e &I 2 FHe P9y b YLl 6 p4 YL jaw
SIS bl b Sl Jlesl ibuniaS (g9 yus

Fol Pl i g (PR po Auila
u‘)"‘ ‘).:).u ‘).:).ud“.er.o k_';M oEisls ‘d)" Gwd..‘.erc IRUSH K ‘).)5.,...,4[5 ‘S’LA.AJ ‘SJLWU oliﬁwl.o)]

oAt

0\).¢S.‘>

LIl )0 opz bl aloals 5luand slp ol ;0 a5 aas oo Slediday lail Spez SVl 3w sl Wua Ghgy S Allie ol
O Qe P 59y o sCys g wlaiso L ‘sl)..uf bl 5929 9 (w0l ol Og 0 o ‘s’w G9 S9 Ll L5»;.»|..«...‘>|
G985 351 aB3 o S > (Sumo S 0 1y LT 9 08,5 315 0 4 BUL 4y (Sl (5955 S (J,0S Ay 1500 )l 4 S
ol oy LU 4 0uilbdylg g9y < J pS ahalli diz (gl 0,10 uSe Abuly (J 508 Alaii g alaii T s Aol U abaii o 4y Jlos!
byt & (Slswsd gl gy s yelily 9 (JyS U Jomo o gz 3 (polB Cle jiaw (gl p ol (IS bl plod 43 gy po glog y
EMQ&L& Lg)Lwe.bLu @Lu ‘33"“&5" aslsl! o.x.m).u.w Pgai A g o cb:u.w‘ u...wy.v}' o b o= ._:L.i,.‘» ..\.:5...9‘50 ﬁ,.o.\a.n )'AGJlD

el (goleduiy i) ol (Flwle (w9 YU (g pan CoinS

Ll (gilwannd oy 2 loiligr oyt JKD gt 0y Sl w1 guuds (B9

Synthesis of human facial expressions based on the
distribution of elastic force applied by control points

Haniye Merrikhi & Hossein Ebrahimnezhad”
Computer Vision Res. Lab, Faculty of Electrical Engineering, Sahand University of
Technology, Tabriz, Iran

Abstract

Facial expressions play an essential role in delivering emotions. Thus facial expression synthesis gain interests
in many fields such as computer vision and graphics. Facial actions are generated by contraction and
relaxation of the muscles innervated by facial nerves. The combination of those muscle motions is numerous.
therefore, facial expressions are often person specific. But in general, facial expressions can be divided into
six groups: anger, disgust, fear, happiness, sadness, and surprise. Facial expression variations include both
global facial feature motions (e.g. opening or closing of eyes or mouth) and local appearance deformations
(e.g. facial wrinkles and furrows).

Ghent and McDonald introduced the Facial Expression Shape model and Facial Expression Texture
Model respectively for the synthesizing global and local changes. Zhang et al. published an elastic model to
balance the local and global warping. Then, they added suitable illumination details to the warped face image
with muscle-distribution-based model.

The goal of facial expression synthesis is to create expressional face image of the subject with the availability
of neutral face image of that subject.

This paper proposes a new method for synthesis of human facial expressions, in which an elastic force is
defined to simulate the displacement of facial points in various emotional expressions. The basis of this force

. is the presence of control points with specific coordinates and directions on the face image. In other words,
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each control point applies an elastic force into the points of the face and moves them in a certain direction.
The force applied to each point is inversely proportional to the distance between that point and the control
point. For several control points, the force applied to the points of the face is the result of the forces associated
with all control points. To synthesize a specific expression, the location of the control points and parameters
of the force are adjusted to achieve an expression face. Face detail is extracted with laplacian pyramid and

added to the synthesized image.

The proposed method was implemented on the KDEF and Cohn-Kanade (CK+) databases and the
results were put on for comparison. Two happy and sad expressions were selected for synthesis. The proper
location of the control points and elastic force parameters were determined on the neutral image of the target
person based on the expressional images in the database. Then, the neutral image of the person was warped
with the elastic forces. Facial expression details have been added with laplacian pyramid method to the warped
image. Finally, the experimental results were compared with the photo-realistic and facial expression cloning
methods which demonstrate the high visual quality and low computational complexity of the proposed method

in synthesizing the face image.

