WD 03/ 088132 PCT/ SG02/ 00060 ROBUST FACE REG STRATI ON VI A MULTI PLE FACE
PROTOTYPES SYNTHESIS 5 FIELD OF THE | NVENTI ON The present invention is
gener al | ywoiospsdier t owar ds face recognition and face ver iPCT(S&ER/00066YSt €N
and in particular towards a facial prototype synthesis systemable to
generate realistic tenplates and provides a nore robust system for

regi stering a face. 10 BACKGROUND OF THE | NVENTI ON The cl assi cal face
recognition approach is to store an inage of a person's face, and then to

provide a faceroBUSH PACEIRIEISTRATIONYA MOLHHLE PABRTBRSTOYRPESNY | i ghting
conditions, fdcra , C | , ) .. 15

must ache and facial hair, etc. In tSNHESISHf face recognition technol ogy,
research has focused al nost entirely on devel oping algorithnms that are

invariant to the lighting conditions, the facial expressions and the face

directiond HEED QY IHENNVEINTAON si npl e dat abases 20 at the expense of
COMp ex et ol n6g) SB5h1Trfin i Bphdrah] oALAQHILILES ol HELRREN S, the
face recognition systens based on“face tenplate matchrng an neur al

net wor ks, rfaqeivedfiGtibarsystemsmbed iropaftiaclar dawarte s favial maototypbhesynttesisr k t o
an acceptab d.. . The operation a re applied to train neural
et vor kb arB e AR e 3EE nePieleind b PBR A, Foxd Lotfsf B

zoom ng. 25oftegigberoig ®faseof these techniques is their weakness in dealing
with varjous |lighting conditions, changes of expression as well as tine
differen between the registration and the tinme of the observation. 30
For exanpl eBAGKGRYUHSE DF PHEVNYEB TEOK echni que for detecting and

The classical face recognition approach is to store an image of a person’s

face, and then to provide a face matching algorithm 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



recogni zing an object in an inmage franme. The object identification and
recognition process uses an inage processing techni que based on nodel

gr aphs amaolmasgs13\0O 03/ 088132 PCT/ SG)2/ 00060 2 graphs t hacTsiGhe/edent | y
represent inmage features as jets. The jets are conposed of wavel et
transforns and are processed at nodes & |andmark |ocations on an inage
corresponding to readily identifiable features. The authors thus propose a
face represgaphs theheffisisaty wpreseskimage fealtifagras jpisi rthe jetstaracomgosecoh t he

face 5 i mages o dtafsndisaRd k at SRULS &F 14RdMSrniodSt BRI A 9r aph
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mat chi ng technl gue. closes that to autonatically recognl ze
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curve determ ne ear ex rac e curve a strongly
reduced q@amage? d’raoda‘eaogrstlcgelsethamafdallsed wsirgd aadafmnmeggramhnmatchmgser ve as
a nodel of l%’(son concerned. This allows for especially sinple

bi onetric face entification requiring m ninum nmenory space for the nodel
code. 15 In general, attenpts to inprove face recognition have resulted in

various nethod n ith rac res and c re features
with data stor 3%8 ﬂs@@@f E)Bes &Bﬂg\f’eﬁu R ICSE% e te
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The | R e B Hheastis o it entity eleut I BeteBRd 3 1 "ear SURITD a rror o
robust Systfermn tiabprofse cz:@mbkaestﬂinghyam&luoel §liatig) 09 deNGs (dePBRAtS By as
lighting and facial 25 orientation. oaf.rtlcular it is an_object to

provi de a Y@ alngrgggorl;rg@q a sefye g @ model 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



process for such a system It is a further object to provide a face
synthesis systemthat is able to generate realistic tenplates taking into
account cwangiosgy3zondi ti ons. 30 WD 03/088132 PCT/ SG2/ 000@CT/S&02/BM/ARY OF
THE | NVENTION Wth the above objects in mnd the present invention provides
in one aspect a face recognition and/ér verification system including the
step of registering a -ersons actual face wherein an inmage of the actual
face i s caStMMARA C NVENTION] to create a plurality of face

protot ypes, andypheii waéeo bRES PPN BResBAE IMANGH raliddsIPbnanal ysi s
and conparison with a captur I mage be recogni sed or verif The

face proto@ppes &wFCEeﬁKQQEMOnp@§#¢MW§mH@B@®r%ﬁ&§§ Brluding &MAﬁﬁpin face
under vari i il i ng

