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| DENTI FI CATI ON  BACKGROUND OF THE I NVENTION 1. Field
of wohevslogsent i on The invention is generally dig@aaisesanos2os
to an iris recognition identification nmethod and
associ at ed devi ces and systens, and nore particularly
to positive patient identification especially
directed to appli j [ ' WI
correction, but |W@M .Ogg.
Description of Related Art The field of iris
recognition has been hone to many applications over
the last '10 to 20 years. Interest in the devel opnent
of iris recogniti oRACEERIMIYOFTHE INFENGTOINOgi es can
be attributed to the uniqueness of thé iris pattern,
akilnFied dfitheglaventiont i ndi viduality. Thus, iris pattern
recognition as applied to personal identification and

verifi cahe aveltin iS BRGRARY AR 18 48 iris rBMRRiHoR RenffChtion method
abundant know edge in the public domain, relating,

for | e i ial .o
| nE XABRate abfoct Shiyslahs MG pari S @ positive patign

ju w. The. jinstant..invention ' ot. limted .

| ot Rl Rl o AR o8 el of Pion cofreton, butn no
enbodi.nents, .is directed to positive patient

i dmiln’ﬁéc&f@gﬁi A current practice for patient
identification relies on an operator to enter patient

data into manual and/or electronic record systens and
generate a patient identifier. This patient identifier

i s 2t Reseriptiercef RelatedoArti eve t he patient record for

subsequent di agnosis and treatnment planning and 1 |

[11111 Vhe fielbf irisVedognitib has\Bletd hdrhd to thanlylapplications over the last 10

to 20 years. Interest in the development of iris reéogniﬁon technology and
methodologies can be attributed to .the lmiqueness of the iris pattern, akin to fingerprint
indivic_lua]ity. Thus, iris pattern recognition as applied to personal identification and
verification has spawned nﬁmerdus_ invéntions and abundant knowledge in the public
dom;iin, relafing, for example, to security acéess, financial transactions, and patient
idenﬁﬁcaﬁon,- 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 -enter 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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*@0002* execution. Errors in the entering or

retrieval of patient records can |ead to incorrect

di agnoses and treatnents having the potential for dire

consequences. In the field of vision correction,

patient identification, screening, diagnostic, and/or
exequtian mEmtoreinrtbe entevng dr reggayhk of fatientggeongd ean lgad tohacorrect

| oss of vision rather than vision correction.
diddR08R\4aA trehimdhty IRE/MEENthE poRnAFTL! ditd ¢mRequeatast i ng to

i nvasi ve eye procedures face unique challenges due to

factighs. SUERLIRIGY SRR, ilpgﬁleme%ﬁeatmn%@eéﬂiﬁgg gga;giésgic,

positions and supine tredatnment positions, Iris

r,ecogni ti on per du 0 iris color., variation,anpng ..
anlfE SRR L P s SR RF I, TSP er BBk ios® BEtioatner Bavision
mani fest and dilated  states of the pupil. In view of
cofrgeliqrb dVlarepyer irisfreergniting appHeations FrlatpiedB [igYasive g procedures
various technol ogical shortcomngs of the prior art,
fateheniqueveiatlengeb dae teefaomnd seh aneyeaethtivo between peassliamdstic
associ at ed apparatus addressing these known i ssues,
pRdnb BRd R Fadted JoRRiohs, I8s BertéeRbogdni@H perise @k RNiris color
met hod and system and associ at ed advant ages and

05 o A T, SRS DA e

features of enbodinents will now be described. In all
stages @fifBe BWRIbdi nent s described herein, the subject(s)
Wil be referred to as patients as the invention is

Inpaew bLihe abbye identéftedechatlengek enpproblemseandiearious tashhological
of patients in the field of vision correction.
sh?ﬁ&&?ﬁl s of the pioPRR, Ak itvehtor AYLREbEHIzddS nedd 6k A¥cess and
imte
associated apparatus addressing these known issues, and for providing a positive patient

identification method and system and associated advantages and benefits.

SUMMARY OF THE INVENTION

The invention is as defined by the claims appended hereto. Preferred features of
embodiments will now be described.

