WO 01/ 28476 PCT/EPOQ 10373 TITLE: I RIS RECOGNI TI ON AND TRACKI NG FOR
OPTI CAL TREATMENT SPECI FI CATI ON  TECHNI CAL FI ELD The invention relates to
systens fwo oophathal mic refractive surgery, and nore partpcuwieaed/3to t he
use of iris recognition and | ocation systens to align refractive
di agnostic tools and refractive | aser systens with the eye. BACKGROUND ART
The field of ophthal nol ogy for the past nunber of years has seen great
strides in the devel opnent of refractive treatnents intended to correct
the vision of the eye. These techniques have evolved fromthe earlier
radi al keratotomy technique, in which slits in the cornea allowed the
cornea to relax and reshape, to present techniques including
photorefractive keratectony ("PRK'), anterior |amellar keratectony ("ALK"),
|l aser in situ keratomleusis ("LASIK'), and thermal techniques such as
| aser therpm] _kerat opl ast "LTK").. ALl of t t J S strive to
provi de a rethti vRIS RGE?C@%TB APBS%%A%INGC%PIF é)rc}??(g}% ggﬂ\}:@yﬁn. Wth the
devel opnent and refinenments of these techniques, greater precision has
becone possible in refractive error correction. In early types of
treatnments, the precision of the correction was relatively coarse. To
provide correction to within plus or mnus one diopter of the desired
correction for nyopia, for exanpl SPEGHUICATI®ONconsi dered an excel |l ent
out cone. The types of treatnents have becone progressively refined,
however, aiHawWrOan®ie subtl e defects to be corrected. Myopi a and hyperopi a
can now be corrected to a high degree of precision wth current
t echni ques, andbadnvegtiexcdlates to sysig@p &or aphfiabipicaefgeative SWIEETYs 2RGAO so be
corrected, suc , hericit Lrr r ' i MO 01/ 28476
PCT/ EP0O/ P Gélf gp ar&ftot%?ieusg g?reglstl}g%)%?ﬂ%oﬁeang?géﬁ ?}grs1 £ fszér%lsg{éfaglgﬁ gé f(r]%ctngg)m ne what
correcti onlidghostRedeld aha vefraali solaphwaneds withnd eye. ng t opogr aphy syst ens,
vi sion defects can be determned and corrected irrespective of their
"regularity". Such techniques are described in U S. Patent No. 5,891, 132,
entitled ﬁ£§ékﬁ#&ﬂﬁﬁﬁy§§?inﬁr Laser Surgery System " issued April 6, 1999.
A variety of new topography systens, pachynetry systens, wavefront

The field of ophthalmology for the past number of years has seen great strides in

the development of refractive treatments intended to correct the vision of the eye. These
techniques have evolved from the earlier radial keratotomy technique, in which slits in
the cornea allowed the cornea to relax and reshape, to present techniques including
photorefractive keratectomy (“PRK”), anterior lamellar keratectomy (“ALK”), laser in
situ keratomileusis (“LASIK”), and thermal techniques such as laser thermal keratoplasty
(“LTK™). All of these techniques strive to provide a relatively quick but lasting
correction of vision.

With the development and refinements of these techniques, greater precision has
become possible in refractive error correction. In early types of treatments, the precision
of the correction was relatively coarse. To provide correction to within plus or minus
one diopter of the desired correction for myopia, for example, would be considered an
excellent outcome. The types of treatments have become progressively refined,
however, allowing more subtle defects to be corrected. Myopia and hyperopia can now
"be corrected to a high degree of precision with current techniques, and using excimer
lasers, higher order effects can also be corrected, such as asphericity and irregular

astigmatism.



sensors, and overall refractive error detection systens can detect not only
the anobunts of nyopia, hyperopia, and astigmatism but also, higher order
aberrati owgoots4the refractive properties of the eye. DetBCIL/EPW/10B73
wavefront aberrations in the human eye for such purposes as intraocular
surgery and contact lens and intraocular |lens fabrication is disclosed,
e.g., in Liang et al, "Objective neasurenent of wave aberrations of the
human eye vvithAttIth:esaﬁxenlma)ﬁheadlhgrdsﬁammis&baletenn@wvﬁalt 6d5ttrec$16ﬂ$s)llieec'le(ﬂ0urna| of
the Opti cal C|e of, Arerica, Vol. 11, No. 7, July, 1994, .
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eye," JOU??]%.? r(f}??e[dﬁgké(%??\é }é%lglllegelag A%ggtﬁtégﬁﬂlé})(ﬁs%fr%ﬁ&%gbéﬁf%rﬁgm enber,
1997, pp. PagaaNegB¥®lalid, emtltdeS‘Dlﬂabmﬂd EXicime$ AT Sufgary Byd¥h/[’iissoed et al .

("WIlianmg® ac es techni gues for detecting aberratjons and for
usi ng t hﬁﬂgﬂdagb I 31 eﬁﬁ R @g{)g@pgmysgyg B%f?‘ég}engQgﬁelPﬁé" afvﬁbf"i“cati on of
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99/ 27334 (International App. PCT/US97/21688)("Frey") teaChes a further

vari at i on MysPiaghyrerenia, 2nA gstigsratiss. but wmhisher odacabeserensaf thy wimactive | enses
in the de g%ﬂfes%f{hlé% Like WIllianms, Frey suggests using data fromthe
wavef r ont PSBRSGT Of 6 “devel op an opti cal correction for the eye exam ned.

