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Generation of Eyelid Animation along with

Eye Movement Based on Eye Muscle Model*

Hajime Harada

Abstract

On facial animations for applications like movies and video games, expressions
around eyes are important for theirs reality. Anatomically, eye movements and
deformations of eyelids are synchronized by the eye muscle structure, but both
have been treated independently in the past researches.

In this research, we aim to generate more real facial animations to model the
eye muscle structure clarified in the anatomy, and to model the skin geometry
variation associated with eye direction. For generation of eyelid animations, the
eye muscle model, obtained to expand the Waters’ linear muscle model, is inserted
to palpebral part of the CG facial model. To associate the rotating angle of eyeball
with the muscle’s ratio of expansion and contraction, the eyelid animations are
generated automatically using eye directions as inputs. The proposed method was
implemented and succeeded to generate facial animations with synchronization

of eye directions and eyelids deformations.

Keywords:

computer graphics, facial animation, muscle model, eye muscle structure

* Master’s Thesis, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT0751096, February 5, 2009.

il



010

020

2.1.
2.2.
2.3.
24.

030

3.1.

3.2.

3.3.

3.4.

3.5.

040

4.1.

4.2.
4.3.
4.4.

g

goon

UOO0D0O0O0O0 ..
I L
I I
UO0O0D0O000 ..o

ggbobooogooo

OO000O00000 . ...
Waters OO DO OOOO ... .00 0o
331 O00O0OOOODbOOobODOoOobooooooo ...
OO000O0 ...
341 O000OO0OOODODOOODOOOOOooOOoOoO ... ...
OO00O000000000 ... e

g

I L
411 DOD0DO0O0OD00O0O .. 000
412 0D0O000000O0 ... oo
4.1.3 0000 ..o o
I I I
I I
P

il

NoRENG SN N

10

13
13
14
15
16
17
19
19



gooo

v



1.1

2.1
2.2
2.3
24
2.5

3.1
3.2
3.3
3.4
3.5
3.6

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

Image-based Facial Animation for* The Matrix Reloaded” . . . 2

The Faces of "The Polar Express” . . . . .. ... ... ... ... )
O0030000000D0000000000 + .+« .. .o oL 8
A Muscle Model for Animating Three-dimensional Facial Expression 11
Eyes Alive . . . . . . . . . 11
High-Fidelity Avatar Eye-Representation . . . . . . ... ... .. 12
OO0O0 .. e e 13
I I 14
I 15
OO0O0000 ... e 15
OO0O0000 ... e e 17
OO0O000 .. e 18
00000000000 ... e 22
Waters OO0 DOO0O00OD00O0O .. ... o 0 .. 23
OO000O0000 ... e 23
OO0O0000 ... e e 24
0000000000000 ... oo 25
OO0O00:0015° . .o e 27
OO0O00:0015° . .. e 28
O000:0075° .. 29
OO0O0O0:0075° 0 e e e e 30



O

2.1 AU(Action Unit) . . . ... ... ... ...

4.1 D000 .0
42 0000000000 (@OO0O) .« ...

vi



10 Ui

0000000000000 (CG)0000000Dooooooooooon
OO0bO000O0o0ooobOoboooob ccGoooboooooooooDoooo
00000000000000000000000 1jRIOD00b0 cGoOOOO
00000000000000000000000 B0 1.)yoooooood
Oobooboobobooooooboo ccGUoooooobboooobooooo
OoboocGUboboboobooboobobooboooooboobooboobDo
goboobogobugobboooboboobbooboboobbooon
gbobodbbuogobbooobboodbbuoobooobbuoobbooob
gbbogbuoogbbuoooboobbboobboobboobbooon
gboogoboobboooboobbooobbooobboobbooon
0000000000000 0000000oooooooooo (4]0

gogboobbuoobbuoobbooobbobbooobbuobbboon
gbbogobbuodgobboobobobooobbuooobooobboob
0000000000000 000000000O000oDO00O FDDoo0d
gbobogbbooobboobbooobbuooobboobboooooon
00000 rji00oo0o000o0o0o0ooooo0o0oooooooooog
000000 Rooo0o0ooooooo0ooooocGooooooooog
ODoo0oobooOooobooOooooooooboooooo cGoooopooooo
gbbogbuodgbbugobboobooobbuooobboobbooob
OoboobocGchOobobooooobooboboboooooooboboon
gbobbuoooboooboboboooobbbuoooboboboooobo

goboogboobogbobogbbogbbooobbuoooboooobbon
Dobodoboboobooooboobobooboobobbobobobon