In all of the embodiments described herein, the subject(s) will be referred to as
patients as the invention is particularly directed to the positive identification of patients
in the field of vision correction. However, the scope of the invention is in no way limited
to “patient’ identification per se. This usage merely facilitates a more exemplary

description of a preferred application in a field of practice.



to "patient' identification per se. This usage nerely

facilitates a nore exenplary description of a

preferred application in a field of practice. 2 In a

preferred aspect of the enbodi nents, the eye

illTumnation is in the near- to md-infra-red which

is used to reliably illumnate a wide and vari abl e

r ande aiprefpugd aspeetorftheagmbadimantpathe eyr illyoprdtioniipin the near- to

Preferred patient eye data includes an i mage of the
midahfrenéd whikyes tidedtto rdiatiBt i aindrhtdy wadeGED vaeiable rdrpe ik papil

assenbly and transferred to an 1inmage data capture

cofiARANE Pitjef hﬁ@fmﬁéd. iﬁ@ﬁniegrg%npw@ﬁasinemd@% frhARf the

ar tec ogy. A suitably programmed conputer

such as . PC c convenpiently b us t
pafifie e tafisHetasPh o PRI e Sttty 85 fafferred to an
hi stori cal and cont enporaneous matching infaqrnmatiaqn
image datacaptursecomyoagptavhicl utilizes image Rpcegsing and frame grabber
cont enporaneous and historical Iris Feature Vectors
tedhnbMgy. A fiablyrpeogremaredtoechptr sedcds, pat, a @6 cahrconverently be
obt ai ned eye i nage. A patient database of historical

used &f ﬁfa?i@ e dapMired 8ats bid BFgdnBradithe hiMdr@04Hdsbhreafhoraneous
PCT/ USZ004/ 008208 informati on storage/retrieval

8 t 3 i
mSRRE REBAm flor SRS Gert I BATRaRE E TOLEELM Al and,
.a particul ar tien uyr i a subsequent vyisi.t t he
niglaea s Fomure GBS shdbds ratpiemirt erecaetenaiara e
to the data set of stored, historical IFVs and a
olgainedeepedmvapeit Arpationtlatabase afdistorecad (reference) IFMsib btaredtip an
rel ati onshi p between the contenporaneous |FV and the
set of historical IFVs to allow a positive
identification of the patient. A nmethod enbodi nent of
the invention is directed to obtaining the historica



and/ or cont enporaneous | FVs as descri bed above and

g a positive patient identificati
rre%‘dniOlél‘}/ol%%#c2 Pudes the steps of acquiring an .naggT’B?T’Hf%"gsz"s_
patient's eye; determning inner and outer regions of

the eye; defining search spaces within the inner and
outer regions, respectively; and | ocating anchor.

f odoronatien vhotdgﬁ/metaa@h capfpankr of thersystems ghe same (archltecturally)
determining an iris pattern and mapping this pattern

| Bystenisrutiliped fobehirtn ednyimranemadPV fonapdrtiifaripatient during a
anal ysis space via a pre-selected pattern of sanpling

I 8iisQfbent viGit BpitepatistR The dnfiipbialbRRAFV!ckYheh BE c&fiSded to the
sanpl e reg| on; generating an array of all prelininary

|I Exgsestt or ag Opig{&ralc%gﬁy d a&?heél c-a’h%*ler a onlegthcagﬁétg%gge a
" osler PR aH by bR 12 b s o Hidies e

contenporaneous IFV |s enerat ed for a partl cuI ar

pQ aliowt 2 peR e dentidi theatient he st ored data set of
historical IFvVs for the entire patient population to
make aA methodrembedimgy of therventiemisidirected toobtairfing the historical
patient A further enbodinent of the invention is

diahd/61if @titentponarndans IFY's iasdatjiived tahdtecand feddlitating wpisitiye patient
encoded or stored therein a conterrporaneous 1 FV-as

t hddntifiedtioh ) The BRE{dd ischidef 0 bizp ormetphﬁent's eye; -
invention. 4 WD 2004/ 084726 PCT[ US 004 008208 -
a'?l@feﬂﬁhn?lﬁﬁé?'aﬁ@ﬁﬁterﬁ oﬁP&Ftﬁ@é &r ithin

t herapeutic system SE1 provi ded that ‘can be | nser uctthée

i dnd Piclishs BBl i 'faéa%ﬁg%r P k¥ k) S0 of g search
'b h o h .-
e P%?Zﬁéiréniéﬁg PRk e R TR R h Seieel wmpive

t Ospztlcg;e sam 3 %e anaIyms space via a pre-selected pattern of samphng regions;

creating up to n preliminary IFVs for each sample re_gxon; generating an array of all
- preliminary IFVs, and storing the patient’s historical IFV érray ina s_tofagé/rettieval
medmm Preferably, the stored array can be sorted based upon a gross and/or lo;;aﬁon
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 h1stoncal IFVs for.l '
the entire ﬁaﬁent population to make an automatic, positive;'identiﬁcaﬁon of the patient.-
A further embodiment of the in_venﬁqn is c.ﬁrec-tcd_ toa device-interpretabie
.medium having encoded or stored therein a contemporaneous' IFV as that term has been

set forth above according to the invention.



