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Follow the mega trend of computer develcopment, the usage
of computer moved from thé traditional Data Processing task
to the general problem solving task. At the same time, the
computer graphics technology moved from simple 2D graphics to
the complicated 3D design. Realistic animation of a human
face is extremely difficult to render by computer. There
exist two problems for designing a facial expression animator:
how to define the shape of a skeleton and -how to create a
vivid facial expression.

In the past, some of the computer scientists simulate the
facial muscles to achieve facial expression animation. The
others use complicated mathematical model to describe the
facial expression. All these methods are very complicated and
hard to implement. In this thesis, we tried to find a new
way to solve these problems. After studied the Drawing The
Head and Hands by Andreéw Loomis(1986) and the concept of
comics by a Japanese artist, Teka Shiomushi, the point of view

of art is presented. The design level phase falls into three
steps:

First, applied rules from drawing to create the shapes of
skeleton, although the shape of a skeleton may come from
digitizing methods, parametric-surface approaches or other
system . support models. The system allow user to adjust the
shape of skeleton to create beloved skeleton shape.

Second, applied the comics area, which is designed by Teka
Shiomushi(1984), and embedded the comics area in the systen.

User can adjust the facial expression via the comics area
easily.

Finally, applied key frame approcach to display images
designed by user, to achieve the animation purpose.

The goal of this research is to propose a new idea for
designing a facial expression animator. This idea is based
on art instead of real muscles. This research proved: rules
derived from art can be used in a facial expression animation
system, and it is a much easier way than the 51mulatlon and
the parameterized models.
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& [§& E 2 (Computer Graphics) ﬁ-%ﬂ%%ﬁ%((bmﬁuter
Animation)¥] BRI BHBAER » LHEEH TEMEA
o BBEH BN BEADWROBE rEESENET
FE 81 (Star Trek II) [Smith 19831 TEE KB
(Star War)[Smith 1983] » ZE#E B 48 T1HY (&1 %8
Bl (Tron) [Smith 19831 LIREHEE rEmE]
(Max Headroom) [Thalmann 198714 % A ¥R B M B K
CERATEDEZ WL EEREFREIROER o

CHA o LIBRATELE TG LREEZEEEEHY
BA ) AEEZBEREABRE LA RBHBE » FERE
A REFLERE TERBERE{E

 EENHBOREAE T 0 AERRRFOLETE
REZEE  BERIEBIEWHED » [RERBFHOEE
LIRFHERRNEE  fLUEENEAEEFBHEEE
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Mo AN EETHRERNBRESHIEANEIE IE
RESHEGHEERAZFE] T #EBRBEEx IBHS
BRI o

1.2 g

 REARZERENREBETY  EREREIAE
FEENWEE  TEERUARAEEER o BHEI
- RE P EEEEGRE T EEZ [Thalnann 1989] : 4 F
B Ak (Digitizing method) 128 ih s (Paramet
ric-surface) o 2o B BAT (L7 BB % B BE L E /D A 7
o UBBHEEEERTRANS M. Nehaso I
HuitricFoM. Sainfourens 1987 FRETIHRE HE o

PR T R FHE R BB b » Bk R
=# (3)) HABSTRYNSRMSEEENAEE
[Smith 1983] [Blun 1979] » 55— % M R #EE S B8
HEHZE  BEEN AT NBAREZHEEE o 4l : &
EFRTERA BARSHOER » R —AEH 00
2 (Bl BEREOEE )V EORSHUEE o

F. I. Parke2ZF 2 5 #=E %K [Thalmann 1985]
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o fth % A AEE R A B H R e A E R [Parke 1974]
o s [Parke 1982]%F ParkeiZH TR ZHIBRH
(L% (Parameterized model » bl 5% Parke #A!) »
ZEMERET E B | expression fl comformation o
Expression 28 bl 5BHIER ; conformation 3
HARHDRAZBE N HE - ETHHESES

. Parke HEIGHIRMBIERERALERE [Parke
1982] R I3 o (HBRE 11 ) o ZEL BHBHE
B AR T L B T {E IR BR 4R H o

Thalmann fri? HEB R RAMH % [Thalmann 1989]

