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RESEARCH ON FACIAL EXPRESSION MODELING
BASED ON ELASTISITY MODEL

ABSTRACT

Computer Facial Modeling and Animation (CFMA) is a very important issue in the field of
Computer Graphics. It first shows up in the seventies and eighties of the last century. In recent
years, much progress has been made in this field due to the fast developments in the industries of
animation movies and computer games, and in the subjects of medical assisting analysis and
psychology. Facial expression morphing, also called expression mapping or synthesis, is a very
important part in CFMA. With this method, one person’s unknown expression can be synthesized
by the same expression of another person, which really exists. In this paper, we design a new
morphing model to make this synthesized result more vivid based on the traditional 2D
expression transformation method including texture details mapping. The new model contains
two parts. They are feature-points-elasticity model and muscle-distribution-based model. The
feature-points-elasticity model combines global warping and local warping results with the elastic
force between the feature points on human face. The muscle-distribution-based model strengthens
the texture details of an expression according to the distribution and motion of muscles on human
face. Later, we did a series of experiments to evaluate the performance of the new model.
Meanwhile, we use the method of ‘user study’ as a subjective criteria and the ‘eigenface’ as a
objective criteria to prove that the new model can indeed make the expression transformation
more vivid and convincing.

Key words: expression transformation, facial animation, Computer Graphics, elasticity, facial

muscle, Expression Ratio Image
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%, IERIESE ML IE R .

FVUE, Sl LS, TESEIRATSR A A Rk, JFH, e T ¢
JUEES]T I ERFREAIE T “RRENRE” B2 AR AE PR PE 4 7 3, R A SR BT
Hofth YRGB LAT R . S5, B s, RN T IXR R SR R
MU 1 S5 AT S i SCRAE A

FILE, RN ASCR ARG AR — B, IR0 R R I TAE AT R &

#
~
b=
b
&
b=



7 s 10 Toe UNIVERSITY ET i HiEag A JS S5 Ems

B-F TR _HERBEREERENE

FEA T R IATRE VR 84 e 105 SO AT ) 4R AR ¥ Bk i BAR RS, DA AR
WS DR VEA SRE AN SR e B, XN RVE AT By A B e (D L
AT e RAIG B (2) HET “RIGEWFHIERG” CIsoiu k. K, 1)L
1] J P 1% A8 e B E O SR N ISR E s A B S, T8I AT AR T 1) 7 O R ik AT A
Beo XFPITEEZNG T RIS, 45 RS N, MET “ R LEIRG” 13
SR WAE JURI AT B Rl b, ik o B “BARRAS 7 RS LU, R SR ge 1 n 21 e 2%
PSR B 2s, M= A mgE s WS XL SORRHIE, AR g s I 1 s 5.

ARFENFLZHW T : 2.1 A HARE LN S AREZL R ZL LI H bR; 2.2~2.5 FIAHET
JUAT R NG AR H7 0, B HE N ARFIE s . = M k. i e, dd(E R
2.6 TR HOCE IR Y “RAIGHLAIEIMR 7 (Expression Ratio Image, ERIDD, ik fifa
KSR B e gy 1 B2y, WEIVERASCH—ANHEEEA ., &5, HIE 2.7 W AR

NG

2.1 WHEN TR IFERE IR BIRSIES

THERIG ARG R, RGN EIE K BT PR B = A R AT, AUAE LA
TR EBEAT T3 N T AR AT A, Z. Liu St 7 ORISR 7 B —HEE
HR SRR — IR AE R &, SEPREE REON i .

2. L. 1 W gU ) —4ERAG AL H AR

ZHENEE T, RIS RHBE” X IR RIEBENBSEE 1.3.1
TR, A TR DA R (RS BERS— AK EE, JF
SORTEIER . B, WERENG AN A B IREREEIAY B I L%, AEREGTS
DY B, BNV A KIPIEREE Ao MRS A, BLEAY) B PR BolX =5k
B, X8, FEERERZE - DAESRIPRE T, RSBy SBUEMTAARIR S XK EE,
MR A TP ERNE (MR B SRR ). K, T AITHE Ac 2R3 Ay L
T B AR A, 51 2 IS SR AUE A5 (L FH SUER PR R VR AR Y., 4 IX AR A DATRRE (1 77 =0 n 2
M Bo L%, RIGGHUHAY B MERIIE Br. T AM A IR ST — R, B 1
RIGHAE XA LA, PRI E B R B RGN 5 A AR . FRATIR A AR
WA, Pk B NS AE R G sl ik .

2. 1.2 TSR 4k R AF AL Hh S VA HE 4L

ZEEMHEA R BRI E 2-1 Fos.