Faci ol or R elia G A RS HEEK e Al SRLEELE Rocopl el
present inaedtsyothepizeditdeseatefaplulityobfagey pwtotygas, aedli Wh%rﬁgtmmer ein an
 mge of & pRABEBES aCllRly R o) hAXIY DRIl Bn i LLERLRARINE! [ LY Of
face proto ypes, sald face es represen ng possible app darances of
sai d actuabeﬁammnumdenveahubus Ilghtlng condi.tions, varying facia
expressions, varying facial orientations, and/or nDdeIing errors, and
wherein said face prototypes are stored for later use. 20 In the preferred
enbodi nent t he Ihstfecs pototgbes esayt tepresept tpoesiblienmarmb dfhtae adnmleyes are

a fixed gdjstance, apart a zont a system

2ynt hesi Tb oo abug e i orlange o rE e P e VA I (AR on ¢ he
assunpt i on oribatatioid)andfoe aiodefsg ene8. as hair do not significantly alter for
recognition and verification purposes. The synthesis nmay include

In a further aspect the present invention provides a facial prototype
synthesis system wherein an image of a persons actual face is synthesized to

15 create 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 errors, and wherein said

face prototypes are stored for later use.

20 In the preferred embodiment the system normalises the captured image
such that the eyes are a fixed distance apart and on a horizontal plane. The
system may only synthesize the area of the face bounded by the eyebrows and
mouth on the assumption that other features such as hair do not significantly alter
for recognition and verification purposes. The synthesis may include

25 consideration of alternate eye positions and applying masks to account for

changing conditiors and errors.

BRIEF DESCRIPTION OF DRAWINGS

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

30

\

Figure 2 shows possible eye positions.



25 consideration of alternate eye positions and applying masks to account
for changing conditiors and errors. BRI EF DESCRI PTI ON OF DRAW NGS Fi gure 1
shows t hewearoeassiB2 t he face anal ysed in the preferred enbodcmsan2/00080 Fi gure
2 shows possible eye positions. W 03/088132 PCT/ SG&2/ 00060 4 Figure 3
shows the use of geonetric masks. Figude 4 shows the use of optical flow
approximations. 5 Figure 5 shows the use of exponential and logarithmc
functions. Fi guﬁg%egﬁbmsmﬁ eseapfigeontetniccmpshs. f or use with a vertical
shadow mask. Figure 7 shows the use of shadow filters. 10 Figure 8 shows
an exanpl e of manual |ighting masks. Figure 9 shows an exanpl e of

regi stering a uf@uré A shows thrusecofwiptibalflow apprexXfimatiens. enbodi ment of the
present invention. 15 DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENT As it
can be difficult to achieve accurate face recognition due to factors such
as changi®g | i giktgung5sbnds theouss, oftdxpoperdisband iogaethtriofunptiamoses a nmet hod or
systemwhich relies on a nore intensive registration process. 20 Mst

exi sting systens will capture an inage of a person, and store that inage
for | ater conparFigueea6 shows ae examprnunctionefuriuea wittur verticd! BrRadasgmatk.at i on of
a person's face, the systemautomatically synthesizes a multitude of face

prototypes, by creating artificial lighting conditions, artificial face
nmor phi ng and by Figure 7 shows the use of shadow filters.
10

Figure 8 shows an example of manual lighting masks.

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.



25 nodeling the errors of a face | ocation system especially in the eyes
detection process. These face prototypes represent the possible

appear ancwe 0ofssibe initial face under various |ighting ceQdiSGop®eo vari ous
expressions and various face orientations, and under various errors of the
face location system The system obtadns for each face, a set of faces

t hat spans the possi bl e appearances the face 30 may have. WD 03/088132
PCT/ SG02/ 00060 Having generatpshiismeditede of fagetnrolotupest datacanagysis oarypes, dat a
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Consi derin nd.referrin an i mage of
2 por son o B ERaTBF BRfe ang bEniinty A Lis eRg e &0 es Tok FAnfR,
preferred 10 systemflrst normal i zes the |mage by setting the two eyes (4,
5) on a horizon II ane and e?.(t a f'r)écgr n 2 %g artS for eﬁa%

pi xel s. This ope? chr}ﬁ){v gid eXpp|s 9 eée,r % <EYEB 2986t at | on.
Once the ncvtrmberz;edslfaeegenmgwm&etmtmohh@f wstmrreweel @153, theeprerifedof t he
face th S ver%( i gﬂ?ﬁ across tine, the s shem does .not consi der

3t BORRN b

the part Qrsypiga g° tf}?e'"agebtyoteﬂ% el@’%%feév(/ ORBuNRIZN Bt s,

the system éﬁlﬁérﬂﬁéﬁa ddydistafnc®apart,Gor &gl e pixe.t This opbhRioR@¥n Beshown i n
flgure 1. ternatlvely, ot her face | ocation systens, may.  provide the

