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CORNEAL BI OVETRY FI ELD OF THE | NVENTI ON The present
invention relates broadly to a nethod and appar at us

wo eooewadsedat i ng the identity of a person by copeiral2005/001386

i magi ng. The invention relates particularly, though
not exclusively,to corneal topbgraphy for bionetrics.
BACKGROUND OF THE INVENTION In the field of bionetry,
there are various techniques for validating the
identity of a person. RAEAEE gygy i nclude facial
recognition, flngerprln techno ogy, Iris scanning and
retinal scanning. Facial recognition and fingerprint
FIEIDD OF | THR/INMEAITE2Mer al |y wel | recognised in bionetry
but have i nherent inaccuracies. Wth facia

eco ion f
el B Ry 3 o SR AL R BB s ting e
ﬁ@ﬁ@@rdf&@l@rso%yg:btndabm&agmg deriernvertimngelstes paftaoiaaly, though not
r osnetic art cul ar clothing worn for
?@LPBE u&’?ﬁﬁgﬁi (%hﬂﬁnﬂgﬁ b? ®part of the face, can
render the technol ogy unreliable. Facial recognition

BACKGROUAE OR TAEMIVENTION | i ty for identifying
uniqueness Fi nger pri nt technology has a |l ong history

th
TR ot b B PLioREL R Pl b ety o
ﬁéxﬁé@t THeBe RkhihiqEEIRBlitle Efiad tecophition fﬁlgeh[&ﬁntl’t&}hnbh)gb‘(ﬂmlb scanning
on a dat abase for | ater conpari son. n

a@te@na kscerpipgchrfial reropRitioasnd fmgtwrnt Y ﬁﬁ@%}éﬁte geperally well
gﬂm%ﬁdrﬁ DB 106 e BhHE Tt iR 0GG RS AWt fdislire@Enition, key
e

rprints or” worn finger pads resulting from manua
taitwa pf faaﬁhlels\erma&qurage reskeded; digigallyr 4t steteg omiariptabase for future
ot ent i al [ f I ticul
g arisen. ggaslo?%gﬁ &%ﬁlgt@s l?l af?g.lsél Hacfla@fsg{[b:ﬁgﬁ fgoi)}t or particular
blbbﬁm abrram relrgouseeawhaﬂtat tmytcheefrpalrtjcpfrtge fael cansmdﬂr e

at 58 t ha cr
ﬁ@‘é?%f e 2 R Gpod Pt At Lol fgr dentfying
LRy egisced wi thout the know edge of the "owner" of the
data Iris scannlng has been avail able for around ten
10) years_ and i -. recordin
ey ot ba6 |15 Laorom w et R h e g of gfme. Digita

FBr NS of f%rlbﬂ’uﬁtsda@at rliB€o ¥R ofdihg tHendmidthe: sTeiigEfrints of subjects
pupi I, deS|gne to expand and contract with variatio

it gy beikght opdaiabags forlates agﬁnpanw Frgepipit Feceﬁﬁlélﬁag’ecomes
%ﬁﬂalﬁﬂ]@t\/\;ﬁ? rEé}ltY)ﬁ ?oggﬁthoﬂ Hab & elﬂh@f/@n?eﬁfalg’rﬂltﬂﬁed

ass t par asynpat hom ne
mg@mmmﬁmenpacewmmmmmmwé labont. \ﬂhteye fepforstymake

I ncter l.at o

h
Rt Rt ey i o PL P gl fnanibe (Fjects when
\Wehlingah 81 a ¢irge gep@atitm @Zlﬂil.lhbérta&iapa atksresistant to the holding and possible
sharing of a database that can incriminate. Fingerprints can be obtained without consent

and reproduced without the knowledge of the "owner" of the data.

Iris scanning has been available for around ten (10) years and involves - recording by
means of photography some 250 or so features from the iris of the eye. The iris of the eye
surrounds the central pupil, designed to expand and contract with variation in the light
entering the pupil. As the pupil expands and contracts with variation in light levels or
drugs of a class that may have a parasympathomimetic, parasympatholytic or
sympathomimetic activity on the iris sphincter pupillae or dilator fibres, so then will the
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contracts wth variation in circulating adrenalin.
This has limtations in the use of iris recognition

W@ ywhess27 particul arly out-doors in photopic cPCOAURWMES01386

or in-doors in scotopic conditions. Iris recognition
perforns reliably only in cont?olled illumnation.
Further, sone racial groups have a perfectly snnoth

nt e to the t '
R R R S
Sngatk m&nxtarmunhm c1®<fulith% ddneliadienThis h@mhnmtahmmns ther/ of iris
Zeal and Maoris and aus

GG Poiry B Ry e FBGE 1 A1 PR R bF B qoryin scotopi

SHeltidnk| 188 $ecopRRioNRetfofl tlaBlyl ohlPin hébled fikimihatich. Further,
recognition systens are around 94 to 99 per cent

W@eygmuﬁé fesra perécily i@@o@dﬁﬁ%‘e{lﬁérsér ##9 o thpanjprior iris surface
98.@% %%{P@ o?fq:u@ﬁbfﬁ s nhBl1S HRASSRs Andludls ksloeditant nurnber of the
probfem

managl ng ar e ata ases where for exanp e
indigenchag Abasaélaos, 1‘6@«7 %eehltmd.) Magzie hng Elagmviians. Jbisrraypgsian iris

h,.600
}{éaﬁ%%‘gg?rb?}}é;g top]?egl\%sesnrteh%bo%e nggré da C%&Eﬁg Sumdgg ’[;hg most optimistic of

gt fot irB&'eco%m’ddhl @stﬁﬁal’ara:&muﬂé 9ohi 2 p&!@telfltra&nmnapy + 60 for every 100

dth t.h
0 an &F{ﬁ'ﬁv G Qﬂ%{?ﬁﬁp g]g WI anosgaﬁ g%mﬁcg.{}ﬁgrﬁglem for managing

?%é db%éba%é‘sasﬁﬁéx@ Gor damplEtad£5a0¢ of dlemiPbh acheeys@dnancan will
inal blood vessels are inmpged to provide an

ExishISDBAR0 FeapIgEnn Be datahgermakie ﬂHa%é\?%lPle tq PgRKep fgneone claiming
FldBol BribL Wk (83l EAbSBR U iReLirolN®) %ycﬁler(@)r&ﬁé&‘e hRgy from the

correa, lens and vitreous and a reasonabl e pupil size,
Ey;emndethhytl@te isegportanifptaghtaimidiaty Witbawrossent.pr obl em
when scanni ng eyes over the age of 60 years where, in

%@S{ég%{ﬁkaérﬁ{ﬂ%%ﬁgfeg r@sg&'tﬁgo%t?cr}%r% 21d 1o %mQI‘bIBJS@vessels are imaged

declines to ultimitely forma _
ﬂqumketanaxcbllemmpﬂm of tnmqums riBbwevarchoguéning thisrimage requires

&E‘F Iﬁfﬂll é k S}é(te &%?‘F VA F‘ﬂ% malc(iiv (§us an aapl{#s{o%aﬂe ppil size,

WhidaSly; at Rb$t2A5 a6 MHidYerelanss &%ﬂiblealﬁ) Wlhl‘eﬁ Ggarmmgoé}les b the age of 60
the data reliably poses a_probl

maafew s@‘-‘elrgﬁhs BEENASURRIARYE 48T q@ﬁ%@'ﬁ? %ﬁa&%@bﬂ‘f Jggs declines to

3sRR aca@fact B B %ﬁ%‘ﬂ béﬂi@'l%la@lﬂelylbﬂa@ef fommonly less than
pFOVIdg a ne? Sm N tan the identit Y

%émﬁhu%mﬁlﬁmgéh%@@f@@rﬁé pireliahle imege siffigalt é:fu?( afctérﬁgmmé&ble
per IsR angJ al%ngm&hgﬁ%émgé X émgz{ Eleociaté‘fblﬁbf ed Vroblem

ne or tric parameters
panmahﬂwlmbkkrpgmgmkPSy of points or areas across said
part of the cornea; conparing each of the geonetric

ggm‘gﬁh@r@: 'Fﬁé'l '{'Ibﬂlm the person's cornea with

spondi ng re erence geonetric paraneter for each
of the points or areas of the cornea
According to one aspect of the present invention there is provided a method of validating

the identity of a person, said method comprising the steps of:

capturing an image of at least part of a cornea of an eye of the person and deriving one or
more geometric parameters for each of a plurality of points or areas across said part of the
cornea;

comparing each of the geometric parameters derived from the person's cornea with
corresponding reference geometric parameter for each of the points or areas of the cornea

for that person; and
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for that person; and 112756156validating the identity

of the person based on the conparison of the geonetric
w@ananetsers for said points or areas. PreferabP@I/An2005/001386

step of validating the identity of the person invol ves

setting a cunmul ative maxi num\aal ue for the difference

in each of the geonetric paraneters on one occasion to

t her e 1o the . r f
LR BB P S SO Y i et porametrs
fhand bhiatsatmreds. t he difference of the paraneter
conparison for each of said points or areas is |ess

t han_or _equal ai d Al ter

B ot R TR, b S OS R ance
RXGEH PLuP RIrend HilderdiRb GN@Sh WhER debetitpirahbiéss on one occasion to
maxi mum val ue for the difference in the geone

spatherréuraelative o ha reaPeEATCIE IR BARIRG LIS PAEATIRIFT 5r nglqgly validating

tge %&%51? Enltille {38 oPBRWBLL SRR Eﬁéﬁ?&ﬁr@ﬁé’ce@%@é 51@&')1[1 for each of said
WEen € person on two tenpora Yy di sparat e

