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1 FACE EXPRESSIONS IDENTIFICATION Field of Invention The
invention relates to image processing systems. More patrticularly, the
invention 5 relates to a method for identifying face expressions of image
objects. Background In the last few years, face expression measurement
has been receiving significant attention and many research
demonstrations and commercial agglications have been 10 developed as

a result. The reasond OFtRENBRESSIANEHIEN S Ml DB BIN mainly

due to advancements in related areas such as face detection, face
tr_ackin& and face recognition as well as the recent availability of relatively
Eifdd o hmpRtiibnal power. Face expression measurement is widely

iﬁglicablgto di]‘firertlt areas such as imggf und standin%Hfs cllﬁlo ical i
otR XS HRI Rate G G ROSRSLh e F5EE imAgE PAHEHEdsSis A vention
syl atiscticaflaethadifoaidentifideg fackeswpoesibatiobiande/objedtseality. Face
expressions are generated by contractions of facial muscles, which result

in temporary deformed facial features such as eyelids, eyebrows, nose,
Baslkardsiih texture, often revealed by wrinkles and bulges. Typical

PR Cfuserar g actyilies are, ofien orich |33Und.I0F 31880 sianificant
seconaas, bt rare y'more BBtV S EhYS OF TeLSInAR 250 RITSE RGN
&taei ex pressianyi mesemitie sane msieasons e myp ndetzcnalrdppl edtiens have been
Jeamsuiedeformptiops ol lagial fSathies QL ig, dr‘?t”%éltéf Ol WIS but mainl
appearing in certain face regions. Two main methodo oglca[napp?oacHes y
tyjei calhdvaert et daselateptheah sualctesities deftidatere Xpce ssaokmaguand face
Iadarments2q B sed-80d sign Ve NEIRaTSd ARAIOASRES AR Rower.
performed by a typical face recognition’system is etect’locations” in an
race expiesso facessurepeat éntvidlithoeplithbdle trdiffierentodress relabegs image

f f ' S I jzati acial f .
e oS R AL S 5 R BT BTN f fmace
cooyyestion, Ryothdedetieansmstibrcoridderett dsmrelotitseaforgirtost reality.
problem in respect of difficulty. Most existing face recognition systems
typically employ a single two-dimension (2D) representation of the face of

Haschexpagssiabjeatef@eirespiedtioy byninectinrs efctapidionuscles, which result in
temporary deformed facial features such as eyelids, eyebrows, nose, lips and skin
texture, often revealed by wrinkles and bulges. Typical changes of muscular
activities are often brief, lasting for a few seconds, but rarely 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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2 systems. However, face detection based on a 2D image is a
challenging task because of variability in imaging conditions, image
orientation, pose, presence or absence of facial artefacts, face
expression and occlusion. 5 Efforts to agldress the shortcomings of
existing face recognition systems deal with technologies for creation of
three-dimensional (3D) models of a human subject's face based on a 2D

AgieMp IRy fsrerietsaHonasrs art aRaase isrphlgnsdiggrsk haeause

B’fhﬁ%ﬁ%ﬁlﬁt%ﬁcﬁﬁﬁﬁl t@oﬁﬁi@i@&iﬁﬁﬁé@%ﬁ@m&iﬁﬁf ﬂ)%éé‘, ?é&’eﬂ&r 3Palinee of
a 3D model from a 2D photograph. In addition, such technologies are

tasiabarieliniaRareRESSSI0B aaselsEight not be suitable for
deployment in face recognition systems where speed and accuracy are
essential for satisfactory {)erformance. Hence, in view of the foregoin

BFEIE i i peSff MRCARIBENGS ] RIdtHBE fAFE JREGRMEIPISTRY with

fereionds PRakigiiasefaxpiesiinasidratitRion @IibraAUARPBIRFES!'s face
Summary Embodiments of the invention disclosed herein provide a

haseA W R Ridiiialrieteey agk s S8R SHDISR g IWRYEr SGR technologies
accpisiBegViBcaistaanash el trdnHe A the R indiasiesadmiating a 3D

proEerties measurement method comprisingﬁproviding an image of the

EBRR G FRWPHOP I fimddeAdi IR0 YRI5 ore fredentationally

phéhsiVace@hbned Mage AbIoetsuithslaTerRA BlAACRTAFASE SR bRVIRIBY §/stems
three-dimensional (3D) mesh having a first 25 plurality of mesh reference

V6fTESRRRF 213 BETHH 5 ALRSERHIRISIOh SAURIARIEY RIRROTANARFSCh the first

plurality of mesh reference points and the second plurality of mesh
reference points are predefined. In addition, the method comprises
tdentifyingvéevplafality tifrégaioge pobliems, dhéne affeige ebjeetlffomatheethod for

R e L RS R ARt e

tbgeote 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
Summary

Embodiments of the invention disclosed herein provide a method for identifying face

expressions of an image object.