ULIRFEAE B3 A B R ANy o By B SEEl 1A T U AR R S AR k. @
AR, ATULE G AT RIS B B R By Ls IR, (HIX AR FURTE LATEAR b
KA T, SO AL REAR BRI . NI R T R IEEIEE” (ERD
SUEINA B R %o LUK VRN R e n R o (0 DG B SRR B35

#
[e0)
b=
b
&
b=



G UNIVERSITY HF@ ORI AR FRBFEERAR

H A A F =
BEEM . gowe L I 5 ¢
Ao A BN om0 4, @E 8, [y oo B )
Bo 045 i B, R 4E 15 M B, 1= H 1o 245 2%
O
1 Ao I Ay, 1331 ¥ ERI (2 xR ER
B E I BRI L > 5o R > (g f
K% 285} 5% B, I3 J

Bl 2-1 HWEER N R BERHRE AR

2.2 RRERFFERAYIEEL

FEARFEN 0, BATT AR N R RIE UL B o X SERFAIE R 3E SUOF AN
ME—F, (ERAIRENS TR I L S B B RIS B, BIIniRA . Wi, JEE. MRS E
MIREER, DL S BRPIMIAESE . JATRE, NGB IE A R AR, B T RIE MRk AL,
BRI S AL B i A AT 23 0 AT 3 S X N AR R Sk S0 AT 5 8 PO S A 3 i S A R
JE, EHCRE, ANRRAICAE IR, Hy & 0L S EAN, iR 7IX8R
SEARALNE B )5, A REXT AL LT G5 AT A RS o SR UK SRR 2 ) i AR T3
AT DAKE 2 24k 1A G S 2 3 A Bl — AR PR LA BR A 25 8, 31 1 X L SR 2l e 8 14 b
Mo IXAERUAT AL THEAN LI EC T AL B A R AR IR (R, B th 2 52T . 5 BE R,
e 3T LT R AR AN B 00 PR A bR 8 IR SRS AE A, T R B 1)
M Y — 28 A o = A PV AR o (R N LS A4 R R Ik B SR B ATTHEAT 4341 R A 32
B, DMERREREIE R R .

PRAE NIRFIE A R B, KSR LA N T BlR e 5N B hbr ik . MR ie e 7 s AT I
B, TIRZE .

2. 2.1 FabrERAE ST

T B R A 7V B fa o, S BRI AP BT LS, R I PR A AT
VER BN E, W2 RTTULIOIR A . WE AR IR B . — ki, BARR TIRE, 2R
SE M SRR e/, BIEAGE ISR ARG L5 B se B oR ok, T FLARE I s Aotk
A g R . B, TEIARE S F RO L& TR AR RS, I 7 MR EiE Y
BN HA — BT . BRI I AR, fn Bl 2-2 i — AT AT T Bk T R




> ‘-"I_P V4 N7
e ETF R AR R SRS
CEVE 22 1, REE A IR L R e, S 61 Ao I ] L o e A L
B BERESRIEN TRRTTH, (EhR Rl AR 0.

2.2.2 HIWbpE LS B 5%

PR S REAE 55710 53— KSRV R AR I R A AT B shbs e « B shbs e AR T2 74
(), T B A KB RN R i X Sl G R 0 R 75 B P shbr o, (HAR X L
Fahbre M fE A E T “HE&” T/E. THEUED X SEERE 212, B Kbr
NS HEAT N, B ZhR HAFE £

A —FE AN EEN LSS IUX PR B SAr sl A2 o X PO IERRCH “ R AL
(Active Appearance Model, AAM) 31041, {Z B3k Y Cootes &6 A 7E 1998 “F42 Y, T
JEHTH “ EEHRAERL” (Active Shape Model, ASM) &3, FIH T A JLAI{5 BRI S HE
A S, B E AL B R (Principal Component Analysis, PCA) 7732, #rHI A
PRI . 2B TR G T AR & FE R CMUSGR TURIRRIED, BRI R A
RABA, & AAM BEBIRZ 0N Y . FIFXAMERL, AATAGTT LLE ST A FIRHE £
BAThRE, RN T AR A RE R AN @ Bk, Nt Nt T
&N IINIE T SRR

AAM R A () T LT AR AR B AN TT IR B 1 SR, R — Rh i A Bl 88 2 )
(Machine Learning) 7], AAM H4 75 ZLHEATFR 2 BN B 5 O & A7 78 10 L S 30 A5 Y
HEATLRER,  VOHC H BOE A AR R AW AT VA 8, B B A e I AR AIE A S H ok
AAM S 32 B FR AT 4 S AR VT AN 45

(1) AAM 5. AAM S5 AT S IR R B R 0] 1) SR Bl AR AR A o 3 /MASE 2 g i
fill & Cootes 7.2 RIFE H ) ASM JIRIEAL . TG4 2, X P )t 0 5 A SCEHR R AE
R B ASM REE T NG UL, 25K ABHER; 11 AAM fETARBAY
sl A S T HEMSEE R, @ T EEE N, =T EIEREE .

