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Abstract

Facial expressions exhibit not only facial feature motions, but also subtle changes in illumination and appearance. Since
it is difficult to generate realistic facial expressions by using only geometric deformations, detailed features such as
textures should- also be deformed to achieve more realistic expression. The existing methods such as the expression ratio
image have drawbacks, in that detailed changes of complexion by lighting can not be generated properly. In this paper, we
propose a nonlinear model for skin color change and a model-based synthesis method for facial expression that can apply
realistic expression details under different lighting conditions. The proposed method is composed of the following three
steps; automatic extraction of facial features using active appearance model and geometric deformation of expression using
warping, generation of facial expression using a model for nonlinear skin color change, and synthesis of original face with
generated expression using a blending ratio that is computed by the Euclidean distance transform. Experimental results
show that the proposed method generate realistic facial expressions under various lighting conditions.

Keywords : Facial Expression, Nonlinear Skin Color Change Model
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data aligned in mean facial shape.

Shape Data Texture Data

Training Step WH"L& Alignment RS i

Pose Searching Step

Level o

(Level 2 Pose Estimation Error) |
Pose Init -
Pose Parameter Optimization Optimization

a2 3. MAAMZ o| 8%t AlEHel d= 53 &
Fig. 3. Automatic face features extraction using MAAM.

Ufe 4 EAPER HA3t 449 43 JH &
g AT 37 9= Iz AEE Zet 4F 9
2:E537 ZZe 4 Y EISE o83
Jacobian Learning SchemeZ% AAME &3}
AL dF B FEL 19 37 Zo| dxnYyF
o] A&7 HAARFGNAMY vty 3FE Fo|7] 3 ¥
2 HAEY oJHR M FE RGE ojnAE AAM
A3 FPFoEN 42 7 ERPES ek 1
E 390M GA FaE Level 08 98 943272 31

5096% €.

FEH HojFE o|8¢ d= HE
=R A= H Park # Y. S. Moon™el| )& A
Rag o83t dF ¥AE WY

riL‘ fe ™

N

ll

O

EETICE

O

S5 o2 HolsEn Hel 2YE (1) 35 o

g}t 42 ®F HYS 93 MAAM £ o] &3t
ol e dE SR 11 A ojnt FE EAA
4 97 999 vdFoR Frkstd £ 105709 &
ARE ol &P Wd Ed2 AR ¥ (Free

-Form Deformation : FFD)& 7]4te2 ZxH(Lattice
Cel)E¢ W8 HEE Inverse Multiquadric Radial
Basis Function (RBF) & o]&3}le AN T Two
Mesh Spline Warping®ll 2J3} 42 ¥43& 7 ]—5—]1;‘ Ao
Z wydch ¥4 9y AL Ad HY A=
NEZH AHEY BX X% A4 ¥yl H 2| Apo]
o} eAAFH(Sum of Squared Erron & &2 52
o] &3] o]zt ¥3(Singular Value Decomposition :
SVD)el 98] @EAHOZ RBF W% 49 AFES
Axste] WE QX8 BAT.

I HIME o84 Hat REE 0|8E BY d4d

1. BY H|8 o|n|X|(ERNS| 2AF
A Wy 7wk B4 A4 Y F OE
Heol el XA u& oA & o] &3he Hgtg“’]% £
2 94 Zxe] ugg o] 43 Wgoltt
z2% 2d& WA HLambertian) ‘j%li 714 E
o, 92 ¥We] & Hpol N EHAFAF %7] g vl
g A (D go| Axgn

7€ g2

_Ll_z=1 T
R=F=—F—" (1)

RE& ¥ AW Eo)v X (Expression Ratio Image, ERI)
2t s, Al A28 UEFy oz 9% 7)EEHA
F2Z& 7t7] & ERI] 3t F Ao A@aAAE
A ()¢ o] ZAME & 5 ok
Il ]b

AN

a

)

YW £28 717 T 39| FEA IB|HAE
A Bet %3 E4o] gl o|HAS A, B ¥ 1 4
(3% 2o} HAT = 9o ol o3l Az E
4 B'E 7% ¢ Uk