In accordance 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
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and deforming the 3D mesh by compensating the first plurality of mesh
reference 3 points accordingly towards the first plurality of image
reference points. The deformed 3D mesh displaces the second plurality
of mesh reference points. Lastly, the ngthod comprises identifying
difference between the displaced second plurality of mesh reference
points and the second plurality of ima&g reference points for 5 obtaining a

RPAR IS rGRROTSHROkIC FANAFS A8 cETSksHALalin Gt deletsRe P4R. or he

Hé%ﬁﬁ%cpgﬁ”ﬁ\emﬁi%w&fm i ehiaiprRAMY COMRadingfiience points. Lastly,
inter-configuration of the displaced second Iurallt%?of mesh reference
é&&/ﬁanp‘i

1hsimethnth GREmisss shiidvingidTeranes liaplacas sgeond plurality
seTRHEIICoeRaitise IR INAGRArGRNGENHD BISRIRPCHRSARGOFheMERERSs for

there is disclosed a device readable medium having stored therein a
PRIRHIIRAG Prelopspiitsingddanittons 2 JasR ARSI eikat ibe ipaonriRftdased

HheRSdEHesFICatsR Uiefnarhinedaardy abnimaaAds Hehfdmadfiguration
object in which the image is atwo-dimensionalé(éD) representation of the
GEE

phcdnsr tienkeesde 50, PhE MY uRtiomeRsEe etheOASn¥dHIndg inter-
BoRHiElE i b 6L tHiBeTiapRlER) sreshdianngeadl oy ality 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

Mesftsrianes cRitrecarR] Rissdetingchin iadein, theiasy urtibseaassRvice
the machine to identify a pIuraIiI%{e of feature portions of the image object

FraAA e eALE A AAVHEN ) ackiEER ALY it B dinRh QU GRRINEI doREdctions,

ARELR Recans @U@ty DiisatR refeipseadecArsatomibeinelt diuRfe an
feature portions of the image object. The first plurality of ima\gée reference

o4 Ghd!tie LRIPRIRFRI) o HEgdNRréMANEe SoibtdWaitmgssional (2D)

F@@é@éﬁlﬁiﬁ@n ngt(ijhﬁfr ftoe Eﬁgh&ﬁﬁﬁ%@bmthemécfﬂiﬂﬂ;‘t@if@ﬁdeﬁfb Q}f@@é@‘f the
manipulate and deform the 3D mes compensating the first plyrality o
TR S LS NGl, (AES 1RV IOV BaGh mesh

refereiesppnintandhe sdetounsidraity e siedispireeschpsingondvmhicalibe first
O e T S e e 2 o
sedgiedeimaints anditiun seednstiletialitycaliintearairienteigawry dqiurality
SPIBAR Sbrtiond ot the imege objact from the image and Jentiy At pibrality 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 instructions cause the machine to 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 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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30 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. 4 Brief Description OffThe Drawings Embodiments of
the invention are disclosed hereinafter with reference to the drawings, in
which: 5 FIG. 1 is a two-dimensional (2D) image of a human subject to be
BidpEBeg HptiPRLfal RedaERWiPESystem employing the face-synthesizing

E&ﬁb@&ﬁ%ﬁt@rg‘lf@ﬁg iihv@ﬁﬁﬁfﬁ%ﬂ@%%ﬂf@)% %F&‘?ﬁ‘éﬁﬁnmfﬁh%fyﬁﬁé@'ﬁto the
invention; FIG. 2 is a generic three-dimensional (3D) mesh representation

BRNEGRAR WhEN10 human subject; FIG. 3 shows the identification of
feature portions of the 3D mesh of FIG. 2; FIG. 4 is an image in which
feature portions of the human subject in the image of 15 FIG. 1 are

[d&ntikide 2HM-BiB18RI8 b 2P hHaee Afqr i mari sHRIBEG BpANeREsEEEheY a
gleianeskoghitisn SystetP cmpliyy aRdagesohdE e earigladepslided in

object of the human subject in the 20 2D image of FIG. 1. FIG. 7 shows

e RdRgesiM I ReRBOSIMER S e R SRMANYBIQ of FIG. 6 is fitted to the
human subject in the 2D image of FIG. 1; and 25 FIG. 8 shows

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

B! ®etalfed BREHpHYREAHRARIARr (BhiRARMY %@@%ﬂ&%@%i&#é% hppd of a
Hiae Qipetis described hereinafter 30 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

rentigasienthEniehorerphofdeasRgdriekgeivedous&mbparaents of
the invention from other applications of similar nature. The fundamental

inventive principles of the embodiments of the
FIG. 4 is an image in which feature portions of the human subject in the image of

FIG. 1 are identified;
FIG. 5 shows global and local deformations being applied to the 3D 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
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invention are common throughout the various embodiments. 5 Exemplary
embodiments of the invention described hereinafter are in accordance
with FIGs. 1 to 8 of the drawings, in which like elements are numbered
with like reference numerals. FIG. 1 shews a two-dimensional (2D) image
100 representation of a human subject 10 to be inspected using face

recognition. The 2D image 100 preferably captures a frontal view of the
figee BPimECRlHSRMASIMR EMATHRENthe g dANE b eR R Atheatgrlis@fons of

HiaikymanrUbieak aihaleRshtalisienthie ﬁﬁﬁ@bf@@MQﬁém%@rof the
more of the eyes, the nose and the mouth of the human subject. By

EIERHOBRERAG T fAERAINRAULITRE \GF p1es KITRSWBEBeCt in the 2D image
100, the synthesizing of an 15 accurate representation of a
three-dimensional (3D) head object of the human subject can then be

BXFrORiaBY emBeaHTRMAy QT e HINeRtiQneossTihach Beremadie éfer abigecordance

AFGUERSSUSIRG 8 BevieedRsimied Withiathana enaraatsarpliechaRyicRwith like
(CCD) or a complementary metal-oxide-semiconductor (CMOS) sensor.