(2) AAM ILAC: 72 AAM DLECTHSEF, %6, SRA PCA J7iZkAilid NRRHIE s
AN Hk, 1Y AAM IR AR 1A AL R 25077 225Kk 8 L— S Re B R 3L,
FRIET AAM UCECFERE o 76 NG e 7 TRC It AR rp, AR PSSR (g 28 2Rk sl i 2k
(UL RSV E AR S 80, NI AR EFAE s A, BARAL, AR RS TR ) AAM BEAY S
il PR, R RTS8 68 2 R EUE R S AL M 24, itk i SR AR DS I BE & ek 20T
Be/MA, AT A B2 S8 5% N MG AR VT EC IR H 1Ko S 243 B TOIRERAE 5507 B LRl T
R NS R RS B BEE AR AAM DEECHIRIASK 625, MWl 3E TR0 R %
BEMIULEL I, RBFIEE T MR AAM TTRCHHE, BEEBEMEET Lucas-Kanade
HERR RS, AAM BRLRRE FE AR AR 3] TR R 3T,

2.2.3 Fah5 Bahbs s 7 A L

PA_EA R B P AR E N IRERFAE RO D55, FE SRR AR AR Hd R rh s T A A, &
(UR"I=E

(1) FEhbrRERIE R — R H 2 HAA R m ks, X2 A shbs s 7 A REL
(M1 FabR R KEE T NIRMIEE, BRIHRT DURHRFE s AR I BCHEAT FLABORS IR SE A3 o 72 SE PRI
B R, TR E AR IE AL E IR ZEA B 2~3 ME R (Hig, XM ITERMSR
AR TS W, IREMARRI AR UL A K LA . th T — KB R W T ahbr 2
¥ e FIE B ) L2 R BSE I AL LB AR S F v 22 1018, AR ME AT 1) 6

(2) METFabrsl, Asibs R AT ARG 1. b1 ARRBATR AT AL &
AARZE, DICPRE] T IR 5 2CRIRE T TE 55 2 AN (R G 2R A 195 0 T P B R 30 14 e 5 A AR L e

% 10 1 3k 45 7T



@) X FEXAY

B saora 1wo Tone ey EFBAHAMN AR RIS
Bo AHAE, XA APE. S8 B REaE R Serf A, At DLAE 75 EES A i ANBRAg 5L
FAr, XA BN 2

ERARPIRI A, 752 BART R e A 7, HEWHERAH

2.3 ZAMKRINEE

2.2 WO H THAL IR E T, AbRE T NI IE R 25, Mt 2054
REXS MR AT AT NE ? T A0 75 2 F B = M 28300 70 BRI T o = A I ER 5 72 K 7 A AR
FERIRRIEA, IR TVEI A A I A2 e il MR N X B R R AR, M2 fEARR AL 4 1
T, Bk BB s — NN =500, RIE AN N =M IO A e, 22T AR
NEFER. B 2-3 W DURGF b Blix —id f . fildn, FRATEDEE 2-3 () PR EEARTE
A (b) GERE, XEMARMEE I UTRR AL, BABRROEEASE), HhHRE
X K R ERREAT = E 7, =M TR R 58— 20 TR e RHIE R 355, R B IE 1A
BRI =AM, Gl 2-3 FRLERRKE D, PRS2SR (@ PI=MEER
N (b) FI=MIE. REPA N =ARAEAT IR AR, Feomt e SEHl Bk & 122
.

() (b
& 2-3 FIFH = M7 BB R
R BRI 20 P = A PR 28 A 0306 AL B SEAS IR — AN 2% A1, BIRR T2 T =B TR 4, R
EEWFILEAMIL . MRWFLL TG E, BAMBZhHEEE 2 B — 15,
XAH DA FCVFI o 1 00T 18] 2-4 o (8 7 A mi2E 4T = 51 70 CRRAE /U B B S0 Bl 1380,
(@) (b) (o) XR=MIBFHARFFEERM, H (D) KD ITEREATFEERE, ERH
A AFUAEAR T AL EAAS T (8 i BB R RR R

e &

(a) (b (c) (d)
& 2-4 JIF=FMMEH 5%

BESREE 2-4 (R0 =Rl o 7k 2 S B, A FEra R A — Rl T ar 2 B IR AT
(o) PIBCREAR T HARPIR 7%, A BB E A “35]1 7, BLE IR AR AL R3] 5 2
B, ALK “4E55 N = %4> 7 (Delaunay Triangulation) #iE05],

Delaunay — il 7y g —Ff “ SEm AL ” =M 7k, EAMU AT PLRIE MY
SRR N 2IAARMIAS, ERERATHRE “ P27 HAEGX N IIL%, =TS N A
REFHE, AoHIaE 2-4 (o) BRI A BRI BRIk 74k . Delaunay =il 43

%11 7 4k 45 W
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e/ SHANGHAI JIAO TONG UNIVERSITY EFmhiERpg AR RIEEEHFR

i B AL TSP

(D 7P SRR E &, 78 Delaunay = M4, F— =T 7MER A #A
B RPN AR A B 2-5 o T —RiANH L 2 RIPE R E 0 U7 i RIC=F1 7 ABD
MIAMER, AR Ct ISR A WERI=F1E BCD MIAMEIRA, M4 s A B avEfE
AN TR EOL, HER T IX A 7 AR 2 B LR R IE . I8 BNX AL,
HEDREXS f12k BD #el AC, mible i€ feii 2 2 BPERIZER, BONR LI E. & 2-6 RN
RS I =AM 2551

(2) F/MARKARE: “H/MasoRie” 48, Delaunay #1705k £ =ML
BN BRI, AR5 508 K BN AR LE Delaunay J5 20k 0N XAMRES
TRMEAMRKKECR, K 2-5 218 2-6 FIARAR B 7 IXAMFE. RIS, £/ 25, &K
/N7 ZADB, TN{EE] 2-6 H, f/NMAR ZACB, IEWIKH BRI R/NAERT . IEFNK
ZAFEYE, Delaunay —ff1 il Fikfess N — Rl 45 LA “9507 BORGE. Rk, XA
ot BRI AINAL” I > SNE, ST GUR e TR T ORI B KT e RS

