23 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2016,27(10):2612-2621 [doi: 10.13328/j.cnki.jos.005088] http://www.jos.org.cn
O [ b I8 ARAF T ST RRUBSUT A Tel: +86-10-62562563

HE=HMgE4 T EHEZE
rER, 2 7L R B, 2 &

'L TR UHHENLSE BHEARZER IHENRGEVRILILT KiE  116029)
G REB A A5 2 ARG T H S0 5 (Il BB HL K ), b5t 100876)
WARPER: FhBEMS, E-mail: CADCG2008@hotmail.com

W OE: A EE S A ARG Z RS EARE T I Z MRS ik —— X AN T ARk,
HHAET kd-tree ARG T A AGHAENBRESIAETEZRRSFETERIRRAS ARBEENTEE
REAedE & RIRIATHH TR E S RES T ER TR TR, MEAREREATAREIFRGHES
R IR #5554k e0 3 £ & R MAGLES R0 R AV, 5 R R A AR, 277 R B A BUF TR R R Z 0T H
KR =4 Eckd-tree; M ARSI E & R0 ANT £ 14

FESES XS TP391

tac g RS AMBEIG, 55 T, 4R B, 4R A EE R = A A AR T R 24 41R,2016,27(10):2612-2621. http://www.jos.org.
¢n/1000-9825/5088.htm

B35 A% Sun XP, Gai Y, Xu N, Li Z. 3D ear mesh merge algorithm based on patch removing. Ruan Jian Xue Bao/Journal
of Software, 2016,27(10):2612—2621 (in Chinese). http://www.jos.org.cn/1000-9825/5088.htm

3D Ear Mesh Merge Algorithm Based on Patch Removing

SUN Xiao-Peng'?, GAIYu', XU Nan', LI Zhi'

!(Computer System Institute, School of Computer and Information Technology, Liaoning Normal University, Dalian 116029, China)
*(Beijing Key Laboratory of Intelligent Telecommunications Software and Multimedia (Beijing University of Posts and

Telecommunications), Beijing 100876, China)

Abstract:  To address the problem of merging the multiple meshes of the same human ear, which is scanned from different perspectives,
this paper proposes a novel approach—patch removing, for merging 3D ear meshes. First, kd-tree is used to segment the two registration
meshes of 3D ear into un-overlapping area and overlapped area. Then, the un-overlapping area and overlapping are segmented into blocks
according to their connectivity. Next, the redundant patch in the overlapping area is discarded, thus establishing the points on the
boundary of blocks. Finally, to merge the 3D ear meshes, the mesh blocks in the un-overlapping area and the rest of the overlapping area
are stitched along the boundary points. Experimental results show that, comparing with other works, the proposed algorithm can merge the
3D ear meshes more effectively with higher computational efficiency.

Key words: 3D ear; kd-tree; mesh merge; overlapping area; patch removing

AR AR A — OBt I AE AR S BOR, = 4 H BRI AR 0 4 55 R0 45 21 1 [ s A= A 5 R0 BT ST 4R ) G
VE Tannarelli % A FRAIF ST S B O 20 UE S, NS FR - B FL AT A5 ey (10 A 8 W — kRO RG 5 P8, AT A AT o A A (B

«JERTUH: [HEK ARBEIES (61472170, 61170143, 60873110); Jb 3¢S K22 48 BEA A B0 15 22 BE AL 50T 3 A SE 6 5 T I
P ITSM201301)
Foundation item: National Natural Science Foundation of China (61472170, 61170143, 60873110); Beijing Key Laboratory of
Intelligent Telecommunications Software and Multimedia (Beijing University of Posts and Telecommunications) (ITSM201301)
WA () 2016-01-21; &SN ): 2016-03-25; K HI I []: 2016-05-09; jos 7E £k tH W i) : 2016-08-08
CNKI W 84158 i fic: 2016-08-09 15:37:55, http://www.cnki.net/kems/detail/11.2560.TP.20160809.1537.007.html

