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The field of iris recognition has been home to many applications over the last 10
to 20 years. Interest in the development of iris recognition technology and
methodologies can be attributed to 'the uniqueness of the iris pattern, akin to fingerprint
individuality. Thus, iris pattern recognition as applied to personal identification and
verification has spawned numerous inventions and abundant knowledge in the public
domain, relating, for example, to security access, ﬁnaﬁcial transactions, and patient
identification, to name just a few.

The instant invention, while not limited in any way to the herein disclosed
preferred embodiments, is directed to positive patient identification. A current practice
for patient identification relies on an operator to henter patient data into manual and/or

electronic record systems and generate a patient identifier. This patient identifier is then

used to retrieve the patient record for subsequent diagnosis and treatment planning and
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In the field of vision correction, patient

identification, screening, diagnostic, and/or

treatnent errors could result, for exanple, in the

| oss of vision rather than vision correction. :
exbiurtiony Errors in the eptering bt tebmevappf patint mosrds ehmicad do ineorrect

I nvasi ve eye procedures face unique challenges due to
di{)%i%&é%fﬁld%ﬁné}ﬁs Bfing BeotRiaDRl WS RoRicqiihced. agnost i ¢

Itions and supine treéatnment positions, iris border

rec | t] er..se due.to ir.is .col .variati.on anong..

t he dherisid daieterBRionpaligtofamlitaionerieue, dagnostc,

mani fest and dilated states of the pupil. In view of
antlfoe trebtonant exterstcofldadsudty 01 example, imthedosstsif wisdon zather than vision

various technol ogical shortcomngs of the prior art,

cobB&idd) VIEBEver) Biss ﬂe@&@ﬂﬁﬂrﬁ@iﬂi@aﬁkﬁﬁ%ﬁaﬁﬁ%&) YGRS Syetbcedures
associ at ed appar atus addressi ng these known i'ssues,

and..f or ovi ding.a | L] patient identificati.on .
il SRR I SRBREL bl 26 reilon RSBk A6 bkBnostic
benefits. _SUMMARY OF THE | NVENTI ON An enbodi ment of
positiens pidsiniphireamentnositions.tigs Hoxlps respgritipn per se due to iris color
automatically;, positively identifying a subject
vafip@srs anpnd dratnepbpopulativing mddiffzesnoa between henifestand dilated
stored, historical iris recognition-based record and a

EHP eously obtained record. . The system
Stag%rrrgponeﬂ{@ﬂi nclude a light source for illumnating the

subject's. eye.in.order to generate identification,
Inarmo’g@'s@bww%%ﬁ?dgﬁ\a}l%eé dgrohlems, aad yerpsdestipipgical

subject's eye data, and an optical system for
shostayingg of the psioh pecthe snveptor dias secognitzédba pemdsfor a process and

Further included are neans for capturing the data

asddciied HpaSRASAldresiRiaNBese KhoWnabngs, Red fhiepravidg a positive patient -
2004/ 084726 PCT/ US2004/ 008208

identification method and system and associated advantages and benefits.

SUMMARY OF THE INVENTION
An embodiment of the invention is directed to a system for automatically,
positively identifying a subject (person) based upon a matching comparison between a
stored, historical iris recognition-based record and a contemporaneously obtained record. -
The system components include a light source for illuminating the subj eqt’s eye in order
to generate identification data about the patient, a sensor that can detect the subject’s eye
data, and an optical system for relaying the subject's eye data fo the sensor. Further

included are means for capturing the data from the seﬁsor, means for analyzing the -



captured data, and an information storage/retrieval
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IFVs is stored in an 3 i . ) )
near- to mid-infra-red which is used to reliably illuminate a wide and variable range in

pupil contrast in a patient population. Preferred patient eye data includes an image of the
patiefnt's eye that is detected by a CCD sensor/camera assembly and transferred to an
ifnagé data capture component which utilizes image processing and frame grabber
technology. A suitably programmed computer such as, e.g., a PC can conveniently be
used to analyze the captured data and to generate the historical and contemporaneous
matching information that will be referred to hereinafter as contemporaneous and
historical Iris Feature Vectors (IFVs). IFVs are generated for each patient from the

obtained eye image. A patient database of historical (reference) IFVs is stored in an
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creating up to n preliminary IFVs for each sample region; generating an array of all |

