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ABSTRACT

A new approach based on morphological operatorpresented in this paper for application of
biometric identification of individuals by segmeida and analysis of the iris. To segment the iris
region from the eye image and also to highlightsehoiris patterns were developed algorithms
based on morphological operators. The extractedufes are used to represent and characterize
the iris. In order to properly extract the desir@dtterns, an algorithm is proposed to produce
skeletons with unique paths among end-points ardksioThe representation obtained by the
morphological processing is stored for identificati purposes. To illustrate the efficiency of the
morphological approach some results are presenfdie proposed system was developed to
present low complexity implementation and low sjereequirements.

Key words: Biometric identification, morphological processisggmentation and analysis of the
iris

1. Introduction

In the last decade the verification and identifmatof individuals by biometrics have
attracted a lot of attention. The human iris haanbgsed in automated recognition systems, as well
as others biometrics, for this purposes. Sincehtracteristics are unique to each individual and
stable with age, the iris has a great potentiaiusiee biometric noninvasive evaluation [10, 18].

In a study conducted by the National Physical Latmyy (NPL) on behalf of the
Communications Electronics Security Group [20], the recognition beat six other biometric

systems, including facial recognition, fingerprirdnd vein and voice recognition. The iris

" Artigo apresentado no SIMPOSIO BRASILEIRO DE COMRECAO GRAFICA E PROCESSAMENTO DE IMAGENS, 12., 1999ampinas.
Anais... Campinas : UNICAMP, 1999. p. 101-104.
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recognition technology registered a false matoh odtzero in more than 2.7 million comparisons. It
also had a false rejection rate of just 1.8%, with users getting a false rejection after three
attempts. This was the lowest false rejection oathe systems tested, with four of the othersetist

- including facial recognition, registering a tem 25% false rejection rate. The objective of the
study was to accomplish an independent and obgetaluation comparing all viable biometric

technologies.

Iris recognition systems can be implemented usevgal types of approaches. Some of
them are described as follows.

The system proposed by Daugman [6, 8, 18] usestagro-differential operator to locate
the borders of the iris, based on the ascensidheofjyradient to adjust the circular contours. The
encoding (representation) of the iris it is don®tigh the application of the 2D Garbor wavelet and
to measure the dissimilarity between the irises, Hamming Distance is computed between the
corresponding pair of iris representations.

Wildes'’s [18] system uses border detection basethemradient and Hough Transform to
locate the iris in the image. The representatiokevaise of a band-pass decomposition derived
from application of Laplacian of Gaussian filtensplemented in the practice by the Laplacian
Pyramid. The degree of similarity is evaluated witise on normalized correlation between the
acquired and database representations.

The algorithm proposed by Li Ma [1&} al uses a bank of Gabor filters to capture both
local and global iris characteristics to form aefixlength feature vector. Iris matching is based on
the weighted Euclidean distance between the twresponding iris vectors and is therefore very
fast.

Shinyoung [12]et al uses a approach to making a feature vector canapakcefficient by
using Haar wavelet transform, and two straightfadMaut efficient mechanisms for a competitive
learning method such as a weight vector initiaiczatind the winner selection.

The system proposed by Tisse [t] al uses gradient decomposed Hough transform /
integro-differential operators combination for ilegalization and the "analytic image" concept (2D
Hilbert transform) to extract pertinent informatifsom iris texture.

Boles [19] uses the Wavelet Transform zero crossfog extracting features from images
of the iris and representing them, by fine-to-ceaapproximations at different resolution levels,
calculated on concentric circles in the iris, to@®te a sign one dimensional (1D). These signs are
compared with the model's features using diffedesgimilarity functions.

The extraction of features can be implemented tinageveral different techniques [6, 7,

17, 18]. However, the choice of the feature, ad a®lof the technique to be used, should take into
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account the contribution in terms of informatiomttltan be obtained from it. In other words, the
choice of a certain feature depends on its capémityeparating patterns.

With this objective, the approach basednoorphological operator$l, 2, 5, 9, 16, 17] is
used to identify existent patterns in the iris. Hasic idea consists of highlighting these patterns
applying a certain sequence of these operatorsbtairo the structures and to arrive into a
representation, from where the information will é&@dracted to characterize them. The proposed
representation allows to storage the obtained mmdédion in a compact and efficient way, while the
use of the morphological operators presents adgasta terms of low computational complexity

(processing time) and integration hardware issues.