0 1.1 Image-based Facial Animation for* The Matrix Reloaded ”

0000000000000 0000000 WatersOOOOOOO 900000
gbboodgbbuooobboobbuobouooobboobbuooobooab
gbbogboboodgbbooobbuoooobbooobboobbooon
gbobogoboodgbooobbuogobboogbuoooboobbooon
gboobodgbbogobbogbbuogboooboboobbuooobboon
gbdboobooboooooboboobobobooboobobobobon
gbbodgbbuooobboobbuobobooobbooobboobbob
gbbogboboboodbbooobuoobboobbooobboobooon
gboogboboggbbooobooobbuooobboobboooboon
gbobodgbbogobboobbuooboobboobbuoooboboon
oboobooboobooboobo
gbogbogob20b000b0bboboobuoobuoobooboobo
gbbbuoooobbbuooobbbooobobbosggbbobuoooon
gboogbuodgbuogboogbooboobbooboobooboobboob



gbooboooobbboooobbboooobbooooob4b00on
gbboodbbuooobbooboobbooobboobbuooobboab
gbooooagsbbbuogagd



20 4Uood

goggbobbobbooooooooboboobb210obbbobbodooooon
goboboobboogo220b000000oooboobbodooooonon
oboob2300000000000000D0DbO0bO00bLbOOo0bO0On
Dbhoboboobooboob24000000000D00DODDOO

21, oo ogn

gobooobooobooobboobbuooobbooobbooobo
00000000000000000000000000O000o0oO0O0 [ejod
gbobodgbbuoogboobboobbooobboobbuoooboboan
O0000000o0ooooo0o0 (ooooooo0o0ooooooooooog
gboobogbobooodbbuogobboobboooboobobobobobooon
gbooboboobobooboboobobbobobobobobbobon
gbbogbboodbbuooobbuooboboobboobboobooob
O0000000000000000000 1)12000o000ooooooood
gboobodgbbooobugobboobbooobboobbuoooboboon
00 7000000000000 0000000O0O0O0000000O0O0O0Q
OOo00obO0bOoboooocGoobOooooboOoboooDoDOobOobobooo
gboobodgg

gboboobboobbooobooobbobbooobbuooobboon
0000000000000 oo0ooooooooooooooonD good
gbobobuoogob3bbuouogoobod

goboooboobogobbuooobbooobbooobuooobboon



googbodbogboogboogbuooboobooboobboobbonon

22, J0O0O0oooonOoO

cGOOobOOoOooOUoboOobOobOoUOoOoUobDUobOobOoUObOUObDUObDOoDbOobO
gboogobbooobogobobobbooobbooobboobbooon
obobooboobooboobobboboobooboobo

goobobobooooob ccuobooooboooooboooooobooo
O000000000000000 1Bj0000000000000000000
0000 [14][15]00 210000 The Polar Express0 000000000000
gbobogooggbbogobbuooboboogbbooobbobooon
OO0b0000O0boO0obo0ob ccGoooOoboooooboooOoboOooDoobDo
gbooobooogon