More speci fi caDeyectibhef wpidftoat alsprationd inake lslﬁnzdﬁé)%rfﬁi aed piuSpdsésm'\st ed to the
aperture of the cornea nmeasured by the sensor, e.g., the 6 mllineter
circle to!RHFCEHaTE WESeEY andciligst #er\ﬁfagd 1Imapatlérdevm%hn@%@né@@s%a@edn@asm ed.
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ablation to nim ze severe changes 1 n corneal curvature ce |essen
r egr essi onf a HagsenuiShgeiosavecfrenytstrsvs,” dondnaled him @pﬁ&sal Sewietytdfekrpoicmntl al for

it th the fundanent al der, ef f ect
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correction to better than 20/20 wi il someday be the nofm However, inproved
t echni quegomgal humpn 9yng@dvdrmﬁﬂrt@0mzmjﬁo@esz Aeehne| \bely4.1M¥o.ridf ractive

surgery a&%veﬂﬁ&d%7 pU%\%g a;lly 1|J|§V El\gnt%lo. 5,777,719 to Williams et al.

(“Williams”). Williams teaches techniques for detecting aberrations and for using the
aberrations thus detected for eye surgery and the fabrication of intraocular and contact
lenses.

International Patent Publication WO 99/27334 (International App.
PCT/US97/21688)(“Frey”) teaches a further variation using polarizing optics to control
back-scatter from the lenses in the detector setup. Like Williams, Frey suggests using
data from the wavefront sensor to develop an optical correction for the eye examined.
More specifically, the optical correction so determined is limited to the aperture of the
cormnea measured by the sensor, e.g., the 6 millimeter circle to which the eye’s pupil was
dilated when the eye was measured. Outside that area, Frey suggests using a tapering
blend zone of partial ablation to minimize severe changes in corneal curvature and hence
lessen regression.

These diagnostic systems and techniques have the potential for permitting
correction of both the fundamental and higher order effects, especially when used with

the even more refined refractive correction techniques, with the possibility that vision



VWil e ophthal mc refractive surgery techniques and ophthalmc refractive
di agnosti c techni ques have becone nore precise, that precision has lead to
an i ncreas@oi/2samed for accuracy. According to the inventiPCT/ER@VIaAsTSes i n
the precision of both the surgical and diagnostic techniques are further
realized by using an image of the iris (or a portion of the iris or other

i dentifyi ggqrg%‘/:e features) for ad‘]# ustment during diagnosis and during
surgery. HoR [cbeiter thae 20420 witlsemeadayebs the pemi.oHoweyert imprewedyi cal  syst em

[ i drl s ] . St ' t he di. is. F
xampl e aconiara o P dohTREREha B crhlold et FEmBaRAm Syst em or

wavefront seededr system acquires refractive characteristic data of the eye,
but also acquires a corresponding imge of the pupil and iris of the eye.
Data corresponding to the iris inage is then naintained in connection with

data from $ORIMARINOFIHE BYSERTIONT additional diagnostic tools are

enpl oyed, they too can enploy a pupil or iris imaging canera to provide a
"poi nt of nor maVhidapplghdlntioreftictye airgery hehdigtes aricphtaUhRaetentve t reat nent
are referejg nqjﬁt.V\{ﬂeenn.i t &lorre time to performthe refractive treatnent,
such as usl n% ISIERIPigSs i X Decople FaoTe |PRSiSe, thahpiesision hasrend to alkissreased nage
of the irimeddéithcaurhéyeahfd@bding dﬁﬂh;elimﬁﬁoﬁ,raemﬁc&ein%@g& RldnSr'uat Otjq”at' on 1s
normalized to that iris image. This normalization can I nc ué’e}{ &nsl at i on,
rotation, WEF3lARd digenestindechnicapsire funther orwdized byeuding auiasageBiehd irgabment i s

t hen provi&@go 1 that it 1s being applied tg the desired
poi nts on ‘t he I}é\%ﬁtﬁ%g&%ﬁl@p}%&ﬁggfyﬁeg We’lfgatfl??ﬁ r églﬁStﬁggbﬁl‘H\‘}igdgﬂg‘%Oélséﬁdeye
tracki ng sipsingmsurgstycBefbratthd feeractadd pratedatd s QbrbiAede e SRS can be
adj usted on. aﬁggqr;géﬁgc basis rel ati vpg teo thegposi tion Sg?grl%zﬂgﬁ?(ﬁlgsa

Pr ef er abl L8R n ay, 4isdmage fteradduging thediegnesisf eat ures in the iris and
determ nes tragnpskald t : e features. Generally, no
two irises are ali ke,ﬁg’ﬁ%caﬂflg%at?%f} p‘?‘ﬁ%ﬂbfg(frl}lgaﬁ,%ulg%ce?ﬁ%(&ra%lry Stifyor

t r ansf or na3dvefiant sersoh sy stere scquares befrateochpiricidiide dan\WDURLR8KTEGIso

PCT/ EPOO/ %Q?f&fes Jeased upon.the dfht ti nc,’i ve features. The iris system can
store a varrety SorFpiingdmage eidae pppil and iris of theiexg. Rata epargepandingte iri s

of T he’ pupl 1 ana St e e by By B dlBosd et p o
ali gn sub %a@gml dipgnastisrtoels argrempleysiithgly ¢ed canyestdoy befipit er irgseeagihgeat ment .
camera to provide a “point of normalization” to which all the data and a subsequent

treatment are referenced.

