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Development of a 3D Model Vibration Visualization System
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Abstract : Vibration data is a basic information obtained from machines, which can be used in various fields, such as
durability diagnosis and material selection. In this study, two systems have been developed. One system rapidly generates a
rough 3D model of an object with point cloud filtering and surface reconstruction. The other system visualizes deformation
caused by vibration by inputting the object’s vibration displacement data into the 3D model, utilizing polyharmonic
deformation. These systems are anticipated to be applied in vibration-based fields, such as internal structure estimation
through vibration mode analysis and machinery lifespan prediction.
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Point Cloud Data
]

3D Model Generation System

l-— Vibration Data

3D Vibration Visualization System

+
Vibration Video

Fig. 1 Process of the 3D model generation and vibration
visualization system
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Fig. 2 Process of the 3D model generation system
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Table 1 Algorithm of ground removal using RANSAC

Table 2 Algorithm of outlier removal

Algorithm 1 Ground Removal using RANSAC

Algorithm 2 Outlier removal

Input: Point cloud 7, distance threshold ¢, sampling count ¢
Output: Normal vector of the best plane b, inliers of the best
plane B for j~ 0 to % do
S.add(three points randomly sampled from P)
for all s in S do
n < normal vector of plane formed by s = equation (2)
for point ¢ in P do
I |n- ql
if [ <t then
Ladd(q)
if /.size > B.size then

> equation (4)

b-n
B~ 1

Cloud | Reset Model

Rasel Camera

Apply
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Fig. 4 Scene with the ground removed where the object is
placed
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Input: Point cloud 7, k, 7,
Output: Outlier points O

for i~ 0 to P .size do
M,

local

neighbors))

Tnglobal - mean(%oml)

.append(mean(distance between P[] and its k nearest

o~ standard_deviation(4,.,)

dr}u,tliftr < nlglr)ba,l + 0—7.51‘,(1) = equation (5)
for i~ 0 to M,,,.size do
if Mo(ul[ ] > d{)utlier then
O .add(Pli])
File
Sloud | Resel Model
Reset Camera
. i -
L A
at - . 4
NPT
-5 -

Keep Only the Largest Mesh
2 Axis Alignment

Fig. 5 Scene with outliers removed
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Development of a 3D Model Vibration Visualization System
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(b) After removing low density area

Fig. 6 Before and after removing areas with low point density

Fig. 7 Scene with mesh generated from point cloud after
removal of non-interest objects
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Fig. 9 Process of the 3D vibration visualization system
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Fig. 11 Control points are selected on the mesh
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Fig. 12 The results of applying (a) ARAP deformation and
(b) polyharmonic deformation to the cantilever

Table 3 Time required to generate deformations when k=1,
along with the number of points and triangles for

each 3D model
Min ti Max ti Avg ti
Model Points | Triangles i time) Max time | AvE te
(sec) (sec) (sec)
Cantil
AMEVEr | 10,284 | 20576 | 005 | 015 | 007
(CAD)
il
Cantilever 1,5, 5141304379 149 | 2.10 1.85
(3D scanner)
MDPS
392,105 | 776,068 2.87 5.72 4.68
(3D scanner)
L — ‘1
—
s - ! =
e »

Fig. 13 Cantilever from CAD(top), cantilever from 3D
scanner (middle), MDPS from 3D scanner(bottom)
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Table 4 Vibration frequencies and sampling rates for the
Ist, 2nd, and 3rd modes

Mode Frequency (Hz) Sampling rate (Hz)
1 84.628 2000
2 268.36 4000
3 524.03 6000

Table 5 Video playback speed and fps for the 1st, 2nd, and

3rd modes
Mode Playback speed fps
1 0.01 20
2 0.005 20
3 0.005 30

(2] Model obtained with CAD

(b} Model obtainad with a 3D scanner

Fig. 14 3D Model of a cantilever obtained with (a) CAD

and (b) 3D scanner
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Development of a 3D Model Vibration Visualization System
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Fig. 15 Output frame of the RecurDyn and 3D vibration
visualization system for mode 1 (cantilever CAD
file)
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Fig. 16 Output frame of the RecurDyn and 3D vibration
visualization system for mode 2 (cantilever CAD
file)
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Fig. 17 Output frame of the RecurDyn and 3D vibration
visualization system for mode 3 (cantilever CAD
file)

Table 6 RMSE between the vibration data and the
displacements generated by the polyharmonic
deformation with k=1, k=2,k=23 for 1st, 2nd,
3rd modes(cantilever CAD file)

Pointl -y | Point2-y | Point3-y | Point4 -y
Mode - k
(mm) (mm) (mm) (mm)
Ist-1 0.1864 0.1839 0.0295 0.0151

Ist-2 0.0906 0.2141 0.0811 0.1737

Ist-3 0.0572 0.2960 0.1863 0.2611

2nd-1 0.4904 0.5216 0.1526 0.0941

2nd -2 0.2575 0.5748 0.1732 0.5348

2nd-3 0.1872 0.7842 0.4598 0.7853

3rd-1 0.3758 0.5114 0.3809 0.2648

3rd-2 0.2494 0.4740 0.1205 0.6754

3rd-3 0.2521 0.6199 0.2802 0.9340
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Fig. 18 Output frame of the RecurDyn and 3D vibration
visualization system for mode 1 (cantilever mesh
from 3D scanner)
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Fig. 19 Output frame of the RecurDyn and 3D vibration
visualization system for mode 2 (cantilever mesh

from 3D scanner)
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Fig. 20 Output frame of the RecurDyn and 3D vibration
visualization system for mode 3 (cantilever mesh
from 3D scanner)



Table 7 RMSE between the vibration data and the
displacements generated by the polyharmonic
deformation with k£ =1,k =2,k =3 for 1st, 2nd,
3rd modes(cantilever mesh from 3D scanner)

Mode - k Pointl -y | Point2-y | Point3 -y | Point4 -y
(mm) (mm) (mm) (mm)
Ist-1 0.1927 0.1803 0.0380 0.0159
Ist-2 0.0948 0.2234 0.0774 0.1861
Ist-3 0.0491 0.2815 0.1775 0.2778
2nd -1 0.5053 0.5132 0.1764 0.0963
2nd - 2 0.2695 0.6012 0.1607 0.5710
2nd -3 0.1718 0.7508 0.4296 0.8382
3rd- 1 0.3831 0.5087 0.4035 0.2670
3rd-2 0.2615 0.4995 0.1282 0.7144
3rd-3 0.2362 0.5846 0.2599 0.9814

Table 8 RMSE of displacements generated by the polyharmonic
with k=1,k=2,k=3 between
cantilever CAD file and mesh from 3D scanner for
1st, 2nd, 3rd modes

deformation

Mode - k Pointl -y | Point2-y | Point3-y | Point4 -y

(mm) (mm) (mm) (mm)

Ist-1 0.0063 0.0036 0.0086 0.0008
Ist-2 0.0042 0.0094 0.0037 0.0124
Ist-3 0.0082 0.0145 0.0089 0.0167
2nd- 1 0.0150 0.0084 0.0242 0.0023
2nd - 2 0.0120 0.0264 0.0128 0.0362
2nd -3 0.0154 0.0334 0.0303 0.0529
3rd- 1 0.0081 0.0043 0.0240 0.0023
3rd-2 0.0121 0.0258 0.0202 0.0392
3rd-3 0.0159 0.0365 0.0207 0.0481
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