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Facial Representations:
Modeling, Rigging, Retargeting
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Representing Faces

• Modelling

• Polygon mesh / subdivision surface

• NURBS

• Parameterisation / Rigging

• Static vs. Dynamic

• Learned vs. Divined

• Blend-shapes and or Deformers

• None? Data interpolation and retargeting

• Retargeting / Animation

• Geometric

• Parametric



How to Parameterise or Describe a Face?



Describing a Face

• Identity

• Rigid motion

• Skull

• Expression (Emotion?)

• Speech

• Eyes

• Eye Lids / Blinks

• Jaw Motion

• Neck

• Nasal breathing

• Dynamics / Ballistics

• Sticky Lips

• Tongue

• Teeth

• Hair / Lashes

• Skin

• Pore structure

• Wrinkles

• Subsurface scattering

• Hair

• Blood flow

• Sweat and Tears

• Fat and soft tissue

• Hard tissue

• Muscles

• Attachment points

• Strength

• Volume

• Compression / Tension

• SMAS (Superficial 
musculoaponeurotic 
system) fascia

• Orbital muscles



Facial Action Coding System (FACS)

• Facial Action Coding System (FACS)
Paul Ekman, Wallace Friesen, 1976

• Description tool for psychology

• Animation “concept”: Pixar, IMD, Weta...

FACS AU 1+2



Facial Anatomy

2.  Discuss the anatomy of the SMAS, platysma and the facial nerve. Please help us 
understand the temporal fascia. Do the nerves travel in the superficial layer of the deep 
temporal fascia, or the deep layer of the superficial temporal fascia? I am so confused! 
SMAS: The superficial musculoaponeurotic system is a fibromuscular fascial extension 
of the platysmal muscle that arises superiorly from the fascia over the zygomatic arch and 
is continuous in the inferior cheek with the platysmal muscle. The facial nerve lies deep 
to the SMAS and innervates the mimetic muscles of the forehead and mid-face from the 
ventral aspect of the muscles.
The Superficial musculoaponeurotic system (SMAS) fascia is a fanlike fascia that 
envelops the face and provides a suspensory sheet which distributes forces of facial 
expression.. The SMAS is continuous with the platysma muscle inferiorly and the 
superficial temporal fascia superiorly, and it is superficial to the parotomasseteric  fascia. 
The SMAS connects to the fascial musculature in the nasolabial, perioral, and periorbital 
regions.  
On a cellular level it comprised of collagen fibers, elastic fibers, fat cells and muscle 
fibers. Ghassemi et all found two types of SMAS architecture, type 1: lateral to nasolabial 
fold (relatively small fibrous septa) medial type 2: dense collagen muscle-fiber meshwork 
 

FN: As s review: efferent fibers from the 
motor cortex (precentral and postcentral 
gyri) synapse at the motor nucleus and the 
superior salvitory nucleus of the tractus 
solitarius. The FN leaves the brainstem to 
enter the skull via the IAC (meatal segment), 
then traverses the petrous part of the 
temporal bone to the facial hiatus 
(labrynthine segment). From the geniculate 
ganglion to the pyramidal eminence the FN 
segment is termed the tympanic segment. 
The FN then winds from the pyramidal 
process to Stylomastoid forame (mastoid 
seg) and exist the skull to the pes anserinus 
(extratemporal seg) which branches into the 
temporal, zygomatic, buccal, and marginal 

mandibular, and cervical branches. (post auric arises proximal to parotid) 
1) Facial nerve branches that exit the parotid gland are deep to the SMAS. The frontal 
branch of the facial nerve is deep to the superficial temporal fascia. Therefore, to avoid 
injury, the plane of dissection should not be as deep as the temporal fascia. 
2) FN lies below the parotomasseteric fascia at the parotid region, but this can be very 
thin and variable 
3) Frontal branch of the TZ division estimated by pitaguys’ point: 0.5cm lat to tragus and 
1.5cm lateral to the lateral brow 
4) Danger zone for the temporal branch of the facial nerve, defined as the region 
overlying the zygomatic arch between 1.8cm anterior to the helical root and 2cm 
posterior to the anterior end of the arch
 

http://www.artnatomia.net/uk/artnatomyProgram.html

CN VII

http://www.artnatomia.net/uk/artnatomyProgram.html
http://www.artnatomia.net/uk/artnatomyProgram.html


Facial Anatomy

• “there are no grounds, as far as I can discover, for believing that any muscle has 
been developed or even modified exclusively for the sake of expression.”
(Darwin, 1872, p355)

 

Facial expression musculature in Pan, A. M. Burrows et al.
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aponeurotica to a cranial attachment into the skin
associated with the superciliary region, just caudal to
the eyebrow. These fibres are separated from the
superior edge of the orbicularis occuli muscle by a
narrow cleft, contrasting with the findings of Sonntag
(1923). The frontalis muscle is superficial to the corru-
gator and depressor supercilli muscles but on the same
level as the orbicularis occuli muscle.

Anterior auricularis muscle (Figs 1 and 2)

This is a flat, fan-shaped set of fibres that passes infero-
laterally from the skin over the lateral margin of the
orbit to the cartilaginous pinna at the anterior portion
of the junction between the helix and antihelix.

 

Superior auricularis muscle (Figs 1, 2 and 4)

This is a flat but thick collection of expansive fibres
from the skin of the superolateral portion of the scalp.
These fibres run inferolaterally to the superior portion
of the junction between the helix and antihelix. Pellatt
(1979b) described the anterior and superior auricularis
muscles as appearing to be one large sheet of muscle
attaching to the pinna in a nearly convergent manner.
However, in the present specimens they are distinct
muscles separated by fascia and attaching to the pinna
at distinct points.

Posterior auricularis muscle (Figs 1, 3 and 4)

This muscle is the smallest of the auricularis group but is
the thickest. It has a discrete bony attachment to the
lateral aspect of the superior nuchal crest, superolateral
to the deep head of the occipitalis muscle. These fibres
are oblique and attach into the posterior portion of the
base of the antihelix. Whereas Pellatt (1979b) shows this
muscle as consisting of two separate bands in 

 

P. troglo-
dytes

 

, it is represented as a single muscle here.

Tragicus muscle (Figs 1 and 2)

This is a small, fan-shaped muscle located along the
inferior aspect of the pinna. It passes in a superocranial
direction from the tragus to the skin over the lateral-
most portion of the zygomatic arch. The tragicus
muscle lies deep to the auricularis muscles. Pellatt
(1979b) did not describe this muscle.

Orbicularis occuli muscle (Figs 1, 2, 5 and 6)

This is a thin, sphincter-like muscle with a large orbital
part and a small, transversely arranged palpebral
part over the eyelid. It is firmly attached to the skin
surrounding the orbit but it does not extend caudally
beyond the eyebrow. Its inferior extent is much longer,
to the skin approximately one-third of the way to the
upper lip. There is a firm bony origin from the lacrimal
and frontal bones via the medial palpebral ligament.
It lies superficial to the corrugator and depressor super-
cilli muscles but is on the same level as the procerus
muscle. Inferiorly, it is attached to the levator labii
superioris muscle; medially, it is attached to the levator
labii superioris alaeque nasi muscle; laterally it bears an
attachment to the zygomaticus minor muscle.