When it comes time to perform the refractive treatment, such as using LASIK
with an excimer laser, another camera takes an image of the iris, and a treatment
developed from the diagnostic information is normalized to that iris image. This
normalization can include translation, rotation, scaling, or other transformational
techniques. The treatment is then provided with the knowledge that it is being applied to
the desired points on the cornea.

Further, the iris image can be provided to an eye tracking system, such that the
actual aim of the excimer laser can be adjusted on a dynamic basis relative to the position
of the iris.

Preferably, the iris system detects distinctive features in the iris and determines

translational functions based on those features. Generally, no two irises are alike, and

rotation, translation, scaling, or other transformational techniques can be accomplished



According to different features of the invention, the iris alignnent can be
performed between di agnostic tools, between a diagnostic tool and a
refracti wobozd476uch as a | aser, or conbinations of suchr¢DaP®/10373
Additionally, different alignnment techniques can be used between different
tools. For exanmple, the iris data can be used to align one diagnostic tool
such as a topographic tool with a refractive tool such as a laser, while
the outli Resedupemeheidistinctvafeaturest e dniadysteaf emesare aivarietyed féapurad boedat a
bet ween t he:t . and, . f ex le, .a vefrgont sensor. O her
al ternat i vgnss’ gl?gﬁé@g@lg}aégg# Wetl%%ag???fr’ %W%%S‘?%"é’ﬂﬁ%éfﬁ%‘,’s‘torféat&{qs@ﬁh‘%t dat a
I's maint ai irsdfeaoget dfake pu;iili*anﬁhﬂxdrgﬁft%ﬁ th¥ @yARR bR Fearn & Bar Gh hEf}Go ,
refractive treafnent data, for subsequent use by other re?ractl e anal ysi s
or treat nEHD PgeRauent ditaqrligh fhe surgical systerndiefige biseri teatmaits” as used
herein, refers I f i . syste such..as topographers,
pachymet er s, vvaj\;/\g?cghoﬁ Qggﬁgeg?né?&gﬁgse fhtgé fqv@m‘g@bed”ts SI‘M%r‘tﬁf“gé%osti c
neasur enenpgfarmed beavern defnaticitvas, detveecabiliigiobc @vEakel R actRASHN &dh
Refractive data thus refers generally to features or characteristics of the
eye that %Saqilgg,eq %rscé’“lbh%?ﬁloﬂ%&fsé‘e tQals ddditipraliyaiffgrany elignomgus teshniqeerape,
t hi ckness, cdnit@hised BEQR ' : i on .and ot her refractive
anomal i es recogni zed b?gfaiﬁfg?eﬁt ﬂ)g)% ngiéﬁﬂ%hﬁpglﬁ&&{%{%@ﬁ ussgc,ﬂot ﬁtgntc@rem |
"ref ract i véagnstic taghpushas layopagtaphic tool withievefeatioe toos ysdhematigt, wian |er f or m
an excimer |laser which

a refractiyg; t.gn t eye,. such. as, .e.q.,

is typical W‘%"'&Z@h‘%& B &%Qﬁ?&%‘ir%fﬁreflﬂe sRRed fodieR databebyesarthe topperaphy
ref ract i veookanigiryxarfiple, & REVBTOROSEMRbI. Z0hEONterRRiveSSY pB&ISE NhkLe PE
understood fromthe description to follow to general Ipy mean mat chi ng,

equati ng, AGPPeieshpigges, thewlippmentdpte is maintainedipgetber with tlesefriatveanalghis a
di agnosti . i ks image such th .everything is
si ze cons f(isa'g% %? H{e?@f{?i@envk ?rF ét?l%lng ?%g’&%%ug S?‘%‘FE&?R (s? OE}Z% F %%’W&Y LAUHFEWECT As an

addi t i onaltrdaen@ttiteqls.t he iris data stored in conjunction with the refractive

di agnosti c anal,ysis can pr oVi (;Igi a safety nechani smfor subsequent
treatment. SpeBSHRERFY-yhe efm pdipgposti ray upgfkhareinsrefess 0 degwstiot nat ch

Stopped or bt evanp e FRe e e et Bo N S SR AR 75
oper at i on U6 tormaker dagnosiempasue s focibkaan refeiceye 805 aBOAMY e boingt he use of
data fr Omme%gﬁ)xle&ehegaaét}v%rhtata t 1'35' r% erggggglll;llo %\a{ttgés ])-nglagEﬁ\e\{\iysyc%S of the eye

that cause less than perfect vision including eye component shape, thickness, light

propagation and wavefront aberration and other refractive anomalies recognized by those

skilled in the art. Likewise, the term "refractive tool" generally refers to a device or

system that can perform a refractive treatment on the eye, such as, e.g., an excimer laser

which is typically used fdr photoablation in PRK, LASIK and other photo refractive

surgery. The term "normalization" as used herein will be understood from the

description to follow to generally mean matching, equating, correlating, fitting, etc., an

image or representation of a diagnostic measurement to the first iris image such that

everything is size consistent to the first iris image reference coordinate frame.

