

N\

-PointCloudID: integer

-C:
-D:

*

PointNormal PointXYZ

-PointID: integer

X: real S -PointCloudZone: interger
-Y: real 'Xf real
-Z: real -Y: real

-Z: real

*

i

PointCloudGrid
-LOD: integer

PointReferenceCloud

-PointCloudID: integer
-Name: string
-LOD: integer

Fig. 2. Reverse engineering architecture of large point
cloud-based pipe shape
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Table 1. Definition of architecture class function

No Class Description

1 PointXYZ 3D point structure which consists of X, Y, Z.

2 PointNormal 3D normal vector

3 PointCloud 3D points container

4 Segment Point cloud segmentation results.

5 Database Database to manage the po'im cloud's, shapes,
Shapes and reverse design algorithms.

6 Shape Shape base class.

7 Cylinder Cylinder is represeme;ia(})i{l: point 1, point 2 and

8 Plane Plane is represented by A, B, C and D.

9 Shape Shape such as a pipe.

10 ReverseDe-sign Algorithm container to manage the Shape

Program mapping rule sets and reverse design algorithms.

ReverseDe-sign | Reverse design algorithm container to manage the

Strategy algorithms.
12 Filtering Filtering algorithm implementation class.
13 | Segmentati-on Segmentation algorithm implementation class.
14 RANSAC RANSAC implementation class.
15 Recognition Shape recognition implementation class.
16 Validation Validation implementation ?lz?ss to calculate and
check the recognition error.
17 Report Validation results.
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1. P1 = SelectRandomPoint(PCD)

2. P2 = SelectRandomPoint(PCD)

3. P3 = SelectRandomPoint(PCD)

4. Plane = GetPlane(P1, P2, P3)

5. Pc = GetCenterPoint(P1, P2, P3, Plane)

6. R = GetRadius(Pc, P1, P2, P3)

7. AxisVector = GetAxis(Plane, Pc)

8. Cylinder = GetCylinder(AxisVector, Pc, R)

9. InlierNum = GetlnlierNum(PCD, Cylinder, Tol)
o714, P1-3E AdH B4E& 93 A =(seed) EIE
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Grids = CreateGrid(PCD, GridPointNumber)
Loop Grid in Grids
Loop p in PCD
IF IsIn(Grid, p) Then
Grid = Grid + p
End
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End
End

Loop Grid in Grids
LODpoints = GetLODpoints(LODindex, Grid)
Grid[LODindex] = LODpoints

End
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Table 2. Performance Results
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Fig. 5. Result of segmentation
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