preliminary IFVs, and storing the patient’s historical IFV érray in a storage/retrieval
medium.' Preferably, the stored array can be sorted based upon a gross and/or location
invariant feature criteria. At some subsequent time, a contemporaneous IFV is generated
for a particular patient and can be compared to the stored data set of historical IFVs for’ '
the entire patient population to make an automatic, positive identification of the patient.
A further embodiment of the inventiop is directed to a device-interpretabie
~medium having encoded or stored therein a contemporaneous'IFV as that term has been

set forth above according to the invention.
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recor 4r{1g 1411¥1?161tlﬁ P 1%9' Otﬂ 8%%1%%(3 to every individual, and can compensates -

for operator entered errors if they exist. These and other advantages and objects of the
invention will become better apparent to the reader through the following detailed

description, drawing figures, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic illustration of a system embodiment according to the
invention;
Figure 2 is a diagrammatic illustration relating to a method embodiment
according to the invgrﬁion; and
Figure 3 is a flow chart type diagram setting forth the process steps of an

algorithm embodiment according to the invention.



DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT OF THE
| NVENTI ON  An enbodi nent of the invention is directed
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identification as shown in Figure 1. The system

i ncl udes one or nore eye illum nation sources 16 that
illumnate the patient's eye 15 in order to generate
‘data 25 relatin atient |dent|f|cat|on roperl
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25, generates an |Iris Feature Vector (IFV) 65. At
eye dlitgmination soureesnis, thairillpminagsthepatjentisreye d8 i ordee tocgenerate
patient in a patient population and stored in an

data " PfRIngQO pafiéit fdplifieitidre VA pr&aR amenéd &Qldah@lsténﬁm transfers
cooper ative engagerrent with the anal ysis means .
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subsequent tinme when it is desired to |dent|f a
engagament Math imege datacapiremams fioios Aebrng thp\pa%nté &he Pata in

generated by the analysis neans 50 and conpared Wi th
suitlisie dodna fresethe detestog/c atloratasseinbilyy C Alnalylsi¥ndans 50 is operatively
aut onat | caIIy positively identify the patient. It may
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i1 lum nat_l on source(s) 16 enmits light in the near- to
patienl-inafpatienip opplation and bleredciarandhfommatedstomged@oiaval and
nore preferably between about 700m to 800nm so as

cofiffontt 6 theCik icevpRidtive eAs@leaient WARIRe 4AORIs means 50. A database

iI'fumnation. In addition, this wavel ength range

caR't8 nI lgee%s&'ﬁﬁ’lgd cbﬁéféﬂn@a&fﬂﬁoﬁ&ﬁ IF‘% 55 for the patient base. At some

sﬁbsequent time when it is desired to identify a particular patient, a contemporaneous
IFV 66 can be generated by the analysie means 50 and compared with the dataﬁase of
stored, historical IFVs to automatically, positively identify the patient. It may be |
desirable to include patient biographic information in the historical IF Vs in addition to
the data required by the algorithm according to the invention.

In a preferred aspect of the system 10, the illumination source(s) 16 emits light in
the near- to mid-infrared spectrum between about 650 to 1000nm, and more preferably
between about 700nm to 800nm so as not to effect a pupil diameter change upon

illumination. In addition, this wavelength range provides good illumination for iris
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| FV on the_.indicia rlsln t he | FVs,
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cont enpor aneous | FV, resulting in a positive patient
stprage/retrievalcompongut 60h dhe steiagt/netrievabdontvaeitoan iieiang of @ variety

directed to a nmethod for positively identifying.a

ofp@tll RAdwn dhe stRhgpirievalnedid 1608 188a1B (#9Eb S&hn
forth in block diagramin Fi gure a?in desc{réli%glg&as ple,

I r
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ptured. a resented in Flgure 2A. The iris imge
mP agFoREde efgleaeﬂé(flﬁm?@n%ﬁ() Fahdpo gngraie a Compmpemngaws IFV 66
an i medi ately adjacent outer region (OR) 140 at step -
foB & Partive]am pati brviimat iisuded dorr eon2Brisdi evithrthe stofedghBtorical IFVs. Based

upon the indicia comprising the IFVS, typically only a singlé historical IFV will match
any contemporaneous IFV, resulting in a positive patient identification.