B )= Ben) S EY = BayR O

Axe 29 240 2 3%, 4 @7 4YaA &



Hoz wadel HYaA @or Hg
_J_Eq o]-X] Q%‘_T’_ RE B]Eﬂ A

_\.L
10
N
-~
rO

2. H|ME mEM H3 DU
At (Lambertlan) 2o A Fo] & Aekn 7}
2 A 4% 2ol BYE F stk

4
_In "{'lcos 8’ _ cos 6’
[n llilcosd cosé

T e
W24 WshE o) gao} Bt

A A= A9 A iﬂ
ZEA7 g £
4@)dlA Be 3}9}
m z9 W 55

< 01%6‘}01 :L%i 4(b)=}
4¢3 & 9ok
o]-&3te] ¥4 dlelEi9
246]-\:]. 7,}5:_}:_ Al (5)
JolEle) 2% WHE EA A
T AY Gl 83t

o 2ol ANHY
de 8 7stety ez
FAL AQBT}

71& Ay W e &
sheko] A8 HAoY, Atd

A Al i 2>
By g R A

b oE

(227)

I-7< |_ H_I‘{ =I-A-|

0|3% 2

180°
>
(a)
Value '
255 | -
o| @ Angle
180°
(b)

3% 4. My m£4 Wi " (@) =Hof w
E m8BAM 5} (b) 8|y o2 Hs)
el

Fig. 4. Nonlinear Skin Color Change Model (a)
Skin color change by lighting, (b)

Nonlinear Skin Color Change Model.
de 598 4% dsE de
293 AA P24 W8S o o A% 33
A Bl ko] WEE 3 4 e dFEd 7]
Z wyate o) RGBAYY Wate A7 330,

(5)

Hstao] AHgdrt

© = arccos ((value/255)x2 — 1)xn/180°

value : R, G, BY 44z

3. 4= Y ’ééW Pk
4= ¥3 A4

gZojujA] A, A, B/} F4FHE o,

A 1 A A, BY 42 THAAE SHYYRY
(Active Appearance Model, AAM)S o]-&
3t Fret)



20064 53 HAEHE ==X M 43 CI H

WA 2 BE A'Y BHOE 9Bg AHgshe] Wy
o},

@A 3 4449 B, A% A'E 4

Aglﬂ‘é‘]-lﬁ!-

8% 3 as e olgae Anh

Ay ZEAE RGB AR e} 24 7

B

@A 44 7R 4=AE B, 83t

o ¥ ¥yd B L YL@

23t Ay

A o

gn 2

9@ 4

©A 5.

olul, A 5914 ZERE HEHE WL 4 ©)F
2t RGB A4l ohsl 212 78 29 R A4l ois)
A8 Soln® A% A'Sl AEAE B, A3l B
9 g% Fo.

©5=0,_ —(8,-96,) (6)

B9l 67} FEAE 4 (D& ol&3ted BY R A4E
Tt olgh 22 H& RGB Aol dis) 4z 3
33 733 Rs, Gp, By F °183t] Y& P

=

=

R 5= cos(© 5x180° /m)+1x255/2 (D

of AAA BPE FAH MY o3 wWE FeE
Zol7] & GA 1& AAA Fopd d29 74 84
of & wt2a g Bt whaa FG el Mt B
A Zdde] dojuxE A3, a2l AFHHA ¢
A aele ZEslod AAME EA vlAzel 9 JATe
FE FuddA AegezA o A2y 473
ol g Helth

F

1_.

=2
=
=2
=

IV. B4 HISS HAEH BY By
HAE ZA T4 ATHE 54 AN 9AS
£74 haash 4 G4 FHE Boel 92 4 9
Coldl 4 He 999 A9 BUAE Asel 24
zele 34 At dEAG 99 el A% 4
Sieh mebd FAHelZ B4 sheas 4 9ol
£ 0 $EUA $4Y & UAES £ a3 99
3 714 ke WA A e 20 A
2 ABEDD2E o gstel TP L AVY F A
£,

7—];‘.4 A

1.8
=2
Bo

=

S

o 2

4%

I‘

=4

(228)

H3=z 7

=gl g

1. fE2/0 7{g HES 0|88t
(Blending Ratio) 2 A&t

&89 uta3a o9 (Mask Region)S A & U F
nta3 G 71 7k AR Y AE T3t
= $2e0 Ae) BIEDDE olgste] TF HES
Adeit.

AP B vlaasl 4B 92 EF uee AL
sto] @A o2A HF I AHE veth 5 HE

o oo

& A @) Zo] EDTE A&t AXbgit
Dpaia= V(@ —:)* + (v — v1)” (8
B, ., = Scaling Factor * Déudid
Lesult (255 mtw) I)n'ginal + Bratzo A{ezp'ression

) (@
a8 5 EY Y o (@) 715y 8 HE, ) 4
M8 EFY ui2a3, (o EF HEd wE B}

I, d) o 23

Process of synthesizing expression. (a) Result
from geometric warping, (b) Generated mask of
expression, (c) Process of synthesis using
blending ratio, (d) Result of synthesis.



