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Multi-Resolution Cloth Based on Animation Instances

SHI Min"””  MAO Tian-Lu” WANG Zhao-Qi”
D (School of Control and Computer Engineering » North China Electric Power University, Beijing 102206)
2 (Institute o f Computing Technology, Chinese Academy of Sciences, Beijing 100190)

Abstract In the field of cloth animation, one of the challenging problems is simulating fine-details
of deformation in efficiency. Multi-resolution mesh technique that mesh density depends on the
deformation of each region can be applied in cloth animation so as to maintain rich details without
reducing computing efficiency. Most of the existing work usually focused on how to dynamically
refine mesh and how to compute numerical system. Few researchers consider how to construct
the right multi-resolution mesh through observing and predicting the trend of deformation. In
this paper, we propose a novel method to animate multi-resolution meshes based on cloth anima-
tion instances. First, a specific type of high-resolution cloth animation is chosen as an instance,
from which deformation trend is analyzed and deformation modes are extracted. Second, the
corresponding low-resolution model is refined based on the extracted deformation modes using
right refinement strategy. Finally, the force is analyzed and the dynamic system is constructed for
the multi-resolution model, in which the boundary constraint and mass constraint are considered.
Experiments show that the constructed multi-resolution model is right for the similar human
motions as instance, and not only are fine details maintained but also the computing efficiency is

improved.

Keywords cloth; cloth animation; multi-resolution mesh; dynamic; instance

Wk H 11 :2013-05-03 5 e A& SR I3 H 91 :2014-08-28. A PR EAG B |1 5K 3 SR FL 2= 5L 4 (61300131,61272322,61173053) K g i A5 Sk
AR 55 2 LI % 4 (13MSI) % BY. B 81, & . 1975 4R 8 A 1 B 2042 . E S5 J7 17 4 L9 52, E-mail: shimin01 @ict. ac. cn.
EXE . A 977 FAE L BIBFGE S BB O IS, EIRE L F L1966 4R AL BFSE B AR S0, 32 SR T 450 e 40 B 5
H5REEANLZ L%,



6 1 O R T SLEVBOR S AT Y 20 A AR 3 i 1297

1 5]

il

Aii JoH 2 — P AT AT SRR 5L W B A 2R i 4k
T AR A T 20 R ) A X S A A L2 Bl A
I Ry WY 1) 3 25 8 T RP AIE . L S b AL 33X B R A8 1Y
B AR 5 T 5% i R A R 2l R ICR 1 S B
PIZR. 7 A0 R A 2l 2 i A ek g o 2008 S i
e N AR AT RS E A L (L R G R A e A
W R AT A 1 T A L 7 Sl R AR R
AT R 1Yl f38 G 00 SR A R A 3l g = 5 7R
21 e A BT AR BR AT R AR B i
VAR

ZRG FEATRMSRL T FEAS TR HU BT 1 X0R
FHAGR 6 B2 P DRI 2l 1 ) 3153 2808 5 7R AR TR AR FE L
BOR 8 B A DXIOR P o 2 S A LU AUL AR TP
P 200 3 15 5L o T G R 3 b A ol 2l i Ay i 22
R JEE AR SR 55 Al B0 ARk 2 e L mT RE  BL Y
1 AR T DX o I 2% DX I R A A5 A A« BV AR TR 22
JEE A% A AHASE L 119 O L I A DS B R T R Y
o A RO .

A BT TAE? ) 2B X 20K B o0 A% A R
oy ] By ] AR ] R, B B i e v Bl 25 R T
AT R AR S T D E Y BE AT 3 A kAU
. A R Z AR AE T AR R A P T 2 B e T 2
HIT IR 220 £ A1 A8 T AR 25 S /0 2% 8 A L AR TE i
A B 2R TE S SRk s B S B e A rh AN 22 3 2
ST R RS 0 N A » [ B i 7 2 50 2518 B0 i 2 (]
(52 1% 28 - BRAE S 2% B By S8 It 30T 4.

AR SO BRI T AR X — BE i A ARz sh it 47 7
A B A, A PP R O i AR TR AR L S A TR AR
T T FVCI A k32 Sl e 8 L R L AEORS 2 A R
o AR TR DX IR HEAT 19 R AL L O 4 22 K T M A% 52 )
Y, LS B 220 JEE 0 A A ek 3 A5 4L

2 HEXIE

5T Wy L5 % 0 A R Bl i A L 2 i BLA R L
S2as AT R B A R T B B R 2R SRR
XPEHEART TRFFE L K LTy ik KR 43 SR T 3 ) I A
R, DRy 1 AR SDL A R 200 A DU i A R R R A
T T e A JEE A TR T 0 5 A KR TR Do & = BOR
BURLE s ol i SR AR o, — 25T T
PES SR AT TS B AR B v R A R 3l i R 52, LA
i RACR.