Another embodiment of the invention is directed to a method for positively
identifying a patient. The method is baéed ﬁpon an élgorithm 300 set férth in block
diagram in Figure 3 and described as follows with reference to Figure 2. At step 305 an

| iris image 35 of fhe patient's eye is made and captured as represented in Figure 2A. The
iris image is processed to determine an inner region (IR) 130 and an imrﬁediately
adjacent outer region (OR) 140 at step 310 and as shown in Figure 2B. The inner regién

is delimited by a smooth outer boarder 135 fhat is a best-fit curve identifying the



is delimted by a snooth outer boarder 135 that is a

best-fit curve identifying the 7 WO 2004/ 084726
weEFONANSe004/ 008208 pupil/iris boundary of thePCT/US2004/008208

patient's eye. Simlarly, the outer region has an

outer boundary 145 identified by a snmooth, best-fit

curve representing the |inbus boundary of the

patient's eye. The IR and OR boarder regions 135, 145
pupildirip bowmdaty af thy petianit'sidpel Sinslarly tieymitérdsgion has as beer

anmbient illum nation noise, etc., and, typically, the

bolRi29%45R14inq b9 erRBE AR A RSl Hﬂaiﬁg%undafy of
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The inner region search space 160 is determ ned by .

to eyelitsy epcelashes, ambirnt illuprination neise, 865, andatypicailenitis IR and OR will
t hrough the center of the inner region 130 to the IR
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. %{:\tl ent between a prone and a supine position. An
iguses 2G apd 8R. ddwiener segienseareh space 1 6f isaleteymiisddnndamstiucting a
by generating a horizontal |ine 166 through the

hotigoitel liwd 165hatERiends througliheGentes PAGIS iRRI 886N 156td BRe IR
boundary 135 and the OR boundary 145 through an

bo?db?ﬁgs %fg%g% the %{1 dg B Ql?r%ﬁﬁ{ dgé&gk%ﬁ‘,g ) o? 8b§ﬁte£f'0° from the

f.eat uLeT on the outer . border 135 of the inner
hoiggitah, TH IR SFAreLERare F@ErSERLS SREIBFIMER ke the masimpmeormal
outer border 145 of the outer region are |ocated as
vaghlility ofeyeirglaties f@@ patint batwbar a preat ané a sigfific pésitien.e An outer
preferably permanent |andmarks of a particul ar

reglah &ith SpaRY 374 RAmAkly RGSihingd b rg\éﬁérhmg a Hbﬁibxﬁﬁﬁﬁ% %6

to other changes in the eye, for™ éxanpl e

o i RSNt B G B s ana e
Ol% %3{11%&39 ?4% Igh?oélgelllsa?ll an%?ed 0, of about +10° from the horizontal. At steps 3 17,
319 respectively, an inner region anchor feature 150 on the outer border 135 of the inner
region, and an outer region anchor feature 170 on the outer border 145 of the outer region
are located as shown in Figures 2C, 2D. Anchor features 150,170 are preferably
permanent landmarks of a particular patient's eye that are position invariant with respec;c'
to other changes in the eye, for example, dilated or manifest state. The anchor features

are found using known filtering and thresholding techniques by searching the nasalv and

temporal regions bounded by the respective search spaces 160, 175. An example of an

inner region anchor feature 150 is a region of maximum deviation from the IR border - .



tenporal regions bounded by the respective search
spaces 160, 175. An exanple of an inner region anchor
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I R border . 8 WD 2004/084726 PCT/ US2004/ 008208 135;
however, other criteria can be used. For instance,
uniformintensity regions of the iris which have no
striations or fibrous artifacts, or non-uniform
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feature 170 as illustrated in Figure 2E. The strai ght
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skille the art, will understan step 330, an
rqgrqnsanca‘argéa% detectiongdhtistepidOya gie ?lahélrg (esburg boawdgr) 195 is
anal ysis space 190 illustrated in Figures 2E, 2F. The

consiracted comrenti@heilR atehar fentues 1 §0/asithp ORanchorfpature 170 as
intensity (pixel) values in the region bounded by the
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sanpling may take pl ace by a preceSS|on around 't he

