'10 Oct ober 2006 WO 03/088132 PCT/ SG2/ 00060 ROBUST FACE REG STRAJHGIN: ViA
MULTI PLE FACE PROTOTYPES SYNTHESIS 5 FIELD OF THE | NVENTI ON The present
invention is generally directed towards face recognition and face
verificati onNVEPOB¥AE and in particular towards a facial PfGYSPYPE synt hesis
system able to generate realistic terrpqaat es and provides a nore robust
system for registering a face. 10 BACKGROUND OF THE | NVENTI ON The
cl assical face recognition approach is to store an inage of a person's
face, and then t i i | gQr r ugh to handl e
varying |ighti ngR BUSLE aRg WMS gl asses,
beard, 15 nustache and faC| al hai r.JIEtEﬂén the area of face recognition
technology, research has focused al nost entirely on devel opi ng al gorithns
that are invariant to the lighting conditions, the facial expressions and
the face di %E&E@&@@M@wﬂ@m obtain sinple databases 20 at the expense
?f conpl ex mat chi ngeajr@em inbarBio® s @amdny décted @Qéld’%h@iﬁe rec&grfjtoh sl i VFI y, the
ace recognition s an neur a
net works, r eqllf,ll re’ stclag?n %ys%t%%ndq'gfpapégér @’@b‘% e ?%ba? Foégﬁpet POMEEPwor k to
an accept abl esgteamabledo g?lhﬁrat@pealam enplatdsegndaprevidgsH meck tobudt rsgstemneur al
networks areyRidiifingta rhdenear geonetric nature, such as scaling or
zoonm ng. 25 The probl ens of these techniques is their weakness in dealing
with variou® lighting conditions, changes of expression as well as tine
di ff erence beBACEGROUAD oe(LHEtlwaElimONand the time of the observation. 30
For exanple, WO 9 I’OVI des techni gue for detecti and
recogni zi ng an ob%g%f%’lsﬁc arflacier%co mfon %%)roa‘fﬁ'es t85’ et "It ‘?q%pc?asPPBn and
recognition face, and then to provide a face matching algonthm robust enough to handle

varying lighting conditions, facial expressions, face directions, glasses, beard,

15 mustache and facial hair, etc.

In the area of face recognition technology, research has focused almost

entirely on developing algorithms that are invariant to the lighting conditions, the
facial expressions and the face direction. Such systems obtain simple databases
20 at the expense of complex matching algorithms or family of algorithms.
Alternatively, the face recognition systems based on face template matching and
neural networks, require a large number of face samples to train the network to
an acceptable standard. The operations that are applied to train neural networks
are mainly of linear geometric nature, such as scaling or zooming.
25
The problems of these techniques is their weakness in dealing with various
lighting conditions, changes of expression as well as time difference between the
registration and the time of the observation.

30 For example, WO 99/53427 provides a technique for detecting and
recognizing an object in an image frame. The object identification and recognition

process uses an image processing technique based on model graphs and bunch
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‘pfocess uses an inmage processing techni qgue based on nodel graphs and bunch
*166166* *(@00002* 10 Cctober 2006 WO 03/088132 PCT/ S@G2/ 00060 2 '0greptise
that -efficiently represent image features as jets. The jets are conposed of
wavel et trafs? &3 %and are processed at nodes or | andmar ¥ CVSEH®ns on an

i mage corresponding to readily identifiable features. The authors thus
propose a face representation based on a set of feature points extracted

L r?m t hgl facegh hs!@?t%ﬁﬂcnéﬁﬁ?ﬁépf&@rﬂ%béd festules ab @ TR tblﬁ%li:o%?i&jt@t

ef or mabl e gra c scloses that to
automatical l'y g‘éeéeggﬁ’\”fQr'%%én‘fé@ep%?eséey@éf’g%‘?‘? ?h 'aP‘gﬁ K {PGREOBY OBA"t he basi s
of a phot o dotmayerbirespoddigg toakadipigetif@bledesgurde THDamh@wvirak prdpesdread 1 S
broguced and ReTOLLLAA S APLPLILACH iyl | R BELLACH O, Reom ! he

profile curve a strongly reduced quanti ta I's generated

eval uati on &l tjHIPE-hrECE &@@mw inghen rﬁé‘tféf’ usmgt%@ef?fme@@mre@hmch@a Thi s
allows for egpeegadly sinple bionetric face identification requiring

m ni nrum menory space for the nodel code. 15 In general, attenpts to

i nprove face recognition have resulted in various nethods and al gorithns
to extract featur &0 H8B700Péacsdxe Hiatite siuteimakicallptracogsizerteel fare of dat abase.

However, varl&&%@.ﬁf}@éﬂ.h@r&oﬁ% Ll QA IBhAD 6 SRR af]é;,u imd g%ﬂagﬂgless

deS|rabIe results nd thus an alternative aNf%roac S re uire
i nprove facd® Y'%%G@Wiet’]eéﬁ's Repdcesrars-a pragie) NOENPICIINEE by §nqap 8xtectiene an obj ect

of the inventFom te gevel apvelandioRgly AbiEbd SYSht®yMof data is generated by
evaluation algorithms to serve as a model of the person concerned. This allows
for especially simple biometric face identification requiring minimum memory
space for the model code.
15
In general, attempts to improve face recognition have resulted in various

methods and algorithms to extract features and compare features with data

stored on a database. However, various conditions and circumstances can still
lead to less desirable results, and thus an alternative approach is required to

20 improve face recognition.

OBJECT OF THE INVENTION

It is therefore an object of the invention to develop a more robust system

that is capable of handling changing conditions such as lighting and facial
25 orientation. In particular it is an object to provide a more robust registration
process for such a system.

