A5 K3
2020 4F 3 H

ROk R

Geomatics and Information Science of Wuhan University

Vol.45 No.3
Mar. 2020

fi B B2 R

DOI: 10.13203/j.whugis20180390 B

3
[OfS--

v B P T T 2 13
TS

k!

XEHS:1671-8860(2020)03-0353-09

7 Bk L1

GRS

1 FETREKFMA S WG, ME FBIN, 450001

E.RAZRKF & (ball pivoting algorithm, BPA)Z ZEH H E =W FAKSILARTAZ A, AT
REX—FEFALEBER T, RET —FALELBPA LS A TEAWDAOREZTFN WO ETLERE.
TR MBEFTES BT EAAES XAFFLARIABIOINIE AR T Z AN LR, HEE4%k
b mAERBRERT , FEEGBRAKRFRE OERRMRRREERE, HXBArWERTE 6
R EREENE ZSBREZANAE, RAL REFRITHBREETLR, FREREAN, LEAY
HA5FEAEHHGES WA EHRAE IR TEAREZADHER , THEIBLFAL TR, L4848 52,

THERRERG.

KBR:EZNEBKRRT; BERRRSF wdmEA; RE R0 wR2K

HE 5 %S P208;P237 AR R A

Bl B = A A BOR Y PR R R B T AL A
2 (14 il T R A 3 ] AR SO AR
i ﬁ%ﬁﬂﬁﬁﬂﬁﬁ Bl | R A0 S AR A AR
ARSI AR B T . H R il
7k E 4y 3 H T Delaunay = 4L 11
o oo o A = T AR XA Kk it
T e A K i A DL — A
7 = A0 I8 0006 WA, AR AR — 2 B #0 F I v D) AR
SRR = S DAUSE A = A A%, 2 3l g Pl A AL, 7
P @R . %75 E A B B ] A A
(SN B RSN IR  W  1  W A = R 1
TR PR ¥ (ball pivoting algorithm ,BPA )™ [y 7E
J& Tk 3K zh & 35 (intrinsic property driven,
IPD) " R Bk B R AT WA A K
PR

BPA 3 [ 1999 4F 3 A LUK, P 5 52
PR R WL A T 52 [ A AR O
BB R EOR (1) M= B WA — Bohk 1y 2 1)
FEL Q)R RBIA L, XM T R, WA K
Ry A 2 1 ) Al T R — SOk R A R 4
SCHR [ 18-20 ] 4 s iy 58 vk T DA E B 31 5 th — 2otk
M) =k w5 S L BB R BPAFILEZR . X F
TR (2) , — i fi e 7 2 7R AR R = H s, 2
SR W8 35 5 B X AR I — Fh oA 50 T

Y5 B 85 :2018-09-30

3 5 — Flof pe Oy =R 0 D B3 1 s R M i
Hug Wi dm AR 5 i = o B X 58 i o
T E AR Z 2 EAE T RENE . SCHk[21]
P T P o G BRI TR BRI G Al T /N R
7wk = AR, AT LA E N A RS
a-shape 559 [/ S 2OR B9 = M A% {0 2 2 ]
T4, NREALEE =4 N o SCRk[ 22 1B X
BPA Bk E @A 5) i = 5 7 A LR Y ), K
BPA Bk F A 1) B pR BRI AR S 5 SR AR 1)
55 bR BSCAE LR DX G Tk 2, R )5 I H BPA SRk
GG E N ER A o IR Y 2 NN ) S B 1 R
FERMNAE A o SCHR[1, 23] 2R H AT AR 7R Bk 2 42
Ui BPA B3k AR % b 38— e B M AR 5T
= AR AR R R AR T A A 2 T A i
AEAG BENYE, SCER[24 #2117 —F 455 De-
launay A1 BPA i 9 4% 5 8 U A6 5300, 24 I a5 = )
PR F R Bk B AR B il AS 255 — SR, i H Delau-
nayﬁ(ﬁ;&ﬂ/&ﬂ?figﬁ 8] 4 Jirg 5% DA B 272 Y
T3 — A5 1) R Bl DA HUES = 050, (B AE AN
zlﬁlﬁﬁjtﬁ:{aﬂ?ﬁ (R X 3 2 3 A7 )Ry 38 Delau-
nay Hl oy A AR, JF B R AIME R AT
PR, SCHERL25 )3 it/ B K A 2 SR BRCE
Tk Bt BPA B8k (H TR 3K 428 1Y 18 BOB A AT ]
5'634\ FELWENTZREE, A A ek £ 0

FE—EHE A, A, AR IO RS TR S s EHE, fuyongjian0808@163.com

BIIEE .

