"1 . NETHOD OF SEARCH NG FOR PARAVETERI ZED CONTOURS FOR COMPARI NG | RI SES 5The
i nvention relates to a nethod for searching for paraneterized outlines for
iris conparison and applies notably to the field of bionetrics and nore

particularly iris conparison. The obj ectives of bi

techniques are to identify living beings. These techni ques |mmmmmm|. n

t he context of applications requiring 10 certain security | ewglyspsuch as,
for exanple, controlled access to sensitive sites. For this, a
nor phol ogi cal anal ysis applied to the individuals is inplenmented in order
to |dent Ty (METHIGR QRSEARGHINGFOR PABANMETERIZER GONTOUREFORem Thi s
anal ysis is based, for exanpl e, COMRARING IRISES t he fingerprints. 15 Wen it
conmes to analyzing the iris, an exenplary existing analysis nethod is the
so-cal | ed Daugnman net hod, described in the patent US5291560. This met hod
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appl i cat i onThesa iteshsiaires eare beeused én dhe teatextial applieations rRaUrngode.
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outlines of the iris are usually considered to be circular. Thus, circles
delimting P outlines of the iris are sought. This search for outlines is
a critical processifiy thisrathomhologidaé analysignapplied fo deedsdisidoalssis an error
of a few pixghem Hté&‘iﬂlﬁrﬁ%?e gﬁfgggﬁ‘fyﬁée e??%&l”&f‘efra& riftlcsithg AdgezifRl the

circles 30 si‘gnificant i rmance. | evel s _of the system and
degr ades t hi® hem. di5i9 2RSS ischaseretos § ??‘Ptﬁn.on‘m%'rl?eqrﬁhﬁié'n%‘?@”l]@ual |y used
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20 the aim of a first step is to segment and normalize the irises and then there is
a step which aims to extract therefrom a binary code to compare it to a
reference. The extraction of the binary code is done by applying a phase
demodulation around points of application to transform the texture of the iris
into a binary code.

25 During the segmentation implemented for the analysis methods,
the outlines of the iris are usually considered to be circular. Thus, circles
delimiting the outlines of the iris are sought. This search for outlines is a
critical processing operation in the recognition process because an error of a
few pixels on the estimation of the center or of the radius of the circles

30 significantly reduces the performance levels of the system and degrades the
reliability of the recognition. Two methods are usually used to find these
circles. _

In the context of the Daugman method, an integro-differential
circle detection operator is used. This operator depends on three parameters

35 (x,,y.,r) corresponding to the coordinates of the center of the circle and to

its radius, and is evaluated over the entire digital image of the eye for a
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i mage, two sets of three paraneters (x,,y"r) are retained, these two sets
correspondi ng respectively to the inside and outside outlines of the iris.
The main drawback with this nethod is that the integro-differential 5
operat or must be cal cul ated over a significant portion of the inmage and on
a discrete grid limting the accuracy fhat can be achieved for the
description of the outline. Furthernor& this operator is sensitive to
|l ocal mnima, said mnim being introduced for exanple by artifacts such as
portions of eyelid. A second nethod for finding the circles delimting the
iris is thesighifidhhidemgeedhesdii. FHollsiving the Bpplicakion sofatpp! opstaton tbhibedi gi t al

i mage of thengyee the 4e1®lop iRk ﬁar%ﬁ%‘r’s'(&n of) %@@Qétalrﬁ@lr tﬁé’ﬁestwcﬁséi@nny
filter can be Used. A circular Hough transformls then applied to the inage

resul ting fcomespeading respedivelyftodiiginsiderand outsideeoutinesict e iiem t he det ect ed
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more complex outline types than circles to be able to take into account, for
example, outlines of elliptical form. However, in the case of ellipses, the

20 Daugman operator and the elliptical Hough transform significantly increase
the computation complexity. Thus, the least squares method is usually used
in practice because it is less costly in terms of computation power, even
though it is less robust.

25 One aim of the invention is notably to mitigate the
abovementioned drawbacks.

To this end, the subject of the invention is a method for detecting
outlines for iris comparison. It comprises a step of selecting N candidate
outlines of circular form by applying a circle search technique to an image of

30 edges of an iris. It also comprises a step of optimizing the form and the
position of the N candidate outlines, the optimized candidate outlines being
determined by using parametric models, a set of parameters being
determined for each candidate outline by minimizing a quantity of energy
E(C). It also comprises a step of selecting the best optimized candidate

35 outline.