PR~ ¢
B 2-5 AR B ERF 4 ik

& 2-6 2= EERIF Sk
Delaunay = f1 il 4> ik H& —Fhbrife,  SEBRSCBLEIRHE i] IR 2 FiE . St titb,
AT DK Z Bk I ) 2 24 FE 32 HI7E O (nlogn), SHEmT AT AR A o

2.4 5%
S BT = A0 353 05 43 SR T 45 B e 4408 = A T A8 e L = A
T AR AU ORI, T, K8 — A A O A R

2. 4.1 i 5 A8 N IR
i S5 #e (Affine Transformation) J& 142 P& A5 rh—F A 5 3 22 (0 b 250 Ao P45 1) T2
B JUTEB G525 %, o] LLSSBUT IR AT . DA e N 2 P2, (HAA R
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i</ SHANGHAI JIAO TONG UNIVERSITY gﬂzgﬁjj*%gzﬁqkﬁi%l L*ﬁﬁﬂln

HAWA WA, P EERPAT . FEEZE - NEELSE 28 E, HLKIH
RHEL, IMLIKIHZINZ, WEANSEMEL; AT HERRREE P AT A EL, L)
SR 5 WA BB HE R AT HIPE R o 5 Z AN, 53— i 4t ) LART BT 1 7 SO 9 3 S A8 46
TR BRI R PATYE, MU UL A PAT I B 208 AR 4 5 T REAN FPAT « AU
T AT A e

R A AR b AT A AR He S b HAREIL T et i@ i JE Lt i 77 v FRA e, AR
FHEB RN EEE R AL R, (E7 52 R pe st BN . Ba, =
o VR AR I R T o K — 18 BUERE 73 e— NS NR =57, IR REASN = A TR R
RH T AR, (HRR XN = A ARG, B S B AR R AR i 2k
PEo XAV 2 BN B 2R BORIE I T 2R T8 B —FE . X 4B E (1R ARTEIR
Z RN ESRAFE], NG R EAL

P e BAR L K Z P2 HE, (HA] AR — RVNEEA U AR e (20 & . il 2-7 Fir
N Eﬂq“%%ﬁ%]7{EﬁﬁﬂfﬁﬁﬁTEiéfﬁﬁﬁiE@JL%*%%ZK§E%ﬁii$%, M BIA O e (rotation)
H17) (shear). “F#% (translation). 4 (scaling). [FR, BEH AT E R 1 RS (reflection)
[FIRE R IEARA Y 2 — . X AWIGAE 2.4.3 T4

Rotaton Shearing Translaton Scaling

s ol |

B 2-7 (iSRRI E

2. 4.2 FFIRALFR
TRT B e T LR AR e, B U-FRe . BERER4Eat, # AT LAHA S (2-1) Hh il e A
ﬁ%%T.

P'=M,-P+M, (2-1)

Horp, P AT BARFR A R, PR m A B ARPR A &, FERE Moo — M
Feik A HN) 2} 2 FEFE, AT CLSEHLAATA . eSS TIRE, Mo 2 B8 P A2 T P TC 3 BIHE RS
N T MR DA PR o PRI IR, 20— 20 0 i S AR He )
AARR o B SERE AR, B AR SRS RIS FARAR RS, B e R e i AR RS o KRR
THE ISR BRI, 7 — L8R B h A BT A B AR M DRAE R R BRI, "R 0 2
X (2D MBANEHATEM, 4R M B — R B R R RIEA T 2 &
o WIRERE 2X 2 FEFERIE Y 7800 3X 3 REFE, AT DL — 4 J LT A e (R sfihi AN T R A
B — AR RE R R . SEUARRR AR Y 13X AN H RIHER Hi o

FER AR FT LUCRE 21 T (RS B ARY FE RN =S B b, AT A2 51— R R R
(0 H e FrRAAFR IR 0 a1 8, X EDRG —4Efr EARFR(X, y)I TR B = GEALAR (xn, yn, h), F
i h FORFHRSHL RN AT TR AE QT 25 K

X=—, y==" (2-2)
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BT3RS Hh AT DBUE AR ZAE, BRI TR —4e0br mi(x, y), AT A B8 4%
sk ARk e B, —4EAAPR(2, 1)AT AR N(2, 1, 1), 5i(4, 2, 2), (6, 3, 3)-++-
RIRIR T AR 1. N VISR E, TG K h WEON 1, PR Ak
FR(X, Y) RIS BT FR L (X, ¥, 1)

A FHFFR AR R AL B, AT DUEBATT AR AR 3 11 SRR s T 1 LT A e A 3, 31X
e BT R G FI IR HE T ik . —4EARARAL B ] = oA M B3R, T 4R AR A A —
3XBHMERIN, RO B .

