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AdeEE E5AF, dEALS e AAZHIES FEF T, A9 H¥ AA FIH(local linear pose
7] o O 5
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WeE AAel AelAl Y muRe fdsts AL SH0w i &2 A4S ol8d WA 51

pil

AT 12

AT 110 JoAA, 37 sZAPHAE L,

A71 NG AE AA T3] Aol AAE Alolo] A7) A AF AAM T FEE AAABEHFTEC dis)
o F4EEA (principle componert analysis)S A-&3to] A A FIHAA FAHEES FE3+ S 5EF2
2 3 &5 A8E o] &3 dal T2 YA,

A5 13

AT 120 oA, A7) FHBAARL,

A7) FEE FAE MEHER o|Fojd Tk Az v HAsE HEsl] AN AAZHAYES BE
sto] FHAEtE AS EROR st £8 AFS o] &3 AN F2 A

A7 14

o A A
7] & & oF
B odwo Aol 8 ARE R 7S MAEE HEHAE WA (performance capture) (B NA-A13]:

action-capture)ell #gh Ao R oL FAsAE, 247t E59 ddd gigt A T &5 AHE o83
=) A
2]

; T
of A S ATAE 7 U=E S 2 A A E el g Aol

& AFREA 2 AREE JHAE AEE 2Eo Az dfyHeldEs Adse A2 ASFH
ofyuolAe] FA EAlolt). dolE-7IuF A& (data-driven) "WHE 529 AAA W (motion prior)E LERY
h=l |25 AMgste] st SAE sidet). olu, 71 miFe] e 259 AA(F
A (blending)dt7] 918k AE 91sk diojguo] 2~ Mo FAAQ He DA o
&3t A k(A Herst S FHAL 5 gled, ole BA dojEde]29] AgkE 37] wjEelt).
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olelgt o] f =2 T AFAES EA FH(clipES AYsAY AmiAg= 2, e AAet &5 g F
AX B Fdste 59 MER 5 ALS A% U 758 A

o] & dlolEuo] 2 Qo] 5 FHE Aloldl EAsh= AAdxw Hol(transitions)E W Aos A 1
= 719k ¥ (motion graph-based methods)& AMFL A2 e 5 FHEY ZF(permutation)S YA
T AUAEE AT, olEdt WHELS o4k AR 37 FAl(discrete path-finding problem)E & Zol <93,
FoAH Ak =S ey f% A ey T AMHE 4 5 &Al(sub-optimal motion sequence)E &
HHor v, gy ZA 2#Z(motion graph)i HIOJEIWo] o] EAFA] s M2 AAE AAEA
53l oo wgl, ALHHola, HEWA M (performance capture) SFolA Fox|E= &3 whe] Adz e
AAEE S-S 98k AlFS THEA7A] Kk ARS ZEeT
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W2, dlolE o]~ o] &% SHES AYste A o AAMg S A AE5F] A%S WA=
N2 ¢85 AT F= vt F7HHos, =4 49 7<= (notion interpolation technique)S AR&-3ho]
A aPgEE F7MA7IE el 98, A&A8d, Hx & AT oid (e, Ex UAE) AgE BFE UE
e 59 7 A48 Y F= vt o] AT Zhao9t Safonovair BA ZIE oMo £ AAAT A
ol FTTVHIIE Ho“?j% A|eFATHL. Zhao, A. Safonova, Achieving good connectivity in motion graphs,

Graphical Models 71 (4) (2009) 139152.]. Zrzjy} A|¢t®l HMHE A7+l olE]HME (artifacts)ES XA Tho]
ol B 4SS sty sl ]7}°4J4(t1me warping) ¥} 2 BA FHES A3 Huid AbdAE AdS 2
82 strz 2] A A 2 A7 5o B2 NEE 8 Fsle AES Fe

g, QI A I3 BAA REES 3 Adx Sl
A&Eo]l gk, 1A, nxe] vAdE AzF AA FHe REdEsE] A odd HRES A9
(local linear moldel)[C. Bregler, S. Omohundro, Nonlinear image interpolation using manifold learning,
Advances in Neural Information Processing Systems (1994) 973980.], A& &% A]Z~®l(Linear Dynamic
System)[Y. Li, T. Wang, H.-Y. Shum, Motion texture: a two-level statistical model for character motion
synthesis, ACM Transactions on Graphics 21 (3) (2002) 465472.] 2 7}$-AleF T2 A2 7|9 d(Gaussian
Process-based models [M. Brand, A. Hertzmann, Style machines, in: Proceedings of the 27th Annual