s g e Pisbiid e iad Lo B 2o s BRSHORH e i HET Sferstond. A

ot her nethods. In particular, the sanpling should be

step 33@.cangrie imaga pteral §k ipmpppad inteprampligcdhanalysis space 190
resolution sufficient for subsequent feature

ilmerhtys s Figuldde2B) oF e Thedris patteens 8O 36 detdridsed(i8 bR image
bl ack/ white squares)  are then mapped into a square

ing{ %%&Qel QQHQ@ %é rp% é@ﬂ&ﬁ-@ﬁﬁ, 9tﬁ'@ﬂ§ éh@OR? and the feature boarder

I STprovi
15? pIQ or € Iaﬁl%k \S/amphng may take place by a precession around the iris image at a

H

chosen angular and radial mcrement, or by horizontal and vertical increment sampling, or
other methods. In particular, the sampling should be one-to-one in the mathematical
sense and at a resolution sufficient for subsequent feature analysis.. The detected
intensity values (shown as blaclg/white squares) are then mapped into a square grid 190

| between the ranges 0,0 and 1,0 as illustrated in Figure 2F. This provides a topologically
consistent mapping between the iris image 25 and the normalized analysis space. Such
normalization of the iris image removes any dependency upon the dilated or manifest

pupil states, reduces or removes eye rotational contributions for prone/supine patient



consi stent mappi ng between the iris imge 25 and the
normal i zed anal ysis space. Such nornalization of the

WO po0g/08412€e renoves any dependency upon the di PEX/Es2004/008208
mani'fest pupil states, reduces or renobves eye
rotational contributions for prone/supine patient 9 WO
2004/ 084726 PCT/ US2004/ 008208 ori.entation, and
creates a uniforminvariant analysis space that

orightaibi,f dnds reatdsseunifomn inparint ssilpgs sprce thae simplifegs subsequent
t he anal ysis process involves a sanple region

| Ofhedxt 6P inf tE bhalPdis PEREssiftPol98h $anhpls bé eblection
*pr&‘%%ﬁﬁéespgctxt oﬁiFl gure 2 1s§ sa?rpl e regl on pat tggér)n 21‘300 *

onstr the a
sel et s i 200 HlonfReR SO SE B B e G Al Bton,
shown in Figure 2G It VVI || be appreciated that the
pattemy3 16 is ceunptmntet) bysboowsg thearmher, sice, shapies ad loeatimuefrindividual
shapes as shown but, rather, can be any suitable .

safipRPREDNZRXESZEE isihowhia [Feguirs 26, Uf R4lebé hppredinednhdtfihé sample

generatl on speed mat ch confi dence val ues, sanple

reg18a gxe nﬁ@{%ﬁe@ gcﬁ% éé a{s)ého@ﬁ rbu? )fgﬁgl' %é.n be any

size wll sI ow the | FV generatl For, fi xed sa
sujtalle shapsysize/logatiomg Hehere 18 radep, SW l}E}?’tsepyraswn |sp%qdowatch
the IFV generation. 1In all cases nore sanple regi.ons
coyifiébtehiabies) sanpleiegionizedenicsampid iegion qBablityf aEomexample; for a
resul ts have been obtai ned when 20-30 sanpl e boxes

)%%%#‘%x aFys| . Chrfifle FAGnsOh larBEHeLioh kYN stov eVt Eﬁleratlon Fora

regl on have béen selected for th

Ierelo n21 Pattern
QIS 7Sh AT PR T RO ‘@Pﬁf“ﬂ@a*h%&ﬁ generation.
m nimze sanple region_selection in areas frequently
Inadlotagesotionsusamply legioge Viskphigher match cenfidrace yalyee Baisfactory
205 paraneters and sanple region pattern 210 are

reS\@iseHalt Besh obthined wiah 26430 sahiple boxek eadh haviigs ats@da bOr
all subsequent analysis, but is not limted in that

ap%%%{i@r &e@g}{'/ 25 IB? Itﬁﬁept\éﬁﬂ tah:ﬁgsdls Iék?%l{‘?%mebﬁ ?%e&é@k&fsthé sample region |

en sanp € sanple

pattern 210. Pattern 210 shape (i.e., box location) can be heuristically determined to

minimize sample region selection in areas frequently occluded during iinage capture.
Once the sample box 205 parameters and saﬁple region pattern 210 are determined, this
pattern will typically be used for all subsequent analysis, but is not limited in that manner
by the invention. The normalized analysis space 190 is then sampled with the sample
pattern at step 345. For each sampled region 205, as-shown in Figure 2H, a preliminary
IFV, is created at step 350. Once the normalized analysis space is sampled with the
sample region pattern 210, a set of n iris feature vectors 65 for a particular patient is

created as illustrated in Figure 2I. The contents of each IFV, can be any combination of