'face cent &palizefy Bynanahangeanl ssalendit refptiome %’V@s”ﬁf‘os‘PEm@Weedﬁ‘%é isgeri ved

accordi ng t&eﬂé@&ﬂe@%ﬁé%@@l@@t‘sﬁhé CpaﬁeéfStHé Q&ce #at {189 b8 dcRdssnind,ace
| ocati on system it I's likely t the eyes' position are |nprecise. To

propose a riB#Us the systere dees Pﬁbc@)ﬁﬁeé?ﬁe REOhhedagh akavettheeyebrows and
15 below the mouth 3. That is, the system considers only the part of the face 1 within

the box 2 shown in figure 1. Alternatively, other face location systems, may
provide 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.



assunmes an error position of the eyes, and for each couple of eyes’
positions, the systemcrops the face accordingly. In practice, the system
pr ef er ablwows®ssiBi ve possible positions per eye, |eadi ngprco/sgb2/emepped
images, as illustrated in Figure 25 2. O course, this nunber can be
changed. By nature, this techni que encédes rotation, translation and
change of scales, as the scale factor is affected bgethe di stance between

the two eyes, aHte cheler Bt showsnthieasuriace srrar thatt depchhes Hee aghablefrealt he two
eyes w fbgﬁ.gﬂf& W%féanéh{‘ﬁom{ i thisEicf c%vuhot Q@tr%gr%%béyééﬁtéﬁg@s/{%?

detected b e syste e dots 7 are the ot oSSl
posi tions d0hemusfade readr fiv fixed autagatical aby dhe syEie0B/208 SlPeneLDHhIBE2/ 00060

6 The circl, r e r ! [ e 0 r eal
posi tion of'ﬁtteﬁoeﬂe%g\eﬁs%ﬁ %%Yvrﬁgﬁ?hne %ﬂ?@agg??@s@%gﬁIbgﬁﬁ@t]%ﬁe%rre%%meoﬁeé center.
The ray Dffot he piets eyss distaoce,i we mayeshyalnabd itet eysapositidyist precisg st elrband
depends on t.hes i nterocul ar di stance between the cal cul ated position of
bot h eyes. HEGT ‘exanple, 5 for 50 pixels eyes distance, we nmay say that the

eye position is precise at -/+5 pixels. On each of these cropped and
normal i zed i mag t he system applies redefiped 2D lighting masks and
predefined 2D ng’b?ﬂ% SEX’PT%FpﬁPﬁEGM‘EQs'p%{H‘&ﬁZ e ﬁggéyﬁﬁﬁ& PP@W& of face
pr ot ot ypes grbddfinat @0 lighgihy maskeppedredbfined @Dtwarpingas rmepaingmask§@dsyst em
preferab es three fam/lies of |ighting ks and 25 famlies of

e i ng. WAELAEF eHBHBHBarh foRS PHRiRbBRS BaliPrEdREyed SPRRgr ALABRINS B% | ght i ng
and war pi ngogainks Tillsfstem pefstabll Qiseexprge! Rindess bRhkgIRingendisSasd @5 bei ng
obt ai ned using 16 _lighting nmasks. 15 The system has two kinds of operations

that are appIniieg of yaaping sialfageah Arying S CAN §E St PAYDRURNRE an
out put i mags (igAting hAd M@RpindIFNRIKY . colfdebe used, for example desirable results are

being obtained using 16 lighting masks.
15
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 exempilified 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 and/or the geonetric nodification of the imge.
The photonetric nodification changes the grey |evel or the color of a

pi xel , amnaotoamssi2d geonetric nodification nodifies the po®Chiswmo2/o6060 hi s

pi xel . The photonetric transform can be encoded into the |ighting nmasks and
the geonetric transformcan be encoded into the norphing masks. 25 The
geonetric masks can be estimted by various ways, such as nanually,

sem -automatic or by optical flow estinmation between two i nages. The
optical flow es t a Y, C in
Figures 3 and wﬁgoé#ﬁgﬁyr@%%rgtwo?&@gﬂﬂﬁ e4 ES%%QM%@%W a?%gletq?rrages
and the | asecersvoyheamaing ap appraxdmatianeofdhe aptieab flowbetween emigf@ge@bdm ned

usi ng geo r t faces.
V0 03/ 055133 BRFPEyo0RR e BT RERaE Bl ARSI OERR okl 2
cont ai ns J igpedienpugh fomagelsyst fave resmmimm- row contains an approxi mati on of
the optical flow between each face and its vertical mrror, and the |ast

row contains an approxi mation of the frontal face, 5 good enough for a
robust face recéigre,weoteschie éye protdestici haskisi Venypluoibemean ibe geastaded, Any