[mhcia of aress isPessftlearadn eguahie sgidapaimusapalue. Agemevqﬂmlg@tep of

él}ﬁl ude an%rb v 8§%h§p egs?)%qg\g%m%&?%?u}g}?otgrﬁ Al ﬁ?&t&f s Wi€n the

MBri ar ans
Qi sexahapatin: oget ferthewitferaan ueﬁtergeomletm:gxa,ramhiel’ is greater than a
plurallt 0|nt fromwhjch e eonet ri

o bR e GeereB Hohe BeFRate Byl Soay g betrween the
ﬁrscﬁhﬁl 315 ﬂeﬁi@?&ﬁl}ﬁdlgpe&hﬂé%‘&casi\eﬂﬁe preferably the
concentric rings are at least in part a mre inmage of
an il lum nated and cal | brated a@gcldo di sc

Rugferaldv theriten %f @ptwined e frﬁﬁe 1 85 ILATS ateB)}negH?ﬁ? ?Né\erem the vertex

6fm€or95‘a 1 06ca bl SR viHtikth h BluRSlith R nRi i QR dBlelRd together with
Even nore preferably the arc step nmethod involves

dincergtit ngga the pluralite of peintdior Witich #eh of Brefesprgiiqpageters is
?e%lsvlethle fed %P%’c&%‘é&ﬁﬁg of ftfe e(ruﬂgmsaﬁ% st IM(Sr@ %@&@fably the

mre rings. |cal |s of “sa
dﬁk&ﬁh@ rmgs aml ait gqaetdn\partra tnire umawzﬂ anallumll@ﬁed dral @}dbraégd placido

e of . t he sub s f.ixed ent l.
5 FpRR o e el Bl phap@pEtRomen
@tﬁhztukgetmlaa@stdp nthdd. M ehinf§rs pribiablyntat equmpmes}todpnmlves
capturing the image inyolves devel opin

Giresso8 DI B SEREITE LTS O PSRBT i e corted veckex or

Rk Febp&t t@ﬂfe%ﬁac@(ﬁo 549116 @86 Ahe AP cAlRBis\6f Bﬂdtdéfkctor is aligned
eonetrlc paraneter fromeach of the plurality of

withiibavienaguissd the Qe try et i sydbleﬁtels §ixed o0 g Sertrgfylocated target
%(go%eq%?aqig c%%tuﬂe\(}t Aifh8AL LaGrR1dcAS Sf th§ ;Iactbe&'ﬁlﬁ‘& rithB&

e optic axis he | mage capture
devi ce and the V|sual axi s of the eye may be

A&erﬂatdijat}wtd}yofd:agmra\lg theoagtiingolues queloye@ 3 Plymaliy obgross-
f th .
L R

fefRbsRag paaatber ﬁpt’ﬂ @chxf theqflutatiey of cornea cross-sections. Preferably

the cross-sections are developed by directing a laser slit beam at the eye. Alignment of the
optic axis of the image capture device and the visual axis of the eye may be facilitated by
digital recording of the positioning of the anatomy of the iris and/or pupil with the
subject eye fixated on a centrally located target with reference to the optic axis of the
measuring device. Alignment may be maintained by means of software superimposition

of a pre-recorded image.
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of software superinposition of a pre-recorded i mge.
wa1DeRBEP6Pr ef erably the nethod al so conpri sesPE€TIaU10&801386

of grouping the plurality of points or areas into a

plurality of zones together co¥ering the imged

portion of the cornea. Mre preferably the step of

Igrgferzg% %H% %Psrmtgﬁg 1sgsghggt%£> fcﬁh%%gd&ﬁ gﬁ\ﬂﬁ]hlzfcﬁ @oﬁfts or areas

@ eoNBlukdlity paﬁm&@’eﬂdﬁ lcoweethgethel nh@dqmrnm piothe icorgpea. More
ref erence tric paraneter for ea
0 Y

Rty £ oHE 58 o GO PRAT P NESJ g ep of cleulating

AR dh SR dRGerbh@s BbSRieH 1R gidmefiepaametidetiaedaat tHeherrespondmg
zones wherein the summed absol ute difference for th

refraenceigedmgismaranetepfor peh @frthe Blugaiy oF BN QIRreas gox each of the
% 'gy laﬂhl)?éﬁmﬁﬁﬁg gD Y Rl 8iffe Pn c¥Bdok Qéﬁll RS orlel §HBRES 2 summed

‘éra geonetri c paraneter for the cornea
ahsolumdéﬂfeaencaforrthdaspec(fied@ecmetrmmmnwet is compprec witly the

theals of. t he kerat os al radii (the

‘F‘H’E‘élfi ATIAv Vgﬁl ? revaglﬁgﬁé%céf%eg Efylrog’f erence to a

tangential plane at that specified |ocation), corneal

hetglhily (tlﬁdﬁ@o@h@ﬁapa:narrfem ifort the comen geludes pfiabadiidthe curvature with

e%]\éeecg Eﬂr, g;qes g% g}g)ﬁ%%%] )?Fa%%grgt&ﬂé?cﬁt Q’dﬁ ef%cael cﬂ?vrar’rrl?lje of the surface
A0 Q6 [Midhde ta RRGEA S pla@\\élat)&aﬁslﬁeffieﬂe@tanom’) t:omlalﬂie!ght (the distance
cor neal surface? corneal elevation (the dist

frae the Foragdl sytfAfeios giBeTRCHREPIGE AR £ F%ngseﬁ‘iﬁ%rpiaft?rmrmal to the

g&ﬁl&ﬁ)a e ofeﬁ%é’tllv%dw& (fHehRvAR At ®rdifg G ShANSLAN ofl£8Ef@REl point on
et weeh the corn surface and a tangent| al pl ane)

thercomek] mréme)u eqrnealwbevabmg fthe distaqce fram the G%Hﬁﬁﬂssé}Fface to a defined
s L9 L enp rween th
{"F??nggsg‘?]hef e Cgeo {Orﬁl1 éé ce eg%ffq gl% %gmléi cl)gr}%gg%gl%ésc%? nee?a]fl1 ¢
edraedl sGifhe drelmgﬁahgmfnaaplana)eccﬁmeahdlamtias(the)lehgiﬂmni @ lipgtfrom nasal
o assm hr ugh .t he orretrlc cent
Bt i e o R0RR Fuheckiig sopgg of e

f:&rﬁ@fa\)t b@oxﬂé&l@hof&(@h@%ﬁ thic A diae thro&h lignbwe fo lithbes Ipawet passing

di optres cal cul at ed from t he tanglentl al radi us

sphgnihetsep ERHiSAEnTE RENA SEALEO TG Koo EGRER S0P hes caleulated
fiBhi G akid ddusd) ﬁ%%&haﬁﬁéw&ﬂﬁﬁtﬂb%ér% StalE&difet afom the

paracentral or “perT pheral Preferably the one or nor
gogretial redips)raady pe&zrneéﬂ éhuelaws gthe fistagice fromothe copgeal ePl’fheh“mn to

%geocrgerrtlerah gn O%gpﬁ{‘l S{tﬁer cgﬁigglogﬁgée\ﬁ#abﬁreﬁéfg}ﬂeﬂl V e

i um va aris nred absol ute
di fference for the georret ric parameter of: I@fytanI al )
Pﬁﬂfeﬂablysthé 6fe pmnotd geontedrigparaingters adltdes 8 phoalitytthe geometric

Paramett
parame ers.

Preferably the cumulative maximum value for comparison with the summed absolute

difference for the geometric parameter of:

(@) axial radii is 400 mm;
(i) tangential radii is 2000 mm; and /or

(iii)  corneal height is 45 microns.
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(iii) corneal height is 45 mcrons.