Conference on Computer Graphics and Interactive Techniques (SIGGRAPH 00), 2000, pp. &= 193-192.]&9]
3 Aesol o},
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Chai®} Hodginst= A (low dimensional)9] AA 2 AAS 98] Ut 2-&A(end-effector)9} =
2rE 6ol Al 971] mEA 9% AAM dlolE Mol 22 HE K- AAE s, A AP Ao 4l
%3t Adage AAEe Ay g A9 AE A7F AAM FZF(local linear human pose space)2
Hatol, Ao dHoz A1y A AAE FASFTHI. Chai, J.K. Hodgins, Performance animation
from low-dimensional control signals, ACM Transactions on Graphics 24 (3) (2005) 686696.].
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4 2 4o

2} S za, FHYAFSEE(MAP: maximum a posteriori) 3E
(Framework) &tollA o] Aol A E FxozHE dAg Z}/‘ﬂa F4 (estimating)dt= Hlol| <93, 4l
st 2l Ao MZE X9 A48 534 $2 Zd(local linear dynamic motion model)< 4 H3}
NA A ZHCHH. Liu, X. Wei, J. Chai, I. Ha, T. Rhee, Realtime human motion control with a
small number of inertial sensors, in: ACM SIGGRAPH Symposium on Interactive 3D Graphics and Games (I3D
2011), 2011, pp. 133140.].
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T3>~ (lazy neighborhood graph)E A|QFAATHB. Kruger, J. Tautgest, A. Weber, A. Zinke, Fast local and
global similarity searches in large motion capture databases, in: Proceedings of the 2010 ACM
SIGGRAPH/Eurographics Symposium on Computer Animation (SCA 10), 2010, pp. 110.].
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GP(Gaussian Process) 71 & Adzely A A9, FEpvlE 24 (parameter-tuning) o] A T
FEYX RS I olH @ o R HE lemﬁﬂwdmmmmM1mm) o] gsto] AA w4 T
sty g e o RA TReARE ZRAAGP) S HEE WEEe] kel AA F7H(high dimesional
pose space)= A FA FZ(low-dimensional latent spaces)flﬁi HBAaNTE AEst oz Ao
skt

dE 59}, Grochow 52 GP #A) 7p¥ Rd(GPLVM)[N.D. Lawrence, Probabilistic non-linear principal
component analysis with gaussian process latent variable models, Journal of Machine Learning Research
6 (2005) 1783% 19% 19.]1& Ag3dle] 259 H3EE FAANIE 953 ZZAA(inverse kinematics
procedure)E A|FACHK. Grochow, S.L. Martin, A. Hertzmann, Z. Popovic, Style-based inverse
kinematics, ACM Transactions on Graphics 23 (3) (2004) 522531.].

Wang 52 59 AHY 25 RAH ] 94 P 54 2 (GP dynamic model)<S ASHATH[J .M. Wang,
D.J. Fleet, A. Hertzmann, Gaussian process dynamical models for human motion, IEEE Transactions on
Pattern Analysis and Machine Intelligence 30 (2) (2008) 283298.].