72

Dy’ 7V 7V WA7AR9 Az,

Bt PF2Z A G0 g £,

l;esult é“’} ° o, ov'Lgmal _]ﬁ,o:];q_

szl‘ession: AAE A ‘:’]'Z:EL

Scaling Factor © E@¥|&°] [0, 205] #& ZEE
3t HI& 3

39 5= EDTE ©]&3t9 Axtd &3 vj&& o
o] AQdE ¥ np2ad = FHZ 7)sEH |
& & 4e Fske Ak (AMAE ¥
A3 FHA Yehye HF e A4 dde F A
o] EF &S Yy b5 ggogt Eto] o
FolRY. (De EF FAE AR Aot

EDTE o|&std H&stA Hd 23 42 g2

& 4% 3 F o Fege 34 2PE A4S

At

4

V. 883t

Adel AHEE FlolEE 208x390 Z7)12 At €

v A AHgatH o WY} st oluAE BE

Az g zExddqN 298 g AHEE

gt AL 93 dolHE= c}ekdt BALE YA

7] skl REA, vl 28, £F, =9, sd 67
A EFoz FAREG. ERdolHE Avd 12

ul

T

re el A B on HolHE e 29
.

3% 694 (a)s} (e EF fﬂ°]‘3 FollAM ‘I‘E.;%EI'

o2

KB
=
_]

rlo ;
g M

=
=4

olu]x)st 2= EA oluxoltt tAtolF A ()

£ B4 (D2 949g o]&dlo ¥y 3 Hu (a)g}v
bE (D2 AEF F HAF 7 Hst 2dg o]
gt 452 Fatd (de HEs Aok

a9 7¢ 19 69 9FEL ol BAE TA
Aot 71E Wie) Ane 29 240 A o
JEE AHEAALINE 7L W golnNE o] 43}
7) wzel BRAe] Ao 2e HL AT ¥ 2
o s} Aol ¥Rz e AAE s, v
of Ake Wl A dhaolnxe zRzAA %
A $EYn Adxele B4 A4E S FAT £
1.

a2y 8e AN oex
Fo] 299 watoluR e} £

(229)

dzEe 2y &4

0|g= 9

@

33 6 #H2 =HzTAH9 %‘E‘HIOIFA (a) EX™o|olg :
FEH () EHOOIH : 22 (0 thatolo[x| :

) FEH (d) daolofx| : 7IoH—. MY

Fig. 6. Experiment data of same lighting condition. (a)
Expression data : Neutral face, (b) Expression
data : Smile face, (c) Target Image : Neutral
face, (d) Target Image : Result from geometric
warping.

ol o},

a9 9= EAYoIH telnxzke zWzAo

—_—

e 4% 4¥ Zaelt. EAUIHE 1Y 69)
(@), 0 A8 71E Bgel Ahe A =
olz7k we EAol AYHUT Ak Pl At
2e Bo Wi $EY FHL ool 2R, 19
A} AA A5E FRANE 29 220 2 T80
% 449

A3 Aoty ¥ A

39 102 AE oA U

4 @AM B dolgE MY Y d4eE A
g o a7 BT A U1 e 98 A= M

& A AN ex7b TASA ok oA oA
7t Qe HEe HLa] 3¢ A 99 (@)%

v &
2ol A3 FAollA Qxge AsHA "ok

5ol



200612 53 M-S

a3 7. SYs =™ oML E Y S Z3o
(a) 2|&E 2 (b) H otst
Fig. 7. Synthesis of smile expressmn with same lighting

condition. (a) existing method, (b)

method,

proposed

=X ® 43 3 Cl H

H3z 73

(@ (b)
J3 9 ciE =Y =oMe 2= EF BN 23} ()
J|Z& " (b) A otst wiH
Fig. 9. Synthesis of smile expression with different

lighting condition. (a) (b)

proposed method.

existing method,

% 8 cCf2 U =7iel 3 9o (@) tiaololx|
P2 b 2= EYCE Hyst Ay
Fig. 8. Experiment data of different lighting condition. (a)

Target Image : Neutral face, (b) Target Image :

Result from geometric warping.

TefLh AlRke o) A

kB RRAAE JIE B HE R

d A7 b9 2ol 2
HE

(230)

)

(a)
O8 10, ¥ 2ol oist 48" 23 (@ 7{ZE ¢ ()
X ot dhe
Fig. 10. Experimental result of misalignment. (a) existing

method, (b) proposed method.

