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FACE EXPRESSI ONS | DENTI FI CATION Field of Invention The

invention relates to i mage processing systens. Mire
w@arvilzsTBarly, the invention relates to a net hpdI/862008/000124

identifying face expressions of inage objects.

Background In the last few yéars, face expression

nmeasur enent has been receiving significant attention

and many research denpnstrations _and f e,]E 61%'

appl i cati ons hHACBJEXPRESSIGNSIDINT ]}Q@h ](c The
reasons for the increased interest are nmultiple but

mai nly due to advancenents in related areas such as
Fiad@ of Iete@ciohon, face tracking and face recognition as
wel|l as the recent availability of relatively cheap ,
Taenpehebh esiatks woinerge fremsesiek pystasy. oMoneparticwladntthe gnvention
wi dely applicable to. different areas. such i mage
relagetos @ﬁ@ﬁoﬁg‘?f lﬂgﬁmgﬁ@?e&iﬁpr?ﬁﬁm 8€£malg§&b§e1%tsh erve
grading in nmedicine, face inage conpression, synthetic
face ani mati on, video indexing, robotics and virtual
Baekgrompd Face expressions are generated by

cont ractions_ of .facj al i.ch, I |t d: 0 ol
1§ S RER Birey el e THE Py b Clhel BRH etiPng senifioan
ABYRRINOWE, mAGS Resedrtip derdttbuakions drexianimercial applicativeshad been
by wri nkl es and bul ges. TyPi cal changes of rruslﬁglleg%l ]
dgeelpwddi dsesteanle Ehe exesesi gt ,hella“sr??%ffg iptgreshare dyt jgamly
d?#ltt? %@\Ea%lcglggﬁg ?_.%l E@Qﬂgdfakéég sSEENER e AetckB8SS héBackdth and face

econ expression intensities are _
rE@?ﬁiﬁoﬁbﬂs evddlyasdié excaitrivaiabelitydirelg@oate chéap computational power.
de

ormations of facial features t he densi t -

FAe® RRMESSIGlpPEATFHECT S SUIS K RADRBLS ﬁoecﬁff‘éwgfa o Sty ap imae
@E@&ﬂ&ﬂn&??%@hoﬁ@&%?%%§, faVinl fakk ratied id efedioR@s Widenighage

e chardcteristics of face expressions are: , ,
dotmbgesient hasetic & aingatione Midep endsaingedrabepeoaidiarual sgality.
initial step performed by a typical face recognition
systemis to detect locations in an i mage where faces
ke glﬁﬁl%%aﬁ a $eHER b eberatiensen fadilheusded, attéch result in

ro

ens ofsface'det ection such as face |ocali zagi N, 1 ki
temporaty flefermed fapsalelentuns suehi@e cyelidh Sy PRIQWF-oPOSes dRpand kit

GRRESTRT ISR BRI A BRLRE (TGP Ehfles - fuscule
ROBlesard dttonasREClhstife 0f & féve séconds, Mos tarely more than five seconds
or less than 250 milliseconds. Face expression intensities are measurable by
determining either geometric deformations of facial features or the density of
wrinkles appearing in certain face regions. Two main methodological approaches
typically used for measuring the characteristics of face expressions are: judgement-

based and sign vehicle-based approaches.

An initial step performed by a typical face recognition system is to detect locations
in an image where faces are present. Although there are many other related
problems of face detection such as face localization, facial feature detection, face
identification, face authentication and face expression recognition, face detection is
still considered as one of the foremost problem in respect of difficulty. Most
existing face recognition systems typically employ a single two-dimension (2D)

representation of the face of the human subject for inspection by the face recognition
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exi sting face recognition systens typically enploy a
single two-di nension (2D) representation of the face

w@boobhzs7Buman subj ect for inspection by the faR€r/SG2008/000124
recogni ti onsystens. However, face detection based on a
2D image is a chall engi ng tadk because of variability
in imging conditions, inage orientation, pose,
presence or sence of faci al 2$tefacts,

face.
IO ST AT GRS e oy e el task because
oﬁvﬂ[}atbﬁﬁ N8Rk SXAELARYichAfeCorlcAfRiIBR] pdseNpy&ice BB ableate of
w th technol ogies for creation of three-dinensional
facRDprtefacts) Bcoéxmedsiomand 9uplusion’ s face based on a 2D
di gital photograph of the human subject. However, such
technol ogies are inherently susceptible to errors

BSOS o tah8reSOMRUWHBFcbfingE o€ leyistig FaRrolead griiora spmodedl with
froma 2D photograph. I n additiaon

| such technol ogij es,,
teshuolosiep (1 ASR6AROF P GHOPPEAlAR) FREE GhegHE T ba!s face
sui,t abl f,or i it ﬁ%ﬁn logi
o L RGP b LRGSR Ltk g
afedinh &AL uyteiiylé oF sRmS sinckidine eomputer/isemersly exigapolating a 3D
foreqgoi ng problens, there affir for amathq

d d
nfogiel Hesya i @thﬁﬁﬁaBb-ecInfaéé’émaeﬁ ﬁ%sl?r.]pecﬁ%gl%glﬁl céon?pélé%mnally

iﬁ?}ﬁsﬁ%seﬁldq{éﬁcé &?%lﬁ bt 624iAP1eThr 1RSI AR EACE recde A ¥ystems
odi nents o e Invention discl'osed herein provide
véheredpod addaccichen bid gssengial fir eatistptaygietiesmaicean i mage
object. In accordance with a first aspect of the
invention, there is disclosed a properties neasurenent

t hod conprj si rovi di an i f '
I—Jg}g]c%clp Ylﬁwv&fi t@ﬁ r}gﬁgo%l%gﬁlgglsaﬂ}em%g_gg}rgn%n% Flg%daF@?%Bethod for
p‘i‘@\ﬁ&iﬁg %ﬁ})ﬁiv'e@ FaRfdetddtion asenadle fabeetpregiomhjanificafdreof image
nmet hod al so conprises providing a three-di nensi onal
obBL¥s. nesh having a first plurality of nesh reference
points and a second plurality of nesh reference points
in which the first plurality of mesh reference points
Suisinh e second plurality of mesh reference points are
predefined. In addition, the nethod conprises .
Brassthinkits g tie ipbemdhidiseloséd heainprevidontmahed ffr id¢nsifying face
I mage obj ect, fromthe image and identifying a first
eFPiessiPRS §f apFinjaga §BieFlef er ence points and a second
plurality of image reference points based on the

plurality of feature portions of the inmage object. The .
Thi desbrdance with a first aspect of the invention, there is disclosed a properties

measurement method comprising providing an image of the image object in which
the image is a two-dimensional (2D) representation of the face of the image object.
The method also comprises providing a three-dimensional (3D) mesh having a first
plurality of mesh reference points and a second plurality of mesh reference points in
which the first plurality of mesh reference points and the second plurality of mesh
reference points are predefined. In addition, the method comprises identifying a
plurality of feature portions of the image object from the image and identifying a
first plurality of image reference points and a second plurality of image reference
points based on the plurality of feature portions of the image object. The first
plurality of image reference points and the second plurality of image reference points
have 3D coordinates. Further, the method comprises at least one of manipulating