In sunmary, the process and apparatus enbodi ments of

the invention are advantageous, in part, because they
aduzoesesstdie chal l enges in the field of appl i BET/PEA04148208
problens in the prior art, rely on a patient inherent
identifier not requiring a secondary record nedium .
utilize a feature that is unique to every-individual,
and can conpensates . for operator entered errors if .

t hey dlnianpthermirabndimgnt ap O pAnQEissor Ahemansptie

the invention will becone better apparent to the-

r pradided that candie indtmctidiol camy oyt aialgoritho foragositivepationt,

drawi ng figures, and appended clai ns. BRI EF

DiaaRBi dRfibWHereid tHe alpbithiiNEephésantedbyla proces thabgenenmes ahd
illustration of a system enbodi nent according to the

i . ; i ;
o o i ol o the
invention; and Figure 3 is a flow chart type diagram
sBVPTHE- forth the. process steps of an algorithm

enbodi ment accoyding to the inventipn. 5 . .

2004/ OBPREEEE e HOthos FE BB FRkodt B bég‘éﬁ"ﬁﬁt%ﬁ"o:

A PREFERRED EMBQODI MENT OF THE | NVENTI ON An_enbodi nent .

o hdvantagpes iR pas becaisethey addsess thy challspepsig thefigle gt application and
provides for a positive patient identification as

S pwhiemsin fiegprios att, relylon apatient inherent \deritfiep pet requinggy a-secondary
eye illum nation sources 16 that illuninate the

P @échfil thediviy atilize aifeatoe that is iniqge tvegvatyeindisidaal 2éndreah a¢mpepsates -
to patient identification. A properly aligned optical

S YsripRratd? ehtersdnOrsSf 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 lisa diagrémmaﬁq illustration of a system embodiment according to the
inve'_ntion; -
| Figure 2 is a diagrammatic illustration relating to a method embodiment
according to the invgrﬁ:ion; and |
Figure 3 is a flow chart fype diagram‘setﬁng forth the process steps of an

algorithm embodiment according to the invention.



the data to a detector/canera assenbly 30. The
detector/canera assenbly is in operative engagenent
WXM20048dR6dat a capt ure neans 40 for capt uri nBCT/H¥004/008208
patients eye data in suitable formfromthe
detector/canera assenbly. Analysis nmeans 50 is
operatively engaged wth the capture neans 40 and,

2 A ORY bR

65 is generated for each "patient In a patient

popul ation and stofed.in an .information ]

St or agdt SERIGEN OLBRIRLHR B Gredeio p VTR 18 BtpRYiesfor s
engagenment with the analysis nmeans 50." A dat abase can

t inositive patisnbidpntification esishowm i Tgum il s The Fystgm mplydesgme or more
for the patient base. At sone subsequent tine when it

i seyd dlhimingtiqneoimient6 that idunmaateitis patientis #y¢ thin, order to generate
.contenporaneous | FV 66 can be generated by the _
anguty/ss 2lafiBg fSpalibnt adeatifestions achropdrly alifeedbpticd) 8Psten020 transfers

stored, historical IFVs to automatically, positively

| g0 tith Yo § BfeditichiRBla-asdetnbliPd0. e ddRSIoNARMSn ARerhbly hé&ﬂg,pemﬁve

-patient biographic information in the historical | FV

in_additjon. r. ' ' .
ace rg"é "héapgbigﬁge%g%@rgn. %ﬁ‘gﬂ% ?é? er Fgetgé gé%ke'{:s{%flm m
the.system 10, the i]lum nation soyrce(s) 16 its .

| Sy EE R e s ooy SR PP g ey S0 blpively
about 650 :to 1000nm an re eferably between
abBREREcATHtDE mmﬁﬁ%&a@nw&{ wpopthegafient YEifatp 25, generates an
di amet er change upon illumination. In addition, this

walris| FeptgrerV ecton 168w Al sameymifinl time, axi IFY1G5dmemerated, fpr.eagh
WD 2004/ 084726 PCT/ US2004/ 008208 i magi ng when ot her
wapaieatigtalpatient gemulatioghand piorediinl en infiorofafier ftommge/etnrvalast

for satisfactory iris imging. The detector/canmera 30

i nednbishment®0EhD idiacacriemtive engagenyent avithfthe amibytsisaidang50a N4l database
recording an iris image 25 via an optical system 20

wetdn th&OWd askéinblétconsisting of historical IFVs 65, 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 analysis means 50 and compared with the datai:ase of
stored, historical IFVs to automatically, positively identify the patient. It may bé |
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 illunﬁnation 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



art. Iris image data capture means 40 typically
utilizes commercially available frame. grabber/inmge
pwocew®s41es har dwar e/ sof t ware. The capt ured i rCI/USIIRYES208
information is processed as will be described in
detail below, and is analyzed by anal ysis nmeans 50,
typically a PC or simlar conputer conponent. A :
dainafias wheh omefsweneagih ridfp¥Smipht pratiae nBRARIEA n{mf&he
anal ysis neans for the patient popul ation and stored