Ol:00:45.29

ND 88:56:18:11 ST.2
SC26A —AAB > TKBS A

0 2.1 The Faces of ”The Polar Express”

gobobooobooobbooobbooobbbooobobbooobobobo
gbobodgbbobbodbbuooobboobbooobbuoobbooob
gbobogobbubbboobbugbboobbooboboobbooon
gbobogbboodbbugobooobbuooobooobobooobban
gbobooboogbbboogbuoobooobbuooobobuoobbooon
gboogobodbogobooobbdooobboooboboobbooon
gboboboogobbbuoooobbbooaobn



gooouoboobobobbbbobbbobbbbobbobobbobbooooo
goobgbogdbbogoboouboouboobboobobboonboa
0000000000000 00Ekman000000O00O00OCQO AU(Action Unit)
0000000 FACS(Facial Action Coding System) 0 00 [16|0AUOOOOO
oo boooooooooooooooag
O00000000000AUOD 210000FACSO AUDODODODOODOO
goddddddgggbdddddddddduuuuoooooooooo
dddddddguoouooouotooduoduoouoooooaa
oo oouoouooaaa
O000000O000O00OOo0oog2220 FACSODOODOOO0ODOODOOO
17/000000000000000AUOO0O0OO00O0OO0O0OOOO0O0O
ODO0O0OFrACSOOOOO0OO0ODOOOOOODOOOOODOOOODOOOODOOO
000000000000 000D00bDAUD0OD0ODO0ODO0ODOODODOOOD
gobddddoouduododuudoooouoooouooooooaoa
0000000000 AUODODODOOO0OOO0ODO0ODO0ODO0ODO0DO0ODO0O00n
oddoooooobobobooboboobobbobbbbbbbbobbbbuoooa
ODOo0OooooOoo0oOoooobooboOoOoboboAvVOODOOOOODODODOO
00600 (0000000000000 OOOOO)I0)ODOO0OO0O0O0OOO
gggooooooobobbbboooooooouooboooboon



0 2.1 AU(Action Unit)

AUNo. AUDOOO AU No. AUDOOO
1 gogbbooood 24 gobbodad
2 ggbooogd 25 goboboobooogogn
4 gogooo 26 gobobooodn
D gooooo 27 gobooood
6 ggooood 28 goobod
7 ggoboood 29 gobbogd
8 gogobobooodod 30 gobboogn
9 ggbooogd 31 gobooogo
10 gooooo 32 gooo
11 gogooood 33 gobooood
12 gbogoboogo 34 gboooog
13 ggbooood 35 gboboobog
14 gogoooo 36 goboooboooogn
15 goooood 37 gobooo
16 gogoooo 38 goooo
17 gbogoboooo 39 gboooog
18 ggoooo 41 goboobog
19 goobooo 42 gobooo
20 ggboooood 43 gooo
21 gogooood 44 goobooo
22 gooooo 45 gooo
23 ggobood 46 gboboobod

0 No.3U No.400O OO



Surprise Fear Disgust l Disgust
AUL+2+5426  AUL+2+4+5+7+20+26 AU9+17 AU4+9+17

Sadness
AU445+7+10+26 AU12+25 AU6+12+26 AU1+4+15

022 0030000000000000000O0

Anger Happiness Happiness

FACSOOODOOOODOOOODOOOUODOO0ODOOODOOODOOOD
OoOOo0booooboobbooobuooboobboobboOon Waters OO
0000000 9OWatersDOODODOODODOOOOOOOOOOOOOOOO
ODOoO000OO00ooo0ooooooooooO0oobDbobo AvUOO0ODObOOO
OoobooobooobOo23b00b00b0obooooooooo ccoooo
gbobogbboobobooobboobboobbooobbuoobobooon
gbobogbbogogobbuogobboobobooobbuoobobooon
gboooobogobboobbooboboobbooobobooobbooon
gboobobooboboboobobobobobobooboboobobon
obhooobbgoobooobboobobooobooobobs3sbboonn
Waters 0000 0000000000000 O00O0O0O0OO0OOOO [b)8o0o
gbobodbbogboogobooobbooobboooooobbooan
0000000 WatersDOOOOODOO0OO0OOOOOOOO 19200000000



goobooboodbbogbbooobbooobbooobooobbooon
00000000000 2000000000000 oooooooooog
0000000 [22]23]00000000000000000O0O00O0O0O0O0
OO00ooboobooboOWatersUODOOOoooouooooooooooooon
gbobogobooguoboogbbooobbooobboobbooon
OO0O0O00OWatersOOOOOOOOOOOoOoOobOOoOoooboooboboon
gbodbbuooooodbbuoobobbooobbooobbuoobbooaob
ODO0O000OOWatersDOOODOOOOOOO AUDDOOODODOOOOOO
gbobobuoooobbbouooobbodao