2. 4.3 FEAA W 1) AR 4 AE FE
AU T2, AT 07 5 AR 30 n] DL R L S AR AR i (R 4 G, T IR e JEE AR A 4 # m DL
— AN R R IR . T PR 53 0 1 28 R AR AR e R AR 4 R R
(1) Y PRAERE
MR SR AR, PR IR v LA R T A R IR R 3R
X' 1 0 t||x

y'|=10 1 t ||y (2-3)
1 0 0 1|1

B, AILARIS N
P'=T(,t,)-P (2-4)

Forh, T(t,t) MEAR (2-3) i 3X3 K.

(2) Yl
SR —FEUE K5 (X, ) RS A1 2 O FRAR AR B P SRR B R
cos@ -—singd X, (l-coséd)+y,sinbd
R(x.,y,,0)=|sin@ cos@ Yy, (1-cosd)—x sind (2-5)
0 0 1

R, S8 R e AT R B T RO
cos@é -sind O
R(@)=|sind cosd O (2-6)
0 0 1

(3) T HEAIGERE
R B FEME 53 (e, Y BEAT SIS, TR AR B W] RoR A
s, 0 x,(1-s,)

X

S(Xf’yf'S)USy): 0 S yf (1_Sy) (2‘7)

y

0 O 1

o, s A sy 735l x Ay 7 [ A TRR 5 o SR T DABAE AT IE OB, 4R T 1 bRt
BOREGE RS, AT 1 R4/ NEHG RS o ERAGTIIR T s A sy BUMRIROAEL, I8 4 i REAE
AT RE T R R B LE AR, XA AR — BT Cuniform scaling) .
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(4) A
A B RS e A A ARG BRI FERRON I . 30T (2-8) 4 T
B4y B y=0, x=0, y=x Fl y=-x PUFHIEIL R 1) Bt A8 e [

1 0 O -1 00
0 -1 0|(y=0) , 0 1 0((x=0)
0 0 1 0 01
(2-8)
010 0 -1 0
1 0 O|(y=x) , |[-1 0 O|(y=—x)
0 01 0 0 1

XTI A HAE R E LR RS, AT BB T, By, BRI HRA Gk
KL TR RS, ARl T, AEER.

(5) Y1
FE VR — PR SR AR A AR e, 283 A5 DT R RGO th © A ELHE Bl 1) P9 356
KIZH L. PR R %8 x ARPRE RS DIRIRS 5 y AAFRE BT .
FHXTT-H—Z 2L yrer 1 x J7 IR U0 F Q00 (R 2 A o
1 th _th'yref

SH(sh,,y,)=|0 1 0 (2-9
0 0 1
FXSF 2B xeer (K y 7 10 AR DT RT TG00 RO AR A A8
1 0 0
SH(sh, X )=|sh, 1 —sh -x (2-10)
0 O 1

Foty % QA B O R RE T DS I ST AL A RSB

2. 4. 4 7 AR i 1) A% i R

PR TR AT RO RS DD ES A 1 AR R, AT AR 27 S AR 4 T LR R
X AP AR A . B, WIPAAEH: (Rigid Transformation) [R]FEVE A 5 A8 #e ) — Fiir
I, D IRGERF YA TR FI R NN R A A o (R, MIMARAR 4 m] DA IR R e AP R2 1
HE. iRy 7R T G - B FPAT Y, EEEREHER 3T 2.

A5 55 A8 45 A8 H A P T SRR N

a b c
T=|d e f (2-1D

0 01

(210 ARSI — BN RERE IR HAERE, HT DASEILRE = 7%
AR BON HAR =M. It —k, BURR AT B3 LASEBL T .
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e ST R AR R

2.5 BHRBERERE

2.4 FE T UM A — BB A, X AR I A B AR SR R DL .
S b, FATRE EEOE H—AB R R S AR, R AR R EEAT (7 S AR et ]
AE LA HeJm AR AR AR BB L B, BURAE T “WEAE R R M2 18] M. XA
T BATHRINES E AR a7 M BB R TR D N T RIS, B 2o
NAEE AL

B, WAV E R R A Wl 2-8 Fas, FUELR H G AR RE T e R
T, Sieeilid B br B B R (c, y7) SR R PR R B AR AR (X, y) o FRATMBLBE
(%, Y& N AEBHUT AR, BT IR A K UANMEER R AR A 2R, BAT T
AT DA HES (X, y) B B AR LA, PREIXAN RIS O, y IR B R - R KR )
ARERONIEE . AN AP AR %

2.5. 1 fin A3dE{E
BT AR, AL BB S, B (X, ) R B AR A P B i () — MR R I R A
PP SR TR E T, AR 5 AR A S U X 1 47 TR RS

3=k TW\H
Yt* ytj

X

¥

f(x.y) alx’y)
m 28 RIS

2.5.2 MWZkMIE{E (Bilinear Interpolation)
L VAR B U Bl A A R 2 — 2, BRI T AR BBUS (x, ) EIRITH 4 SR
UK FEAAE NHEM I AHE o R MRS 0 S R AT P 2-9 o

(i,i+1) (i+1,5+1)

(z,y)

(i,7) (i+1,5)

B 2-9 WLk HAR i E 1
HRAE P 2-9, FRATVBHAL f(x, y)RF A(x, y)REMIIKBERE, 1% A 81 A T BEA A 0 T BB 5
a, FIT8H0A EEIEE N b, 4, ABHAR (2-12) MIBCTRSLETSLAX, )
Hb DR FE A o
f(x,y)= 1-a)@-b)- f(i, )
+ a(l-b)-f(i+1 j)
+ (@-a)b-f(j+1)
+ ab- f(i+1 j+1)