For robust PALEEPEATERe el priibd B Ve atER el Yo LlaRé Fgnbrinh. 487 90

condi ti ons théhbappredmaty ebElightidg camditorar e: i) Logarithm c function on
grey-lev ‘Fd whi ch obtains brighter inmages; ii) Exponential stretch on the
n,

functio whi ch obtains darker 15 inmages;
These preferred marks are:
i) Logarithmic function 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



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

Hori zontal shadow that creates horizontal half-shadowed faces; and v) By
di f f er entwetoBsgsidzrages captured fromthe canera during 2@cCrlssovamks
settings. If we consider an input image with grey levels ranging fromoO to
1 after a standard grey level normaliBation process of the form
(v-vmin)/(vmax-vmn), where vmn and vhmax are respectively the m ni rum and
maxi mum grey | evblaineshe apwasevlevehaluenwdy, Wt’n'e‘ﬁGéHg'HZ%-KtﬁH@)*pr*é‘fréiﬂ};ed masks
may be descri be ' y i ] i [ Kmi n, 255] such
that 255 > Km nwﬁége%‘g@éﬁpeﬁggﬁﬁ%g%ﬁé Hfh%gtk)g%atkgﬁ'l e that contains
256-Kmin entries by conputing: 30 LOGAUT[W = (log(w) + Kmn) - |og(Kmn))

/ (1 og(255)-1o0g ] : w = Kmin.... 255. The | ookup table values are
all ranging fro%%@%a'f}’ﬁ%roven the value v of a pixel ranging between 0

and 1, tHe syst &heWysDah088IE2 tRETIOBRANR/ @OR60hatl coblaimisn256hentiies dyey | evel
value w by w = %Or%lg{]{gh[g&% Kmn)*v + Kmn]; wranges between O and 1 and
can use ot her op@ Oors?" Exponential function 5 The system builds the

| ookup table that coBEXRLUSW 5G0espmKnaxs w255 0pAdt exp(gax)EXPLUT[ W] =
(exp(Kmax * wi255.0)_-1) _/, ( (Kmax), - For w=0,...255 The |pokup
tabl e val ues are al IF(?ra%]Qion'g'%soﬁ?%@ﬁu&&leda\%% qrﬁgﬂ\;grpq}%g (}'orgfr}ftg ﬁi xel
rangi ng bet weenQlvenntle Valuehe oy pix@mrangirg etwedd Otdrel hethe Gystgm edtainsval ue w
by w = 5§ LuTL 2 % r\{éw g\p({:yr I%\r}(e]1evsalubee\t/vvﬁyer\]N9 EXPLUT[255*V], w ranges between 0

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<A<1 real
coefficient, and let m=L*X. We define the following function f(x), depending on the
25 value of x € [0,X]:
F(x)=x/mif x € [0O,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 2=0.2. For a

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



and 1 and we can use other operators. Figure 5 shows the input inmage and
the image after applying the exponential function with Kmax=4, and the

i nput | newe wanesiBhe | mage after 15 applying the | ogarithmwca/SGezetscon w t h
Km n=32. The system could generate an infinite nunber of such inmages by
maki ng varying Kmin and Kmax. Vertical 9shadow Horizontal shadow As the two
processes are identical, we describe only the vertical shadow 20 process
for the absci ss&¥er.a PhesPF(yE withrp aieydevel vatheoslistare gbtains bf thetmutaptey | evel

of a pixel ; di: 1 Ut S FeRY St i, L |yTe: apply it
line by Ii”ﬂgggﬁnﬂ”?ﬁfﬁf’y }ewgﬁﬁfgt@olf p?u%@%%dswcaﬂ%&g uglguds.’ ITIﬁz‘%?ﬂt 5 sake of
si npl i ci ty pixgts wildeceinpslates, thadicstiona.at pesition Betotaly darkathe with piel wilmge, and

| et 0<X<1 e d - amiao Vi def i . i
funct i on £ (5 nefEREhTiRTE o fRU B aon'dy SRFd OF duifs Pl B . o
[0, M F()9 gredterthan- m) wiXbecampe ibrighteE [ mgie. 7 Slestratesf thec picoass avithb® seen in
Fi 6. = = .. 30. 0 bsci , F i
coer 1 ci entriengt yane LBfer Tt ind BfesPordlneOse 132 per) seoas 00060 6 @ ven