© TEBREEEEIEDT  htp/ www. jos. org. cn



FIGRME SR Z MM EANT A EE 2613

S UM ) B 2 S A 56 4 — R (10,1 ELYE 8~70 2 Z 0] HL AN A 2 2B 035 A,

L BIF, ZRIBCHR B AT 1 JE2 1) 3 AR 5 30 2 A T = S O 40 1 SO0 B BEAT 22 A9 JRE 3140 DA SR IDCHR e A R 5 A
SLRJE AT =4 A BCHE . =GRS & IS SRR LT AR B, B 445 B Se R I0 L AL I B R = 4 R
s B,

o T B (R A B R s HURAT 2 8 IR B AN AR AIE, D 1 DR-UIE J 28 T B I R K0 1) 56 B A, 20 i 41 4 ¢
JEE s 2 1) o 23 AL T B DO AR« AR T 8 DO AR X /0N 1A SR A bRk« A7 255t o) 7 8 19 L™ T
(1 2 1 - 0 9 B3 e 0 AT DR S A7 25 PO N 9 AT BT W R A o 3 I DAy B )22 I T B 1) 5 4 G P e B A T
JR 5 PRS0 1 DX B ),

0T 22 M 19X A% T 1 o 98 DX 358 PN A7 A I A 22 DR LA S AT 8 i JF A7 A0 140 1) B 45 A2 8% I 7, A S A A
Kaushik %5 APV Patch BARS K A& H T — g i 164 i S04 77 0i—— 240 T 5 JF0E 1 58, 00 S RCHERF & T 10
3 W - A s 500 A W o i 2 T £ B 2 DX Sl A L 8 X AR i, a8 DX AN T DX R AT 20 T, A
ST 45 1A TR 8 X ORI AN 8 X3 P 5 1, O P B 8 D3y T e 1 285 2 1D ) e e, 590 5 T A 2 ) ol i e
(BN T), I A0 38 120 5 i doe i, IS0 TR0 A0 PR D A 5 5 005 T 30 0 R A T B X 5 30 £ B 110 T 8 D ISR P s B
b S BLPE RAR (K13 IF

AT S MR BB — TR AT T A A5 SR DL HE B MR AR AE R R A 55 1 50 £ ok [ e [
IR 2R AR BEAT 20 M A 41, 25 18 BT S0 3 TR 30 B0 R P e 2 o T ol A 7 9, T g 38 P s 5 01 g P A
P AR LSS 2 PO A SCER T (SRR AT VR AR 10 /e 4, LA AR D ey R BRAN T PRS2 3 8
Or 53 WO AR O 5 O S 45 R LU WA SCEVA (K A7 Rk 9 5 R S A AT X LB 23, 4 I A SCH I T
RO i i 5 854 ST IF S AR RABLAS SR TE BT 5805 1) AT M1 280 4R

1 HxIE

2 MR A B 15 I R BT LA A B AU 10 A T ) R T A DR R B (R R AR AR R AR
f T £ TR 0T 2 W 41 8 s U A AT TR 0 9 4 R REAT FE R, — O L Ol a5 2 i T R T
FUVR0 P A R B AT O PTX K

2 TR A TR P9 A B A RIS AN BRI AT L AT B 5 40 M B ik o . i o Sk L b LI 20 1
FICL 3 2 3 A SR oy AT () 3o R 3 R AR B ) IS T B R S e, 3 5 A JR DAL U VR 2 T MK e
5k A A PR A I R e s T U TR R A SR BSOS S EUOF AT AR S AT B RE AR
AU A G 2 KT R L Z R B RESC 7 100 310 W 04T 48 43 (¥ 25 45 = 4k Delaunay
=05 R B SR, B 3 N b 2 A 2 K A G N R YR AN AT FE R, DL B 5 DI L B A2
T 048 PSR AR DA = 2 i 2 o TR O 9 R SRR P A i, o SR R IR, B A SC AR PR AT DR BE AR