and deforming the 3D mesh by compensating the first plurality of mesh reference



10

15

20

25

30

plurality of inmage reference points and the second

plurality of image reference points have 3D
w@ompd2818d es. Further, the nmethod conprises atPCE&62008/000124

one of mani pul ati ng and deform ng the 3D nesh by

conpensating the first plurafity of nesh

ref erencepoi nts accordingly towards the first

plurality of inmage reference points, The defornmed. 3D
potaishaetostingly e vards &hc bisdt b‘ium%éﬁf iqu"%%gen{efgﬁe?‘éef Sz e The

degt?ffn?édSSDlrﬁ‘ Lc%i%&é&? tﬁ@gegeﬂd Fﬁ%ft'y SE$ndsHeeidhyé Beints. Lastly,

erence en the di spfaced second plurality of )
theestthoéteneriss ideitifyiagatferche swweenithg| displaderypeend plurality

image reference points for aobtaining.a fir [

ob s qetararies mronts A Be s Riiep el ek s for

O@%ﬁﬁ% FirdtNRofiler 2l iBEMHYing a AbEetirbdsRinesiCe iagbbbjictashsed
y CO

aring the inter-configuration of the displaged

os deofict ptafilal Thy differensshis plipined by COPBRAAS th fsrropgtiguration
Lnterconfigurati f the se ity I snter-
o 0, ARBLLI AR a0 SARUF THGE0, DY, LA e

i dupidnrend sebnd bhiedy bSintigectfesede poiievi ce readabl e
medi um having stored therein a plurality of

progranmm ng instructions, which when execute by a

machl B et 08n 1N ' enveRBoTBBBINE diSciBdeava device
I%ﬁc?or%%geo&ﬁ?ﬁe§%chg(gtédk%1§g§?h?n V\:hi(()iﬁ th(;3 imalge is a .
rdadabldi medisino having 2B)red eherementduiabty of programayeg apstyugBons,
i mage object., The instructions al so caugse the. i
TP HECH e SEETHESE BRI Ry R RO THG G ProVide an
iﬁ?%eﬂ Pl bty MfiediBmh WL RO GRS Bt & aReldEnasimatl (2D)
plurality of mesh'reference points in which the first
rqgireseatativy of theethe oéfthe dmege pbiost s Thedinstactioms plgp cause the

lurality aof nmesh referenc ' I ' :
oo e TR LA BTG LM B Rai oS! p e b mesh
réRAbE DYinds BhdIbabid Sfraligablifeslpesteicnns poihtst inewhivhghe first
object fromthe inmage and identify a f.irst plur

. [t .
il ireafen e biefoerse TpBIingas I GeeoSRIBDpp LT 15eTRCe points
| A eferenge. Noi i . lurali
AR R ITRY, bR A Mg Yol i
oF stttk ipoyticafs of fiRgienage bjeenempins mageand iddntify e diosiglurality of
plurality of image reference . points have 3D . :
1B CAPTATESPOIRG P &SSO VALD RIdIRen Lo TEISePaiplg based on the

G i findRB81 Hcdt eTROdirste k4Tt het i

A e T S My
reff@cengsnpoamt shaseomdi phyirality ovfaimisge heferaneg tpoints have 3D

BLUE 3 TR LSRR 06! i TRe SR PEAPE e
PRiddkcim the 3D MesH BEcompensating the first plurality of mesh reference points
accordingly towards the first plurality of image reference points. The deformed 3D
mesh displaces the second plurality of mesh reference points.  Lastly, the
instructions cause the machine to identify difference between the displaced second
plurality of mesh reference points and the second plurality of image reference points
for obtaining a first profile and identify a face expression of the image object based
on the first profile. The difference is obtained by comparing the inter-configuration
of the displaced second plurality of mesh reference points with the inter-

configuration of the second plurality of image reference points.
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i nstructions cause the machine to identify difference
bet ween the di spl aced second plurality of nesh
WO edoenzstee points and the second plurality of POES§62008/000124
reference points for obtaining a first profile and
identify a face expression of the i mage object based
on the first profile. The difference is obtained by
conparing the inter-configuration of the displaced
Byiet BeserintinnaOf dhe rafwdags r ef er ence points with the
iLnterc i ti e : I t YR el to the
EpfpERERL S ohe, Loy R, SIS SEERAE MR, i lTege
dfarbegh ewhishof the invention are disclosed hereinafter
with reference to the drawings, in which: FIG 1 is a
t wo- di nensi onal (2D) image of a human subject to be

F¥(§‘.SP?§EQQ/0QMm%n§i91‘HI abDY ¢60g bt h MinENSiuBfBce P be)hdgctidy a
ace-synthesi zi ng techni ques provided in accordance , )
fanidl reaugnéidposyistean tempfloxing thy Esenynthesizng i leehnigres; provided in

a generic.three-dinensi.gnal .representation
a?ﬁog‘%‘?ﬁe Rahgn ebg%llfﬂ?}gﬁf&fbﬁms(eeg@w%ﬁg}l% shows t he
identification of feature portions of the 3D nesh of
FIG 2; FIG 4 is an image in which feature po tiogsd ¢
Fif. 2He ahgenericshispetimensionah 43D )mpsh gepepegtation,phy the head of a
hi dentlilg.g&d; FIG 5 shows gl obal and | ocal deformations
Blé]laﬂé éppi ied to the 3D nesh of FIG 3; FIG 6 shows

an i mage of a synthesized 3D head object of the human

subject in the 2D |m of FIG 1. _Fl 7 sho )
Hetmyehavs HeidmtbR Gy dra e s o of B R AISE R BICR
6 is fitted to the human subject in the 2D i mage of

FIG 1; and FIG 8 shows identification of face .
FéGp# ds si dmagd it wbichyfeetnmspordn3ef the dumsyj wbjechin thedmage of

taile escription A nmethod for identifying face
FZQpPgrses‘fl?fﬁgieg? an i mage object is described
herei nafter for addressing the foregoing problens. For

urposes of brevity and clarity, the description._of
Ptpl)ﬁeg slvenglobal and loc%/ahﬂ@f@gnations b%a/ing applied to the gb mesh of FIG. 3;

FIG. 6 shows an image of a synthesized 3D head object of the human subject in the
2D image of FIG. 1.

FIG. 7 shows an image in which the synthesized 3D head object of FIG. 6 is fitted to
the human subject in the 2D image of FIG. 1; and

FIG. 8 shows identification of face expression of the synthesized 3D head object of
FIG. 6.

Detailed Description
A method for identifying face expressions of an image object is described hereinafter

for addressing the foregoing problems.

For purposes of brevity and clarity, the description of the invention is limited

hereinafter to applications related to face expressions identification. This however



10

15

20

25

30

hereinafter to applications related to face

expressions identification. This howeverdoes not
w@em@elizgies var i ous enbodi ments of the inventi onPET/66G2008/000124

ot her applications of simlar nature. The fundanental

i nventive principles of the &nbodi nents of the

i nvention are common throughout the various

enbodi nents. Exenpl arg enbodi ments of the ipventi £
date st pirstidsaiagions PRBPAECELs of tHe ARRaHFE SO PHCEAPRlICaons 0

g _of I hexdr ' hy | ents of the

At AN e A ek g A
inf¥@ichl afeesmﬁmlthl(oﬁgl)odt teegenrib@® embpdieseist at i on of a

human subj ect to be inspected using face recognition.