W 2206 5 RS £ R 51 A Rk sl AT L3R R 5l
1 455 SR 1 2l 50 B A L R T I 25K R A
B [ 3 S o 3 SR FH B O i i Bl A AR T A,
67 19 il 6 AR T 8 1 B 1A AN [ X3 )
4 /T RS AL RE B 9F R AT 10K Ak,

Hutchinson 28 A\ B & 4 T — Fh 3L T4 B
W0 % 1) 4 J2 R AR ABE TR, BI04 408 56 55 1) 2 il A R
T 35 50 (L B 3R AT RS A O S st 49 i 24 AR IE RS 1k
SRR PERY R 2. Villard 28 A3 —Fh 5L
T 10U 1 B R AR 1R AL B L 3% 0 35 3 1 5 R S A
b 5 Y1) S T 22 18] 4 A 2 £k 3 A Rk T AR TR i S
4 g % 3 AN L AT S =R . R
J175 1 - % i Provot #5 B i 55 &5 45 #4 3 A1 5T 1)
T T3 7RI B 15 A5 A i Ty AR R A
PR WA 1B A5 D) R EE R AL Volkov % AV R
P35 3 % = T W A% R AT KG Ak . 3F 3% F Baraff #
AR T I 2 2 i g R X SR 2 AR O i
3 1 B A 3 R A 43 RS BT 3 S 1 B ik
SR — Tl b B A 3k S 3 T a0 gk £ 1k S AR R R
K5 B AR B TR0 1 G o [ 4 114 A B R G R AT R
fiff 3 Ao 4 A7 1 M R G DR A . 1 7R
LOOP gy 11 41 43 ¥4 15 1) 90 4y 1o A B A Y, B 408 48 of
10 Hb (R 5 0 i 3k AR v Y Al M R X R ) R R
SR W ) 1 ) T R R B 7 A A AR 18 2 R B T R

3 AXFEERE

B G AR AR B IR R — T T
Aii k5 AR TE 1 o3 A L AR T 9 S AR R R b Bk
Fazah B, [ —Fhiz 3 F Ak AR TE o A R —
BOME. Hodn ANRTE R 3 1 oF B 5 20 I A ik
AT A L W T R A XS AR T 5 — T
T > A BHPERRE S T B9 PE FTR (R BT BRI RS0 00
Foa i 8T 1 7= A RO AR AR B . e n A A
B b B 5 BRI AT S B A R — B
TIF [¥) o P02 02 9 2 5 1 S O 1Y 3z Bl i JHG ] X
25 il S TR A R o 2 B L A

BT A3 AT A SCE b R /N B SRR E 1
IS ARk Sl K dis BE AT 0 A o 42 s B b s i A2 T
AL I 20 B FL AR T ASE 50, LA g AR T 5 XA O IR A A
S KT AR RO ARORS JEE ARk 1) 2% DX SUATE 19 A% R 4K o 1 s T
T AL E Bl Y 2200 BE s LA B B, O gk — 28
ey S 220 L I A A e 3 1 R

e T IR 19 2205 J5E A AR Sl i 7 3 1Y)
PRHEZR A 1 FrR.



1298 it S 2015 4

PN E

| AEm |

R B
= . Ho B B
¥ kb L)1
?Ul%1{ilj'__" y: %‘J'——ngé’% SIS b

Py I L |

e [mhEp)
e ——— e (e

¥
sy, P ) L s il 2oy 74
SR RIE I LT

[ mmee [N

EZ AL T ]

4 THERRARK

4.1 zhiE LB EHE IR EX

A BHZ Bl = A ) AT R A R RS AR L L
w2 AR ZE s KN T, AR Y I BT o i
AR KRB A U, 2 F X — s, o i —
ANBREEIE B AR T . DA G AR T B 1 S S
BIFEAT 3BT« D SR IO il A8 T R AE 5 64T 00 285 AL
7 AR AR A5 2. A I Sty b 99 00 A R 45 X ek 10 A
TEFERE.

2 183 S 5 A PR PR SR A DG TR R L AR SCHE I
—/INBLI ] N — > FR o B e oA T AR B PR S
R 2 1V Sk S 490 B i . HL b S i R R, SR 3
F U W% 0 2 S R G R AR v
F14) Vo A REABE TR, UL ok ) s L O s TR ) 22 UK 3 2
TIOKE ARA5 CAnA S 5. 1 5 Frik).

4.2 THTHAFMES M

A BHZ Bl f SR )RR E S il RS 4k, 2
70 B S SRR R . AR SO T U i TR A A A
R AL, A il 25 0 a2 TR, T P T A
P — 224540 0, P, 3 P S iy B A% AT 3 L)
S — B B e P s 22 18] 9K 5 ) i B4R IR
[ (Y e ) 3 s o o 7 O e

W PS5 P,V HEW B N 2L, 425 il 5 1 3
AR 20, BIREARE R o, PRI Ry K. T
a5 IR G )L R 2L, B A A5
|P.P, |

2p

sinf ==

2 B AHE 42
o
P P
01 O o} { P‘
R e
L L

L
\\@%//O

(a) BIERTIRE (b) BRJERE
B2l 3 5N 2

U o +0— MR T

sinKL. __ PP,

KL — 2L
B sincKLL =~ %
2L
A E— 2015 2 il R
o~ 1 . HP:‘P/”
K=~ fsmc <T>

LR RE K R P.EPP,J I L
AR, AU TE A5, TS Pl s BHAE 8 448
FERAB IO 8 5 2 A AR Y 8 B IR N A il 2R 2y
(BT AL A TR 9 2R B R E A RHE TR Py