Levine “s& GPLVMO] Al 27F bellA A ] Alo] AaE 23579 (precomputing) sk 3ol o3, AR&=}
A7 JEs wEATIE s AYE cfydeldS A Jt‘u‘e A QFETHS. Levine, J.M. Wang, A.
Haraux, Z. Popovic , V. Koltun, Continuous character control with low-dimensional embeddings, ACM
Transactions on Graphics 31 (4) (2012) 28:128:10.].
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wale s TS @SR, d54 R o4 Ak 2ASS WHAZE AL WATHI. Min, Y.L,

Chen, J. Chai, Interactive generation of human animation with deformable motion models, ACM
Transactions on Graphics 29 (1) (2009) 9:19:12.]. &y} Min 5ol 93 B2 ZPo|M = 2zt &2 Fhea
g HE 7% mdo] 2y F5E Hevt o, By 75E 4 REEC] UF 59 dAK5H AFNE
Adets EAEE SAAZ T

£, Aed vF 50 54 ATl AdE= ZAE sdsty] flel, L= 2 (graph walk) ¥} SAHA
A MEHE FE EEE F

]
2 BEES AAA e JAE WHEe] AJFEJATHI. Min, J. Chai, Motion
graphst+: a compact model for semantic

(6) (2012) 153:1153:12.].
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SIGGRAPH/Eurographics Symposium on Computer Animation (SCA 08), 2008, pp. 193199.].
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]
[0120]
[0121]

[0122]

[0123]

e, Az oA &% AU SE )} zolam, k A9 A5 271 A8 54 219

" EH (metric)S 2 %3}93\3}.

T 2 FRNTER, Y.
%X — X" + (1 — o) || — Xn||

Xn kil L I~ = =) S
o7 Mg MM ele 22 g ekl gPE wA dolEMolAdA A4 p(n=l, ... N)e] £Zo
AAst £ e, N& dolgmols Yo AA A4S 2 JEIT(E 6(a). 47 % & 0-1 Ab]
o #e M AowA, A A A &8 LEo rﬂo}oqt Ao NFEAS To%am_ B o] 5

X' X

ofF Aol SER] & AFAE Folapy] 9% T4 AU 9% AFA Folvh. dm UL

of ol&] Hejve Fx Ay XAV Hdl po #HE ZEAdEs wgste Ao 93 s E.
e AE Abolo) F=xu| i (numerical differentiaion)ell ol AAtETE. Fo1x Aol PHo| o] BE oA

AAES ADe nrke, sell U Qe £% 4% SEe A AEAT Avad g Xng

Hlagto 2, o wedA [k 2]9 das A

(84 219 R AA Fe 4 Ao} Wzl A7} deleulolz el oA Ads 4 gHsk @A W
HEAE dehla, Fowd g8 SR AL wmste ol T WA Fe fAE £ 9XE A
AE e SRS AAE A4 Aol RS JEE o, dA UE 4e G 9 A2 BE JES
FHaled olgHT. oE So), §HolX W AYL AME LAY, Y £5 Fus W) wre], 2
A Pt 252 AAGe] PolAt £ FEF /AL BB He 50 &2 g9 £E7} Fojok duz
AusEA g 7FsAgol Fobilth,

b FRAGE 6(b). B Areelr  * ¢ ke 77 0.8%)

% o7e HF um A4 4gel Aelage e Swelt

AZE t=1,.. L ol Ao B2 9% Felesg AlgaA, ZEes U9 oA AERRE HHo wE e 3
t=1..... Lk=1.... K
obdith, o2 8] 7 mESo] W $1x FehoE {y‘” 1) g yg
e 73 vaed 29 ZDAG)E AT, o X (Edge) 58 Al7F t-10l4 RE wEE0] A7t t9] RE w25
r—1 fy —~ I Wi 1
=1y € E VL), L
3 AAHEE pAHAG, S b ylj J o, o7]1M Bt gzl ox AFS vehdti(E

gz Yo Hd AEE e Bl 93 HH9 i A™E AR f8iA, 2EE kel 7 oA E ¢
Ak vl 8- (cost)E A3l ). o] & £3 A AX(motion prior)?} &£dtold(sliding)d F+ 71¢ &
< nygrt. 35 H(ankle point) FEH§= = Bl 93, 98 &5 JAE5ES AT ¢ Ue

A

ANEES FRAT. 0 WAR §F vE U geA wEe ARersel ed Amr)

o -1
o
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[0133]

[0134]

[0135]

[0136]
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i, BU o u 239 ase vz, X HA L A7 ne gu gman e
at.l W t-1
As gean. wed K = YKo g ama Vi o e 94 Acle ges gepag
a 1 =1
Ky qepa i 5 Yy o P54l ot Atk