| R ackir A0l T BlocfoDERARESY lites 5D dpteptoppad comera

stor age/ etri evall conponent can be any o

of, | ..kno data storage/rgtrieval nedia | gcated

" dorfersyte S rebitate o s e Ay i Sitichpyaipm ADavell known in the

portahl e menory nedia, servers, internet-based, and- '

otBHe ATiSmARS Jate cantime ayeans 40 fxpiraliy itidizes comimentially Aadable frame

anal ysis nmeans 50 can al so generate a contenporaneous

| Ryabber/infage processing bavdware/spfiwaren The tepturedsiris S8z i@formation is

conparison with the stored, historical |IFVs. Based

Uppeotebsed as will s describiep ir detAilbeldwg ahdéSmally i Skl sio Hle¥ns?50,

single historical IFV will match ~any contenporaneous

| Feypicdlig2HC b @milar Brpaet donRn@it | ' istdrfeatt

: AnE%{; helri9 embodi nent g? t he i nvent P?%@gﬁﬁ??ggﬁﬁpgs“ are
L . A . i ent . The

e hatied 0F R AR Bk fortfbdial BRI e Y,

bl [: ' | G, and, descri bed as foll ows .

e spBal bt 1 RS 0Ronein cuf e i goraricy

35.0f.the tient's e js e a captured as S

- 85 el ek ten Spraglreieyal ool oot igraemetefr dioesxsemie,

t eterm ne an inner region (IR 130 and an -

i g‘ﬂ%cﬁ TIPS Pyriablemameny mefi, e5TVers dnismel-bawpd, pnd other storege/retrieval

. 310 and as_shown in Figure 2B. The inner region is

d&tedin reevaiigbls. Thowrlysismears Hnpalse gemBate h gontemparancous IFV 66

best-fit curve identifying the 7 WO 2004/ 084726 :

Pdonagssiola paigad that is ugad| ot compatisomrwidly the storedhBistorical IFVs. Based

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

owpex the indicia comprising the IFVs, typically only a single historical IFV will match

any contemporaneous IFV, resultjng‘ 1n a positive patient identification.
Another embodiment of the invention is directed to a method for positively
| identifying a patient. The method is baéed upon an élgorithm 300 set florth in block
diagram in Figure 3 and déscn’bed as follbws with reference to Figure 2. At step 305 an
| iris image 35 'of the patient's eye is made and captured as represented in Figure 2A. - The |
iris image is processed to determine an inner region ([R) 130 and an im@ediately
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



boundary 145 identified by a snoboth, best-fit curve
representing the |inbus boundary of the patient's

eyWO0 200WB34FF® and OR boarder regions 135, 145 nRETHAIS2004/008208
partially occluded due to eyelids, eyel ashes, anbient
illumnation noise, etc., and, typically, the IR and

OR wll not be concentric as they ymy appear in
Fi n er_region sea space 16.0'  and an-
mﬂq% F eg |"8'ﬁ"’?'e°gﬁ1?ﬂ’ é%[g% 2401 %nﬂ‘i“g’ {hrantes Segion fas ey opler
ste 34 gém S |Ilustrated in Figures -2C and 2D. -

? Unbrsis it gy ve reprrsentingitheditbns boundary of
constructln a horlzontal line 165 that extends

t HhoDejient wec dihe B} ansf OR bearflermegionselfiSo i 5iaAy beopartiilyl docluded due
border 135, and bounding the line 165 by an angul ar .
devmmmmunmﬂhm@ﬁmﬁmamﬂhmﬂmﬁbﬂmbka&uduﬁig@%ﬂg}ﬂmﬁmimiokvwn
| R search space represents approximately tw ce the

Mok B! BOrieHithiB s thefrap Bipeln!inl Ftur& Y8, ARlider AlkidnYeari@h space 160
patient between a prone and a supine position. _

8%8?‘58???#%3’"%%61 ho{r;ibzaéﬁ?g?%&l 2 gedilld s Jé#ﬁé““#s“ arated
LR
Ei‘ﬂﬁé}%%@namd o2 e 55458 167 Fodstgming eyconsuucunga

10 fromthe horlzontal Au st eps
%11151 r‘é‘gg@gwwléﬁ# fiffHeT o8 fiedmnea Freipar 130 to the IR . -

feature 150 on the outer border 135 of the inner .
r SFYT 13 2rid daunsingdhe iyl 05rby mmaneular deviation, 610abont 4l froim the

outer border 145 of the outer region are located as

s Hhopigontal. [Fhis FRessarplTspapEreprenaiiveppradmatestwic@helmaxitfth normal
preferably pernanent |andnarks of a particular -

p atariabilitysofesye rdtéim farr sepatienttibetvisen i pysieiand b sighﬁé‘pdsﬁﬁ;&e @l outer
to other changes in the eye, for exanple, dilated or :

nemegiba séarct spaee 175Hesinflampdetérfiidd By Sgendratng OhiMIoHAl K 166
known filtering and threshol di ng techni ques by