HHEEE
4.3 HEERFERSBERE
H1 i3 20 B LR — B AR g iz Bl Sl T Y A R
Sy ], 25 DX G AR AR A AT AR L i HL AR
T 7 A BH SR B AR E 1. 8L AR SORF IE 22 119
Sy I K3 AT 72 23 T O B 5 AR i 5K A% T
AR IS [ A L f A S8 4 B 2 5 2.
BEATRMR Y 158 @ A TOURIAE ¢ I 220 9 il 2R 30
g ke ey o DU 00 A8 7E B ) il ol SR 2 ks =



6 1 O R T SLEVBOR S AT Y 20 A AR 3 i 1299

Eki(zﬁj) &

J=0 3 = il . — b )2
e Mk d N;%hM)kJ,N
Zoo Bl A T AR 4L TR @ AR AR B AT R

N X = Ckood,) s BT TH SR AE R A 4 A R R N
X={(kisdy)seers (hind) oeee s (hasda) b s MR
A Rk B 1 TS H

W RSB RIE S X UEAT IR BT LISKIBUZ
B BT A AL R AR TR S AR SO B L k- 1
HEEI TR AR ET NS M AFE
A B B A P IR B TANMEAE IR RSP,
SR 5 LA B AR A A AL B B 36 A 3 55 B0 46 b
s X5 R0 B EE B 1R 0 Tid 2 Sk
R 2 Hpr R A X — oo A ) P R BSOSO k.

AR A RHZ B i S il AR TR A AR AN 1] R
2252 B Z Fh R A 520 CE a4 50 o (B AR TE 5 43 A
LR bt A 8z 258 B 2 . o T Rz
b B S TEFEAE AT DL g S84 A28 T8 R A B4 2 17 03 —
AL B, SR JE TR E AT R 2% SR B TR XL
4.4 BERXBMAWTEER

FEF A3 WAL AT RIS 0T LIS B =
DRR] A AR 45 DX T g A T A XL i SR A 3 11
T ABESE KRR NER D={jl;=1,
2o hb o G EROR RN AR TERE B M. AR T AR
JE R v ) DX HL R 2 A 18 R g AR AR S
BN — R LR A A AR R e & A5 B XA
AR B 190 5 A 700 11 451X 3t A7 A ) A o s B8 1 44
R B AR B, Ry i 7 Bk R AL 5 X
JO7 AV A FEE RS AR (14 T o556 17 DG 2R 5 4R K R B AR B
L Bl S S RAG BE B |

WA RS R AL T 42 A V= {pl [i=0,
Lo, N— 1) R BEBRU M T 25 VI = {p!' |i=
0,1,++,N—1,N,N+1,-- ., M—1},Hf,N &4
R AVRORS 32 A AR a5 19 T 500, M 1 RS A5 784 174 Tt
SR T RN A A R L T ORS B A A A
HEAT VE SRS A2 s TR I fEGRS B2 A AL B T00 6 pF
(i=0,1,0, N—1) B 85 W T =0k LR B A T
JpHG=0,1, s N— 1), 171 fo 0 3 00 T o5 1 4
VCT={p![i=0,1,++,N—1} 745 JE A5 2 R AT B 32
B 555 3] MRS A (4 %o o T b TR 3 4 T 4R
WAS IR 2 IR A5 TE .

TE 38 3 B S AR T ARORG AR TR 45 T ) A8 T AL
G o BIAT LA 0 R 2 R 78 45 IX 4l D) At 7 2 1Y
K BE 23] DT 254 R 7 1 R #8 1E (5. 2 15K 5 it
PEATHER).

i)

WU S s s

2RI
B 3 AR A X b

5 ZRHEEMBEEGE

5.1 MIgHEL R B

X U T M A RS TR L 22 L 3 oy 387 HR A
AT LLPR G MR 0 A SR L SR RS E AL S Lo )2
HEIE I IET 4 FrR. — U AL BRI T 5 N84S A
554 AT Bl AR T RO A% R Al 1 2l A

b3 2 b3 s V2 Ps 2 b
. U, LI TN b > 5,
pﬂ p] pﬂ ‘Z}” PI p() Pl

B4 PR RS T B A

WIUHIE M Q 1) 4 AT R p(i=0,1,2,
3) L RS X I B A BE U2 R Ly RS A 79 31 T8 A% 11
HARBELWT.