112756156Pref erably these cunul ati ve maxi nrum val ues
wa@ae®@en3ser when data is captured from a topogr apti/aeR005/001386

i mage of the cornea using the arc-step nmethod and up

to 9,000 points on the cornea.5Preferably the nethod

al so conprises the step of weighting or factoring the

araneter conpasi.son ' ' i |

REGRRY Greaf CTRERRIF BoRih i vhftt Be B Bn R BEaptuyed from

1ﬁ$apﬁphmgjhhgegE@ﬁebﬁkauﬁag&he@eﬁ&mnndmvésndmpﬁeﬂmﬂ@poﬁﬁson

of the geonetric paraneter for each of the points or

thegi@eRo retain only those geometric paraneters within

a preselected range. Even nore preferably this

Mgkt B MEthbaGlselcbiigriseik yep offiueightingion factdringsthapechmeter

absol ute difference for the specjfied geopetric

qompanse prigy torvabdpten aihadlendhy elHae PRSP MO Brefssahile step of
C&#ﬁﬁ‘%@% g%/&%%ﬁ? ﬁaﬁ?ﬁt@rriﬁ%lyestﬁl?erﬁl‘g%@ 10 gebdldng@barafeter for each

e person involves taking a selection
affthe heinjs arraagastty reshingedintbiopd geopeatriepametargpvithin a preselected

cOo i son, an | ' N ' f ;
GOFR R SitBarer B Sy RERLLD Y BRIk Blndpling the
aached hbsitd diffiran for thaspersfiddsgdoessric prrametes by ¢ihd percentage of

maxi mum s for all of said

f iunﬁlative ¥alu
‘%‘ﬁﬂo ety PORYF 8F H5P%ISA R4 step of validating the
identity of the person involves awarding a
PleAa519 1 dieslofvatidashg grddentity oatHegrsdoniey giesadkingmselection of

di fference based. on corne oints, areas.and./or the. .
oIPAY5gl 55pore ik gEa O aR CPERTRER TG VA R ptentty o
rdeRtdohYvidiEhe SuGQTRR pa el cSRPAGRIN fDéRE OF sAd Polaser areas is
or personal identification nunmber with a dat abase of

eantbhanaesphetivedf supuidive spaimem vlygsdet alkelsnid RireReEtie
nanme or personal identification nunmber. According to

ﬁﬂgﬁﬂ?&% 21%]&:0 o@falihg&%.wig\‘é SR of 18 ;pSrsioﬁ iR oRvds dQchrdifg a

appar at val I dat | the identity of a person, i
praddteapprddtighestenops iosi laept weighvied suon diffgsengeibagedsen corneal points,

| mage t |east pat r . . titv wh
SRS Rl el SR BBt Byt ey whens
edap&isonif eogesrditasetarpbanesepasdrat ideatificatfonarumber with a

lurality of pointg or areas acyoss .said rt. of the
e o Sroe ablitig oS P oS ThR R et wihor personal
id@ahagiommanseand being configured to conpare each of
the geonetric paraneters derived fromthe person's

cornea with a correspondj ng reference ge tric N
Mgcgﬁgtge’cp apgthepaspgciyit the, mvEion thergis Bf%éger%?n 3hparatus for validating

BV iRERith OF a PBALn RRIEHbar#DS comprising:

means for capturing an image of at least part of a cornea of an eye of the person, said
imaging means being configured to derive one or more geometric parameters for each of a
plurality of points or areas across said part of the cornea;

processing means in communication with the imaging means and being configured to
compare each of the geometric parameters derived from the person’s cornea with a
corresponding reference geometric parameter for each of the points or areas of the cornea
for that person; and

validation means in communication with the processing means and being configured to
validate the identity of the person based on the comparison of the geometric parameters

for said points or areas.
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val i dation nmeans in conmunication with the processing
nmeans and being configured to validate the identity of

w0 b@epatsgbn based on the conparison of the geoPEI/AUZ005/001386
paranmeters for said points or areas.
112756156Preferably sai d i magithg means includes a
vi deo-i magi ng devi ce servicing a video capture card of

entral. ,processin ' f — .
b S ShSERE g s AR S AN eS8l i i caprr
@kd BL4 Eérﬂh‘a@pﬂic@sh@i unlme& efevdbly sejd ithagiog nieand is a digital camera

processi ng unit, i.ch. incl udes a processor. . . .
BiSioeaiig ovn e iwliin sebiR e e URIEG G Brosaying vt which
#eluBed Oprdcdsopl | gnent of the corneal vertex with said

I magi ng- means and visible Iight being adapted to be

directed at the eye in _the form of pl acido. di sc 1
Frefegahly: Shedenaging meansirdides anniraged 3%‘???& }506 aljgnmpnd of the cornea

\\?Metrfeﬁ iR fed nﬂ%‘éﬁ% BRafs MdHidibld ly%lﬁige LiddhRA %o bOBRENET at the eye

concentr Ings or part thereof which when
indhe firdeofta adde dispillumiphiedpoidsakibraidrandmeedrd ngp Wnafestep
i [y ans . s ; ' . vt ¢ thereof
R RER T P T AP e LB St o e
Whichetlesh @incidet exgetetraultiplegbaimts aMpireipedféraly dhe imaging means is a
Cross-sectio fr ich the geonet.ri.c ra er_j
AR e PR Y e P B e e PRk T fiadgBted tobe
AR @EENARe B RIRSEoPa\lAQlithef eessisectons diongwhirthdhe peametric
geonetric_parameter with which each of the geonetric

B@ﬁﬁﬁgFéﬂ§“P§dconpared for each of the plurality of
poi nts or areas across the cornea. Preferably the

Fi%lférglﬁﬁritﬁ@pf&@égﬁxgi &4 G8Gudes\haefed@ice Aatabladeda sy thavomesponding
a cunufative maxi'mum val ue for each of the geonetric,
pederanest geometricieargapien #tithonhich sad ¢ dhageaueaiyi paraEptarg is compared

NN ﬁgg%u?aﬁ of Egﬁi?so& AhendRensnRh, t he paraneter
comparisontfor each of the points or areas is |ess
than said maxi num value. Alternately the validation

Redersblyribe valisktion ordangincbudes alyelidajicnatatabgge bavinga swaudptive

a _predet ermned hi ghest scor [ .
R
t@ifplural Ry vilikgethe personayhdnitbe vaiod did parameten somparison for

confirmng a matchi identi, when a conpari son of

ehrRl dne AP L AT Eﬁqgﬁﬁgmbf‘m% g‘faé(gﬂ’éﬁn ‘Tag%eht i fication

nunber wi th a database of 'sane, matches the

puedekay maedidatigheshnshoieensdoking anans beivg configpred fredward a

i dentification nunber. BRIEF_QES | PTJ. OFBHE% 1 point
PredsREs e gghrst sqoge tochieasaveleiies Pur UideP S A Ay g e poms
L& RAY WrehOfotd1REedB8SaREd EdME]) iheOfhlation means confirming a matching
identity when a comparison of corneal dataset and name or personal identification
number with a database of same, matches the predetermined highest score with same

name or personal identification number.
BRIEF DESCRIPTION OF THE FIGURES

In order to achieve a better understanding of the nature of the present invention a
preferred embodiment of a method and an apparatus for validating the identity of a
person by corneal imaging will now be described, by way of example only, with reference

to the accompanying representations in which:
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preferred enbodi nent of a nmethod and an apparatus for

validating the identity of a person by corneal imging
waowdok/osuser be descri bed, by way of exanpl e onl yPCTAUR05/001386

reference to the acconpanying representations in

whi ch: 112756156Figure 1 is a %schematic or perspective

vi ew of a cornea having been nmapped or inmaged

ccording.to an arc ste| . Fi 2 | £ ;

Beep 20t A BBl o Ephisph TP Ry A dh e D SRR imaged

£draad than seashp aletodyari ety of points such as those

defined by the intersecting lines of figure 1; Figure

3 is an extract of [of0) i son of the. summe 0
ewraionseap Foeact gL sTBO R pal ARETR T FE P atag o LAdh for each
QIS tySF RS Sud astthéseGRFiNERD  eledn fedectifielisarat figaresion
togethér with correspondi ng conpari sons for other

eonetric paraneters; Figure 4 is an extract. . for a .
B pwiel'dp o GRS PLBFPIDFARTEOE L1 TR ABOLHE S GFRRfor a geometri

SR5RER: Rl fg?&?psqgr B 8ORIHRS bf BMRRbARA dafal fBkHHR sRmkPefdn together
extract of” a compari son of cumnul ative data for a

gith netrespong gawstpatisensrfobpiengqosairig patareters;

correspondi ng geonetric data for other persons; and

b | esgi%l LedpRRoR SPOENRAL pRfantfers for the cornea of
zég%%ra gge?%?jégﬁﬁ at?ﬁb H%e Pdengity ofpa person by
aerpeesin dgaagt agpth@ETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT I n a preferred enbodi nrent of one aspect of

ls'/ih erei 4 %Inlte& nctto? grc ij?rlt‘&)ﬁ’l%\f icgﬁ%lﬁivg%lta&%r § géometric parameter for
aficaar g e o asht: y of a person using Cornea

oreRgrag dgpbisntquesponding grembiot datrv/ior T persony; Ang  an

i mage of a person's cornea and where as illustrated in

igure 1 the cornea i i vided | I it of
lfi-xgare(:%]'s ] esghed*iazfltg ogranﬁg?))o% ?1% é)? afa géﬁgégﬁ lﬁ) ) a?i{d)e}ﬁﬁgo tﬁ'eQdentlty ofa
&ﬂbﬁﬁ@m@ﬁﬁﬂmgﬁgle extending froma vertex 14 of
he cornea and being angularly equally separated. The

BEHAL 20 ARl Nk PP R R b BbENE g™ '
circunferentially separated intersecting with the
TRed pbfaRs] GHisdlia®nidAmataspecpbithaliftentiof tpne istryosided aasethod for

18A. This met hod of corneal recoTstructiq&gis b %qngﬂod
vHidaging the denfigi o dPeriod Uste SoTR2! IARERS Fo5 - Fertex

ARLRRE hptlBARL a8 HAUEY of o perdfh Alok@dan@idevRerb asliliBfbtetl ig figure 1 the
cornea inmage i s captured using |aser _technolo(?%IS klng1 litv of
eomewisslicided i agriditranaivth ke o aTiP Rt { ﬁ@ﬁ? a plurality o
o ?ﬁafrtrg rs{q:ﬂ)gs N mé’ﬂdiﬁﬁﬂg PRNexI18 Jf8RokRka and being angularly
opﬁtha nology to measure the eye prior to refractive
squaiiyrsypara@dp dthe gridrurmiegr 1) also includes a plurality of concentric rings such as
16A which are equally spaced and circumferentially separated intersecting with the
meridians such as 12A at a plurality of points such as 18A. This method of corneal
reconstruction is based on the arc step method and utilises an infrared vertex detector

(not shown).