3 According to one aspect of the invention, the circle search
techni que used to select N candidate outlines of circular formis a

ci rcul ar Hough transform Alternatively, the circle search
techni que used to select N 5 candidate outlines of circular formcan be the
RANSAC net hod, the acronym RANSAC bei ng derived from " RANdom SAnpl e
Consensus". The quantity of energy E( is mnimzed by using, for exanple,
t he gradi ent descent nethod. According to one aspect of the
invention, the quantity of energy 10 E(C) associated with a candi date
outline Cis equal AsordiegsSiomopk bbsectdgt tRacingenticedoteCriraled sehrchhe regi on

energy Er evge%iwﬁ? 8fusse?1i fé) Q&Eéti N&andjdate o flin-ggeofed?l%ﬁﬁ)/ f8|fm Gfs_dgeardﬁar
determ ned by usqlung, or exanpl e; iEE QMO ng .expression: 2r r
15Eedge( C) =Hpvah trapsfegn) ] . fied0 in which: tie represents the normal unitary

vector outgoing at AlRenafi@y athePaiRiEtRardPi teehflqud/l usaPries eeleet t Re

gradient function: 20 jep,(0) represents C vect.or. whose el enents are
Phe coor d nBretcatpstinety Cspub” Biganire e AHEAC FBli HiteGof e
i ntensity oRANBAC being deriveti éropo! MANden@AmplecCanisehstslie vector ip (0)

f25;I'|he regi on ener gyTHg §gamthy Gj ehsrgyeEar)ignathipyzedsbygsingoforsample, t he
ol | owi ng expressjon: Eregion(C = - flog Pn{l (X))dX - flog Pour (I (X))dX
Ri nRout 30 IN¢ YRAIeRt descent method.

According to one aspect of the invention, the quantity of energy
10 E(C) associated with a candidate outline C is equal to the sum of the edge

energy E.i(C) and of the region energy Erion(C) of said outline.

The energy of edges is determined by using, for example, the
following expression:

15 Eese(C) = 2]tv[l(ip(e))]. fisd®
0

in which: _
ne represents the normal unitary vector outgoing at the angular parameter
point &;
V[ ] represents the gradient function;

20 X ,(0) represents a column vector whose elements are the coordinates
x(8), y(8) of a point of the image; '
I ()? p(e)) represents the intensity of the image at the point associated with
the vector X ,(6).

25 The region energy E..i:(C) is determined by using, for example,
the following expression:

Eresion(C) =~ [log Pu(I(X))dX — [log Pau(1(X ))dX

Rin Rout

30 in which:
Rinrepresents the region of the digital image of the eye inside the outline;
Rout represents the region of the digital image of the eye outside the outline;



Rin represents the region of the digital inmage of the eye inside the
outline; Rout represents the region of the digital imge of the eye outside
the outline; 4 P,,,() and Po",() correspond to the probabilities for a

pi xel of intensity i(x) of the inmage to be |ocated inside or outside the

outline. The paranetric rmdgl is, for exanple, a circle nodel,
the set of paraneters associated with This paranetric nodel then conprising
3 5 paraneters. Alternatively, the paranetric nodel is an ellipse

nodel , the set of parameters associated with this paranetric r(DSeI t hen
conpri si ng %,paarthdl.d) orrespond to the probatilitiesdat a pixel phintensity oflX; N

optim zed candi da t L ] (o] g . the one for which the
energy E(O ﬁ}?d@%phgoﬁgdé@g@g\sﬁjgér dtut&geﬂ%%a&lﬁhrﬁ iler subj ect of the invention
is a nethod for detlw pargmete¢ sodghds, Jar skaepieutd ¢irRle regdel.nibe) $6tofof an

eye. For thpgranidiersmaisBeslatdas Withbasis ppardnetht Y modeRAbh edompfisingt 3tine to
detect the Insi deg outline and a second tinme to detect the outside outline.
15 5 PRREEPant age offered by the invention is, notably, that it

makes it possibl e tAltarsaivehe the pgranetdoshadeinis en ellifsewneeelothet $efrofwhi ch _
reduces the,golmligen Fa%38§iatfebe Wit GRS abhPiifetriEURIJARI 'RER . coMBrising! sment at i on