=573 WU BB IA S IR,

L. AT 190 s Q Lk R HE ot L RS JEEJ2 L

2. MR Q Jg AR E B RIS U EE 5 75 I 35

3. SRR 9 R0 o DL AR AR P v (R =0, 1,
2,3);

4. F 5 AT B S AN RS 4 4 A3 5T T I AR
SQ (i=0.1.2.3) J5 B K5 32 9 52 A 5

5. 4 TS R BE R MR Lo Lo =Ly +1;

6. BT HE D 4 AT RIAG SQ B h i sh IS LR Q
B B AR

7. GE.
5.2 fRMERINREL

AR SCER 4 9 AR T ARG B AR TR T T 1 AR B
BT 5. 1 715 HORE A 454 1 JE AR PRS2 DU 70 T )
5 DR I 75 AR 4l TO0 0 A 72 T 455 X S 2 IO 2 D L
DX o 1 5 IR

WIUHIE M Q 1) 4 AT R p(i=0,1,2,
3)  XF LY RIE R 5, 57, € DL UZ P A TE M RS
XoF o7 DX 38K 114 S5 R 32 G e A4 i Do A 11 4 A O a5 1) A

TR j, Y. IS j, (/N T 4 5 1 B AL 025
&

i=0

il A2 T A AT A L DR B AR A W0 3 A L



1300 it =2

Ee i 2015 4

Il ,ﬁﬂﬁ‘ész, {E R T 45 7 B AR D25 il A E 7 2

155+ it BT AR EAT — IR U AL 2 R B
YR

A SCRHE T RO KRG A R R AT 2 = SR L.
BATRE R R R O MC= (V. F. N, N, K, v
ST AR F J RIAR £ N JE TSR0 N I R A% 20
00 AV T2 R 45 TO0 At A T SR P 6 3R
LD={j,, [i=0,1,2,+-,N—1},LDCD,HH,N K
AR TR AR AN e — DB RS R=1{r, [i=
0,12, N} HAIME S LD A AL X A Ao} 452 7 3k
fr—mR A B Z )5 A R 0 gE 47 A0 I 19 12
1E - DLB E 2 i 4k 2 T — i R 1k,

ik 2. fipHEADE L
L. 55 A W0 U6 AR BE A BB R MC, £ To s A8 T 82 5 4
WS LD;

2. Mlipfkiz & R=LD;

3. ® refineFlag *} False;

4. W k=0;

5. RMPULIE WA £l 4 AT pi (i=0,1,2,3) e He
XFNL 7y 5

3
6. 5k§ :"/)i H
i=o0

TR, o R L E A £ TR L B

i=0

A A,
A,
Ay A,
A | A A
A A
A | A A A
A Ay Ay Ay

refineFlag=True;
8. k=k+1;
9. TR <IN, 555 WL e 2P 105
10. BIE£ A R
11. R refineFlag= True, W% 3, % W) 545 125
12. KE A58 B i L 22 4 B AR R 2.

HiE3 H£HREBERE
FOR O Ak 1 19 T A O

ri =1 —1;
ENDFOR

FOR O 138 0 ) 37 TS
IF (i g 5D
o= D P /4
ELSE
o= P /25
ENDFOR
5.3 BREEEN
AR I3k FH 25 31 D0 SRR 45 A4 A fidh T A5 5L S RS
DA% T e 220 SR WA B 4G . TR 5 L2 9 2
TGN AR R SCHE TR 5 X 4 DR B/ 5 4
T3 WG A BRI DL RO N 2 IR AE A 45 A
Horp W0 n s Ao RS BE 2 1, B AT — OR AL
DA B A BE B L. B JE — 2R A A Y AR S
By A, At o A% R Bl Ry T Bl A%

B 5 JZRUAfE S

6 ZREENNFRENE

6.1 ZAHXRDH

ARSCR SR 1L T 32 R0, B e 22 () L
A3 P32 T SRR A AR A AL Al LA R 3
o By YI 52 7 5 6] A A0 5 s 2 1B A 8075 i 32 )

TE 32 5 W RS BT o, o o0 A AR 3 57 TR G
JE 2 B0 T 45 A2 I AT LI AR, O AR T AT —
RWACRAEZ 05 B T — LT R i do g b 1 — 41
R JRE B o 1) T BT 96 T AR o A A T i A A T
A FRF A L R HL T 23 O 3 6 X AT 6 .
A 3o 3 M A [a] DI A, 22 [ F AR 28 56 2 5 BRIV R] E A
N JEE A% 1) 7 R



6 1 A TAF . T SR S T I 20 A AR 2 1301
b IP
b 1
b5 ‘ s
(a) KA T SRS AL S5 1R P A
pZ pﬁ Pl p;