It is a further object to provide a face synthesis system that is able to
generate realistic templates taking into account changing conditions.
30



‘that is capable of handling changing conditions such as lighting and faci al
25 orientation. In particular it is an object to provide a nore rdbBdpe 200
registrati@ng;Rs9cess for such a system It is a furthe;‘,cﬁg}io%&oa{o provi de
a face synthesis systemthat is able t9 generate realistic tenplates
taking intg aggaunt G angi nq _copdi tions. 30 10 Cctober 2006 WO 03/088132
PCT/ SG02/ FrE50n3 1 SR VENHUB | \WENTI ON W th the above objects in mnd
t he present i nwithttheab@reoabjetesin mindniee prepettingentibapovides @gond aspecaad/ or

verification system.includin he step.of reqgisteri a persons actual
face whor (14F BHO4 TR 1o vRBMaLPE avo 8 iyt et YadlaBE) S pReseBsd 1o s
create a plctumbfaceywbdrefnage ipagd aif ytipe actuah thoshieraipturéd eantl ag@thesiabottypes are

d f I nal ysi ' Wit h d i b
*ccoon’sed e vl ANLE M3 AOCAERET AL IR TlhO s PR A o Gl o

r ot at i onallatendnaysid and tcoanpafismmaith ansaptsed appde edbé ceddaaised pir wedfiedact ual

face i mage f.or,. normalization ereqf . 10 The fac r ot ot S _nmay r.epresent
possi bl e :aBSeVgFee{%'Egag lg?sqt%nee 8%:[}%%(?&1‘058% ol '%Pearl a@ﬁrﬁ%g%éqﬁxgﬁfmﬁtﬁédﬁdi tions,

varyi ng f appldd texipe emgured sictuabiage ngadeafor abrmatizatienttiedreoins, and/ or nodel i ng
errors. In a further aspect the present invention provides a facial
prototype synthesis 15 system wherein an inage of a persons actual face is
initialldly nornfhé faeg foytolypeb ynagrepagsehtepsdsindmeppdaranaassifahe antabl facet at i onal

and scal ar . . t Lo for .sub ent | reating. | urality of
face prot cl)Jtn%'gg],Sa fngg%ndaﬁdfhgg% E?@Cﬁ%ﬁwﬁpe\éary'ﬁgpf%%gn %pﬁéssg%”gm ) 'nﬁpgzaepéarlances of
sai d act uarieftatensuadd’pr mad¢lmgsriorghti ng condi tions, varying facial
expressions, varying facial orientations, and/or nodeling 20 errors, and
wherein said face prototypes are stored for later use. In the preferred

enmbodi nent t helnsy &rridaT aspashifieswsserténventgeprofides pdacalmsotohpe sghthesise by
appl yi 19 %E/stleﬁa\ﬁﬁergiﬂeanolfnarg[e%@ﬁlp%tréo(?\@aalctua\’ RLatd Rﬂ%hy ﬂ@rqnﬁlg&y W applying

at least one of translational, rotational and scalar transformation thereto for

subsequently creating a plurality of face prototypes, said face prototypes

representing possible appearances of said actual face under various lighting
conditions, varying facial expressions, varying facial orientations, and/or modeling

20  errors, and wherein said face prototypes are stored for later use.

In the preferred embodiment the system normalises the image of a persons
actual face by applying at least one of translational, rotational and scalar
transformations to the captured actual face image, and synthesized by determining

25 possible alternative eye positions and applying at least one mask to said image to
create a plurality of face prototypes, and wherein said face prototypes represent
possible appearances of said actual face under various lighting conditions, varying

facial expressions, varying facial orientations, and/or modeling errors.

30 BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows the area of the face analysed in the preferred embodiment.

Figure 2 shows possible eye positions.



transformations to the captured actual face inmage, and synthesi zedo 8¥ober 2006
determ ning 25 possible alternative eye positions and applying at | east one
mask to said inage to create a plurality of face prototypes, and wherein
said face pr‘Y)‘??)’t’ $é% represent possible appearances of Bei/¥048¥fal face
under various lighting conditions, var3ﬁi ng facial expressions, varying
facial orientations, and/or nodeling errors. 30 BRI EF DESCRI PTI ON OF

DRAW NGS Fi gure 1F$dajgg/\@sﬁdmtﬁé@,§é& edhérid Agg&ksanal ysed in the preferred
enbodi ment. Figure 2 shows possible eye positions. 10 Cctober 2006 WO
03/ 088132 PCT/ SG02/ 00060 4 Figure 3 shows the use of geonetric masks.
Figure 4 shows t h&iguses sfowshe astl of bptal flaprapproximatioenns. 5 Figure 5 shows the
use of exponential and logarithm c functions. Figure 6 shows an exanpl e
function for use with a vertical shadow mask. Figure 7 shows the use of
shadow filtérs. 1FgTyupRoVG thherrof axpoasntigpang legarianenctionght i ng masks.
Figure 9 shows an exanple of registering a user in accordance with the
preferred enbodi nent o resent inven DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI @HfreAésﬁ%wsé@r?xB’B a.ﬂf"ﬁ'oeuf% Ut W'i\‘b‘?ﬂ’%\f@' ey ek ace
recognition due to factors such as changing lighting conditions, the
present invention F@u%opmsqhg@sterbgghé%wﬂﬁé@tem which relies on a nore

i ntensive registration process Most exlisting systens will capture an

i mge of a1|9erson and store that imge for later conparison. In the
present inventionFigity 8 sipwishe exagpls bf manNig@dlingmagker son' s face, the system
automatically synthesizes a nultitude of face

Figure 9 shows an example of registering a user in accordance with the
preferred embodiment of the present invention.
15
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

As it can be difficult to achieve accurate face recognition due to factors

such as changing lighting conditions, the present invention proposes a method or
system which relies on a more intensive registration process.
20
Most existing systems will capture an image of a person, and store that
image for later comparison. In the present invention, during the registration of a
person's face, the system automatically synthesizes a multitude of face
prototypes, by creating artificial lighting conditions, artificial face morphing and by
25 modeling the errors of a face location system, especially in the eyes detection
process. These face prototypes represent the possible appearances of the initial
face under various lighting conditions, various expressions and various face
orientations, and under various errors of the face location system. The system
obtains for each face, a set of faces that spans the possible appearances the face
30 may have.