2. Applications

Systems of iris recognition are being used in sEsactors and in different applications as
for example: control access to bank accounts (inMAY, tracking prisoner movement,
authenticating online purchases, control of pespéEcess to documents, safes, files, meeting
rooms, administrative centers, management and alordoms, airports and ports, high-security

installations (military, nuclear, laboratories, ttates, etc), etc.

3. Automated iris recognition

The process of automated iris recognition basicalijudes the acquisition of the image,
the localization of the region of intereRQ@I), the extraction and the matching of patternsif,,
18]. Several factors can affect the quality of iihmage, and consequently, in the decision to be
taken, which determines if the iris pattern submitto the system matches or not to a previously
stored pattern.

In the stage of acquisition of the image, it is ofi¢éhe largest challenges for the systems of
automated iris recognition: to capture an imagRigih quality by noninvasive means to the user. In
other words, to obtain an image with enough regmuand sharpness to support the recognition,
with a good contrast in the interior of the irisitfwout resorting to an illumination that causes
discomfort to the user) and still well framed (vaith forcing the user excessively).

Supposing that the acquisition was accomplishedomtrolled conditions (illumination,
distance, framing, etc.), in order to obtain imageth the best quality (resolution, sharpness and
contrast), a pre-processing stage is required. thge is necessary to enhance certain structtires o
the iris, to eliminate undesirable effects (e.gflections), and still to determine tR©I (located in
the portion inside of thémbus - border between thecleraand the iris - and outside tipaipil —
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Figure 1), due to the fact that the acquired imadges not include only the iris, but it also congain

data from the surrounding region of the eye.

IRIS " cORNEA /
|

__SCLERA

IRIS

CILIARY BODY

Figure 1 - Anatomy of the human eye.

The iris can suffer a partial occlusion of the edg&lcausing an alteration in the limits of
the ROI, which should include the area located betwthe eyelids (below the upper eyelid and
above the lower eyelid). Other factors can infliemtthe location of the iris, as the low contrast
between a heavily pigmented iris and its pupil, ¥heation in the eyelid contrast (depending on
relative pigmentation between the skin and the),inisegular boundary of the eyelid and the
presence of eyelashes. Therefore, these factorgesughat the location of the ROI must be
sensitive to a wide range of edge contrasts, rotwugstegular borders, and capable of operating
with variable occlusion.

After located the ROI in the acquired image, inecessary to identify and to extract the
existent patterns in the iris. So that the comparisf patterns can be accomplished with success,
the image containing the iris submitted to the esyst Figure 2(b), it should be aligned with the
"image" stored in the database - Figure 2(a), witich will be compared. The alignment enables a
more detailed comparison, because it allows estahly a more precise correspondence among the
structures disposed along the images.

The Figure 2(c) illustrates the effect caused leydherlapping of the images, without the
due movement compensation. The arrows indicatarisas where there would not be overlapping,
what it would cause loss of information of the stanes located in these areas. In Figure 2(d) the
image submitted to the system was compensated,bagh in the "image" stored in the database.
This alignment should compensate the effects oftdueslation (lateral shift in any direction in a
parallel plan to the lens of the camera), scaliayiétion of the distance between the camera and

the eye) and rotation (deviation in the angulaitpmsabout the optical axis of the camera).
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Figure 2 - Alignment of the iris images.

The term morphology in Biology refers to the studythe structure of plants and animals.
Similarly, the Mathematical Morphologys based on the study of the geometric structfirthe
entities that compose an image [2, 5, 9, 16, hris,tbeing adequate to the proposed approach. The
representation obtained through the morphologitatgssing is based @onnected componens,

9, 16, 17].

Due to great amount of spatial characteristicheffiuman iris, which are manifested in a
variety of scales [18], the choice of the represion affects directly the quantity of informatitm
be stored. In the proposed approach, the represesmis based on the information of teed-points
(extreme points), of thaodes(points from where the ramifications start) andtlod branches—

Figure 3.

Figure 3 - Representatiorend-points(n) andnodes(E').

With this representation the quantity of necessafgrmation to characterize the iris is
small, when compared to another representatiorsiygenerating a compact representation (of the
order of hundreds of bytes) for easy storage. Thage of the iris is not stored, only the

representation is kept.
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Figure 4 presents the diagram of the proposedacdsgnition system.
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Figure 4 - Iris recognition system — diagram.