The 2D i mage 100 preferably captures a frontal view of
E{z%@pl}@ﬁ P&fhhﬂ:ﬁtshé‘ﬁﬁﬁ BVBitRE ddsbrivddl BdteinhRermajeOini ziqcoﬂfance

clra

eatures of the human subject are c|ear
withSiltise1 tF18eof thei dthwingat rwhich dikie (Rlemede aty n%\a@e%fwﬂh like
t he eyes, the nose and the nouth of the human subject.
leé?fe’é‘?ee%m 1§hovv| ng the facial features of the human
subject in the 2D i mage 100, the synthesizing of an

accurate representation of a three- dlnen5|on? .
FH&al skubyse@twwlmﬁélmh@@)swjg@épo é%l?ﬁe%eﬁtéﬁoa@ &el}‘iﬂa??‘h%’&ﬁ“
bse uentl t 0
topf’%f“% %t'egjl (%ufércg ggéogh%%n e101‘) Qrefe?abl?r] captures a

eV| ce t alled wt
fidhtaD &evd of iy Gerecatuthb eﬂndlﬁVSubgc’( (fC@)ualnr tha majority of the facial

f&?&gﬁgﬁﬁ%ﬁb{ B Sy JURO g eaiheiahfraags HENEone or
S Sf‘ﬁﬁneggg tﬁ@EBQréillﬁrtﬁe m%'uﬁ%‘ of%h8 Bﬁl‘ﬂﬁn uRBLtEhcl28y showing

represe e face of human subj ect. The 3D nesh
ﬂ&ﬂ@cmSRQngemefﬂmlﬂmmmsnmddhndbméDHU@gédOQHbﬁﬁgﬁhﬁﬂEHgOfan

ag‘gﬁt;r)"i?t% g‘%?tﬁ‘?s:eﬁgl%ggr gﬁlﬁ}]f“g% %ﬂg%}oglég@z)g%té?% ﬁgj%?t of 1l the hltlman subject
chll cf,ﬁ &forafd dubsefuedydeth widilod 1k ll’JIthige 000 is preferably

prede d mesh reference points 202. The alléﬁ?ﬂ%
an@sfedr@ixm erdeerlqumtaléedzwhu %thﬁhérphﬁwet%élla o 1St ora

i nt sets; f
RS BB O DS SRt o e
d@?ﬂc@‘i&lud@r@gi&élrcﬁﬁleﬁls U\Kfaiclatny aﬁd cimesdrdersf er ence points
conpri ses markings such as on the [eft and upper
contours, and the left and right | ower contours, in

L t Jausdesh §&H' ect. The 3D
U POUhI TSP SRR o e gl §
@@ﬁamoatleh gendriefasemodel cohsinatedtfyorosample da@fcéwt@mcbfrom faces

oi nts conpri ses r ki ngs .ar.ound
o% human subjggts represeg?ing a pop la{lon cross-section. In addition, the 3D mesh

200 is provided with a plurality of predefined mesh reference points 202. The
plurality of mesh reference points 202 is then further separated into two sets: a first
plurality of mesh reference points and a second plurality of mesh reference points.
The first plurality of mesh reference points comprises markings such as on the left
and upper contours, and the left and right lower contours, in which the markings are
subsequently adjusted for performing global deformation of the 3D mesh 200.
Separately, the second plurality of mesh reference points comprises markings around
key facial features such as on the left and right eye center, the left and right nose
lobe, and the left and right lip ends, in which the markings are also subsequently
adjusted for performing local deformation of the 3D mesh 200. The markings 302 of
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key facial features such as on the left and right eye

center, the left and right nose |obe, and the |eft and
w0 p@bt12478p ends, in which the markings are al SBCT/SG2008/000124

subsequent |y adjusted for performng | ocal defornation

of the 3D mesh 200. The markPngs 302 ofthe first

plurality of mesh reference points and the second

plurality of mesh reference points ar

b .
thelf@st Buraltyeof3mP s rense PpuIs kit gxegpd a@fﬁ% i ngsppegference
p?l geaég 5§ L&D 3 bflgeéD tofsh 920 E‘ssﬂ’l@ﬁ tl:ﬁgr é&ﬁp&a th Weeface of

ion.” From'the I mge 100 of
thel tumadni suljeof toftedhapreetef asing das roogniieont ace of the human
subject is then identified as showmn in FIG 4. The
plurality of feature portions preferably conprises the

F?é{ﬁ%he E]B%nﬁgy bo apFiGhe @9&@'&1@{, of If&tﬁr@qﬁ)u%nstéfeha aerof the

j ect. d|t|on the pluralit feature
hpmamsub;ecﬂ £ ﬂwantdemlﬁ@ﬂ lBy s @Watlh G h‘e f Hese phralityeof feature

h t h
oo B! i P06/ 7P R HE3580 B dEes of e
hﬁﬁltaﬂ QQ[% edelth akaieon, he p‘lﬁt@h‘@rdf fedtede pfwtldmov\hdmigﬁedb by é@batmg
net hods, feature invariant approaches

tlncafacmoh@e fhemias gebispidn Abp 2 imaee | ¢a sEif ﬁ%ﬁ? gg%thu}&’faflé}lblect 18
ace cat | g 0 r f,
B D ATHEL D Ry, ey

F@Bﬁseﬂ&ﬁétﬁbdﬁ‘ éﬁmreém/amﬁnﬁ dpprdachesy tesnyijite anatching methods

NOt b the f | d,t t h
ap PR Hinpe g b oGS p G TGRS e PUBRE 11 (P age 100, 2
%ﬁgﬁ of ﬁqt% fg&n@ Redxd ﬁeﬁtﬁfedﬁﬁ QR t@focht'éfimﬁ)@ﬁ@nt‘m&alaﬁe@tures of

detected using edge detection techniques well
theonan subjéue. Nottabl}'il'Hhe fastahtfeafcure‘dCCp‘rQSP@md toythe plyrelity @f deature

portio | d wth

RO e %@t}ﬁ@ %@%3 @gS goF %1%3 re ex %%t%mg%ace 402 are
{BAPIMedidl Hifz edbe RRREDA kdeBhigVes wACRn®In e pttur al i ty

of 1 mage reference points 404 has 3D coordinates. In

order to obtain substantially accurate 3D coordi nates

ﬂ{?ﬁ tﬁbe%?pétg{aﬁ}}g LAl L ¥)o1§3{on§ MRge, LEIRILRRE PALRLSy of image

extractor requires prior tral ni ng in
et Ghe BBt 43 Wiy @ftdaetentradtor dsashgivh ihdlGt 4 Spenti¢dlly, each

ol DaFitn R aaaSce BB PO A B GRSl B ThpFGY T obtain
ﬁuh dtla u% Al %ﬁf@&?r m%%% cﬁ"xéa@i?lo? th@)f)lﬂi\ﬁh@'goiaﬁnagéaﬁfﬁerence

fere s plurality of 1mage feature points,
Iﬁﬂﬁt’@ 4041’&96 féamat lﬂ:lxafaqsior requites, prior frairgng i whichythe fefue extractor

U500, Pl 258 U190, 20 et el LS s
a% [ BLAN 12861 &I U dr@RSrriflized at a fixed ocular distance. For example, by
using an image in which there is a plurality of image feature points, each image
feature point (x, ) is first extracted using multi-resolution 2D gabor wavelets that
are taken in eight different scale resolution and from six different orientations to

thereby produce a forty-eight dimensional feature vector.