23. oo ooboogon

O0000000000000000D0O000000 LeOODOODODODO [24]0
LeeJDO0OODOOODOODOODODOODODOODOODOODOODOOD
gbobogbobooodgbbubboogbbuabbooobbuoobbooon
gbbogobodgbbogobooobbuoobbooobooobboon
00000 (024)0000000000000000000O0O0O0O0O0O0O0O
gboodbbogbobooobbooobbobbooobbuoobbooob
OOO0obDoO0b0o0bo0bOodbDLeebb0ODO0OODOODOODOODOO
gbobogobbogobbooobboodobbuoooaobbooobboon
gbobogoboodgbobooobbuooobbuoooobboobbooon
gbooboooobbboobuooooobobooooboon

gbobobboodobboobbooobbobboobbuooobboob
OoboobooooooocecGoOoobooboobooooooooboboon
OO0O00OO0OOSteptoe D000 O0OO0OODOODOODOOOOOOOOOOOOO
00000000 (025 0000000000000000000000O00
0000000000000 00 0000000000000 oooog
goobobobobboobobooboboobobobbooboboobn
gbbogbobuodgbbooobbuooobbobbooobbobboodon



job0 cGcOopoooooobooobOoboDOoboOoobOobOobooDooDoboooD
gbobbooodgbobboooobbodad

24. JO0OOoOOOO

gobogobbobboobbooobooobboobobooobobon
gbooboboobobooboboboboboboboboobobooon
gbobodgbbuooobboobbuobouooobboobbuooobooab
gbobobuoooobbbuoooobbbuoooobo

10



O 2.3 A Muscle Model for Animating Three-dimensional Facial Expression

§PE

O 2.4 Eyes Alive

11



0 2.5 High-Fidelity Avatar Eye-Representation

12



30 bUbobotdbbbotdun

gobogboggbobogbbogoboobobuoobbooobboon
OO0O00D0O0O0DOD0DDOWatersDOODOOOOOOOOODOOODODOODOODO
gbbogbobbodgbobbooobboodobbuoobobbooobboob
gooo

3.1. 0oog

goboboobobooodboobobooobbuooboobbuoooboban
10000000oboooan

R
LEEHR
o\
= - —
TR g ) | TES

0 3.1 0000

gboobobuobouoobobuoobobuooogbobogoobobogo

13



gbobogbobooodbbuooobboobuoooboobbuooboboboon
gboboboodgbbuogobbuooboobbboodobbooobboodon
gboboobuoodgoboood
gbobodbbugoobboobbooobbuoboobboobbboon
gboobogbbooobooobboobbooobooobbuooobooon
goobobboboboobobbbodddgooooooooobobbbooboobbD
gboboodbbooobbodobbuoooboodobbobbuooobboab
gbobobuoodgobbbooobbbooaos2u0000boooagn

E .............. » iﬂﬁﬁﬁéﬁﬁ J:Eﬁ:.
- pC IR IR £
E E -------------- ’ J:Eﬁ"ﬁ ~
- pC BER AR BREK
. .............. ’ -I:Eﬁ*ﬁ-
(IR AIE T
; .............. > Tﬁﬁ*&ﬁ*ﬁ —F 6

............... }*ﬁgﬁ{%% _Pﬁ"ﬁjj
O 32 00000000000000000000

gboboboodgbboobboobbobobboobboobbobboboob
gbbodgbboodbbuobobbooobboobboobuoobbooon
gbooobbbouogboboboooobbbooobboboooon

3.2. JUoooooong

gbog320b00bobobbobobobbobbobbobboobo
gbbobuoooobbbuoooobbboooobobboooobbobod 3.30
gbobogbbooodbbuoobbogbuogoboobbuoobbooon
gboobboogdgooboooobbooogn

14



AR Bk

FES b rCRERME LD M uﬁaﬁéﬁ'ﬁ—{ J:Eﬁ)
B b-rCHREETEY M THiRs —{va@)