EfSIR19R8WPEFRIS device include digital cameras, webcams and
camcorders. 20 FIG. 2 shows a 3D mesh 200 representing the face of a
human subject. The 3D mesh 200 is a generic face model constructed

FriGon SaROWE & duReUBtemsIRTal dAPA BRI A AR HERAESERIIGE AL GEsahg hlect

Ropelaiipaccsassshrr i facagdition, the8RmankgA0asRepigfag watides a
Flurality_of predefined mesh reference points 202. The 25 plurality of mesh

ERRlnde R Ahihedack A dhe s s iRStch) MR e dhecralrsof the Tacial

Rlstiabty offtiesihighesenjeet Redndfany wsproNtHel wseliy fehteshinclude one or
reference points. The first plurality of mesh reference points comprises

A PIES 6P alB AR ARR R ETIRS ABRIHIPNHRIRRE 1Y Sherrlyrsrowing

{RwvRicROTRRIRI BItRICAUMAaN{Rg ot SDhiseAETTl, adiusiatdaring of an
erforming global deformation of the 3D mesh 200. %%Separate%hthe

CRURIE FRRFEIRY B RS A iorerafiee piia! SR PRaANS ARG LS AimaD sRject
é@ﬁi@héiﬂ%ﬁurpa?rr?ﬁﬁﬁmzb@em(_anm ré@hitﬁyﬂh ﬂﬁ;&ﬁtﬁp Iﬁfaglj(efla@dsrig*lélferably
nose e, and the Jeft and right ljp ends, In ich the markings are_als

e Rt A R K e R
esMplEhemaikingsaBO&ifesemiconductor (CMOS) sensor.  Examples of the

device include digital cameras, webcams and camcorders.

FIG. 2 shows a 3D mesh 200 representing the face of a human subject. The 3D
mesh 200 is a generic face model constructed from sampled data obtained from faces
of human subjects representing a population 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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the first plurality of mesh reference points and the second plurality of
mesh reference points are as shown in FIG. 3. The 3D mesh 200 is then
later adapted to the face of the human subject to be inspected using face
recognition. 5 From the 2D image 100 &f FIG. 1, a plurality of feature
portions of the face of the human subject is then identified as shown in
FIG. 4. The plurality of feature portions preferably comprises the eyes,

the firsrivrahey e ek eferRBomBaivis iRy Higeaead BlEality abimeshreseence
phirRditifanbIR RRRIENSiSTHEMIiotkby J00atnseinarircaRiihad O RiLe of

subject in the 2D image 100. The face of the human subject is 10

{Be DR Y BIRCDID % HRPeCiRs SR FRAERKBRAINER known in the art such
as knowledge-based methods, feature invariant approaches, template
matching methods and appearance-based methods. After the face is

fsemdaerihdmasemag et bl al régibh afneliiauin Postinexiqhdiifes il the

RiARIQ IBfate PRk RERNQatUFRSAT itheluiman suaiestr-NR{aRY feature
the facial features correspond to the plurality of feature 15 portions. The

RESHERR PHRIETAPIY AORY EBR AN EYGH the FRgHIn SdHBG 1 eb Wi TaRR AT the
Heiiegiednjeing poariRieaterbleamoserualt ltRUehdheeAtidhBy locating

identified plurality of feature portions.is then marked with a plurality of

{HAgE8 AT LA NSRS Foas: A HRa JAGR B AR blect is
fopgaiiteally, @achp2theidb el pbradibgOfisaRa rafaieRAeVRPINISHR4RasIRR as

coordinates. In order to obtain substantially accurate 3D coordinates of

kAN BA9ROFiEHANEIAd L FE AN LA BBRIRACHSS, IRDRe AERIRgCRsthods

5R6uippeRENtIGsRacRHAtIEh thadeaiereextatseatds vt Mowrage 100, a
identify and mark image reference points using training images that are

FRaR0 AR sdanie d%miy ArXtHErRIL R A" deh e dosaiAdM AR Excka) features of

exaipien BiybisctSatasyMag eabialvivgiideseris spontalithicod WRaRe of feature
feature paints, each imagei- feature point (X, y) is first extracted us

REHRR s PR UEb I AU RSB TR SO HEPCE Q2 are

resioleiencangitigrugxdéiféerontieciantridengIPk Hoareny theaguce a
forty-eight dimensional feature vector. 30 Next, in order to improve the

extraction resolution of the feature extractor around an image feature

Phinidentifie6 PRI tyOdftions r@rponibiods egiamarkee iitoe feating @ointage
d and the feature extractor is trained_to reject the counter