of a | ocal Bptl mzation [ITmts the inpact of the detection of ggges since
the work i sPA@ME®E-directly on the i mage. O her features and
advant ages of the iThebéstosuting bubelctheeN agptianized candidateheutfireds iswfarg

descri pt{onexgh¥RMSorfe 8P Whidk the Retdy 218 s th8 lovddtd valliel | ght of the
appended drawt ngs in which: 25 fi gur_e 1 shows an eye and the area usually
used for iris companaiber suhigelrd thejpeandiends 2 medrchinri Jateingalnfidg t he
_ololer ation OEnﬁ hgutdige %Lﬂﬁiéﬁﬁcﬁfl m@nirr]ia%fgafareya_erpmis,wfé et desdribedt i cal |y
illustrates the steps of t ho 7 .10 the | LN wkigure 4
illustrates pquéouéiye' %Pf'%%?gﬁﬁqﬁlﬁbe 1% cgeg%%t@%ﬁ% |c%eu?4tprﬁeeérq%§ %tgk(?@%}'@? form
figure 5 il ludeteattbs autside ogtline.opti mi zati on step;
15
The advantage offered by the invention is, notably, that it makes it

possible to use the Hough transform for a low resolution which reduces the

complexity of the calculations. Furthermore, the implementation of a local

optimization limits the impact of the detection of edges since the work is done

20 directly on the image.

Other features and advantages of the invention will become
apparent from the following description, given as a nonlimiting iliustration,
and in light of the appended drawings in which:

25 '
- figure 1 shows an eye and the area usually used for iris
comparison; '
- figure 2 presents a diagram illustrating the operation of the iris
comparison Daugman method;
30 - figure 3 schematically illustrates the steps of the method
according to the invention;
- figure 4 illustrates the step of selecting N candidate outlines of
circular form;
- figure 5 illustrates the local optimization step;



5 figure 6 illustrates the step of selecting the best outline of the after
| ocal optimzation. Figure 1 shows an eye and the area usually used for
iris 5 conparison. On the eye 100 given as exanple, the iris 101 and the
pupil 102 can be distingui shed. An area defined by the surface between two
outlines 103, 104 conprising the visiblLe part of the iris nakes it possible
to segnent the iris, that is to say isblate it fromthe white of the eye
105 and fromthe pupil 102. 10 Figure 2 presents a diagram
illustrating the operation of the Daugman iris conparison nethod.

The obj ective of.this figireedilistrdtes tri stepiolscldetibd die bust dutire ofthges bel ong
to the sanme person. Th%'gerla t%ﬁfi 'Llrii8 i mge 201 is conpared 15 to a
reference iris i mge 200 % WIZ(?F Phe first step is to segnent 202 the
irises of these two images, that is to say to isolate each iris fromthe

Wnit_eblof thed_eyfr_ arlqglﬁr[]eofnér'{bﬁvso% IeyetT%ﬂdSﬁwfenbgt P@uﬂa@t ae?a%rnmge_s ifm o
possible to distinguish in the imagé the pixels bel onging. to ris whic
nmakes it %OEQWBP%S&CS@W&%YP&Q e ﬁleé?ﬁ%(? . thgs s %i@ﬁ'&&@“@ﬂﬁ% used to
find 20 t hecaupesdisinguishedr An aneatdedindiidiyt thie $urtage EHtwebR teg@UNINGSi t i S

then possi bhga! foeahphsihging K}%ibq’é‘EﬁHPdfrth& ifleRaked HigisBle {dGedriide and

out si de outl I nes of e ITis in arder to perfo t he mal j zat i on.

The referenf® %E'ﬁda'laééﬁ 1o say dolaletip ro%é}?eWF'éﬁ P?)l?‘ezéﬁ? q%@’?&‘r éo'f“h'g‘ﬁ

normal i zed BQapil 10he nornmalization step 205 consists in rolling out the 25
iris so gs to obtain a strip which contains the texture of the iris and
whose formis independent of pupil dilatation. | An encodi ng step
208 makes it possi figuie? dHEEEMS a r dirgrasm clustiaiingz e raperatipn Okt Beence