In an alternate embodiment the cornea image is captured using laser technology taking a
cross-section of the cornea utilizing a slit beam. This form of corneal topography is used
in ophthalmology to measure the eye prior to refractive surgery. US patent numbers
6079831, 6120150 and 6257723 each by Sarver et al disclose a device and method for this
type of corneal topography using slit beam diffuse reflection system such as the Bausch &

Lomb ORBSCAN topographer.
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6079831, 6120150 and 6257723 each by Sarver et a
di scl ose a device and nethod for this type of cornea

wo opogs#phy using slit beam diffuse refl ecti onPGHAUZIUE/001386
such as the Bausch & Lomb ORBSCAN t opographer.
112756156The preferred nethodot ogy then invol ves
deriving one or nore geonetric paraneters fromthe

Lt S t
’ﬁs‘fa%%*eafe g e
R It dp\lﬁﬁalﬁjd ehpdifits lﬂa‘p;&ddlcﬁﬁs tHergsneauchn thé e1<6mple the cornea map
prOVI

i ng about 9, 000 dat ts f om whi of
10rmc gé%ﬁrﬁg?w,l 3(}9&’{\ @geﬁgg g%&ﬂ}gg I'Dilﬁ%Slicg\kﬁ gg prov1d1ng about
96 (b(ﬂldfa@a Poihts! thth (RS @SealRE ﬂ!@%@oﬁ@frm@h@&ﬁet@@h@d@@tdﬁ SI'he table of
for the geonetric parameter of axial radius wth th

figywe 2 siraBoae sletacier there datp pob g t%%@@%ﬁmrﬁ@et% of axial
B8 Wﬁfp%%trh% ﬁ% @@%MJ‘F% Fbg'%oﬁ'@%)oﬁaﬁ'%ecﬁtﬂﬂé félspechve

Cl rcles sSuc e corneal for exa
rﬁemms duchAk 128 agh comtentrid arstes au@dasr%é\ frthpcaroen nﬁﬁipa@f for

d t £
F‘fﬁ %q,rgxip %’éﬁhﬁ}}% Iao’ie “le% aat? o rdrgé :aﬁgvna K g@off:)h% ”Jl“ype provides
ded ghttothdriggonmnetriz paSarﬁetbﬁhhﬁudinlguSﬁgeatmhgdms apdrpsenl lefight.

the geonetric paraneters derived fromthe person's
cornea 0

f fi inthis e
figerras st T Gr s etiuriltsn bR bgy orR S se et derysd from the
besorPd doradd divigRte DO BHiS eimploE11CAr Rath nmm Thislprefatredy
of zones. In_this exanple th re are f| Qnes
pathedeloa¥ italyry sEPuRIng tegylu %E{f qujaﬂtogsplgfahty of
3 heEBrrOhiste em gﬁehi@re(%&e fib 91 Sordes eI&I?cdf@ﬁEg% bB6R () koncentric rings

geonetric p meters then invol ves cul ating the
MQ@BEﬂeoméﬁtbe@bé%@fﬂgWe%ach of the corresponding
dat a p0|nts (in this case around 1,800 data points)

Jco a@ﬁégﬁg @d?ﬁetﬂcgﬁl#éor tﬁtﬁe‘ﬁ%@&%@ ute differences

fie’ zone at geonetric paraneter. In
1. h e talitidatify thi gbscdutd diffevendes far ep8) of the nomsppgshﬂgeﬂe@a@ﬂomts (in

) D'ff 2 30 repr esent
’Ekﬁ%caé‘aaia@blpgtlégg\%’fal? u?)@b%f ' ane’( %Ll ned) abovg For
gxanpé addédlﬁt@rmﬁéreﬁm dbrdaeh of fhkepredfostHabgeahadtsic
points in the zone defined by F7 to F12 for axial
radluEmﬁgw“ﬁ7 74471714". The nunber in row ten (10)
headed "Abs. Diff (AII) corresponds to the

6 Wi b b 335RP fide () kb hinedo)alanel "Ater DEKARG)! & "AblseDiff (25-
sum of the cunul ati ve_val ue of the

awf qur@qqg"efgleﬁ@,]pu]@giavag&ﬁ qftsgepalc(ptggge(g%ovEOﬁn’grse)@B}pl? fie addition of

g}ﬁs% Ef.fﬁa Q?C'égf@tdﬁfa mt@)ﬁ'l ale Zoadl 'dla'ﬁnédsb 7 B2 38 l@ﬂag&fl radlus is
e table o I gure shows correspond |n% nunber s
SY7HeA7 IFeéimdiheinonper dmemvetes (69) henéecg e (ﬁ,ll)uaqrﬁ@%ponds to the

(Cjélllgl!:llag ofo stepefl&l?thﬂgé ngovfer ) Eﬁ?nﬁ(lé,scﬂ@gurﬁ)& fhe cumulative value of the

absolute differences for data points across all zones for the geometric parameter of axial
radius is "228.4315422". The table of figure 3 shows corresponding numbers for other
geometric parameters of the cornea including distance of each point from the visual axis
"DST", corneal height "HGT", slope taken as tangent for each point "SLP" and tangential
radius "TGL". The methodology also involves weighting or factoring of the comparison .
dependent on the percentage or number of data points retained. For example, as shown

in the table of figure 3, the geometric parameter of axial radius "AXL" retained 8,283 data
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"DST", corneal height "HGI", slope taken as tangent

for each point "SLP' and tangential radius "TA". The
woredohosiskogy al so i nvol ves wei ghting or fact orPeyATL005/001386

t he conpari son dependent on the percentage or nunber

of data points retained. For ekanple, as shown in the

table of figure 3, the geonetric paraneter of axia

radi us " AXL" i ned 8 t o/ us

e ofotd g A it FhGIALR A RARPEMRL S A8 fhrcentage

thi¥abpdsent$86.6% petideintrage: ¢ths tablyis esemnt. ss B6. "B’%Id\(ﬁo)ih

inrow4 of the table is shown as the "Valid (9@

I ort this co ri son of the
RS A ot S SOTPEL 290 O S ABOTES s S o o
Widhfiéh bABREAdnYitPbs thB Beld6h SBthid dinBddiBeryTbhal b@ﬁ‘ﬁreVehled that the

has been reveal ed that the corneal conparlgﬁg %ﬁ Pf
aoxaampramparison &b fsteprplsdha Feqrastsic prranpderp ghihe tjle of figure 3

Jsg&lx'a[tgs BARRR ﬁk@{/v‘fl%n Iﬂ{e‘@%ﬂ\bf e ?a{‘a?némedan{ ?15&‘:' @hél‘f asI th8 "Abs. Diff

par anet ef conparison, such he
(Adl)l, edlesstthama aumuhrmramawenwamamlv thagase ‘Pfriht—‘ ﬁéla]c@§§1s it has been

I t
L R O
i érgifeing didke lvMEh like. iAdeonigh yi wijl el dpprevidted fiak he parameter

Al t hough |t res ated th t he .par anet
CoORRFTR St Eﬁg"{“‘gf‘& Sy o 90 e PR tha,
&ﬁﬁulﬁhs‘%@mﬁﬁjﬁﬁuﬁ Q¥R /A t&ﬂg@hnmaah ahd V@'nﬁa':l)hefg]hmbf/ﬂidmeg 000 mm

for tangential radii and corneal hejght of a
and driiaensptespesvy elyr wg sEpianett f}ecﬂﬁ? @Fﬁ%‘ﬂ §< wifh ke

effective in identifying like with |ike. The table of
Thoubr & flﬁn%sﬂot&% the st wieR M 13AL Fromipr&DWRALAGther person in

w th anot her person in this case "114". "The cunul ative
Sdnpae 1196h Frercugudtivsfeopiparigen s ereheoffhe aeRoRelFi§ parameters

{e%re]%\é\gl ShifnBid garter% Elre %Jégtqvet aﬁmﬁﬁﬁ'&%ﬁghﬁﬁm values and as such

SUmirati Ve maf mum val ues as such identifies a
{dieth 86 eset "@his-naftchc of nemea dbta confifrhingitha thdpersenserp apisia same.
are not the sane. Figure 5 is a table conparing the