A DA SAT YT XU L5 R ot GRESHGRIB) ch

of tnémpagelity of image reference points 404 has 3D coordinates. In order to obtain
substantially accurate 3D coordinates of each of the plurality of image reference
points 404, the feature extractor requires prior training in which the feature extractor
is taught how to identify and mark image reference points using training images that
are manually labelled and are normalized 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, y) 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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7 feature point are then stored in a stack "A" while the feature vectors of
counter solutions (also known as negative samples) are then stored in a
corresponding stack "B". This then provides a forty-eight dimensional
feature vector and dimensionality redugtion using principal component
analysis (PCA) is then required. Thus, 5 dimensionality reduction is
erformed for both the positive samples (PCA A) and the negative

HleRAiPCAe BheTisah ARaBiftoteteewhile Hissiipaiisa ipaissank eaunter

§R0abNes @%Nﬁ&/\}ﬁ 9?%@1%6&% @ﬂﬁﬁﬁléﬂ)% %ﬁrm%ﬁhad‘éé\(?&dé@mg stack
The LDA computation of the positive 10 samples is performed by using
{6 IO TIPS A PEY IR SATPSnEL FAIHIRY SLES i dvarielity

st Aubicy AR R h tRAdIM OjGLIRBAOT they
AR AR AT A g o S

BIERNAIGSR|NasedyrEanEs diadoredTior Batt fAPHGitAMAMSRteh A) and

g@fﬁy?qtm@grﬂwegis(rm,ﬁng 1r discriminant analysis on the basis of a
two-class 15 problem. The linear discriminant analysis of the set PCA

A(A) is obtained by computing LDA A(PCA A(A)) since a "0" value must

Wﬂe%@ﬁf%ﬁﬁy%é’ﬁ”@é%ﬁ@ﬁpo@m ShispNen ié‘f@fmﬁédéfﬁ/@fsﬁﬂ@pﬁét i5 Grftimized
A(B) is obtained by computing. LDA A(PCA A(B)) since a "1" value must _
W HBpatedisarimisaphAnsINgisHtdfoid i AL fothe positive

SAags1es i fbabraRiiMHasing AhegReIaR YatbiRs BnteioesihpRaMEtraining
process as e_xPIained afore for LDA A. However, instead of using the

fs, PR AUNPIET Bton R, Ab)sand PEA AR). & B ceaischritom the

PRAECLON D BN QR SR ENImpRIQINEHDS PIIIACIANG)AR Bediiainsiefisse0” and
vector, X, through the following two processes: 25 X PCA_ALDA A (1) X
EBEAE%EB%:‘M ) aestensdras elady, X is pRErdIEshIY MR HRSH TN IS then

oeeinessusiAG_théPisherAKRr3gisnivim e fgialpbiseinctes basibeproeassclass
LDA B(PCA Bﬁ)rg%.{The Fro osition is that two discriminanz functions are

BRI forl 5 el S 156D RAAE ARRLYR ATp iR et PCA_AA) Is obtained by
computing LDA_A(PCA_A(A)) since a “0” value must be generated. Similarly, the

linear discriminant analysis of the set PCA_A(B) is obtained by computing
LDA A(PCA_A(B)) since a “1” value must be generated. The separability threshold
present between the two classes is then estimated.

Separately, LDA B undergoes the same process as explained afore for LDA_A.
However, 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 LDA _ 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:
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based on the statistical distribution of the projected data: 8
f(x)=LDA_A(PCA_A(x)) (3) g(x)=LDA_B(PCA_B(x)) (4) Set "A" and set
"B" are defined as the "feature" and "non-feature" training sets 5
respectively. Further, four one-dimensi@nal clusters are also defined: GA =
g(A), FB=f(B), FA=1(A) and GB =f (b) . The derivation of the mean, x
, and standard deviation, a, of each of the four one-dimensional clusters,

FA, FB, GA and GB & tHdAAo e Ahe)mean afd standard

deviation of FA, FB, GAand GB spectively expressed as

(XFA,CFA), (XFB,CFB@(;G&[,SB%e%Pa o5B) cFB ). f Additionally, for a
given vector Y, the projections of the vector Y using the two discriminant
functions are obtained: Yf =f(Y) (5) Yg = g(Y) (6) 1yf-mFAl lyf -mFBI_
RALMB AR Firtifr, aek Pelinedyas they Jqatss, (A Anghafeayike’y digining sets
r&F@@M@B ﬁlﬁ}?n\éﬁcfeﬂer dﬁe‘-‘&ﬂﬂﬁﬁ%ﬁiﬂeé @ﬁe?@ﬁ?e"éfé@rd'éﬁhé&cgﬂ ing, (A),
to the pseudo-code, which is expressed as: if (min(yfa, yga) < min(yjb,

b)) (&) , 2PAabél A)AamlsE&Babél(s) B ; Ride-REHhGtioh(ydh the.0%an(yga and
> 3.09) RA =1; if (yfb > 3.09)or(ygb > 3.09) RB = 1; 25 jf (RA =1)or(RB
5:115“?&[%%99:"@?Oﬁ’(QAOIB%QF%%t%JPHHEI%%‘?e’?ﬂ%&'£'b%‘8FERFB&= aBéyand
BM\are then computed. The mean and standard deviation of FA, FB, GA and GB are

respectively expressed as (Xe,, 0rs )s (Xegr O )s (XonsOan) aNd (X, g ) -
Additionally, for a given vector Y, the projections of the vector Y using the two

discriminant functions are obtained:

yf = f(Y) (5)
yg =g(Y) (6)
f —mF f —mFB f —mG
Further, let yiac L TMFAL g _DEomRRL MG
sFA sFB sSGA
f —mGB
ygb=—|y |-

sGB
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;

if (yfa > 3.09)or(yga > 3.09) RA=1;
if (yfb > 3.09)or(ygb > 3.09) RB =1;