a pixel p=(x,y) with a grey level v, the systemobtains in the output

i mage a pixel qz(x,y)_w.th a grey level, c uted w =v*F( T he m
first pixels V\ATf'? hé%—%’% p&%qggala?éplﬂ%etgftw §{H?’baﬁ%Ya?”%%%%sttﬁ%)ﬂeﬁgyﬁ%t[‘% |y
dark, the nmbg@ixielexaclytheamenabifesrt ed (in. Figure 6, the 40th pixel
200*0. 2 = 40), and the pixels at abscissa 5 greater than mw || becone

brighter1.0 Figure 7 illustrates the process with 5 different shadow

filters, fromtphp m&dks aglcogibirddtioh e 10eadheri zontal process applies to

?rgﬁng; fjl nate v, H%pedwlésc?e?ing haemre]:\%k g—hguc%f thtap E(x,;l/)n;igﬁ(x\){*’Fyl(yr;. 5 oerl'ce}alc ;;[i)t]e sane

p=(x,y) with grey level v, we obtain the new grey level w=v*F(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 Iy, I, ..., In,
the system derives N masks by differentiating | with |4, I, ..., In: and we obtain F4
= |-ly, Fo=l-lp, ..., Fn=l-In. Thus, we modify the value of the pixel p = (x,y), 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>,....Fn}
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(...Fa(F1(l))...) =



10 2D nmasks as conbination of two 1 D masks. Here we define a mask F such
that F(x,y) = Fx(x)*Fy(y). For each pixel p=(x,y) with grey level v, we
obt ai n t hworemsggsey | evel w=v*F(x,y). 15 2D masks. These mazksoan@ea

general i zation of the previous nono-di nensi onal nasks, and a coefficient
is defined for each pixel F(x,y). The Hystemthen obtains a 2D mask that
nodi fies the value v of the pixel p=(x,y), in w= v+F(X,y). These masks

can be bui IRn(m&Ea(RN)(Y) = M(), deasting tormmeeh g1 effigient Femputation@s thathasy 20
changi ng t Re_Id ghti C it I : [ apture. In
such a ca@g, 'le?\%;é éffél%{ ‘%%g&ﬁ”eé&%‘?g |Jr?ggéerbgg CIIo!;}ﬂ):';tryr\%"ca)21Iol Eghégot her i nmages
as 11, 12, ..., | the system derives N masks by differentiating I with

N,
11, 12, ..., | Ng i = 1= —o=1-12_ . . EN=1-1N. Thus, we
L 12 ol NN e Gk oy s on B,
i |1 ust r atéedhia exaoplec et pregervdtesystérndobk dfie Svieftrnest (fiostsmiurap) i2ageartoal

i ghting LWfferentiati 1 th . the f] i e.-Once aln, these
meks can NSt g kd Bl 4% ol o L5 ARRE SRy BT

pr ot ot ype dtandity ablehbeth meahebyave@eniregosealzed betveesds0 tnd 268. 30 ori gi nal
normal i zed image. Let | be the original normalized i mage, F={F1, F2..... FN}
the set of successive nmasks, and O the obtained synthetic prototype. W

S e e g e e
FN(...F 1(0))...) = [ . Fn(. . . =
M), | el({gi%(-?d‘)'% waaﬁﬂﬁeﬁe%xﬂ/ Gl Ay @wereawmt'w,dealge%f@rﬁégéwp@}t:

FN(. . . F2( Fkhn.be uSathirbfacesieco@iigsh, ifacaduaitaton Yiade Goaie8ktrdblion] fagBsks.
Figure 9 illustrates inm obt ai ned during the reagjl stration of a user. In

| . €s | L O
5 this exafpf'g'andden 6‘?@8@88'“9?&?%%% Boak PRWETK U rliRs88SqCfative MEsYinm)

i mages to training, etc.

15 By storing multiple possible appearances of the same face, the system
increases the probability of retrieving the correct face across lighting conditions,
expressions and face directions. The system therefore compensates for the
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



regi ster robustly this person, at a resolution of 15x15 pixels. The grey
|l evels intensity of each inage have been re-nornalized between 0 and 255.
This set wDogessasat ed faces could be used in any appl i cat ipan/SGo2/n@6é aces
10 as if it was produced online by any camera or video input devices. For
exanple, it <can be used in face recogHition, face verification, face
feature extraction, face retrieval, video conferencing systens, neural
net wor k or agtier gerasaiization ef themsuyal netwarki mge key of thisoBystgegisiralipmisl t i pl e
possi bl e a . t . a !

b obabi |1t SPPpog pveble bARERIROh e HEe THEAE Dend HeET Rt end o
expr essi on@pplyuhgf ssyetheisizedt ilighting Teenditionsethatheappfeach ceajlgnsatldeséor t he

K . .
Gatabase.  JANSRIR RS RRBRE o7 IASLRF pHRGRRE U, RoblRS SRRy .
anot her fla&eownbuéinothepdey imsne s thay thestegistratidrapraches bestideratecbrdisttheen t wo