i mage and apaggmafafecahpaflistn mbfthodest image. These codes are then conpared
by cal cul ating, for,exanpl t heir 30 i istance 211. The result of
this conparison is T:I?aﬁ p@ﬁecﬁpgﬁqqaﬁs[ W%E‘@q ds gﬁzgﬁtﬁﬁnmkg effterpt&vgsrﬁl eto
deci de whet reagashelorgto e samemessotiest @ testdris ihagertt id eorpparede
correspondeney refvdltetins #hhye POO. The I of tHE firdt étbF_i§ P EErREHERTISh

predeterm ned value. 6 . Figure 3.schemat| cal illustrates the

D epe of |t hEGRS Ok i se G ENAGGS 52t D SRYJRISTRE Shaha TR AR Bt

possi bl e tothebps ahddronatdeupapieMhe segmeattaticnstep @02l makesriplppssiblectoi nsi de
and out si de i.nes. o .t I ' Al p rk rodel
optim zati orq,%'ﬁbh%tlg r(?i"s] t{hg Eﬁ%gea%ﬁ%%xﬁlﬁewg]wr@?n @E 3}8&%@ Hnéﬁ%r ;ﬁ) ed by a
set of par aReswble. toTggneraiet @ &eoHRNEtoN Masks this maskcean bawseddoifingl enent ed

into L Wo2cst #gEeedges of thétiri§bﬁﬂl$e H@ta?iﬁi&g@t éf[]tge_tdye dnisit g;ethentdo'sﬁible fohat } sto
say the separatiaqn tween e pupil _an QL n age for
ot ect g+ RRAGNAG: e ramelrl o fbtior B b s kB oS pRREE S RECRS, he
iris and th#iswhiorderdd pererrayie nommlizetipn.ocessi ng operation is applied after
a _segrregt ?L i ?n HES thFb?$efEﬁ#{&e?Q{otaté§grtnhbéé dnf@ge@tet[;meﬂtﬁqﬁbhtez_ds@mofqnarﬁf the o
iris an makes i S eto arn_a estimation o e inside
and"out si de D8R o aRlzed AUE” IB6 mhalivaiorsieR 406 cartthan iy Rt be° |1
convent i zmalirisssegasrtbadbtain arstripodbich sceditains the textweogfrtheiins andhwigset he
nmet hod acco gl,iqp . i k1 Qf orresponds to an internediate
processi ng Foe m%éﬁgﬁée&%gggﬁrwgﬁn%%ﬁgﬁd the normalization of the digitized
iris. An encoding step 208 makes it possible to obtain a reference code
209 for the reference image and a test code 210 for the test image.
These codes are then compared by calculating, for example, their
30 Hamming distance 211. The result of this comparison is called similarity
score 212 and makes it possible to decide whether the test iris corresponds
to the reference iris, the correspondence being established if the similarity

score exceeds a predetermined value.



The first step 301 of the nethod consists in determning a set of N

candi date outlines. For this, an inmage of edges of the iris 300 is used. A
circular Hough transform 301 is, for exanple, applied to this imge in
order to 20 find the paraneters representative of the N candidate outlines
of circular form The aim of ,a second step 302 is to locally
optim ze the formand the position of ?he candi date outlines. Foll ow ng
this optim zation, a third step 303 selects the circle to be retained as

i nside or outside outline. 25 Figure 4 illustrates the step of

sel ecting N candi de#igures | sanesnadically r llusteate$ otha  dtops t bi sthea method! ar Hough

transform4 ' . ' ) t

circles 403%88@392@5?%2%85&"%'% ir.-lmgh@gﬁ{égﬂ_ﬁﬁgbgpt ?ﬁ?%b@r g)ngﬁgf%%%ﬁ:lt is to

say the ciratasalely, snidyead faislygimplyathe iBside leed adside outings @f fieoiried. As an

el rel e 11 4D D e o e i RANSAC.
. , , . f.or anpl. e...