(

(
if (RA=1)or(RB =1) label =B;
if (RA=1)or(RB =0) label =B;
(

if (RA=0)or(RB =1) label = A;
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9 Preferably, the plurality of image reference points 404 in 3D are
correlated with and estimated from the feature portions of the face in 2D
space by a pre-determined function. In addition, as shown in FIG. 4, the
plurality of image reference points 404 deing marked on the 2D image
100 are preferably the left and right eyes center, nose 5 tip, the left and
right nose lobes, the left and upper contours, the left and right lower

ReeseRY) the rRiraHly i Rg s et trIRiIfHp kSRt dlie. coRe IRtesdvith and

BQRBAid ey mRNfeMRIRChHMIBR 2t IMags:d QA Q@ﬁ@ga%é b esthnaiRebrmined
before the 3D mesh 200 can be deformed. First, the 3D mesh 200 is

st alhAddih oAt P RAgIR FARa ‘e dofBlrd) Bk R hTeg] s FRyeaRedeR)Bts 404
BatRrHRMQAW BN AYGhas NE0GANPM RAS\IRIE RATa P THIRSEy&dES ter, nose

maps are then computed for the 3D mesh 200 for azimuth angles ranging
filontheots’y é@?éé%ﬁ@@%'@@@%é@@,'ﬁﬁiﬁ@?e‘ﬂﬁ@?%%tguﬁea?%é@f? pREFEEdB{pwer
HaatsiINash-pdaR MG iRrenee ARHRd Pitipnem@ie stored off- line in an

image array. 15 To estimate the head pose in the 2D image 100, the
edges of the 2D image 100 are extracted using the edge detection

FGOHEAM pesebinitharinRgesep@et Marhob Shaue) 100theeds t1dged@ated
Each of the 3D mesh-edgegzﬁ)e% is compared to the imgge edge map to
§

PRfE e heRSp A0 &ah, REMSEst Blrehideotlth e sR%H d at an
SMARGhTMmeRMPIedhe disnaditcheiveng shedk meshiedarsans hen2R the

Euclidean distance-transform (DT) of the image edge map is computed.

BeRYaEHODHELP G e Sh ARFS L BLRE HTARS (HE B hFORUULeSIqE ez R sy 200

tbRtarepiRRCg e aflifitRN e PR etk ifigdsPiet a0 dithRpE aFe SihdTomeREOof 5
pixel of the image edge map. The value of the cost functjon, F, of each of

HeE8ES nideiRabe G0 LERRTASs CuRRDAte GORLIES A RSN, SiRsRchofT-
mreasuiemibgedisagrity between the 3D mesh- edge maps and the image

B e e 0P e e e A b
thedramesinedos sdgp Bébctois dgoararnas oistancer image edge map (not
shown) of the 2D image 100. Each of the 3D mesh-edge maps is compared to the
image edge map to determine which pose results in the best overlap of the 3D mesh-
edge 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:

DTG )
F = ('vJ)EAEMN (7)

where Ag, ={(i, j):EM(, j) =L and N is the cardinality of set A, (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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transform value at the nonzero pixels of the image edge map. The pose

for which 10 the corresponding 3D mesh-edge map results in the lowest
value of F is the estimated head-pose for the 2D image 100. Once the

pose of the human subject in the 2D image 100 is known, the 3D mesh

200 5 undergoes global deformation for registering the 3D mesh 200 to

the 2D image 100. The deformation of the 3D mesh 200 is shown in FIG.
@.ﬁwt%amngmaﬁ%% BesBradsfoMARo ERSIET ﬂﬁe@%dﬁWﬁ%‘fo‘r‘ﬁﬂ‘é@idﬁ df ti the
&40 el a8-jsoss et anchibenalyaliiy. of image reference points 404 is

used to determine a solution for the affine parameters. A typical affine

model used for the global deformation is expressed as: Xgb all a12 0 X bl

R deaRepagd si4RehimaR 3uisibé: iR thealth thiage4 b & Kint kn&/Reyeneh 200

Y, Z) are the 3D coordinates of the vertices of the 3D mesh 200, and

WRIGpt Yl SisiREniepdPuEsBisaleHE RDARRTE AN9He BB maesL00.
shetgbrInRtisAripk s e SChagshEPGsalppaihm Fandsy axgpisdiflals® affine

takes into account the 15 shearing occurring in the X-Yplane. The affine

SRR PRAShTREdRS Aot BRI HPMBIMIZIAR theYe 4Rkt and the
sriRdRy BEifkgaiuralhcehonaumiqsancs ROTEGOMMEE Soiaied for the affine

