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Abstract

Human Animation. However, there are gaps between captured motion clips, and motion rransition. is used 1o fill

Reusing Motion Capture data to instruct Virtual Human is an effecrive way to improve the reality of

them. This paper presents novel method to meet the kinematic and dynemic constraints that should be satisfied
during transition, An analytical 1K algorithm is adopted to solve the pesition constraints and an additdonal
constraint. “Swivel angle” constraint, is added to guarantee the continuity of solution. Since the algorithm only
need to search the feasible rangle of “Swivel angle”, it improves the precision of the solution and the computation
efficiency. This paper also presents a simplified way to simutate balancing during transiron. To meet the balancing
requirement during the motion transition, balance pose is computed at “key points” of transition with a BFGS
nonlinear constraint optimizing algorithm, displacement mapping is then built and added to original transition
motion sequence.
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0 3 §

5 # i #E (Motion Capture) & M e MESH &
WHRBEZ— AT HRBFH RS HEERIERE
Frif £ QNG INEE Sk gl R R S [ RO )
HATEHRE . ZHFESLE . IEITRF-RA
B HPHENRE A TR ERRNE
F A2 M AT R A R H BE
BHESEFFIN . ERBEZEDES TEAEK, )

WMEEMNAEEMET EEE, ARETELRPE
RIGFHES f FREHHF—BEZMIEFHRE
RE B L, B K Z A 24 H (Spacetime
Constraints }*.

e ERET A N EXKANAFL KT eE
LAY . AT HEESIEH, XS MR
MEEETEE, AM R BEENERER;
ME &R B e RS MR T ERARNRERE
HEEBRARENE, EMATEREELLMNLEF
FIES  BAEEEEABEA RSHTI EE.,

E2TH EHEAHEEE 60083000 L F G ANERLRFAA XS OB T HRE N EHITRFHFLREIFTA

W2 B I« 2002-06-13 ¢ % ] B ¥ - 2002-07-05



902 TEHESBEPER

BT HA M

HEMTFHIFAEROEL . REHERBSEFF,
Hip st s B RNAFAFEERE L.

Rose % 57 F ) 25 29k 5 s 2 ¥ 3 B o T 6
A 2 TR T ST L el R 08 3h 2 (TKO A RAE
KBRS LR . sk 45 P £ A UK #
) 5 B A R B S 5 AR R R R, R [(3]R
F B B 4K AU & 26735 A BE 3006 oK M A JBE [ BTG R
i B RE A WA MR T Wiley .U RA TR
Tl B TR 5 HE )5 3 J 4% o i B — 1 — A e I T
RIS EZN BB T, X E PR ITRENRE.H
REHTHERAGRY L TRE AMAES TERE
Ay S AF oL ¥ s Rose %48 AT CRAT 8] 3 i 2 3 B
P S 2 (R N 77 o S TR R B T,
F6 A 55 e i) 3oF 304 o WE Y B IR B ) R A REEAT
TEHE—EE BHRXRSIMAETUAERA RN
AEt 3 » 10 3 3h M AR B R R R Y

ATRESfEdREEEREAA A HEN AR
RBWEERMAELEFF, SXRBIFREM
B o A SCR A B b B 0 B R R AR TK R A [l
i 3 AoF B A R AT SRR A B TK B ST E M A
EREME, SXeBINTERE,. A X RBFE
BT B, B RR N TRTER. F A,
AR ERT HERNAR EETE
PR ERAEYEARS T A RMNELE. A
MR P L IR R, A O AR RS A S e EF .,
BHEHELEH R L RBTEHES, HiET
¥ 15 18 2 1 5t ( Displacement Mapping V¥ E 8615 B
MBS ERWMEFA L, MBS HETEF
FUAATIE AR, L R EEATME.

1 BRATIK &%

EE SRS AR, R
% AT LUME N K (5] RER . 1K B3k f) — - % 4t 7
EAXVEFPFENRELE, WEFW LA RE
1 BB AR B AR TEO 2 6] 27 B2 . — R A {4 0B
EHFEPRITREHE U EFEEHENIDERHR
H— I B Celbow cirele )21, B 24 B8 A0 F 1 19
B EE, HEUE A SR — 1 BB &, W
E£ZE L0 AEMNK R EHE A (Swivel
Angle). X FIRAR# AR ERE K HiEEN
Bk AE (A RE.