‘prototypes, by creating artificial lighting conditions, artificial face
mor phi ng and by 25 nodeling the errors of a face |ocation system 0October2006
especially in the eyes detection process. These face proto(¥?es repr esent
the possi bl &upf#tances of the initial face under variBUISPVYR ng

condi tions, various expressions and various face orientations, and under
various errors of the face location system The system obtains for each

face, a set of faﬁe% ter;mamﬁs rhb!ﬁ‘tu@@@ﬁ\iabé ar@as%ﬁa&é}@c&%@ 30 may
have. 10 Cct ober Vi ng ener ated this

P e e o com iy
mul titude of FRRUEY St%TWé%‘a'&d? CHora (RyiGFRa c%i’H‘pBBe” %ﬁﬁ??’%ﬁ a4
di mensi onal i t@(tnaemhnctautoma(lqarclunmnp@l seffengaoisagt ma@nalhes degign oeat iace

extraction, 2 aHRioh Gyt b6l 8PneSPlabs BoUARES ciaiBR: AlhE.dCH5d0 Of a face

recognition system ese tace ?/pes can a e achi eved.
Face 5 recogniefPaios pyiiens Pire e fane teaplates &epl andsy feqierg)veatars/(@3dof eat ur e

vectors (gabowavewtrdyade)apphed, Bed MBPMaesiso adttnéfadcddstéts &R tHidRgt hese face
clusters for training. Considering now an exanple and referring to the

figures. Gven an inage of a person's face and given the position of the
two eyes (4, 5), Gdvsidpriref mow enl exdriples gsd wfarrﬁrigtstthmf»gum iGesn drhimagerage by

setting the t 4%, Fé(rg@&(f]a’ce d%ﬂltné)gbﬁt%ﬂtoqlthe RN sa(Q 5)attheapr *eﬁgg di stance

apart, for exa peration can y a change
of scale arf ?ngatf"é‘rf‘o”ﬁﬁ'@és thedmase mapstingdhe ﬁwgeyeisé4 @rc@aﬂ é\quzqnwé system

sel ects the p@érﬁe &Hd dt BEixéRgistah&dpaktSioV 8ayh fp&tsim.@e@crwspetrétrag,can b@atdl i5t he
above epr ows an

system does not.c |de t he e

b)e/I ow the moufR'& grhrh%tc fiage Phécaieyéf‘%ﬁ&é&?ﬁm BF%s "E?nl"?/m}a%e% MaBed$ the face
1 within thecrbagd, 2he hham iseledts dher partlof theé fase izt iis/ edry stabteharossdioe, | ocat i on
systens, nay tthrlg}He%stErlﬂ%oeg ﬁ&%oﬁﬁggr%e paﬂfJf(H{Qf\é\%r %ﬁbg%ee%}ebmg @ngf the eyes

position can derived according to human ant i cC nmeasures. 20
Usi ng an eﬂ?s‘?ei'%thﬁﬁf’é‘"'l %J&?‘i‘Eﬁh%%fegh‘ionﬁ'f’e’F@'Wﬂ@ﬁP%ﬁ QfHEtfa@ehbWéfWas
position are thenjok eChbistn iROgaFed PO SAtethali@il tthek A8 RBMRHI HsteSYShEN t he

present syste prowde the ‘face center’, from which an estimate of the eyes position can be

derived according to human anthropomorphic measures.

20 Using an existing face location system, it is likely that the eyes' position are
imprecise. To propose a robust face encoding system, the present system
assumes an error position of the eyes, and for each couple of eyes' positions, the
system crops the face accordingly. In practice, the system preferably uses five
possible positions per eye, leading to 25 cropped images, as illustrated in Figure

25 2. Of course, this number can be changed. By nature, this technique encodes
rotation, translation and change of scales, as the scale factor is affected by the
distance between the two eyes, and the rotation factor is affected by the angle of
the two eyes with the horizontal line. In Figure 2, the dots 6 are the eyes
detected by the system and the dots 7 are the other possible eyes' positions

30 considered for the registration.



‘aSsunes an error position of the eyes, and for each couple of eyes)ocober2006
positions, the systemcrops the face accordingly. In practice, the system
preferably uses five possible positions per eye, |leading to 25 cropped

i mages, as MU ed in Figure 25 2. O course, this ntffREN7E4H be
changed. By nature, this techni que encqedes rotation, translation and
change of scales, as the scale factor is affected by the distance between

the tht ﬁyteﬁ ﬁnd_méﬂeitrcﬂél)fe?gﬂo% t‘;hécsiléﬁécé arrgff fh?ﬁﬁ@%ri?é’s gﬂEp@BiﬂJI@ r&f  the two
eyes W e horiz al line. In Figur 0 are the eyes

Gotect ed by & REIE)E BF e AhaoBge TVRER Sop 2 RhiBe e cener o yey:

posi tions 30ofcthasdudagtecerrdras fikére antegetdaliyady dre. sys@EnOatod heperd®@b tha\D

03/ 088132 PCT, g{%{ I a ror. that
descri bes the{ngr 0 gaagﬁgggggf)etwg%sﬁf icg’r(lﬁgéd?) Hgﬁ%yéefrb%z%}%b%ﬁf g){arr{% tlehi s circle
coul d be the foeaP pbgle ayemdistanceriye may saypthat tHe exe PPUed ieresiseiad -#9 xed

aut omati cal | ypikeist he system and depends on the interocular distance

bet ween the cal cul ated position of both eyes. For exanple, 5 for 50 pixels

eyes di stance, we may say that the eye position is precise at -/+5 pixels.
On each of these @noggebdofahesenoppredi aeldnarmalged imbdes, $hes bystanapppliees

predefi ned 2D,l.} L BE §i | r Qi I.pg masks
and 10 obt ai %%Hgm%%?t‘i‘llgﬁg@s%%ﬂgg@{e&g(?%ﬂ'{]gfg%g‘@p}t{@aﬁ ngkg%rwﬁ%@g k?/tytng appear
duri ng t he Pagainpadpigude vhiace ptelyaep teft s¥alifely Bstpephiwivsftghface es of

l'i ghting maskscand 2fhe §yaehl beferadly Uedsphitg ERMBKS oflligHiAy Gfaskabyd ng nunbers
can be used. AE?(“ nup‘oer i of Iis%Et iun varnd vr\]/argérng gkse[fo ld b eused, for
exanpl e desi r 2B1'&° PLEGPINY S AN Hg BBYEI"HE8®'S f"ﬁg 18°% 5?\‘”‘. fasks. 15
The syst em hasf ligitingkamidearping opeska couithbe ubett, farexamplpl desichbieoreauitsi atput | mage
of a person i%i@#&ﬁéiné&uéﬂ@%ﬁ@h% Aikput image for storage. Nanely, the

it [ /

phot onet ri (:15m)d Ication and/ or tthe geonetric nodification of the imge.
The

The system has two kinds of operations that are applied to an input image
of a person in order to obtain an output image for storage. Namely, the
photometric modification and/or the geometric modification of the image. The
photometric modification changes the grey level or the color of a pixel, and the

20 geometric modification modifies the position of this pixel.

The photometric transform can be encoded into the lighting masks and the

geometric transform can be encoded into the morphing masks.

25 The geometric masks can be estimated by various ways, such as
manually, semi-automatic or by optical flow estimation between two images. The
optical flow estimation is a fully automatic technique exemplified in Figures 3 and
4.