1ot hod. RANGPITBENGT, 1A Sic sk HenerHed Bkt obrAme els, SERTEeton B o

exanpl e of iriseotitiges eanf thus be riviptamented sisteetwedstages, a first stagei fire 5
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i nventi on. ocal  optimzation 504, 505, 506, 507 js perfor each of
the N circl@ed #pirss@nd a geconshatage fay 8@80%3 FWW@"’Ph@Jté{FpNF%a'FHBn of the
circul ar Hongrfersypafa:trdmbdeen thecieib aodttherwhite iobtheodyet he sel ect ed outl i nes
consi sts J n nmaki ng lflat LM ze a
quanti tymof ener gy E{I%)p@%%?@dg%%ﬁ%ﬁ {Ife%ggw%ﬁut\éﬁ?ﬁ_g_s%é@?rg% |dr%za(s bei ng
defined by pas &wenroainsdethst idantiesidhe regian Mfningelris RNG A JPARTR,  he
convent i onapogKilieit8ibtdiA & iRt *RtmERbA A th&dige WAGbUtsIde dudineenThisr anet ri c

e 21 v enmaneicy e e b et ARIAELC
outline. Asusednpl isis, recagsitionf Thiseetheamatbedraccoxding yto- the inyentiope
determ ngd pbrésgonds! 8 RARiMERISdiste"BOBEsdifg beRrbatthedse@hemtatibh \udd
parameters g{f}eﬁﬁ/re’qﬂ’ b’lcg'géf W I E ibedd(?t.erm ned if an 15 ellipse parametric
model is usH® NIMAligaliohfdnedigiyzeddis.ci e, the paranetric nodel is, for
exanpl e, as fol | owsThe{i3) stepx301+ofrthe mstbdd poMYists iy determirsng@ et OLN
candidate outlines. For this, an image of edges of the iris 300 is used. A
circular Hough transform 301 is, for example, applied to this image in order to
20 find the parameters representative of the N candidate outlines of circular
form.
The aim of a second step 302 is to locally optimize the form and
the position of the candidate outlines. Following this optimization, a third step
303 selects the circle to be retained as inside or outside outline.
25
Figure 4 illustrates the step of selecting N candidate outlines of
circular form. For this, a circular Hough transform 401 can be applied to the
segmentation mask 400. The N best circles 403, 404, 405, 406 within the
meaning of this transform, that is to say the circles of greatest weight, are
30 then selected and stored. As an alternative to the Hough transform, another
circle search technique, called "circle fitting" technique, can be used, such
as, for example, the RANSAC method, RANSAC being an acronym for
"RANdom SAmple Consensus". In the example of the figure, four circles are
selected.



20 i'n which: x(0), y(0) represent the coordinates of the points that nake
up the circle for the angles 0; xe, y represent the coordi nates of the
center of the circle; 25 r represents the radius of the circle. For the
el lipse case. the follow ng paranetric nodel can be used: x(0) = Xe + a
cos(0) cos() - b sin(0) sin(0) y(61) =_Ve + a cos(0) sin(0) + b sin(9)
cos(0) 30 in which: x(0), y(0) represeﬁt the coordi nates of the points .that
make up the ellipses for the angle OE [0,271-1; Xxe, e represent the
coordi nates of the center of the ellipse; 8 a.b represent the great axis
and smal |l axis parafguers iMisttates ah?ilpa@l; optimizatios estep dhehe ohathiodn .
par anet er. . . exa . y ap,be -det erm ned by
conbi ni ng Sa(f%dwct)gc’s tB‘? A@?@ﬁ} . &8&%%@@“&%&&%@’ g%(ﬁ’vgo@uts ﬁ?n%‘s. The
first type perfefred edgech efife Brictpp 500, §P1aP@R 1503 retainedi fallpping ¥iea r egi on
ener gy Er egappiidation of tHecircul® HB@Rltfdrgichn. ener gy E(C) to be mininized can
be determ ned by us‘l‘r?eglthfa fol ]l ow ng ﬁ_'xeprelssi n: lOE(Cc:) = ed%eg(%)
Er egeon(é)(S) ocal optimization of selected outlines consists In making

the candidate outiines evolve so that they minimize a quantity of energy

E(C) defined along these outlines, said outiines being defined by parametric

models.
In order to minimize the energy E(C), the conventional gradient
10 descent method can be used for a given parametric model. Thus, a set of '

parameters associated with a model of parameters minimizing the energy
E(C) will then be determined for each candidate outline. As examples, a set

of three parameters (x,,y,,r) will be determined if a circle parametric model
is used and a set of five parameters (x,,y,,a,b,4) will be determined if an

15 ellipse parametric model is used.
In the case of the circle, the parametric model is, for example, as
follows: '

x(6) = xc+ rcos(8) (1)
y(6) = yc+rsin(6)
20
in which:
x(0), y(8) represent the coordinates of the points that make up the circle for
the angles @;
x,.y, represent the coordinates of the center of the circle;
25 r represents the radius of the circle.