4 23 2ok



74

=2
>
e
=
=
of
X
™
k3
e
o
il
e
tlo
o
oz &

o M
o
2
o
2 o
rO
ok
xR
O

E ool i
N
ol
Lot
L

o ox
=
2
=

T oz ot m2

IR

o ek

B o Mg

rok i

30,
3
o
o
1
o
2
>
Hogl 2k Iy

(R = SR

St ogo o
ofl gt

LU
9

‘R’ [o]
oo

Ho

=
o
fo iz

i
o,
oo

ﬁﬂ}é
oo

ol
ox T ox
ox i
>

i)
)
i)

L
ox
ol

o
to
N
=2
=
o)
)
i
ol

o

o

2 d
R
2

ol
-

12 o2

(& B oox @ op mo B ME
2
?i
ol
J
B
o
1=
®
St

—\L‘Joﬂ. s

[ AT

f11 N. Badler and S. Platt. "Animating facial
expressions.” In Computer Graphics, pages
245.252. Siggraph, August 1981.

K. Waters. "A muscle model for animating three-
dimensional facial expression.” In Computer
Graphics, 22(4):17.24, 1987.

D. Terzopoulos and K. Waters. "Physically-
based facial modeling and animation.” Journal of
Visualization and Computer Animation, 1(4):73.80,
March 1990.

T. Beier and S. Neely. "Feature-based image
metamorphosis.” In Computer Graphics, pages
35.42. Siggraph, July 1992. .

F. Pighin, J. Hecker, D. Lischinski, R. Szeliski,
and D. H. Salesin. "Synthesizing realistic facial
expressions from photographs.” In Computer
Graphics, Annual Conference Series, pages 75.84.
Siggraph, July 1998.

P. E. Debevec. Rendering synthetic objects into
real scenes: Bridging traditional and image-
based graphics with global illumination and high
dynamic range photography. In Computer
Graphics, Annual Conference Series, pages
189.198. Siggraph, July 1998.

S. R. Marschner and D. P. Greenberg. Inverse
lighting for photography. In IST/SID Fifth
Colort Imaging Conference, November 1997.

T. Riklin-Raviv and A. Shashua. "The quotient
image: Class based re-rendering  and
recongnition with varying illuminations.” In IEEE
Conference on Computer Vision and Pattern

[2]

(3]

(4]

(5]

(6]

[7]

(8]

(23D

i)
0x

013z 2

Recognition, pages 5@36.571, June 1999.

[9] Z.Liu, Y.Shan, Z Zhang, "Expressive Expression
Mapping with Ratio Images”, Proc. SIGGRAPHO01,
pp.271-276, 2001.

[10] T. Cootes, G. ]J. Edwards, and C. J. Taylor.
Active appearance models. In HBurkhardt and
B. Neumann, editors, 5th European Conference
on Computer Vision, volume 2, pages 484-49R.
Springer, 1998,

(111 Hyun Park, Kee Wook Rim, and Young Shik
Moon, “An Efficient Aesthetic Surgery Model
Based on 2D Color Photograph”, In PCM 2005,
Part II, LNCS 3768, pp.865-876, 2005.

[12] H. Brey, J. Gil, D. Kirkpatrick and M. Weman,
"Linear Time Euclidean Distance Transform
Algorithm,” IEEE Transaction on Pattern
Analysis and Machine Intelligence, Vol. 17, No.
5, pp.529-533, May 19%.



2006 58 HXSEE =X M A3HUCIHA3IE 75

W I

of 8 S(atA43 <)

2004 g w AR FE
FTEE EHQ(FAL)

2006 ggoistw
AFEEFTY S AAD

20060 BoriE 1990'd University of California
AFHTTA (HAHA) at Irvine Dept. of

PPNy, 93AE> : Electrical and Computer

Engineering. (2FA})
198213 ~1985'd = AAFA AT A7

| & o A3

1980d M digdn Fdg
ARF 8 £ (54D

19824 st=Edlried A 2
ARF 5 £ (A

ut S, ‘ 198913 ~1990 Inno Vision Medical A Y2+
= 34 (83 )
Y 5 19908 ~1992d AAb7|ed 7Y Add+4
1998 Y3 E . N _ .
A7 28T 2 (D) 19929 ~ @A @¥dgdy AFEHTEGH Hus
R4 )
2000 ¥+ sk = <FHAEOR GAEL, A3HEA, HEAA>

AR AR S D (A AR

| 20013 s+miarm
AFEF e (AL A)
2000 ~2001@ (F)FFA Jled+a

AZEYOE
<FHAEE 94dy GAEY HHA B>

(232)