(2-12)
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o/ SHANGHAI JIAO TONG UNIVERSITY HTF @ HEA N AR RIGERMR
KR PESEEA T VUAME 2R B IR S AR B T HESE, R n] LAE — e R 2 Lokt 40 R T 14 214
WAL A TN, (AR st AR E g .. A, BT TN SRnACryy, 26 iEE
2 I — 2 R B O ASR o
LR, R T AR AEE T A, 8 HAhE =3 IS X R . — R S AR
R AP AR L L% T, BTl AT EAEAA A,

2.6 EEIPIMAGERE@ATT—RIFLLGIEIER (ERID

2.2~2.5 TN AR T U AT R ARG AR BB X ERRI T NRHIE S AL B
BETTEAT = f) 3, W05 S AR T SRR R . NIXAS R T AT LA 2,
RN URTFIR A A T 22, i i T LA E B BB R T A AN A 8 0558 S5 £
BRI AR BRI, RS RANE JOSC AR g T LT R AR M A I — K 5%
N T ERIZAS R, Z. Liu S NESCEQIT I T “RFHHIEER” (ERD B, RO
ST INE) T AR TR . B 2-10 R TR AR I A

fEE 2-10 (@) (b) (o) ZERM=5KERZ. (@ NAY A BHERRE Ao (b) &
HCBE” RN An (o) ZAY) BRI TERNE Bo. JATHENKE (b) BRI
SE) (o) MAREE, SRHE AN “BE” FENE B WEFR, (D Z2ECRAJL
AR T AR R R AR AE R . BRI G RMEL T (o) ME SR ™ M 17—, $§
IR IR A T B B3, (AR AREX R — DN “B% 7. 12
AT ERIEGSE, MaeRaIE (o) FigiR. X, RAEREEZ MM TR HT

“HEJE” TR RIS, R A A O R R A T A 2 . IX AP R RELL
N—IRFARE N IEAE S, 48R H0ER.

(¢ (d) (e)
& 2-10 izH ERI BB T RIEZHLH]
2-10 (d) F| (o) MIERTFE B TIMAT ERI B, XH, RAMRE P, WEE
B P G mi(u, VALK EEE, HH AT U, FRATRATERIZEIE Aov ALl Bo CZXT
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e/ SHANGHAI JIAO TONG UNIVERSITY EFmhiERpg AR RIEEEHFR
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EERI R, EREgdnrx— PR, EiXH, RINTFERER A T2 E, Fen
2G5 5 ALK, T2 X Ao TR A Age ERI SERE0E LT
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K 2-11 RIEWHER ERI ~F1
e, BRSEEEHN S e R L, NIRRT AT B T
(L) ¥ Ao ML 5 AcXESF, THEAR IR LB K ERI
(2) BT Ao FlI AL FFIE s Z RIS X R, THEAR B By AR S0 B
(3) 4 Bo M4 5 By W55, BEIBHIEMLER By, RIAE 2-10 (d) Forfigh 1
(4) ¥ ERI BB 5 Buxt5%, 19318453 ERP
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Fro
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Mg i E— IR EUE R IR AR 2, 765 —IREE K2 3. W MHkR, 5310 ERI
9 1.5, BARME K MR 2 2008 1, WIRJL TP EESHFRMZER, ERMMRZ G
FERWMK T, B3 T 1.5, WIRFEXA ERIERS) 5 —ANKEE AN 100 B = L, 774
IAERHRZ R R E] 50! QR BATE R E 7R R K EE L 2 1 B SEE, TB
2 H AT DR — AN 18 BRI R 1 75 B8 25 5 FEAR K B AR I DX 3 L

HNT A ERI BIG, EBRE R R M, BATRILT (1D #EUR (2) JEREMH
Py

(1) #E: sz, TATHEERORZ N A, wARIMU P 5. RS
gy, ERIEBM P ZBATATERR, T586 R R 4 e S #R X L X3 BirbL, JRATTAT
PAFHets ERI BUEHJE T AN X I, AR A R34y . IXRE, ikt
B T KIS . WK 3-7 (@) B

(2) JEW: BARHAT THEL (R NP2 D IE A7 TE— LM 75 1) 25 R 70 I

FRLE R RSB ET « A, BEXBEASEATIEEE AR AT, BN AE S
B[ SR 2 2 e s — R R . DR, FRATT 7R 0 UG AN IR 4 R AN R R B
(IR BR S, B AnRT SR AT 5508, I8 X SCEEGH AT (P REA, T SRS A AT 0
Ve, RTHELBRMES .

