aAVE1—3T5709 9 A1 F13E

SHORARZA
s BIEIETHESE
N ° N — = ® E’JVE*&'%%'%*%
- _ “ £20
YEA—3T 5497 At L _ DG BROBE
—HoTNTagS A
$F13[E FvwTUFT_A—32(4) - BifEEHE OO SIS
‘ _BEBBROTOSS5ILY
NINITEKXRE BT Ef - BIFiES - ER DR
20214 & . BIELEH
0 1
XNSHB T A—ay EHROAE
* CGIZLYRBENTAKET L (Fv39%) © AMEETIL(BHE-22-BIF OXRR

DT = A= 3VE&ERIHTH-HDE
o XS HRFT A= DAE
—AITSA T A= (RERLE)
AT T A=y (B —LE)
. EELOERTHEONBE RN
FRC(F—2BOHMENRLD)
C BEORRTIL. AL955T4T5EE
FEBRTIEODIRNBEILS

« MEETIL-BET—2DNE I

.« AKETIL-BET—S RS ®
s YUTLTOTS L
- IEESHS
- BRBHHE. F—TL—LT=A—a, BYERR
|- BEiEG BB, BELTR |
o WHEEFE, E—1avIxvIFy
- YR AL H1E

SHORAR

« HIEIETHOES
- B)EHER- B

e BBOBE AIEFETOESE
—HoINTasS A

 BERESOTOI SIS

 BEBBOIOT 53T

- By fFHE - BB OHLR
- BEER




aAVE1—3T5709 9 A1 F13E

BiE-R2-IFORE

s NMEADEBEEDERIR
- ZEEFETIVIZESRE N
- EROIKE LB
- BER X2 D DIRET DR IR .\
s REMKRIR ‘
- 2 OMRE + EOME -RE
s BIfEDRIR
- RBOBEZEIE
o —EMER or ¥—JL—LEBET—H

95 AE
- USRA-EEAR ORI

wa 2 mm
Segment Joint

[ OL—LD—Y |
i GLUTFramework |

HEETTY
GLUTBaseApp
JAN

K
=)
???App

E3 X1 BE
Posture Motion

6 7
— A — N —
TEIOYS L S 7asgsh
. BBOTIIVr—avEED _ s TETOTSLO—ER
~ YORQRAGY orm XTHEA - ~ B BB B OT —SHEEE (SmpleHumn hepp)
© BFRALE ‘v-"! — BVHEIEY S R (BVH.h/cpp)
. F—TJL—LBEEE & — 7T =3V DEESS R (GLUTBaseApp)
ey =t o BARVMLUEDRODAYYRDEEESD
. IEEE
{'L‘;EH' = . ROSRERESHTET I —Sav IS REEH
- ETHRRE — — 3=\ B%] (SimpleHumanGLUT.h/cpp)
o BMEMRRE (200 BEDER) e + GLUTBaseAppDEH-Ei. 7T r—av e GE- Y%
o BRI ER J‘; o TV —2av DARUMUEBEFERH I GLUTA—)L/ Ay B85k
. BELH s__NEES — AL J0L38 (SimpleHumanMain.cpp)
. ” . —- BT TV —a D EE - FRE (222App.h/.cpp)
. EBFEH (CCD-IK) . EBONEEE HTRE (LK B
8 9
R
e £ B8
o ELRERMT l &
- 22 QLSO i
== ¢
« B4 (Blending) . ’ﬁ\\ "\ ﬂ EJJW?%:%E Eg
##R8 (Interpolation) . ’
& (Synthesis) 2 & [ | \
LODDREUALH D ——
N JLURHE
- RBWRAD RG] g
- ¥ —JL—LBEBE. BI{EMHRM.
(B - B, BIEER
10 11




aAVE1—3T5709 9 A1 F13E

BEiER-E%

© BRI BB AR (M5 DAy TJLUR)
—2DDBRFEDEEE LT THLOEFE AR
- HIROBEDEERLMNDECFIE
- BRAISIE U1 LR TR O BE DL % 4R
- HIOBEORT 85
C&SBBETHBHEITEMTHE

& ROEEDRRIBERS D [

BEiER-E%

« BRI - BB AR (M5 DAy JLUR)
- - B ARG EOHF UL HD
- BEICERETHEUTOLIICEETED
- R BEMORE SIS U A DY TR
- BB BIEERNICEL A BB EER
- BRLEBOMASDENLEITND