Next, in order to improve the extraction resolution of the feature extractor around an
image feature point (x, y), counter solutions around the region of the image feature
point (x, y) are collected and the feature extractor is trained to reject the counter

solutions. All extracted feature vectors (also known as positive samples) of a image
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t hereby produce a forty-eight dinensional feature
vector. Next, in order to inprove the extraction
wo e®olizd78on of the feature extractor around anPCTRGE08/000124
feature point (x, y), counter solutions around the

region of the inage feature point (x, y ) are
collected and the feature extractor is trained to

reject the counter solutions. Al]l. extracted featur
fegtaira peiat @ SEOKTIFRA B BBSt ¢ PveV ee%*i%ua? VgCtors OF counter
' f QL AboARE shiABRs LR RS itBred if hakreip¥nding stack
So\l}ﬁlﬁ?’g (?%%R%Q‘g?ure %ect gr sSofS)Sc'ount er sol utions l%-bal so
“Fih oTinis dsennegeitiey & fotnpigbsdinensiond deatgtedrestyr japd gimensionality
correspondi n

stack "B". This t.he oy| :
refligitop. SpgRLP %ﬁs?%‘?neﬁ%éjf@?%m v@gf‘@r \{ga;hgéil Tequired.  Thus,
di eﬂﬁ@ﬁélﬁ?%k&ﬁdiohqg peitb@Red Sr @t Ehienposiive conflenePC4_A) and
anal ysis”(PCA) is then required. Thus, dinensionality
thedgattviesamiptespdiGhied for both the positive sanples
(PCA_A) and the negative sanples (PCAJS). The
separability between the positive sanples and the o
TRE §Hat bRty BEBVRS the peydliveBangrdesusidrige hegadisie samples is optimized
di scrim nant analysis (LDA). The bSA comﬁutﬁti ortnﬂ(l)f ositive
usihg lipeasi disvamzanp pralysis (bBAYor MsalBY EYPRYatipR of the p _
0Sitiv ;gejg(% ' |288 ndgativiedhmiphtd as trainin
Sés%ne@g.is \%{)ﬁgﬂ?# g?(g%tﬂgélet ,MP\)(%GAS\EA Ai[?aand CA A(B), are ¢
sdthenTwo ediffettnt rsets) Pidk!_pi(4) end RGP of(B).herepihen tqreated from the

L i AL I Py o

t1+ei neasc A §@5iii0apted & then«Hef Mhedbews lingurtdiscrfrinmer is then
I near discfimnant analysis on the basis of

a
defimedcisisg the dishemiineedisdriveinantoamnsbisisnPhahe basial gfst $Warelass
pttc%i\eri(efg ecﬁlﬁng%ﬁ 21@9?\1@%1%%1 .Iagagsi? Yor CRETLL 1P¥ey A(A) is obtained by

val ue must be Tgener at ed.
cé@ﬁ&gskm uleChi Aedy sidiss <0nivalaatman bt gshaafl. Similsdy, the
PCA A(B) i

. i S obtai ned by conput | A .A(PCA Al :
ligearc disgritvinany gngdysiiu L~ the §€n gﬁa}ﬁégﬁﬂ F eoé:éﬁg(i 5%%) |<i-oln%putlng
thr eshol d bes S§He kSpabdtihity threshold
T e
phésefEstwes 0¥ plvachewds &f thewedtomatedDA A. However, instead

of using the sets, PCA A(A) and PCA A(B), the sets
PCAJB(A) and PCAJB(B) are used. Two scores are then

E%?gr%j[egﬁ d%§§_§ gpa}cfg\%deﬁl Gh@RamBKReYsRs fa%aé)gzﬁné’ci afiae, foX,LDA_A.

rou ng two processes: P DA A
HdWever, instead of using the sets, PCA_A(A) and PCA_A(B), the sets PCA_B(A)

and PCA_B(B) are used. Two scores are then obtained by subjecting an unknown

feature vector, X, through the following two processes:

X=PCA_A=LDA_A (1)
X=PCA_B=LDA_B )

The feature vector, X, is preferably accepted by the process LDA __A(PCA_A(X ))
and is preferably rejected by the process LD4 B(PCA _ B(X )) The proposition is

that two discriminant functions are defined for each class using a decision rule being

based on the statistical distribution of the projected data:



10

15

20

25

x=> PCA B LDA B (2) The feature vector, X 1is
preferably accepted by the process LDA _ A(PCA _ A(X))

w@eahoi1s87pt ef erably rejected by the process LDAPCBSGLA8/000124

B(x)) . The proposition is that two di scrim nant
functions are defined for ea®h class usi ng a deci sion
rul e being based on the statistical dlstrlbutlon of

the projected data:f DA A (3) g(x) =
LDA_ B(PCA )TL&A% Cf‘TA d set% B" are

defi ned as the ' ea featurg" training
sets respecti vél(’?/) 4@@?495)?’%%- di n¥nsi onal
clusters are al so defined: GA =g(A), FB=f () , FA
=f(A) and GB =f(b) . The derivation of the nean, 3c ,

san€h shandar dRdeyd defies as the baterthandf “tonefeftowy” training sets

one-di nensional clusters, FA, FB, GA and GB, p%F éhen
rasmnpucled Fotleer Ay %@cﬂl@%ﬁﬁ@%ﬁ Glustsys &t Blso &Fﬁ

RBGF ?g)s 4(:SSTA)ar S, %i '@;\%e}’@ ?ﬁ%@ﬁ Y-_a%%jl of e mea@ ))E
stlaﬂ% élgg{}.%flrl(l) ﬁegacll %ng}enfo}/ne&&eoﬁlm%nsﬁﬁﬁ o?us@ér? GEA OfYp G‘Jj and

WO di'scrim nant nct’i'ods are
R4 tH@rgcoxﬁf)utetﬁ (Vhe ffohn Yt ﬁ@(dﬁ)d d)iatiopfof-FATFHS, Gt ank@ are
-nA\  Furt her, Iet y& (g an@ sFA sFB
resﬁébtifzhb' ax@otserd as xs,; ihe @‘lnagsk )‘u acl 6&4 c”r s\&ar> &z Jor
"B" according to the pseudo-cqde, which is