S efBfoh B8 deher SABSOR 2Ad bo 6% m&&ﬁ%&ﬁ%@wbs and the -

t he respectlve search spaces 1 175. An exa

h NOR otk Tu s h &%g r geofjaf}Qut 4 oaﬁﬁﬁ%eoﬁ‘on%n&?’%t@eps 317,
319 respectively, an inner region anchor feature 150 on the outer border 135 of the inner -
region, and an outer region anchor feaﬁlre 170 on the outer border 1'45_ of the outer regxon
are located as shown in Figures 2C, 2D. Anchor features 150,170 are preferably
permanent landmarks of a particular patient's eye that aré position iﬁvaﬁaﬂt with respeé't'
to other changes in the eye, for example, dilated or manifest state. The anchor features
are found uising known filtering and thresholding techniques by searching the nasal and

temporal regions bounded by the respective search spaces 166, 175. An example of an

inner region anchor feature 150 is a region of maximurﬁ deviation ﬁ'om the IR border -



WO 2004/ 084726 PCT/ US2004/ 008208 135; however, ot her
pter] an be used. For instance, uniformintensit
f‘%%@ﬁ@&&% the iris which have no striati on§C3W520°4’X082°8
fibrous artifacts, or non-uniformthickness regions
exhi bi ti ng maxi mum m ni rum t hi ckness vari ations may be
used for IR and/or- OR anchor features. The outer
I @95; Bowa | Giher{ceiftiid b4n Herfhed NBod ilstifee, ot thtstisitf Segions of the
simlar. criteria as for -the inner regi on anchor :

I el daliCh 've%o,ﬁhw%%m,fopﬁo&.@.g%mﬁw& regions

shoul d, for exanple, be on the sane s

( - . j Lfied in the. inner
¢ R Blink R i Blech e il o (384 5718 ancor om
straight lin feature bogrder) 195 is . .constructed
C Ghhot 1t [TBS PRELIRERB Asqtos feataee | Bisanid bp rseto gy pigailar
feature 170 as illustrated in Figure 2E. The straight
| eriteria gsfoz the taeer segionginekar featvrg) ifhithe searsh gpace for this featiire
generated) or otherwi'se generated (e.g., real) as one
S hdulld; dori exatnhle, berdn the sdmesidiemasadiethporil) as sliat pdenfified iathe inmer
iris imge pattern 180 is nmapped into -a nornalized '
a megiotsartherfedtere ioiection! [Atstep@R00a ithaight By @SateEbostler) T%is
iris pattern 180 is determ ned by sanpling inmage

| Rbfidakiel coredflg)he/IR RBor fBatinRel 50684 B8 JROARAG e RVird ﬂ% as
1R, the OR and the feature boarder 195. For exanple,

. Sm| ! . X . i r K 1 .

irrs |%ge gt ?@gﬁgggﬁgﬁz}ﬁggllgé gan 'rlgglcglsgﬁl C'rlseﬁr%:(ﬁf',’ formula
or_ by harizantal and rtical.,jincre t..sanpling, Qr
o BRI 01 SHiSrovise staated (¢7e., Foal) a Ghe Skl iR ettt ymgrstand. At
one-tgQ-one.inh the math tical ,.sense and at a .
¢ S%81Ps Bvis tF4Ee 2pisR | 70 is Teibned dffe A owelpe walysis space 190

anal ysis.._The detected . intensity values (shown as.

o ket e SEaD) e drit PRATT AR B BOAFHeE by atfiag image
grid 190 A between the ranges 0,0 and 1,0 as

i [intgnsity {pixef) valuesiig theaegipn boupded by thg R fhe OR, and the feature boarder
topol ogically consistent mapping between the iris :

i h§e Fobexamplet srapliog mal itakeglace by pprecespaceouns dladiris image at a
normal.ization of the iris imge renoves any dependency

U whosenfaaglid aatl @stiia) incrémiént, @8 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 detecfed
mtensity values (shown as black(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 rémoves any dependency upon the dilated or manifest

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



pupi | states, reduces or renoves eye rotationa
contributions for prone/supine patient 9 WD
WO 0ebs0fa42626 PCT/ US2004/ 008208 ori ent ati on, panus2004/008208
creates a uniforminvariant ‘anal ysis space that
sinmplifies subsequent processing. The next step in
- the anal ysis process i nvol ves a sanpl e region
.selection as set forth at step 340 and ill ystrated
arjeptatipn $pd ereatet,? WHifmndnyagantenalyrip, sRece gt BRPRALY
i's constructed by choosing the nunber, size, shape
procksting aThenext step irdihe aeplysis prgmqyln'eolwm sempleyxgion 3gection as
‘shown in Figure 2G It will be appreciated that the .
e fRiheut st Mmﬁdbmmwa@ﬁthrtaqﬂcm@hghe 2Q. A safiplegegisriare -
shapes as shomn but, rather, can be any suitable