For the ellipse case. the following parametric model can be used:

x(6) = xe + a cos(8) cos(@) — b sin(B) sin(@) @)
y(8) = ve+a cos(8) sin(@) + b sin() cos(@)

30 in which:
x(60),y(@) represent the coordinates of the points that make up the ellipses

for the angle 8¢ [0,27];
x,.y, represent the coordinates of the center of the ellipse;



The ‘energy of edges will nake it possible to prioritize the areas with
strong gradients. In other words, the contribution of the energy of edges
Eedge(C) to E(C) will nake it possible to guide the candidate outlines
toward the areas of strong gradients. 15The energy of edges can be
expressed by using the follow ng expregsion: 2g Eedge(C = SVII(Xp (0)). 1.
&dB(4) 0 in which: fie represents®“the normal unitary vector outgoing
at the angul ar paraneter 20 point 0; ] represents the gradient function;
(0) represents a colum vector whose el enents are the coordi nates x(0),
y(0) of a paiinteprésdrii¢he grege axis@nd spidl) Ixis pprapsstetsoftthe elipsensi ty of the

i mge at th ' | ] the vector The energy of edges
Eedge( O ca? %?r%@&nifﬁ}féﬁr&ﬁ#@ﬁ%réﬂ?%gmthe paranmeters of the outline. The
cal cul ation of the region energy Eregron(C) will make it possible to adapt
the outline by nmaxiAs anegatip, the pasngyi BE)bednbe detenmiregiddyocombinigde 30 and
outside the outline. |In other rds,. . the contribution of. the enerqgy of
otges B dpoMEIVRE a S Aroactaled vt BE A R TS, RS SIRIVRE R BBar d ¢ he
outside if REIREAGrIrBre(ChAgLtheriecPhd &yPedaarreIioRenengy de-+(C)stTAkSi ng from
out si de t hethd ysantifhbSenergy (@l |ty deahiimiddicanas degimined bynssing then net hod.

following expression:

10 E(C) = Eedge(C) + Eregion(C) (3)
The energy of edges will make it possible to prioritize the areas

with strong gradients. In other words, the contribution of the energy of edges
E.ie(C) to E(C) will make it possible to guide the candidate outlines toward

the areas of strong gradients.

15 The energy of edges can be expressed by using the following
expression:
Ew(C) = [VI(X (60} 7iod (4)
0
in which:
ne represents the normal unitary vector outgoing at the angular parameter
20 point ; '

V[ ] represents the gradient function;
X ,(0) represents a column vector whose elements are the coordinates
x(0), y(0) of a point of the image;
I (X p(e)) represents the intensity of the image at the point associated with
25 the vector X (6).
The energy of edges E.i(C) can be determined simply from the

parameters of the outline.
The calculation of the region energy E.i(C) will make it possible
to adapt the outline by maximizing the disparities between the regions inside
30 and outside the outline. In other words, the contribution of the energy of
edges Erio(C) to E(C) will contribute to guiding the outline toward the
outside if working from inside the iris toward the inside if starting from outside
the iris. This is usually referred to as region competition method.



9 The energy Eregion(C) can be determ ned by using the follow ng
expression: Erevon(C = - flog Pin(I(X))dX - flog PO.21(1(X))dX(5) R nRout 5
in which: represents the region of the digital inage of the eye inside the
outline; Rout represents the region of the digital imge of the eye outside
the outline; PmO and Pow() correspond_to the probabilities for a pixel of
intensity /(X) of 10 the inmage to be | 8cat ed inside or outside the outline.
These ternms can be estinmated beforehand and/ or updated during the gradi ent
descent. The details for deriving the region energy E (C) can be found in
region, the it eratTheeenergy dlaky(G)ncarhiee determireddyy &ingthezbliowind A. Yuill e
entitled Region Conpetition: Unifying Snakes, Region G ow ng, and Bayes/ MDL
for 15 Mult ’H%{ﬁﬁs'?rf‘rage Segnentation, | EEE Transactions on Pattern Anal ysis
and Machine Intelligence, 1996. Advant ageously, the |ocal

optim zation neans that ghete)ts PR HEX us¢iod FLixegyatt ch grg) and that
a good resolution is obtained. Fyrthernore, by,using a nunber of circular
candidate outlines as input for the 20 local optim zation, it becones