AEmgEshiEm®E L iR, .S HEX

B 1 AR s Bh g or B E

TRABBRET.F ARATHBEXRY.S yRR
T, X WAMERXTHINITRHEMN
XV HEBESHHEMEI.0..6, /1 46,.6,.0, &
R RRTA-THOENENT . HEaRiEyAE
8. M A AR DU BEIE Sh4E T R 0
T,AT,BT, = G S0
HAFTLT,. T, 4504 3R REER.G v
FREEME A AM FES, RMAERKE.BANS. B FI
231 A S 8 Ty
Ri{(8,,8,,6,) 0 R(9) 0O
T'A[ 0,0,0 J Tﬁ[o,o,o 1:|

TE:[RZ(esyﬁﬁ.ﬁy) OJ A=|i R, "—A:I
0,0,0 1 0,0,0 1

R i R te
B=[ ) s:| G=[ G c} (2)
0,0,0 1 0,0,0 1

HEEBRER G HR(DETHBEHE, BTLLE

BT

T\AT,BT,[0,0,0,1]"=R RR 45+ Rt =t; (3

B OWARHNE BB A AESEHEN
ERHH, T E

2EARAR tr=titc— L s —L5tn (4)

HAR FHETH R MM EH. UL
A b acosh,+bsing, = MR, I 05 HEE N
ZREMARB ABEARBHENMEP XBHER
EEE NTHE . MG RWOTUEY, 8%
RWRATH S AR R T o 4,

MXRWHTT R B B W E 2() BT e, 06 H
B E BN R, L Ly L 9 B AT 84 BE A
B EAEMER. HRAETFEYUEFMED
RMES ste LB n.o HHEZEH LB REH
(B2, ATEXEFNBEREFE. FEAFS
E—HE p,HEL p EEMNEFE EAS N
B/ u W ¢=0,

r=te/tc]
u=(p—(p-mm/|p— (pnim)|
A A BRI H p7E M A B B,

)]



% o 1

VBB & THENafELERE 903

s n
>
e
L ~L [4
’ [ % M
€ Lz
(a) (b>

Bl WHETRAME

NTReRELZTE, A EH v=n>Xu FHWEEE
BARE. HEE.C o MER - UE FTRITEEE
s A FRIR )
(Li+ LY — LD

Tl

cosa —

o ={lL,cosain (6

r =Lsina

HEREREEA . M RTHAE el@ el K

(NEHERD
e{®) = o + rcos(Plu + rsin(@)y (7
KBelF - BEATHEHERT BHZH
.3 e w BB XY AR eSS E
B ke X WERET - AE). B4, T, Lk
LB Asew Bl Asecte MK H B, INEELS o B
FANUT. WA UBRERREBXWH 3 ERA.

§

g

€

w

B3 FXWHEREMKRE

WEFERBIITHERLHHNER, BARE
Rl Ty = (T\AT,BY'G. I #, B4 A M
B BETT LUK M e 675 R 3 M.

FBERAE L RRE IK B, B H—
BT E R EITRAMNARKAER

g = (g(f) — g 6, <8 <b, (B

R MR, Wk S 7R T {7 R 2 Y ER

B ERAN SR EmRECRRBIEENR,. H
W, R B R EIRE R E H

g0 = w (g — g)! + w,(8 — §,)° (9

A oww, IBE.6, S HH 0 MIBBEENY

BE BRI EEEENEEAENXT AR

HATHRE, W ERERS &M 6. FH Lidg

B RTEFHEATHAEARET S L

A WS Ao T, TR R#ENX
HREBRAGTTEEARR ATEEAMERN
i) B AF R, T — A B T A X R R A Y R AR
wEEAS BEE. N TR B, AR
TR K BB K B Ry AL I HE AL A SR
EX BT W RES A M EEE AR, ERE—K
Rmet, EHANMAS E KBRS AR NEE,
AR YT ol A7 b BB A3 AT B S RIE T %
HREEAFESMZ MY ESE. B M EEAT
A1 o A AT 1 8 BT 40 R A R o
H4BBUAYMNIGESE 1) ME 40D
S 1 RS ER s B RN RE E 4R
HEER T HEN, B 4EELER RN B S
AN B AR B MBI R LR A L
BAHRMB THREMELFEHEERENEEA

Bapw R
__—
o

LYY N

v B AT S S AL
B4 bk G o b o £

T I LT
b "-',. - 5

ta) (b
B FEIRFHBRBGIEE O

2 RETEETE R A TFEES

BRSMEL R3S E R MBI L, B



904 PEEASEEER

HI1HBARD

T o P 0 R B A (R B ST L
B REARMEAT# AT AL
FH T —F AT KL B Sl B SR
PR R @EERATRESFEERTHR Aol
V- 55 e 15 2 A B 2 (R M IR B B L 0T
R s B 21 3 1R 7 51 R S A F R AR

FriBFaEs, KEMREAEROREREX
HAMRESCHEREN, XRENEHFELIEN
HED XA -MEATXENERERSRTS
BEUAMHATERANGEL BT ARHTERS
MR — A AT LS BT
ool R SE B SRR AT E .

BX NHERXBIMFALUSIESEDE L
MR RARERARANEEAE.