Fig. 3 Right side of head from Pan troglodytes. (a) Dissection 
of the platysma muscle and its attachments to the orbicularis 
oris and occipitalis (deep head) muscles. The portion of the 
zygomaticus major muscle shown here is the superficial 
head. (b) Dissection of the facial mask away from the deeper 
structures. Note the more caudal fibres of risorius muscle and 
the deep and superficial heads of zygomaticus major muscle.

 

Facial expression musculature in Pan, A. M. Burrows et al.

© 2006 The Authors
Journal compilation © 2006 Anatomical Society of Great Britain and Ireland

 

156

 

Results

 

Figure 1 shows all of the musculature in place in normal
context. Figures 2–6 show the mimetic musculature
located in the present study, region by region. Gross
examination between the two specimens revealed no
obvious differences in muscle presence, fibre orientation
or attachments. However, the platysma muscle, occipitalis
muscle, frontalis muscle and all muscles of the super-
ciliary region were unavailable for observation in the
CMZ specimen as the neck and superciliary region were

not available. The mental attachments of platysma
were, however, available in the CMZ specimen.

Both specimens possessed relatively thick skin with
generous quantities of fascia between the dermis
and musculature, especially in the oral region. Unlike

 

Homo

 

, there was very little adipose in any region of the
face (see Stranding, 2004). In the occipital region, over
the lateral portion of the midface, the oral region and
the superciliary region, the superficial fascia was
intimately adherent to the underlying muscles (such as
the deep head of the occipitalis muscle, the depressor

Fig. 1 Abstracts of facial expression 
musculature in Pan troglodytes. (a) 
Lateral view; (b) frontal view. In both 
diagrams, yellow represents the most 
superficially located musculature, red 
represents the most deeply located 
musculature and orange represents 
muscles located intermediate to the 
others. For both views: 1 – superficial 
head, occipitalis muscle, 2 – deep head, 
occipitalis muscle, 3 – posterior 
auricularis muscle, 4 – superior 
auricularis muscle, 5 – anterior 
auricularis muscle, 6 – frontalis muscle, 
7 – tragicus muscle, 8 – platysma muscle, 
9 – risorius muscle, 10 – superficial 
head, zygomaticus major muscle, 
11 – zygomaticus minor muscle, 12 – 
orbicularis occuli muscle, 13 – levator 
labii superioris muscle, 14 – levator 
labii superioris alaeque nasi muscle, 
15 – caninus muscle, 16 – depressor septi 
muscle, 17 – orbicularis oris muscle, 
18 – depressor anguli oris muscle, 
19 – depressor labii inferioris muscle, 
20 – mentalis muscle, 21 – depressor 
supercilli muscle, 22 – procerus muscle, 
and 23 – corrugator supercilli muscle.

[1]	
 Anne M. Burrows, Bridget M. Waller, Lisa A. Parr, and Christopher J. Bonar. Muscles of facial expression in the chimpanzee 
(pan troglodytes): descriptive, comparative and phylogenetic contexts. Journal of Anatomy, 208:153–167, 2006.



Facial Action Coding System (FACS)

• 43 muscles?

• 33 Single AUs

Ideally, the Facial Action Coding System would differentiate every change in muscular action. 
Instead, it is limited to what humans can reliably distinguish, since it is used by human operators 
viewing facial behavior, not a machine-based classification. FACS includes most but not all of 
the subtle differences in appearance which result from different muscle action. The fineness of 
the scoring categories in FACS depends upon what can be reliably distinguished when a facial 
movement is inspected repeatedly, and in stopped and slowed motion. 

Background, Development, and Overview

FACS Investigator’s Guide

6

Table 1-1: Single Action Units (AU)

Table 1-2 lists an example of how each Action Unit (AU) is described in the FACS Manual. The description includes four 

types of information:

(1) The muscular basis of each AU is given in words and diagrams.

(2) Detailed description of the appearance changes are keyed to illustrative still photograph and film examples.

AU Number  FACS Name Muscular Basis

1 Inner Brow Raiser Frontalis, Pars Medialis

2 Outer Brow Raiser Frontalis, Pars Lateralis

4 Brow Lowerer Depressor Glabellae; Depressor Supercilli; Corrugator

5 Upper Lid Raiser Levator Palpebrae Superioris

6 Cheek Raiser Orbicularis Oculi, Pars Orbitalis

7 Lid Tightener Orbicularis Oculi, Pars Palebralis

8 Lips Toward Each Other Orbicularis Oris

9 Nose Wrinkler Levator Labii Superioris, Alaeque Nasi 

10 Upper Lip Raiser Levator Labii Superioris, Caput Infraorbitalis

11 Nasolabial Furrow Deepener Zygomatic Minor

12 Lip Corner Puller Zygomatic Major 

13 Cheek Puffer Caninus 

14 Dimpler Buccinnator

15 Lip Corner Depressor Triangularis

16 Lower Lip Depressor Depressor Labii 

17 Chin Raiser Mentalis

18 Lip Puckerer Incisivii Labii Superioris; Incisivii Labii Inferioris

20 Lip Stretcher Risorius

22 Lip Funneler Orbicularis Oris

23 Lip Tightner Orbicularis Oris

24 Lip Pressor Orbicularis Oris

25 Lips Part Depressor Labii, or Relaxation of Mentalis or Orbicularis Oris

26 Jaw Drop Masetter; Temporal and Internal Pterygoid Relaxed 

27 Mouth Stretch Pterygoids; Digastric

28 Lip Suck Orbicularis Oris

38 Nostril Dilator Nasalis, Pars Alaris

39 Nostril Compressor Nasalis, Pars Transversa and Depressor Septi Nasi

41 Lid Droop Relaxation of Levator Palpebrae Superioris

42 Slit Orbicularis Oculi

43 Eyes Closed Relaxation of Levator Palpebrae Superioris 

44 Squint Orbicularis Oculi, Pars Palpebralis

45 Blink Relaxation of Levator Palpebrae and Contraction of Orbicularis Oculi, 

Pars Palpebralis

46 Wink Orbicularis Oculi 

Speech production involves movements of the lips, jaw, tongue, and other structures that 
produce appearance changes in the lips, mouth, cheeks, chin, and neck. Many of these 
appearance changes are produced by the same muscles that are the basis for AUs. Users of 
FACS are most likely to be interested in measuring movements that are different from those of 
speech, and these are the movements that FACS is designed to represent. The subtle movements 
of the lips and other movements involved in speech production cannot be measured by FACS. 
Distinguishing movements that are part of speech production from functionally different 
movements remains an issue for FACS users. A goal in FACS scoring is to disregard movements 
that function only to produce speech and score the other movements that co-occur with speech.