deformed 3D mesh 200 and the corresponding 2D locations in the 2D

R EED. AREPHs! ibiee finriek ¥seg fPbthglebrtdstarapinmtis gxpressed as:
Z f) on the deformed 3D mesh 200 is expressed as: all1X f +al2Yf +bl 20
IXf1=~Y 1l YI2XY 13 al@Xf+ag2Yf+b2 (0) yf 12X 1221428 R~z 2 (all +a22)Zf
where R12 ig the matrix cogtaining thg top twe rows, of the rot '§>n matrix
correspondi gZPB he| edtimafed head pose fgr the 2[¥ image 100. By using
the 3D gb 0 0 Ean +Ea22 Z 0

where (X, Y, Z) are the 3D coordinates of the vertices of the 3D mesh 200, and
subscript “gb” denotes global deformation. The affine model appropriately stretches
or shrinks the 3D mesh 200 along the X and Y axes and also takes into account the
shearing occurring in the X-Y plane. 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:

y Jag X +a,Y, +b;
fl Ny I X Y b 9
- ap A tayt +h, ()
Y« YR PP r23_ 1
Riz E(an + azz)zf

where Rj, 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,,a,,a,,a,,b,,b,]" 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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coordinates of the plurality of image reference points 404, equation (9)
can then be 25 reformulated into a linear system of equations. The affine
deformation parameters P =[all, al2, a21, a22, bl, b2,]T are then
determinable by obtaining a least-squangs (LS) solution of the linear
system of equations. The 3D mesh 200 is globally 11 deformed according
to these parameters, thus ensuring that the 3D head object 600 created

deforaRarkaraer g dBheshnatarsispe Biumhenatina ihat haraRnhsagjeblect 600
anceineciestificanidesiran AramERPSHpalisned. be HRrasashmbiagh 8Pand

is shown in FIG. 6. In addition, to more accurately adapt the 3D mesh 200
toetstontiicRt Balre s RePFrbntiseesh iMiegell 662doekiraefitniathieyn In
e ingroducitigitivinaoginbrlly detateng hptmasBE0thdsAcabo to the human

deformations of the 3D mesh 200 are performed using the second

pHblediy dRTRdEATetR?etde MaRfsLOR. vikteh SRECUBRIINS dethaioBusiBnin the

glBare digplated 35 RRLNIDAYIONE 0EA QBfRIREIGH BEH200 imasdhapd are
and deformed according to the 2D image 100, the 3D head object 600 is

peEiorEnRIoH HRe seoRbRIMIAIIBIET Mogh spTRReRgR RANE: ImMYRIE the Vertices

¢ Re SN RbMe 0the: idiep addh iR peramsigst In the 2D image of FIG. 1.
The custom fitting ensures that the synthesized 3D head object 600 is an

approximate representation of the face expression as depicted by the

DB SEhIeRsdR Hoe Ahdistear Mo iAarsitonitgadane EBNRSGION the

measured by identifying the difference between the displaced second

PrIARY BPISRIPORLfE ISBCHBIR TierrRs SBeVAW bk Alit 4P iATljaade object
refRieRpERAIRINIO b Pt teshiieil sul jeet seeandmiwialeyo OE IBesh The

reference points is di&tglgtlced when the 3D mesh is adapted and deformed

RS ETY TRe BB & ¥ MBeSIAgse HhraraR QPIEh in kAR APProXimate

epRRaitagohente PR eeRfitsatonobtpecaisrgced seeead Ribj@litinofhe 2D
mesh reference points with the inter-configuration of the secaond pluralit
P3G E 20 o AP iR PR RSSO B AR MEAP AL BV 1B Ra g e i terence

patabasehhaligntainseairtepleaptyfigs frshoRipiring: apsiatistpal thatstsond
G T N
Giereoip védéion c pemBeietiop laaorhby MliaDineshessiadiskdalraaigiomied in
et e 0oL 1% e Re S REeLhes RIS S5MAPasy RS ner-
configuration of the displaced second plurality of mesh reference points with the
inter-configuration of the second plurality of image reference points. The first
profile is then compared against a database 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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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. 30 Alternatively, the face expression
depicted by the human subject in the 2D2mage 100 is measurable using
inter-configuration between the different facial muscle groups. Typical

facial muscle groups are defined together with the 3D mesh 200. 12 Each
RasEcTRUsEle Wﬂ?ﬂ%!@@?o&@%@%? refefeisaeestie AR eath isedsbapnek gaway

ﬁf%}‘[hﬁr?@f’eﬂéﬁc@e@{@f‘?@r %Q@éﬁrpi@r%%élﬁ E’dn%ﬁ%ﬁ,qerﬁfé\ﬁ%ﬁhEOSD mesh
rovide the 3D mesh 200 with an expression. Preferably, the 3D mesh

