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:26 ‘ Motivation

Computer generated face/character
e Akey in visual storytelling
® The most challenging object

Our focus: facial animation
® No perfect method to make it efficiently
e Addresses many theoretical/practical problems




OLM Digital Inc.

N

Wkt
V4
S
%
J
(.

:BA Objects and issues

EADXMET)L. BRX Face geometry/ texture

e Eyes, mouth, ears, nose, wrinkles...
® Hair, teeth, tongue,...

L&Y

e Photorealistic skin - subsurface scattering
® Real-time rendering

A= 3Y
o WERDBWHIEZ O XDBEDZHIC
o RIE, BOEIE EEE DM (lip-synch)...




3.2* Face geometry

“Sculpting” face (head): FZXIZ1E2 K S I

R. Parent: “Computer Animation (2" ed.), Morgan Kaufman 2008.

e Subdivision surfaces: B EIghmE

e Laplacian editing: 7 72 7 > ZBW¥iE{t

:BA Face geometry using digitizer

Point-marking on the actual model (*“mock”)
Measuring the points by digitizer

“Tin Toy” by Pixar 1988




AM‘ Modeling/ animating hair
[

Typical case: Hair strand as a set of linear
segments

(Option) Partially modeled with texture

Yizhou Yu et al. In Proc. Symposium on
Computer Animation 2002

3.‘,.4“‘ Modeling/ animating hair

o
[

Yizhou Yu et al. In Proc. Symposium on Computer Animation 2002

Placing “sparce” hair-guide models

Calculating using the guide models

¢ Dynamics

® Hair-to-hair interaction

¢ Interpolating them for finer hair animation and rendering




2 | Rendering: BRDF vs. BSSRDF

/- BSSRDF (Bidirectional Scattering Surface
Reflectance Distribution Function)

Lo(z,w) = Le(z,w)+ [ fr(z,w,w)Li(z,w){w n)dw'.
Qg

:l?'.,ﬁm ‘ Rendering skin transparency

BSSRDF

Real-time rendering with
GPU

J. Jimenez et al. IEEE CG&A 2010




:3".&.“ Rendering hair
Focusing on

o Anisptropic reflclection 7”’M f/ﬂm WWM&

e Multiple scattering

Path Tracing Reference Dual Scattering (offline) Dual bcmenng (real-time)

w M i

. » .
Single Scattering Single Scattering + diffuse  Kajiya-Kay Shading Model

A. Zinke et al: Dual Scattering Approximation
for Fast Multiple Scattering in Hair
(SIGGRAPH2008)

=IBDETI




2| FACS

Facial Action Coding System
* Ekman and Friesen 1978 (/{D\I2%)

BEOXRIBEZ 7Y 3>y h(Action Unit)icH4ET %

AUDAI: brow lowerer, inner brow raiser, wink, cheek raiser,

upper lip raoser, jaw drop,... (23846 AUs).

° H<XT "D HENTIRERZRLE
BEFERLTLERL

FEDEAL) IS

AU Number

2| FACS

FACS Name

Inner Brow Raiser
Outer Brow Raiser
Brow Lowerer
Upper Lid Raiser
Cheek Raiser
Lid Tightener

Muscular Basis

Frontalis, Pars Medialis
Frontalis, Pars Lateralis
Depressor Glabellae; Depressor Supercilli; Corrugator
Levator Palpebrae Superioris
Orbicularis Oculi, Pars Orbitalis
Orbicularis Oculi, Pars Palebralis

Lips Toward Each Other Orbicularis Oris

Nose Wrinkler

Upper Lip Raiser
Lip Puckerer
Lip Stretcher
Lip Funneler
Lip Tightner
Lip Pressor
Lips Part
Jaw Drop
Mouth Stretch
Lip Suck