%ﬂé&%@lé@éﬂs@m 1/ thoddife e o SmBer! 206058, £&11d&ﬁ6h ofiNdividual

eneration speed, ‘match ~ confi dence val ues, sanple

RS ey b app et B

a |xe)é‘% n%?ﬁ]?) Iﬁ%ﬁ (?glg%%s arger reglmﬁ’e
SI ze neration. Fo
emoxe 298 nes et B e ity Fé’éﬁPSSnasqS{d% b e °%”sty
the 1FV generatlon I n aII cases nor Iere ns
isbls shengireze/ioratioh Tt 5 a¢HOEot, e "51% B mae
resul ts have been obtained when 20-30 sanpl e boxes
cerdidencmnalngs, sample aegion sizegng seplpEaeion quantty. Jor exgmple; fora
total analysis. region have been selected for the .
- finapmeniiee gf samplepepives, a 1836 refon sizy willklaw ﬂheIﬁE generetion. Fora
box | ocation) can be heuristically determned to

HixEd St feRivh si2e, £10plen sanple sdgionnuintitpwithslofrthe BN gdngration.
occluded during imge capture. Once the sanple box

5:9511 BRLARBeRkSpI8 Hki 6 M1 hiphe idiciiedntigérite F410es I Sutisfactory
etermned, this pattern will typically be used for

Al SHRS BaUAaARAk 29300 npleboRE eabli Hivir@Chn died dtat

manner by the invention. The nornallzed anaIyS|s

%Fé“:%ﬁ%(fy V25 SEEL SR Naldh 5 L5 B i

31& 1f’éttem o eslhapm (n e ‘Xox location) can be helmstlcally determined to

minimize sample region selection in areas ﬁ'equenﬂy occluded during i 1mage capture
Once the sample box 205 parameters and sample region pattern 210 are determined, this
fattem w111 typically be used for all subsequent analysis, but is not limited in that ma_nﬁer E
by the invention. The normalized analysis épace 190 ié ihen 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 fora parhcular patlent is

created as illustrated in Figure 2. The contents of each IFV, can be any combination of
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IFV. is created at step 350. Once the normalized

anal ysis space is sanpled with the sanple region
pWIOt20041084720, a set of n iris feature vectors BI/HS2¢04/908208
particular patient is created as illustrated in

Figure 21. The contents of each | FVD can be any

conbi nation of 10 WD 2004/ 084726 PCTI US2004/ 008208

uni quely identifying, characteristics; for exanple,
enniquelyRdentifuipg cheragienstes; fof ckapplereach Yo mayiconsist of a freture-type
circle, ellipse, conic section, etc.), its major/m nor

ak e S lind, cineliepailipsej canic se¢tion, etw) o aintinoer axisrof wrientation, its
~intensity, etc. Each IFV, nay also contain information

r @linuihndiininien fitesity, RuTiBach IRV ¢hal Qlsd comtainGhfohifion relating
sanpl e regi on boxes 2050, as well as operator entered

PRLthERLe, HidtBer, Hd 18RYoR bIRE sz]n?ﬁl?ﬁa@h 1,8Restd08! af Hen 25 operator

ogeratgf W shes to be part o paflenh S pﬁr
. e Tt i
r B5ee e Bt AR of B il ichplalioR i B B Fiol G e e prt ot the

characteristi¢c that.allo each of the | FVs to sorted
bpat&?nt'scPF’FSPEi‘lil‘geﬂPﬁﬁﬁt‘°Péiﬁ°£ éhlﬁereéﬂawﬁ%wa Fatyre-AYRgcamppnent
a gross feature of the patient's eye. At step 355 each
|¢gﬁac, & of the BFY sshaye g ehasncieristiothat allows epghyof; &o serted by a
storage/retrieval nediumsuch as that represented by
6Criteria fatngpresehts fBAnTarignt fediers or & Etwsaieatuyesofithepatient'saye. At
~historical IFV for a patient, and historical |FVs 65,,

f step 355 each IF\E, spds ie assembled imé awarayand istoredsih arsedtadefrétrieval

| ater retrieval. At sone subsequent tine, ‘a need wll
afdedfint Ach AEBAY represent2d biic0 il FiguRal BBk of th&RIPVdirfag Becomes an -
at step 360, all of the foregoing nethod steps are '
r = t : a. {