I denti cal per.sons i statisticall Lgher n.the best match between two
di fferent 88?@8?*@9 oﬁ@eﬁ&@gghatttafeaﬂ%%/gﬁhg%g?%ag%ﬁﬁlqne%g?rg@wti cally to all the
faces, all are penalized or favored in 25 the sane way, which is enough to
justify this ex§erirretal fac ikell%/lﬁthat t he

t. ln ot her worﬁlsh it Is rTEre | 1k
registration tr HEP & 1REC (RIS 3%% r]entﬁ”(? veg RPgie %5@%”?38” WEEM 5t Re sane
]per sonéot ?ﬁm siyiithé §i2e $é Qs HE fam@efh e ehinglesfat@cte provide th 'rcfpufsutegﬁﬁratiobse_r ved

ace. .system extends the reppesentations tq non-Ilinear geqnetric
t ranst or WY M M SAOF | Redr OBIEH BGet FRccor o icRkRN GHEOTTIE s REhesi ze
realistic fcapQderatbwbyeesrs il Biyss détebibH, Wl §thdsizeadt tRX RgMFIgsTfets, hBe
training set for WD 03/088132 PCT/ S&2/ 00060 11 a better generalization of

the neural Wedt il fangeMeERNING CBR| USer BISTSPISIESRH S1a%Fi omNeis combination

allows the creation of a multitude of synthetic faces that are likely to be
encountered during the future face recognition tasks.
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 apply allowable transformation to the face image, using face norphing
and applying synthesized lighting conditions that approach reality. These
t ransf or maDIooss132 e applied to a face for which the eyes eqursdiozaioes are
al ready 5 known. Another key issue is that the registration process
considers errors in the positioning of2the eyes that are due to the eyes
detection algorithm Gven a face inmge and the two eyes positions, the

present sydeopis aulgnelically withewescapiufiag als the phatass undemall Hienfice face,
to provide gebRiHesh frf%glrgﬁ{iﬁ%‘[:br%i‘tg]on%palmbcs@al'eg ahllrBrali6Rds to a robust face
recognition/veritication algorithm The consideration of errors in eyes
detection, the synthesize of the lighting effects, as well as the face

nmor phi ng can us res I S RS i i i . e
creation of a nﬁpgip?%{fzgé gg}ﬁ?ﬁetl cﬁa;‘ g@@?%%%@r@a%r%g?tﬁa%é% at
encount er&dikelyrfacegprotadyfast ftone af sigle faseogncreiating adifikial light effbels sarbfi@ajuent

face retri Yol M . r ai S 1S [ on
process hagé{%énggéctq@hen%nn%gﬁ‘% 8P fﬁ@{g@#ﬁ{l%ﬁﬁ@rs haeHZ%vlgé‘?q?)hngJﬁgeiﬁ’been
parti cul ar Ifgr the porgdse af valiust faee deatureextracticaca roBstfamoggistration.syst ens t o
assi st in the understanding of the invention. However, the present

i nvention proposes a way to generate artificial and |ikely face prototypes
froma single faddst kije cmedttadngndr sydterai af the gptesentt éatentioar had ibzleal face

di rectiopn, and. by. deling.the |locali,zation errors of a face |ocation
Cystem o RimBAser e RNy ASrata s@vl & %fpF apbresiet oY BBber t ace
regi ﬁt rati ahiled I‘Iﬁtthd'ra] sart freat phawe Midelp viaryire bir?mdinﬁerﬂel‘, fangi @ipliﬁétﬁilr@ta/rﬁef

synt hesi s syste at. generates automati cal. realistic te ates froma
S ngl e | maghiidentsAchiBB Tyl SEopecs B CETAT ITBNerdgRs @R halitBhERAGPESnd £ i ons
masks, war Qrégentds KereaNdreety\e Wah % lilfusBat AT 681y BnalshouRebtie casfiuey @sa robust
face generation. 30 Apart frominproving face recognition systens the

present i nJENIRDLAC SERREIOf thisdBvasiollsed to i nprove current face recognition
and face verification systens, by



transform ng and expandi ng the exi sting databases containing the faces of
the WO 03/088132 PCT/ S&2/ 00060 12 people, automatically, w thout
recapt ur i wg mlogsishe photos, under all the face directi on®CTEG20V60
l'ighting conditions, all the scales and rotations. The present invention
therefore proposes a way to generate atdificial and 5 likely face
prototypes froma single face, by creating artificial light effects,
artificial ClAdMS:direction and by nodeling the localization 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