Facial Action Coding System (FACS)

Subject:_______  Date: 7/
__/2009

AU 0
AU 1 
AU 2
AU 1+2
AU 4
AU 1+4
AU 1+2+4
AU 5
AU 1+2+5
AU 4+5 
AU 1+2+4+5
AU 7
AU 5+7 
AU 6+7
AU 43
AU 6+43
AU 7+43
AU 6+7+43
AU 9
AU 10
AU 12
AU 6+12
AU 14
AU 10+14 
AU 14 (unilateral)
AU 15
AU 10+15
AU 12+15
AU 16
AU 17
AU 9+17
AU 10+17
AU 9+10+17

AU 12+17
AU 14+17
AU 15+17
AU 10+15+17
AU 12+15+17
AU 18
AU 19
AU 20 
AU 23 
AU 18+23
AU 12+23
AU 14+23 
AU 15+23
AU 17+23 
AU 10+17+23
AU 12+17+23
AU 24
AU 12+24
AU 17+24
AU 23+24
AU 17+23+24
AU 25
AU 9+25
AU 10+25
AU 9+10+25
AU 10+12+25
AU 10+14+25
AU 12+25
AU 6+12+25
AU 16+25
AU 10+16+25
AU 12+16+25
AU 10+12+16+25
AU 6+12+16+25
AU 18+25
AU 20+25

AU 10+20+25
AU 22+25
AU 23+25
AU 10+23+25
AU 20+23+25
AU 22+23+25 
AU 26
AU 25+26
AU 23+25+26
AU 25+27
AU 12+25+27
AU 10+25+27
AU 16+25+27
AU 10+16+25+27
AU 18+25+27
AU 20+25+27
AU 28
AU 29
AU 30
AU 31
AU 32
AU 33
AU 34
AU 35
AU 36
AU 37
AU 38
AU 39
AU 61/62
AU 63/64
Eyes around

[1]	
 P. Ekman, W. V. Friesen, and J. C. Hager. Facial Action Coding System: The Manual. 2002.

AU 50 = “Speech”

Combinations...Muscles ≠ FACS





FACS Shoot



The face is not showing any action, often called 
a neutral face. The face is not actually at rest 
because the eyes are open, the jaw is closed, but 
no AU can be scored.

AU 0



AU 1

The inner corners of the eyebrows are lifted 
slightly, the skin of the glabella and forehead 
above it is lifted slightly and wrinkles deepen 
slightly and a trace of new ones form in the 
center of the forehead.



AU 2

The outer part of the eyebrow raise is 
pronounced. The wrinkling above the right 
outer eyebrow has increased markedly, and the 
wrinkling on the left is pronounced. Increased 
exposure of the eye cover fold and skin is 
pronounced.



AU 1+2

This action is asymmetrical. The entire eyebrow 
is raised up extremely. The eye cover fold is 
exposed extremely. 



AU 4

Vertical wrinkles appear in the glabella and the 
eyebrows are pulled together. The inner parts of 
the eye-brows are pulled down a trace on the 
right and slightly on the left with traces of 
wrinkling at the corners. 



AU 1+4

Raising the inner corners of the eyebrows and 
pull the eyebrows together.



AU 1+2+4

The entire brow is raised markedly. The slight 
pulling together appears weaker than the 
raising, with only slight straightening and a trace 
of bulging between the brows. 



AU 5

The upper eyelid is pulled up, the medial part 
virtually  disappearing into the revulsion margin 
of the eye cover fold. More sclera around the 
upper part of the iris is revealed The inner 
corner of the eye shows more mucosa and 
sclera.



AU 1+2+5

Eye brows raised to expose the eye cover fold. 
The upper eyelid is raised to expose virtually 
the
entire iris.



AU 4+5

Pull the inner parts of the eyebrows are pulled 
together and raise the upper eyelid. 



AU 1+2+4+5



AU 7

The lower eyelid is raised markedly and 
straightened slightly, causing slight bulging, and 
the narrowing of the eye aperture is marked to 
pronounced.



AU 5+7

The upper eyelid is raised to reveal much more than 
a hairline of sclera around the top of the iris. The 
lower eyelid is raised and straightened markedly on 
the eyeball forming a marked bulge. 



AU 6+7



AU 43

Eyes closed. 



AU 6+43

Squeeze the eyes closed as much as possible. 



AU 7+43

The eyes are closed. The lids are tensed with 
the lower lid raised and straightened. The 
eyelashes appear held between the tensed lids.



AU 6+7+43



AU 9

Wrinkle the nose, draw skin on bridge of the nose 
upwards, lift the nasal wings up, raising the 
infraorbital triangle severely, and deepening the 
upper part of the nasolabial fold extremely as the 
upper lip is drawn up slightly. 



AU 10

Raised upper lip slightly and deepen the 
nasolabial furrow.



AU 12

The corners of the lips are markedly raised and 
angled up obliquely. The nasolabial furrow has 
deepened slightly and is raised obliquely slightly. 
The infraorbital triangle is raised slightly.



AU 6+12



AU 14

The lip corners are extremely tightened, and the 
wrinkling as skin is pulled inwards around the lip 
corners is severe. The skin on the chin and lower lip 
is stretched towards the lip corners, and the lips are 
stretched and flattened against the teeth.



AU 10+14

Lift your upper lip but do not part your lips. 
Then tighten the corners of your lips. Do not 
wrinkle your nose in lifting your upper lip.



AU 14 (Unilateral)

The lip corners are extremely tightened, and the 
wrinkling as skin is pulled inwards around the lip 
corners is severe. The skin on the chin and lower lip 
is stretched towards the lip corners, and the lips are 
stretched and flattened against the teeth.
 

              ONE SIDE ONLY



AU 15

The lip corners are pulled down slightly, with 
some lateral pulling and angling down of the 
corners, and slight bulges and wrinkles appear 
beyond the lip corners.



AU 10+15

Lip corners are maximally pulled down and angled into 
an inverted-U. 



AU 12+15

Smile and pull your lip corners downwards. 



AU 16

With your mouth closed, and your teeth 
together but not clenched, pull your lower lip 
straight down so that the center of your lip is 
lowered to show the lower front teeth, as 
though baring your teeth to check how clean 
and bright they are.



AU 17

The chin boss shows severe to extreme 
wrinkling as it is pushed up severely, and the 
lower lip is pushed up and out markedly.



AU 9+17



AU 10+17



AU 9+10+17



AU 12+17

Smile and pull your lip corners downwards. 
Push your lower lip upwards.



AU 14+17

Make a dimple in your cheek appear and 
squeeze very hard, pressing your cheeks against 
your teeth. Push your lower lip upwards. 



AU 15+17

Lip corners are maximally pulled down forming 
a curved inverted-U-shape. Lower lip pushes up.



AU 10+15+17

Pull down the lip corners to form an angled down 
inverted-U shape. Push up the lower lip.  Raise the 
upper lip as much as possible.



AU 12+15+17

Smile and pull your lip corners downwards and 
push lower lip upwards. 



AU 18

The corners of the mouth are pulled towards 
the philtrum extremely, puckering the mouth, 
de-elongating the lips and mouth extremely, 
forming severe wrinkles in the skin and red 
parts of the lips, and protruding the lips 
extremely.



AU 19

Show the tongue.



AU 20

Marked lip stretching to the side, marked mouth 
elongation, and marked wrinkling and bulging at 
the lip corners.