7F &R Agelar, o9l 0otk EF,
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)
o
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il
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ofl

=V g gm s npe GEaY. W8 (cos) e BE AE Aole] AV} Skl Wt Al

vy i, Y
Aoz Z7%, Y Tk apolrt 2emE Zubetar, Y 3 YKo o] 7} 0.ldcmit} Zowl Ziloly
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= 9 A At 3] FellA o] A AS

Srell A AIgEsE 7] witol Ik A Apelo] A= HESA Tt
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[0137]

[0138]

[0139]

[0140]

[0141]

[0142]
[0143]

[0144]

L

L}"l ----- .’;’L] darg min{y:.mm:-zwﬂl

i=1

Input: Trajectory length L, the set of aligned ankle
positions in motion capture database for L frames
f¥ile = 1., 5 P Y

Output: Two ankle positions as estimated control

signals ¥',.... yt

forallt=1,...L— 1do

for all j=0,... .K; — 1 do
forall k=0,... K;—1do

ﬂ:—l — iy |:—| +wl =1 _yi"._
dj‘k ~0

if s!!din,g{f.~"'.f"‘} — true then
diy' =dj;' +exp [:_wi[y_[."" —_ﬁ"nz)
if s!iding{jﬁf".y’_ — true then
9: dii! = diz' +exp (wivi* ' —y7'1?)
10: Wiy = pat! + (1 — pdy’
it il nf.c.emmat-e = n}".esnmat'f + w; then
12: nj. .estimate = n}— ! estimate + wj 4
13; nj. .predecessor = j
14: ..., ¥t = BackTraceDirectAcyclicGraph( )
15: return ¥',.... ¥t

s
-
%
N

®
.

1:
2
3
4
2
6:
e
3

CEER

_lN

Je 7hAet e

i

of ofsll Hetstsar, vadAe

o
=9
>

2 TS 93 Aoz e AL E T

3.3.1. AB 3+A koA o] HA38H(Optimization in sub-intervals)
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[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

TR s2E AARtem AT A=F sk A, £59 A (position)7t Ao A
] 3L

2~
=7 = - H
Qo] We, ez H3 MR ATl K A EES FAF 5 Ux £ ved 2T g A2
g %!

of U@ M gS gulel=d Atk ueE 19] 104 12ek)). e} HAe] e RE B2 Wgo] 3
2 4740 oa) G589 Fol 48R 5 A7) wWEel, AH) W= AAL Q7] Aol AA Gl ] TR

132 1070, 507K, 100

A EEROED . &
Mol AA meQl} AA ARRA el ol gd wE AH A4 ANE MG TR, E 133
of ztzte] 47 Jluk AT NE AA ARG AHSAG, ANRA Lol FRa| 1) Aol 2L A
A AzeyE d5H H4 9% 4ol el 2 th2A @A) Hrh ol 54 Az Aol Fold &
= gA0] U3 HAe] W Fao] FRa| 71 A7k 4 QoA TR 5 9] WEolr)

4. 52 A (Motion generation)
WA A Mg ZA F7H(locally linear pose space)d} FHAE ¥Z= WE (reduced pose vector)® ©]F]
E Aoy AFFNE FAE L, e, FoiR Ao dHd wE HA AAE FekE Aol 9dl ZF AR
Aol Ao A AAE A A St

A
7F

4.1, AAle] X921 ¥ (Local modeling of poses)

Aol g o5  FHE dAl AHNES VAR A HAY 2EdSs FAST. JA AIAFL Chaiot
Hodgins[J. Chai, J.K. Hodgins, Performance animation from low-dimensional control signals, ACM
Transactions on Graphics 24 (3) (2005) 686696.12] A & <17+ =kAl FZF(local linear human pose
space)[J. Chai, J.K. Hodgins, Performance animation from low-dimensional control signals, ACM
Transactions on Graphics 24 (3) (2005) 686696.]1°l 7|ukalx|gt, E o= Ag &9l Qo] FWHsS
Al AT,

]

3}
=]

