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Adaptive Alpha-shapes plane point cloud boundary extraction method

LIAO Zhong-ping'”*, CHEN Li', BAI Hui-peng'., DING Mei-ging'

(1. School of Traffic and Transportation Engineering, Changsha University of Science and
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Abstract: Aiming at improving the efficiency of point cloud boundary extraction method,
based on micro-cut surface in LiDAR point cloud,and to ensure the fineness and integrity of
boundary extraction,an a-shapes algorithm of adjustable rolling circle radius is proposed to
deal with plane point cloud boundary. The algorithm firstly rasterized point cloud data and
then excluded non-boundary points. Thirdly, rolling round radius was set by a regulatory
factor and the average distance between K adjacent points of P. Finally, a-shapes algorithm
was utilized to extract the point cloud boundary. To analyze the relationship among the k
nearest neighbors, point cloud shape and point cloud density,it is proved that there is a func-
tional relationship between the K value and the regulating factor w. And the regulatory fac-
tor is independent of point cloud density and point cloud shape. The results showed that this
algorithm can quickly extract the complete point cloud boundary and improve the speed and
efficiency of subsequent point cloud reconstruction under the condition of accurately extrac-

ting the point cloud boundary,with good robustness.
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Fig.1 Diagram of point set different characteristics
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Fig.4 Simulation point cloud and its boundary

(b) Hz=ilift

K1 ZAREREMAEA

Table 1 Boundary extraction threshold

K fi FHET FEIF /s B EAEL
4 0.72 1.720 801
8 0. 60 1.722 801

12 0. 49 1.725 801
16 0. 43 1.728 801
20 0. 41 1.731 801
24 0. 37 1.734 801
32 0.32 1.739 801
36 0.31 1.742 801
40 0. 30 1. 744 801
44 0. 30 1.748 801
48 0. 30 1.749 801
52 0. 30 1. 751 801

FE ML A 2 SR I d =0. 002 m,

w T RE TR 3 B2 A2 on] 3 9 DX ) A2 /) HH P
YR B TR R Wi B SR OK (ST T o
FETERREOC & (N 5 e ) ol 485 R JH AR
2okt 2 e/ RS S BB ALY [(x0) =
ax"e™ RN 0. 007 QR 3 B K42 oy T
B 5 AR SO R YE L BE BB 1Y SR oY 1R
S N @ ML DL b 4598, AAB I L5 B Y
T VEAIAR T 5 1Y 52 Wi g 43 Bt s KA B fie A ICE
h 20 F1 24,

1.0
| * JREEAE
091} | A REL

081 |

a

061 \u
05
041
\\

031 O R

P T

02 1 L ! ! 1 1 1 L L ! ]
0 5 10 15 20 25 30 35 40 45 50 55
K{H

Bs5 KoxH#aKXiH

Fig.5 Function diagram between K and w
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Table 2 Different density point cloud adjustment factor

threshold

K i WS w FENT /s T EAE

4 0.72 1.722 801

8 0. 60 1.725 801
12 0.49 1.729 801
16 0.43 1.732 801
20 0.41 1.735 801
24 0.37 1.738 801
32 0.32 1. 741 801
36 0. 31 1. 745 801
40 0. 30 1. 749 801
44 0. 30 1. 750 801

S = SR d =0. 02 m,

=3 FARAMEAMEL
Table 3  Different graphical threshold tables

EspiA K & P H T FERT /s A B

20 0.41 2.19 1512
(a)

24 0. 37 2.20 1512

20 0.41 2.40 1712
(b)

24 0. 37 2.53 1712

20 0.41 3.56 1605
(¢)

24 0. 37 3.58 1605
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Fig.8 Schematic diagram of hole boundary extraction
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Table 4 Table of hole threshold

K f& i LRSS 5RO
20 0.41 0.41 @)
20 0.41 0. 82 (2
20 0.41 1.23 (3
20 0.41 1.64 )
24 0.37 0.37 (@)
24 0. 37 0.74 (2
24 0. 37 111 (3
24 0. 37 1.48 )
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Table 5 Comparing data table of two algorithms

Hni ARBFTLTT W s SCHRL12107 86 /s
35 425 1.735 14.570
251 001 6.278 86. 385

MF 5 BB AT LR L A 5 s AR
I, SR AR I A 22 0N T A O A A R AR
{0/ D RN LR I N S g N S Py e oA e
(1 P A RS B PR HE B O ik 9 Al 30 2% a5 ¥R 2l B
PR E AT 2 o SR Q B & L
T N AT T A T R A R B 1]

3 #ig

B X a-shapes B3 1 ofE AN B 5 [0) 48, 7 53 17
VT R A R A L B2 T A B9 o-shapes
B o RN A& N Y. HESE T,

1) 3 o AU AL A5 25 0 AN TR
ALz R AN 238 0 2R i B S5 e L IR
W T AR K ES 3 N T o Z EAF 1R R B R
HAWHFRBES S s B EMA BRI,
eSS RN SRR S RN L v G
fLIA I A5 R