P 2 P1 @y |l @) v, D b

v, P v, % |”
) b - by 2 : s
! i . V7l Y Us b —'Pe— . br v |Ps
bs b bs Ds by Ds

(b) p IIABHR R () psMIARHEL R

K6 ZEMMKNZIIRRLKL

(D) KGR XL DL ) 4 XA B A8 rp B oA o0 1Y
B4R R BIHEAT VL iRk 5 pr HIEEAHSR B N2
J R pi (G=2 0o+ 9) EREL A Sy S 2 AR AR 5T 55 AH B 1Y
GERE 32 T e AR R Wl A7 s 3N T T N )2 AR T
v (i=1,,8).
b B T8 RS A/ B BE R O O TR
UE A RHHLAK 2R 48 0 3 BT A — B0, AR SO 2 AR
AU rp fir A R0 85 U NI RS R FGHE T R T
k=ke2,0<a<1 (D
Horb, o BATEESE BXTNIRELE. 2 o BB
Ao O E 2R 50K Bt 2 IO R AR T PRk 3 K. A, A ) S it
SR o IR YT I VR AR
(2) B HKG fb X 5. H 0 A% 45 74 5 W) 4 B B DR f
— B0, VAT HT RS B 0, T AR O R AR AN AR,
I FH L 1 52 1 2 38 DA SRR S8R F 00 1R RS
(3) N FEIXIH. LA ps B9 ABHESC R N i 47 53 H7
Pe¥EINT 3 A HAEMABNIE T A vs s 5 vl R
) 3 A ELEEAR SR OC R AR A2 AH AR 6 2R L A 48 £
KARRFFALL.
W— UKL B A RSB Sy MC= (V. F, N,,
N Hp V=V, UV,,V &K LE AR TS 5, V,
S AV G T BGOSR B SR F R A Rk A 4R
MR Bk 2 T e RS A, 5 th T A )22 R 58
IUR=R7
Hikd ZHEMEIERGEW.
0 AR RS B A MC
FOR (V, #1 / T5 &)
H5 2 T R 1 T A A T 3 405 122 XA R 48 o 0% Bl 40842 O A 5
18 1 FCAH I 1 P9 A1 2 48 B 56 5
A7 Ty A

ENDFOR

FOR (V. Ay TH )

A0 14 T A AT Bl 408 12 0 A el 0% Bh 4 B2 A% 5
BN IR FR
T X I 119 3% ) B
ENDFOR
FOR (V Hr i To 55
o EAS LS W2 R R R G2 7T
ENDFOR
6.2 RS
TE Z A5 B AR B rh pl T 45 DXCI0GT B ) 1Y A
K AN TR B 2 5 SO 20 D J i) 30 AL 7= A — 88 T-4%
RTNE 7 JEoR. O TG T - 45 07 TR ik 2k B
TR RTE” AR SO T 45 s it i 29 5. I b R b 4
YEJG s AT XA BT a5 43 A AN B 50 8 TR IE R S8
o P R A SCOGT  1G S5 B B R AT A N 2 R

----------------------

[ .F, |
—.____. Ao |
B 7 T-45 84

(D) T-25 AW

wE 7 fiR, P oAt fE b = 2R i T4
MG FURF O HAES 5L s, PR i
BIPIRAS FHAS S 1 Bl Jy 2F TSR L e it H AL
S B R (R 0 0, IR SR P VR FE Fo R
Fo B 58 M2k B b bk 00 A RL ) 2> B4

(2) i 29

Ak — EUf e H T %O R RE Y. 2R A
TEHRSE TR 14 J30 A543 A AN 3550 T SR g — O A TR T A [
F10 J5 B 4 2 B TS I o~ R Bl S AR RO ik — 2
S 30A R S i 3 AR AR T K HL



1302 it =2

Hl

£l 2015 4

E2

AR ICH Y — o fE 45 o JR R 5 ik K
?ﬁﬂﬂi‘%ﬁﬁﬂiﬁﬁ EH%&M&E’J?% o A% 18] it
B3 AT X BT SO TE TG ARG o B — A TR %

Eiﬁﬁ\mlﬁﬂﬁbﬁiﬁ?ﬁﬂﬂzx P A% I 5 2, A

8 Fir 7. i R AR R A% S 23 2 50 o B4 — A% T 5T
TN s XTI T AR TH IR  T R BURE

lmw$ﬁﬁn¢%%ﬁmﬁm%ﬁ%%mmﬁ

By 5 EJ\ﬁk%u mXn W RIZFESNRE. oJLE

i ,ﬁﬁ{ﬂﬁmE@Lﬁ)ﬁ)ﬁid\?*:mﬁfﬁiJXJE
AT G S P A R Sl i AR B e A R i B
R X T AR 510 22 T2 R AR B L Ak IR A 1 5 it

B R 6 0 R B A O B

Hom B R G AL 22 5 Y A% 1 5 Eﬁm%WE

RIS Jo A 5 B TR T 35 0 T LA e AR08 T )
= o PURS I
N / o ARF A
‘_.\. o RS TCR U
. 4 — THIH 5T A 1A DR
K8 BismREiTE

(a) LB

S5 AT L A A Ry M, = Eh,m
Level () FIRHE j A~ B2 s TP 12 2.