i nvention Has béerdacelgesegnition Sed/ainderéicplien rysteny inciudigr the \alepxefnpl e it
will be ap i Jol 1t r : i arying
erbodi ment o aa ag syt R iRfehin itof ol ol AR ReeH ERTLY

pr esent Si nwendt $yothesized tohaeatehe phixality ok &cepprotdypesd aha vdieneiarsaibfacgay of

thi 51 nvent SROPbD BB S Atk ey O B Padon i hyenPlirdfpaze”

recogni t i orbeanedoégnisedeorn Vierified.i on system including the step of registering a
persons actual face wherein an imge of said actual face is captured 5 and
synthesized to create a plurality of face prototypes, and wherein said face
prot ot ypes Aare Jhorsystefroas kzireed aneahiys it svisenéin csaith face 3potonpeb raprespitur ed

i mge t be recogni sed or verifjed ... The systemas claimed in claiml
wherei s aiRpspElee SBPER anGHse O i el fodk) e ERCS Jb b roouae o

act ual faceamtigfaciahekrassibng Vahyirg faciatoridntdtions, alyor maddlipgietdoreXxpr essi ons,
varying facial orientations, and/or nodeling errors. 3. The system as
clainmed in claim1l1, wherein conparison of said face

3. The system as claimed in claim 1, wherein comparison of said face
prototypes and captured image uses a face matching algorithm.

15
4. The system as claimed in claim 1, wherein comparison of said face

prototypes and captured image uses face templates or feature vectors.

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

20 said actual face includes normalising said actual face image.

6. The system as claimed in claim 5, wherein normalising includes rotating
said actual face image to bring eyes of said actual face image to a horizontal
plane.

25
7. The system as claimed in claim 5 or claim 6, wherein normalising 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
30 apart.



prototypes and captured i nage uses a face matching algorithm 15 4. The
systemas clained in claim1, wherein conparison of said face prototypes
and capt uwedsiossEige uses face tenpl ates or feature vect orsPCFSGIeoosyst em as
claimed in any preceding claim wherein synthesizing of 20 said actual
face includes normalising said actual fi4ce image. 6. The system as cl ai ned
in claim5, wherein normalising includes rotating said actual face inmage
to bring ey®s offhefystesrasgloinmetd anyejecadndClaigt Wasipimihe gipapeovetie7. The
system as_GhALATRC Bl Beidl tiFd b mbliRiE hot SYptrERldesi ng 1 ncl udes
scaling said actual face I mage such that the eyes "are a fixed di stance
apart. 8. The systemas clained in claim7, wherein said eyes are fixed at

50 pixel's 1 anfptsy o O BERIAZ P SRRRAROSE Whebin WRuBYBHEAS

claimed in any preceding clail erein the above the” persors eyebrows
and bel dw tdaid peluslofiase innludesi determinisg @iteenative dositigns foheasly syespaas ol ai ned

in any precedi | | ynt hesi zing of 5 said actual face includes
& ;{é@s&e%ﬁb ﬁﬁee{af?or%.

determ ning alternatrve positions for each eye so as to conpensate for
possi ble errors. 11. The systemas clainmed in claim210, wherein five

alternative positio ] f.Qr : : 2. The system as
clainmed in 1a1r'1y p‘)r&1 Scsggﬁeﬁégéf’gaﬁ%gm?% @3’/n\'vt(r:ﬁ%g("ls']ri'I ﬁl};ﬁg It%%a%\éeapaslg%r}syuérle face
i ncl udes apgdtgrintigedafor bactséyeone predefined |ighting mask to said actual

face i npge.
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 13. The systemas clained in claim12, wherein three to 16 predefined
lighting masks are used. 14. The systemas clained in any preceding claim
wher ei n swotoaessizaz ng of said actual face includes applyi PgTSGoOR/0@S0 One
predefined warping mask to said 20 actual face inage. 15. The system as
clainmed in claim14, wherein 25 predefithed warping masks are used. 25 16.
The systemas clainmed in claim12 or claim 13, wherein said at |east one
l'i ghting nmask includes photonetric transform 17. The systemas clained in

claim14 orygcl a;rﬁé js?steﬂhﬁ%%'ld"mﬁ@'u‘i’ im! ﬁ@sfm&eﬁ r@bfwvéfﬁélfrah% ldes

geonetric trans orm- 30 The system as cl ai rre m 17, wherein said
geonetri c tincdesatigdstoneel i mat ed usi ng optical flow estimation. WO