% (1) EABWEEE (Local transformation) &M
LEWMBEBUEE 5 (2) Y ERAREEAERS
% (Interpolating methods)LisREZ KR o




B 1-1 Parke HId BEA L
B L R R E

1-2 ZHERE) B-Spline #¥r{bidhmE
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Nahas M B-Spline ¥rblih & K inIRey @Al
[Nahas 1088] ' & AE 12 o

1.3 BEHE

WRAEORE » E—AREBNE o BB
EREFOTR  BEUAREEXEHRESRTEE
% RABFEAHRY > TEE L - KBEFEALH
DO IR E B S AN o

R 8 5 12 1 M S DL Y S B A A e
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AL G REIAE S E R R A T HEE
R EEBE IR R N ITEE - B T R R 6T 3T
HEHR o

i - IR LU AR St S e
ANEBBAILA » PR » DLBH RS - PLRKE
77+ B A BB #9377 [Platt and Badler 1981
] [Waters 19871 bl R BBEFOLBHBHE o
FEBHREMAERA  SEAFRY 0 BBYLER
HIB o IR TEB YL BBEIANER ~ SIH
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B LA R  T EE BT L
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B o R AR NN EREREHFUEEL T L BE
D BB BB E D R B R T 5 2 o

1.4 FHE S
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2.1 BERBHHS

HEHBEEEFHECR » EXLKRHBEFAA
FREE R 5 — 1 A A R R R
VBT bl— IR E R AR B8 B
B AR TE B B o o

 REARESTEOSERMEY  ANNHENE
FEENEPRETUREENEY  ERE TR LE
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ERNERERGE (EEXEE 1088] :

(1) BRHE :

ARG EENEESDERETUURET T -
BTG ERERGEE  wik—F  HERE
BT RERERDOFEEEGER o
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BE o HEEHE EESEE—DNETEA
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BT o BB R RT AEMEEOERHRREEE®
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SLAE RS SEATASERESNES o
BISHEOAL  SAAEISHEELE —HEOBE
EB s R B E b — R EGET  BEAER
8 BT A B, o |
= EEISHELEE B 4% TWEEN & AN-
TICS[Catmull 1979] [Kitchen 1973] » ZR#E ExEZEEIL
BT BB E S SR R R R A
ST R P bl A AL R R B R BEERS
SEBEEREURE > CESAKBTEL KB [
SENEBOEERERE  GEERKBENTES T AIE
EHEL , A HEEE (visual communication)#$r &
& o | : |
REBBRANESEE  ERTENREEREEE

FEE R
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2.0 BISHEN S

| EERENTETY  EEOEARTLS A ENE
eI B E R = AR HE [Thalmann 85] o

(1) BIHHHE
Wig A4 %F2E (Character Animation)=XF&
#Z (Cartoon Animation) ' EF#EZEEHZ (Key
—frame Animation) FEHFLIBIKHEEL T
W BERAEEZ s EETHESR ~ il
DRIt —RBREHEN FE N EEFTIRIFAE
FESE o

(2) #2E1E (Modeled Animation) :
BURERE— RN =HER , BEER =%
[l o F{E o

WENETEZRER  ERHSREFHEZR - 4F




ST SRR BETME Y ST TASRE » S0
BAHEENE FECER RN EISHHEE o £
MRS 1 M GRS A LU (Shading) 4
S EBREBERONY UNBENCEORE) &
EHREREE B 0~ KBS ETRS &%
SR o & RN TR R B ISR B B & S o
AABHATH AR AR EA RN ERETHo

2.3 EEEISTESENTE

EAEH P EHEEERTBRHENTE  HEEY
48 3 EREIZENHE (Animation interfaces) IS 28X
VAR B B ESR R o e S 2 BN E S
AEHBRTERAERERGREZE  HESENSE
R |
BRI EHE (NS08 HE) WEXBELB0T
[Thalmann 1985] :
(1) e EREs .
HEEIE (Wire—frane)HERE (Solid)&EE L
B BB A o