AU 23

The lips are tightened maximally and the red 
parts are narrowed maximally, creating extreme 
wrinkling and bulging around the margins of the 
red parts of both lips.



AU 18+23

Purse your lips and pucker-up as if for a kiss. Speak 
the word “fool” holding your lips in the vowel 
position. Tighten your lips. Make them thin and 
tense. Be careful not to press them together.



AU 12+23

Smile and tighten your lips. Make them thin and 
tense. Be careful not to press them together. 



AU 14+23

Make a dimple in your cheek, squeeze hard, 
pressing your cheeks against your teeth. Tighten 
your lips. Make them thin and tense. Be careful 
not to press them together. 



AU 15+23

Pull your lip corners downwards. Be careful not 
to raise your lower lip at the same time. Tighten 
your lips. Make them thin and tense. Be careful 
not to press them together. 



AU 17+23

Push your lower lip upwards and tighten your 
lips. Make them thin and tense. Be careful not to 
press them together. 



AU 10+17+23

Lift your upper lip straight up to show your upper 
front teeth and push your lower lip upwards. Tighten 
your lips. Make them thin and tense. Be careful not 
to press them together or include nose wrinkling.



AU 12+17+23

Lift your cheeks without actively raising up the 
lip corners. Smile and push your lower lip 
upwards.



AU 24

The lips are severely pressed together, severely 
bulging skin above and below the red parts, with 
severe narrowing of the lips and wrinkling 
above the upper lip.



AU 12+24

Smile and press your lips together. Be careful 
not to push up with your lower lip in a hard 
fashion. Also be careful not to tighten your lip 
corners.



AU 17+24

Push your lower lip upwards and press your lips 
together. Be careful not to push up with your 
lower lip in a hard fashion. Also be careful not 
to tighten your lip corners.



AU 23+24



AU 17+23+24



AU 25

The teeth clearly show, and the lips are 
separated by about 2mm (not more than slightly 
greater than 2mm). Nothing suggests that the 
jaw has dropped even though the upper teeth 
are not clearly visible.



AU 9+25



AU 10+25



AU 9+10+25



AU 10+12+25

Smile and lift your upper lip straight up to show 
your upper front teeth but be careful not to 
include nose wrinkling.



AU 10+14+25



AU 12+25



AU 6+12+25



AU 16+25

Pull down the lower lip to reveal the gum line 
and a little more. 



AU 10+16+25

The upper lip is raised severely. The lower lip is 
pulled down a maximum amount with lip and 
chin skin stretching laterally and downwards 
and flattening of the chin boss and other signs 
of 16 at a maximum.



AU 12+16+25

Smile and allow your lips to part. Lower your 
lower lip to show your lower teeth.



AU 10+12+16+25



AU 6+12+16+25



AU 18+25

Purse your lips and pucker-up as if for a kiss. 
Speak the word “fool”, holding your lips in the 
vowel position, then spread your lips apart.



AU 20+25



AU 10+20+25

Raise the upper lip so center of upper lip is drawn 
straight up, the outer portions of upper lip are 
drawn up but not as high as the center. Push the 
infraorbital triangle up, to cause the infraorbital 
furrow to appear, or deepen. Widen and raise the 
nostril wings, and pull the lips back laterally to 
elongate the mouth. 



AU 22+25

Funnel the lips, turn outward, and thrust 
forward maximally, pulling the corners towards 
the philtrum, exposing extremely more red 
parts, the teeth, and gums, and the chin boss is 
flattened.



AU 23+25



AU 10+23+25

Raise the upper lip and while holding this, 
tighten the lips.



AU 20+23+25

Pull the lips horizontally back. Elongate the 
mouth pulling the skin beyond the lip corners 
laterally, so that the cheek area adjacent to the 
lip corners becomes flattened.



AU 22+23+25

Funnel your lips outwards. Speak the word 
“flirt”, accentuating the movement you make 
with your lips. Tighten your lips. Make them thin 
and tense. Be careful not to press them 
together. 



AU 26

The jaw is lowered about as much as it can 
drop from relaxing of the muscles. The lips are 
parted to about the extent that the jaw 
lowering can produce. 



AU 25+26

Relax your mouth and let your jaw fall open; do 
not pull or force your jaw open. The lips should 
be parted.



AU 23+25+26



AU 25+27



AU 12+25+27



AU 10+25+27



AU 16+25+27



AU 10+16+25+27



AU 18+25+27



AU 20+25+27

Lip corners are maximally pulled down to form 
an curved inverted-U shaped. Push up the lower 
lip relax muscle to allow the lips to part.



AU 28

The lips are rolled into the mouth over the 
teeth and the red parts just disappear, and there 
is severe stretching of the upper and lower lip 
as skin is pulled into the mouth.



AU 29

Thrust the jaw.



AU 30

Move jaw sideways.



AU 31

Clench the jaw.



AU 32

Bite upper and lower lips.



AU 33

Puff out cheeks, allow air to escape from the 
mouth.



AU 34

Keep mouth closed and puff out cheeks.



AU 35

Suck cheeks into mouth.



AU 36

Bulge: open mouth, push tongue against inside 
of mouth.



AU 37

Lip wipe: lick lips with tongue in one direction.



AU 38

Nostril Dilator



AU 39

Nostril Compressor



M61 + M62

Eyes move to the left + right



M63 + M64

Eyes up + down



Eyes Around

Please “roll” your eyes around



Describing a Speaking Face

• AU 50 = Speech?

• Phoneme - smallest meaningful unit of acoustic speech

6 CHAPTER 2. SPEECHREADING BACKGROUND

2.1.1 Speech Production

A simplified diagram of the speech articulators is shown in Figure 2.1. Speech in most
languages is produced by the lungs forcing air through the vocal chords located in the larynx.
The vocal chords are two muscular folds that are usually apart for breathing, but can be
brought close together and then vibrate in the airstream from the lungs. The vibration is
controlled by the tension of the chords and modulates the airstream. This is the process
of phonation, and the sounds produced are voiced. Sounds made using an unrestricted,
unmodulated airstream are unvoiced.

larynx

hard palate
soft palate

(velum)

uvula
alveolar ridge

nasal cavity

pharynx

tongue

front
tip

centre

root

teeth

lips blade

back

Figure 2.1: Principal features of the vocal tract. Due to [101].

Above the larynx is the vocal tract, the first stage of which is the pharynx (back of the
throat) which can be tightened to change speech sounds, but is not often used in English.
From the pharynx the airflow may be redirected either into the nose and mouth, or just the
mouth by closing the velum (soft palate). Sounds made with the velum open are nasal and
with the velum closed oral. The shape and configuration of the vocal tract further filter the
speech sound. The sounds produced can be classified according the the place and manner of
their articulation.

The manner of articulation describes the degree of occlusion used to create the sound.
For example, a complete closure and hold of the articulators halts the airstream and is called
a stop, e.g. the first and last sounds in ‘pop’. A fricative occurs when the articulators are
brought close enough together to cause a turbulent airflow, e.g. ‘zoo’, and an approximant
is when the articulators are close, but not enough to cause a fricative, e.g. ‘we’. Finer
classifications of the manner of articulation can be made and are described in [47, 101].