30 The first row of Figure 3 has three original images, and the last row shows
the three generated frontal face images obtained using geometric masks. Here

the masks are tuned to generate frontal faces.



‘photonetric nodification changes the grey level or the color of a pixel,
and the 20 geonetric nodification nodifies the position of this pdoceber20bbie
photoretric transformcan be encoded into the Iighting masks and the
geonetric t PYhE%HP can be encoded into the morphing nmasKS/SGH00pHe
geonetric masks can be estimated by vakious ways, such as nmanually,

sem -automatic or by optical flow estimtion between two i nages. The
optical flow estimation is a fully automatic technique exerrplified in
Figures 3 and 4. The fi as three ori i mages,

‘8 }[5' row of & ure 3 ¢ r'{ﬁl
and the last row &h ﬁgaWW@yt PAE LN a'&éra £ OORINSI VP A4t MAZGR<"D bt ai ned
usi ng geonet r secomh®scontdasan dpheximadirsofdneotticaddwitetvrenesaal acé eoht al f aces.

10 Ot ober 2006, ATAPSRATR BETHFCHREAD0R Ay ouhud A (32 Tk, Lhe 1 7!

row of Figure 4 contains five I nput 1 nages secon row contains an
appr oxi mat i ndPH ePpSNdpta @B‘I’SthICSWOSE’E'U@en each face and its vertical
mrror, and the |last row contains an approximation of the frontal face, 5

good enough for a,robust e.reca nition. Here descri be five
Dhotonetr o mmske HeRnyE araer MEAToRReyietBisut oh it PR AP e nese have

proved to be waiytegirmdthéser have lpusved tabe verg gosd foatrébunt faes registrayonappr oxi mat e
real lighti ngthQPQ;fBr&!uﬂQémangﬁTﬂ%é&dﬁB erred marks are: i) Logarithmc

function on grey-level tains brighter inmages; ii) Exponenti al
stretch on'Phe function; which obtains darker 15 images; iii) Vertical
shadow t hat creat erses)éeréfb:eéﬂ méR$ breshadowed faces; iv) Horizontal shadow
that creates horizont a)l h ogarltnmlc unglon on grey-level; which obtains brighter
images;

i) Exponential stretch on the function; which obtains darker
15 ~ images;

iii) Vertical shadow that creates vertical half-shadowed faces;

iv) Horizontal shadow that creates horizontal half-shadowed

faces; and
V) By differentiating images captured from the camera during

20 the masks settings.

If we consider an input image with grey levels ranging from 0 to 1 after a
standard grey level normalization process of the form (v-vmin)/(vmax-vmin),
where vmin and vmax are respectively the minimum and maximum grey level

25 values of the image, then each of the preferred masks may be described as
follows:

Logarithmic function

Let [Kmin, 255] such that 255 > Kmin > 0. The system builds the
lookup table that contains 256-Kmin entries by computing:
30 LOGLUT[w] = (log(w) + Kmin} — log(Kmin)) / (log(255)-log(Kmin)),
For w = Kmin,...255. The lookup table values are all ranging from 0
to 1. Given the value v of a pixel ranging between 0 and 1, the system



‘faces; and v) By differentiating images captured fromthe canera q%dogegzoogo
t he masks settings. If we consider an input inmage with grey |evel s tang
fromO to 1 after a standard grey |evel normalization process of the form
(v-vmin)/ (viYEXBP881%) . where vmin and vmax are respecti VEIYSEOREH ni num and
mexi num grey level 25 values of the ingge, then each of the preferred nasks
may be described as foll ows: Logarithmc function Let [Km n, 255] such

t2 ggt K255 > :<m n >8&amm@ rfewsg}r t\él'vlaldéwthQN =lLedunr( t@&ﬁ&i‘b@;mﬁlﬁ E) al( an )
nn entries in nn) - 1og
/(1 og(255) - og( Kti"AjgeS ve ﬁ\?/mgﬁﬁf%a” %@her%q °6%1kup tabl e val ues are

all ranging fromO to 1. Gven the value v of a pixel ranging between 0O
and 1, the syste 006 WD 03/088132 PCT/ SQ02/ 00060 8 obtains
t he new grey Ieva;e %ﬁea(P\Ejv%Em%w = LOGLUT[ (255-Kmi n)*v + Kmin]; w ranges
bet ween 0 anrd 1 aﬁﬁecﬁ/ﬁteﬂsé’udﬂ%é‘?e dprkat BPls. thek FERBHSI 66 FEVEsi Bh 5 The

system bui | ds thecbrqgkyfp] tabl e that contains 256 entries by conputering:

N R Pi’bﬁr‘@u?ewa@%m WSR-S eikag T3l Yha vai ue y of

a pixel rangi ng betwedwr@® =ahd.255. Thedomystablevelbenan sl rd@ingliemetw igr ey | evel
val ue w by w = EX [ e n n use
%t@g’al th of"é @Igglﬁg @%é{\@&[ﬁe@anda qﬂés%@n Yftafrdt

ot her operators and e Tnage after
appl yi ng tHE  expdifeim Py JRYRICEUSHY B 1 =1GABLU 2557 t FROOPS, veshBge and t he

i mge after and 1 and we can use other operators.

Figure 5 shows the input image and the image after applying the

exponential function with Kmax=4, and the input image and the image after

15 applying the logarithmic function with Kmin=32. The system could generate an
infinite number of such images by making varying Kmin and Kmax.

Vertical shadow/ Horizontal shadow
As the two processes are identical, we describe only the vertical shadow
20 process for the abscissas x. This function creates a modification of the grey level
of a pixel depending on its spatial position in the image. Here we apply it line by
line. An infinite number of functions can be used. For the sake of simplicity, we
describe one function. Let X be the width of the image, and let 0<i<1 real
coefficient, and let m=A*X. We define the following function f(x), depending on the
25 value of x € [0,X]:
F(x)=x/mif x € [0,m] '
F(x) =1+ (x-m)}(X —=m)if x € {[m,X].

Such a function can be seen in Figure 6. Here X=200 and A=0.2. For a

30 given abscissa x, F(x) is a coefficient that varies between [0,2].