W IB AR WHETEERN theisHeBrsheMUS QXRIPSIBNITH YHeen each

FRISERNGE thEaRuMIS S s the (BP reteh 0 ReNtRIGARscal @RaBE Fhesh 200
local deformation as shown in FIG. 5, the respective muscles groups and

e Gerere AlRbat frddpeal fefeepatatas e b flSnudbe '§rBEHLar@usCles
geiarenasiand refedinedsageraingly rdfR drararistidefPtRatiRR BiBups are

respective muscle groups are then obtained by comparing with the same

AsfEned Ah s hed aagsriduIB e sE st Aeareh O bidgudaHR B HktEssRSCtive

Fﬁ@séﬁseﬂﬁibéea'ﬁél{h@‘? Qf@miﬁﬂ@oﬂ'ﬁﬁrﬁﬁ@‘%ﬂ@ﬂw@@aﬁ@%@ﬁé@%roups in the
difference. Hence, in this manner, an expression profile corresponding to

AP IRASIOBISAGNAR oM 5t B R LSPEIAY B ¥ ESBRRRE TR TOUPS s

SURRoWRIED tRETRSERAITReIf A FRXREeSSIaEnet thA ks aterkieah iBxpigssion
2D image 100 is gbtained. The expression_profile is then compared

B ESRPL L 1% ¥b R CRNLIN RO B Bl o N ISFBRIKY o petween  the
antaipinenastlatifbept Maiih kbreash vkthedelgiesseeyptrssionaralilgsct in

is pre-computed and corresponds to an inter-configuration of the muscle

Broahs HR%E pitidEIaPBIEE % x Jrks e MR IaHE HosB epppRared against a

exanessigatroilgn s aTReiss akhessitiefacitesXorestioniagisplayaiigl dtch.
human Sﬁ%bjects in a population cros:sl,-se_ction. The face expression of the
|

A Ui EleirnaTe P iR 66 St RTESTPIRK G E R CAT LS RARRR O an
intérCorffiglration @thtatitiier gralek Pobisingsiin the: fexpasiién. Together,

anner, a method for identifying face expressions of image objects  is
B Aot AR FOBES: Tl P Reo R dr P EEr Sl gisplayable

Isastioae Qfbjects in a population cross-section. The face expression of the human
subject in the 2D image 100 is then correctly identified as shown in FIG. 8 when a
statistical match is obtained.

In the foregoing manner, a method for identifying face expressions 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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the foregoing disadvantages. Although a few embodiments of the
invention are 25 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 @gd scope of the invention. 13
Claims 1. A properties measurement method, the method comprising:
&royiding an image of the image object, the image being a two-
i#EPSsional (2D) representation of the face of the image object; 5

providipgoaofitierimeamianati@iRinae shdauinececirpRlirglity of mesh

reference points and a second plurality of mesh reference points, the first

plurality of me¥R\isiBE:3Be | P5PRs AntienEnsgsoRbIfALiIr ey IB1agfeIpINg @ two-

referengitnBURPEINY) PrpreENgoiieNiY Rg o MEsiAgE Bpgdbre portions
of the image object from the 10 image; identifying a first plurality of image
reference poiRfQYANG 8bERfd IMGRsiRpat ﬁﬁ%@‘?@’?e?é)ﬁw FoftiE pigalty of

on the plsyRlibfHEARatEEtROEHANS sBEdhE INAERLPRIEFhetReréifsieRle ddnES the

image reference points and the second plurality of image reference points

having 88 dBrdlinatet;mesh: RISERNSR RO Hra ATISLIRENSF SR g At gPfhaesh

3D mem@yn@@ﬁmqgmm@ﬁﬁqgﬁﬁb@jurality of mesh reference points
accordingly towards _the first plurality of image reference points, the

deformed 3D IHREHYHIGA R e E&eBHER prrtiny of e dRaesiigesirom the
points;jigdggdifying difference between the displaced second plurality of
mesh 20 reference points and the second plurality of image reference

points for obtSRITHE8ré: Brefikutrlitvink iskde BEIRG S AREYSIKANd a second
compagngaiig bitefmaenigreiehoiteisylasenessceatpbir #iued portions

mesh reference points with the inter-configuration of the second plurality

of imad¥ 08108 RIS Ahf TUShANARYY a4 eags JeLErnes PRITHaYY the
object based pruthenjiettiragerafiteence points having 3D coordinates;

at least one of manipulating and deforming 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;

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.



10

15

20

25

30

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 30 object; and
comparing the first profile against each 1f the plurality of facial profiles for
obtaining a match to thereby identify the face expression of the image
object. 14 3. The method as in claim 2, wherein each of the plurality of

BrofiledT BEMSERRSSas [ HAIR) DrAesiaimRashiel ihecrheality RftRrafiles AonmRises

to therghy RedABr PRSH PhIBARIYREIRCARARRICVRACESINS 9 YMRreby provide
reference image object, each of the plurality of facial muscles having a

refererf@ss@tdne IUrRHE REdI6E BPIRSEIAND &f RSPERREAEfelmRagsH@OBICT, each
manipWaichfiidlifederaNng B e meshyftiTereReRAges: redefining

the reference state of each of the plurality of facial muscles based on
deformation of the 3D mesh; 10 determining a current state of each of the
pluralityf fa@momuscles atipn defaunatnn terert and egterANHMBERY and
difference between the current state and the reference state of each of

the plufgfity o tiadRuBeRSI U BIe CARPHRSEod as in claim 3, wherein the

reference imagaIRiref ivhedrer Oétatanseath 6f theg MRIRgbRfbFRiMECcles
1, wherein the 3D mesh is a reference 3D mesh representation of the

face of%3S5813BAEBEMataOh B3 2 claim 1, wherein the image

object is the fger@hiniRgraur@nt batethedasfnhelaimyralivykeraifidhenuscles
plurality of feature portions of the face is at least one of the eyes, the

nose, HEChd8IAISBHANHE B ANBT the person. 25

determining the difference between the current state and the reference

state of each of the plurality of facial muscles.

