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Feature preserving point cloud simplification
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Abstract: 3D scanning devices generally produce a large amount of dense points. This paper presents a
feature preserving point cloud simplification method to reduce redundant points while preserving
original geometric features well. Firstly, K-mean clustering algorithm was employed to globally
gather similar points in a spatial domain. By constructing a K-d tree structure for the point cloud,
some nodes of the K-d tree were used as initial clustering centroids. Then, normal vector of point
cloud and candidate feature points were estimated with principal component analysis method.
Traversing every cluster, if feature points were contained in the cluster, the cluster was subdivided
into a series of sub-clusters and the cluster was mapped to a Gaussian sphere. Finally, adaptive mean
shift algorithm was employed to classify the data in Gaussian sphere and the clusters in Gaussian
sphere were corresponded to the sub-clusters in the spatial domain. The cluster centroids present the
simplification data. Several real object models were used to verify the effectiveness of the proposed
method. The experiment results demonstrate that the proposed method generates sparse sampling
points in flat areas and high density points in high curvature regions. As comparing with the non-

uniform grid, hierarchical agglomerative, and K-means methods, the proposed method obtains the
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smallest simplification error and preserves original geometric features.

Key words: point cloud simplification; principal component analysis; K-mean clustering; mean shift;
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Fig.1 K-mean clustering for point cloud
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Fig. 3 Candidate feature points and normal vectors of

Smooth-feature model

2.3 SR EEENHEZBRE

A T Y YRR AR 3 R 2 A A
Z AT 25 HRFAE 5RO 30 SR AR R i SR
W T="TCu, v) TR’ Jy— 1 ) iy 18, 2 i 18 A 32
RN — BB g€ T b il 17 Y B0 vk 4% Y
A SE BN AL ER TP ={(x, y, D CR | &+
+ =10 o il T a5 S BR T L Y A
XiF o o 3 X IO B A T T e T S G T
T, W T e 4R e S GO Bk R
T (e I, B Bk T D) R oA s Bk, A R
— 32 3 [ T S S T U)o T 0 R ST I Sy S Bk

B R AR — 3 ) v T R O v
BR 0 — A W oS TE , SR L AG TR
ROBAEAERZE T 9 = 5 1o s B Bk i % 4
Iy AR,

K HE R )G 3 X8 0 28 e T LA
BREATE RS RIP AL SRR S, LRI PR
BB A NG 1 n AR B A L PR, TR SRR
LA 43 » 40 3 sh S 2 0] DL 4y Sk 22 A4 S 3H IX 38 A
FRAE A5 R PCA A 14 325 % FE R A 05 A0 R[] F
S IX 38, 8 1 R A 0 3R 2K e B 3 e 1A
T3 X A5 2 B Oy T I 2 A R R
TE A e Ry b Sr ) — A sl 2 A2, sl 4 By
7~ B 4 () I 3 Ca) R IE HE N Y 5 2 H il i
ST AT REAE A5 P A ST A9 58 S A AN [
ST B S5 Ry Bk PSR NE 4 A
RUPTR RRAE S B R 55— sl 2 AR, il
S TR, XE ek b s AT RS E ek b
BT RS A A 0] S = TR, W LEH
TR R R /04T B T LA 2L T G
SRARF PN B A BT A s R Ay, B
{ELSERS X R AIE 43 [] o I R A S 1A T SR 26 B, TG
TR RSB )12 B T WL A S
AR SR 3 I A TR B e i R

() Pronim B HER

(a) Normal vector of dihedral surface

(b) v i e 30 7 T &
(b) Gaussian sphere of dihedral in Fig. 4(a)
B4 YT o K = s sk
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Fig. 7 Simplification of foundation model. The first and second rows are point cloud and triangulated model respectively
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Fig. 8 Simplification of gear model. The first and second rows are point cloud and triangulated model respectively
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