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Facial Animation

Roman Berka
http://vyuka.iim.cz/a4m39mma:a4dm39mma

History and application
Briefly about the anatomy

Modeling methods overview

. Animation techniques

. Parametrization
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Motivation
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Parke 1972 — polygonal representation (Gouraud)
Parke 1974 — parametrized model

1974-78 New York Institute of Technology, Cornell University
cartoons

1980 — Platt - Master thesis muscle controlled FA
1982 — MIT — Well videodisk-based system
1987 — Waters - muscle model

1988 — N.M.Thalman - abstract muscle model
— Levis - speach synchronisation

1990 — Optical scanners
1990 — image registered on facial model

1993 — individual face mapping
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Applications
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o Games

o Medicine

. craniofacial surgical planning

» facial tissue simulation
o Teleconferencing

o Social agents, virtual reality

www.cybertown.com
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Introduction to Anatomy of the Head
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Introduction to Anatomy of the Head -

pay attention to the structure, names are not important
for know
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Modeling Methods Overview

Topology of the Face

facial mask
eyes
lips
teeth
tongue

€ars
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Possible Represenations

o Volume representations

. CSG

- Voxel-based rep.

o Surface rep.

. implicit surfaces

. parametric surfaces (Non Uniform Rational B-Spline Surfaces,
Hierarchical B-Splines)

. Polygonal Surfaces

4
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Modeling Methods Overview

Implicit surfaces
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NURBS

The NURBS surface is determined by set of control vertices P,
weights w of the vertices, normalised B-spline base functions N; ,(u)
and N; ,(u), and knot vectors U and V.

D im0 2o Wi P i Ni p(u) Ny (v)
D im0 2o Wi i Ni p(u) Ny (v)

The surface can be expressed as

Qu,v) =

Qu,v) = Z Z P jR;p(u)Rjq(v)

i=0 j=0
where R is called rational B-Spline base:

| o wNg (1)
R%p(t) 2o w;iN;p(t)
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Modeling Methods Overview

NURBS
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Modeling Methods Overview

NURBS
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Modeling Methods Overview

NURBS
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Modeling Methods Overview

Polygonal Representation
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Modeling Methods Overview

Getting the surface Data

® 3D measuring techniques

o Photogrametric method

o Sculpting interactive method

o Assembling from simple shapes

o Creating new faces from e
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Photogrametric method

e in basic form the two photographs (from ortogonal directions) of
the face are taken

o the two coordinates for the same point from both photographs are
measured

o distortions, very low precision
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Better Photogrametric method

We need information about view-transformations for each photograph

lz,y, 2, 1.

.y, 2, 1.

1144
119
113
T4

121,
1291
1231
1241

1145
1199
1139
T'145

1219
1295
1239
1245

1143
1193
1133
T'143

1213
1253
1233
1243

— |$’1, yi? hl’

— |£C’2, yé? h2’

The coordinates measured from photographs:

T, =

yml -

Tl TR

_~ =

Lm

2

Ym
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Better Photogrametric method

After substitution and rewriting in matrix form we will get:

T111 — xp,1L'143
T1l12 — Ym, 1113
T211 — 33m2T213
1212 — Ymy,d 213

ZEm1T143 — T141
Ym, L 1az — 1140
ZIZ‘mQT243 — T241
Ymoyl 243 — 1242

Which is [A].[ X] =

Tl — @y, 1L'1a3
Tlo9 — Y, L1253
T221 — 33m2T223
1299 — YA 293

T'1312p,1133
T132Ym 1133
T231£Cm2T233
1239Ymo 1233

S
|

I\

| B] — the four equations for three unknown

x,Yy, 2. In general for n views we will get n 1" matrices = 2n

equations for three unknowns.
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Better Photogrametric method

Let's multiply both sides by [A]1":

We will get three equations with three unknowns. Thus we reduce
number of equations.

The method assumes we know transformations I'. We can compute
them first taking six reference points and solving 12 equations with 12
unknowns - each one for one item of 7.
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all these techniques work over polygonal mesh

o interpolation - assumes of two key states of the mesh
® performance driven - motion capture

o direct parametrization - reduction of controlled parts to lower
number of parameters

o pseudo-muscle based - simulation using simplified models of
muscles

o muscle based - physical simulation based on simulation at level of
real muscles
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DCGI

MOCAP systems
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MOCAP systems
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Optical Motion Tracking

avatar
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MOCAP systems

MOCAP used in Polar Express

oi-00:-45-29
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Pseudo Muscle-based Animation <

The muscle-skin interaction
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24 Pictures taken from [Keith Waters87]
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e a face muscle is usually fixed to bone and to skin
o the displacement of a point p to p’ can be expressed as ]5 —p =
e more accurate model describe new position p’ as

p., x f(K.A.R.x)
p, o f(K.A.R.y)
p, x f(K.AR.z)

where K is muscle spring constant, A angular displacement factor,
and R is radial displacement factor

A = cos(5)

2

P cos((1 — RQ)%) for points near the bone
B D_RS 7-5) for points near the skin
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Pseudo Muscle-based Animation

Another approach

here the muscle m; acts to the node z; by the force

(mf—xz’)mj _ _Llinear muscle fiber |
€ii = length scaling factor

i [mA—mT| & 5

wjii = |pi— (pinj)n,|| width scaling factor

©, and O; are force scaling functions.

The image taken from [Lee,95]
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Application
The previous model can be applied in simplified form as:
Xg = X; + f(ZCZ, k])lzg(xz,])mj

by another words: z’ is the new position of a point x; on the skin
evoked by contraction of the muscle 5 with muscle spring coefficient
k; and maximum length [;.

The function f(z;, k;) is partially based on the previous slide.

F

Jmf =]\
f(xia k]) — <|mA7—m%||)

J J

The function g(x;, j) determines a measure of relation between the
point z; and the muscle m;:

(21, ) = 1 the point belongs to the muscle
ARG otherwise
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Speach Driven Simulation

the animation of the face can be driven by a text

our language consists of sounds with different significance
sounds which change the meaning of words - phonem
sounds which does not - alophonem

configuration of face muscles typical for a phonem - visem

there exists lot of phonema but corresponding visemes often have
the same representation

we can classify significant phonema and reduce the necessary set of
geometry representations

such phonema are then recognized in the text and mapped to the
visems
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Animation Techniques -

Speach Driven Simulation

o Each recognized visem has

defined a relation to muscles .:
ronfalis

which influence its representation  cougeer

Temporalis

o the muscle is represented asoncuscon—__[[lf
a vector defined by significant Froe

Cuadratus lakbii

antropometric points in the face sediric  ~

| - |
caninus ——— S % 1
1 AR x

o using knowledge about phonemg¥*m«sm

iMasseter

derived from  text, muscle el
representations  derived  from SRR
geometry using significant points  Pepceoriabi =
and with information about Mentale

atributes of each muscle we can
animate the face
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