The place of articulation describes which articulators are used, and is classified as one of,

Bilabial between both lips. For example, ‘pie’.

Labiodental between lower lip and upper front teeth. For example, ‘fie’.

Dental between tongue tip or blade and upper front teeth. For example ‘thigh’.

8 CHAPTER 2. SPEECHREADING BACKGROUND

IPA symbol Example IPA symbol Example

Vowels i lead Consonants p pin
I lid b bin
e led t tin
æ lad d din
u food k could
U good g good
2 cut f fan
6 cot v van
@ about T thin
3 church ! that
O caught s sue
A lard z zoo

Diphthongs eI bay S shoe
aI buy Z vision
OI boy tS chew
AU loud dZ gin
@U load m my
I@ pier n no
E@ pear " sing
O@ pore l lie
U@ poor r rye

j yes
w wet
h hat

Table 2.1: IPA symbols for the phonemes used in RP English transcription with
examples of their use.
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Author Visemes

Binnie [28] /p,b,m/ /f,v/ /T,⌫/ /t,d,s,z/ /S,Z/ /k,g/ /w/ /r/ /l,n/

Heider [107] /p,b,m/ /f,v/ /k,g/ /S,tS,dZ/ /T/ /n,t,d/ /l/ /r/

Finn [90] /p,b,m/ /T,⌫/ /w,s/ /h,k,g/ /S,Z,tS,j/ /f/ /v/ /y/ /z/ /t,d,n,l,r/

Owens [173] /ACA/: /p,b,m/ /f,v/ /T,⌫/ /S,Z,tS,dZ/ /k,g,n,l/ /w,r/ /h/
/2C2/: /p,b,m/ /f,v/ /w,r/ /S,Z,tS,dZ/ /t,d,s,z/
/iCi/: /p,b,m/ /f,v/ /T,⌫/ /S,Z,tS,dZ/ /t,d,s,z/ /w,r/
/uCu/: /p,b,m/ /f,v/ /T,⌫/

Walden [218] BT: /p,b,m/ /f,v/ /T,⌫/ /s,z,S,Z/ /w/
AT: /p,b,m/ /f,v/ /T,⌫/ /S,Z/ /w/ /s,z/ /r/ /l/ /t,d,n,k,g,j/

Erber [80] NH: /p,b,m/ /t,d,n/
SHL: /p,b,m/ /t,d,n/ /k,g/
PL: /p,b,m/ /t,d,n/

Table 2.3: Some of the proposed homophenous phoneme groupings. Note: For the Owens entry, the
context in which the consonants were presented are shown. For the Walden entry, BT indicates before
training and AT after training. For the Erber entry, NH indicates subjects with normal hearing, SHL
indicates subjects with severe hearing loss and PL subjects with profound loss.

Visual Speech Units?



Real Speech: Coarticulation – Context Matters

/k/ /t/



Visual Coarticulation

[1]	
Michael M. Cohen and Dominic W. Massaro. Modeling coarticulation in synthetic visual speech. In N. M. Thalman and 
D. Thalman, editors, Models and Techniques in Computer Animation, pages 139–156. Springer Verlag, Tokyo, 1993.



Describing Faces

• Faces deform non-rigidly with complex controls

• But, not that many to span the space?

•No simple representation: Is there one?

• Rig creation - what are the common controls?

• Re-targeting performance capture (model-based)

• Generalised person-independent tracking models

• Expression analysis

• Implementation

• Blendshapes / Matrix / Linear

• Deformer / Nonlinear

• Simulation



Parameterising Faces



Common Facial Parameterisations

• Divined

• Hand tuned rig (blendshape/deformer/interpolated)	
 	
 32+ => 300+ => 1000+
Often FACS derived (Ekman)

• Muscle based deformation	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 32+

• Learned

• Data driven basis (e.g. linear PCA)	
 	
 	
 	
 	
 	
 	
 	
 ~30

• Piece-wise linear (e.g. PCA)	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 ~100

• FEM model	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 39 + 1,080,000?

• Re-targeted Model	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 1?



Blendshape FACS Models



Blendshape Models

Coefficients

Blendshape basis

=

Vertex data

N
⇥

1

N ⇥ k

k
⇥

1

x =
kX

i=1

cibix = Bc

bi



Blendshape Models

Coefficients

Blendshape basis

=

Vertex data

N
⇥

1

N ⇥ k

k
⇥

1

bi

x = x0 +Bc

x = x0 +
kX

i=1

cibi

N
⇥

1

+

Neutral

c = B

�1(x� x0)

Basis may not be 
orthogonal?

Coefficients are 
often constrained 
to be positive



Blendshape Models

neutral inner-brow-upmmmmouth-corners-inmouth-center-open brow-excited

+



Blendshape FACS Models

• Modelling: 	
 	
 Rig complexity increases exponentially with realism?

• Modelling: 	
 	
 Parameter interdependence - not often orthogonal?

• Modelling: 	
 	
 Difficult to evaluate for correctness

• Animation: 	
 	
 Space of deformation has many monsters?

• Retargeting: 	
	
 Parameter parallel

• Solving: 	
 	
 	
 Optimisation can have many solutions?

• Interpretation:	
 Intuitive, generalises?



Learned Linear Models: PCA

Procrustes

s0 s1 s2

PCA

Shape Model

Hand labelled training data

Modelled Deformation

s = s0 +

n!

i=1

pisi



Learned Blendshape Models

• Modelling: 	
 	
 Hand label data, PCA/FEM etc.

• Animation: 	
 	
 Difficult to include artistic direction?

• Animation: 	
 	
 Parameter space very unintuitive. Different interface?

• Animation: 	
 	
 Model space manipulation also unintuitive?

• Solving: 	
 	
 	
 Linear solution

• Retargeting: 	
	
 Hard, not parameter parallel

• Retargeting: 	
	
 Replace means, CCA, content-based...

• Interpretation:	
Unintuitive, does not generalise



Anatomical Muscle-Based FEM Simulation

Automatic Determination of Facial Muscle Activations from Sparse Motion 
Capture Marker Data. Sifakis, Neverov, Fedkiw. Siggraph 2005. 

Automatic Determination of Facial Muscle Activations from Sparse Motion
Capture Marker Data

Eftychios Sifakis�

Stanford University

Intel Corporation

Igor Neverov†

Stanford University

Ronald Fedkiw�

Stanford University

Industrial Light + Magic

Abstract

We built an anatomically accurate model of facial musculature,
passive tissue and underlying skeletal structure using volumetric
data acquired from a living male subject. The tissues are endowed
with a highly nonlinear constitutive model including controllable
anisotropic muscle activations based on fiber directions. Detailed
models of this sort can be difficult to animate requiring complex
coordinated stimulation of the underlying musculature. We pro-
pose a solution to this problem automatically determining muscle
activations that track a sparse set of surface landmarks, e.g. ac-
quired from motion capture marker data. Since the resulting ani-
mation is obtained via a three dimensional nonlinear finite element
method, we obtain visually plausible and anatomically correct de-
formations with spatial and temporal coherence that provides ro-
bustness against outliers in the motion capture data. Moreover,
the obtained muscle activations can be used in a robust simulation
framework including contact and collision of the face with external
objects.