As an additional benefit, the iris data stored in conjunction with the refractive
diagnostic analysis can provide a safety mechanism for subsequent treatment.

Specifically, if before surgery the iris data does not match the actual iris image acquired

by the surgical system, the surgery can be stopped or prevented. This can prevent an



Figure 1 is a flowdiagramillustrating the acquisition of iris inmage data
and the wuse of the data for a subsequent |aser treatnent; Figures 2A, 2B,
and 2C ameo bi/zsake f | ow di agranms illustrating the acqui sitipor/@Povo3s data
in conjunction with refractive characteristic data, the generation of a
treatnment based on that data, and the use of that treatnent data in
conjunction with an iris inmage to performlaser surgery; Figure 3 is a

di agram i | PRESRHQR Qe suahg epedvitopaticuar dutnffol eanpy ek oiede bf @ia fRyef ront
data and fgmeag)%{ig}ﬁe topography data; Figure 4 is a cutaway representation
of an eye, as as associ ated diagnostic tools used to determ ne
particul ar refractive characteristics of the eye; Figure 5 is a diagram

iIIustratiggrLé_ari ous features of an eye that can be used as characteristic
iris data DESCRIPRHN A HdE DRAWINIGSy to the invention; Figure 5A is

an eye di agram gi[jidl t i show a marker_.according to an
enbodi ment of thgﬂ%en%ﬁtt?oéﬁhﬁg{aglu@g%aq% tgg?q%wtm”a‘gr“a?ﬁmqgeﬁg‘raﬁﬁitth t he
use of st owsedfile dataiforr a sabdqiemgRer tdatisentdata to translate a desired

treatnment into l]gn ac IA:I treatment according to the invention; Figure 7 is
a flow di agram PGS eratPrfdaf aredlackdlaw diagmotsillgumatiogieayinisitioh of @th i ri s

data to alddindkch@ah i B.are display inages
illustrating ltnhg {egﬁﬁ?%}e‘ %&g?gﬁ}%&#ﬁg&%ﬁr @5 %Wrg%?iy‘étjél tﬁ%ém'ﬁﬁté’@?eélns'
i |1 ust rat i wgthat dages end tiei ekt heambiniag ingGonmnskawah b HERag &FNNI que

accordi ng ﬁe?fo gasiernvuernti on; Figure 10 is a diagramillustrating alternative
al i gnnent techni que% 8¢¢or di ng to the invention; Figures 11A and | IB are

further refinermgims 3ak adidg@aNkrh IR zﬁ‘a@aﬁ%ﬂir%les b&eldbed 'ér%‘é%e/gt ie‘r’n”;

Figure 12 is ? bl ock di agram of a wavefront senso ruse rn
accor di ng VA§iPRedathinchiroms surfagedopognphy dagg476 PCT/ EPO0/ 10373 Figure 13 is

a di agram of an; g AR ixation . e.for use in the wavefront sensor
ot Frouce 12. I\/&%E%g? %r_. &%ﬁﬁ%ﬁ(ﬁﬁe N SRV Phhas associated diagnostic
tools used to determine particular refractive characteristics of the eye;
Figure 5 is a diagram illustrating various features of an eye that can be used as
characteristic iris data in a system and method according to the invention;
Figure 5A is an eye diagram similar to Figure 5, showing a marker according to
an embodiment of the invention.
Figure 6 is a flow diagram illustrating the use of stored iris data and imaged iris
data to translate a desired treatment into an actual treatment according to the invention;
Figure 7 is a flow diagram illustrating an alternative technique employing stored
iris data to align a treatment;
Figures 8A and 8B are display images illustrating the technique of Figure 7;
Figures 9A and 9B are diagrams illustrating a laser alignment beam/imaging
system alignment technique according to the invention;
Figure 10 is a diagram illustrating alternative alignment techniques according to

the invention;

Figures 11A and 11B are further refinements of alignment techniques according
to the invention;

Figure 12 is a block diagram of a wavefront sensor for use in a system according

to the invention; and



Use of his Data to Align Laser Treatnent Figure 1 shows the general flow of
a nethod of using a systeminplenented according to an enbodi nent of the

i nventi owo At/2dabeock 10, the iris is imaged in conjuncti OPCVEPGV/I@BTRUI I'i NQ
refractive data using a diagnostic tool. This imging and the use of the
di agnostic tool can take nany forms. For exanple, the tool can be used well
i n advance of the |aser treatnent, such as using a corneal surface

t opogr aphy syst@&h‘rﬁd3l$ﬂ%d@gmmef a0 axemplay figatioreifitage foruse i tieiwefrohe i t can
be used i npdj; fgore refractive surgery. In any case, the inmaged
iris or sone représen ation of the iris is maintained with the data

devel oped by the diagnostic tool. Proceedi ng to block 12, a treatnent is

t hen devellﬁf)g)%g éed on_t he datanrow ded y the diagnostic tool. For
exanpl e, (PLAE FARR¥EYGQUWRS HE)TFN‘AEN@i@Hl n degree of nyopia and an

irregular astigmatism This treatnment can be, for exanple, a treatnent

devel oped usi nqydhe g_ml?i @ﬁ? f gg = 04028, entitled "Exciner Laser

System for Correc Pgéngo t&l S S%a“ﬁ : it ed Thermal Effects,” published

April 25, 1996 Figie dishops theigdesalaflal bhe metmdalf sing Ryt ifpliteatal cor neal

profile, in.c nctio ith t dlstrlbutedsstemof u. Pat ent No.