[ w1 ] [ m ]
L m#ee L m#ee
I fSS
L s [ssme] B2 [ »f [#swe] oz |
12 13
FEIOT54 ;=
o "
- BElER-BR T I —3y -
- BiFiER-ERESTEERAE .
ajm% E)ﬂ’ﬁ?ﬁh :E#%’&’GJJUEK(D#— ) BIEE - B
ZEE?&LfDiﬁAli I'JL,EM’H G- B (1BYRL)
BE— EEe— B
0 »
1
s « - ample_walking!
%r: _—_i-: Eg_ﬁj “M:pn_m-nﬂ
14 15
BEEin- BROBE FEEROERA X

. BpfFigin

- BIDEEDR T AT & ROBMEDEIEER S
D, ME-MEPLI(IVTEEDLED

- BEEN (BRBEPOLEMHMED)

— %l ¢ ISHIE S 5. BIRDEMEDEZ] 1, &
BEH w, ZREL. MEMEDED TR

o w2
i

c BIOEDRTRODEBDOME - REIC,
ROEBEDFRBFDALE - AENDLEAD
KO ROEEICER L % E A
-BOME - MEEEEICEREREHE

4 ROBE (]
MR AL D

i» B A
ROBFICEAT HERITH

i uE-mEEahbtsd
!

16

17




aAVE1—3T5709 9 A1 F13E

BEERDORRT X

c FIOFEDRTHROEZBDOME - REIC,
ROEBEDRBFDAE - MEN DA D
KT ROEEICERE % # A

- BOME- - MEERECEFEERENE

ROEE uE-mEEatbEd

(;\ '

X Mnext,begin

Mprev_end ROEBEDRRIEEFD
noOmEORTHY HE-FE M
fE-mE ROWEIERT HEHRITII

BEEROMNE-ME

* 2DDFMEDME-REEEHED
- HIOBEDRTROME-MEL, ROBED
GO E - AEN—HT HELIIC, RO
EDBHLEBICERITIIZER

-1
M= Mprev_end (Mnext_begin)

ROBEIZER HOBEDRTHD ROBIEDRILED
I HEHATH 1@ -mE & -mE

« ERICIIEOHEAETIE, L TEE-EAEEE-
LTHENTIEELHE. ERLEBEOAR-
HENENLLLD

- BT5IALKFEE - KFBBORSDAERYHLT
HETHE. SYBUGEBRITINHETES

18

19

BEEBBDRRT X

* BEBBDIIIVITERE

- EDZAIVT TROBEERIGT HD

- EDZAIL Y THIERDBIEDHREETIN
- BEBRESCHERAL

—BAIVTITREDNT, BEREBERMBTIE,
BEHEERZAGHD., BIRDEMEDLEZZ MR

BEBBDRIIVT

o EXBICIE, FIOBED T ELI AR HO>TH
5. ROBEZEFIET DRLENHD
— L #IS ROBEDRIEIET E S L. BONE
BRETIEMNTELGD
* BT R TRGEHS L TN DA
TEREOBEHRNFESN TN, TELGE DL
NTEMEEBBEITILIIC. FIIVTERDLND

[ mm ] | LTS ENES I
L mer [ [ easacrn [EifE20N & 7 P | |
O o
[ o [#eor] oz | [ w1 | meme | wee |

20

21

BEEBRDEAE

« BEPE. MAOBENLEBEMFLT, MM
- REFZ c &, BSEEDEL tere, tprey [TEH
- BERZ  [THEDOV T BEOEH wi) ZEE
© 00— 1.0 [CEFAEMTELILEAEHE
P(t) = w(O)Prext (tnext) + (1 - W(t))Pprev(tprev)
1.0

w() 22—

ol [ Basai [ BAER # 7 <P | \

oL | psamrn [T@ifE2I # 7 =R |
o

o[t ] wwmte [T miee T

AVEaA—3T 5749 AR I

F13E Fv3087=A—23a(4) (2/4)

AT EKXRE BT Eff
20214

22

23




aAVE1—3T5709 9 A1 F13E

SHORE

« BIEIETOESE

- EnfEIERE- B
- B{EiER- BB OME
—HUINTOIS A
- BEEREOTOIS3I0Y
- BEEBRBROTIOSS3IVY
- BEERR - BB ORIk

- BIEER

TR T RE

- BEREE- BB T S —ay
- BEER-EBEECBERAE
- Bp{ESESE. BNMERERG- BRREUIVE A (DX —)
—~ X IORBIE(EV)VI) T ROEBEEER
c ERLZLOBE . RCBEICES - B (BYRL)
B B e
» fﬁ » @
-