D o R v SR ool can be

Y leor 18Yef RMievhiM | @ar to the historical |FV arrays
tﬁ%&ﬁggh e conpared to the data set of stored

hi L, cal . h . . .
posi t1 OEfye koo R A8 phf G Rleok e ontarpait

Accordingly, at step 360, all of the foregoing method steps are repeated to generate a

contemporaneous IFV 66 of the particular patient. The coﬁtemporaneous IFV is a vector
array similar to the historical IFV arrays that can be compared to the data set of stored
hlstoncal 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 -
geonietry 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
cwioassosgy2é he | ocati on of the inner regi on/ OWCIVUS2004/008208
regi on border feature geonetry or some other
i nvariant feature supported by the sort criteria
menti oned above. Then, at step 370, a simlarity

ener at ed t en t es,o0f . 0.and 1

Rt uegéagi?eeaﬂ%mamu%ﬁc e e
P IBb R Bo B e P it o it g A i 0

cal cul ation or other statisti cal eval uation as wel |

ureadunts phigaturatypdsdn thedEV anedian fontrie anglerviplugs: antensity ypmation,

may include (but are not limted to) -counts of

f cffensity vayigtim rates, tetve. e evand thabhequdalent smilarty evaloes are generated
intensity variation, intensity variation rates,

etfer two thitchiRE re@WRR it hiiFbecifib h¥cbaR toPeftinb Aid stampvalegiaﬁ box’

are generated for two matching records, it my become

n Q6ERDAL 1 brlik thE! ’Eﬁb{;ﬁ:rtﬁﬁ%ﬁ GAHRY Be 4c8 hg@ﬁy shxgmg the sample

| ocations to bre I es. The perturbation nay

ace %?H lbl)}? ﬁ)gg:o orc’ gﬂaL%h? ﬁlg ts;s}ﬁ?}% (Lneboxrsfz%' e pk?&ice of_mhlch

| ocatrons or I'on box  SI

choi ce. of whic hod to. . ..
orPeEpd 56 5& P SR A0 ﬁn%r{*ﬂédasea S e acdoisition
envi ronnent or random but small permnutations of the |

s afyIrentpeny op Frndern ppigimalimeppytations of the samplg reganronfigyation.
according to the invention, a storagetretrieval nedi um

60 has Istagelatgd temleo@mnntawmr@ma ka thy inykntidng 2 stotagefretrievgbmedium
obtai ned in accordance with the algorithm 300

d e&hids lstotedrthereinraadinrality of historibdl IB¥s abtdinedincocbrdame withehe
medi um for storing the historical IFVs is not limted

t Oalgorithnt300 desttibédlictdinabovel dv wiid bounderstdodatiat the medium for storing
architecture; rather, it may be internet-based, part

of the hisefRAl TEVE 3 M liveted to 4 [Reticula hadtaralevick eﬁﬁJﬁwm-mhitecnne;
menory associated with a PC, or ot hers.
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
fhcrapeuﬁc system 10 is provided that is c#pable of performing an algorithm 300 and of
| being programmed m such a manner to execute the algorithm for a poéitive patient
identification according to the algorithm described hereinabove.
For each of the embodim'ents described herein, the contemporaneous 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

12



In a further enbodi nent according to the invention, an
ophthal m ¢ di agnostic or therapeutic system10 is
PrWvi0RmsiBat is capable of performng an alg%&bﬁﬁﬁhummmm
300 and of being programmed in such a manner

execute the algorithmfor a positive patient
i'dentification according to the al gorithm-descri bed

her ei nabove. For each of the enbodi nents descri bed

h ethe conternprransons BiYpoddheesiersd, historigal TYy fortpositive patient d

and directly transmtted to the analysis neans 50 or

st idestificatiorn Mhhid jepdrweite medan cowld,tfer examipleMaké tle f60oECD, DVD,
utilized by the systemto nmake the conpari son between

12000y R ARB AR REh S 4D #hRAERNA Hink et

“cont'efpor aneous | FV and the stored, hlstorlcal | FVs

:rg:jl um%gé)ﬂ"?{tg tﬁ?&?ge@é ?;%&‘EJ&]E &ﬁxe%t?@q or mhlg}f ﬁ.\%@%&{ ﬁ?ﬂ“cﬂbed
| R, felfsflﬁl%e”wd éﬁ %e‘ﬁﬁﬂg fiea cgﬂ??aﬁa;é%%%m F R stant
%pﬁﬁ'eqﬁeﬁ%&%s%e% IR oE he BT B b thr - 2BA ¥ dhe prpended claims,

variations of the instant invention are possible in
| | withous flepariingfsare the spird Andssoepg fthrinxentign. and t he
appended claims, wthout departing fromthe spirit
and scope of the invention. 13 LLOYD WSE CLAIMS: 1.
A nethod for positively identifying a patient,
conprising the followng steps: a) acquire an inmage
of a patient's eye; b) determ ne an inner region and
an outer region of the eye;
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c) 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 LLOYD WISE
search space on an outer border of the outer region;
e) identify a straight line relationship between the
i nner_ region anchor feature and the outer region
MoY: feature; f) deternmine a plurality of iris image
intensity values adjacent the straight |ine
Lr el afinetbtd forpositivélg identieying & ghtdsnt,aoehpritihgahié &1loMesd &teps:
into a normalized analysis space; g) map the

i ntensi t yayValiesSan HhabedfAPafBitisZse, anal ysis space; h)
create a pattern of sanpl é regions, choosing a size