HREOM

U]

7 X

AR SR A o B v Lo 1L 2F A6 W A ek
1730 S5 B e i — B ATk as 8, TR H K gl
Az 1) fe A B R ke B AR Sy S 9 50 L D e R RS it
ARTEAR S I A0 20 B A LA S A s ok i H 3 —
BOHAL BT iz 2h 3K 2T ) IR A TR o 38 3 % BEOAS [R) K
JEE PO A% 5L 704 114 2l T 00 R SRR o O ik i e R T
PE R AR S BT, v, Bl S A0 b 8 B TSR LA B AilE
ARSI 3 90 >R FH SCR L 13 A SCiik [ 14 148 3 i 7 .
A L5 35534 4 Intel Core 2 Duo E8400, 3GHz
CPU,4GB N ##,NVIDIA GeForce9800GTS GPU.
7.1 BETFEREXENSHEEMNERE

S bl R DL SR R R R R A, e T
3SDMAX rfr g F IR B2 90 % B A, K J5 56 T A< S
R GRS TR A, ) 4 0 D A E AT T TR NORS 5 2E
25 KT PR v A E O s A5 R R B A R A AR ) i
SEGEL A L P BURRAE ST AT R KL 15 B 3 KA IP A
R T 25 S 2l A i iRl DL e SR
i) AR R A B s R A B 9 B . Ho, B9 () R

(b) FFHAEH o A

B9 AR R 3 i B AR T A SR B



6 1 O R T SLEVBOR S AT Y 20 A AR 3 i 1303

x1 XOIHE

I & S

BT T 5 BRI A% R ghimig RS E /A
W 12150 23936 200 0.17
Kk 9355 18496 200 0.12

S 2 1 R S 9 (b)) 37 X I 1) R ik K 3k 20 A 1

(a) 658610 A

AN TR e R 78 T i JBE A [ OB 30 A 3 4 2R A [
— e AR B R 8 AR T A K I B T A AT K 3
ZA XL

PRI AL T RS 0AE S8 A1 B IR 4 3 %) 4% IX
SRS T A0 R E (S ) 5K AR SO A T 2K
PO 2 8 g R AR L ] 10 FNIET 11 s,

(b) 405640 4

10 A TH A HOR 7] F) 22 K5 152 190 A4 4 2 8 Y

(a) 2875 Thi

(b) 2228

Pl 1L 7 IO BIOA ] ) 200 ) A e e A5 7

F L AT AN S 3 RE A6 41 Bl I 2o A 119 155 2
TE X3, FE 25 45 AR T B 5 45 DX I Al 1 A2 T 7 B H £
R ER T Ar LR AL AN ] Y 20 R I A
FEL IR 5 A% 14 2 A 5 P AR IR AR TR AR U A — B,
7.2 HiESH

HE O TIRBIE Z AR G R R AT
T A AR R A TR O Ay 3l i 4] K Al R BB SR A Ty
T T2 I T FE B, LU, R AR R R E AT ORS
i AT 22 YA B3 P 4 4 S R L B IR BB 22, 1 []
HAEM Z. £ 2 55 T A SCINE S 3 BRI ik m

SR B B2 A6 2 B B I L H i Tz R
Lok A BRAE A0 i AR TAL BN R AT — U, DR X
2N L Sl R e AR TERE R A/ 5 A L. Bh
AR AR A 301 7 SRR 3 WY A8 T T B8 2 45 AH L
(1 3 DR A4 A S 30T ot s i (] T 8. 2442 )

R 22 AR A I A 3007 35 W 1 3 A R B 1 T 8 3
AR AL Tk,
K2 AXFEESHE/RUFTENBLRBER

SEHICE B PR WS AR
VISR /b BEAE ] /ms 4% AR A/ ms

[[[& T N RN

s IR iRl 0 0 78
ks A SCH 0.17 108 0
—_— BRI EA 0 0 43

ST 0.12 69 0

7.3 HERRRUEIR

(1) 3y 1 R0 % i

TG AR S — BB 4T A 48 B i 1T i 3 Bl
5. X BT 2 3K B T A IORS BE 34 5T AR AR A |
KB 15750 A% B TR DL % 225 R T s A 7R 1 )y i 3 2
HEAT A3 AT, Hh i 25 R R 12 Fn & 13 0] T ARORS B Bl
M ER T R R E R A Ik B A 5 iR A
PR - 2% B AR 5 1) M 5 R B 22 K5 B ) A A R Y



1304 it = Ml 2 Eird 2015 4

TR L v G R 2 ) R R R R e/ 24 2/3 (H I IR R shim AR

A )y T SR L O 5 R 2 8l T ) R AR T X HUGTEB 2 S Sl T K TH R RO 3 (19 3 2 )
I A A S B DX I A L 2 DX SR A B AR R o AR A R A sl R X TR S 4
WREEE R, e DB 5 e i R R A R RN 14 B, X REShm R af LAIFE H 2200 L RS

(b) RRE B PR (1215040 (c) Z RGP (40654 T0 k)
B 12 ASTE)HRS BE 0+ 26 3 i % B

(b) (EURE S P4 (9355) (¢) Z K5 RE W% (2228)
13 ASTRDHG B2 0 9 25 ) i X B

(a) FRE R (3082) (b) ZHKEFER(4065)

(o) HORE B WEC2365) (d) ZHREIEHE(2228)
14 T UEBL RS A 5 20 B WA 3 i X 1]



6 1 O R T SLEVBOR S AT Y 20 A AR 3 i 1305

Sy AP AR RE B 43 DX G B L A X B 0
T T A 2 A T A0 1140 240 1 72 B Oy W) A — 2,
H L AT A 7 o5 TR B [ 138 B IR A RT3 T . AR 3C
14 22 K B2 I A s i m] L R 3L O 22 11 JR) S 4 AR T

P AP T ORI 6 T S 40 K500 TR S ) 22 0 T R A
B[R 26 AR Bk iz 3l 5K 8 T B9 ARk 3 im 35 fE
0 35 0y M DR AR5 o 728 T DX IS A4 1 4.