10



pattern at step 345. For each sanpled region 205" as-

shown in Figure 2H, a prelimnary I|IFV' is created at
wGeL@p/o860 Once the normalized anal ysis space PGI/US2004/008208

sanpled with the sanple region pattern 210, a set of

niris feature vectors 65 for a particular patient is

created as illustrated in Figure 21. The contents of

each I FV' can be any conbi nation of 10 WO 2004/ 084726
unigfdly {ERHFH G QBaABteristiusgl iR leXarhRNédch YF WOmay consist of a feature-type

characteristics; for exanple, each |IFV. may consist. of

. a.featune-t s . line .circle. .ellipse, .coni.c .
Gt ISP, oo Section E. s hoffmingy skBRE opERRlfn s
its maximumand mninumintensity,, etc. Each |FVn may
maxinawn e84 MHNHNYRABERGD; el Farkili aighayt dsq eentaipiaformation relating
nunber, and | ocation of the sanple regi on boxes 205,,,

to thS size] AurAberpael latation cmhesathlp dgicboxdaas , as wallyas operator
other information that the operator wi shes to be part

entBled pRGen k), 8P o El BRRRLasbH Bk e GRS ishEPfhe i of the

feat ure-t
. of 'the | FVs_have a characteristjc.that allows each of
patieqgs p@\sgnft'\{ sdeatificatipnggcord. &Ylﬁﬁ’é‘?fjﬁé feribat the fraBuertyre gamponent

invariant feature or a gross feature of the patient's
of each of fie B\eyha¥8 3 chambtetifiic' thetedllogts dash aftherfbBVado isottel tyna
array and stored in a storage/retrieval nmedium such

crifdfia HRR bepreRnRSRIThOiRY ik Br E'gﬁ&lég feature 6REME kichPESR. At

| FV arrays becomes an historical IFV for a patient,

a hi storical . dFVs 65. for an entir ati. ent .
stefass fact BTV a8 635 Satied B, B8 storagertyieyal
subsequent time, a need wll arise to identif%; a
megim pual agthygepresanted hycebindiigwteyl. Eachof dhesg8BY aatays bgcomes an
the foregoing nethod steps are repeated to generate a

his€tREIMD faxngatient, fd Bistoditalt IFY s[63], foreuleatirdgdticadbopuldtton can be
cont enporaneous IFV is a vector array simlar to the

' ot 1N ~arrays that can be conpared to the data
Stogégf{og@é?otﬁggéi hi storical |IFVs and matched to one of

themto posjtively identify.th atient. The,
mt somg suﬂ;sequent)(lme, a neec{ Xrﬂﬁ ar?sc:pto ti(llencc]ify a particular patient.

Accordingly, at step 360, all of the foregoing method steps are repeated to generate a . . '
contemporaneous IFV 66 of the particular patient. The contemporaneous IFV is a vector
array similar to the historical IFV arrays that can be compared to the data set of stored
historical IFVs and matched to one of them to positively identify the patient. The
comparison of the contemporaneous and historical IFVs is performed at step 365
preferably by first comparing the location of the inner region/outer region border feature - -
geometry or some other invariant feature supported by the sort criteria mentioned above.
Then, at step 370, a similarity value, x, is generated between the values of 0 and 1 for

each comparison of the contemporaneous IFV with the historical IFV's. The similarity
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conpari son of the contenporaneous and historical |FVs
is perforned at step 365 preferably by first
w@ovpas4i7eg the | ocation of the inner regi on/ oUPET/US2004/008208
regi on border feature geonetry or sone other
i nvariant feature supported by the sort criteria
ment i oned above. Then, at step 370, a simlarity
val ue, X, is generated between the val.ues of 0 and 1 -
vaflyg maj he A TeQlTpeRn yAregRlcuintion oF Plieh siatistisalievalyayiopias rvell
the historical IFVs. The simlarity 11 WO 2004/ 084726
urideistd #8004 XP.0AMSr sindlariey queantifiersanayiiclude fbutaaeiAdtdimited to)
calculation or other statistical evaluation as well