€0 ric paraneter of th ' r
BERFEL s bR LIRSl B el Blear Bl be bt oA with
&r%pﬁh@ﬁgﬁatﬁoﬂéﬁrﬁed bfadthenpelrdvmsf Itnmlgmﬁkm() he@dh@t in the final

-Al e enti t.he sum of .t he a
%ﬁlFlF‘é‘r}Efﬁé%i 15 |A é?ﬂ’fe%Fh{‘ﬁ the gt t&'ﬁ Gngllltﬁ éhgrfer@i‘ceS for each of the
Lhag, ﬁ&@alﬁélﬁuésa&ha\fﬁheawnmaﬁv\é athaiemQin A0 60400 pkcegaofor the other
t he othervgata or "113B' and "113C' in raF E#Z ﬁgﬂ ni i
date ferc L9 apdot 13CH ia rqvah} Gandrif iespestrely 10 fihiaple s contirms that
%%En 1 &evﬁawmukg 2bUfle E)QEEI Itaaﬁ oﬁmw B@ifbctife in

mmis effective in validatin identifying |like
wlidahhgkve 1d®|h|ﬁymg hkglwﬂffﬂié@aﬁpmlar thermhéafﬁ ihap e@mrgﬁally derived

ﬁ%lga\e/ d%f rl?l’fla%r of CO néap ég}:@ %at%e %EB Eﬁ&@ﬁvé Hﬁ&mﬁllﬁﬁ values for the

i've maxi mum val ues eonetric
pédrasteic patantdters @ geigentidl raditiand endead heilghadire leéfieghite inidentifying
ffec ive in identifying like with Iike.

ke with like.
The sensitivity may be improved by weighting data from certain parts/areas of the
cornea. For example, "additional” weighting may be given to the mid-peripheral nasal
region of the cornea. Where data across the cornea is not weighted there is a difference of
the like to unlike of around 400%, weighting may increase the difference from like to
unlike of around 1600% (or an increase in sensitivity of 4 times). This weighting may
reduce the number of recognised data points from around 9,000 points to 200-300 points.
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The sensitivity may be inproved by weighting data from
certain parts/areas of the cornea. For exanpl e,

WO agdiosdsonal " wei ghting may be given to the  PCT/AU2005/001386

m d- peri pheral nasal region of the cornea. Were data
across the cornea is not weighted there is a
difference of the Iike to unlike of around 400%

+ &E:tuka{(]_‘ of s 4! ﬁ'{o gﬁ)gy%@ Aid 6%@%5 E}Qfgl)l'fag ﬁFBRa combination

aroun an | ase I'n sen I vit
of thé gbomeisl)c pairmn@emlegine validatng theidenifytdie pemobe Eoroexample, the

g‘t s}g gqqgl?rtg ?h%%e?éo%&%ag %m%ér@ééo&%g% 1,2 é)farei)rﬁ(jztggssof 4%l radii,

R B0 kallyaritbooradas beight drgall Gase (fhel‘mythé edspediiyeupatuldtive maximum
conbi nation of the geonetrlc araneters before

vQPF&%@XH@nW%@OQH%%??é BT per son. For exanple, the
nmet hod may require that the corneal conparison for the

PRIANE LR *héthat@odeptesé@biion of ANGRBYdiRlent GFdinl apPpBfhtus for validating
corneal height are all less than the respectlve

Eheritleniity 962 RescPTURh< aPREAISE dgioterhgenerainas Hingligesymeans for
@r}%ﬁgﬂ%e %g Riflc bﬁnﬁ;ﬁ&%@ﬂ%ﬂﬁpﬂb@&@ﬁ%qﬂéaﬁg 5@8n@a@fhtion means

an apparatus for dati'ng the identity
b6. "éhqaerragmg mddres 58 et laxt méh@@pmf@@ogmqbﬁo@pggaphgr sgh as that

reri Ghy %.e %n rTrecasr’gesp éo?rﬁea(i FRLHEL-DGioR1 Iﬂ(@@gﬁ AR allcle éiaiCllogﬁd earlier. In

'on w rocessi ng means
yaﬂm&tl&ﬁ exéi?hp:le lan@ gs dg;clnsmhm Iﬂpatmyt rhenlbens Bi'ﬁlé%iaamd FH12%66 each by

S e e PBBBHCT TR ETONID A B CRRSCR BT LD TR La DL beam

aalidds WhicH dteRbceddedtif @rdigid bt &rodsicalh ssthedledriaturdProfile and
pat ent nunbers 5512965 and 5512966 each by Snook, . the

PorRgR bichRRR B19Tle | (RS EINE HERH=CAMEA B0 BORY thg gk aigital camera,
A B 811 S ARPREAR DIRAPRsHIAANPBIAG oPk AEERAH il G desk

Igita mat to produc corneal curvature profile
arimiest dryade fohingsarosespingfof subjecthexitingnefi anderingambuiltne.
also be in the formof a digital canmera, nobile or

LLrREQ sPRaSARahadA e '%1%§'e§ﬁa Bimdrft Q‘@y ¥inFhe form of a
R e S i Pormes

cate mount eV| ce
pricopsskessgr of pmuésjsec&&oaﬁgmiedgo compartedhe gtgaraettig phainregers and

The ess ns_and idation me this

Sttt REEF o oDt P EeBy hEralVa e Bt dfor; ypes o
pesaess @ﬁrﬁﬁet&@n ThepfRessbO5E DiREkea tdferegendatlidse having

par amet ggd val i dat e th erson _ba g on a
ROREAPATSIS RIS, A6 PAF S PREATISIFHS YOIl WBE the przapagison is made as
A8QEBLA P HRPrABRES hivthdd¥odd STERS SR Entash. I THe fp&*@@eﬁscﬁ' 58 may also
reference database havi ng Correspondi ng reference

inshirder a Yalidptipa Aetebass having tharenutabze ewiyanmasHe for pagheof the
gmggéﬁg;pﬁ$ﬁ&g the preferred nethodol ogy of the
n

nven [ e processor 58 may al so i nclude a
val i dati on dat abase having the cunul ati ve maxi num
Vil alerfadiveeadiodherttiod thydoverttionaitibisesaiiest thpysand five hundred points

representing discrete data points derived from the corneal map generated by the mire
image of the placido disc illuminated and calibrated and combined with the arc step
method thus rendering an array of points which are evenly and uniformly distributed
across the corneal surface. The data points can be arranged in an array or matrix of cells
being fifty cells wide by fifty cells high. In this embodiment when one cornea is compared
to another the absolute difference is calculated for corresponding cells in each array. The

cornea is divided into three zones corresponding to lines one to fifteen in the matrix
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An alternative enbodi nrent of the invention utilises
two thousand five hundred points representing discrete

walaioa/opsent s derived fromthe corneal map geneP@Erl/au2v§/001386

the mre image of the placido disc illumnated and

cal i brated and combined with thk arc step nmet hod thus
rendering an array of points which are evenly and

mﬁc@ iRbsidbat ol thityesl Afld0RndeNRics BiREAaIX 18 Wiy ot ab-EBﬁlte sum
data points can be-arranged in an array or matrix of
cléffarendsdietygeen; dorigspasiding warge fqzhe ¢<fm9aec1é raleulpegh Whege a null or

B, PO AR B IR QGO 0e b3 APALELLAR AR Blueis

atribeeddo thatgeltad d aldulated ehluadepsndeihen thervabz ofsmmedmtely

di vi de inH?.t%%ge zones correspondL g to lin % trix of
PPrPERGInG felfsin e 4treS Fiitheis WHeR HBALETTS ARSUTsIf FRgRfmpes matrix o
bhé ity bhd 8 z8Rbrinl@NeRid dBes ih Md doyreSpondi®y &dilf dfhe ddiRpared array
absol ut e sun1d|fference bet ween _correspon th(g)li:zones

it - yahee {op brtesels s reqarder] a3 460, WOy SCRMITHd Pariprence or

VRA RO G Re Wik B Reehe O&Q&'ﬁqgaﬁ{o?@mqneta% PRk other thus

matrix of an array a value is attributed yo that cel

aferfering Wuhah%mamgge oiibe pihsitto wngst Hee pexkendagsfof cells i m each array

\Aﬂﬂﬁq}; IU]YI ot Y Jo%ﬂ%' i 9ec8§cléd3 'dnnhl_\ O ufbf ?e\ﬂs rgtﬁh%ﬂg Leal values is
en a°rea ue occurs 1 n the nunber nmatri x of one

aalcalytednﬁhelalﬁehne orm diffdrenval fUEeamh eonsisigivenheeighting by dividing the