LY IS5 0w Dy I T, R S
B A BT 2 i A T X S 1R A S M T R
SEme, LS X ESREEQ FEEENAY
SHBHATRER S E LR B 5% A
TERPEMRAW AT ke CEA X,
KBAGCTEHREHRATURT P AR
IR«

nrl
g8) =G, >, | (PO — P) X (PO — P, )2 +
=0

@, (0 — 0% + dyle(®) — et
9, < 6,<8, (i0)
B, ,0,,0, FIEH.

ZEGERS 1 Hh, PR ARRLAEE,
P.G=0.1:2 ) A X EEZHET B2
HARbEREENL;E 2 MERKLENE
WM SAAREY .0 Y EMARRNET XY A
EiEIHATHEXENSZERLBHABAR. &
X {# A BFGS 5 Rosen # E BB HLE S HHRK
EERER A LR B iGRED. BFGS #l Rosen #
FEREEMERTTE H R REHHE, TR Q00

M6 ARBTEa@ERER

B A AR R MR RS L RO E TR T AE
MHEE—ENERE, B TESRAENARL
R B0t 56 A AR DT R AU I RV A MR
PR RES M RIR R HREEE 0T RER
Rt RLIFR M REBHEE  BURC X
B RS BORIBR W) AR AR TR L £ i R A A
FHPMAE M. ATE R,

_m(R)M, +m, (RIRS )Mt my (RIRIRE) M, 4 m, (RIRLRERD)M,

M.
my 4 my+mytm,

an

TRATIHEEx#R R EN AR SR,

R A RWRRT S AR R
(& 7).

XX ) 12)
FIRAL 2 M, HIETS K
_z::m.,u, x (1 URj'l_)M, —

1= (13)
Sim
ERETHENNER LT LERAMS, N 5
AL R B ST FEHEE A EARSY, W
HAMAXRTHBENE T RAHMEXTHES,
XEEBRT LA, AR XM ARE. &
AH e HRBETL R T EREG. A8 L
SRS AGER ST HBNE R,

&2

7 ssgnsgE

(a) AY-HEEH tb) fRAbAE BB P s
s PHREWMTRGERESR
ERS | TARERNHERI T, -BRHAE
WA R A2 TR T ERE, & R
— X 08 P B £ 0 LK o WK i 7 P06 5 4




oM WEE S D TR B el Mk 903

BOHEESREESSMEARTHERS A
WoRRASE I VREELRHIERFIER.
B 9(b) 2 R AR B B A4 3 ) I 25 B 5 & fm 2

GBI E SR ERER. WA A LI &
WT mB s v S iEd E R RS, RS TR
9B 4 TR s e B F A E 4

(by #3386 b 30 09 Fe 51 1 %
B9 APl 2R Ers AL

3 ZitEREA

AR T S i PR SRR B AR, B3
W12 B 2 RO P ST B9 AR BT 1K B SR  F A
P RT3 ORI SR 22 () R R S R . R (R $iE
B A A AR L A SO P W A 7 Bk R
WAL RS IEF RIS EALE, AR5 T
BT SO R E R R SR PR .

#FE XM

1 DBruderlin A, Williams L. Dbotian signal processing (10,
Computer Graphics. 1995,3003):87~104.

2 Gleicher M. Retargetting mation to new characters [ A In:
Proceedings of SIGGRAPIL 98 [C ., ACM Siggraph Orlando,
Fl., 1988;33~42.

3 Rose ' F, Guenter B, Bodenhcimer B ¢r al. Efficient gencration
of motion transi-tions using spacctime constraints [ A J. In;
Proceedings of SIGGRAPH 96 [C1. ACM Siggraph, New
Orleans, Louisiana.l996: 147~ 134.

4 Jeher Lee. Sung Yong Shin. A hierarchical approach to
interactive motion editing for human-like figures TA ™ In.
Proceedings of SIGGRAPH 99 [C ], ACM Siggraph. Los
Angeles, August 1999,;39~48,

5  Witkin A. Popovic Z. Motion warping[J]. Computer Graphics,
1495,30¢3): 105~ 108,

6 Witkin A, Kass M. Spacetime constraints [J]. Computer
Graphics, 1985(43,22;159~168.

7

Wiley D) ], Hahn ] K. Interpolation synthesis for ariiculated
figure motion[ ] ]. 1EEE Computer Graphics and Applications,
1997.17(8);39~435.

Rose (I, Cohen M, Bodenheimer B. Verbs and wlverbs;
multidimensional motion interpolation [ ] ]. TEEE Computer
Graphics & Application, 1998.18(3),32~-40,

Tolani Dy Goswami A, Balder N. Real-time inverse kinematics
techpiques for anthropomotrphic limbs [ J ], Crraphic Model,
2000,62(5),353~ 388.

R 1 ELEEEETLE B
WF el Al B e RIS Ak
BE.

wER 1965 £ AR BEES
. FEARRT OB E. FHAE
T . 15 BB M 3T 8.

BE=E¥F 19mFE WL RL. e
FE A R I, B R B3 .