............... (T Y- Re——
033 bobooooboobooboaod

gboopoodogbs40bogooobooobobogbobonooobon
OO0000o0boobooboobooboboboboboboooboonDgn Waters
gbbogboboodbboodobboodobbobboooboobobbob
gbobobuoooobbbouoooobbodan

BHISS A—4

FARI/IN S A—A T

AR EX

55

034 0000000

3.3. WatersU UG Q4O

Waters OO OO OO0 O0OO00OO00OO0OO0OO0OOOO0OODOobOOobDOobO
gbooboboobobobobooooobobooboboobobobon
O000003500000000000000DODOODOOO0OOOO0OO0O (OO
VW-PPO0)0000000ODODODO (WW)O0OoOoooooooooooooo
OO0 pPpOOOOOOOOOOOOWVVODODODODOODOODOOOOOOdOOOO
gbooooogn

(3.1)

15



bbbudeetdobbbuoooobbboooobbodn

™ Q2
= cos(Z . 22 3.2
a = cos( 5 al) (3.2)

Ob0o0o0b00ae 0 VIV OVIPOODODODODOODOOOODO-0000000000
gbooboogobood
cos(%-(l—%)) PeOO (Vi —P,P)
r= i (3.3)

cos (3 (Uglys)) Pe0O (PuRPP)

00000000000000000000000000 00000000
000000 POO PP O000000000000000C (PyP,P.R)0
00000000000 0000000
0000000000000000000000000 woVyO0oooooo
00 000000000000000ROROODOOONDOOOOOOOO
0000000000000 POOODOOOOOOO0 0-00000000
00000000000 &0000000000000000 k0000000
00000000000 00000000000

3.3.1 JUO0oobooboooobobbooooon

godoodooooooooooooooooooooooooooooo
OD0o0ooooooooooooooooooooooooooooooogden
r 000000 PO0O004,00000000000000000K,00 3100
oood
d
m:‘t| (3.4)

Q¢ - Tt

gbbodgbboobbooobboogbbuoobooobbuoobbooob
gboboobooogboobuooobobbooogn

16



Voo

035 00oooo

34. 0O0Oo0OO

gboboogbbogbboooobboobbooobobooboobbon
ggbbogoboggbboobobooobbuabbuooobooobboo
gboobobobsidbgobooobbooboobuoooboobobon
gboboobobooobobobobooobobooboboobobon
gbboobuodbbodobobuodgboobobobboobooboobobon
g3ebbouooobboougooo

gbobogoboogdbbuoobbuooobooguooobooobboon

17



U 36 gooono

gbooobooo

d=Fk-a-v (3.5)

bbbt «.boogoobbuoooonoo

1 PeldOOOO
a= (3.6)
cos(3-) PeODODOOO

=)@

ggbbogbuoogbbugobobooobbooobbuoobooobboo
ggobbbobuooooobbobbboooobbobbtdo.gobbbbogg
gboooobgoog

% PeOO0OOD

v = (3.7)
VoV, R PV; 1-R
1 .-7P 1, p
L”,O‘,ll n +|PH| R PeOOOODO

ggbbuoobuoogbbugbobooobbooobbobbooobboo

18



oboboobooboobuoobobboobuoobooboobeOoOoDbOoO
DoOOobDoOOobooob WatersUDODOOOOOOOOODOOODO

3.4.1 JUU00oooooooboboouoooon

Waters D0 OO O0OO0O0O0OOO0O0OO0O0O0O0ODOOO0O0DOOOOOOODOO
gbobodgbboodbbuooboodgbbuoobobboobuoobbooob
Oobooobbote:O0v, 0DO0000D0RDOOO4,000000000000DOO
OO0kEO0O035000000
| d, |

_|’Ut|'at

ki (3.8)

gbbodgbboobbooobbooobbuabbooobbuoobbooob
gbooobooooon

3.5. U0 ooooonbon

gboboodgbbuodobboooooobboobboooboboobboob
gbobodgbboodbbuobboobbuoobooobbuoobbooon
gboogboobobobogbboogboobbooboobboooboonn
OOo0o0o0o0ob0e,00Db0b00b00b00b00 kKOO0ob0ObOobOobDOg, o0
oo 38000

m:l J (i=1,2,---,N) (3.9)