- E——

— = = ' =

24

Bk - BB 7TV r—ay

+ MotionTransitionApp (—&BRE %)
— DELEFIC. BETAEBOEELERTE
« 3DMBVHENMEDFAHAH LBIEERDE
— YORBEEEIIIDIZIELT, ROBFELEE
— B4 L54 > DOEE (Timeline.h/cpp)
- MELROEBEDEZIZ AR
- FoA—a B (7= A—a  BEH)
- BEEA (REBZIOZREIME) LEETFUHL

- B - EREECHERE (BB
« AnimationWithConnectionBa % (BiMEIE#ED &)

ComputeConnectionTransformationB % 7 & EREUHL
+ AnimationWithConnectionTransition B £k (Bh 1545 - B#8)
InitTransition B+ ComputePosturelnTransition 2 & APFURHL

BI{ERS - BB ICALSEIMEER
© BIED A 5ERER T WA

/1 B ARERE RS HEER

struct Motioninfo

{
/1 EEIER
Motion * motion;
/1 BE DB - #2 T B K (B DO —H )L BERR)
float begin_time;
float end_time;
/1 BEDTLUFREORT -BREZ] (B1EDO—H)LER)
float blend_end_time;
float blend_begin_time;
}

/1 BET—2DYR (A NEH)
vector< MotionInfo * > motion_Llist;

26

27

B EiESE - ERICHVSEEER

« BEDAZERAF DR ZI D IEHR
- BIE DA -8R T B (BIfE D O —h)L B
— TLUFRT - BSRERZI (BhED O —A)LESRE)
DERBEMOBR TS B T REOMLHL

blend_end time blend_begin_time

DK T LI

BEDRARFZ]
begin_time end_time
¥ y BiEF—4
\ | BAsa=m #TEM | |

[ [psEm ESCTIN
o

BEER- BB ORTICLELHER

S ===t =3 - SH
- BEEG- BRORTHERETLOEE
/1 BEEBORTOI=HDOER
struct MotionTransitionInfo
{
/1 Bk OEE
const MotionInfo * prev_motion, * next_motion;
/1 ROEEDRRIEEZ] (RIO B OBAIARZIZ R E LT H0—NILEZ])
float next_begin_time;
/1 BEDT LU RIS (RO B DB R E L 50— NILEZ)
float blend_begin_time;
/1 BEDTLUFE T BRI (RO B OB RIS E L 50— HIL )
float blend_end_time;
/1 RO BEDEIRITHI
Matrix4f prev_motion_mat;
11 ROBAEDKE - AEEFOBEDME - AEIEHE SO DEMRITII
Matrix4f next_motion_mat;

28

29




aAVE1—3T5709 9 A1 F13E

BEERORITICBERFR

s BEEROEHRITIIDER
— BIDBMEIZE AT S #2475 (prev_motion_mat)
- ROEEIZE RS HZE#1TF (next_motion_mat)

ROBE

B -mEEabtsd

c‘s‘\
H .

Mprev,motion
BIOBEICEAT HEIRITFI

Mnext,motion
ROWEIERT HEHRITI

BEBBROERITICRERIFR

- BEEBOZIIVT DIER
— ROBEDBAIEBFZ (next_begin_time)
- BRI LR DBIREEZI (blend_begin_time)
~ BED LR D& T EFZI (blend end time)

- REOBHEORBFHEZRELT SO—NILHLITRY
BHEDBAHEF L

ol | pasar (BRI 2 7 =M |
P =37
R DB DFIEEZ MRS %ﬂg?ﬂﬁﬂ ‘ ‘
[

next_begin_time 0 ‘
BRI OK T B

blend_end_time

BER T REORAEZ

‘ blend_begin_time

local_time 0

AROBEDME-MEEEHES+TLURRE JLURET

30

31

ST ILEIE()

s TETOSSL(HUTNTOSSL)TIE.
BRDAZAIDHTHEEER
—BYBRLSITEMERD 1Y (LD EER
~3DMEHIREAMINDSTEELEER

=

f‘h|

(|
b &

ST ILEIE(2)

s TEIOSSL(HUTINTOSTSL) T,
BHIRI(INDSTEMEEEH
—RBYURLSTHETD1H ML DEER
- 50N F—BAEERTE

- ERELIFIEH B @RI - BRER(TLY
FRRET) > £RELFHBHD - ERERT
LURRRIBI) — A% EFRHD (BERT)