Keywords: Facial expression Synthesis, Face deformation, Face animation, Expression cloning.
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(Figure-2): Demonstration of inphase and quadrature distance

iy dges g Liwly jo Lolgd auileile sl
oolitul S @l S 5l SldS 9y (o2, A,
g sn S 5 Oygods (SldS (9,0 Ay 05 o

2 2 ~
N _nit _Tq p=

F = e 20%2¢ 202 P ’

[~

M

=

0 dold sasms jules i Jau Ty o 75 (V) Akl jo

Emadmﬁ NSO S Uity So g Sses dlold g Liul,
abal) pl 0 aoren sl S8 oy Cg 0 aSG by
SLisS g9, Sl Cod sl Sy glad saas Gl o

foela Vo, 1YAA Jl

bl lgie con bl ol 5laisd oo (g5lwad 0,3 6 0>
b lesS Glag s plyie o gy ol 5l g S
S9) e Slez g Slate b (blis ( J S bl ogd
blas plos @ 1) GlaiS (glagps o5 wiid oz pgal
blis dag s cnl S (oo 3)ly 0z pgad (SladeSy)
s Sy 00 S rale e o> S 0y oz psa
4o ol 5o iyl dsz s oz o 1) ol b ol
bl g Ji5 bl e Jolsd 8 o IS Jlop (Byme

Dyl o A1y (SluniS (6505 iy y1 s § 0307

7S 105 (B e =T

o yd Sy oo Slaie b (blE (JyuS bl
oy Ol > g SlalS (g9 olm! le a5 wiia
o oz Do (Silwad jslateds ol Dluca,
Sl (oplplo il o Wb bl 4y oads,ly Jluss
S 5 S Ak S e S A S, ) eslis
oS Jlasl J S 5o jlo g 05l 098 co oolaiu] cqe
S ojlaslas 0gud az g5 wu b asdl.cldls aiales 0e2g gy
REST oy cuz b s anilas gy ol yo 53U
758 9 e B L (JyuS oy g0 (V) USG j0 09 sales
o bl g J S bl 50,8 LG oS el ool ools lis
s oo sl |y bayls p slacg>

bl ¢ g,’J oS bldi 0,8 blas 45’ S bl g Lod 1 (V- JSi)
BUGE Y pp) ubl.w Iy Gl o
(Figure-1): Demonstration of control points. Red points are
control points and green points are directions

dgos dbold g Liwly jo dlold i i -Y-Y
W o (IS LB Codse jl (A Gales () S0
SES o P oY) US55 s ao Cewsts |, &g Ll
Py ez o lis dhy o Py JpuS dhs ) ool JSCiS
olysds abais g P J oS Ak o alrals o p R g ool
sty o alold sasms lus (V) UKo o1y Cuwl A o



Ol by yao plmle el do (F) A, o
LB alols 99 ).de.fw.u‘ LS“‘H} O @l}d.:l} )L).E.o )iié
Ol Oogiain Jdoay usren ol JpuS dads 1o g9,
oy g SledS G b Lulyes blE sloal> Glil
poal by ( JyuS dadi G jpax> ;0 0 walys J S
Sy o 2l SO g x jeme S 0 plbal S
able wlgr 1) O jsod Y Heome

© (@)

9o Sl Sy 0 00)lg (9,5 (T) dlaly a0 azgi b el
At 5l (5,5 alolb b g 090 awle> (JuS o n b Cuzpa
Aboe halS oy bla @ oado)ls g9 J5S
Sylade g 039 oflloy Ojgoty (Sl (6955 (izen
SLetS 9y 5l (B plrale o)l S g he o

1l o Cawdds y35 O jguods

d)=d0ﬁ,d0>0 (f)

(a) (&N

Jloel (Q) . JyioS bl giulod g 9y Jloe!l 51 B oz yhads dxbio (W) . I piiS dbaii o Sloc Ségmés)ﬁjﬂfi}"@n)x:(f—g}ﬁﬁ)
o =250 bg,.yJLo.:‘ (z)o = 301;9).»
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(Figure-4): Performance of control points. (a) Demonstration of control points on face image and motion vectors.
(b) Deformed face image.
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(Figure-5): Block diagram for Synthesis of facial expressions with control points.
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(Figure-6): Overview of the synthesis of facial expressions. (a) Neutral face. (b) Displaying control points. (c) The image
synthesized by elastic forces. (d) The image used to extract details. (e) Finest Laplacian pyramid level of detailed sections.
(f) Final synthesized image.
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(Figure-7): Synthesis of happy expression using the elastic forces and adding details (proposed method). (a) Neutral faces. (b)
Displaying control points. (¢) Synthesized Images by elastic forces. (d) Images used to extract details. (e) Final synthesized images.
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(Figure-8): Synthesis of sad expression using the elastic forces and adding details (proposed method). (a) Neutral faces. (b)
Displaying control points. (¢) Synthesized Images by elastic forces. (d) Images used to extract details.

(e) Final synthesized images.
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(Figure-9): Comparison of synthesized faces with two photo-
realistic and elastic forces applied by control points methods.

(a) Synthesis of sad expression with photo-realistic method [13].
(b) Synthesis of sad expression with proposed method.
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(Figure-10): Comparison of synthesized faces with two facial
expression cloning and elastic forces applied by control points
methods. (a) Synthesis of happy expression for the subject with
facial expression cloning method [21]. (b) Synthesis of happy
expression with proposed method.
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