Aaishtlolna}by form givan sEciostelthep 'rOJecjms Obg e_éectpf %ang Qhe two
ﬁénm a%f#ﬁﬁx?; nsgﬁrg%i)’ia%d T ; if(yb >3.09)or(ygb >3.09)

| abel =B ;
¥ = f(¥) (5)
vg=g(t) (6)

|yf MFAl = lyf— mFBl, Jga= |yf—-mGAl

and
Further, let yfa=—"r sFB sGA
_ |3f —mGBH|
e

The vector Y is then classified as class “A” or “B” according to the pseudo-code,
which is expressed as:
if (min(yfa, yga) < min(yfb, ygb)) then
label = A; else
label = B
RA=RB=0;
z'f(yfa > 3.09)0r(yga > 3.09) RA=1;
if (ufb > 3.09)or(ygb > 3.09) RB =1;
if (R4 =1)or(RB =1) label = B;
if (RA=1)or(RB = 0) label = B
if (R4 = 0)or(RB =1) label = 4;
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if (RA=\)or(RB =q) label =B ; if (RA =q)or(RB =I)

| abel =A ;Preferably, the plurality of inmage reference
w@eintizs7404 in 3D are correlated with and est i PEl/862008/000124

fromthe feature portions of the face in 2D space by a

pre-determ ned function. In %ddition, as shown in FIG

4, the plurality of imge reference points 404 being

d t he. 2D 00 th
PreTeg <P e 5 G OF IAGSETTTREE VDS FOF 11 3t POy el offind
eﬁln%‘?e% frgﬁlletﬂeefeﬁtu?eng #BH? lof QH@tf&‘érﬁ 2]D h@adeehy aap@-detaghitined

ower contours eft and right E ends and t he,
fupbiion. tImpaddﬂroinowshoWInen @4, gb@plumhtr rbinpgranfesansy seints 404

i,n th .100 ds to
beits FRESHIZOUTE LR BRRaP DAL et BB 5GE: pose
tl% Qheigtarit 11§rﬁ g [9bke) tRd Bftandaipdecctgrsurarthe teft aua:bmgd lower
sing an edge detection algorithmsuch as the Canny
cadgues,dbe ket and, r1g§1[911p@gd§@;@gg ¢ ARipdIPAo8IWken conput ed f or
the 3D nmesh 200 for azimuth angles ranging from-90
degrees to +90 degrees, in increnents of 5 degrees.
TRE @b ableyof tRehdhhmestiecdgehedpsimage tihperdododrd gstimated

belora At fiveh RUAgep s eroere B HadD Tt 2004 wmigedat o
azdIn[ ? %@ alnp%gges]agg eﬁ?fct?ﬁs‘ir?gcérﬁéhg'é%‘efé@u&h 8lgBflten such as the

mto alnanlmaeedemap&}j
Cﬁﬁ@v\éﬂgw&ietédﬂ@ AD mm@edg@@lapEamﬁh@f cerhputgforetbp 3EYgesh 200

maps i aredtothe e e

o oS R b e i rl BteeS, ﬁﬁe%r ¢ T 3 eReuts of 5
T WHd8e tags Biesdoatputed veenardheoraDoff-

dﬁ%é%quge mapsfhe ?%gl%égcl igtejeagsdlest ar?cl:le t%sform (D‘Ig)

lmélﬁdtremmgiaaedge map i s conput ed. For each pixel in

S AT o500 Bt QR CRRRER It 00 e
e&fi‘é‘ct&?%ﬁﬁ tthElQﬂgé Qfe&cﬂbﬂallg@fthmm brageare digegerepdge Tipp (not

val ue of the cost function ach of the 3
shesn- e inissages] CheRo ol S MBS URCEPBHECdHo the

1%%6 edﬁg g %u{oec?etérﬁﬁned{gﬁﬁﬁ r?agé, rREkReRe bR 03R14PRSNBEID mesh-

nage e p Is expressed as:  DT(i,j)
ebbe maps. To compute the disparity between the 3D mesh-edge maps, the

Euclidean distance-transform (DT) of the image edge map is computed. For each
pixel in the image edge map, the DT process assigns a number that represents the

distance between that pixel and the nearest non-zero pixel of the image edge map.

The value of the cost function, F, of each of the 3D mesh-edge maps is then
computed. The cost function, F, which measures the disparity between the 3D mesh-

edge maps and the image edge map is expressed as:

> DT, )

F= (i:j)EAE}\}v (7)

where A, = {0, /) EM@,J)=1} and N is the cardinality of set 4, (total number

of nonzero pixels in the 3D mesh-edge map EM). F is the average distance-

transform value at the nonzero pixels of the image edge map. The pose for which
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where Am={(/, j ) :EMQ j ) = 1} and Nis the
cardinality of set Am (total nunber of nonzero pixels
wo poobhz878D nesh-edge map EM. F is the aver agePCT/SG2008/000124
di stancetransform val ue at the nonzero pixels of the
i age edge map. The pose for i chthe corresponding 3D
mesh-edge map results in the | owest value of Fis the
esti mat ed head- pose for the 2D i mge 100. ce th .
theo serrepopdiag hilei e St 8sc MAp nepHEs Ebth%]g%e%ﬁ?ﬁles o Fis the
: 3 b 20, 4pdepgoes gl obal deformation
e@?%%?*{s}&%@ng P SIS a0200 to the 2D | mage 100.
The deformation of the 3D nmesh 200 is shown in FIG 5.

QR oL e Wb Bl Sufiet O AR BEAMATR I8k if lovh 19 8¥sn 200

L@h&f gld S¥bATdetdREAL A E6 O BBEANP YIS nddR 209 toIHR2ID dmage 100.
e grm ne a solution for the affine %ararreters. A

Theplefadmadioni efetheotie | mesbied0 &y shaven & S Sdel Brigally g affine
. LG .=
LRt sty 1wl debalolndics  ub 8 e o8 o g e

litysT i812g€ esfedhoapeiatsofodtibesederotdecemins a sdleti@Dioralshatfine
200, and sub_scrif;gt "gb" denotels1 al gba def or mati on. d as:
pRrRanCigISi Aetypisaeatling progpl ysad épthe glogplgrdarmationys pxpressed as:
the 3D nmesh 200-al ong the X and ¥ axes and al so takes

i nto accougt 1 he,shearing ogcurri [ he X-Y pl ane.
The affin Xré”e 0 Crlfbt iecgﬁ parar@reter a en% t ai ned S)y

m ni m zi ngYshes F@: pregj ect i ol err g of | &he firs®
plurality gfb rb refoereln e+d_ocjtn < on| Dhe rot at ed
def or med 8D*nesh 200 and t'hé oc6t [esponding 2D

| ocations in the 2D i mage 100. The 2D projection (x f

, yf )of the 3D feature points (Xf , Yi , Zf ) on

t he d 3 h 200 i.s expres ;

5 08 05 B Gt SR TR S0 St 360, ana
JuBb@iph Opb MBdnbies Lebal gePanstidig Tie dffige amidenmipespriagdy stretches
pose for the 2D i mage 100. By using the SDaigordl nat es
afshrinks fleuilaintasl 260 alongge Fetnstk Bnses Fut #8Q takgy into account the

s%%gr%gi Stu r?r)g 1 e B(bf Blaﬁg. The affine deformation parameters are obtained
by minimizing the re-projection error of the first plurality of mesh reference points

on the rotated deformed 3D mesh 200 and the corresponding 2D locations in the 2D
image 100. The 2D projection (x,,y ,)of the 3D feature points (X ,,Y,,Z,) on

the deformed 3D mesh 200 is expressed as:

i i
. . . aan +a12Yf +b,
f =|: 11 12 ‘13} alZXf +a22¥/‘ +b2 (9)
Yy For T Iy 1
\____v____——/
Riy J 5(“11 +ay, )Zf |

where Ry, is the matrix containing the top two rows of the rotation matrix
corresponding to the estimated head pose for the 2D image 100. By using the 3D
coordinates of the plurality of image reference points 404, equation (9) can then be
reformulated into a linear system of equations. The affine deformation parameters
P=[a”,an,am,azz,bl,bz]T are then determinable by obtaining a least-squares