(2) DEEI K ERBEREF ORI
UL 7 — RS PP AT R OS] ~ B~
RMEEY - IR EERERARINEREND
AL o

(3) #2969 % (rendering the frames) !
BHERBBARMAEHEOREELEETRNE
o | |

BT BB T A att 19891 :

(1) =ZHFEBRLH( Three-dimensional key-frame
systems) o | |

(2) B8 %% (Parametric systems) o

(3) BB ERE R 4 4 (Programmed animation
and scripting systems)c

4 HEHRNEY R A& (Sinulated on model-

driven systems) o

2.3.1 ZHEFEELR

SHFBERAKZENBREEANEELASL  EES
EHESNEIRBETEMT —ENE  c E=HTKEHES
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W SHEREE0 4 R B8 (rigid bodies)MIFE -
YRR T A I IS B BB R B E T (
Mt [TEE])  MEABHAKHEELRELESE
H BRI o

RSB EREAERREYE R SN
e, QA B LS T AU (real tine) B
SRS REREEREHEEE ) RBREAERCT
BEEHEGOANT o |

Koy posttion Time Pusition
numier 15} X ¥ F4
! B - YK 0 2D
z 1.4 e ] =2l ki
a0 1h - 300 00
ARy pT L4t - 12K
w0 R SHR — 3K

-1 BB mMER BN =EZEspline
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LEFIA =K% Hsplinefl & 5 = (interpolating
method), FEHHEEL TBNBHBR o BT HHEN
BIBAE (L= S MR T) 5 » BV R A by
ZEAME o BELERMHELS » W75 S0 BB EUS
) S R E BRM o

HE BB ERR Parke UL HHER RBREH
B LESRENER ATLEFEARZEZE L
AMNTEL UKL IHETMEERAERE [Parke 1972] o

2.3.2 BE ALK

BRAFENEZEIERTAEM - EREEHBENE
MEETHRAER  BHEETERAEN » SEH1 e
BEIITE » MIEEGIEEMNE o

A L e [Hanrahan and Sturman 19857 » Eb
FERLAKELRES AR AT B EIEEMEEES
HIEN{E o S —THERE » BELAKORHENBEHEHE
T RIIEE o

HanrahanX St 2 E N B8 » HEEERTENR
H R HEETE o fli S




dx+=wheelx
dy+=wheely

spint=10%joyz

%%ﬁﬂﬁ,ﬁﬁEM%ﬁﬁwﬁﬁim&ﬁ-EM%g'
%%%%A§%ﬁ®%0* HREEE > RET L
FLR N BIREG  BBRA EAE R (ERALU
HEETTR

2.3.3 B EHERER LK

?i‘ﬁ*fh%iﬂz%’f AMEFHEANES » ELYE
FFNRESF o BEATLAMESAEER !
(1) BEXLEESEEZZEES  TYRNIELHE
B AEELE o
(2) LISEEHESZHE M 4% (anination script-
ing system)ESREN o
MRTIENER » EEEXNEEXE% » T8 E
BE o %Jiﬁﬁﬁﬁ%ﬁﬁ&n@m sWE¥E L Binfor @HE
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FE o “milk” MARRRCHNERIESNESR
anti-intuitive) o REAN . EVHEEFU LERES
EISEORENEHER  HENRENREHELTER
SREAE T EEREAEROERARRR ZHET9RE o
ER(EHEERGERETRE E ;
(1) B BREFEES o
(2) E—RRARHYEIK uautﬁﬁaﬁf?)ﬁiﬁ]ﬂ’émﬁﬁo
- BAHBOEABEBERAEIAR (script) » B HF

7= Reynolds #j Actor Script Animation System (ASAS
) [Reynolds,1982] o

ASASTR LB IR 5 b o DUE A AR 4 28 ~ ﬁ%i_ﬂ:%%
KBIIFSER animate EHIE BactorfHHF o actor
BERL2—HEXNE  SESERFRT R actor U
%%%EF?EP B EE T (visible element) » TiE%H
BRENGE TR BERHE RE R IR o

THE—EBANH#E  [Reynolds 1982] » K
animate EREFWEMEMA actor:
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(script spinning-cubes