15 applying the logarithmc function with Km n=32. The system coul d
generate an infinite nunber of such inmages by nmaking varyi ng Km mo @uvpter 2006
Kmax. Vertical shadow Horizontal shadow As the two processes are
identical, WO ®&8HPI be only the vertical shadow 20 procRSESGopoO§he

absci ssas x. This function creates a mgdification of the grey level of a
pi xel depending on its spatial position in the image. Here we apply it line

by line. An infi @Neﬁarw&)§£ ?f wfwa@véyqaael GaRe b@staﬁ%stamlé% m@hﬁn gke of
simplicity, we describ nct i he i mage, and

| et 0<X<1 realM39%3etXS &F (é‘rY? W'tar?dgrfeé?evﬁllz%?mxted\)% Hgf’f ne 'YJﬁet?‘Fd“ &% ng
function f(x)pmeﬂlewﬂrbdcom@ demketr e fildboneadt pesitih O tdtally @aK] thefrfti pixet will / mif x E

[0, m F( X) = %%5'3 ({( ﬁ%urs@th'eéox p’):rel[igg‘%b %anc?thgg&gfs'a?g'?_s%@:% be seen in

Figure 6. Here %a iven' abs
coef fi ci ent St91a@ter Kien g8 Wb Pogase pughgr. ’i@erﬂt dpgratesothe PFV&ES@B‘/'@S%BZ

PCT/ SG02/ 0006@¢&entGhyd kel #&h tHeFéKengnalhiage.2 grey |evel v, the system
obtains in the output imge a pixel g=(x,y) with a grey |level conputed w
=v*F(x). Thus, the mfirst pixels will becone darker, the first one at
posi tion 0, total IMye berizkntaltpnecess hpqﬁbx@lthe/\brbinateb'eawm‘e‘swmgh( ofthe Fi gure 6,

the 40th pi xe 0*0-e2acty #Q)sanRMbd-be Pixels at abscissa 5 greater than m
will becone bhaéﬁ re ac ure 7 rW&lnustrat es the process with 5 different

shadow filt'8rs, from t he | eft original inmage. The horizontal process
applies to the or dbm&gsesyscoquauae@fmaeoh@s@jt of the image Y, in exactly

dof I me & ok F BV PhARTE(S o5 £ s Rk Eo PR ROR B P b y)

wi th grey | eved(xy)withagrebeal n weheblaiethegrea\grdydenal waeixi() x, y) .

15 2D masks.
These masks are a generalization of the previous mono-dimensional
masks, and a coefficient is defined for each pixel F(x,y). The system then obtains
a 2D mask that modifies the value v of the pixel p=(x,y}), in w = v+F(x,y). These
masks can be built manually, by capturing several identical images and by
20 changing the lighting conditions of the room during the image capture. In such a
case, if we define the neutral image as |, and all the other images as |4, I, ..., In,
the system derives N masks by differentiating | with |4, |5, ..., In: and we obtain F,
= I-ly, Fo=l-2, ..., Fy=l-In. Thus, we modify the value of the pixel p = (xy), in
w=v+F(x,y). Figure 8 illustrates a face capture where the light varies to set up
25 manual lighting masks, by differentiating with the first image. Once again, these
masks can be normalized between 0 and 1.

Filter cascading
A synthetic prototype can be obtained by applying several masks to the
30 original normalized image. Let | be the original normalized image, F={F{,F,,....Fy}
the set of successive masks, and O the obtained synthetic prototype. We have
O=Fn(...F2(F1(1))...). In some specific cases, we may have Fn(...F(F4(1))...) =



15 2D masks. These nasks are a generalization of the previous
nono- di mensi onal nasks, and a coefficient is defined for each p|x
F(x,y). The system then obtains a 2D mask that nodifies the value v of the
pixel p=(x, YYQO¥MEW2 = v+F(x,y). These masks can be bui | PCHERZEMY, by
capturl ng several identical inmages and d)y 20 changing the lighting
conditions of the roomduring the imag?e capture. In such a case, if we

def i ne the netr o AAge 1A .ead.n@nga%dchmmmcbm%nagsaa;ma;@ o, IN

h tiat ey N
and we 3%?2?2’ F%%' L e Cia oYipied T RS A TARAON AETRE: Ty § he v ue
~of the pixel = (X,¥), in w=Vv+F(X, y) Figure 8 illustrates a face capture
‘é‘f‘]?][grtegtel L'tlggt V%[gH%S ||8?t§a%sth+%ﬁ§§oﬂ§1&é"hurln' b4 %J%]@§$8ea9§er n e
nor mal i zed ﬁeh!‘m@ﬁmleathei preferred %ﬁtentmlééﬂﬁ ﬁ@%%&/ﬁﬁ@piumnybrmgﬁﬁy@e can be

obt ai ned by aggisik %u%@ﬁf@{)er%ﬁ@at@sélﬁi%n opd50f5 gkagl merdan ie%&¢ 1 mage.
Let | be the ori t he set of

successive nag[?gg"lvéﬁaaf@ TGS B deRR S ATet PRt BB, Ve have
O=FN(...F2(F1(1)). . In sonme specific cases, we may have o 10
FN(...F2(F1(!I 0

(. F22F1§)%? T%w?@f FELARSY o2 5.1040 834 082102 RCTLEORL 08060 10

t he mask -aSF'N( was progycpy online anawwéme@tor KeeRiaPytfexigea heeeXdyPie. tonbi nat i on

of masks. Fl gwnebegusadl .Hsza&eateesgmtrmg%@e Qbﬂaf@bﬁbﬂdféiurféétgreta@raa%gl gkgation of a
user. In pref e rred E,Fmtoo the 5 |eftnost (first

col um) i magerse ”teaﬂéa Vr’éf;%lcé)fntgfenf@%ﬁ%st?rgls t”ﬁll‘ U auly- a%FOF'é M6ITRTYh of 15x15
pi xel s. The grayind.etcel s intensity of each i mage have been re-nornalized
between 0 and 255. This set of generated faces could be used in any
applicati on u5| ng faces 10 as if it was produced online b%/ any canmera or
vi deo i nput'Sdevi c8% 5tqtgg rekipippessitie apreaianers ofsleel semeffae thaewamti on, face

verification,intraggsftienpirabaviy bf Retehiag thef @8@ct face across lighting conditions,

expressions and face directions. The system therefore compensates for the

?Ctober 2006

weaknesses of previous methods although does obtain a more complex
database.
20
" The system does increase the probability of confusion with another face,
but experiments have shown that the best match between two identical persons is
statistically higher than the best match between two different persons. As these
transforms are applied identically to all the faces, all are penalized or favored in
25 the same way, which is enough to justify this experimental fact. In other words, it
is more likely that the registration transforms the face into a future observed face
of the same person, than it transforms someone else's face into this future
observed face.