2) TR I

3 9K e R B 4 0 I RS TR | 2200 JRE TR A A TR
RO 32 429 50 W s 5 7R 08 47 B 1 A5 40, XF 3 T 24 B
B ] Al 428 Gy 00 B 1) S5 G B R0R 8 AR HE AT i AL HE
I BT SRR AR AN 3 BT,

R3 TRAREHEUNITEREINR

e e o 5 W 3l 1 5[] / s

gog  EEE DU S R B K
RS BE 342 792 0. 0001 187 187

WA ERERS 12150 47 2984 3031
LSRR 5 4056 8 987 995
G ¥ 5] 604 0. 0001 140 140

e ERIERS) 9355 31 2300 2331
ZHEEAEH Y 2228 3 549 552

I 3 TR AR J3E 42 53 0 s 2 i v At
AR/ AU 187 ms, BUCRAR & AL 5 K 12(2)
AR ARORG B 000 A% 2 i Mk LA 3% B R BE 1 20 1 AR TR
A B PO A A R TR 5 B 7 A T 8 A 0 I
FEIT . 25 22 2984 ms, B WL 19 3h 0 i 8] 29 7 2
3031 ms. S ARARME. 55 ZAHLE - 2205 52 00 A% 4 2 A5 7
P9 T 5 bk R AR 2 2/3 4 WUl I 80 2 85 3T 70 04

73 B — 20 KU 2 R Bl SR ARk IR R g
J3E 35 5 W s W A A0 5 9355 AN TR, B i 3l 1 2
Oy 2331ms. HZ AR, A0 E 2228 AN TH A9 205 5 1%
e ORI B 7006, d ] AR
H AR SRS 1 2200 52 PO s 3l i AR 2 R 8 3R OB
RO AGRR  3r AE DR AR Bl A Y [R] I
TIHHRRCR.

8 N £

AR SCHR H — o T 52 R0 14 20 65 5 A% Akt
Sy 75 ¥ E R — A /NI ) B A Rk S i 4l A2
FEAFAE AT 23 Bt » 48 BORE B AR 5 il 304 T 1X 38R 11
ARTEREE 3 i30T 25 DX S Rl R S8 17 = 2 1) AR RS AL
Hey T 3 R T AR R I Bl 1) 22 K5 B 100 A% A RHEE Y L
L5 A A ORI A 2R A R T 2R M
A shim R S8 AL AE T (1) FER) 36 A6 By Bot
NG FEAT R LA T e Bl ) 24 R G0 B Bl i 7R

G EAT WS 25 0 LA e 32 0 A 8 B RERT L R AR T
i 2Ry 5 (2) 3% T 52 91 3 4 O il A2 T A
B TR AR B AR L s s O K Z A G &
AE % £/ Ik B M S 1 22 K5 JEE I A A 3 T A
(3) &5 T il A2 LB 4 1 AR R AR B R F oKk AT
DA SR 25 1) AN [ XS8R 11 9 A% A 52 o S 52 B 4% R
X35l 40 74 R AN [ 4 2y e 54

ARSCTFIEAE VAR J5 11 B A e BRAE - (1) 75 28—
SE PR TIUAL B 18] LA R 3B 491 0 Bl > A 25 o A% 2 2
AR H R, AL BRI [R]FF 238 K5 (2) AR K
A% 1AL+ B3 gl A v AT A DR R TR S A Y
2K T AR R R A7 it X5 (3) H AR A Al i 3l /F
527 S I N S EA AR RO 22 S i T A AN A
RCHE AN T 1758 1 Sl Al S 1) 22 K5 2 19 A% 4 2 A 2 I
AIE AT T B SRSl A 0 e Sl

T2 TARH I 25 A2 T2 5 Az 2l i A
KAEATFHEAT 0B dht T B S22 T o A IR R A
S AR a2 Bl T 9K B e AL T 1) 43 A AR TE 19
o5 NAAIZ Bl 22 18] 477 050 9 AR & AN ) 545 /9
iz 2y S8 L Sl R DX 3 i 2 A T 7 A 5K R R T
e AE TSR BE i 2 22 R AR A PRI RN 1A
18 BAE AR s » 2B SRR Bl S K e o) il
B AL 5 N iz 2l 22 18] 992 A0 5% AR 5 e AR e
2y 5 B X A B RS S AT 0 Hr . L
N R D RS TN AT R 7 A A AR R 1 AR e DX 3 X
DX A AT RS AL B AUUIR B iz Bl B PR
(R e