(local: (runtime 28)
(midpointthalf runtime)))

{animate {cue {at Q)
(start(spin-cube-actor green)))

{cue {at midpoint)
(start (spin-cube-actor blue)))

(cue (at runtime}

{cuthh

5 &+ — T 5 (bl 5 JE 22 5 X B Magnenat-Thalmann® Th-
almann[1985] F12H » BANH WSS —EERNHE
A2 INIEE o Magnenat-Thalmann® Thalmann 5] A\ & & (
vector) {EAEIZE A5 (animated extended types),
FERCEE s RIEBERESHAITLSENENNESN
MENEBNBHLBS AMENEE

, FEHZEH T (ERAEE %CINEMIRA)  [Thalmann
19857

type TVEC = animated VECTOR;:
val < 0, 10, 4 » .. UNLIMITED:
time 10..13;
law <0, 10, 14 » = « 3,0, 0 ~{CLOCK — 10}
end;
var VEC: TVEC;
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H e R T —Evector - {10518 » HEEEE <3,
0,09 » # €0,10,4) BAH , ERMI3KIE o
Magnenat-Thalmann Thalmannl2 CINEMIRA 2 1E 3
BHETE BN 4% (artist-oriented system) » F&%AAN
~IMEDIT o FF th 4 55 » BIWEFE T LT e BB,
10 SR 155 A CINEMIRAFE R 2 X » ERFANIMEDIT A28 33K &
g AZREBERAGIE FHEREETLHREE
HEABES o |

2.3.4 BEHERES 45

| BIETERE L6 T T L Eaters [1987] B BT 53 &

- IXE o MEREM IR ILAEE » MR ERREHEY

M BBACTE L BB EFOHE - Kb RS FRE
Hﬁéﬂﬁﬁ [ & iiff%%*@%z%‘iij (polygon mesh represent-
ation) » MINLPYIERLEIF SR BILERS « BRI~ EE ~ TR
HIEEE) o 5 JLATR RO A B A AR AR ~ B N BB
VEOREHOERS o
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3.1 [RBELEEEE

/\*EQ’J%TEEEJK'FE"]HJLESJW%EAE?%J: EZ) AriEnk
R o IMBE BRI R BRI BRI » £ CIBHE
RIZRTEEF » TRIARBRFREE R - AHERXAEEE

IR AT o

3.1.1 WA

ANEFEEHNATSAZE | BRI ( Voluntary
muscles) ,ARRERENL( Invoiuntary muscles ) A Bl BT (
Cardiac muscle) o (&% 1988] 1A EHH A4 BE
B, Frbl R K@Eﬁ:[ﬁeﬂﬂhtﬁuhmo

E?ﬁi"HJlﬁﬂE%%ﬂﬂ/‘\ ESMEHMES  FLES
BRI XEEMER B L FbUUES B H I (skele
tal muscles) » XHEREBET » ErHAEHREL -
s B XTI AB LN (Striated muscles) o —#E &2 H
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UL4ist (muscles fibers)ATsink - WA A0 B H 2 B =X
WEE  REANLA— » EEEHEZEXK  REATELHIOL
4y o |

Aﬁﬁ%%ﬂﬁﬂﬁ%ﬁ%ﬂ&%ﬂ%:kﬁ(ﬁﬁ
3-1) o

3-1 AFEBOIA

HEHNAYRNRAETREBEABERIM R o
HPREHRNAES » HREREEVHEFRATES
(1) #EZEHL(Occipito-Frontalis muscle)

] 57 2 B4 IR EULEZGEEI o B —REH

32




(2)

(3)

(4)

MEREESE -RBZINRNECRER th—
VEEREERE 2B EEE (epicranial apone-
urosis) o FRIRMLAER HIELE » BAIWHHAERE
s B S RIE L 2L IE R TR
 RBHEEE e A S ENA o
1. (Levator palpebrae superlorls)
lthﬂllﬁﬁﬁ"ﬁﬁﬂl:!?’]éﬁﬂﬁﬁfﬁitf"ﬁ@ Zto fa:!
i o] EER R B — LA o