4. Morphological operators
4.1 Mathematical Morphology

In the Mathematical Morphology [1, 5, 9, 16, 1Tifarmation relative to the topology and
geometry of an unknown set (e.g., an image), ataerd using another completely defined set

calledstructuring elemen{SE). Then, the set theory is the base for the MathieaidMorphology.
4.2  Some morphological operators - Description

Area Opening[5, 13, 16] removes any connected component wiga éess tham of a
binary imageF. For gray-scale image§ f - R), it is generalized by applying the binary operato

successively on slices of the imdgeéaken from higher threshold levels to lower thaddHevels:

Vj‘(f)=SDXBAVs(f) 1)

Ag, ={X 0O F: Xis B connectedArea(X) = A}

Close-by-reconstruction Top-hatreates an image by subtracting the im&gef its
closing by reconstruction, defined by t@& one to dilation By;) and another to connectiviti{).
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recth _ 4rec _
9" (F) =g g (F)-F )

The imagereconstruction[9, 14] can be made by an infinite sequence ditidih and

intersection (callecconditional dilatior). The grayscale reconstructionog(F) of G from F is

obtained by iterating grayscatgeodesic dilationd14] of F "under" G until the result reaches
stability:

dgc(F)=dg(F)LG 3)

5 (F)=(98c (g (I c(F)) (4)
n times

pec(F)= n\>/15§,e(|:) (5)

Theclose top-haf9, 13, 14] is the difference between the closagemand the original.
¢"(F)=¢s(F)-F (6)

Thinning creates a binary image by performing a thinninghef binary imagd-. Each
iteration is performed by subtracting the poinist thire detected iR by hit-or-missoperators [5, 9,
16, 17], characterized by rotations of45

Threshold[9, 17] creates a binary image as the thresholti@image~ by valuestl and

t2. A pixel has the valugé when the value of the corresponding pixeFims between the valug$
andt2.

5. Pre-processing

The eye image acquired (in color) and convertedjrmy-scaleis submitted to a pre-
processing for enhancement and improvement of enérast usindhistogram equalizatiofl7] —
Figure 5. In the Figure 5(a), the eye image bedbride histogram equalizatioand in 5(b) after the
processing.

77 170 NO

Figure 5 - Histogram equalization.
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An algorithm based othresholdingand on morphological operators is used to segthent
eye image and obtain the ROI, the iris region.idiyt one detects the inner border (iripupil),
whose sequence of operators appliedhigeshold area openingandclosing Following one detects
the external border (irisdclerg, whose sequence of operators appliedhieshold closing area

opening The result is presented in the Figure 6.

......
0 .

0
......

"/%m'f/, LXAN \\’“T\

F|gure 6 - Borders of the iris: inner borc
(dotted circle) and external bor
(continuous circle).

With the information of the inner and external beng] that segments the region of the iris,

the pixels of the image that are out of BR@l are discarded and the segmentation stage is ended.
6. Morphological processing
6.1. Sequence of morphological operators

The iris image, after the pre-processing, is suleahito a sequence of morphological
operators, with the goal of identifying patternsitinOperators aslilation, erosion openingand
closing are associated to evidence these patterns 15]9,

Initially operators are applied to the iris imadgéglre 7-1), still in gray-scale, highlighting
the existing structures as a whole (Figure 722ose-by-reconstruction Top-hahd 7-3 -Opening.

Then an operator that removes structures in acogidi its size (area) is applied, resulting
in an image with the structures disposed in lagigure 7-4 -Area openingy
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Due to the structures dispositiontheesholdingis applied to obtain a binary image, where

only the relevant structures appear (Figure 7FBreshold.

& i?i{ g
e

3T . #Wg-

Figure 7 - Sequence of morphological processing.

(e) (f)

This image is submitted to a normalization, th&esaas reference an image containing
pseudo-structures- Figure 8(b), reconstructed from the represestafcoordinates of thend-
points and of thenodes— Figure 8(a)) of the reference iris, which wasviwusly stored in the
database. The compensation of the effects caus#tkeltyanslation, rotation and scaling, are made
through an algorithm based on thkine motion transfornjl, 3]. This movement compensation is

necessary to adjust the image for nh@chingstage.