(LS) solution of the linear system of equations. The 3D mesh 200 is globally
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refornulated into a linear systemof equations. The

af fine deformation paraneters P =s[au, an, G 2 1 ,
w@2@9/124784 b2 |t are then determ nabl e by obt aP@i/6G2008/000124

| east -squares (LS) solution of the linear system of

equations. The 3D mesh 200 id1gl obal I ydef or med

accgrdldng to these paraneters, thus ensuring that the

3D head obj ect 600 created confornms with th .
dgfspmed iaperding e peesg AR T3 B PIEBE Rt e 590?6@&0%% 600

38 SR O, HLAHEGFaRY ShaBE OP lo 90eBumAhsu d
Cheaegsocgl?gctsqgg% isﬁgowﬁﬂai nQII%PG 21{4 ilsér%@gggi&?i omn, t(;b}&t o
thosignidicentr fattetes ad aptpetlyenligbedre The 30D heasl obhjectififeig shown in

bj ‘s f f he 2D i
A7 b ORISR, &8 PP GREERIAD TPk W 30 OB 30ER psrbgmen

s3befBS P Gfbm RS 2D daigy 18011068 RforhfadiosDareiirodOébRr@ the
performed using the second plurality of nesh reference

ghatiatly sqefpmmeghplohmeste 208y ti.ewd dsformliompofdlh 3Pomegh 00 are

displ aced vi.a i 30, : ' -
PSS OB P b AR R Serices
dritiee APnheRA0O bieatispl&a vispdrhebatioust om fitted, as shown
in FIG 7, to an inage object being representative of

the face of the human subject in the 2D i mage of FIG

(%necaegﬁg %Jﬁgtz%s%?o(%)' ilg tsahﬂﬂe(? DeHEESmh RPiccbitfnSHhB D ﬁl@c%fe 3100, the

appr oxi nate r epr esentation o
Ihdeddoleaxilesshen cagouefiitat @d shywi fie FAGn@ntosabjreege object

in the 2D i mg 00. Ip.adqditi . the f . '

Qs AR B RER Py HRd e SHHIPFaR oD e BeaFIChd - The
é‘ﬂl%%ﬁi gt SREARALA! tEalhihsiadd IBSKeal &SRceH00 iP@nMpproximate
and the second pluralify of inmage reference points for

repesdntitiog &f thierface pxpyession asTHepieled divdthp | hywmeni upiest in the 2D

.resh ference ints is displ. . -d
TapaES' T ARRPE T ahORCRE PP OB AR B b
HedReenThR dbplh@idensond plablisi ofehebly reforanae ipofnts had the second
i nterconfiguration of the displaced second %Jurality .
whrafitsof image refpreacy BpintssionPbRIinEa {1 Brlilonf g second ghurality

t he g o : .
R Lo Lo A SR Mo n
fobidahdsioted 2hdmage Po@f Thediffepencolid altainad b comparing the inter-
statistical match., The referenc. i|les.are

f . )
PnEZEBHp Of dha fFPisPe SeHPFEITLBF SRsshi§fgle groints with the
igkeféfc‘éﬁﬁ afi@f 'o?'th@’%@écﬁﬁs%lﬁ%i@fofﬁ%@ BERERet SoihfsOMThe first

popul ati on cross-section.” Hence, by obtaining the
@bfitd &t iheal comparéd @ainkiea fdatabase that contains reference profiles for

obtaining a statistical match. The reference profiles are pre-computed and
correspond to representation of different facial expressions of human subjects from
the population cross-section. Hence, by obtaining the statistical match of the first
profile against the reference profiles stored in the database, the face expression of the
human subject in the 2D image 100 of FIG. 1 is identifiable. FIG. 8 shows the
correct identification of the face expression depicted by the human subject in the 2D

image 100.

Alternatively, the face expression depicted by the human subject in the 2D image
100 is measurable using inter-configuration between the different facial muscle

groups. Typical facial muscle groups are defined together with the 3D mesh 200.
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profile against the reference profiles stored in the
dat abase, the face expression of the human subject in

wo b@9223784mage 100 of FIG 1 is identifiable. FP@/S&2008/000124
shows the correct identification of the face
expressi on depicted by the hddan subject in the 2D
i mge 100. Alternatively, the face expression depicted
by the human subject in the 2D image 100.is S rab(ie
Eagh myiselatod eael RYUsele msqupopsictehaense shte and £ap ﬁ@e@erﬁ pway

Tvni : :

87 B QR A0 g o R GALR 00 e e
208 chitlmus ekprespiau pPledeablys tiec nesh 208tie exprdsstemessevhen each

def or away. fromthe reference stat for exa e
RSB O e e OB 1919 B GUPECE NBea s RResb i Fregh 200
vRYREE85510Pal AGbEN @lRfFmatibie a3 EhdWs th B 3,She respective muscles

expressionl ess when each nuscle of the muscle group is
groupsteadribé eeferenee state of earhusspalire piveclsPIfhe mupglg groups are

upder goe al, .and .l ocal f t ' :
PR 58 A 08) AR L RELEEPE AR o P rspccte
HeLRr @066 Skahen obtaee byr@aathg wathnis sheahuschegroups in the

nmuscl e groups are deforned and redefined accordin Ig.
cxhestelpeestye. ddrcleaire Blefrrmanen o §l?§e@_t5PQPé‘Vﬁﬁ‘§%§F]g Toups 1s
a%’ooﬂxfo%r?rag thd %Brrﬁ%le@H NEffelRY e OTRALE NG Wid thahl&, S8 Bpression
fuscle groups 1n e expressionless state. The degreée
mbfildetarevponding ab arheénterspeuratennus che iglemgpens detteso the
known as the normgl.ized di fference. Hence, .jn,this D
e mussle gsopeRHiBhroproPRE® BEF FABISSHOR R E Jutigh subject in
' i1 1 0L bt ARe O ThO@xprRtSsRpEIMNTs BRhWoRpatddagainst
t%???é?%%? %%g%ﬁghﬁﬁ%ﬁps, mﬁ#ch regresent.the ?gﬁé_ agalist @
dasabrsrsthrorontding teferueesexpsasbioa profiles fhebmningagéatistoalimatch.

bt ai hed. The expressi on fi.le is
8 o 4G AoEr Rt TEBiiea e Syar iR ARk Eonds to an
iRleRtbh@surhttin ODh3inMisBR @ogpsafor atpaeidduldreghehexprasionof Together,
the reference expression profiles is pre-conputed an?
the referspem epressiaanpiofites cortpiine gl pessibls face expgestippg displayable