30 The system extends the representations to non-linear geometric
transformations and non-linear photometric transformations, to synthesize

realistic face prototypes. This is equivalent to an expansion of the training set for



‘retrieval, video conferencing systens, neural network or auto-associative
menory training, etc. 15 By storing nmultiple possible appearance$ Ogpbetiqes
sanme-face, the system increases the probability of retrieving the correct
face acrossWAYHPE!#y conditions, expressions and face RGEAYHNHY. The
system t herefore conpensates for the Weaknesses of previous nethods
al t hough does obtain a nore conplex database. 20 The system does i ncrease

the probabi | if yei@f g&arisiioR Bf e hBuBNRLRK. FrRORY of RittroSiPRIglsiE nSs have shown
t hat the best nat c% bet ween two identjc ersons 1s_statistically higher

. | P . ]
than the best!@RPYPIBERRIREA"THN2HT f°eV‘8§?cep@?a§8'n%§'”9A?°FH%%r%h'”Q Pahsforns are
appl i ed i dentdappsingy sy@hédidedt hightingc esnditdnk &rae psicdchzeeklioy f awesed in 25

t he sane way, j ] ougf i i thi,s. experinental fact. In other
words, it i str""\rpr(nl%*ro grnei'tﬁoﬁse?{% at%%,;?%@#efggetegli ép ¥ gﬁeoe e?rc %nrg'e 8tre ?réaret %&ea?)éce into a
f ut ure obsepvea@whadeothetkey ligsue imtbatgbe mgistratidnaiiodess congitefsoerioss indieone el se' s

face into thigshibling & thObR8 IR Erel R % th3Qydddetetyst adchends the
representations to non-linear geonetric "transformations and non-1linear

photometric transformations, to synthesize realistic face prototypes. This
i s equival ent to @iveespasesmege afd théevd ¢yab posigpns ahe presert Gydeah abare 2006 WO

03/ 088132 PCT, 060, & fer. W zad . | net wor k.
The key of LIeSTBEta Akt fade Ik FunBBIEiEN EAVLPD Bouh S HBET. Tation

to the facdOiwigein &80 nepdealeea obyshifarg waeDNitRpeNficatpns glaetie™i z&te | i ghti ng

condi ti ons t hahsiagBliddas Rrb@ah byas. delRESE thel dyARSSiLS srakd RMSnGéecipRd i ed to a
face for which the eyes coordi nates are alr

h d , eagy 5 kno_t(vn., Anot her key issue
is that the r&git M5t P6h YU LT Ui PESPLSBIEF P Pn LIRY BB Pdni ng of
the eyes thatalave toeierdation e ®yastitaizt eCtsiranetal igoed tiamaré likelp @ bace i nage
and the two eyRs,RAsh bifGtne flfe REEREHInRN HRin 1 s able

15 :
The subsequent face retrieval algorithm can be straightforward, as the

registration process has undertaken most of the difficulties.

The invention has been particularly described with reference to face

20 recognition systems to assist in the understanding of the invention. However, the

present invention proposes a way to generate artificial and likely face prototypes

from a single face, by creating artificial light effects, artificial face direction and by

modeling the localization errors of a face location system, for the purpose of

robust face feature extraction or robust face registration. That is the present

25 invention is a facial prototype synthesis system, that generates automatically

realistic templates from a single image and not merely a face recognition system.

Lighting conditions masks, warping masks and eyes position errors are used to
achieve a robust face generation.

30 Apart from improving face recognition systems the present invention could
also be used to improve current face recognition and face verification systems, by

transforming and expanding the existing databases containing the faces of the



‘to synthesize realistic faces froma single face, to provide a robust
registration 10 which in turn |eads to a robust face 10 October 2006
recognition/verification algorithm The consideration of errors in eyes
det ection, tWeB3HEhesize of the lighting effects, as WTSHEPHe face
nor phi ng can use pre-registered masks. ,Jheir conbination allows the
creation of a nultitude of synthetic faces that are likely to be

encount er ed dFédp&Q dultndtidhiyr @itf]&ﬁereéeﬁbﬁﬁiﬁ?iaﬂli P8 ArREsS und& dingneSwsequent
face retrieval a he registration

_al.gori .can be straightforward, t
process has uﬂ'&eé'?'ﬁk@hh%@}“”wo dH'@”%iia?p]e GHes %’%d.m%ﬁ%”si' nvention has been
particularly described with reference to face 20 recognition systens to
assist in the und j : [ LOR. ,Ir—/ig_yv%v : nt
i nvention prof oseghggj\;\?é/agghtp g“@é%i?%?ﬁ%?@?%% and%nmateh?gm?(g%gﬁgr ot ot ypes
from a si nglPelifelydace 959t°éP%%ftf‘P’ﬁ§ siotei frgee Pyrreptingtrtifieiet lignt effecisy etifiGiadi al face
di recti on andraby dircgaeebhd gy hiRelr@ané ickalzhih &forHbBa Bice dodabiiesys@eat i on
system for t eat ur tracti on. or robust face

e, purpose of robust face f e
hostrat i on. P HEPRESE onysL Bk Teask Bipe iR oL it E R SRR ERoBy of orype
synthesis system that generates automatically realistic tenplates froma

single imge and RhHitst TR, lnYetF'\’odf L& sry?t%%i ttlhé”bréééﬁf %Ugng{idgj SﬂQé itﬁgncondi tions

masks, warpi ng masks and eyes position errors are used to achieve a robust
face gener a0 SHNMaFeAZAT £xFI08A PPyoliveExeRele itwh bgsPeiesated Py thase t he
present invengiiRa icakd drt tahtSamewldeRdiahying EMb&VIRerts fahe ippcatéenhsr #60gni tion

and face verification ste b ransf orm ng. and di ng the existing
dat abases con%{?'?litlhr?gte? ‘I%e{ngf 3@%00(# otf h}f Hg° WB@P‘)"Zﬁng%e@%@ggiSZ

PCT/ SC02/ 0006presentedyesspha@re Ayiveyrat illesiiatign ony arrbshioutded e oonstipedlab t he

phot os, under iglihg B8R thidhidsGsd. ons, all the lighting conditions, all
the scal es and ro% ations. The present invention therefore proposes a way to

generate artificial and 5 likely face prototypes froma single face, by
creating artificial light effects, artificial