2 % X #

[1] Hutchinson D, Preston M, Hewitt T. Adaptive refinement for
mass/spring simulations//Proceedings of the Eurographics
Workshop on Computer Animation and Simulation. Poitiers,
France, 1996, 31-45

[2] Villard J, Borouchaki H. Adaptive meshing for cloth
animation. Engineering with Computers, 2005, 20(4); 333-
341

[3] Lee Y, Sung-Eui Y. Oh S, et al. Multi-resolution cloth
simulation, Computer Graphics Forum, 2010, 29(7) . 2225-
2232

[4] Choi KJ, Ko H S. Stable but responsive cloth. ACM Transac-
tions on Graphics, 2002, 21(3): 604-610

[5] Zhou C, Jin X G, Wang C C L. Efficient and stable simula-
tion of cloth undergoing large rotations. Computing in
Science and Engineering, 2008, 10(4) . 30-40

[6] Zhou C, Jin X G, Wang C L. Plausible cloth animation using



1306 it =2

Ee i 2015 4

dynamic bending model. Process in Natural Science, 2008,
18(7): 879-885

[7] Tang M, Tong R F, Narain R, Meng C, Manocha D. A
GPU-based streaming algorithm for high-resolution cloth
simulation. Computer Graphics Forum, 2013, 32(7). 21-30

[8] Selle A, Su J, Irving G, Fedkiw R. Robust high-resolution
cloth using parallelism, history-based collisions and accurate
friction. IEEE Transactions on Visualization and Computer
Graphics, 2009, 15(2): 339-350

[9] LiL, Volkov V. Cloth Animation with adaptively refined
meshes//Proceedings of the 28th Australasian Computer
Science Conference. Newcastle, Australia, 2005; 107-114

[10] Liu Ning, Gao Cheng-Ying, Luo Xiao-Nan. Meshs generation
research of flexible cloth in 3D dynamic simulation. Acta
Scientiarum Naturalium Universitatis Sunyatseni, 2002,
41(5): 105-107(in Chinese)
X7 R, B, 22U = 4k gh A Bl b g s )
SyBFSE. Hl R AEH, 2002, 41(5): 105-107)

[11] Shi Min. Mao Tian-Lu, Wang Zhao-Qi, Xia Shi-Hong.

Cloth animation based on implicit constraint dynamics. Journal

SHI Min, born in 1975, Ph.D.,
associate professor. Her main research

interest is virtual reality.

Background

Cloth is a very flexible material. It is prone to bend and
then produces a variety of folds. The wrinkles and folds are
most significant characteristic in cloth motion. In order to
obtain the desired look and feel of the cloth, one of the keys
is to simulate the dynamic wrinkles which constantly produce,
vary and vanish over time. Multi-resolution mesh technique
that mesh density depends on the deformation of each region
can be applied in cloth animation so as to maintain rich details
without reducing computing efficiency. Most of the existing
work usually focused on how to dynamically refine mesh and
how to compute numerical system. Few researchers considered
how to construct the right multi-resolution mesh through
observing and predicting the trend of deformation.

In this paper, we propose a novel method to animate
multi-resolution meshes based on cloth animation instances.

A specific type of high-resolution cloth animation is chosen as

of Computer Research and Development, 2012, 49(7).
1388-1398(in Chinese)

A, BRE. BRI, Aait, MRy ks)h
AR S T . TSP SR R, 2012, 49(7) . 1388~
1398)

[12] Marques de Sa J P. Pattern Recognition Concepts, Method
and Applications. 2nd Edition. Wu Yi-Fei Trans. Beijing:
Tsinghua University Press, 2002(in Chinese)

(Marques de Sa J P. B JEBE . T ik S R0 . 26 2 i =
PR Jbat. WA R AL, 2002)

[13] Barraff D, Witkin A P. Large steps in cloth simulation//
Proceedings of the SIGGRAPH 98, Computer Graphics
Proceedings. Hannover, Germany., 1998. 43-54

[14] Zhu Xiao-Long, Mao Tian-Lu, Xia Shi-Hong, Yu Yong. An
efficient cloth-body collision detection method based on Bi-
Hierarchy candidate sets. Journal of Computer-Aided Design &
Computer Graphics, 2008, 20(7): 925-932(in Chinese)
RN, BREE . Bfit, TH. BT IUZ ML RE A
- Fee wr g K . S P B ¥ 5 BB 2 22 4. 2008,
20(7): 925-932)

MAO Tian-Lu. born in 1977, Ph.D., associate professor.
Her main research interest is virtual reality.
WANG Zhao-Qi, born in 1966, Ph. D.

supervisor. His main research interests include virtual reality

professor,

and intelligent human-computer interaction techniques.

an instance, from which deformation trend is analyzed and
deformation modes are extracted. The corresponding low-
resolution model is refined into multi-resolution model based
on deformation modes and then the dynamic system is
constructed for the multi-resolution model. While target
animation is similar to instances, fine details can be main-
tained without the computing efficiency decreasing.
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