;}?u % I fects éé)p%ﬂtﬁ)'h %r?ﬁ%%e@t’f&{. ePRd Blle e%ﬁ%?sti&?[)f téferlﬁlman

ence’expression pro es conprise all" possib
dudfeet BXPEOSsimae 10sHlteeadireectly iduntified s isheeh sn FHGa8 when a
popul ati on crgss-section. The face expression of the
Fisaralaupsisobiginghe 2D i mage 100 is then correctly
identified as shown in FIG 8 when a statistical match
Is obtained. In the foregoing nmanner, a nethod for )
Tndke forbyoing nfanoer, expateskfon ndentifyingrdape exbjessiprs of image objects

is described according to embodiments of the invention for addressing at least one of
the foregoing disadvantages. Although a few embodiments of the invention are
disclosed, it will be apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the spirit

and scope of the invention.
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is described according to enbodi nents of the invention
for addressing at |east one of the foregoing

wael@adesist ages. Al t hough a few enbodi nents of PEESG2008/000124

invention are disclosed, it will be apparent to one
skilled in the art in view ofl3this disclosure that

numer ous changes and/or nodification can be nmade

wi t hout departing fromthe spirit and scope of the

Chimntion.Cains 1. A pr operties neasurenent nethod,

155 gfeg}%ﬁgn&gwag@eﬂgm REAYH d[(\}@ﬂle%d' 1(591‘5) the image

e 1 mage belng a twodl nensi ona
r epr esent girboidingf at imafaod thé itdage iobxge thij iacige being a two-

provi e- di nensj, on D) sh_havi a first

D1 o iegion S epur R Bleot bt Hck oL et eBe’
plurality gf Hﬁ@ﬂ iebEldRR&RI A e hf¥ihgta first plurality of
plurality ISc%fVlmes arefer ence1p0| gl? Iarllnd the1 ggcc;rr?dpuraly 0

pl ur aheshyreeﬁefremsppm‘r@fa@d@a@on@|phtrshtmeofrrgeqh edesegeeppints, the

: ﬁggt 1r8‘%1pﬁlg%ﬁyqu‘1 rall t%/ ofa(éé‘ %%1%1 %FP‘? 3{1%] 'gsg(g) 0 lu a'ﬁ?y of mesh

pl ur aﬂefetréhc@fpoiﬂiﬁigﬁngﬁfeﬁéﬂﬂi&ie points and a second
plurality of impge reference points based on th

plurality ldﬁntf@mgméuw@m plolgatugs parans pelhe 1186%%%60%%@1 the
flrstgp Flra|lty of image reference points and the

secon ’ur ality of imge reference points having 3D

coor di nat eﬂen’rﬁtylﬂgeaﬁrstopﬂeradlfy ofiiped setferegeeapdints and a second
def orrri 3D ne tin

pl ur ablp tYo?feﬁ%@? 1e f’é‘r“@ﬂ?@ n]gg%ﬁ ond QBEH?WQSI@f’F%Vﬁr@@OHS

the fi e p
oo e ALY, B RGBS SUenequn, P md e

mesh seebmt ﬁuméltaoof miage refdenté pvn‘rsdladmgf@ eprrdinbigtiveen

t he dlsplace second Iurallt of referenc

poi nts and™ ﬂe@‘s%é)&%nia SREPRYR %(@g oaﬁlgeﬁﬁ%’ém}n@f Ef?eeﬁc% mesh by
POi Nt &phRsf h@ ﬁ[“ﬂ pRurklith S ¥R tdftRncd Peintidct@tppdetowards
bei ng obt ai ne nparing the interconfiguration

of
t he dﬁhs pﬁes@ emluyé@mf pmageaupfe?en@ﬁ prints. rtbe edefppped 3D mesh
pOI nt ?Fftﬁna(:llag t(hl'éeseC(l;H }gelpga? &%QS@]FIJC%?CHC&E gnﬁs sec ond

pl ura Image r nce
identifying difference between the displaced second plurality of mesh

reference points and the second plurality of image reference points for
obtaining a first profile, the difference being obtained by comparing the inter-
configuration of the displaced second plurality of mesh reference points with
the inter-configuration of the second plurality of image reference points; and
identifying a face expression of the image object based on the first

profile.

2. The method as in claim 1, further comprising:
providing a plurality of profiles, each of the plurality of profiles
corresponding to each of a plurality of face expressions of a reference image
object; and
comparing the first profile against each of the plurality of facial
profiles for obtaining a match to thereby identify the face expression of the

image object.
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identifying a face expression of the inmge object
based on the first profile. 2. The nmethod as in claim

wda2doantdtes conprising: providing a plurality oPCT/SG2008/000124

profiles, each of the pIuraIiL¥ of profiles
corresponding to each of a pldrality of face
expressions of a reference i nage object; and conparing

the first praofil e against each of the pI
j-aci afh e‘pmsﬁroriéig it} ity Bt WPFEHash RAfherP i ltmeteeﬁ?es comprises

'dentamgﬁg offffg&ar%&rc Shechg g & %tf'btl?%etg%eré‘by provide

The sinclarm erern eac
pl ur aéachyof dhe pluodlity of fave rqz(presﬂ'enaofothﬂ referdnge afagachbjatt, each

nmuscl e er gct th on anot thereby
ot ovi Sne BleRy of Bl el Fo e s Plfeh e dfoc ons o

t he reference i mge obj ect each of the plurality of
facial nmuscles having a reference state. 4. The method
4s i nThe anethad ashier elaima8, Mdwisin crieleast prmiofumaniphlgting and

and dﬁ?ﬁoﬁr{%lnngﬁlétm e%?{?rﬁlher rth§er conpri ses:

r edef erence s a F each of the

plurality fldefifiap #e retBeicestdrasteaichof defuratity ehfacihl muscles
the 3D nmesh; determning a current state of each of
the pPasedpndgfosnationeihe ADsuesbs after deformation

thereof; ag e%ﬁ%‘é{%@i% the of Ldcargnae ea\({:‘ﬁ fﬁ%lﬁemuscles

current state an drence state of
pl ur ahfitdrydeffrmbtion tleramisaoides. 5. The net hod as in claim

3, vvherernthe refere is the face, of .a
person. 6. detR@IHDE] %Ig’gér‘?nﬁe F%{‘f t?tﬁ teg tlgeDreference

mesh ttéte%feeér%fqﬂesru%tgeeﬁcra@ﬁrueaerrt ation of the face
of a person. 7. The nethod as in claim1, wherein the

i mge object is the face of a person. 8. The nethod as

in cl er.ein.the ur a of featur
. th@h glo\gh sjge agxcll t rgmoﬁhe tr%fgreélgee éma e tgcgsste th% ce of a
nost r pdrfordand the nouth of the person.

6. The method as in claim 1, wherein the 3D mesh is a reference 3D mesh

representation of the face of a person.
7. The method as in claim 1, wherein the image object is the face of a person.

8. The method as in claim 7, wherein the plurality of feature portions of the face

is at least one of the eyes, the nose, the nostrils and the mouth of the person.

9. The method as in claim 1, wherein properties of the feature portions of the
image object in the image is identifiable using principal components analysis

(PCA).