‘face direction and by nodeling the |ocalization errors of a face,|ocation
system for the purpose of robust face feature extraction or robust face
registration. Wilst the nethod and system of the present invention has

been 10 sunmmari sed and explained by illustrative exanple it wll be
appreciated by those skilled in the ggt that many w dely varying
enbodi ments andtapgd.i cations are wthin the teaching and scope of the

present inventijon, pd t hat he e resented herein are by way of

il lustration onl and “SHi ?ﬂga' '%?”‘ﬁ@' ‘ée8ﬁ%af'?rﬁé¥ftea‘% includifg 1P gtePrE scope” of
this invention fegl-"('.‘ﬁ“(mtaom&wns@@ﬁal fh8e GhdbiVEn imbge Af fatectigdagnist i on and/ or

yerification syaiae Lacludbomdbaesh sl of B0l SbEALAR.A-RRSENS act ua

face wherei [} an | ogt sai.d actual face synt hesi zed to
create a pl uraliEP BIVACIEE FPee Hr y%%’sa”a'%?"@qum@é\“sﬁﬂwhac@Ptpfeét otypes are
stored for | at émagariaby sicegrased o@@éfpnanmommmhm&agtadhtew ehsidtisRge to be

recognised or vsgkhhels 400 WILELAAL ol SRk 0% oL ianslational,

rotational and scal ar transformations I's ¥Ped act ual
face image fol™¥BrtraPimaieationteset eof . 10 2 The systemas clainmed in claim
1 wherein said face prototypes represent possible appear ances of said

actual facejgunder Vfﬂé'st?/k‘éml Esgl} (ﬁeq’ 'ncolg'g‘leh %é‘? rsa{dg]ga %§ §C| al expressions,

varying facial orientations, OYPffe system as
clai med in cl affeEentpnssiep rﬁpéeﬁ‘i?m‘ﬁ §6ﬁal@fad9al fdcef ander vpriays digtires and

captured i nagecusiisng foaiey PRiaC RkHEssRINGOVddiffacthi ofibRatySt sma@s clained in
claim1l, V\here:n.[&{j&ggearl son of said face prototypes and captured | mage

uses face tenplates”or “Peature vectors. 20 5. The systemas clained in any
preceding claim wherein synthesizing of said actual face includes

nor mal i si ngissagd aghsl@lsiéracs cla'ﬂﬁé]:eln%ﬁﬁq Q/HerEinecomparison of said face

prototypes and captured image uses a face matching algorithm.

4. The system as claimed in claim 1, wherein comparison of said face

prototypes and captured image uses face templates or feature vectors. |
20 .

5, The system as claimed in any preceding claim, wherein synthesizing of

said actual face includes normalising said actual face image based on the

spatial relationship between at least two features of the actual face fmage.‘

25 6. The system as claimed in claim 5, wherein normalising includes

rotating said actual face image to bting eyes of said actual face image to a
horizontal plane. |

7. The system as claimed in claim 5 or claim 6, wherein normalising

30 includes scaling said actual face image such that the eyes are a fixed
- distance apart. )

8. The system_as claimed in claim 7, wherein said eyes are fixed at 50
pixels apart.
35



‘spatial relationship between at |east two features of the actual face
image. 25 6. The systemas claimed in claimb5, wherein nornalising® 79T aies
Jotating said actual face image to bring eyes of said actual face image to
a horizont NOPEHE 7. The systemas claimed in clai m5PGSEPSH 6,

wherein normalising 30 Includes scali g said actual face inmage such that
the eyes are a fixed distance apart. The systemas clainmed in claim?7,

wherein said eyes Tas €ydténs @6 cRimealn aly preteingRiich whdfinlile QFdaQiB6ve BH06 VO
03/088132 PCT/ SX02/ 0006 n any preceding

1
cl ai m wher ei nPTRE™S eryﬁbro‘é{f)S%b‘???l“éLeﬁ&?%%@"%@?ﬂ]%%@ﬁ'&e %el ow t he persons

mouth is not synthesized. 10. The systemas clained in any preceding claim

wherei n synt hegi zithg s?gtem5a§éh91e§qpn ual, pte%g&‘né @Fé|nlr'%§re(i1‘?g)?{rmsmn§

al ternative positionsfor eac e SO’ as ensat e
errors. 11° TR 8¢tedldaqeacieqes; q‘?é-‘dmlnﬁ‘gcq"&r ”ﬁ'\"’fd’oswféf Ragh gye Salé'cséﬁa nat ive

posi tions ar ecomiginestarfonedssitns eesh eye. 10 12. The systemas clained in any
precedi ng cl ai mwherein synthesizing of said actual face includes applying
at | east one predefined lighting mask to said actual face inmage. 15 13.
The system as’tl aiThedydtem @salaimd®in agierdi wherbindige taterttivprredigdrisrarel | i ght i ng
masks are usegleter;ﬁned?&eeagygf,eem as claimed in any precedi ng clai mwherein
synt hesi zing of said actual face includes applying at |east one predefined
war pi ng mefk to said 20 actual face i mge.

12, The system as claimed in any preceding claim wherein synthesizing of

said actual face includes applying at least one predefined lighting mask to said

actual face image.

15 13.  The system as claimed in claim 12, wherein three to 16 predefined lighting

masks are used.

14.  The system as claimed in any preceding claim wherein synthesizing of
said actual face includes applying at least one predefined warping mask to said

20  actual face image.

15. The system as claimed in claim 14, wherein 25 predefined warping masks

are used.

25 16. The system as claimed in claim 12 or claim 13, wherein said at least one
lighting mask includes photometric transform.

17.  The system as claimed in claim 14 or claim 15, wherein said at least one
warping mask includes geometric transform.

30
18.  The system as claimed in claim 17, wherein said geometric transform is
estimated using optical flow estimation.