Levator Labii Superioris, Alaeque Nasi
Levator Labii Superioris, Caput Infraorbitalis
Incisivii Labii Superioris; Incisivii Labii Inferioris
Risorius
Orbicularis Oris
Orbicularis Oris
Orbicularis Oris
Depressor Labii, or Relaxation of Mentalis or Orbicularis Oris
Masetter; Temporal and Internal Pterygoid Relaxed
Pterygoids; Digastric

Orbicularis Or
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2 \ FACSIH

DreamWorks Animation T D%l
o ZAUZ /NS X —5 #I{E

° AN SRBHIE AT L

Bone layer -
1) BEE > B0 _EDflesh ( EEXRMHE)
DEE DFELUCAWND ;
2) muscles for the jaw.
Mask layer
1) muscles for the flesh

2) low resolution surfaces
- edge = muscle

Flesh layer
1) fleshy fat gets pushed by around i
muscles; cheek, lips Skln.layer _ _ _ .
2) moved by mask layer 1) fine detailed functionality e.g., 8%

OLM Digital Inc. ‘
[

Facial Animation

RKETF A= 3Y




#{E: CGETI

AT )L k> ETIL (skeleton model) (. F&E
MICERSNTWNDS.
BIR—XFERADUENY ML v, ER3TEX
ZH\. FHE(skin)ld, FEICIEFEXRSERL,
AF¥ =V (skinning) : AT IL KV EFILDAL
E. [OER, AT—/VEHmHISREDERME
ZRET DL,

OLM Digital Inc.
o

#Efm: = XS FTREREA

OLM Digital Inc.
[

Skeleton subspace deformation
Pose space deformation

Cage deformers

Muscle systems




:‘?'m* SSD: Skeleton Subspace Deformation
&b XENGFE

BFERD "B, BFRONEIF. 77« v EHE
DEATFIREATREINS.

BROD A MMITENRAY NLUBTITS

:2!,* SSD: Skeleton Subspace Deformation

BMR—XIEEROMENY ML v, ER3TER
2H. FHE(SKINDEFEZEDME . FHEIC
IXEXSHBV (FNZTE D DEENBFEN
78 W),

CDMEBICNT dRAICHicTE T80
5. AFZV T HEI SSD TH 5.




:‘?'...* SSD: Skeleton Subspace Deformation

Ay 1 BERBICEH DS DRIRER:

HOFITIE. LEEDERZRT EiRD s's” LD EIMICES.
— Z1IE “collapsing elbow’ problem Z 5| Z&& 2 LT U £ S (&iR).

| sSD: RIZEX

Joint collapsing artifact

Candy-wrapper artifact




:‘?!* ‘ SSD: Skeleton Subspace Deformation

AW 1 JERBICEHDETDREIREHE:
S@)= 3w, Ty . 5
=l .
p

S(v): Skin deformation
V= (xa ) Zal) : vertex
w,(v) @ weight at vertex v

T, & R** - homogeneous transform matrix

ce

:‘?'..,* ‘ PSD: Pose Space Deformation

77—+ A M ERZRE

S(v)=v,

Skin deformationZ3aF]DF%
FCEZTITHR

v, =S(v, +d,) ,
M joint -1

d, = ( ij(v)Tj) v, —V,
7=

v, ER": Skin deformationfioD]IE A AE
v, ER': {REEBDIAES B
d ER*: TESFEE

T, ER™ : AREIRITH




2| PsD

Results:

RAA]
RAA]

Applicable for facial animation

OLM Digital Inc. ‘

W
~ A\
JL>k>x—7
Original formulation

Direct manipulation
Learned direct manipulation




3.2* Blendshapes 7L K>z —7

Semantic Approach
Facial Animation D X% 5 —R

o BRIBZEDRED TR, R—XZ2FXIRILES

e TNS DM TEZED., TDEHZRHEEL(H
FA)LTT7=X—=>3>ICT D

o ERIIEHFELIDDN S

:BA 7 LY RKR<x—7 : Formulation

BOED0EDE. MUDVETILET S

DR T ZET BTERI iy, (o, 20, ...