10.  The method as in claim 1, wherein providing the image of the image object
comprises acquiring the image of the image object using an image capture

device.
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9. The nmethod as in claim1, wherein properties of the
feature portions of the imge object in the inage is

w0 d@nti2d784abl e usi ng princi pal conponents anal yRCEHSG2008/000124
(PCA). 10. The nethod as in claim1, wherein providing
the i mage of the imge objectlconprises acquiring the
i mge of the inmage object using an i nage capture
device. 11. The method as in claim210, wherein the,
lmagelheapethod ageip daim d0owhersi tedmags SapgtpiedcHdy preof 2

( CCD) ) I t t oxi ] t —ovide
oL BB TR A00P! Bl ) ERBILEANC! Bl o
st or edntidvadector ECMIOS) atnsby of programm ng

instructions, which when execute by a machine, the
I nstructions cause the machine to: provide an i mage of

fohe | AegeicOhéReble th&tBui MRIRLAEBY iRrdiNed RIS 8Nglogramming
(2D) representation of the gace of the inmage object;

pr oviidgrstivhs, ewhidh varesi exeatte (90 nmasbinehde mgtractians gpuse the
pl ural i of mesh reference points and a second

pl ur d}“?‘{%ﬂ% "mesh reference points, the first

plurality gbvidesih iehes &Che PigidptSolijaet, the isagornding a two-
plurality of nesh reference points being predefined,

i dentdimgngiopal (213) fepyesentatiennelithe 1498 of therigage opikel:i nage
object fro ' [ | L6t | 4 :

i mge refer 8{6@2 Apgilﬁ‘% gﬂ;\%ﬁf&gﬁgg@ng{e&ﬁ ul}ag}dl.étr;ﬁ/l % y%’ﬁrﬁa%hé‘y of
r ef errﬁmlere%ﬁﬂbﬂideSpdiﬁlS emdansdcbad pluralidyi dfymesh fedatnweepoints, the
portions of the jmage object, the first plurality of

i rmgeﬁrlstepblf@%e"tjp@ie 5‘3}5) 8°% Iﬁ’@mé%%%&ﬁ‘bls il?lyf%lfy of mesh
I mage. ko 86 Pﬁs 9&{1% SdBgydgng 3D coordi nates; at |east
one of’ manigﬁ ate a deform the 3D mesh by

conpensat i idgntifiyea plurdity pif deainiet poraodnsnetheriofage ebinst from the
poi nt,s accordingly towards the first plurality of

i mage™@&ference points, the deforned 3D nesh

SIOISﬁlt gf:i NgidbAerys g cmd pRirblit! it ¥mede MEBRnEEIRIRNCGRAI a second
plurality of image reference points based on the plurality of feature portions
of the image object, the first plurality of image reference points and the
second plurality of image reference points having 3D coordinates;

at least one of manipulate and deform the 3D mesh by compensating
the first plurality of mesh reference points accordingly towards the first
plurality of image reference points, the deformed 3D mesh displacing the
second plurality of mesh reference points;

identify difference between the displaced second plurality of mesh
reference points and the second plurality of image reference points for
obtaining a first profile, the difference being obtained by comparing the inter-
configuration of the displaced second plurality of mesh reference points with
the inter-configuration of the second plurality of image reference points; and

identify a face expression of the image object based on the first

profile.
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identify difference between the displaced second
plurality of nmesh reference points and the second

w@bkwpats7sy of i mage reference points for obtai PCTIEGZ08/000124

first profile, the difference being obtained by

conparing the interconfigurati®%n of the displaced

second plurality of nesh reference points with the

i nter-configuratj of the second pluyraljty of imge .
IPef er Bifc 8eYiES ﬁ?%‘i,aggnaleﬁ’d@htaﬁfly ainy e Wi thpPropramming
the 'iﬂﬁﬁﬁztieﬁ%eﬁhicﬁa%ﬁ& QReduie by’ S inRhie | Guds3 the! Richine to
devi ce readabl e nediumas in claim 12, wherein the
progrfanthemg i nstructions, which when executed by a

machi ne, cause the machine to.further: .provide

plurality BPYHPot iqlgrgﬁpyegfrplgﬁfef,hgac& SFaﬁElFt@luWﬁy of profiles
profi do@&sﬁcﬁfdi@t@%@h 88 a pRurEIAG IHf FhcetexPldikiaht by a eéfefedéLimage
expressions of a reference inmage object; and conpare

t he fohjent; gadofi|l e agai nst each of the plurality of

facial profi].e Mo RN NQ: :

dent £y cosil BB st GRR P U AhE W facpl proiles
The dRyicbeidigadaihiehtedhersbpsdentfictiri ficd Ixpwhdoeiof the image
each of the plurality of profiles conprises a

pl ur 2®Wesf- of facial nuscles interacting with one

another to thereby provide each of the plurality of

face expressions of the reference i mage object, each

Bf. t HEhepdlavicd debdabbd niediminads mdaihes3, vehareig each ef theanharelity of

state. . The device readahl e nedi um.as in. clai.m 14

whor AL CPBRES A EUEH ey il%?a%iﬂaffl}‘%?gﬁsdﬁ’a“ SR8 Hith g Arother
3D meghninby PedvidOBRh Fafe pheslaliofiaG éRedsRing 08 Migereference
state of each of the plura |t%/ of facial nuscl es based

on defimgrabjeoh cadh efitbe Bibratisy hi fagial svuselas hayiag e wefeisnee state.
state of each of the plurality of facial nuscles after
deformation thereof; and determ ning the difference

et weeke tdaice ich@ible Shédiemand ih haaireflgl exnltgecint at deadf one of
each of the plurality of facial nuscles. i
manipulating and deforming the 3D mesh further comprises:
redefining the reference state of each of the plurality of facial muscles
based on deformation of the 3D mesh,;
determining a current state of each of the plurality of facial muscles
after deformation thereof; and

determining the difference between the current state and the reference

state of each of the plurality of facial muscles.

16.  The device readable medium as in claim 14, wherein the reference image

object is the face of a person.

17. The device readable medium as in claim 12, wherein the 3D mesh is a

reference 3D mesh representation of the face of a person.

18.  The device readable medium as in claim 12, wherein the image object is the

face of a person.
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16. The device readable nmediumas in claim14, wherein
the reference i mage object is the face of a person.

waZooo/itsgsdevi ce readabl e medi um as i n cl ai m 12PCTRG2008/M00124

the 3D nmesh is a reference 3D nesh representati on of
the face of a person. 18. Thel™evi ce readabl e nedi um
as in claim12, wherein the imge object is the face
of a person.19. The device readabl e nediumas.in.clai.m
if, e Qavice Al NG iopyasm dleig Lf-eVpaript ity od feature
face | S e {058 :

nost rl? q%tsl&lgn%ﬁ?ﬁ tefa%StaﬁfeS%t@ﬁ:Mgg? g%%.’ ¢ 20. %n%lg glg\s}ﬁncl:seand the
r eadahbethrmédheupars®. i n cl ai m 12, wherein properties of

the feature portions of the imge object in the imge

is identifiable using principal conponents analysis

40PCA) TheldevicEN@adiBl 1 EdinRAEdaR cRifEd] WikkR propetias BT the feature
wherein providing the i mage of the inmage object o
conpriwtensaef)ihe imegea pbjettringtheoimagseiy wiggEiiahlp eusing principal
usi ng. an i evice. 22. The device readabl e
nedidﬁwg%ngﬁggpé?§$§¥$Agherein the i mage capture

device is one of a charge-coupl ed device (CCD) and a
conpl ement ary net al oxi_ de- sem_conduct or

CMDS).. sepsor.
21.  The device readable medium as in claim 12, Whereigl prov1)ding tﬂe ?mage of
the image object comprises acquiring the image of the image object using an

image capture device.

22.  The device readable medium as in claim 21, wherein the image capture
device is one of a charge-coupled device (CCD) and a complementary metal—

oxide—semiconductor (CMOS) sensor.