5. The method as in claim 3, wherein the reference image object is the face of a
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 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). 30 10. The method as in claim 1, wherein providing the
image of the image object comprises aggjuiring the image of the image
object using an image capture device. 15 11. The method as in claim 10,
wherein the image capture device is one of a charge-coupled device

t&cD) Bty metbashRsniRHaH mBtanbiiels- thenioastiGenieciavies) isengeof a
5 12. Ay seaeablesvrdiundeayingasipres theraieaBhisAity ®btal—oxide

programming instructions, which when execute by a machine, the
instrucBYAECeAUERhEMAN i#RO8F-provide an image of the image object,
the image being a two- dimensional (2D) representation of the face of the
image object; 10 provide a three-dimensional (3D) mesh having a first

Buralith Sl viresieadatle med pivhisdne susdJharpiitsity 8t &dprogramming
referengsuRRbHs tehibFs iR QftenByhu refeesinee PRiINtSARGIENS cause the

second plurality of mesh reference points being predefined; identify a
pluralitl'8¢E%tRe portions of the image object from the 15 image; identify

a first plurality,gs\lieosh refRIGECEF PRIA TR SoBRERNEhdIMRIY BEIMAGE two-
reference points based on the plurality of feature Portions of the image

object, dHReRRenal Ak, TePiRsaRa AR E sl s B Bmpre QREShd plurality

of image refefgagriPQiNBra iR osaPEDafsROMLIAGSh aetoplurality of
manipulate and deform the 3D mesh by compensating the first plurality of

mesh rERLAIETBBRH S YBLL ARy RN URE B AT BERRIRSTBIERRR OIS, the
referergRtppinislitheodefesmaeiiente Poiatsriaainadhrcergondralittaliy @esh

mesh reference points; identify difference between the displaced second
pluralitf)efﬂ’vﬂ'i‘églpo'nts being prédefined;

identify a plurality of feature portions of the image object from the
image;

identify 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 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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25 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 thegecond plurality of image
reference points; and identify a face expression of the image object based
on the first 30 profile. 16 13. The device readable medium as in claim 12,

Ihereih MAedBKdER ARAAMRE IBBRIEb IS, HhidRin&A XBELRE 1 Programming

maChirIﬁstF@é{%wW@ﬁhWﬁew S RF?V_&d%ﬁdH'iH@”E‘él%fepfﬁ’é”%chine to
each of the plurality of profiles 5 corresponding to each of a plurality of

face eXpr¥ions of a reference image object; and compare the first

profile againshrigHeOhtRRAIFFIfObBfiRRs PrafiesoforRbIARA Braliafiles
to thereby identify the face expression of the image object. 10 14. The

device {UABRRNRIAB AP ThacRAR 1Y, diHareirRERSTIBRTIRS BILFERIBN e} image

profileppRitpsises a plurality of facial muscles interacting with one another
to thereby provide each of the plurality of face expressions of the

reference im&gERAfREE dushPEriit asRinsicAeR RIGhE RIHSIDS Hidtgl Rrofiles
refereree sk¥enidkp al maléIe GeviernpadaRitymBelirreas(iaatn dfthe image

wherein at least one of manipulating and deforming the 3D mesh further
comprigg@qedefining the reference state of each of the plurality of facial
muscles based on deformation of the 3D mesh; 20 determining a current
state of each of the plurality of facial muscles after deformation thereof;

L deld ARG HRALRRIS BHciUTR AR dR SR deritheEs it e3inohibe plurality of
referengiefiséateonimaed gilueantyrafitiacibianinionssatescting with one another

to thereby provide each of the plurality of face expressions of the reference

image object, each of the plurality of facial muscles having a reference state.

15.  The device readable medium as in claim 14, wherein at least one of
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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25 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. 30 18. The devite readable medium as in claim
12, wherein the image object is the face of a person. 17 19. The device
readable medium as in claim 18, wherein the plurality of feature portions

9the hbe fevirtereadaple srasieraassinislaiipds, iwbereistiis afualiy of feature
mouth g §ishBRHseR: fackOis HigedsvifR anaigeseiUmBses i GHBUMik2and the

wherein properties of the feature portions of the image object in the
image fBQHENHKISI88IEMy principal components analysis (PCA). 21. The
device readable medium as in claim 12, wherein providing the image of
10 the image object comprises acquiring the image of the image object

#ing aHG RGeS IARMIRLeIBEMTES HirdaiB\ide WOSERARIY PRETIER PR Reature
claim Zorudierein the image 6BRIen dAKIGMiyONS MFharee @asy Bincipal

device (CCD) and a complementary metal- 15 oxide-semiconductor

(C|\/|o§)3g’g}9§8p_ts analysis (PCA).

21.  The device readable medium as in claim 12, wherein providing the image 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.





