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Abstract: Along with the widespread use of 3D scanners and X-ray CT scanners on manufacturing scenes,
reverse engineering technique creating surfaces for 3D CAD data has been developed so far. To create sur-
faces on reverse engineering, segmentation of point clouds which suits surface configuration of 3D CAD data
is needed, however, it costs a lot with conventional manual operations, and hence, development of automatic
segmentation is required to cut costs. In this manuscript, our new method is presented, which automates the
segmentation of point clouds with a combination of the clustering based on the VBGMM and the DBSCAN,
where, points, normals, and variances of normals are treated as feature vectors.
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Fig. 2 Point cloud of a cube (left) and its distribution of nor-

mal components (right).

2T, FEOEEOEROSA 2SRy LI LIL)#
DO EL T LI LN TES.
3.2.1 EENT ML

TIPSR T T A 720 23TER T 2 HO O SR
D 3 RICHEREAE % BAS S 2B S 505, W a2 RERT
LIDIEHEP ST RTOE T TORMEIH T &
IS TR, 22T Kd K [22] 07— ¥ k%
WO EARR A AT 5.

ERROHEE I IZIFEH OB OEE DL r, WO RHE
FFHL, DTS2 &9 ICERS I L VT .
IO AE N, i % H OO EEER 7k
V% p, NMEOEESOELOMBIEERY MVvE p LT
5 &, LN o5 #H3L5HUTY] Cp RN 5.

1 X
Cp= N ;(Pz —DP)(p; —ﬁ)T

HELTHATE Cp DEAEE A1, A2, A3, (M1 > A2 > A3)
EL, e TABAELLZFEXRZ Vv EZNEN v,
uy, uz £ 35E, EHRT M n i,

n — us

L b,

VL EDFTE TIZERANRZ MILOF NI DWW TAEE DT
B, REFETIILTORETERNZ MVOJh %z E
5. 3D AXF X FNSELNLIRAE T — 7 13—/
RN TR ER->TBY, WENEYWOAX ¥ FHlO
MEEmE L TERT L0, REOBEHRSR) T 0%
EOFERE L TERAET -5 I28FN w5, 22 CTH
IROPEAENR 7 FVOFHEOR, BIKME T — ¥ OFFO£E
DIEHEBIBT 5T L TEHRNZ VO FRZED 5.

BRI DWTERANY Va2 &, e 28V
REBEOHAIIERE 2 (F) IORT L)X hb, T80
N7 MVOEGDOMRIZAEH L 3 RICZEM (22 & 15
LT B) NicTa Yy MU, 2 () Xy
P21 O LA ETEL DA T 5.

HBOBEICL XA, B 3 IRT L) ISEBEAIERD
PEPHENLGEE ) A XDOFENREL ) FEHOIES

1448



[BEAIEFREREE Vol.62 No.8 1445-1455 (Aug. 2021)

F0 08, 08° %0 408gp0s

3 WUIZEfE R E () SEANREHRCEE ()
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Fig. 4 Variance of normal components.
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Fig. 5 Weights of each clusters of the result of clustering on

normal components of a point cloud of a cube.
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B8 MO () LEREMTOZ I A5 ¥ 7R (h)
Fig. 8 A point cloud of a concave hull (left) and the result of

clustering on normal components (right).

X9 HEZERTO DBSCAN ICL D27 T A% ¥ 7R
Fig. 9 The result of clustering on position coordinates by
DBSCAN.
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Fig. 10 A point cloud of a tangent continuous surface (left)

and the result of clustering on variances of normal
components by VBGMM (right).

X 11 [ 10 O EHOER O HZEM T D53
Fig. 11 The distribution of variances of normal components

for data shown in Fig. 10.
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Fig. 12 The result of clustering on variances of normal compo-
nents for a point cloud of a tangent continuous surface
by VBGMM (left) and the result of clustering on po-
sition coordinates by VBGMM (right).
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Python |2 & D FEH L7z, EHTDIIHIVFHLIZTA
TIVRUTOEBYTHL. T¥F, LRICEI% W
WY 72 5 % FATT A 72012 NumPy [24] %, VBGMM
% DBSCAN R F B 53 A5 O M8 700 T AL %5
179 572912 scikit-learn [25] ZFIH L7z, 512, AJ)
TEEMET =5 D7 7 A NVERUT—RMIC STL Bz 0

=2 FEBRTHMLAAHT—

Table 2 Point clouds used in our experiments.
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T, STL 7 7 A VDA ¥ F— b D72901Z numpy-stl [26] &
P L7z, MR TRKAARZHWEBERRET VT X
LEEQ TR O 72912 Open3D [27] # FIH L7z, %8B,
FEERIHEH L7z — » PC @ CPU I Intel Core i7-4510U
(2.0GHz) T 5.
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X 14 & (a)~(e) DIHIZ, £ L 3.4.1, 3.4.2, 3.4.3,
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Table 3 List of hyperparameters used in our experiments.

FT—H4 Fandisk EISERVAYSELN T
r 03 1.0 1.0
7 0.5 3.0 3.0
N N 30 20 30
Y, 0.0025 0.05 0.025
N & 0.015 02 02
S 10 100 100
N € 1.0 3.0 3.0
S 50 100 50
N N, 3 10 10
ol 0.1 0.05 0.025
N e 0.4 3.0 3.0
S s 10 100 50

13 Fandisk OffHE (ZM) &&EH () (STL 7— & o
TR (LB, k7 xryT—varhl (TE)

Fig. 13 The front (left) and the back (right) of the Fandisk.

STL data shown as curvature (upper) and an example

of segmentation result (lower).
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segmentation results of each steps for Fandisk.
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Fig. 15 A concave cube (left side) and a leaf shape (right side).

Actual objects (upper), acquired point clouds (mid-

dle), and segmentation results (lower).
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Table 4 Measurement conditions.
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Fig. 16 A surface consisting of tangent and curvature continu-

ous surfaces. The comb indicates the curvature of the

edge.
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Fig. 17 A point cloud generated from surface shown in Fig. 16
(left) and the result of clustering on variances of nor-
mal components by VBGMM (right).
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