03/ 088132 PCT/ SC02/ 000605 ShonT BE0HERSI Gdtort LBhitBriuidio) AbMckfy wherein

sai d photonetric transform Fhel VaesPat Feast on gor i uncti on,
exponenbi alshgdow bod diffieegrtiatiag ilsdgedow, hori zontal 5 shadow and
differentiating image. 20. A facial prototype synthesis system wherein an

i mge of a persons actual face is used to create a plurality of face

pr ot ot ypes, 205ai Aféeiebprprocbyuagypmesisrmtmmieig aposwgbloé agprsarsaanted of sai d

xpr essi ondet I yebg akiead B Py o8R8, highlfoost aiald ie? AFbBbees ang
wher ei n salrdprieaemlngr p@sslt;lr@mpaamnseoroechaid)racluat dasiceusnderlvaridus lighdingm as

cl ai ne
creati

38 saﬁoag lfigns, VBFyH}gOf{a%ngpressmns varlymfg acnali one%?atlons o mocfeefd prior to

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

21. The system as claimed in claim 20, wherein said actual face image is
normalized prior to creating said face prototypes.

15
22. The system as claimed in claim 21, wherein normalising includes rotating
said actual face image to bring eyes of said actual face image to a horizontal

plane.

20 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 distance

apart.

24, The system as claimed in claim 23, wherein said eyes are fixed at 50

25 pixels apart.

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.

30 26. The system as claimed in any one of claims 20 to 25, wherein to create
said face prototypes said system determines alternative positions for each eye so

as to compensate for possible errors.



15 22. The systemas clainmed in claim21, wherein nornalising includes
rotating said actual face imge to bring eyes of said actual face inmage to
a hori zonwalos/ogdiane. 20 23. The system as cl ai med in cl ai mCZSGoe/oaai m 22,
wherein normalising includes scaling said actual face i mage such that the
eyes are a fixed distance apart. 24. The systemas clainmed in claim 23,
wherein said eyes are fixed at 50 25 pixels apart. 25. The system as
claimed in any one of clainms 20 to 24, wherein the area above the persons

eyebrows ang bell'@/’@’(s)%&@m Q§|§:I§9‘H§d %H%i@ Zg \W\F?A%]reﬁy N srdrAgtle FSitidhis da-FPe system

as claimed 1n an e of clalns erein to create sal ace

pr ot ot ypes detdrahinegddoreadhedyer m nes alternative positions for each eye so as
to conpensate for possible errors. WD 03/088132 PCT/ SG&2/ 00060 16 27. The
systemas clained in claim26, wherein five alternative positions are

det er m Aed 2Bor Ebelsystem as cRBmed lire asy ©nemf adainls @0nted 27 wrengindoecredte cl ai ns

east one ArEIErs ARISHER Bri3Thiul APt baby AR aR by AT W 65,

system as chil aohdhl fatedinaige 28, wherein three to 16 predefined lighting 10
masks are used. 30. The systemas clainmed in one of clains 20 to 29 wherein
to create said face prototypes said systemapplies at | east one predefined
war pi ng magl. t oTea@kgstemcdsichinfeaica claira@8, whérein three to 16 predefined lighting

10 masks are used.

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.



31. The systemas clainmed in claim30, wherein 25 predefined warpi ng masks
are used. 32. The systemas clained in claim28 or claim?29, wherein said

at | east wo@3/0203% i ghti ng mask i ncl udes photonetric transframrsGo38oo6d he
systemas clainmed in claim30 or claim31l, wherein said at |east one

war pi ng mask includes geonetric transform 25 34. The systemas clained in
claim 33, wherein said geonetric transformis estimted using optical flow
esti mat i on.3635. Thesysiesn @s dsimadaimeldim &k | whereivosaidhacepiotohipgs et omet ri ¢
transform depglailesy aboilifg phoBRRIR! andhf deletiRiid iR ol ldaRfimageponent | al
stretch, v retlsga S iﬂof)om, aﬁo(r)tlgzont a?n shgglo?ow and di? er en?@maﬁg' i mge. WO
03/ 088132 PCT/ SG&02/ 00060 17 36. The systemas clainmed in claim20, wherein
said face pgoto e I rd r
gooret 11 6 L anshngal Ry RE R o Bler PRI In IR BT pdiadRtadiel. oyct em
wher ei n5an faceaige nofmaligedr snthssyathtesimbd 1y detssminingh qrosaibles etleratives yeyehesi zed
by determ njp j j EL yi .at | east
one skt GORPE 3R SRy FLIAM 4 it Bl it BEBRP SN of G

wher ei n saifacef apretqiypetspt wpes whepriesenid fessi bltatotypepempaesess pbssibled act ual

face under vari | ight.i,ng,conditio varving facial. expressions,
varyi ng. f a@PRrapesPhrei el e s yayGia g Yonfuign S Vaing i
expressions, varying facial orientations, and/or modeling errors.
10