X A% A TR A 3 U T 1) LA 22 3070 D 8 (1 J L AT 2R 5 2 L PR R A 15 R SR 2 1994 4 Turk 5%
VO () B e WA AT 4R AR (15 55 7——Mesh  Zippering, B 5850 85 2 B 1 8 38 4%, 14 195 1 D0 445 1)
ANEE B Fl 03 BEAT A B BT, LU (0 TR 20 10 0 D0 A 32 5 = S RN BR TC AR = A v R A L AR A
3 ANE BRI WM A A A R BT T ) . WK BT U0 AR RN = A A SEREIE T 2 M
B DI, AN L B A T B DX 0 18 22,45 T S8CR T BRI, T SR80 i 2 AR AU A 5 D 41400 A0 R 2 S R 1R 22 1 4
it B B A 7 A O (A0 = A ), N T SR W . 2008 47, Hui 25 A\UTSET Zipper 5782 HH P 8 45
S0, T I Ky 3 5% 5 2 (stich Tine) T N4 5 JF WK 10 20 FL02 J, USR5 2 1 SN 36 34 132 U R 199 A% 1) 4% 5 10T 1%
JIRAE A AT PR AL RS () 48 15 SR, RS B [ R T i, S A A I s 30 5 S 8 (195 L2012
AF,Du S N 22 R TS AL T 1 3D 190 A% Rl 3 5 A O ROR 1 SR AR A i = A 0 A £ T AR A 2 T
REAE S T S FAR 2 R Gk ok SRR A A = A i 1y, ZE BT A 3R 38 T 29 5 Delaunay 573000 AHAC R 1K) 234
B 53 R = S0 )7 s e IR DU AR = A 1y 56 RS R 5 0 A S ) A A2 2 b A T A 5 T Ry 2 ) 1 A6 2 5% 2% 4] e
AR, A R RO % 2013 4T Jonathan 55 AU H 20 1% 1) % MeshGit & I 5730 1 21 gt V7 9 i AL 2 )

© PEBEERKCEIFR  htps/www. jos. org. cn



2614 Journal of Software #4F5## Vol.27, No.10, October 2016

VETC 2556 LA D00 B3 I AR T B UC T T 5 T 1 22 T ) e /D BB 20 g I A B AR 27 i 1) 22 e 58 0 i 5 O 22 5
N JSE AT P S35 D A2 S0 PO BBl B 2 75 BN T8 T, S PR B AIR . 2014 4, Yue 25 N POURE 91 v B B4,
SR FE o0 A8 7 A A 2 08 50 A7 2 9, A5 R 2 A 40 3 2 5, DR e L 4 80 43 )
2014 4 Jun A5 NP et i 0 T A4 190 A BB 72, 122 5 1% i B 00 4 s 1 T A%, 2 RS PR 5 I T A 19X, I
UE S — B, 555 2 8 AR v T — G %) o T DR A 20 5 e 2 BV A 5 A i 85 ST A )\ SRS R 2 () B0 22
B kA8 38 RRE 42 ), 3R AR R 5% W T e 2 ) 2% 8, 2 0 v ASORT 38 DT 7 = 44 342 10 9 A A7 2k S8R, Bk
ARV 340 3 DA Ak B 6 = 4 A% ) A 9 ) A

LA K ] s R T K D0 s 5 R R TR I T AR B 1994 48 Turk % AU K] Mesh Zippering
41,2008 4 Hui 55 AU H 9 4% 48 & 575 B A LI 2 5 0, 0F O 36 T SAER & 5 st 0 TRl = 4
PO B A A SO Hui 258 AUV TARREAT 1 oS0k, A5 4 v B B 45 A0 B v f) Patch SR 1 f 22 g B R I % 3
Pt 2 (8] A7 AE RS T 5 1) 8 25 R A 45 HH 25 b T4 IR0k A 2 D 25 T B bR 00, A R o 8 20 B B 4 78 4 )
YO MR AN T 6 58 JEA 5 DRI RS 38 i T KRR B 8 DX el I 1 1 SRR R IR B S M B S 1L S DA
Wb 4 A AR SR DTIRAE T2 T B 8 DX R B 8 DX b ) %) JEALLE R AN T M 5 SUT I A O 4R
T R B

2 MIgEIH

T RCHE S PR AT T S B — 2 R R B BRI TR AR 45 20 0l M={pa,,i=1,2,...,ma}+ M,={pb;j=12,...,
mb} e ma R mb 53 13I8 M, B My, BTG E0E A SCE B B — e RS 5 IRl e w] L3 4 DXy By 4b
TRER. MkgEESIX 3 L.