(a) (b)
&l 3-7 ERI BMBIRMEER: (a0 BEL (b)) J8¥

WA AR B B B X 0 SR 43 B A RS 2 Xl L@ 5 R 3-5 (b) Al
(¢) st AR 2R A5 AT A AR S SR AR Ve o A SRAE IR ANARIR A, (b)Y AT (o) AR PEROR,
T2 B B ATTARRARABL, & SCER AN ) PTREMERURR /N Rz, W SRAH DGR/, U2 BB AN AH LA,
Fe SO AT RE RO . THEREAME R s (u, v)IIAE S Cu, v)ITTVEI R

U MEEEAIE, RATER 35 (b) M (o) dr BB —MRIRE O (Filtn 11X 11
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& 3-8 YRR R AH HIEEAL T W(u, v)HI BT o 3l W E 7 1, FRATRT AU wo=,
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Beo BIGRBIPERLIRWE 37 (D) Fion. 5 () ML, BEHEGEIE IR,

1400

1200

1000

800

600

400

200

& 3-8 IEHEMNEETH

ERI B2l LB BRIARAL S, AT AN — B BRIER] 1
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1T TR KEAHH A%, G0 I X AR VEGH b T BES A 5 I8 REIE . fEA S, RATS
VIRV, ARG By (] 3-4) IR, JEEMME BT T IUAMEIE, il
KT I RIXT R, M RRE SRR L. &4, AT LR 24
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& 3-10 R#EF LT3 #HEER
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(GERR ) RAEFEIELLAFAE IO E, R B2 ) PEOIRAS, I BRI A AR AR P HRRAE 25
ZIIAEEIXFE ISR Sy ST “& /7 Al “J3E” RBEARIREER, BFIHAT R T HRAE .
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SERALIE” R BT, IRATIRE “ AL 7 AERLE NG itk e —Se R X 4, 723X 46 R X
BN, A1 E G R SR RIETRAL, TR BT XA, AT XA B RGO EARZ
KKFM, REYEFFES . 7RI A4, BA 17 XA 5 R, 84 B
WAL . EFXRRRRN, AT AT DL St O BT 3Rk . 7ER] 3-15 o, kA1
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— IR EEBOR B R M 1. 7E] 3-15 () MIEERN S, T “4F7 X3k,
UK ER 7 M BLAEJE B 2 (B AE B Edv W T B Aoy . R (b) Fron iR, ao
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LU 2 “ SRR " B =ANER T SR, SR i e XA . B, 3K
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NS, AR, ST 0 I, A, S ERI IR s_ERI(, v)THE R AR (3-4)
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(a) (b (©)
B 4-4 ZT AR KRB R B —

AT [FIRE UL T LA 7 AT RS R o SRR T R 3G 9 AR . 5 B — AR, B
BEER (b A (o), W RURBUME AL SRS AR 1, BB 7 th 3w A S AR BRritt
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FI P i BRI T P BRI S I — R . Rk, FRAURM TET “F/ 237 (User
Study) FIENLSEA BRI, Sfent Seh gl At — 8 2 AR AR o
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1 1.55 3.25 3.75
2 1.75 3.10 3.65
3 1.30 2.85 2.95
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35 1.72 2.92 3.45
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S 0.861 0.827 0.836 0.819

M 4-2 s EE P AT LA Y, ASSCHR H AR R 15 21 1 A4 45 SR 5 ARG A7 114 2
BRI, DIIXRPES RO il “ SR 7 RIS R . Ik, A “RAEANR” 170
FPEEH A, [RIFE AT DAIEIAS SCHR K8 AR S TR S A e R (A A e

4.4 FRIFTIRAYN S

SR AR ARG AT )G, F A H R R s B i i N sel i,
AR AT ) S U AT g Y T M S N R AR Bt AT < R AR
HIseils Wl 4-9 Fos, EEANK ARG A Al T LR AR RS . MIX— R 51ER R
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RESEARCH ON FACIAL EXPRESSION MODELING
BASED ON ELASTISITY MODEL

In this paper, a new algorithm is proposed for facial expression mapping. The proposed
algorithm first introduces a new elastic model to balance the global and local warping effects such
that the impacts from facial feature differences between people can be avoided, thus more
reasonable geometric warping results can be created. Furthermore, a muscle-distribution-based
(MD) model is also proposed. The proposed MD model utilizes the muscle distribution
information of the human face to evaluate and strengthen the facial illumination details. By this
way, the impacts from human face difference as well as the effects of unsuitable noise filtering
can be effectively alleviated. In addition, we also propose a new distance-based metric for
objectively evaluating the performance of expression mapping results. Experimental results show
that our proposed algorithm can create obviously better facial expression results than the existing
methods.

Facial expression synthesis is of increasing importance in many applications such as movie
making, video conferencing, and video games. In this area, expression mapping (or cloning) is one
of the most effective techniques for synthesizing facial expressions. Basically, the target for facial
expression mapping is to transfer one person’s expression (i.e., the source person) to another
person’s neutral face (i.e., the target person), thus the second person’s facial expression can be
synthesized. Several algorithms have been proposed for expression mapping. Many algorithms use
geometry warping or motion mapping on the identified face feature positions or the triangulated
meshes to map facial expressions. For example, Sumner and Popovi¢*?l utilize nonlinear
deformation transfer to map the 3D motions or expressions from one source object to the target.
Song et al.[*% yse vertex tent coordinate transfer for performing geometric warping based on 3D
models. However, since these methods perform warping globally while the local facial feature
differences between people (e.g., face shape differences, mouth or eye differences) are not well
considered, their facial expression mapping results are less satisfactory in some cases. Noh and
Neumann!?l aim to refine the local parts of the face based on the muscle model of human’s
facel®l. Although they can create good facial feature motions for the same person, their methods
are less effective when applied to synthesize the expression of another person as the facial feature
differences between people are still neglected.