- 3D B OF—BZIIE, BEHEERT - BBICIEFELA . RD
HERETEAT S1=HIZERE

® @ o o
L) [#Em |

32

3

3

HoFILENE(3)

s TEIOTSLHUTNTOSSL) TR,
BERDAZMIDHITENMEZER
—BYBRLSHITEMER D1 (LD EER
- 50N F—FRIERTE

- BRE L2 (BERR) - AREBC(TLY

FREET)-> ERZEFIRDHD > EREE(T
LUFERBR) — ARELIFI80S (BIERT)

- RYOERBOXME. TLUFRREET S

« ACEIE. BIEBRBE L. ATROBIETRICENIZITS
REELTEITLURFHIEMNEELLD, BIfEER
ERDYRTLT B0 COTLUFREESER

YT IVEEDBRAAH

 LoadSampleMotionsBE % T dr A &
- BEICBET AR mEERNICRE R
— BVHI7AIVEGRHAH BMET—2DESIZH H

/1 ST NBEE Y DFAHRA
const Skeleton * LoadSampleMotions(

vector< MotionInfo * > & motion_list, const Skeleton * body )
{

const int num_motions = 3;

const int num_keytimes = 5;

const char * sample_motions[ num_motions ] = {
"sample_walking1.bvh", "sample_walking2.bvh",
"sample_walking3.bvh" };

const float sample_keytimes[ num_motions ][ num_keytimes ] = {
{2.35f, 3.00f, 3.08f, 3.68f, 3.74f },
{1.30f, 2.07f, 2.12f, 2.88f, 2.94f },
{1.20f, 2.00f, 2.08f, 2.80f, 2.86f } };
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Motion Analysis
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enum SupportStateEnum

NO_SUPPORT = 0, // MR &4 HhE HEARL TLVELY
RIGHT_FOOT_SUPPORT =1, // A RA\HEICHAL TS
LEFT_FOOT_SUPPORT =2 , // £Z@h\HEIZHEALTL\S
DOUBLE_SUPPORT =3 , // M@ A hE <AL TL\D
NUM_SUPPORT_STATES = 4
1

/1 BEISH T S EE D EAKEDOF—TIL—LER
struct MotionSupportKey

/1 B%l

float time ;

/1 TR OHEE DK E
SupportStateEnum state;
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void MotionAnalysisForSupportStates( const Motion & motion,

const int segment_no[ NUM_PRIMARY_BODY_PARTS ],
vector< float > & keytimes, vector< MotionSupportKey > & support_keys )
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Motion Warping, SIGGRAPH 95, 1995.
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EF—au-J—EVTDEE

* BERDEBOLER
- F—BZ (1) ITBW T, ERAIORZ (P,
DEMEZRDER(P,,,) T35 KT, FEZID
HEELER
P(t)’ = W(t) (Pdest - Psrc + P(t) )
+(1-w®)P®)
EJES
P() =w(t) (Pgest — Psrc) + P(2)

x BEEEORBRSEISISCTHE
(Bl: EEEATIIIZ R BRETHNIL,

Paest

EF—au-J—EVTDEE

c BIEPDEBDOER
- B OEEENEERITIIICEYRENTNSIGE
&, THORIZEYEE
R(t)' = W(t)(Rdest Rsrct R(t) ) + (1 - W(t))R(t)
EJdbs
R(t) = W(t)(Rdest Rsrct) R(t)

 EERATHIDHITHIE. BEITHERLIZES

i ; % 1D BOREBVHBA . MTHEE T KB FIRT b
2700 (i) (79 ORI LV EHED) A —
78 79
TR0 8E BMEERT I r—ay
« BEERT T —ay « MotionDeformationApp (— &Rk E %)
- BIEEMIER (- EP)THEDT, — #JEY5 R (InverseKinematicsCCDApp) % &
EEEERLEALEAE o WHEENFETE (CCDIR) ITKDF—RBIREDT=O
- BFERLE (ZREEE) - BEERO ML
- X —B5% - BB DR EREE - BMFERLE (ZFEEE)
) ’?‘é’%ﬁ;gﬁ _érf - « MotionDeformationEditApp
MEBEIFUHL A S — HJEY 5 X (MotionDeformationApp) Z ## 2
L ek - - BEERER (G- 28 OREREEEEMN
. L CBBDT I —L A HETENS
ERBEOREE—F  $—EBOEBE—F
80
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E—av-)—Ero5n7Iass.4L01)

* BEERDO-OOERDEE

/1 BEER (BIED—EL D) DIER
struct MotionWarpingParam

/1 EREMEERT HF—FZ
float key_time;

/1 EREOX—BRIDLS
Posture  org_pose;