CR Categories: I.3.5 [Computer Graphics]: Computational
Geometry and Object Modeling—Physically based modeling;

Keywords: facial animation, muscles, finite element method

1 Introduction

Facial modeling and animation, enabled by recent advances in tech-
nology, is a vital new area in high demand. While this is especially
true in the entertainment industry (e.g. [Borshukov et al. 2003]), it
is also quite popular elsewhere including applications to lip read-
ing and surgical planning. For example, [Koch et al. 1998] pointed
out the utility of synthesizing expressions on a post-surgical face to
determine the effects of the surgical modifications.

Starting with data from the visible human data set [U.S. National
Library of Medicine 1994], we used the techniques proposed in
[Teran et al. 2005b] to construct a highly detailed anatomically ac-
curate model of the head and neck region. This includes a triangu-
lated surface for each bone, a tetrahedralized volume and a B-spline
fiber field representation for each muscle, and a single tetrahedral
mesh for all the soft tissue. Then we morphed this anatomically
accurate model to fit data obtained from both laser and MRI scans
of a living subject constructing new meshes where necessary.

Animating such a complex model can be rather difficult, so we pro-
pose using three dimensional sparse motion capture marker data

�e-mail: {sifakis,fedkiw}@cs.stanford.edu
†e-mail: igor@graphics.stanford.edu

Figure 1: Facial expression created by the action of 32 transversely
isotropic muscles (top left) and simulated on a quasistatic finite el-
ement tetrahedral mesh (top right). Muscle activations and bone
kinematics are automatically estimated to match motion capture
markers (bottom left) giving rise to the final synthesized expression
(bottom right). The original markers are colored red, and the marker
positions resulting from our simulation are depicted in green.

(see e.g. [Williams 1990; Guenter et al. 1998]) to automatically de-
termine muscle activations. [Terzopoulos and Waters 1993] took a
similar approach early on estimating muscle actuation parameters
based on the position of facial features tracked by snakes. Later,
[Morishima et al. 1998] contracted both individual and combina-
tions of muscles in order to learn patterns, and then used two di-
mensional marker positions or optical flow as input for a neural
network which estimated muscle contraction parameters. Both of
these approaches aim to match a two dimensional projected image
as opposed to our goal of matching the full three dimensional shape
of the face.

A control-theoretic approach was used to estimate muscle contrac-
tions that match optical flow input in [Essa et al. 1996; Essa and
Pentland 1997]. Although this approach might work for more de-
tailed anatomical models, they only considered a two dimensional
finite element model for skin along with a simple muscle model for
actuation. [Basu et al. 1998b; Basu et al. 1998a] proposed avoid-
ing the internal anatomy altogether constructing a two dimensional
quasistatic finite element model for the lips that was used to mini-
mize the strain as select nodes tracked motion data. This was done
to train the lips, and PCA was used to reduce the subsequent de-
grees of freedom to about ten. This reduction mimics the fact that
the actual degrees of freedom correspond to the muscles which are
conveniently already in the proper lower dimensional space (as op-
posed to that obtained from PCA). Finally, they track lip motion

Captured markers: red.  Simulation: green
32 muscles



Anatomical Muscle-Based FEM Simulation

• Modelling: 	
 	
 Very involved (Visible Human, MRI, FEM)

• Modelling: 	
 	
 Difficult to debug or modify?

• Animation: 	
 	
 Hits the uncanny valley? How to get it right?

• Animation: 	
 	
 Artistic direction?

• Retargeting: 	
	
 Parameter transfer? Re-solve?

• Solving: 	
 	
 	
 GN + constraints. 8min/frame

• Interpretation:	
 Intuitive, does not generalise?



Retargeting: Performance Driven Facial Animation





Tracking

Retargeting





Retargeting

Face space mapping with rigFace space mapping with rig

Source space Target space

f s
f t u

Target parameter
space

u
fs

ft(u)

[1]	
 F. Pighin and J. P. Lewis, editors. Performance-Driven Facial Animation. SIGGRAPH Course Notes, 2006.



Retargeting

Warp



Geometric Retargeting



Geometric Retargeting



Data Driven Retargeting



Data Driven Retargeting

[1]	
 Steven M. Boker, Jeffrey F. Cohn, Barry-John Theobald, Iain Matthews, Mike Mangini, Jeffrey R. Spies, Zara Ambadar, and Timothy R. Brick. Something in the way we move: Motion, 
not perceived sex, influences nods in conversation. Journal of Experimental Psychology: Human Perception and Performance, in press 2011.



Geometric Retargeting

• Modelling: 	
 	
 Only have to model neutral face?

• Animation: 	
 	
 Dynamically often looks great

• Animation: 	
 	
 Statically often very wrong

• Retargeting: 	
	
 Hand tuned to fix local scaling issues?

• Solving: 	
 	
 	
 Image warping

• Interpretation:	
None?



Geometric Retargeting

Eurographics/ ACM SIGGRAPH Symposium on Computer Animation (2009)
E. Grinspun and J. Hodgins (Editors)

Face/Off: Live Facial Puppetry
Thibaut Weise Hao Li Luc Van Gool Mark Pauly

ETH Zurich

Abstract

We present a complete integrated system for live facial puppetry that enables high-resolution real-time facial
expression tracking with transfer to another person’s face. The system utilizes a real-time structured light scanner
that provides dense 3D data and texture. A generic template mesh, fitted to a rigid reconstruction of the actor’s
face, is tracked offline in a training stage through a set of expression sequences. These sequences are used to build
a person-specific linear face model that is subsequently used for online face tracking and expression transfer. Even
with just a single rigid pose of the target face, convincing real-time facial animations are achievable. The actor
becomes a puppeteer with complete and accurate control over a digital face.

1. Introduction

Convincing facial expressions are essential to captivate the
audience in stage performances, live-action movies, and
computer-animated films. Producing compelling facial ani-
mations for digital characters is a time-consuming and chal-
lenging task, requiring costly production setups and highly
trained artists. The current industry standard in facial perfor-
mance capture relies on a large number of markers to enable
dense and accurate geometry tracking of facial expressions.
The captured data is usually employed to animate a digitized
model of the actor’s own face or transfer the motion to a dif-
ferent one. While recently released feature films such as The
Curious Case of Benjamin Button demonstrated that flawless
re-targetting of facial expressions can be achieved, film di-
rectors are often confronted with long turn-around times as
mapping such a performance to a digital model is a complex
process that relies heavily on manual assistance.