cdﬁﬁ%e&ﬁiﬂﬁ&g: t&?% UI?Q%“?EEIV;{ (ﬁgdﬁﬁ{ feﬁfu?% 16 Viludd %Eﬁ%lfye\raﬁatlon,

may | nc coun

feature types in n fe ture ngl e val ues,
infenity, ¥‘i‘1%"}%9af Peg ‘?t%n eln "Fﬁ PR ﬁw@e%w q?‘é‘b’ééa\{“es are generated
etc... In the event that equival ent S|n1lar|ty val ues
foatwo gfatrdﬂ@ edordspit mapbenemne hecegsaryg topeiturd ithe sampldeegionebox
necessary to perturb the sanple region box |ocations
1ot:9uda{s¢@tsretak . Th@ pARIrbA AP Be BROnRisRECHY Bk RERaHe B¥nple
fting the sanpl e regi on box |ocations or changing
he sa |ze The .c ce. of
38 ptions O Epmae Be S SFeid Bt §ef. THOsfciepef which
changes in the acquisition environment or random but .
mether|to pea may he bases wonuzicrbkpveedggeiothangasfin dhg anduisition -
In a related enbodi nent according to the invention, a

erBAidhaRal siahdedut small meﬁﬂhdmas)f Heyafpld Rgiod dbnﬁguranon
plurality of historical |FVs obtained in accordance

Wt Did1a184 BRBbERIEPARCARAL I ME thiiSh f@&&fége/ré&mm bledium

be un ers e ned or s

stori I.FVs is..not_l.im.t partlcular
6%% éaiaeéelrl@éﬂsqa IEVO?W&P@C%&E?F obietisidn acsordanse wifhthe
may be internet-based, part of a | ocal area network,
algewihon300 described héreimabovendhwill/ baswderstacdthatibe Imedi®e for storing
or others. In a further enbodi nent according.to the

thieMYREdaP T VATE R iiRldTh @ pehRUDR RhddivaPE device or software architecture;

rather, it may be internet-based, part of a local area network, regional server, local
memory associated with a PC, or others.

In a further embodiment according to the invention, an ophthalmic diagnostic or
fherapeutic system 10 is provided that is capable of performing an algorithm 300 and of
being programmed in such a manner to execute the algorithm for a positive patient
identification according to the algorithm described hereinabove.

For each of the embodiments described herein, the contemporaneéus IFV 66 may

be generated and directly transmitted to the analysis means 50 or stored on any type of

read/write medium that can be utilized by the system to make the comparison between
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therapeutic system 10 is provided that is capabl e of
performng an al gorithm 300 and of being progranmmed
WO poogig412@ manner to execute the al gorithm f orP@r/us2004/008208
positive patient identification according to the
al gorithm descri bed herei nabove. For each of the
enbodi nents descri bed herein, the contenporaneous |FV
66 may be generated and dlrectly transmtted to the
thesovatepsparameas 3F Y Gnd thestared,chigioriead JFVy for pofsitivegmtientr i t e
medi um that can be utilized by the systemto nake the

idnf RIS OThib eda1RSHte rledid® c8RaA 0B 84AEple, take the form of a CD, DVD,
PCT/ US2004/ 008208 the cont enporaneous | FV and the

tored, rical_|FV i ent
flope e ear o e data PP Rt b e B oul d, 1 or
exanpl e, take the formof a CD, DVD, _floppy disc
enc diuwitbstendiog themeforigd cmbpdimeniy spsrifieally ﬂ istrgted and described
Not wi t hst andi ng the preferred enbodi nents specifically

hetein, Wﬂﬁb@?}ﬁeﬂaﬁ&m virgshs nistifications tndivhdiatioms of the instant
appr eci ated that various nodifications and vari ations