000000000ONOOOOOOD6O00000000000000000 &
000000000 ¢,<6,<6,,, 000000006, 00000000000
000000000 k00000000000 KOk, 0000000000
ooooooood

0, —0;
Oirr — 0

0, — 0,

k= (1— —k;
t ( 07;4_] . 01 +1

ki + (3.10)

19



k,O0DODDO0O0D0OO00OOO0000000000D0O0 4,00 3500

dt:kt-a'v (31].)

OO0D0O0D0DobOong, <b,<---<Oy0000O00, <, <Oy OO0
Ooooooboe,b00bbo0bboobboobod,b00bobooobooDn
gboobooooboboooobon

20



40 UOU

ggbobobuogoobbboooobobuoooobobbooooooboo
e OUOOO0ODLDDOOOUOODLDLDDULOOODLDDOO

e Waters U O UDOOUODOODOOODOOODOODOODOD

e JOUUOOODLODLODOUOOOLDDOUOOODO

g3b0boodbbuoggbboogbbuooobbooobbuooobbaon
gboobuooogboboogoobon

4.1. DO0O0o0Ooogoogo

4.1.1 0000000

gboboggboodbboobbuobbuoobbuoobobooobboon
oogviviDdioooooooooobuoooobooooboboboooo
goobobobobboboobbbbbiodooooooobbbbboboobobbbDb
oo bbooboobbobo
gbboodgbbooobboobbuoobobboogboobbuooobboab
00000 (041)0000000000000000000O0O0O0OOOO0O0O0
oobooboobooocboobooboobboobbobboob 300
gooo

21



—>

TIOARFx
TvEYY
BED = RTHIR BEREOKRYIVETIL

!! B

REOAR) TVETFIL BARYIVETIL
O 4.1 00O0OQOO0OoOoOOogooono

4.1.2 JUO0O0oggao

UD00000 Waters DOOD0O0O0O0O0OO0O0OO0OO0O 42043000000
gbogobboobbooo400bbo0oobboobbooobboobn
gbobodgbodgbboobuoobobooobuooboobbbooboobbo
gobboodobbuogbobooobboobboobbooobboobboo
goobbbooogobobod

4.1.3 0000

gbooboobobboboobuoobooboobob 410000

22



042 Waters DO OO OGOOOOO

043 000OO0OO0O0OO

23



041 0000

CPU | Intel Pentium M processor 2.00GHz
Oo00o | 510MB
GPU | ATI MOBILITY RADEON X300
GpPUDOOO | 128MB
OS | Microsoft Windows XP
00000ooooo | C/C++
00000 | Microsoft Visual Studio .NET 2003
Graphics API | OpenGL

4.2, DO00O0O0O0ooooooobooonbon

gbobogoboodobboobbuoooboogbboobbuabboon
gbobogbobooodboobboogbbuogoboooboboooboon
0000000 (044)000000000000000000°000 15°00

044 0000000

O1°d3dboobobobooboboboooboboobobobon
oboobooobooboobooboob44sb00obbobbobbon
gbobogbobogbboobbooobboobuooobbuoobbooon
oboboboboobooboobo4200b00boobooboobon
gbobbobobooboobooboobuoobgssguboobooon
goobobooboboooboobobobobooboboobobon
gboboodgbbuooobboobbuoooboobboobbuoooboboob
gboboodbboobbooobooobboobbuooobooobboan

24



Fy)IJL—32R—F

FERR
g

. ::::::U _________ D AAS

TR SER RS
045 D000 Ooooooooon

gbooboooobboboooobon

4.3. 00000 ooooogn

gbobuogbobuogobooobooobbooobboobboobboon
gboobuoooobbobuooooboboogoooo

e JOUOOODLDLODOOOODLDDULOOODLDDOO
e Waters OO0 OD0OODOOOOODOO0ODOO0ODLDOODODO
e OUUOOODLODLDOUOOODLDDOUOOODOD

O300b00buboobobobooboboobuooboboobo1sebun
Lwehoobobooooorseg0b s 04000000 0O0DOODOO
gboobuoogobboboooobobuoooobo