T ks
et e
g F ey
e T e
5.\ - ;-If

(a) (b)
Figure 8 - Reconstructed image: (@pd-pointsand
nodes (b) pseudo-structures
In order to arrive at an appropriate representati@nstructures should still go through a
thinning process [5, 9, 16, 17], because the structureseptehemselves as an agglomerate of
pixels (Figure 7-6 Thinning.
However, after thehinning the structures present a considerable amouméedfndant

pixelsthat hinders the task of identification of ted-pointsand of thenodes which are the base of
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the adopted representation. Figure 9 shows pdheotkeleton of a structure, where tedundant

pixels theend-pointsand thenodescan be observed.
& 7 N %,
% %

A > 3
%? £
PR
L

Figure 9 - In the detailredundantixels(black),end-

points(n) andnodes(E').

The principle, of the algorithm developed to eliatm redundant pixels, consists of

determining paths, such that, for two adjacentlpigeigure 10(a)s andp or p andq) a single path

that connects them exists — Figure 10(b).

s
Sé! S/

(@) (b)
Figure 10 - Paths: (a) multiple paths and
single path.

q

However, the elimination of the redundant pixelsreat cause any connection break (gap)
in the structure of the pattern, fact this very aoon one in the algorithms of conventional
skeletonizing — Figure 11. The developed algorithaekes a verification of the neighborhood of the
pixel that is being analyzed, to guarantee thaethstent connections will be preserved.

Another important factor is substantial reductidrthe error, provided by the use of the
algorithm of elimination of the redundant pixelsithut which the process of matching of the

representation would not be possible.

Revista Gestao Industrial



128

(@) (b)

Figure 11 - (a) structure of the pattern witedundan
pixels(b) gaps in the structure.

6.2. Redundant pixels - removal algorithm
An algorithm was developed to eliminate tteelundant pixelsand to avoid gaps in the

structure connection.

In relation to the disposition of the pixels in theighborhood op, the notation adopted
(Figure 12) to represent them is the following:

N; : pixel belonging to the 4-neighbors of the piggl

D; : pixel belonging to the diagonal neighbors of pineel p.

D, D, Ny D2 | Ny | Dy
p No | p | Ng No| p | Ng

Ds Ds4 N3 Ds | N3 | D4
(a) (b) (©)

Figure 12 - Notation: (a) diageal neighbors, (i
4-neighboors and (c) 8-neighboors.

To eliminate theedundant pixeldwo types ofSEsare used®E-1andSE-2 (Figure 13(a)
and 13(b)) and their respective rotated versior@06f- clockwise SE-1r andSE-2r (Figure 13(c)

and 13(d)).

1 1 1 1 0 1 1(0

1 1 1 1
@) (b) (© (d)

Figure 13- SEsused for elimination of the
redundant pixels

The basic principle of the algorithm is similar tiee operationhit-or-miss which is
calculated by translating the origin of tB& to each possible pixel position in the image, ahd

each position comparing it with the underlying iraguxels.
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The difference is that in the algorithm, when fooeond and background pixels BE
exactly match with the pixels in the image, theepito be modified is not more the image pixel
underneath the origin &E The pixel to be modified depends on ®BE that is being used. In
Figure 13, for eaclSE these pixels are represented in highlight (gragkiground). Then, when
there is a match of the pixels, the pixel beingys®al (gray background) will receive the value

The algorithm for elimination afedundant pixeldegins a scanning in the image to search
pixels with value equal td. When a pixel ) in this condition is found, the verification die
pixels located in their neighborhood begins. Thdldal presents the steps of the verification
sequence, showing the pixels of the neighborhoog ah which the origin ofSEs must be
positioned, the applieBEs the modified pixels and the corresponding figyfeégure 14).

After having finished the verification, the pixeilsat had their value substituted By
during the process are altered in the image andd¢haning continues. In the Figure 14 the

positioning of theSEsappears in highlight (borders in bold).

Table 1- Steps of the verification sequence.

Ste Origin Applied Modified Figure
P of the SE SEs pixel X
SE-1
1 Nl SE-2 N4 (a)
SE-1r
2 Nl SE'2|’ N2 (b)
SE-1
3 N, SE-2 N3 (c)
SE-1r
4 N4 SE-2r N3 (d)
1 N 1 N
D, |1 |1 D, |0 |1 11 |Dy 1|0 |Ds
N, | 1|0 N, | 1|0 0|1 |Ng 0|1 |Ns
Ds | Ng | Ds Ds | Ng | D4 Ds | Ng | D4 Ds | N; | Ds
() (b)
1 [D, [Ny | Dy N |D; |N; | Dy D[Ny [ Dy | 2 D, | Ny | Dy | N
101 | N 0|1 |Na N | 1] 1 N[ 1] o0
1[0 |Ds 10 |Ds D:|0 |1 D: [0 |1

() (d)

Figure 14 - Verification sequence.
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The result of the application of the algorithm danseen in the Figure 15, where the redundant

pixels are eliminated without causing any connechiceak in the structure.