2.1 Xk
W M, f M, TR XI55 0 0, M 0, 3 AE B X530 U, 1 U, 5 T M, ERER— £1 pa, AL
M, | 5 G B AT 1 36 1 2 p, 04
pa, €0,,pb; €0, when"pai —pbj" <&
{pai eU,pb;elU, else .
B2 BH ) d=||pb—pay||/b T 45 % B BIE &, 20 00K pa, ARid A S DX O, ALK AL pby FRid W E & X O,
IR LA UL 23 0K pay B C O HE B S XA U, I ALK pb, AR D R B XAk U, AR

TERFF M, F M, [ A R AT T RIS S X 0, Ml 0, AEFEZ X U, M U, K73 RG50S % 5
TR EHT AR T M, B M, BT R AN AN IE T K T py A py, DR AN V0 T M, B M, AT R A
T A TR AT p, A1 py, B R RISy R 5 X3 Y A X, DU P R R S o 2 30 R s i L 2 DX A
RV B 5 DX I, 0 T 3 188 T e ] D A 1 322 45, 1P T ) AN 2 0, [ O S 7P TR 2 Ay 4 Bl

AR 2% T5 AT 70 PR IR RSP, rT R R X 0, AT O FEEBXIL U, M U, 730347 40 P A~ 43 B
O,i,0pi~ Uy FN Uy FREM IS B, 53 0 O={0ii=1,2,.. .,0a},0,={Opi=1,2,...,0b} U ={U,,i=1,2,.. . .ua},U={ Uy,
i=1,2,...,ub} S 0a 0b ua Al ub 43 5 R /R B & X I O FMAEE T X5 U 73 P H &1 @ 5 Yes 5lid ) 0,=
{pajJ=1,2,...,ona},Obi={pbj,j=1,2,...,onb},Uai={paj,j=1,2,...,una},Ub,:{pbj,j:l,Z,...,unb},ﬁ"l",ona,onb,una Fl unb
IrIMFIR i Opin Uy M Uy I EH IR I B O, Opin Ui B Uy P TR H 8020 IUDKE 1293 e U 5F: 3]
B AR ) 3 Berh DLORUEAS ™ 2L 1 23 1.

1 o3 Ay DI 73 DR RE AR R RE A — ¢ T3 1o A ASE 28 m 1 I 2 (U R TR ), 7 31 i (e 2 M, A
RGO MM, A1 M, BEAE S5 PR 25 DX 03 L AT 680 2 7 R A 4SS 20 B 8 XU A5 A 7 8 DI e 3 1o M, I M,
BTy B A3 BNk Ak (0. IRER O, RO RERD, RO L0557 0P B AR RS P DO 3% 1
AT PRSI0 41 A 5, JE A AR AC 70 PR B i (8 T s A0 5 P 78 St A 0 22 R S B B Oy BN Ui O,

© PEBEBPHIFST  hip:/www, jos. org. cn



FIGEMG SR = 4 Mk A AN T AT Sk 2615

A Uy R A M.

g l” e X3 ,(/

LR ’f
—b,’

Fig.1 Pipeline of segment ear to regional patch

BT HERIX I Bt i

15 M, AR IEES M, 1) pa; 2 25 50 (106 B it pb; (3 P2 15RO AR, AR SCHE T CUDA A% 283 3 1F
1T kd-tree HATHEEPH AEAREAS kernel H 75 0 RS b (16 5 A s BEA T VRS B B 0 T 1 A AR P B R, A
T KR 5 408 4 7 38 S 1],
2.2 ERBANT

BT 5 % DA IR PO A o3 A P 2 AR AR B AR I DA R 2 25 R — 2 R SORR B 25 B 1) — 2 1 % DX B P 4% 4
YO T AR Z N I T S X380 el 5 R0 0 AR 31 2 Xk 70 B O A il e 25 1) B0 )25 P A

B0, RS 4> He M, BT M, IR E S W E 2 B Gl T M, AR R E S 0, W ILAE M, H 5T v & &
BTy O, LI O TN O FITH S B H ona Rl onb, 45 ona>onb, WK EE5H O, AN T HENKES R O,
YERANT .