possi bl e o saf eguard agai nst |local mninma which are the mai n drawback of

t he vari ati onwathichet hods usual | y enpl oyed. Figure 6 illustrates a

step of sel getbn@sbhe theRigiGibl hBlidial IMEgbihE dyeGid®fid dlitAs;i on. Through

the local optimzations described previousl d’ 25 conducted on the N
sel ected cafen (RAESEIE Mefedion fidhs tiaal Biaa o/ dheels, oufee fhe St
P,() and P, () correspond to the probabilities for a pixel of intensity / (X) of

10 the image to be located inside or outside the outline. These terms can be
estimated beforehand and/or updated during the gradient descent.

The details for deriving the region energy E...(C) can be found in
the literature, notably in the article by S. C. Zhu and A. Yuille entitled Region
Competition: Unifying Snakes, Region Growing, and Bayes/MDL for

15 Multiband Image Segmentation, |IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1996.

Advantageously, the local optimization means that there is no
need to use a fixed pitch grid and that a good resolution is obtained.
Furthermore, by using a number of circular candidate outlines as input for the

20 local optimization, it becomes possible to safeguard against local minima
which are the main drawback of the variational methods usually employed.

Figure 6 illustrates a step of selecting the best outline of the after
local optimization.

Through the local optimizations described previously and

25 conducted on the N selected candidate outlines, the outiines have been
displaced and transformed to be adapted to the outlines actually present in
the image. The best outline out of the N optimized candidate outlines 600,
601, 602, 603 still then has to be identified 604. A number of selection
methods can be implemented. A first possibility is to take the outline which

30 has the optimal energy value E(C). An alternative is to apply the Daugman
operator for each of these outlines and to select the best within the meaning
of this operator.



di spl aced and transformed to be adapted to the outlines actually present in
the image. The best outline out of the N optim zed candi date outlines 600,
601, 602, 603 still then has to be identified 604. A nunber of selection
nmet hods can be inplenented. A first possibility is to take the outline

whi ch 30 has the optimal energy val ue Ia(C). An alternative is to apply the
Daugman operator for each of these out’® nes and to select the best within
the neaning of this operator. 10 CLAIMS 1- A nethod for detecting outlines
for iris conparison, characterized in that it conprises: a step of
selecting (301, 401, 402) N candidate outlines of circular form (403, 404,
405, 406) by applying a circle sear &+-AIMShni que to an i mage of edges of an
iris (300), a step of optim zing (302, 504, 505, 506, 507) the formand the

position of the candi,date out.line the optim zed o andi dat e .out | i nes
bei ng det erm ﬂédklﬂpgtg‘gpﬂﬂr Eﬁ?e&h’ég ﬂ“ﬁmﬁﬁggf érl,% SOreRENH ﬁﬁ?r ezrgﬁ§ Iﬁei ng
determ ned for ethahitcamgrised:e outline by mnimzing a quantity of energy

c(O), agtep of selectdigod 30dodifidd (S0F E&ﬁt4@aggmga§%a?mma5?ofom' I ne

(605). 2- The netho utl1nes inclaiml, in

i med
which the circle sear cHAUHAMY (403 AY, ABSsA0RIRY RRRIINI ]} TIFRIPGRAICE out | i nes
of circular formis a wecheiguato koirghge vheddesrahapdifid (30W03- The net hod for

Lochni que used (o ser okCH CRRIATS Fifer 03, 05500 B3 E ST B80T ¢ (e

RANSAC rret hod. the- poRtioneehdbief br caedidate mytings| ithes orEMZedi ned in
any oney@f the 25pr eceghifidgib abiffined ey cdetélansd asyt iusingfpaeaaegy E(C) is

m nimzed by using them%[iggl, ez{]tseqegfc%%amngtte%o%eing determined for each

candidate outline by minimizing a quantity of energy E(C),
- .a step of selecting (303, 604) the best optimized candidate
outline (605).
15 .
2- The method for detecting outlines as claimed in claim 1, in which the
circle search technique used to select (301) N candidate outlines of
circular form is a circular Hough transform (401).

20 3- The method for detecting outlines as claimed in claim 1, in which the
circle search technique used to select N candidate outiines of circular
form (301) is the RANSAC method.