Figure 15 - Structure after elimination of the redunc
pixels, without connection breaks.

6.3  Representation and matching

After eliminating theredundant pixelsof the image containing the skeletons of the
structures, the next stage consists of identifyiregend-pointsand thenodes

The identification process begins with the verifica of the 8-neighbors of the pixgl
Ns(p) — Figure 12(c). Since and-pointis a pixel located in one of the extremities dfranch if
one of the pixels dg(p) is equal tdl, then the pixel is aand-point- Figure 16(a).

However, to identify anodeit is necessary that three or more pixeldlgfp) are equal td,
and if in a radius of 3 pixels there are othedes- Figure 16(b), the medium point among the
nodesis calculated, and these coordinates will corraedpo themedium nodethat will substitute
the others - Figure 16(c).

Then one makes a mapping of the coordinates aértdepointsand of thenodes and after
that starts the matching stage, which is baseth®prioposed representation. The coordinates of the
nodesare matching to the coordinates of thedesof the reference iris (database), in order to
identify the coincident nodes Starting from the coordinates of thepincident nodes its
ramifications are verified to obtain thember of branches for coincident node

After the referring information to the coordinatasthe coincident nodesnd thenumber
of branches for coincident nodae analyzed, one verifies if the processed &ithe same as the

one that was taken as reference, or not.
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- (@) . (b)

N | (C)

Figure 16 - Identification:end-pointggray),nodes(black).

7. Methodology and experimental results

The proposed method was tested with real imagesirac in colors and from both eyes,
and later converted to gray-scale, because theopegpapproach is based on the extraction of
structural patterns found in the iris and not agirtiolor.

To create the experimental database, used foirthdations, several images were selected
(170) at random among hundreds of images of bo#s,egf many individuals, and acquired in
several occasions, without imposing restrictionth® user regarding to positioning (distance from
the camera, rotation of the head and position ef élge). Since images are not stored in the
database, but the information corresponding torégsresentation, all images are previously
processed.

The representation used to build the database tate@account only the iris patterns of an
eye (right or left). Being like this, the databaselivided inID (iris of the right eye) antkE (iris of
the left eye). Therefore, the images submittechéoprocessing must belong to the same eye of the
correspondent iris in the database.

Several phases of tests were accomplished with ofbjective of to optimize the
information stored in the database, in the sensstafng the smallest amount of data possible,
enough to allow the alignment of the irises, ad aglts comparison based on the representation.

The methodology used in these phases of testactmmplishment of the experiments, is
presented in the diagram of the Figure 17. In it ba observed two different stages, one that it
accomplishes comparisons between a same indigdinigks and another of different individuals.
To each accomplished experiment the comparisoragemvith base in the coming information of

the representation.
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Figure 17 - Diagram — methodology.

The series of experiments were accomplished usingtife alignment algorithms that
operated with the binary image containing the s$tmas, obtained after the application of the
operator threshold. However, the image taken &serte (database), was the composed of pseudo-
structures reconstructed starting from the reptesen of the iris. The Figure 18 presents the
diagram of the adopted procedure and in highligbttéd line) the content stored in the database.

In both stages of the experiments, several irigewr individuals (represented by the
numbers 1, 2, 3 and 4 in Figures 19 and 20) wezd.uUs the first stage the same individual's irises
were compared to each other, and the procedurereyssated for the irises of the other three
individuals. In the second stage the comparisonge weade among the four individuals' irises,

taking an iris of an individual as reference anchparing to the irises of the others.
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IMAGE OF PROCESSING IMAGE OF THE
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4

Figure 18 - Diagram of the procedure adopted for the
experiments.

The result of one of the series of experimentgesgnted in the Figures 19 and 20. In the
first stage were made 26 comparisons and in thenskestage 76 irises comparisons. In Figure 19
the comparisons are accomplished based on themafam of thecoincident nodeswhile in Figure
20 the information are originated from thember of branches for coincident node

In Figures 19 and 20, it is clear the distinctidmtt exists when comparing the
representation of the same iris (1st stage) todtfferent irises (2nd stage), where the transition
separates the two stages of the experiment. Basdtieoanalysis of this information, it can be
inferred if the image of the processed iris belomgsot to the same individual whose iris was taken
as reference.