B BT PR Feby Beaitentag op e PH R Valyesseblipit os  decimal

\m:htbek (wihdrd f@tekemplcs Y%0bectinsl 0)88). {feMgtddendal héightthe bb®lute sum
occurring nore in _one arr than the other thus

idﬁf ERPECHYeN CFresrrndiRg @r}eﬁa <b‘f0rfl??@1§%°&&9ar‘?<ﬁ5§5 04030650

H38roRS b & B 8A&f O&NIGR kb edJon8 R hridys dtufRUUEA V@Qm@ R the weighted

or zero value is recorded and the“val ue of cel

(enagriscieg) didlarengels38S37&58%1 cul at ed. The absol ut e sum

di fference for each zone is given weighting by

%# \HlQ Eo& ﬁt%%fﬁe%} ST GhdidREeN %@o BYousBied REL ﬁ&&ix@& Qiscrete

real val ues expre sed as a declma
datatmnm(swk@mieﬂontoethmwbeemgbmrms t@flﬁae)n aridflings sixtpen to thirty
or ne(g et nht s1§<he f N 81&%?0%%51%% g&lg%n‘% é’c\:'?ggxlzirslg aname or
%Ersﬁﬂﬁlaﬂ&'&ﬂmﬁhm ﬁlﬁmb@d) itk &npziedio a:lefgesidta[base of many client eyes the
al ues. .t hen the

\ﬁgrres ndl&%%ﬁ)é S retﬂgﬁrlg?esgw%;@g qygurg TSR AL o cone of the

E&Fn%a @J‘f@@&ﬂ@@ Mhat A&nE @f@@ﬂh tHefelst GRASH 18 bid dRffferbM& is awarded a
t housand five hundred discrete data points is divided

peare of Hewe (4 SreonperoiesPeRAEES dnbinesoneitg fitlegh awkpixtpenpty thirty five

%‘h& £ &8Bad: %eﬁ%’c&& Sk ¥fer@Qd £bd eﬂFﬁw{)e'EoﬁEé’ b)fo f]ﬂeér{ fs&yeen to thirty
Wien one corneal data set (the subject aV|ng
dive pad shirkylsix adifty).f i cat i on nurrber ) is conpared t o a
| ar ge database of many client eyes the client eye from
t .

A 8k PBASEN L R sl A6 AL UL G e
elyeesamid inatiine ab ebete, theirght dibnseya with teyleast eveightadaurm édfference is

a . . .
awarded a score of two (2) in the same manner as above and the next client eye with the

least weighted sum difference is awarded a score of one (1) in the same manner as above.

In this embodiment the scores are summed whereby two parameters are used for

comparison being corneal height and axial radius.
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score of 'four' (4) for zones corresponding to |lines
one to fifteen and sixteen to thirty five and for

wo e@sn34seT ghted sum difference for all three zpOEAULWANO01386
to fifteen, sixteen to thirty five and thirty six to
fifty). That client eye with nExt |east wei ghted sum
difference is awarded a score of three (3) in the sane
20 iBRAY 1€l 263k BEYEmPhtdd thRARIkSAS whereby th
m5|Sﬁ%ggﬁgﬁgﬁﬁf?%%ggﬁggﬁ%% avar ded anf%ore ofekmn (%senay ¢
subjechbasapre-reeorded dasetbod eviendoniperevetotthat dagahasegfgnany different
wi th.the | east. weighted .su i fference,i .
bl GRsef B AR PR I e shBRAC ht Bl SRR sesutein
hinifig Greledht B fiertch @0 SRGUBRCtY datssetaratithetets@hlye highest score. In this
paraneters are used for conparison bejng corneal )
srabeghitnenh theseorap aredanked Wghis? boBisen e Mishertiecie iep mpking 2
HARISo Br AALD e fifiAliRe 6@l B BPRRAYs hBloAgHaldRR R tabase and
wher eby the subject has a pre-recorded dataset and
thiseaforcnapanatdh fa5 thaubjethedbase of many different
corneal datasets the dataset belonging to the subject

RIARAER DR dath 84 bipibdl YL AoId28 dn8ASREd capable of

g??*%ﬁ%ﬁ%éﬂ$%ﬁ$ﬁ§ suL?%ct's g%taget andothe(efqre ?’3 °°
tetertmstof sligitad datarbytrhéasis efrb golinpreter chipeor seagnetic sirip. Imaging means

ranked ,hi ghest. t.0 1o t. hi
FRBSR] hBh LPob ol ol BLASS SEEE 50N o
t@npgitondtbrasndedcasigh fgarahdriagaihat tbasecoadall ¢dmeead flotaen the card.

a match fqor the subject eye, In gne applicatjon,.

@S ST gAY BY S SHPBITE deXifepuv b COPIL Rl Rith the
EodrapRaddviceab allel 6 ddfead Halichirpatisslat Bheltypo@aphic device (or
a_conputer chip or magnetic_ strip. |maging neans, such,
athenimamng FigaR) O de grosiated egice fadides s RigeseRTev hif contirms
SWRERAL o thOEHE %ﬁ\d dadeds éaglrbec%%m@a lop Wﬂmf-lrléwns%cg&t to confirmation that

occasl on to another agai nst their recorded rnea

theet datorecotiedarthie caft gastebjieenecesseigr diteria wdwrinmatchyo the corneal
canni,n evj ce i %Fqgﬂi { ith the
? %tﬁoog F}é\%ﬁ% ECEViEe r%%bgl oW %1 Iggarn\r?'eal dat a

conpari son. The topographic device (or other imaging
reangherapplitatans theiiatgihgdeedns or daelcapiese deyiromessunicates with a

whi ch firmn hj h d and

bituie dB BBt AR 2aliByeBtef PGl R ite PER TRt Fydfous
datividugleOTHE gat@@a}bﬂi}?e ﬁ@&{ida @ﬁﬁn&@&cﬁdﬁﬁll ﬂ?ﬁs&&&&i{’ jd}c:]ude or
criteria to _pe a matc 0] 1 corngal ,da 0] .ne .
SBREcalfsWHR SIIFMRS Bearh @’&1?‘2’&& YR Rt of R subiekt pagvides access

athAGRdRAN ALLE chiBE 'g%té@@}r&nﬂard td3bAir€ aRhs bEthd BvilEéhvironment,
conmuni cates with a réenote dat abase whi ch hol ds a

deresssiora mpbilaphvagior Sewppalisityatsivions (P bdewiey pesgss to a personal
| - .
SRR S oA SRLLLE, BRNA A2 ot FRAD Y Bl il
whilec maching erctdss tad nmorofehidreorsebise b ampr daviickesreaceysiter terminal,

or machine requiring a secure application to defend against unwanted intrusion or

unauthorised use.

In a further application, corneal data may be recorded on a credit card or smart card.
Ownership of the credit card or smart card can be confirmed by instantaneous
comparison of the credit card or smart card corneal data with captured corneal data

(using imaging means) of the holder of the credit card or smart card.
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for that person. Access can be granted or denied to
secure areas of the built environnent, access to a

wore@siaisphone or Personal Digital Assistant (PBA)/AU2005/001386

devi ce, access to a personal cggputer or conputer
networ k, access to a banking network by way of an
automatic teller machine, access to a notor vehicle or

AtReREthd® ardYpistextus 6f thal R aferre@ @RbbaImdrR by t&lve offer various
ggchlne requiring a secure application to defend

NS apRUgsHPRRT OB Hed ACasratib bR died ouders araequired in the
f%rkﬁﬁﬁe SPRkilt ‘éﬁ&iﬁ:&ﬁneﬁ%«%ﬁﬁhﬁ&@&lf;ﬁg@% Stu%&%,%@e&ii%e@urity or for

credit card or smart card. Oanership o e credit
exrgplermiitary related dpplicativas.cBorfaxampte, bgssports amay deeobsdded with
| credi rd on smart card corneal
SR T Bedhan g Tl e P8 R Rl S e Ry fo
ohliléteorhTheatettald dnldeppaedius magbe utiliseditathe &dtfng of military

R T LT P
ARgelagatlicdns ehiads. UK the ebBliinRht A658BSd WHE PorIREMPR using the
bg%gera are requjired in the workplace or built .
SARPHEHAR RE thrgedPi salecird gomntrie paametess ilds agfnated dind approximately
o A S e S il
w th corneal data_ against which scanned or inaged
Y Hah 8 b ipged embodisnens apte gaeseot inyentiadias baen depsribed in some

3 . t [ ecur
SFlaf1rADee AR R Y oD allE ¥ e IR s for
yelkidatingdbe slegtityooffagrersordrmpienetil gnagihg had the fellohingadvantages over
%ﬂ?%ﬁn@é&aQESdﬁto emai | s. In the enbodi nent descri bed
and ror e anpﬁe'using the conbination of three (3)
el ectiegtegetqmnd piovided baetiilaly teliabls aRS htdi@4te thdthéd of confirming
approxi mately only one in 15 billion people will be
i ncor Ew@lﬁﬁéntifi ed as like with like. Now that a
preferred enbodi nent of the present invention has been

descr ithegbpabataOEbioRledid toblis Wilhiivddes AP R BRkpdRivchd 11
skill ed igjthe art that the nethég@and appar%tué for%ﬁnma y

val i d&t% Ay e aseeithithe copment of dhess wppy whbethis i wiilisadi ng

Bas t g Ol WA t A6 bbbt -
art: 1. the tech%?%ﬂgg%hovi é%ag&laF? C a%%y reF#ngngﬂmuhr
and aegugwue previded aneifediveicorrien gmhgdeaniietthikdni. ke; 2.

the apparatus or bionetric tool is relatively safe and

ITAGARARIEA ﬂﬁe‘ e gan \ﬁ{;]iXteC(ﬁQt Re h%e{?ﬁ?ryégsgnw%;i H?I%Qlels acceptable to
consent of those up rch it rs utilised; 3. e

metidtiuhs ead niyelifications edhenthaa thoseagedifically detcribedplFer @ainple, the
l(r:)ri,e]rﬂ]éog Iigl\a}t %8%1% rggr?ilrc%ggg lﬂ%e;%e%%gerxgéﬁagrﬁm%e?g Idgcel(ljssgg but rather may
extend to other geometric parameters which on comparison with corresponding base
parameters for the same person are effective in verifying that person’s identity or
uniqueness. All such variations and modifications are to be considered within the scope
of the present invention the nature of which is to be determined from the foregoing

description.