We propose a system for live puppetry that allows trans-
ferring an actor’s facial expressions onto a digital 3D char-
acter in real-time. A simple, low-cost active stereo scanner
is used to capture the actor’s performance without requiring
markers or specialized tracking hardware. A full 3D model
of the actor’s face is tracked at high spatial and temporal
resolution, facilitating the accurate representation of face
geometry and expression dynamics. Real-time performance
is achieved through extensive pre-processing and a careful
design of the online tracking algorithm to enable efficient
GPU implementations. Pre-processing includes robust and
accurate facial tracking for offline 3D model building and
the construction of a simplified facial expression space from
a large set of recorded facial expressions. For online cap-
ture, we simplify the tracking algorithm to its essentials and

Figure 1: Accurate 3D facial expressions can be animated
and transferred in real-time from a tracked actor (top) to a
different face (bottom).

exploit the reduced dimensionality of the facial expression
model. Real-time transfer of facial expressions onto a differ-
ent face is achieved by a linear model based on preprocessed
deformation transfer [SP04]. This allows plausible live ani-
mations of different characters, even when only a single rigid
model of the target face is available. For example, ancient
Roman statues can be brought to live (Figure 10).

Markerless live puppetry enables a wide range of new ap-
plications. In movie production, our system complements
existing off-line systems by providing immediate real-time
feedback for studying complex face dynamics. Directors get
to see a quick 3D preview of a face performance, including
emotional and perceptual aspects such as the effect of the in-
tended makeup (see Figure 1). In interactive settings such as

c� The Eurographics Association 2009.

Weise et al., 2009

To appear in SIGGRAPH 2004.
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Figure 7: Scanned facial expressions cloned onto a digital character.

Reference

Ta
rg

et
So

ur
ce

Output

Figure 8: Horse poses mapped onto a flamingo.
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Bickel et al. / Pose-Space Animation and Transfer of Facial Details

Figure 6: Real-Time Face Animation from Mocap. First row: example poses taken from a different sequence; Second row:
large-scale deformation interpolating the mocap markers, and full result after example-based fine-scale correction. Third and
forth rows: more comparison results, with asymmetric deformations not present in the input examples.

However, the method also presents some limitations. The
most important one, common to all face animation meth-
ods driven by handles (e.g., mocap markers) is that the face
model cannot react to forces, only to position constraints.

Anatomical models can be a solution to this problem, as they
react to external forces and can produce realistic deforma-
tions beyond facial expressions; however, to date they do not
provide detailed deformations in real-time. A related benefit

c� The Eurographics Association 2008.

Bickel et al. / Pose-Space Animation and Transfer of Facial Details

Figure 7: Wrinkle Editing on an Actress’ Performance. Given an example pose without wrinkles (left), we created wrinkles
under the eyes and on the cheeks (center-left). The added wrinkles blend seamlessly during the rest of the performance, as
shown in the two rightmost images and the accompanying video.

Figure 8: Fine-Scale Transfer. Given the example poses shown in the first row of Fig. 6, its details are transferred to a manually
modeled human character (left), and a publicly available cartoonish character rigged in Blender (right).

of anatomical models is the possibility to handle collisions
naturally. Our model could suffer from self-intersections, es-
pecially if the user edits the handles to arbitrary locations,
but we did not encounter such problems when the motions
are restricted to facial expressions.

Anatomical accuracy would also require the addition of
other important facial features like hair, teeth, or the eyes,
which are outside the scope of skin deformation, but play a
key role in the realism of the full face animation.

Our face animation method trades computational com-
plexity by memory requirements, as each face vertex needs
to store handle responses and learned pose displacements.
Similar to recent work [MA07], we plan to investigate more
compact representations, including methods for finding op-
timal sets of examples and handles.
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Content Retargeting Using Parameter-Parallel Facial Layers

= = =

Figure 1: We retarget an actor’s expressions to characters for which spatial correspondences are difficult to obtain. Using a layered
composition model of expressions, we first deconstruct the content of an actor’s facial expression into emotion, speech, and blink layers. We
transfer parameters of each layer to parallel layers for the character. Finally, we construct the character’s facial expression by compositing
the content of the emotion, speech, and blink layers.

Abstract1

Motion retargeting approaches for faces often transfer expressions2

by establishing correspondences between shared units of motion,3

such as action units, or spatial correspondences of landmarks be-4

tween the source actor and target character faces. When the actor5

and character are structurally dissimilar, shared units of motion or6

spatial landmarks may not exist, and subtle styles of performance7

may differ. We present a method to deconstruct the content of an8

actor’s facial expression into three layers using an additive compo-9

sition function, transfer the content to parallel layers for the charac-10

ter, and reconstruct the character’s expression using the same com-11

position function. Our algorithm uses a parameter-parallel layered12

model of facial expression for both the actor and character, separat-13

ing the content of facial expressions into emotion, speech, and eye-14

blink layers. Facial motion in each layer is embedded in simplicial15

bases, each of which encodes semantically significant configura-16

tions of the face. We show the transfer facial motion capture and17

video-based tracking of the eyes and mouth of an actor to a number18

of faces with dissimilar facial structure and expressive disposition.19

CR Categories: I.3.7 [Computer Graphics]: Three-Dimensional20

Graphics and Realism—Animation;21

Keywords: facial animation, motion retargeting22

1 Introduction23

Computer graphics (CG) characters have been used to augment the24

protagonist’s performance in several recent theatrical releases in-25

cluding Tron, Avatar, and The Curious Case of Benjamin Button.26

In each of these movies, facial motion retargeting — the process of27

transferring performance from a source face to a target face — was28

used to allow actors to realistically control the timing and content of29

the characters’ expressions with their own. With a few exceptions,30

current approaches to facial retargeting deconstruct and transfer fa-31

cial motion over shared elementary units of motion such as action32

units [Choe et al. 2001; Ma et al. 2008; Na and Jung 2004] or trans-33

fer facial deformations based on explicit spatial correspondences34

between the faces [Li et al. 2010; Weise et al. 2009]. Retarget-35

ing facial expressions by transferring local motion fields is diffi-36

cult when the source and target faces are dissimilar in their facial37

structure (e.g., retargeting to a character with an oddly shaped nose38

or two mouths) because the source face may not have the neces-39

sary elementary units of motion or explicit spatial correspondences40

needed to drive the motion of the target. Instead, compelling target41

animations that preserve the intent of the source expressions can be42

created by recognizing and retargeting the content of the source per-43

formance rather than transferring the motion. By retargeting con-44

tent, we can let animators define the target face’s expressions (how45

do crocodiles smile? [Gleicher 1998]), and give creative control of46

timing and content to actors.47

We define the content of facial motion in terms of three seman-48

tic processes: emotions, speech, and eye-blinks. These processes49

describe the degree of various emotions in the actor or character50

performance, the types of visemes (mouth patterns corresponding51

to phonemes such as ‘ah’, ‘oo’, and ‘wa’), and the blink patterns52

present in the performance. Each process forms a layer in an ad-53

ditive compositional form. We express the content of each layer54

using a simplicial basis, where the simplex vertices correspond to55

semantic extremes for each process. The influence of each layer56

in producing the final character expression is modulated over time57

using weighted masks. This allows us to seamlessly produce the58

facial expression in cases where several more than one layer influ-59

ences a region of the face. For instance, blinking occurs involuntar-60

ily to irrigate the eyes, but it can also occur due to emotions such61
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Figure 1: We retarget an actor’s expressions to characters for which spatial correspondences are difficult to obtain. Using a layered
composition model of expressions, we first deconstruct the content of an actor’s facial expression into emotion, speech, and blink layers. We
transfer parameters of each layer to parallel layers for the character. Finally, we construct the character’s facial expression by compositing
the content of the emotion, speech, and blink layers.