"15. The systemas clained in claim14, wherein 25 predefined war ps 6i@odramks
are used. 25 16. The systemas clained in claim12 or claim 13, wherein
said at |east one [|ighting mask includes photonetric transform 17. The
systemas clained in claim14-or claim15, wherein said at | east one
war pi ng mask i ncludes geonetric transfgrm 30 18. The system.as clained in
claim17, wherein said geonetric transformis estimted using optical flow

estinmation. 10 {gct oRers &0 9. JThe systemas clained in claim 16,
wherein said phot onetric r??agrclé?%e?drw CHimCIBuiReLea palf photgmeigdragtfomy| gor i t hni ¢

function, expor®Paprtieastetsat, vertical . shadow, 5 horizontal shadow and
di fferentiating inage. oritnif afihd@lonPreRbENRE Q%E}Bh%i-ﬁgai%ﬁatdgw wherein an
e

i mage of a perspps f is jnitially normaliz by app! yi ng at
| east one of translngﬁ%ﬁg*/?n(?@@?rgfs‘iawcf;{m%d scal ar transfornations thereto

for subsequently creating a 10 plurality of face prototypes, said face
prototypes reprasen i BREHR! §nindhP of said actual face under
various |ighting, ﬁlofngi tions D\Q/asﬁ'gt! %{é g%%@rg'ﬁesrggparne@é’g%ﬁ 8 ifEPYA ng faci al
orientations, andror mbdBiFNg ERRIEREE by #RelYingAk lesstrone aif drahidiaiengr of ot ypes ar e
stored for |atéplaipsel aBi Sdalar Themsoysdlions 8retd dirNRMsdfemth 3rdaig0 o Wher ei n said
actual faceid mp@RalilS of MMe feds PLior. to creating said face prototypes
based on the spatial rel a_iogfl)@hf' thf?/\%ae rogﬁprseégFfre NS 8 ees of "t he
actual face i mage. 22°° hed$ petanipes vedenivarists ilightiog abndi®bs, wherei n

nor mal i si ng i néciptegpredidns otzaging) GrcBRbLbneBbNs bnd/SCRIMRPErlQ M4 Ng eyes of

sai d actual fagRelfRAR tAQ ot i_zopt al ne. 23. The systemas clained in
claim 21 or claim 22, erpZ? %‘pﬁggﬁﬁe& ?fg?ﬁglla?er use

15 21, The system as claimed in claim 20, wherein said actual face image is :
normalized prior to creating said face prototypes based on the spatial
relationship between at least two features of the actual face image.

22.  The system as claimed in claim 21, wherein normalising includes
20 rotating said actual face image to bring eyes of said actual face image to a
horizontal plane,

23.  The system as claimed in claim 21 or claim 22, wherein normalising

includes scaling said actual face image such that the eyes are a fixed
25 distance apart.

24, The system as claimed in claim 23, wherein said eyes are fixed af 50
pixels apari. '

30 25.  The system as claimed in any one of claims 20 to 24, wherein the area
above the persons eyebrows and below the persons mouth is not
synthesized.

26. ' The system as claimed in any one of claims 20 to 25, wherein to create

35  said face prototypes said system determines alternative positions for each
eye so as to compenssate for possible errors.



includes scaling said actual face image such that the eyes are a fixed 25
di stance apart. 24. The systemas clained in claim23, wherein sabdc@yess
are fixed at 50 pixels apart. 30 25. The systemas clainmed in any one of
claims 20 t OYOB/8%¥erein the area above the persons eye®fB¥H2eMe bel ow t he
persons nmouth is not synthesized. 26.1' The system as clainmed in any one
of clains 20 to 25, wherein to create 635 said face prototypes said system
determ nes alternative positions for each eye so as to conpensate for
possi ble errors. 10 Cctober 2006 WD 03/088132 PCT/ S2/00060 16 27. The
system as cl af/med MhSYSER &5 SEIMERHBCET 2P Wherelp fivg Allarnalive pesias g are

det erm ned f odete@mtled y@actbey@8. The system as clainmed in any one of clains
20 to 27 wherein to create said face prototypes said system applies at

| east one predefined lighting mask to said actual face inmage. 29. The
system as ¢l af@redThnsystem @s ZRimgctharasy one 1of ceimso20L® Pt whekinmledredteght i ng 10

nmasks are useghid 36 prbldfypeY 5i8 By A6m GhFieiBehd oﬂ@F;e%ﬁrrehaaFmg%Qaswo 29 wherein
to create said, %ii%gfagrot otypes said system applies at leaSt one predefined

war pi ng mask atM9941 face image. 15 31. The systemas clained in
claim 30, wherein 25 predefined warping masks are used. 32. The system as

claimed in clg m i Q) . jon . e ! Lighting
mask i ncl udesfg‘phot onﬁ{s}eﬂcg% %ﬁgfj 6&;‘%}5&%: Wﬁ%%'qst@é g)m%zgsrec({?'g??réggm?% claim 30
or claim3, WrEpaetsedi d at | east one

30. The system as claimed in one of claims 20 to 29 wherein to create said
face prototypes said system applies at least one predefined warping mask to said
actual face image.

15
31.  The system as claimed in claim 30, wherein 25 predefined warping masks

are used.

32.  The system as claimed in claim 28 or claim 29, wherein said at least one

20  lighting mask includes photometric transform.

33. The system as claimed in claim 30 or claim 31, wherein said at least one

warping mask includes geometric transform.

25 34. The system as claimed in claim 33, wherein said geometric transform is

estimated using optical flow estimation.

35. The system as claimed in claim 32, wherein said photometric transform
includes at least one of:

30 algorithmic function, exponential stretch, vertical shadow, horizontal
shadow and differentiating image.



*war pi ng mask includes geonetric transform 25 34. The system as ¢@Papaed’s n
claim 33, wherein said geonetric transformis estimted using optical flow
estimation. 35. The systemas clained in claim32, wherein said photonetric
transform includes at |east one of: 30 algorithm c function, exponential
stretch, vertical shadow, horizontal §hadow and differentiating i mage. 10
Cctober 2006 17 36. The system as cl dimed in claim20, wherein said face
prototypes are__generated by applying photonetric and/ or geonetric
transforms to S d'Nf LR o5 clamed/p £igigl 20 WSt oR{AYacSRAPHERS ¥esystem
wher ei n an i mag@ectted bpearplying pratimedlc fmre jedmRBENBdnsB@ts by sappl yi ng at

| east one of t{n% glational, rotational and scalar transformations to the
captured actual ftace inmage, and synthesized by determ ning possible

al ternative3eye positions and applying at 10 | east one mask to said image

to create a pler.al intticiaf prbRfBe RUMRIYRSEm vtfein Wheh&lenoisApélsdrace pr ot ot ypes

represent possg‘%a(?faa pear an various |ighting

IS Ao a@e bOfa SIal ta\%t L{al If’?cnela londFr tational
conditions, vafying raciar %?éré{sé’%'ﬂ%,a A YIRG EE AR 6 EAT at i ons,
and/ or nodel i ng'dkerscalpk  transformations to the caplured actual face image, and
synthesized by determining possible alternative eye positions and applying at
10 least one mask to said image to create a plurality of face prototypes, and
wherein said face prototypes represent possible appearances of said actual
face under various lighting conditions, varying facial expressions, varying
facial orientations, and/or modeling errors.