WESNI O, RE MKMW A A ESX S U, LA
KT Oy BN T A A ES XA U, 5 0, B3RS W TA
FETH Uy AT R pb, WILAE Oy TS NI T 254 pbj; i pb,
15 O IR Y. 5124 pa, UIC 4% 5 500 24 MP=(pa;,pb)). [Fl #L % T U,
1) ub Aoy P L A G mATIE S N MP={MP,,i=1,2,....ub} . {£5¢
FREEA A ISR S MP /i 5 K AN T Oy M ER.

Bl 3 577 D b T Bk a2 G e S 43 B o 8 IX sl SR R B IR
M55 pag~pag,pbo~pby bric A 21 (L1 & 3(b) Fr7m). R M BR 4% & R 4R
UL R 5 M, [ & UG, 0 RS 7 B M, BT 5 5500 qag~qay,
T S 2 B My, BT 5t 20 qbo~qbay(1HE 3(c)BiR).

Fig.2 Overlapping border of patch M,
and patch M,
Bl 2 [ B M, A M, 1 S 5

(a) P ELEZ U5 (b) TS TR A (c) MIBRTEZ M L ESUIN
Fig.3 Procedure of removing patch

3 AT EBRRE

© PEBEERKEFIFEU  hapy/ www. jos. org. cn



2616 Journal of Software #4F5## Vol.27, No.10, October 2016

2.3 MIgES

W H G A I 2 SE R E RS M BRI &3 EE XIS EAES X a2 MR85 S4ES MP,H
G ERMEFE I 4 FroR A d@) NSRS S AL A WA T B DX el L AR Y. £ pag~pag,pbo~pba;
B 4)T A peg~pes 704 B6E pagpbo~paspby B ST ZERE peg~pes BN 2] — 588 52 (WK 4(c)

JT7R).

(c) HEAZEAIF R

(b) A IFXF R AR

(a) T A% 05 I 50

Fig.4 Procedure of constructing stitch line

4 ERHEE

5 QWA 4 G I RE, AN SCIE T Delaunay = i1 ¥l 70 535,56 T A 20 B M, AL M, KDBTIL T Ri e qag~qay A1
qbo~qby LIS HE 1T 2 i 4R peo~pea, 138 BT IR 42 15 W A9, SEBL A 23 B M, AL M, 1845 0F AR SCAE ] CUDA 4T 4

BEAS MP; AL A% 48 & S0 AL T SRR

!

(9
v

Fig.5 Result of mesh merging

Ks a5t

3 LWHERRSW
2SI R BRI R 2R3 Intel Xeon E5-2609@ 2.40Ghz,16GB RAM, 64 £ Windows 7 4 R 407 H I
GPU >4 NVIDIA Quadro 2000, #% /024 192, 247 1GB GDDRS.4w 21> & &y Microsoft Visual Studio 2008,CUDAG6.5

PL K OpenGL. LK E 15 T 20 HE 2R A 640x480 — 4t T 5 ) 6 AR 7Y

3.1 EHHR
B 6 JIT 7~ Sk 1) A S B30 o = o 36 ) R S PX R A T 5 I IR T 6(a) S I LR T TCP SVE e e . £F

http:// Www. jos. org. cn

© hRBIEB IR



FIGRME 5B Z MM EANT A EE 2617

IR Y A% I 6(b) oA & I 5 R S — 4 H 3 R A% ORI 6(c) 2 &l 6(b) & I XAk ) SR B TBOR. T LA
LA I R RO LT AN BN TR, 45 9 ROR B AR,

\\\
(a) Rty IR W i A 7Y (b) £ I J5 R A AL (c) G IR IR
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