W2 K A S el =Kol dojxy] wiel, B dlojelulo] 2R RE oA AAES e 5 9
=5 ok dl e AR EES 2 "k AA K, Al AAISE (e 819 de) mlER (query metric)el
o)) eloleulo] =z iE gt

[=sh4 8]

(1% — Zall> + 17 — Yal®) + (1 — 2) (I — Za* + 15 — 3ull*)

ann, X XYmoo Ynce g saw vud 99 99 €% 950 gse 488 A

z= (2gr,2zp)cSE(3)

AAE p = (z,Q) BAISHH, ZHHARE 2 FAEY. 97]A4, SEE 'special
euclidean group'?] 2f&felm | 32 39S 9m|gtt}y. =, SE(3)2 3399 Ay} B 55 vt 2
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[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

on
J

=90l 10-1547208

RP
H, 1€

£ D AFES) AGLlth(i AreolA Desdm A

ARTh. A4 BAE PR A, AA de SAleawre)  ME ARE
T
m = (0,h,q") € R#P? 0 , ,
2 gAan. oa, Vs e an % AnsGEs 2w g )
Bajolel Zhsh Bubel oleh, el b e Mdeln, 2bi ARERA, 2048 A4 AFES e AL
Uebdnh, Ewe] 645 Aol A, Eolsh AATE M AL, dE Afrge] w4 doleulelz vl
AA dolEle] 54 91718 gl thatel Bwels] o]t

" Ay Fs &Y QElM, FAEEX(principle component analysis)o] Ko7l oAl AAE

of Wal AgHEAT, shel A AL 3ta WE B ALgse] [

p’ (1 W € [I:'ED’

ANA T ek AAES Bat MEola, U =T sl FaRom P, = AAE %

2 &3F ¥E(reduced space vector)olty. [F=E2] 9]¢ 7} FEL mEg A2 FHHW, 'U's 'FARE

(principle component)'E o]Fojzl mjEZY Ay} k. B AAdel A K, = 200, = o=

AR A

4.2. %% 34 (Motion synthesis)

AR AA e A F, A4 9H o} Zuke] A 5 H% HH @S Fobd F ZHd

(1<t<L) p'= (2,q) w ‘

A4 AL A s aged. ga wy Voo suel a4 £ g 9
e Bae Aol Aol 9P WHHE H A3 pAn v P AL 45
BARRE Qo 1A 2 vl s Ayt

- A °F & (The constraint terms)

7t gEdde W 72 9 FEA4d Tdste Aloke] AgHT. WA, 72 S03) TRE UEdof drt.

(zr)'Zr=1

4 FHEY(quarternion) o2 X AT = 4F, RS S wESEof o, w3, A AAl HlE

fl (= H|zyjr

(reduced pose vector) well 28] AHw+= ke ZHAF Z+ 9} o] hE 2z HIHe=E
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[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]
[0185]

on

E=01 10-1547208
(484 10]

T 2 2 : 2
Er_'on_sr = |(z:e) Z:;— IH "‘WﬂH”f _f‘i|z'|| _'_w-"”h[_hiz‘H
2 A3t

- A% (The prior term)[J. Chai, J.K. Hodgins, Performance animation from low-dimensional control
signals, ACM Transactions on Graphics 24 (3) (2005) 636696. ]

teow, (£ 1112 gosE AT e Aol AAEl K A AAEN A% Fit
s,

(584 11]

ne%

o
bl
il

1

Eprior = (m' — pt) (AY) ™' (mf — p")

714, A = K oA AAEe TR wEYA(covariance matrix)o|tH([J. Chai, J.K. Hodgins,

Performance animation from low-dimensional control signals, ACM Transactions on Graphics 24 (3) (2005)
686696.] =z

A o138} (The control term)

(5814 12]