Z=—ACAENRTc(HE)VRT ML =& Z 5.

—ARFYI72BE £ [E. neutral face & fo EEC L. 1751

B (& target face fi & fo D= (fi - fo) & MENTHES:
f = Bw + {

o ZNICELD. 0sws1 OFEETEDO/NY I— 3 VHHES
o wiIEF—T L —L(keyframe) TDEREZE 7 Z X —F DT
W, #iFIvE1—9cHEINS




M| TLY Ry =7 FIAERN

Bt tHA. ERRY
o AFAT—/\—ZHMN UL TIWZRAET 3
o WEARICIEAWTWS
BR8] R—XH X 2 &gk
NERGFREERD
o IRl '7/\Y—; TREREARL
IC20001E X £ Dtarget shapez
HE: —AZfEB DI 2.55

:BA Direct Manipulation Blendshapes

[[FIRE] DEERR
BETINDEERSE)EELSw Z2EID BT

o EEBRMFERTAT—RBEVWD 2DDHMEE—RT
RIFZwWETED




:3,.6.“‘ Direct Manipulation Blendshapes

[f#5] R DOHE{LREE A <
_ - )
nzin{HBA W— AmH + aHA wH }

Am: FIHEV LDVE & BE(RSY ) ERELETERICOVTOEILE.
B B i o ERRDREICHIGELIZTERAIZIREL LI-1T5

Aw: ERRIREICERLOEABRBDELL

Direct Manipulation Blendshapes: ¥l

o IBEMEDE L Yieh EDFBD T 771 VEENIAE—R 7V

HAUEE T YA > bR
DMB [CLBBEBHENBTH 1> 104

2SAE—(FSTTF 15— CEMRTHA> 309




3.2* Learned Direct Manipulation

We have lots of motion capture data or
animation archives.

We want to accelerate the edit process by
“learning”.

:3« DMBISFRIR (22

Step1: 7 A= 3 V(FRINT—F) DEH: ROERD
BATHAD ((EEBMED) EENY NLZzRWTENRY ML

RIS E[ (rmer ) eO)T]

o I TxIFRRINT—F(HMENT N akT
° ¢ IXFRFRINT—I NS TEZFEHXRT ML
° AFEEDIERANY NUIS#Hx3 DY+ XDIEHF{TH




3.3« DMBIL R (EThR)

Step 2: FIECDEEXRY ML ziiNfz{TdlZz U & L. EE
NI NI ZEINSEBXRY MNLDBRFEMNTRY & DR
ZcElU, ROmECEBEZEL:

mAz;n{HﬁAc ~ o + ﬁHAcHAZ}

e 22 TCU=(ui,uz,....,up); Aui=liui CAL>0(=<i=<p).

14 d-2
d|’ =%
=3

:3« DMBISFRIR (22

ZZ: DMBELDMDZENZNT. Bl & S LammEHEE
ARV
o Y55 HIEENITI A D SESHZIRER ARD)
ICE T HMEMEBZHENTNS,
DMB Tl& A = E (BAI1751)
LDM Tl A = E28175
° RZEE AR") Z2. BRRITOBEKZEILNIL ~ZEMFE

(RKHS, Reproducing Kernel Hilbert Space) & R1&9 &
JIVA|-, & RKHSICX T 5 /ILAE—LTWS,




.‘?M LDM: w & ¢ DR

FPEMREWDEE UTRIRS E/2L
HEDHERDERD D 5!

Uc+e,=Bw+ f,

>Te&wEDEARIIRDKSICES:
w=(B"B) B (Uc+e,- f,)
c=U (Bw+ f,-e,)

Lipsync + DMB

DMB®D/it:FE
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» BREICEDE CODE == BEIRI(C1Fk
O: \BREDOUYTS >
X: RIBEEMTITDDEKRE

P \ PSDTCRIEZES

- "RIBHFE"- PSD
- RIEB(CERERBODK = 4£4E
- RIF+ODRZOHEN TIEE(C