5, 891, 132, %€ r@%&”‘ﬁﬁ%& FFBRR%@S BYERURS, fk‘al%%ﬁk%/ thegsis s imagedin " i ssued

April 6, Zb@ﬂj%ncﬂa”ml With ﬁ&ﬁidlﬁ'l%fra&gﬁl‘é@éﬁarum r%saﬂgérm:s‘ %?o%ﬁj 'ﬁ“f? EB&' g%% ﬁldons ‘o
su

representation of the iris im ; sequent icatl
the treat'sefkthp dingaossis teel¢pn alhandlfaxgmmﬁqrcxam;ﬂb tﬂatcmlcambbeseﬂavdml i zed

to subseqyg Furthe the treat itself is preferably
aligned to '? veahléér ?fsth%@ %‘ﬁ%am RS ﬁaSI'H?IEg Pgoma‘?r)[r%ﬂrfé‘fe BPORRPIYASYSIgHEe t he

| aser ai mdatedminke correal erasfradtiae ipesfile. 20 Ak ﬁ@hbe’eﬁﬂuﬁé&&t@ﬁ betdFBAGRLivan iris
of the patient ynder treatnent. This nornalization can take very general
forms, sucWegy- dnapyeasedhe FRagse ifimer somea represensaticasdithe isisanmajaiogt with e

poi nt, or A dSRRRBESH fat such as by rotation or even scaling
and skew ng of the rea %e@ncﬁ%nfogtwrr%%ﬂch the iris inmage that is presented to

the | aser syst@mce€lirHvaBIY 6 RATAIPINhANIRRI0pRE 06REBNNBe Hfta PrRGHedlb, the
| aser treat ri_ig(# i S thenl rformed. OFf note, during the |aser treatnent the
syst em can? p&r $BO8%S 109! JFor syuRPIeothiS treasmentynayetresh farigecertpingdegepenft o t he

stored repfyeprRtndtah e artabi@orhdtisth. dﬁh@treétﬁeﬁ?&ﬂ%%eﬁotr %?fﬁ‘lé\f)l@ga fé@qm@g{[ lent”s

eye. Turning to Figures 2A, 2B, and enera Ferm ni ng
refractivéeveloped usmg the algonthms of PCT/EP95/O4028 entltled "Excimer Laser System for

Correction of Vision with Reduced Thermal Effects," published April 25, 1996, which

provides a dithering algorithm to modify a corneal profile, in conjunction with the
distributed system of U.S. Patent No. 5,891,132, entitled “Distributed Excimer Laser
Surgery System,” issued April 6, 1999. This treatment, however, is normalized to the
stored representation of the iris image. By doing so, subsequent modifications to the
treatment based on additional diagnostic tool data can be normalized to subsequent iris
images.

Further, the treatment itself is preferably aligned to the iris of the patient. This is
done at block 14, where the laser aim and the treatment pattern are normalized to the
image of an iris of the patient under treatment. This normalization can take very general
forms, such as a translation of the aim of the laser to an appropriate point, or more
sophisticated forms, such as by rotation or even scaling and skewing of the treatment to

match the iris image that is presented to the laser system.



data, normalizing to the iris image, generating a course of treatnent, and
then applying a course of treatnent is shown in a system according to the
i nventi owoORetsuacti ve characteristics of an eye to be treat/@eooas’3
determ ned by a corneal surface topography system 100 and a wavefront
sensor 102. Both of these devices generally provide data indicative of
refractive characteristics of the eye. In addition, a conputer workstation
or conput at i onBrocerding tdodks] & Hevimser lrahtniest i43Rsh fe@fopmE@t Of Aot ?d

cour se of based on t he provi ded by the dia nosti c
Al t hough sﬁgé\zrnq}eg}s?ﬂ %’ft }éepsgﬁtﬁpecan\%’l:‘? Paalg’ Q{ﬁvmaontwehslmafcdartg@w datn @

di stri but ethesystdreptdskftatidhass b 3!dageth 459 fhe workstation
104 and/or its functionality could begll rfc%r}cggggﬁgme%?%& Ser¥§hy of the

ot her conponentgu@fn&‘ﬁglwgﬂt%%?cﬁ af{l g0y the gRAeraliByw andet&Giningrefrt@ep! €,

al so sho a .l aser system 106 ich receives both the
t r eat rren}tm%déﬂélr% grtg edﬁ %’58 thgm\ﬁomﬁg? &FP%ﬁ“’i&)ﬁ“&Héﬁ drseEagbndriben anplyisgra. The