During the several phases of tests, some algoritivase evaluated. In terms of
performance, all of them presented good resulisigbghown efficient in what says respect to the
discrimination capacity, that is to say, the e#iwy of the proposed approach for the iris
recognition. The difference among them is relatethé type of information stored in the database.
The storage of the representation showed to be mdeguate in terms of size, being possible
starting from the representation to accomplish shmthe alignment as the comparison of the
irises. Through the analysis of the obtained resuilivas possible to verify that the compromise
“sizex distinguibility’ was respected.

The representation of the structures based onettiepointsand nodesshowed to be
adequate to characterize the existent patternganiris, allowing itsdistinguibility through the
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comparison of the information obtained from thenhjcl was confirmed through the simulations

accomplished with several images of iris.

Comparison of Representation (nodes)

60% |
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Figure 19 - Comparison of the representations of the ir{sesles).

Comparison of Representation (branches)
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= 15% | 9
= o - 12 |34
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o
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1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86

Number of comparisons

Figure 20 - Comparison of the representations of the ir{beanches).

As to the size, the adopted representation is cotnpa average 750 bytes for vector of
information €oincident nodesnd branches for coincident nojfleThe size of the representation
could still be reduced more, in case it is usedestype of algorithm of data compression. Some
tests showed that the size of the representatsity&auld be reduced to 1/3 of the original size.

Due to the representation type adopted, the progedsne of the matching stage is
reduced, being necessary only one operation th&kesnthe matching among the vectors that
contain the coordinates of tm®desand coincident branchesThe same happens with the use of
algorithms based on morphological operators, whetsically use six operators in the several stages

of the process, which also contributes to a rednatif the total processing time.
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Even though only two types of informatioco{ncident nodes and number of branches for
coincident node were used in this experiment, others could bedusecreasing the system
reliability, as well as the robustness of the repngation.

In relation to the problem of occlusion of the ,irggenerally provoked by the eyelids and
eyelashes, its effects are minimized due to theagdision of the structures in the iris and the form
with that the algorithms process these informatidme loss of information caused by the occlusion
is not generally enough to compromise the perfoneanf the algorithms, because the other areas
of the iris those are free contain enough inforomatio allow comparisons with considerable
accuracy.

To proceed to the statistical validation of thegmeed approach, the used database should
be composed by a larger number of iris images, ifbérdnt individuals. For this, it would be
necessary to dispose of an equipment to do theisabon of the images, as well as of the
associated apparatus. However, as this projecttdithpose such resources, the validation of the
approach was restricted to the available datalvdsieh was adequate to show the behavior of the

used algorithms.

8. CONCLUSION

The results obtained validate the approach appbetthe proposed application, and also
show its potential for other applications.

The representation stored in the database showée tadequate in terms of size (low
storage requirements for the data representatidheopatterns extracted), being possible starting
from the representation to accomplish as much ligaraent as the comparison of the irises. Tests
using algorithms of data compression are beingraptished with the objective of to reduce the
size of the representation.

The morphological approach proposed for this appba, substituted with success other
more usual techniques in the several stages optbeessing (location of the iris, segmentation,
features extraction, etc.), presenting low compaoral complexity (processing time).

The algorithm performed very well in terms of distnation capacity for the set of
images used. New tests are being accomplished tivghuse of iris images coming of another
databases. The results up to now obtained, shotv thiea performance of the algorithms is
maintained. The proposed work provided an efficiearphological approach for application in

biometric identification of iris.
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RESUMO

Uma nova abordagem baseada em operadores morfid0gicapresentada neste artigo, para
aplicacbes de identificacdo biométrica de indiv&latravés da segmentagéo e andlise da iris. Para
segmentar a regido da iris da imagem do olho edandvidenciar determinados padrbes da iris
foram desenvolvidos algoritmos baseados em operadoorfoldgicos. As caracteristicas extraidas
sdo usadas para representar e caracterizar Bdres extrair corretamente os padrdes desejados, um
algoritmo € proposto para produzir esqueletos camirthos Unicos entrend-pointse nds A
representacdo obtida pelo processamento morfologicamrmazenada para propoésitos de
identificacdo. Para ilustrar a eficiéncia da abgema morfolégica alguns resultados sao
apresentados. O sistema proposto foi desenvolva@ @presentar baixa complexidade de
implementacg&o e baixas exigéncias de armazenamento.

Palavras chavesidentificacdo Biométrica, Processamento Morfolégeegmentacdo e analise
da iris
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