25



042 000000ODOOOO (DOO0O)

ubooono (boboo |oboo | ooo

15° 1.8mm 2.1mm 1.9mm

-15° -2.9mm -3.0mm | -3.0mm

IEEEEN EEEENEEEEREEER

15° 1.2mm 0.8mm 1.0mm

-15° -1.5mm -1.4mm | -1.4mm

4.4. 00

gbobooboboob 460470 0000000000DO0ODOODODOODO
Oooboobooobobobobebgbooboboboooobbon
480490000000 0DO0OOOODLODLODLDODODODOODOOD 75°0

gbooogoboooboooooon

26



IREBAETILEFEREL-EAR)IVETIL

R A

f-EERY) IVETFTIL

BARETILEEZELTULRWERY)IVETIL

SER
046 00O00:0015°



REGETILERELLERYITVETL

BEHETINERELLERVIVETIL

BRETILEEZELTUVWEVNERYIVETIL

e
047 0000:0015°



REBAETILEEEL-EAR)IVETIL

AL R

L=g@ER)ITUETIL

BRAETILZEZELTULVAVLERY)IVETIL

S
048 0000:0075°



BAETILEEELE-ER)IVETIL

BEBETLERE LEERYTVETIL

BATETILEERELTOAENERYIVETIL

Eillfg
049 000000 75°



4.5. 000

gobobodobb2000bboobboobbuobobboobbooon
gboogooodbbuooboboobboboobboooboboobbooon
gbobodgbbogobbogbbuogoboogbbooobobobboon
goooboooooboooobobooboo

gbooboobobo2b00boboobobuooboobonobooobo
gboboodbbuogobbodobbuoobbogbboobbuoooboboon
gboodbbuogobbooobboogbbuooobooobboobobooon
gbobodbbogobbogbbuoooboobboobbuoooboboaon
gbooboogooood

gbobogoobodg vsebuoobbooboobbooboobboobbo
gbbogboogbooobboobuooobbuooobboobbooon
gbooboooooo

goboggboodbboobobobboobbooobooobboon
gobodgooboodbbobbooobbuoobboobbuoooboboon
gbooodgo

gbogbdgoboobobbobboboobbo4100b00boobo
OO00O40fps0D 000000000 ODOODODODODODODODODODOObOOO
gbobogobbogobbooooobbooobooboboooobbooon
gbooboooobobbooooboboboooon

31



st Ui

godoooooooobobobobbobobobboboobobobbbbobbbbbo
gboobooobooboooobooobboobbooobboobbooboon
OoOooboobboooboobboobd WatersUDODOOOOOOOOO
gbbobuoooobbbuoooobboooobbobooooboon

gboboboboobooboobDdOWatersUODOODOOoooooooobooDO
gbhobobodbobdogbobooboboboobobuoobobobon
goboggbbogobbuooobbooobbuooobbooobboon
gbbodgbboodbbuoobobbodobboboboobbuoobbooob
gbbbuoogobbbuooobbbuoooobbouoon

gbobobbuogooogobooobboobbuoooboogbboon
gboodbbuogobbooobboooboobobooobbuoobobooon
gbobodgbobooodbbuogbobooobbuoobbooobbuooboboon
gbobobooogobbodaodan

32



HRN

gobobodoboooggbbuboobboobboooobbuoooboon
goooobboobbooobooobboobbooobbooobboon
gbboguobbodgbboodobbuooobboobobooobbooob
gbbogboboodgbbooobbbooobbuooobboobbooon
gbobogbobooobboobbooobbuogoboobbuoobbooon
gbobogobobogobbooobboodobbooobbooooboboon
gbobodbbogoboboobbuoobooobboobbuooobboon
gbouodbboobboobodgbodgboobbobbooboobbobbob
gbbogbboodbbuoboboobbobbooobbuoobbooon
gbobogboboodobbooobbuoooobboooboboobbooon
gboobogbobooodbbuogbooobbuogbooobbuoobobooon
gboboboogobobogobbuoobobooooooobbooobbooon
gbbogbboodbbooobbuooobobooboboboobbooon
gboboodbboobbooobooobboobbuoobobooobboob
gboboboooobobobuoooobbooogy