| aser sys¢oe1me](ﬂ6reamand1slsh6®ﬁﬁmﬁ 8 sterh BECO MRS td QR Ve hb{oﬁ)f éﬂ? qyRr kstation
104, gener(\g}ﬂ n proprlate | aser treatiment wt t}ﬁ aser system 106

itself tl?sno BNGUE & bontreategare detgamined bp@gmamhlysusfyset ®pod@phyat hers

corneal t@peal i The illustrated
t opogr aphy syst?g%nﬁgqﬁ%‘%g%%%rgg&d?%h (t§fyt§ CVigGseueYE Prvidefatags o

pupi I or |1rld1§at¢‘emfrrafr®11®e clT&msmstmsrpf)memps Irﬁddalt{@ﬂoﬂvﬂoﬁlputkpﬁoﬁ{s dgggfi Eor

vari ety of 0 roduce corneal topographic

exanpl e, C}?En%% sflto Sltfﬁbi/r}@“’é‘ & 1y pergh e Ecatest fHstamize Aftiicetnetat a, and
ORBSCAN ||uased¢mme@aﬁ i 8H eIl BYa B & Inc. of Salt Lake
Cty, Uabh, gr oduces %t 1on yyesurf cgé{%gg%leéapm%%&té&g %/S,asr?ﬁ?raffl so overall

t opogr aph;)"’qr ?ta@%l%ﬁﬂcdiﬁ fmmedtsmweddyeteﬁylﬁce thinelifctdse@in systemis a

Pl aci do diggkr s} |sa autonpted slit lanp system The
ORBSCAN || ( sys 8?41 uhgeru’sorfégl}?tfoé’a@ n@(f’ét“? PRetigpajity gquid PaércRgparacdet er mi ne

refracti vevigrin sy of theluher ey@pondies deﬁé)Q}fs?dﬁhprlgﬁﬁ%E ZK‘ 380, daek cgll y can
produce dat a Ofﬁtﬁm 112 in_a vari et or mat gathered using a
n

vari ety of*#8R a‘h@é’wnslﬂcﬁlg"é% Qb&@i/aa@resy@@ﬂnm whashghteiwts bath thar i et y of
poi nts, CeleAR@nt SHYALIEF LNl S ind0d
b1/ 28476 Bey Thob) Sharss WEs gﬁ{‘iﬁ‘?‘%‘o ﬁg§1re§ygpgmg 125 é%t%ejff&%#aﬁréal
t opogr aphyyggagﬂ@ﬁmﬂd uaados;mraemu fuestignaligr sfaBPBkisiton $0AREAGLIn P, t he
vi sible Sldééﬁ teia t%q}-lx roviding first iris (and Tpupil ) I mage data
114 repr eSERTRYTVESETH ?‘Fl"‘é‘“@ ¢ lpisprysfem dBgisel0. Many cor neal
Beginning in Figure 2A, the corneal topography system 100 gathers corneal
topographic data from a patient’s eye E. The illustrated topography system includes
Placido disk-type hardware 108 as well as a pupil or iris camera 110. These components
are known to the art, and a variety of techniques are known to produce corneal
topographic data. For example, the System 2000 by EyeSys produces corneal
topographic data, and ORBSCAN II® topography system by Bausch & Lomb/Orbtek,
Inc. of Salt Lake City, Utah, produces not only surface corneal topography, but also
overall topography for the various components of the eye. The former system is a
Placido disk based system; the latter is an automated slit lamp system. The ORBSCAN
II® system uses surface elevations and ray tracing to determine refractive errors of the
eye. The topographic system 100 typically can produce data output 112 in a variety of
formats and gathered using a variety of techniques, such as absolute corneal height at a

variety of points, corneal curvature at a variety of points, and the like.



surface topography systens have a canera that can acquire this inmage. As is
further discussed below, the canera 110 can provide the iris imge data
114 in awapi/suy of formats, such as a standard i nmage f OPEEEPOOOI3ZBS a
reduced format in which various iris or pupil artifacts are identified.
Such artifacts can include those identifiable along the edge of the
interface of the pupil and iris. The iris data 114 can be sone conbi nation

of image and rBeudpsithecbraed idhadtlg, hé cbﬂﬁealitbﬂ;cg,raiﬁh yBeRI 100 AdeichuitdtLr f ace,
10 can be a variety of

or other eye structures as, well. . The cangera | a

caner a typééoge%gﬂtéﬁngasmﬁpsgpgi%ﬁ@ Yisiglersurfack ofthe aye Eprovidingrfirstinie fands ui t abl e
to capt ur epipi® itigeSdatBOErepent BRI BLARLY ] s agguired at the
sanme tine that thge to ogrrgghye%onpongn'?éy?g?gg?@%%@?'y%@n%g?r&ﬁgr e) 108
are gat hetWisge még&aagb@fsmwhayamamm thatl cah acpfireliRisamagar Aafstfefhapoul d al so

b t . ' trated.in Figure 2A,. the t hy data 112 and th
ri o mhg s belo. 45 LN 1) lain AHous fisin Comiarang ] LomborBetod i nate.