=2 bon: le th
nor mal 1 2 SeeFfsn SREREEoh ER ARbuel shRaRord B

attern; ) create froml1l to n Iris Feature Vectors

?| FVs) f o?)] l)e%?é% a KT EeelBgnsher featyresyighin @ search ppagy oppn outer
all IFVs, and; 1) store the array in a
barderradgly mperiegival nmedi um 2. The met hod of claim1,
wherein the array of stored I FVs conprise an

hi st ori cadl) lotdtyah efteefe@in aMghé Pt Widhial sBath SpHce Sn an outer
identification data set. 3. The nethod of claim|l

S SRS o7t L1 0 v of IFvs, e
conpri si n% iHeer{tIf? rargrgi%hts ltmef:p rSela%)onsthti]Ig ggtxgvge# Zheailrtmearl region anchor
feature and the outer region anchor feature;

f) determine a plurality of iris image intensity values adjacent the straight
line relationship and the inner region and the outer region into a normalized analysis
space;

g) map the intensity values into a normalized analysis space;

h) create a pattern of sample regions, choosing a size and 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.

2. The method of claim 1, wherein the array of stored IFVs comprise an historical

IFV representing a particular patient’s identification data set.

3. The method of claim 1 further comprising sorting the array of IFVs.
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subsequent time on a particular patient, wherein the
subsequently obtai ned array conprises a

cont enporaneous | FV for the particular patient. 5. Theypwgsg

met hod of claim4, conprising conparing the
contenporaneous IFV with a stored plurality of
historical |FVs, and generating a simlarity index, X,
4for Themethod obslain @nfurthsr eemprisingpesformire steps a) through k) at a
cont enporaneous IFV with an historical |IFV. 6. The
subs¢quent tofie oh aipartieulanipetieit wlersinxhesubseqhentThebtaiiet agap |
claimb5, conprising perturbing a sanple region

cdni¥rks 8 BomtBmbbRne ARTPVEOF B8ipaRicRRT paidht When t he
simlarity index is not sufP|C|ent to positively match

t he s IEV.with a single historical .
g ATEEREEOHB SRR cdmritid kbt gh e Bl Enbirmasus I ivith a

hi st ori cal hFV obL&i}ped jn accordance with the nethod
staed pfugpiity pf higtoreablhi sp anq geangeabing 2sewslarity kg for eackd

therein a contenporaneous |FV obtained in accordance
campanisem so e thwdtchfthe taitemporadddus KV epthtandiistodcal IFV.

di agnostic or therapeutic system being sufficient to

6.per f Diiginathod f ghairh tshivher@id) k&i 0@, programed in such a
manner to execute the algorithmfor a positive

7.pat i et mEASALF GRS S8tnpridh S @RhE LRI RTRLILR 1 tiofMn the
I? a % %‘s eyg, Wgé ge{}%rm ne

acqulire an Iris Inmage 0O tren
an,inner region and an .outer region of. the e e;_cg
sofpIe FE porFirph e S Tafie der Bt i epblcrpositivelarmpich the
space on an_outer border of the inner region; d)
congrazpasangquy [t \e withegiingle histonisel F¥at ure within a search
space on an outer border of the outer region;
8. A storage/retrieval medium having stored therein an historical IFV obtained in
accordance with the method of claim 1.
9. A device readable medium having stored therein a contemporaneous IFV
obtained in accordance with the method of claim 3.
10.  An ophthalmic 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 eye;
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;
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15 LLOYD WSE e) identify a straight |ine

rel ati onshi p between the inner region anchor feature

and the outer region anchor feature; f) determne a
plurality of iris image intensity val ues adjacent {h&ypwISE
straight Iline relationship and the inner region and

the outer region into a nornalized analysis space; Q)

map the i f}idgaliy2 siraight ting relasionship batyeen dab ianer regios anchor
space; h) create a pattern of sanple regions, choosing
featwse 2md thedbusdnageod amicheafdaturganpl e regi on; i) sanple

the normalized anal ysis space with the sanple region
pattern; f)detérhid £pluf i ] -
(1 FVs) foP each sam%l e ﬁéfﬁﬁ;lﬂa%%iniepeggfggg%% rggtrtg? straight
ligét: l'eleitﬁ)}{?l}ig?tﬂﬁi theli e};rgélﬁrrln tanc? ?%roru?e\f reI:lc:zqoﬂrJl into a normalized analysis

or age rieva

space;
g) map the intensity values into a normalized analysis space;
h) create a pattern of sample regions, choosing a size and shape for each

sample region;
1) 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.
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