33



[]

1]
2]

[3]

HREEN

gobob,0dbb 0. gobbododib,bodgodibnb2o04n

F. I. Parke and K. Waters: Computer Facial Animation Second Edition,
AKPeters (2008)

G. Borshukov, D. Piponi, O. Larsen, J. Lewis and C. Tempelaar-Lietz: Uni-
versal capture - Image-based facial animation for "The Matrix Reloaded”,
ACM SIGGRAPH Sketches & Applicationsd 20030

C. Kouadio, P. Poulin and P. Lachapelle: Real-Time Facial Animation Based
Upon a Bank of 3D Facial Expressions, Proc. Computer Animation, pp.128-
136 (1998)

Y. Zhang, Edmond C. Prakash, and E. Sung: A New Physical Model
with Multilayer Architecture for Facial Expression Animation Using Dy-
namic Adap-tive Mesh, IEEE TRANSACTIONS ON VISUALIZATION
AND COMPUTER GRAPHICS, pp.339-352 (2004)

M. F. Vargas: Louder Than Words? An Introduction to Nonverbal Commu-
nication, lowa State University Pressd 19870

00000: 00000000000-0000000000,00000
21(2), pp.103-1120 20010

W. Kahle, W. Platzer, and H.Leonhardt, 00 OO O: OOOOOO0O, O
00 (1992)

34



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

K. Waters: A muscle model for animating three dimensional facial expres-
sion, ACM SIGGRAPH Computer Graphics, pp.17-24 (1987)

P. Ekman and W. V. Friesen: Unmasking the face, Prentice-Hall (1975)

goog,budgb:boogbooobuoobobuoobboobbodb, o
00 Vol.J8O-A No.8, pp.1316-1318 (1997)

0000,0000,0000,000,000,000:000000000
0000000000000000, 0000 HIP99-76, pp.1-6, (2000)

A. Menache: Understanding Motion Capture for Computer Animation and

Video Games, Morgan Kaufmann (1995)

D. Bennett: The Faces of ”The Polar Express”, ACM SIGGRAPH Courses
(2005)

D. Birlew: Onimusha(TM) 3: Demon Siege Limited Edition, BradyGAMES
(2004)

P. Ekman and W. V. Friesen: Facial Action Coding System, Consulting
Psychologist Press[] 19770

gobo,dgd,bod:go3gguoboboooubobuooonob,od
0 (A) Vol.J73-A No.7, pp.1270-1280 (1990)

0000,0000: 000000000000000000000000
000000, 000, pp.2081-2089 (2005)

gobobh,o0ob,oogd,bbud:-gubbbooogoobobogd
O0000000000000,000000 Vol.6 No.1, pp.61-69 (2006)

B. Choe, H. Lee, H. Ko: Performance-driven muscle-based facial animation,

In Proceedings of Computer Animation vol.12, pp.67-79 (2001)

35



[21]

[22]

23]

[24]

[25]

[26]

000,00000,0000:00000000000000000000
000000000000000,0190 NICOGRAPHOOOOOOOO
00 (2003)

gbgobobobooboobd:.-obobbobooboobooboob
O000000000000000 CADOOO, pp.27-32 (2001)

Y. ZHANG, T. SIM: Realistic and Efficient Wrinkle Simulation Using an
Anatomy-based Face Model with Adaptive Refinement, Computer Graphics
International, pp.3-10. (2005)

S. P. Lee, J. B. Badler and N. I. Badler: Eyes Alive, ACM SIGGRAPH,
pp.637-644 (2002)

W. Steptoe and A. Steed: High-Fidelity Avatar Eye-Representation, Virtual
Reality Conference 0 VR’08 IEEE, pp.111-114 (2008)

000000 0:000000000000,0000 (2000)

36