system asformpseteltedstyded ahi@ BrmAHARS rddfed Fhisndt & @hi LR en a
determ ned t Qopography 118 and t%je iris imagre 120&?}5 na?&ftcgi%b |lﬁ§%”fv1\§

data. As of'QlFELIRES BE identifiade Sueh artifaniyeandneludel thasd identifiuble albsg ihergge 120 i s
useful for i Qi j .10 ere,,.the |aser system 106). The data
of tRd in%}fal@g oﬁhgg)g?f& Fiﬁ{l irdO%he 2 Jagai Hé can b5 Semg ﬁgglgquag%o E

114, however, is also or normal i

opht hal ni candiregpgoized ertifasd oftive s the fHPRCIhEr Gabifite, bieth¥aNE i hresgNSOr 102
al so anal yzq«‘el'f the refractive irregularities or aberrations in the eye E.
0

In the wave nt sensor 102, preferably a canera 122 is focused onto the

eye E in front Te afietAl 10 cahBRERAREY FREMES: t%&eﬁbsugn%sgrv?smgglg{lﬁo ey 124

(e.g., a focus or optical path adjdsting tu evi ce or p G05ATGdy T s ed
to change ¥ Réhespameralsuitzide to daphige thearnisliniage 102 Predarably] 36 i@aioistabguifeat i na of

h E. | i 124 b d d i d
for the 1 dutis gl MBIFBF borbRuphy retaent (EGeh SucOaehsuero MRS oo,
enbodi mentgathietiag WRMSHS@EPhySRASP, ADRuIRHBRES OIdz%EZeg xxfo%gd %9& 6L mc%gggbopt i cal

aberrations in the eye E via a |l enslet canera . I SCUSS ve, a
variety of ot Herillygiasdisdisweddeths topogparthe datayidd anfl the/sisemagd deta 114

V0 01/ 2078 RO B8 08oRaAE o RRerahs SRR G relfeser B dgap i cy st om
100, the vmegdsridht The nslationship hervedearaalptermiicd tbstRsaphRerIBah ot ifatAad30 and
ri's (and PRl Lok iBAS, 43l A, 32 Trom the
As discussed below, the iris image data 114 for the iris image 120 is useful for

aligning a surgical tool (here, the laser system 106). The data 114, however, is also

useful for normalizing data from various other ophthalmic diagnostic instruments.

Specifically, the wavefront sensor 102 also analyzes the refractive irregularities or

aberrations in the eye E. In the wavefront sensor 102, preferably a camera 122 is focused

onto the eye E in front of certain “trombone” optics 124. The trombone optics 124 (e.g.,

a focus or optical path adjusting tuning device or optics) is used to change the optical

path length and focus a laser 126 onto the retina of the eye E. The trombone optics 124

can be used to determine and compensate for the low order aberrations of the eye E, such

as defocus. In one embodiment, the wavefront sensor 102 gathers data for determining

optical aberrations in the eye E via a lenslet camera 128. As discussed above, a variety

of other wavefront sensors or other type of systems for determining refractive

ophthalmic wavefront aberrations can be employed.



pupi | canmera 122. These data establish an aberration profile 134-e.g9., a
wavefront sensor spot profile, fromwhich centroids of the spots are
determ nadoomsdat erm ni ng the wavefront aberrations of ther/Ep@/103s in
WIllianms-and an iris (and pupil) inmage 136. The iris inmage data 132 can be
simlar to the iris image data 114. The wavefront sensor data 130 and the
iris image data 132 also are normalized to each other, as illustrated by an

over | appi ng r ef As svithehé cmealkﬁﬂadenolﬁj@am@ s?éem 1100, ﬂ’l@m’dveﬁ&ﬂ s@@sog'lg@t ed when
t he aberrattﬁ%data 30, and, the image data are acquired, or can be |eft

undi | at ed.P Y BrQv §b6‘i‘a”r°§fqaé?c]t3io\i’éddlfa& ¢nd prpibeimage dnteild droantheenpl oyed
in devel op GmesP WS eTaf surge h.as LASI K.
These dat ablggln |m ncl ude C(g(r3 Eétgéétgﬁﬁh aB%Bﬁ&ﬁ orélgf%hlewgvef 2 %/W%#CW dat a,
corneal t hicakerepst ptafik, Gomovhieh cerrﬂroﬁdse)fehiﬁ smts ge détehtiged & @termiging the

ul t rasound elrs and, g pes of A refractive data

e
devel oped romo\%?etfe&i‘g g%?fnt gEve. 2yt a‘F‘F‘O‘f‘?’Pg R {is @Ak RUpib lma%m c’ﬁllle
coher ence ﬁd@niﬁl%@my 13BEdH b ar tEUWe 1818 %ﬁ@%@dat&'kii aff?e“ﬂg\fe(fx%ﬁt he s g £ O
measur e not corneal thickness, but alfso the epit ana ot her eye
surf aces, ﬁ%@ms igpge data dAdhhlse @Wp@nleﬂluzeldrto aaah aﬁhmkearlaihafmectw af l ap (for