: ~p 2 ~ 12
Ectrt = ||X|ye zc — X" + |[¥weze — ¥l

Xwz Ywz . 3
o714, <} = 47 o3l AaEE wob Wk A zollA 9] x¢ yE UEE, &8 &5 A
A

|
oft
s
ot
oot

}(The smoothness term)
Hersl &2 2y $2 Fmyes PIAZIY. 50 TEHEER o|FoX = o)Al A, Ay =yl

q —-q" '=q" l_qr 2

t—1 -2 =1 t—2n2
Esmomh = ||zt — 22 it # || + ||q q +q ”
ooz x4 (objective function)< &3 BE 59 715 Foz FHo [482] 14]9 o] BEAIHET

[4=8}2] 14]+= Levenberg-Marquardt 3% [M.1.A. Lourakis, Levmar: Levenberg.Marquardt nonlinear
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[0186]

[0187]

[0188]

[0189]
[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

on

£50l 10-1547208

least squares algorithms in C/Ctt, <htte://wew.ics.forth.er/—lourakis/ levmarfby 2004.191 94l

FA. w'e L2 AAstar] 98 t7) 2k 2 WA -1l HA @S tolHe] 27) ghow AEFT.
t=1el Aol e 27 34 Al o8 AFEG. 27 23 e dolguel~2RE x'o] Y Ahe

W'pnar ‘I'.I"lm' “mmm
A2 AeEh, 2 A del M= = 1.0, =0.8, 281 = 0.22 4A391}.

5.3. %212 (Post-processing)

FAE WE Ao F1E @A 2 A A% gAY BHol 234 a%(itten A U B
37 5ol A L& FAW BAL FYshe Ao, AAH] Y Fae] F-270]Y (foot-skat ing)

Zro] AAlE Zo= AEH(jittering) ot F-2A0|8 o}E]F E (foot-skating artifact)S A
Asl7] 93 A S P}, T2 A, [L. Kovar, M. Gleicher, J. Schreiner, Footskate cleanup
for motion capture editing, in: Proceedings of the 2002 ACM SIGGRAPH/Eurographics Symposium on
Computer Animation (SCA ’ 02), 2002,pp. 97.104.39]014 AAE "o ol&] FE-27o]8 olE|HEZS 714 A
5. Loz XHe a5 Psis we] (FS FES Foll, 953 (inverse kinematics)oll 93l o]

ke AAol A FES Aks Fqst. o] F, AF FHIE T joint space) oA FH-AIQE FE
= A8l Hes s F3ste Aol 3 T2 Fyes SR

5. AAld]

24 dolgHo)~E AAER 49,709 T A(xF 0T JoZ 2887 AA), HAAAA L A &% B3}
15.317=#9), o] AA~AHA E5g= dvkzed BaAF2 93502 ¢, o2 AA &5 X3 23 537
15.028 Eeﬂ%’ @e]7] 2,655 ZHY), Ax 2,011=HY), HoF V] F& 2,635 ZHEd, A #3317 &
857 Tl 2 HZAS =7 2036 THldS AP %Ho}OﬂE}

&5 Ho H2E 98 A¥e BA dolguo]xg HAE AXE sFozRE At HXE 29 JF{E
o] &5 o 7P mAE &S & e 53 (forward kinematics) & Agshe] & «] A4S 4.
o] &, AfA weolzx aAE XFIEE s17] st &5 A EFE HAF 0.5eme] 7FAIQE Ro]2E F
bkt = 82 I o] Ao HEH QI3 EdlS YehllE THoRA, B Wyl AAdoA BF &
ZQlEd| 93] AZAHE 1779 #AAL 7HAE A7 BAS ALY THE 8)
5.1. W& #%4 AAl(Ankle trajectory generation)
T 9v AdEY(a), 9o By(h), ¥¥(c), XD T = gt &5 A S0 2 dHS L3
5% By A45S Yehlle EdHolg,
T 102 HE T F MY AE G2 Al oA B R SeEEY FH 7 Uy Mo £EE
e} E¥olt},
T 10914 & = A& vkel Zol, Wi 91X FE9-=9 FEHe 2479 ey A AE relA &5 9
of we} wig- thekstA W),
j,[

T 1004 HAHe W AR £n W AE) v AT Of HA w=rr YgAEE AR
j,tj,rﬂ j}“ 1

I FAA FolA S FE USE & F A ol UE FHEH = 7} "ol e w] o]
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