2) AHFTE 45 B 18 5 = 0 5 4R UL o
shapes F% 1 afEL B B 296 4 3, BRI IZ T 05 vh iR
Sy 1B BE A% 1S IO 9 55 G2 A2 o fE S DA T PR S A )
PEI = 3 FRE

(EAS I 58 B A B K S0 0 2 o O 41 4 M
FIRLAL A5 25 e B B 85 3R B2 % 1 7 a-shape {8 30
[58] ~ 42 Y S 00

(3% 30k

(1] BRCE, U5 o7 ETIRAF LS = 5 BRI 4 42

L. 1A B R 2 2 4l A AR BE 4 R, 2014, 42 (1)
1738-1743.
CHENG Xiao-jun , FANG Fang. Morphology-based
scatter point cloud contour extraction[]]Journal of
Tongji University : Natural Science ,2014. 42(11):
1738-1743.

(2] akds, ek, S el 45, = im0l o 2 A5 70 (14 e s il

WEEF L] AN BRI 5 EE %%k,
2018,30(2) :235-243.
ZHANG Juan, HOU Jin, WU Ting-ting, et al. Fast
surface reconstruction algorithm for 3D scattered
point cloud model [ J]. Journal of Computer-Aided
Design and Computer Graphics, 2018, 30 (2): 235-
243.

(3] E 3t E M PMVREE A5, 4240 i M =4 b o 20K
SRR ST B I 5 AL AR R 2017,
31(11):1693-1701.

WANG Qiong, WANG Hai-yan,SUN Bao-qun,et al.

Research and improvement of point cloud reduction



Ne!

%16 5% 244 Bod T, %, B i B a-shapes F @ 5 & i R BRI ik 21

(4]

[5]

[6]

7]

[8]

algorithm for vehicle surface reconstruction[]]. Jour-
nal of Electronic Measurement and Instrument,
2017,31(11):1693-1701.

RN, AL RS B R IR = A A A Y 4R A
REEREEL) ). AL A ,2013,30(11) :272-275.
ZHAN Xi, ZHANG Jian-sheng. Research on inte-
grated algorithm of point cloud boundary extraction
and triangle mesh generation[ J]. Journal of Comput-
er Simulation,2013,30(11) :272-275.

WA~ , £ — 52 35K 55 — R skl i8Rl A il
SRR SR B E LT IF AL TR 5 8T . 2012, 48
(23):177-180.

CHEN Yi-ren, WANG Yi-bin, PENG Zhang-jie, et
al. Improved algorithm for extraction of boundary
characteristic point from scattered point cloud[]].
Journal of Computer Engineering and Applications,
2012,48C 23) :177-180.

BT B R L S 2 (B 5 BOT- T8 5 3 5
i 77 B L0, THSHL . 2016,36(7) :1933-1937.
LIAO Zhong-ping,LIU Ke.XIANG Yu.et al. Meth-
od for extracting boundary point cloud boundary
points by multiple thresholds[]J]. Journal of Comput-
er Applications,2016,36(7):1933-1937.

FLEE S L RN N S et ) = ki W ]
MFARAE A S $E Bk [T ] DO DR A A R,
2017,39(6) :68-72.

JIANG Mei-xiao, ZHANG Guang, XU Wei-qing, et
al. Automatic extraction algorithm for boundary fea-
tures based on 3D laser scanning point cloud [J].
Journal of Wuhan University of Technology,2017,39
(6):68-72.

TORAE L INAL T ARG A HUEL R B 30 BRI

[9]

[10]

[11]

(12]

W AR 5 & R, 2017,27(7) :83-86.
DING Cheng-jun, SUN Gang, YIN Li-liang, et al.
Boundary extraction of scattered point clouds [J].
Computer Technology and Development, 2017, 27
(7) :83-86.
FEAK S AL, S HEMOG A A w3 SR I ST .
&7 1 ,2017(10):67-71.
DU Qiu,GUO Guang-li. Research on 3D laser scan-
ning point cloud boundary extraction [ J]. Metal
Mine,2017(10):67-71.
X PR TG BRVU L. RlE w0 37 3 0 0 i o U
AR ML AL [T/OL . b [ #0Ok - 1-15[2019-02-
21].
LIU Qing, ZHANG Guang, CHEN Xi-jiang. The
regularization of point cloud features based on im-
proved field force and criterion[ J/OL]. China La-
ser:1-15[2019-02-21].
FORER, T AR R AR A 1 i PR
RWF L] AL TR 5 M L 2010, 46 (36)
213-215.
WANG Zong-yue, MA Hong-chao, XU Hong-gen,
et al. Fast edge extraction algorithm for massive
point cloud [J]. Journal of Computer Engineering
and Applications,2010,46(36) :213-215.
TR AR ES4E .5 2T LIDAR $d iy dt 31 =
dE@ )] LT TRERRYSSM: ARR ¥,
2011,30(3):373-377.
SHEN Wei, WANG Lin, WANG Chong-chang, et
al. 3D reconstruction of buildings based on LIDAR
data[ J]. Journal of Liaoning Technical University :

Natural Science Edition,2011,30(3) :373-377.