Also, since the facial illumination details will also change with different expressions, these
detailed illumination information also needs to be transferred to the target person for creating
more vivid expression results. However, most existing algorithms only focus on the geometry
warping of the face while the illumination details are ignored. Although some researchers
introduced expression ratio image (ERDM or mesh imagel'® to transfer the illumination details,
their methods still have limitations due to face feature difference, unsuitable noise filtering, or
detail importance differences. Furthermore, almost all existing algorithms evaluate the facial
expression mapping results in subjective ways while objective assessment methods are still
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lacking. Therefore, it is also important to develop objective metrics for evaluating facial
expression mapping results.

In this paper, a new elastic-plus-muscle-distribution-based (E+MD) algorithm is proposed for
facial expression mapping. Our paper has the following three contributions: (1) We propose a new
elastic model to balance the global and local warping effects such that the effects from facial
feature differences between people can be avoided. Thus more reasonable geometric warping
results can be created. (2) We propose a muscle-distribution-based (MD) model which utilizes the
muscle distribution information of the human face to evaluate and strengthen the facial
illumination details. By this way, the effects from human face difference as well as the impacts of
unsuitable noise filtering can be effectively reduced. (3) We also propose a new distance-based
(DB) metric for evaluating the performance of expression mapping results together with the
method of “User Study”. The proposed DB metric evaluates the facial expression mapping results
by calculating the normalized expression distance between the synthesized target person’s
expression face and the source person’s expression face. As far as we know, this is the first
objective metric for evaluating the facial expression mapping results. Experimental results
demonstrate the effectiveness of our proposed method.

As aforementioned, geometric warping can be used for creating the target person’s
expression face. In the geometric warping process, the face feature positions are first identified
either automatically or manually for each face. Then, triangulation can be performed for creating
the triangle meshes according to these feature positions. Based on the triangulated mesh
information, the geometric warped result of the target expression face can be achieved. Based on
these methods, we can synthesize expressions such as “smile” from one person to another.
However, the traditional warped expression result is unsatisfactory since it may look far from the
expression “smile”. This is because most of the existing geometric warping algorithms are

performed “globally” where the feature positions in the target expression image are moved
“relatively” according to the movements of their neighboring feature positions as well as the
movements of the source person’s feature positions. Since people may often have very different
local features on their faces, these “relative” movements may often fail to create vivid expression
results. For example, if the eyes of the source person are much smaller than those of the target
person, it will be very difficult to “close” the target person’s eyes by global warping as the relative
movements of the source person’s eyes are small.

In order to overcome the problem of global warping, we propose a “local” warping method
which includes the following two rules: (a) Each organ on the target person’s face (e.g., eye and
mouth) is warped independently without considering their relationship with the rest of the face. (b)
The feature positions for each organ are warped in a way such that its absolute shape is close to
the organ in the source person’s expression face. Compared with global warping which try to
make the relative neutral-expression feature-position movement to be the same, the local warping
try to equalize the “absolute” organ shapes between the source and the target expression faces. By
this way, even if organ appearances are different between people, the organ in the target person’s
expression face can still be warped similar to that of the source person. However, since the local
warping method does not consider the relationship among different organs or the
neutral-expression relativeness among organs, the local warped results still look unnatural. For
example, the mouth may be too small or too big and incoherent with the target person’s face.
Therefore, new methods need to be proposed to combine both the local and global warping results.
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In this paper, we propose a new elastic model to balance the effects of global and local warping.
The proposed elastic model can not only create more vivid results for each local organ, but also
keep the reasonable global relationship among organs. Furthermore, the detailed illumination
information is also important in creating good target expression results. Liu et al.[¥l propose
expression ratio image (ERI) which transfers the illumination detail information based on the
relative pixel-value ratio between the neutral and the expression face images. Although this simple
method can create effective results, it has the following limitations: (a) Since the facial features
are different for different people, simply applying the relative pixel-value ratio from one face to
another may not be able to transfer details efficiently. (b) Since ERI may include noise, the
transferred illumination details have to be filtered. However, since the filtering in ERI does not
consider the structural characters of the face, significant illumination details may be weakened
after filtering. Although Song et al.l% improve ERI by mapping all details into a mesh image to
reduce the facial feature differences, the facial structure characters are still not considered when
evaluating illumination details, thus leading to unsatisfactory results in some cases. Therefore, in
this paper, we propose a muscle-distribution-based (MD) model which utilizes the muscle
distribution information to evaluate the importance of the facial illumination details. Since the MD
model includes the muscle distribution to reflect the facial structure, the illumination details
transferred by our MD model are more precise than the previous methods in [9,10]. Based on the
above discussions, we can propose a new elastic-plus-muscle-distribution-based (E+MD)
algorithm which uses the elastic model for geometric warping and the MD model for transferring
illumination details.

In the experimental parts of this paper, we showed a lot of expression mapping examples and
proved that our new E+MD algorithm really performs well. It can not only transfer the
illumination details from one person to another, but also improve the mapping result both
geometrically and texturally.
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