i fpp e SR i 1 Bk QB ol 50RY S0 kA afpertf clons,
wi t hout departing fromjihe s and scope. of the
witheykhenaging ﬁsﬁw‘? 2%&?&%?2%8%?%38&1 008208
Caim 1. A systemfor positively identifying a
patient, conprising: an eye illumnation source; a
sensor that can detect data relating to the patient's
eye; an optical systemfor transferring the patient's
eye data to the sensor; neans for capturing the data
fromthe sensor connected to the system
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means for analyzing the captured data; an information
storage/retrieval conponent connected to the system
waooistogp7e6 ored therein a plurality of histori cedT/U81084/008208
Feature Vectors (I FVs) representing 'identification
indicia of a plurality of patients; and a
cont enporaneous | FV representing an identification
i'ndicia of a particular patient generated by the
I Bsini:em wherein the anal yzing neans is suitably
programed for conparing the contenporaneous IFV to

1. the &ﬁé}hipr&&i@hﬁae&ifyﬁ{rg% ﬁartieﬁﬂlcofn%ﬁgintgand

det er Ing a simlarit el'ationshi p between the

cont enpor aneous | FV..and the historical IFVs. 2. The
system ofanc?y§i1ﬁ’frfnmfﬂrﬁe’t he patient's eye data

conprises an eye image having a defined inner region
and an i rmssaisertthitycan dptectedata redatingie dhopatient’s eygson, an
identified inner region anchor feature |ocated on an

out er borgesptiehl dydfend foR Glndfedinpthe paentdreye detalio teadnsor;
outer region anchor feature | ocated on an outer border

ont 1yi g okBRring g SyGHR e R BAPRACIEL S the system:

a) acquire an imge of a patient's eye; b) determne

an i nner WEYISIAT wdyzne bacapturddait of the eye; 14 WO
2004/ 084726 PCT/ US2004/ 008208 c) | ocate an inner

r egi on anahimforhestibn seragefrhirieval coeayanents@moectedtohe system
outer border of the inner region; d) locate an outer

) oS s oA iSRG YRGS PV Rerescning

outer region; e) identify &

aSh gnt 1 dine e LR LADSRLRheLuegn the inner region

a contemporaneous IFV representing an identification indicia of a
particular patient generated by the system;

wherein the analyzing means is suitably programmed for comparing the

contemporaneous IFV to the plurality of stored, historical IFVs, and determining a
similarity relationship between the contemporaneous IFV and the historical IFVs.
2. The system of claim 1, whérein the patient’s eye data comprises an eye image
having a defined inner region and an immediately adjacent, defined outer region, an
identified inner region anchor feature located on an outer border of the inner region, ‘and
an identiﬁed outer region anchor feature locate& on an outer border of the outer region.
3. . Amethod fof positively identifying a patient, comprising the following steps:

a) acquire an image of a patient’s eye;

b) determine an inner region and an outer region of the eye;
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feature and the outer region anchor feature; f)

determne a plurality of iris inage intensity val ues
wa@ojoaoettee t he straight I|ine relationship and P¢EUS00£008208
region and the outer region into a normalized anal ysis
space; g) map the intensity values into a normalized

anal ysi s space; h) create a pattern of sanple regions,
choosing a size and shape for each sanple region; i)

sanpl e t hec)locatamin mwer regipnyAsichorspature withih atsearch apqseen an outer
region pattern; ) create from1l to n Iris Feature

béeddrof she inhiMsbeiofy each sanple region; k) create an
array of all - ;E-:l and; 1) store the array in a

‘storage/ retys The nethod of c

o101 290/ S8 n 15 o ey OGS 3B an vt
historical |IFV representing a particular patient's

boadaitof thecqutergngigat a set. 5. The method of claim 3

further conprising sorting the array of IFVs. 6. The

met hod of ¢)lidéntifyta sfraightiéie wbnipnslap between tey ifhétGegioaRSchor
a) through k) at a. subsequent tine on a particular

- Akt thdBEEEE lan%cﬁa%mufnt'y obt ai ned array

conpri ses a contenpor aneo FV for the parti cul a’r
patient. WO 2004/ 084726 CT/ US2004/ 008208 7 he
net hod of IdﬁﬁeFH”@e ‘t‘FﬁZWs‘? EBARADIRGLY Fralues adJacent the straight

cont enporaneous 1FV with a stored plurality of
lniegtlationship fidvthe imred regioreamt the guter segion mto & ylommniﬁmd analys1s
for each conparison, so as to match the

spadd; enporaneous I FV with an historical IFV. 8. The

rrethod of claim7, wherein 0:5 x < 1.