/1 ERBEOX—HBRDOEDS
Posture  key_pose;

/] EREROMEDIL K b Tt
float blend_in_duration;
float blend_out_duration;

E—2au-)—Er5nTa55.4L(2)

- BEERIFHRDAHL
~- 7075 LOMHILBREASIFUHL
— TOBVHEMED 7 1)L & LR E R E RN
[CE R
c ERBEORBEECBVHEMEEZHAAH
B BEHEHEICIYERERDED TR
/1 ANEE- B ERARRO DAL
void MotionDeformationApp::InitMotion( int no )
{
LoadBVH( "fight_punch.bvh" );
BVH * key_bvh = new BVH( "fight_punch_key.bvh" );
Motion * key_pose_motion = CoustructBVHMotion( key_bvh );
InitDeformationParameter( *motion, 0.80f, 0.70f, 0.50f, deformation );
deformation.key_pose = *key_pose_motion->GetFrame( 0 );
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EF—3v-D—E 5 NTasS5.4(3)

« EpEERALIE (1)

-BZICISCTEAZHEL. BEEREER
c BEAHIF, F—HLT 1 ELBESITHE
— ERRMOMEE N bF — B ORI TR
- F—BANSERRMOE T HAOMTREEN
— BRI EE (R
11 BHEERS (BET—E> ) DBREDESROH S

float ApplyMotionDeformation( float time, const MotionWarpingParam & deform,
const Posture & input_pose, Posture & output_pose )

{
/1 BEER (BED—EL ) OEHEHE
float ratio = 272;
/1 RBER
PostureWarping( input_pose, deform.org_pose, deform.key_pose, ratio, output_pose );

}

EF—L3>-D—E 5 nTasS5.L(4)

- BIELALEE (2)
- RPRLRNE
11 BED—EVY OEBER (2DDEBOES (dest - src) [CEH ratio ZMF1=2 D%
/1 TOES org [2NZ5 )

void PostureWarping( const Posture & org, const Posture & src, const Posture & dest,
float ratio, Posture & p )

{
/| EEHOREEHE

for (int i = 0; i < body->num_joints; i++ )
p.joint_rotations[ i ] = ?72;

11 N~ OREEHS R’ =w(t)(Raer Rorg" RO ) + (1= w(O)REO)

p.root_ori = 722;

/1 W—tDIEER
p.root_pos = 2?7;

F=E
R()" = w(t)(Raer — Rorg) + R(t)
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Michael Gleicher, Retargetting Motion to New
Characters, SIGGRAPH 98, pp. 33-42, 1998.

[Gleicher 98]

E—a0-YB—5yT42% (2)

s B—1a - )R—yT4L T DEERE
s BiEREILRIREE L TR DN —RRY
- TRRDIEBZEL . BEEEHK r(FE) 2E&
c EREOELBNATOEBOHBMEERS

(BRAMEICELTOSEEICEELRY., F+3504%
F AL TN EEITHAE R DRE)

c ERHROBEEDNTOEBITLGDINGALED
- BIERORIROESHERNISELT LTS
- BRES /(EE) AR RUPETEH LI,
BiEehEREL (X))

86

87

E—av-)E—FyT407 (3)

s ASMRE—ar - )a—F TV
~ B DAEICHEDIE—TyTA2T
- ERBEORPORBUOME (+ME)EHE
L. BEEBFHECLYEBELER
-l EROLEICHEDE |
BUOEEERT—IVT N ¢ |
o PERRES (. MBS PN
AEOHEERE \ R
 HIEOIL—LTEBOD ﬂ ]‘] '
EfREERDOLSICIKEEA ’ I
— BRAT R E B R A A 1 '
—~ BIIL—LORBELR

LK— R

o XNTHRT_A—=32(2)

— YOI NTOTSLDRELEERS BI) TERFH

1. IEBESstE

2. RBEM

3. F—JL—LBERSE
BEHERS

- VI TOYSLDREERD (BF)EER
{5. BiFiEsE B

6. ENELH

7. EE)FEE (CCDIE) BYDEHE
REEEA

»

88

89

15



aAVE1—3T5709 9 A1 F13E

FEDH

« BIEIETOESE

- BfE-B%
- By
- BEER

© BEER

REFE

« AMRETIL(BHK-Z2-BF) DRR

o AMERETIL-BMET—2DERAE

s U7 TOSS LA

o IEEEZ

o BB F—TL—LTZA—Sar ., BERR
- ENfEIESE- B BEER

o WEHF, E—arFr I Ty

o BOYRA AR 1

90

91

16