4- The method for detecting outlines as claimed in any one of the
25 preceding claims, in which the quantity of energy E(C) is minimized

by using the gradient descent method.

5- The method for detecting outlines as claimed in any one of the
preceding claims, in which the quantity of energy E(C) associated

30 with a candidate outline C is equal to the sum of the edge energy
E.ae(C) and of the region energy Erion(C) of said outline.

8- The method for detecting outlines as claimed in claim 5, in which the
energy of edges is determined by using the following expression:



5- The method for detecting outlines dd claimed in any one of the preceding
clains, in which the quantity of energy E(C) associated 30wth a candi date
outline Cis equal to the sum of the edge energy Eedge(C) and of the region
energy Ereg.(C) of said outline. 27r_ r Eedge(C) =fVEl ( X p (6)4 fie dO
0 in which: no represents the normal unitary vector outgoing
at the angul ar 5Sparanet,er point 0; ] represents the gradient function; (0)
represents a col B vec _@%(m .Blhigments are the coordinates x(0), y(0) of
a point of the inage; d{J( ))"represents the intensity of the inmage at the
poi nt associated 1Qwith the vector k. (6) . 7- The nethod for detecting

outlines as clailf ¢ one of claims 5 or 6, in which the region energy
Eregron(C) is defermpresgntsy thesimgmaheairfitah oactog exgoiegsabithe Idhgataron(C) = -
flog 1341(X ))d)ﬁ)a-rame%} foqﬁ(é.( X)) dX RenRout in which: Rin

represe th f i € insi i ne;
p nts e r%PI]?gprgserEts?hedlgrngtle%ltfdn%%gr?; of the eye inside the 20outli ne;

X ,(0) represents a column vector whose elements are the

coordinates x(@), y(6) of a point of the image;

I ()? p(a)) represents the intensity of the image at-the point associated
10 with the vector X ,(6). |

7- The method for detecting -outlines as claimed in one of claims 5 or 6,
in which the region energy E.:in(C) is determined by using the

following expression:

15
Eregion(C) = — jlog Pin(1(X))dX — jlog Pou(1(X))dX
Rin Rout
in which:
Rin represents the region of the digital image of the eye inside the
20 outline; _
Rout represents the region of the digital image of the eye outside the
outline;
P.() and P, () correspond to the probabilities for a pixel of intensity
1(X) of the image to be located inside or outside the outline.
25 . .

8- The method for detecting outlines as claimed in claim 6, in which the
parametric model is a circle model, the set of parameters associated
with this parametric model then comprising 3 parameters.

30 9- The method for detecting outlines as claimed in claim 6, in which the

parametric model is an ellipse model, the set of parameters
associated with this parametric model then comprising 5 parameters.




‘Rout’ represents the region of the digital inmage of the eye outside the
outline; P() and Pow0O correspond to the probabilities for a pixel of
intensity /(X) of the image to be located inside or outside the outline. 25
8- The method for detecting outlines as clainmed in claim6, in which the
paranetric nodel is a circle nodel, the set of paraneters associated with
this paranetric nodel then conprising??pmuaneters. 309- The net hod for
detecting outlines as clainmed in claim®6, in which the paranetric nodel is
an ellipse nodel, the set of paranmeters associated with this paranetric
nodel then conprising 5 paraneters. 12 10- The nethod for detecting
outlines as clained in any one of the preceding clains, in which the best

outline (604 ut_ of the . optim zed candj date outline 600,
601, 602,( 60%)&'?%8’95?@ fQyr dgiecting ﬁlﬁ'@eénéﬁg‘i)a'ﬁteé) I 20V Re |°3v6§8§ val ue.
11- A nethod forpeeediogi oigims)sirdevticid thet beste oatlinei (68) obutt be thei N of an
eye, characterizggihidelRahgibhR Wﬁﬁ&df@é, 60 F! ,ebﬁ{ %”Me%% JBF whizf

precedi ng cl ai ns,ls I a fir t o detect e Inside outline and a
second tgrre to dg}eeed}aé%%% urt‘%sl @Sﬁé‘ﬁ% tir{']r:_‘%u.e'

11- A method for detecting inside and outside outlines of the iris of an
eye, characterized in that the method as claimed in any one of the
preceding claims is applied a first time to detect the inside outline and a
second time to detect the outside outline.