g) map the intensity values into a normalized analysis space;
h) create a pattern of sample regions, choosing a size énd shape for each:
sample region;
i) sample the normalized analysis space with the sample region pattern;
.j) create from 1 to n Iris Feature Vectors (IFVs) for each sample region; ‘
k) create an array of all iFVs, and;
1) store the array in a storage/retrieval medium..
4. The method of claim 3, whefein the array of stored IFVs comprise an historical
IFV representing a particular patient’s identification data set.
5. The method of claim 3 further comprising sorting the array of IFVs.
6. The method of claim 4, further comprising performing steps a) through k) at a
subsequent time on a particular patient, wherein the subsequently obtained array

comprises a contemporaneous IFV for the particular patient.
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9. The nethod of claim7, conprising perturbing a
sanple region location in the sanple region pattern
wob@n/0841e6 sim larity index is not sufficient tRCT/US2004/008208
positively match the contenporaneous IFV with a -
single historical IFV. 10. A storage/retrieval nmedium
havi ng stored therein an historical |IFV obtained in
accordance with the nethaod of claim3. 11. A device
7.r eadZb¢ metihadi afielaiang, ﬁgmﬁflémé Gomparieg thegontemporaneous IFV with a
cont enpor aneous | FV ‘obtained in accordance with the

stomt ety offtastoridal [HVs, afd gendihiied AbieniBiiaginaek,ix; foreach
therapeutl c system being sufficient to perform an

oBulifibhy W e 82 9’?@%2*5“%%%.1?. S ERpRal

identification, said gorithm conprising: a) acquire
8.an i Themethadeotsiain 7 éi‘f%eé‘?ﬁlo s¥§d: b) determne an
i nner region and an outer region of the eye; c) locate
9.an i Themetiegl aficlamch compesing pertwibiig asample aogitn Katien in the
on an outer border of the inner region; d) |locate an

sa%il@ Eeg‘i&gbﬁﬂ:rﬂmgﬂ fhef s@ﬁilkﬂﬁ? s ﬂoﬁs@fﬁéi@ﬁho ia%@ﬁﬁ'eglh'latch the

uter rder of the ou region; e) ide

stral ht relati.on be n the |nner region
COPLIAB an?%‘ﬁ %ﬁ@ﬁ%%%?%?ﬂggl on anchor feature;

16 WO 2004/ 084726 PCT/ US2004/ 008208 f) determ ne a
1Q! ur &l sterpgeftetiieval nedinge having storedtherginasshisioyiaeldiity’ ebtained in

straight, line relationship and the inner region and
adcBRiafbd ithtRgnethodfeladmBor mal i zed anal ysis space;

11. A dévice readable medium having stored therein a contemporaﬁeous IFV-
obtained in accordance with the method of claim 5.
12, An ophthalmié diagnostic or therapeutic system being sufficient to perform an
algorithm, and being programmed in such a manner to execute the algorithm for a
positive patient identification, said algorithm comprising: |

a) acquire an iris image of a patient’s eyé;

b) determine an inner region and an outer region of the eye;

¢) locate an inner region anchor feature within a search space on an outer
border of the inner region;

d) locate an outer region anchor feature within a search space on an outer
border of the outer region;

e) identify a straight line relationship between the inner region anchor -

feature and the outer region anchor feature;
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g) map the intensity values into a normalized anal ysis
space; h) create a pattern of sanple regions, choosing
wa2@ingi7ad shape for each sanple region; i) BENPE®04/008208
the normalized anal ysis space with the sanple region
pattern; ) create from1l to n his Feature Vectors
(I FVs) for each sanple region; k) create an array of

all IFVs, and; 1) store the array in a

st or age/ ppiditMad a PREUIHOF irls/image intensity values adjacent the straighit .
line relationship anci the inner region and the outer region into a normalized analysis
spéce; | |

- g) map the intensity values into a normalized analysis space; -
h) create a pattern of sample regions, choosing a size é.nd shape for each
sample region;
i) sample the normalized analysis space with the sample region pattern;
j) create from 1 to n Iris Feature Vectors (IFVs) for each garnple region;
k) create an array of all IFVs, and;

1) store the array in a storage/retrieval medium.
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