EE% Bl (Orbicularis oculi)
AREBEERNEABzGEN » REBRELESSS
ZH o B-HHIEAREZ (Palpebral portion
) LELEMRIRERNCEE » 8 NIRRT
» KRSMNIRIGIIAS » 55 24 RS 5 IREEZE (orbi-
tal portion)tlBEMIRIRIES & E M
Eit "ML HMBFFE AR » EZRNANE

FEEA AR (screwsup) o

%L (Baccinator muscle)

ARATENR U458 F I RREFN  EE
TEFZAREE  BEEANTHE LR oHE
ol ZERAAEIILTEEERING o X
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(3)

(6)

(7)

(8)

A W\EN » EUH0\ S 0 18 B2 A 3038 4101
A (trumpeters muscle) o

1 8 B UL (Orbicularis oris muscle)
ABEWEREZREN  H&ga  EEEY
BEBHNBORE > BEIE o ENBZ AR
HEEE A CESE  RogZAuES
HVE A BB RO o

Bl (Masseter muscle)

BBREUEFBIN  BREERN  EEEES
 DLBEEBTHE » (FR T ERAA 2 B
o EAEHAESTEEE EHED o

# N (Temporal is muscle) |
AREEEEZHBN  EEREEEEN R

HECEE ENESSEHTHET » SEEHE

SZAM s ERTERZERE  HIEAAZET

TEHEEER EFES o

H L (Pterygoid muscles)

~ 5y A 3y

(—)#+ &l (External Pterygoid muscle)
R-ALINAEREEFCETH  KEFE
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ZZIMK o BEERTEE  ERTHEFZ
HEMNERTHMGER  EIEAAESITH
[ ZGBE o

(Z)RE M (Internal pterygoid muscle)
RAZ AT + LR RN 2P - 2 8
WEHE > SEMEATHE  IERTHEN
B> ANV + (A B E3THEE AP E
FiEH o

(9) %M~ (E)(Risorius muscle)

(—)E : HE=AI » ERE TR Bk
ERAEE > EROBRZIE  HIEHA
ES|oHEITHFEREE o

(2% : EBF UL M. Quadratus labii super— -
iory ~ ( %)
AREFEILA. MR ELEBZ L7, LEEE
= —~ENEHE(Angular head)#ER LS F
Z 8% » “{BIRIE F ¥ (infraorbital head
) ERRET&ZWN » ZSHSESET
S FREBZoOGENKIIE o £EA

 RBELE ) EERNE o




(10) FEH M (M.Quadratus labii inferior)
~ () |
IREHFL AR TEZ T &#Em L ERT
BHZ oWENKIIE  (FASTETE » B5K
REHEEHABE—IE o o =80LF LIZEs]
O &SN EE ﬁuﬁTKﬁi%ﬁo
(11)8E I~ (E) (Corrugator muscle) '
ARBEIY—BE » EREFZEBERER
é’iﬁﬁﬁﬁﬂjﬂiﬁ itﬁ“f”%mﬁ%‘ZJilﬁ ﬁﬁ?f—ﬁ
X =)= %mmw EE o ALEREZRE o
(12)@'}%“’%1*” (%) (Zygomatic muscle)
BESHIP  EREE 2 BEMENT
T3+ bW O AEEISE o B AT 0 B Es L
, 5B LB R o
REREXRFEESFERAINIATIRE 3-10

3.1.2. HBIKRZFH#&E

HBILAK ST EY » REKE » BEELRENE
PO » DI E R EE— N
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# 3-1 SR ARFOHEA

W K| ER | B | ER | RE | BEE
HELRE | X
REEN | v | v ]| v v v
FEER L v v v v v
BB L v v Vv v
£ 1L vV v
R v v Y
%Hﬂ | v v v
75 & I v |V v




% 3-1(8) BENARBEOREEG

| % | | Y | BE | 56 | o5

BELE | %

KIEFU | v |V v
2L v v
BE L v v v v
Z v v v v Vv Y,
0 B [ 1 : v v VooV
FEAL| v v v | v




(1)

oH (elasﬂtioity)
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