Abstract1

Motion retargeting approaches for faces often transfer expressions2

by establishing correspondences between shared units of motion,3

such as action units, or spatial correspondences of landmarks be-4

tween the source actor and target character faces. When the actor5

and character are structurally dissimilar, shared units of motion or6

spatial landmarks may not exist, and subtle styles of performance7

may differ. We present a method to deconstruct the content of an8

actor’s facial expression into three layers using an additive compo-9

sition function, transfer the content to parallel layers for the charac-10

ter, and reconstruct the character’s expression using the same com-11

position function. Our algorithm uses a parameter-parallel layered12

model of facial expression for both the actor and character, separat-13

ing the content of facial expressions into emotion, speech, and eye-14

blink layers. Facial motion in each layer is embedded in simplicial15

bases, each of which encodes semantically significant configura-16

tions of the face. We show the transfer facial motion capture and17

video-based tracking of the eyes and mouth of an actor to a number18

of faces with dissimilar facial structure and expressive disposition.19
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Parametric Retargeting

• Modelling: 	
 	
 Have to implement all controls (Blendshapes?)

• Modelling: 	
 	
 Rig complexity for realism is very high

• Animation: 	
 	
 Can be intuitive to edit, depending on parameterisation

• Animation: 	
 	
 Quality depends on ability to setup re-targeting

• Retargeting: 	
	
 Parameter parallel is simple!

• Solving: 	
 	
 	
 Often complex, depends on parameterisation

• Interpretation:	
As parameterisation
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Fig. 4. Examples of corresponding keyshapes to keymorphs for different expressions.

The weights are found by minimizing the least-squares error subject to a nonnegative constraint. Each
frame of the input sequence is now represented as a linear combination of keyshapes with different
keyshapes and weights for each expression.

In our representation of B, there is no simple relationship between the previous equation and the
synthesis equation (Equation 4) without going through several rounds of matrix transformation. One
might wonder why a new basis B is needed for retargeting, and whether there is some natural relation
between these bases. W is a mathematically optimal basis set computed in the context of the bilinear
model. It needs to represent the data well, but there is no need for it to have semantic meaning to a
human. In contrast, the keyshapes B must have semantic meaning since, as will be described in the next
section, an artist must produce corresponding keymorphs. However B does not need to be “optimal”,
it just needs to adequately represent the space of variations. W could not be used to replace B, since
an artist could not interpret W. Given the complexity encoded in the bilinear model, we doubt that B
could be used to replace W in a straightforward way. An interesting question for future exploration is
whether some other set of basis functions could be found which are both semantically meaningful and
suitably powerful such that they would be appropriate for both domains.

4.3 Keymorphs and Motion Retargeting

In order to relate a captured sequence of images to our output 3D model, we build a new set of morph tar-
gets, G = [ !G(s)

1 , . . . , !G(s)
K ], that resemble the look of the keyshapes chosen from the training data. These

are built using the predefined morph targets, and we call these keymorphs. Keymorphs are similar to
the set of primitive morph targets defined in the character model. However, the mapping between the
keymorphs and the keyshapes are constructed to be one-to-one, whereas no natural mapping exists be-
tween keyshapes and the predefined morph targets. A one-to-one mapping allows the vector of weights
from the source data to be applied directly to the keymorphs to produce a retargeted animation. A set of
keymorphs is created for each basic facial expression, resulting in several retargeted animations that
all say the same thing, each with a different facial expression. Figure 4 shows some pairs of keyshapes
and keymorphs.

Finally, to create an animation with arbitrary or changing facial expression, we blend the retargeted
facial animation for each basic expression together using:

!H(t) =
N!

j=1

! j (t) ·
K!

i=1

w( j )
i (t) !G( j )

i , (9)
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Figure 1: Three examples of facial expressions retargeted from Motion Capture onto a morphable 3D face model.

Abstract

We present a system for realistic facial animation that decomposes
facial motion capture data into semantically meaningful motion
channels based on the Facial Action Coding System. A captured
performance is retargeted onto a morphable 3D face model based
on a semantic correspondence between motion capture and 3D scan
data. The resulting facial animation reveals a high level of realism
by combining the high spatial resolution of a 3D scanner with the
high temporal accuracy of motion capture data that accounts for
subtle facial movements with sparse measurements.

Such an animation system allows us to systematically investigate
human perception of moving faces. It offers control over many as-
pects of the appearance of a dynamic face, while utilizing as much
measured data as possible to avoid artistic biases. Using our anima-
tion system, we report results of an experiment that investigates the
perceived naturalness of facial motion in a preference task. For ex-
pressions with small amounts of head motion, we find a benefit for
our part-based generative animation system over an example-based
approach that deforms the whole face at once.
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1 Introduction

Psychology in general and Psychophysics in particular have suc-
cessfully researched the human perception of faces using synthetic
images in the past decade (e.g. [Troje and Bülthoff 1996]). With re-
cent advances in computing power, data acquisition and Computer
Graphics, it has become feasible to produce stimuli of high physical
realism for this purpose. At the same time, the Computer Graphics
community is showing increased interest in systematically under-
standing human perception for achieving the desired result in the
observer without spending unnecessary computational and artistic
effort.

The human face is a challenging object for both fields of research.
In psychology, there is demand for realistic, but controllable face
stimuli. On the other hand, a good understanding of the cognitive
processes of face perception in humans would clearly help Com-
puter Graphics researchers and artists in the difficult task of synthe-
sizing realistic virtual humans. From this, a variety of industrial ap-
plications could benefit: Computer games, human-computer inter-
faces, teleconferencing, medical rehabilitation systems, computer-
based training and consulting as well as the film industry.

In order to achieve the level of realism required for psychophysical
experiments, we use real-world data extensively. Shape and color
information of the face and its deformation states are measured in
a 3D scanner and then converted into a morphable 3D face model.
Additionally, motion information for a sparse set of facial markers
is acquired using an optical Motion Capture system. The morph ac-
tivation time courses for the 3D model are computed from motion
capture data by decomposing the marker trajectories into semanti-
cally meaningful motion elements based on the Facial Action Cod-
ing System (FACS) [Ekman and Friesen 1978], which defines a set
of basic facial motions called Action Units (AUs). These AUs ap-
proximately correspond to natural muscle activations, providing an
intuitive and accurate system for annotating facial motion. Using
FACS as a basis has two additional advantages. Its semantics allow
for easy retargeting of the motion onto any face model that uses the
same semantic structure. In contrast to approaches that use statis-
tical concepts such as Principle Component Analysis, Action Units
can be verbally described. Thus, matching facial expressions can be
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Figure 10. Retargeting facial expressions to different characters. (a) Original performance of Shin. (b) Retargeting to Park.
(c) Retargeting to Kim. (d) Retargeting to Big Nose.
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