It is to be understood that any acknowledgment of prior art in this patent specification is
not to be taken as an admission that this prior art forms part of the common general

knowledge in the relevant art.
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Those skilled in the art will appreciate that the

i nvention described herein is acceptable to variations
wapaendset i cati ons ot her than those specifi cal PGI/AU2005/001386

descri bed. For exanple, the nmethod may not be

restricted to the geometric pdfanmeters discussed but

rather may extend to other geonetric paraneters which

on conparison with correspondi ng base paraneters for

éﬁ&lﬁgma person are effective in verifying that

person's identity or uniqueness. Al such variations

and nodifications are to be considered within the

s copeA afethdrkofpradiseting fhevderttitp nf 2 herseratsaidemethodigpepripiag the steps

to be fgleterm' ned fromthe foregoing description. It is

to be™understood that any acknow edgnment of prior art .

int Maﬁhﬁﬁ{gﬁdﬁ in®Reof hi 164t e of & ctvdla bbarbeyd afklenpasoraand deriving

adm ssion that this prior art forﬁs a[t ]gf t.he. common

generie ¥FRRe SaGEE T RAFEFtEYSOLAC QFF pluralayeal f%&% oS across

1. A%E&}Qopﬁw\é@h{eg&ti ng the identity of a person,

said method conprising the steps of: capturing an ,

i nagecofipaaingleaels of tha geometris paspriarssleriypd Epa e persan’s cormea

per sofl. ' t i r areas

For - caifidspHEtuchi Rl ke QTR (R SUANTARE Soinso

part ofthé¢ beneofondlzat pemopaaridng each of the geonetric

par anme deri.ved.fr t he r 'S.COlT A :
Cor r cepenirag Eediel MegRBtis el gl a oA B e geometric
of t hearpmleRtirSfopkaidrp@ads of atelie cornea for that person;

and validating the identity of the person based on the

conpari so f _the geonetric.paraneters for said,poin .

b "br eassthod ovalfieta Sty 2LA Prior e iRl A 1 herein the
per softeRdf ¢d1RiafRE theidehtaty B the pRIEihfolv BesestirgPa aimulative
validating the identity of the per ngﬂffi nvol ves setti ngnone

a cunmrynyya vakitpiie dafferendedn epdheotdh RARSTHE PRATEATH

of th | REL i@AHAENA kw@Han e sum of the difference
anot hgﬁcgggﬁgg%%o%}é}%l [ da} F]ﬁlé the p%?g%ﬁﬁwhen the sum

of t hef ik phemneieeopfparisen fsaeacheefspidpnipiaor ataas fsgpssdbgrnor equal to
of sai d,poi nts q;ah%reas is less than or equal to said

maxi mifis PR8N et hod of validating the identity

of a person as clained in either of clains 1 or 2

Sher eAnmnethhé o$ tajlatihg dapidentitypf aperdsonmg elaimed ingethenpf claims 1 or 2

arc S%N%Fe)re%ttﬁg &eg\g{s éa%lh?ril?g the image includes an arc step method wherein a

vertex of the cornea is located from which a plurality of meridians are developed
together with concentric rings, the plurality of points from which each of the
geometric parameters is derived being defined by intersections of the meridians

and rings.

4. A method of validating the identity of a person as claimed in claim 3, wherein the
image capture involves directing an infrared detector at the eye for alignment of
the vertex distance of said detector with the corneal apex and a mechanism for

alignment of the optic axis of the device with the visual axis of the eye.

5. A method of validating the identity of a person as claimed in either of claims 1 or
2, wherein the step of capturing the image involves developing a plurality of

cross-sections of the cornea corresponding to the plurality of areas of the cornea,
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vertex of the cornea is located fromwhich a plurality
of meridians are devel oped together with concentric

w0 20vg®345the plurality of points from whi ch eacPCDAURI08/001386

geonetric paraneters is derived being defined by
i ntersections of the meridianddand rings. 4. A nethod
of validating the identity of a person as clained in

g bR A0 68 S G co

vert exctibrst ance of said detector with the corneal apex
and a nechanismfor alignnent of the optic axis of the

gdovi o Ll Lhe uhaual L% 9he § HESSY S o fimd MRIARG, herein the

ei t hedroffsebilictsiBe devloped Difiiireeting 4 heisitahe é’)fe capturing
the i mage i nvol ves developing a plurality of

CFOSS section t he carneg corres ondi.n
| ur mgﬁhtgﬁ é‘fai!ggh%g ﬂ'teﬁéer&HY o %lperfg %liig%%ﬁ& any one of claims 1
der i V’ﬂonlgaléch% thie Gtep St 2RI ﬁ{egﬂﬁﬁﬁ@fhﬂﬁouﬁh @r areas into a

plurality ornea crosssections A et hod of
val | dplurad@y ph@neej tngethey covering e Tonged PoEtien pidhe pornea.
claimb5, wherein the cross-sections are devel oped by

gli r echi NG gy %P@aq{daﬁfl RS8Ny of a phrsBREEHOiHM in clalm 7, wherein the

val i dating t he |dent ty of a person as clained in ¥
one oéte}@ bhcrqmqoalm‘gdhq gedraeiric pafaneisTh @dqﬁ.gs @%ﬁ% pf calcu ating the

grou pl glutte ﬁlfl’%relil'\rcgg tt%e?x{wt}r%%e&tn&rﬂ: rﬁ@t%r Héﬁ\%daand the

plura ones er SCoOVer 1 e e | maged
porti @ﬁresfaoxtctiﬁg mfeneaee g@me@rmpax’amm ﬁonmhh déthe pduelity of points or

identit f a on as cl.ai ned

t he ST@%‘S %F e:—(\: ‘T‘l(ﬁwf; i‘?éld ggwgrﬁ% ap H]lte ﬁyggg{c% 3¢ each of the
i ncl uglgfes WiRrdh @R Rimrbed sbdoaite ﬁgfetrdfr&e adilsthh gpexified geometric

di fferences between the eonetr garaneter ?er'veqd_ﬁ ¢ th
and t n@awﬁqré%mmﬂr%wl@f Be eirae a&% ARy, %@f giidation of the
for eg Ghoef the plurality of points or areas for each

of the zones, and sunmm ng the absolute differences for
each of the zones wherein the sumed absol ute

8i f f eAanetbod of valivatingdes ideeiity pb 8 petson@s glarmehinggny Qe of the
conpa %eéﬁh%?la 7 votuh ahd &n@fi& eadrYsr ’(fh@ IZ:ornea includes axial

valld i'on person. 9. hod of validating
t he | eehi teingemial aaqae lcs:mlna]a’(glght,aqomml elavation, oieachye pojser, axial

di I wh
? L:C iBb&g’é%ﬂ%@gﬁ%} Weerr,eclgrnealpgu%ggggrhg?lQﬁ'{xﬂgﬁf ok afc91rneal chord.

axi ngen radii
corneal height, corneal elevation, refractlve pomer
axi al Apoeiod of aﬂg:m‘nihlgahe mmmy of(aqrerﬁeml astclaumkcrh gxdaim 9, wherein the
corneal dianmeter, or. a eaI chord. .10 od of
val | QEEPRYTE AP AP IR Oéé]?es%%ﬁmé?l%Param S
claim9, wherein the
11. A method of validating the identity of a person as claimed in either of claims 9 or

10, wherein the cumulative maximum value for comparison with the summed

absolute difference for the geometric parameter of:

(1) axial radii is 400 mm;
(if) tangential radii is 2000 mm; and /or

(iii)  corneal height is 45 microns.