AR WA R MR S, 13838092876@139.com



354 ) G == T

fi B F 2 R 2020 43 H

BARWA A, BARZ A A ROR B B AL
PEBUR BRI A 5 o

BEXT BPA B N el ik Sk TE A B 1 A
M BN BA [ 3E Y A BEAR b b 8 i AR
HACRIRT S5 08, A SCE LT —fh iz NTETR
4 A F (intrinsic property factor of point cloud, 1P-
FPC), JF o3 M 5T, 45 & e iu K 45 B H
7 A VR R AR BRI T — B 3 A N VR KAk
(self-adaptive ball pivoting algorithm, SaBPA) , LA
v i I iR BPA B 2 A K A AR A i B W
B Ao

1 BPAEZREERF

BPA Bk —Fa i m E R Tk %
Bk —AFF =M R T e — A
BN r IR ER R G IR BRIE B R+ = M
R B (Y 6 30 TR sh I IR 2045 5% 30 1 A~
Uiy a4 i), BB B Ak B R — AN S 1RV B
Ji o 38 3k T2 VR BR N R A A A TR B R
75K 1230 5 % S SO = A . SR 3k
WAt R, B A s AR S A AR A
SERLE T AE . W T B P B e R Bk
etz r I AR BEAR A2 5 m AR T K

BPA 535 i ity 8 G B AL 1 = A B
= MR AL

D F=fMEEi. fir=MEHT =M
e WA tR A . — A B0 Bl T = A8 75 20
JE 3G (D = MIBAL T 8 = 3R 5 (2) 9 L
AR 3 AN TSR R 3k F AT RE A7 7E R 25 A S
S F=AEER BTSN =M.
RN DR

(1) B HIL 356 B — > 3% A5 9 FH - il i & Y
Mo

(2) S p 1 4B 38 b e BRI AN K po oo

() K3 — AR = I App. poo

()X INppo p, FEATAHZEPERT I, Gl 2 0 2% 252
T2, AR PR (L) .

(5) MR BRER AL T = £ 1w AMI  BR 5 3 4
TO0 A5 42 fih Bof ) BT VR BR N R A A A LA A A IR
AL Z = MIBAE R S A
R EEER(D) .

2) M Mks R, PR FELERE IR
AR = 5 M i B = Y SRS N B
FAE E A7 FH 25 PEAS I, O 25t AH L A A 3k
GRENNR SOR

(1) 4G I 300 F) T 31 JR 1, o A T 4 i 1Y 301 b
RN

(2) 5T 45 %€ M IR BR AR r i 0k i

(3) P A 2 A5 Hh 30 AR G A0 S 1 i 30 1 26
=g =R R =

(4) XJ 456 36 = A JE JEAT R A PEAS I, 47 15 2
FA W2 540 19 5 DU B3R 32 i ik = FTE .

(5) AW s 2 AR (1) ~(4) , BLE T A LA
AR AL SR DS B A = AR R RA% TP SLIR
=L A

1E UG BPA Sk IR ER AR r R P R
HZHE L, BA /A, MR AR AR
A1, WA SR R TR BE R T 20 B9 X J8023 7 2R AL
Y 1R i A 1 S e

T

,
’
7
S ,
[ Ja ‘
(\ i
~—

(b) ST AT

(a) ISR m B
K1 42T BPASRIL
Fig. 1 BPA in 2D Situation
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Fig. 3 Flowchart of the Improved Algorithm
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Tab. 1 Statistics of Uniform Point Cloud Reconstructed

by BPA Algorithm
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Tab. 2 Statistics of Uniform Point Cloud Reconstructed
by Reference [25] Algorithm
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Tab. 3 Statistics of Uniform Point Cloud Reconstructed

by SaBPA Algorithm
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Tab.4 Statistics of Non-uniform Point Cloud
Reconstructed by BPA Algorithm
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Tab.5 Statistics of Non-uniform Point Cloud
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Tab.6 Statistics of Non-uniform Point Cloud
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A New Self-adaptive Ball Pivoting Algorithm Driven by an Intrinsic
Property Factor of Point Cloud

FU Yongjian' LI Zongchun' HE Hua'

1 Institute of Geographical Spatial Information, Information Engineering University, Zhengzhou 450001, China

Abstract: To solve the shortcoming that there will be some holes and/or redundant triangles when non-uni-
form point cloud is reconstructed by BPA(ball pivoting algorithm), a new self-adaptive ball pivoting algo-
rithm is proposed. The improved algorithm is driven by an intrinsic property of point cloud, which is initial-
ly proposed. And according to the reconstructed surface area, a new method of surface reconstruction quali-
ty evaluation is also proposed. Firstly, three isolated points are selected to build a seed triangle, according
to the points’ vectors, position, spacing, connection and so on. Then, the radius r of the pivoting ball is
adaptively calculated based on the intrinsic property of point cloud and front edge length. Finally, a suitable
third point is selected by pivoting the ball of radius » around the front edge, to expand the triangulation. Ex-
periments on Dragon and Bunny point cloud show that the proposed algorithm can adaptively reconstruct
the surface of both uniform and non-uniform point cloud.Moreover, it is robust, efficient and needs no manual
intervention. The reconstructed surface is of high-quality according to the proposed method of surface recon-
struction quality evaluation.

Key words: intrinsic property factor of point cloud; self-adaptive ball pivoting algorithm; surface recon-

struction; quality evaluation; front edge length
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