12. A method of validating the identity of a person as claimed in claim 11, wherein the

cumulative maximum value is used when data is captured from a topographical
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geonetric paraneter is a plurality of the geonetric
paraneters. 11. A nethod of validating the identity of

w@2en3se7 as claimed in either of clains 9 or RO[/AU2005/001386

wherei n the cumul ati ve maxi mum val ue for conpari son
with the summed absol ute diffédfence for the geometric
paraneter of: (i) axial radii is 400 mm (ii)

paraneter of: (i) |
et ontaie o EEhpen het o0 FReHBHen O phg Splo g PR s on te

I dentdokyea0f a person as clainmed in claim1ll, wherein
the cumul ati ve maxi mum val ue i s used when data i s

captured fr a.topographi cal 112756156i,na9e, .Qf

or neh ok 2P RateTl RbUPARGT BB B gpb Ote ofthe

POI Nt SreQiit N @aieky dI&Pcondptisiny e blpdf ofeigiainsdatfadieringithe geometric
identity of a person as clained In §1ny_ one o; t he

Pr ec eRATAGeler EPTHRATAI0BPTIE fp Y dlidalign of theddentity P (s RSPy
or factoring the geonetric paraneter conparison prior

10 v a‘g inlahd 08¢ Wilidhhify Hiaakd Y oPh pbien REAEDIRRd ih4laid 13, wherein the
nmet hod of validating the identity of a person as

cl ai nsteb pirosipairimng e servester RARmE e RYP oY [disngOf fiy gepmnetric
geo ﬁarrleu%e%? %oq'%g{:l? {)f #}hg ¥8L1Yseﬁr %‘?alstts hhbtafh cﬁ‘ﬁy iRe geometric parameters

geo ric paramete eac the points or areas to
r et ai withinl aypebddstedyeoget ri ¢ paraneters within a

presel ected range. 15. A nethod of validating the

| e f i . | L Py 1 il erein the
"\ B B0 3% AT BsEA ) P A ohein
sunmedeRhang ot Actirhkenences holtiplies tpevninetialpebrre tifference for

h ' ' .
D o e foaR eSS Er Ao Lo BBy o Boinc o
I dent X Rtaifedder son as clained in claim2, wherein

the step of validating the identity of the person
i nvol ves taking a selection of .the geonefri

Mo anbreetbof of VREIHRE FRGHEN SR SREFOUAF FRUTHY G 2 wherein the

I dent iy oPlalidden @ﬁesi@l@nt‘ﬂg% e YerSoHMOblvbh R kRRT AiFRICEHN of the
conparison for each of said points or areas is |ess

than gespesi peansters fonoatavieonraril wnii XAlidgEes thsridgtity of the
of said 81'2 ! g}?t&?er Stim S;F ’fhe?la{:%tl %dclo‘rigpe‘\fﬂbﬁ f3teafdof é%fd points or areas

i dent P?rﬁ a person as al e claim2, wherein
t he sisdpssahanvakpettive nfcurvelativemakinyurofvaluse fyedlad gaid parameters.
i nvol ves awardi ng a predeterm ned highest score to a

past el alth oS0t EIBRAE (33RE:0AMks ERERER ARkS Srherein the
step of validating the identity of the person involves awarding a predetermined
highest score to a least weighted sum difference based on corneal points, areas
and/or the total area of imaged cornea, and confirming a matching identity when
a comparison of corneal dataset and name or personal identification number with

a database of same matches the predetermined highest score with same name or

personal identification number.

18. An apparatus for validating the identity of a person, said apparatus comprising:
means for capturing an image of at least part of a cornea of an eye of the person,
said imaging means being configured to derive one or more geometric parameters
for each of a plurality of points or areas across said part of the cornea;
processing means in communication with the imaging means and being
configured to compare each of the geometric parameters derived from the person’s
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and /or the total area of inaged cornea, and
confirmng a matching identity when a conpari son of

w@eneads2tdat aset and nanme or personal identifiPEI/AT2005/001386

nunber with a database of sane matches the

predet er mi ned hi ghest score wlfh same name or personal
identification nunber. 18. An apparatus for validating

the identity of a per ' b USraGiid shSd At of the point
means P Yeapt tl rireﬁg"%‘%"ggﬁ%fg%hg‘? Q%tgagt Part of a o ePoms

cor nea aefas antheyereh fofthapersanandai d i magi ng nmeans

bei ng configured to derive one g{ nor e geomet ri C.nd bei

par arefigator Hrans4p ORGP Xyif the procsatiile Sieghs ddeing

acr Osc%nﬁgt‘u_@d ReWAlichfte tHR8A &1 BBthe PefoaPabdllorT@REmpArison of the
communi cation with the imgl ng neans and bei ng

conf igsamettiaparemaiss for eaid ROBYS tdefeonet ri ¢ paraneters
derived fromthe person's 112756156cornea with a

1%? ' 'tr ‘héglPQ | s G RIRRGS, : RO 6f PBERIRESEaRI iR 18

nts or areas of the cornea for that person; .
and wehérdmtsashimpgasmemsdocdest tdee-gnaging Heyigeservicing a video
processjn ans ' . jgured to validate the
i dentﬁanlrgFar hoeaﬁgrptg%lgj?%assé é)g%it't he conparison of the
geonetric paraneters for said points or areas. 19. An
2Appar A uppdratus Ve vadidhting thelidenittip of 2 pyrsoh aaclpianesbin clpdm 19

claimed in claim18 wherein .sajd_I i ol
el dateel iR BegTaet subHaPR AR e ormuliple
capt wigitglandg & sedviciap thicdenpaDe@aassing wundi whicR Bchiftes a processor.
apparatus for validating the identity of a person as

claimed in clai.m 19, erein.sai.d i.nmagin ans i .
T gi A ARERFERE ST AIAENG TsU APt 068 BESRPT FaracdRgtims
| Mg eRheRiVihe imfeihb encafs trichldep bR Gt talglaitidr fahvatex alignment of

i ncludes a processor._ 21. An apparatus for validafi
the i @@]qu@meanw}%ﬁﬁbgshgb[t eing @dppted |t%P‘ﬁ$Ii‘gi;tec{ atq'ﬂe eye and

wher ej . | Bk g'ﬁ?&ﬁ dagx}e‘ﬂcﬂﬁ§ Rialithiof freti@éhns together with
det ecgtlég(rnt(%g%{overtrexe Iign?rent of sgi d it?ragi ng maansg

and vimiciteic ringhor pat Hgrendapt ed to be directed at the

eye and according to an arc step nethod devel op a

urality of L di ek Wi | | #9%ne of
B b bR Eulot Rk Ay 8 foR R a8 el il g one o
i dent ¢lhiynsals ta 2perlsaningbe ohaging theans ismyhapdbeldfdegicai ms

18 to 21, wherein the imging nmeans i s a handhel d

vice. 23. An rat.us f or i ' t k '

L Q1o HER f
g? a PErEBRArALE @F g&rﬁ%&lm%rjﬁh ealr(fli?%{o eoq%#}ec Y alrgrg a%rg to E%I oneo
wher etlRinkd 8 th XROIVhE elittan smbging ndess mcheieen laser ring adapted to be
adapt gg‘egtgd gtethe eye to develop a plurality of cross-sections from which the

geometric parameter is derived.

24.  An apparatus for validating the identity of a person as claimed in any one of
claims 18 to 23, wherein the processing means includes a reference database
having the corresponding reference geometric parameter with which each of the
geometric parameters is compared for each of the plurality of points or areas

- across the cornea.

25. An apparatus for validating the identity of a person as claimed in any one of
claims 18 to 24, wherein the validation means includes a validation database

having a cumulative maximum value for each of the geometric parameters, the
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directed at the eye to develop a plurality of
cross-sections fromwhich the geonetric paraneter is
wa@lenwceeE27 24. An apparatus for validating the PABAURMOF/001386
of a person as clainmed in any one of clains 18 to 23,
wherein the processing nmeans ilfcludes a reference
dat abase havi ng the correspondi ng reference geonetric
par anet.ar. .\ ' | r
e SOt bl Ol SRR bRADRATRIC e pRADATRA e sun of
ar easthapaassetthengeiriseafor 25ch ¢thappiatsensgedsds less than said
validating the identity of a person as clained in any
one d@aﬁﬁﬂFﬂgaﬁg'to 24, wherein the validation nmeans
i ncludes a validation database having a cunul ative
zeir;]\xi ﬁg?gg&umsffaf vARGHng thet iHenti¢ ofre peison phiraed ireary, one of the
t he

i 156val i datign g?ans bei%?.c%gfi ured to o X
val i datEsIfdo gemaSFrIpET A H_ISHREYHS 1P d FGHEe greans g
conpaydng@lrdddb a8A¢H a ?&ede‘?&nﬂﬁédﬁi@h@& s@r€@Fa lestlvesighted sum
than said maxi num value, 26. An apparatus for ,
val i ddifferapce hesed darrormepl paints, rersanl/or Shefetr! pea ghimassg comea,
of th ' . i ' i . ¢
ncl ufisdRifomieird itk e! R tfe (i inal a eprison o
pr edetenedl dethsét apdesimesageesonal identEfiationaigheryitbgrratabase of

di fference sed on rneal .poihnts I e

ot a “EFL RS RatQernoa R Gap R ERr sRc kRl o Aonal
conf i Id@hBfcatiofnaiu@dieng | dentity when a conpari son of
corneal dataset and name or personal identification
nunber with a database of sane, matches the

predet erm ned hi ghest score with sane nane or persona
identification nunber. 112756156
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