LASI K) , 0 t he Afl hese data are
typi cal | yh%reggﬁ%g%%gﬁég&p%iaﬂ%rﬂgf/m FaBWE 26‘6\% tcﬁg%e gg}%te@w gh thear ying
resol ut i onaberrfdon éatan PO end mbm@gvdméreta@@ﬁ@amn%u@ft dddilakdgom the  corneal
t opogr aphy syst wi || have a higher resolution than the

\?m 100 gen ralaﬁ?/

wavef ront = sensof XHEF4YPRSE! 1Yex¢4t3 cancher desgrminagmng esfplepeddn deelofiingat ed
towar ds on@ureePeEhinRht fdi G EvE | 19U Aee £, 0RqgLaPhy data
112 mappi ng the surface t%pogyaf’o rg&g?stﬁé‘gg{?‘@? T\?\%{ &ao?aﬁéﬁag eta may
refl ect otWélieahtypegltaphlofdatahwamfmnEsensmodatza:&omteﬁlttaickﬁ@fs damtor eheer ror found
in the vave ront Se‘ﬂ@gi dat a. 13 g}l)ﬁge wavefront sensor 102. Further,

the refrac ergméﬁlé’é fecs- t‘ifb‘}gs CYF CAMPORINE, 9“4)‘Pth@btﬁp¢sglfr ations,

such as a Ef ¥@ile dageRelo &?f%%ﬁ&h
i nt egr at eclr |rntoea Si nglg tcr)ol OneS Sgﬁfgés Qﬁ&??\s ﬁ%e art Eéa%ﬁﬁ éognl ze that

t he t echni‘gheréncectenoaranyy teshnigees. iFov example, Waasoged capbeuedtethehsuranyd de

t fo enbo f the _invention,
Yﬁrelsg éa? a g}gé&ﬁ%rl @ﬂ %%{regr%:bfl{zs%go &'86 @ﬁi‘alo?rﬁeortgerfeé? SW%I%ES ‘?:g‘i“%?réeoéener ation
of a ref r atbimbcdmgaienEinta midaskeratdhe chtaRPUFGIINSIXA! de tdddul VR (2476

PCT/. EPOO/ltg ﬁ3 ang}el ts corresponding iris inage data 114 are nornmalized to
t he wavef ' %@ﬂg 1&(51 Jhese data are typically provide on a point-by-point basis on the

eye E, at varying resolutions. For example, the corneal topography data 112 from the

corneal topography system 100 generally will have a higher resolution than the
wavefront sensor data 130. Similarly, certain types of data are directed towards one
aspect of the eye E, such as corneal surface topography data 112 mapping the surface
topography of the eye E, while other data may reflect other aspects of the eye E, such as
total refractive error found in the wavefront sensor data 130 from the wavefront sensor
102.

Further, the refractive diagnostic tools could be of a variety of configurations,
such as a fixed, bench-type system, hand-held, or multiple systems integrated into a
single tool. One skilled in the art will recognize that the techniques according to the
invention can be implemented in a wide variety of actual physical embodiments.

In one embodime_nt of the invention, these data sets are normalized to each other

for more accurate generation of a refractive treatment. Here, the topography data 112



130 and its iris imge data 132. For exanple, these two data sets are
normalized to each other (illustrated by a di agram 140) based on
simlaritwesvzfrda he iris imge 120 and the iris imge 13BCT/EPdou®sT3at ed by
an iris image 142). As discussed above, this normalization may result from
an overlapping of the iris imges thenselves, or instead from an

adj ust nent of characteristic elenents of the iris (and pupil) inmages, as

di scussed d)ﬂlltswonlespo@ldmgmctmaglé détat N 4Fir@ Ho@nabized b the RAVEMSHI k& soLBRQdI MENt
shown in irzﬁ)u%g the aberration profile 134 is processed (e.g., via
e

fitting Z lﬁdmfﬁwﬁeﬂa@ 1345 For sxampledhess twipldaiasats asmebrinelizddntp epch

devel o r u wavefron ation
(o g conur lbuRoR o 3 d 140 2P0 AhiRuBI S aER IR HE 81 s T rmge
data 132 (iFsduage B36)(iltuseated by mhmszmgaua@) tAs @iseiRsdt bBve, tRiS nbithalFhtied €d by

an overl ap |n% g%erence f.rane ﬂfﬁc?; _Figure 2B. As discussed above, the
pupil is SUEFOMAN QYeHAPRIRS Fléma‘l!?&g%fhieﬁﬁel&l% ar instgad fram Ztﬂne i mage

data are amiQustihéfl.of BRGadBRIR efbalchtsS§iRe fsQa ﬁ%ﬂ% tu%lg%ht & c@?c%psea Rlw,for

nmore accurate generation of a refractive trea ograp f“élata 112
and its dBﬂP@ﬁp@mWﬂgusﬁi nmage data 114 are normalized to the wavefront

sensor data 13 i e dat For exanpl e, the

normal i zati on gP %rh%le%céﬁaéﬁfn i%éneﬁi ?‘l?é”f”rlg}é@"ﬁg Bythe @E%@Hnrﬁ%@édﬁ‘ldfi agram 164
based on girodessudi(tiggviofittih ZetnikeSpdlpRagialb 28 A8sddsn Wilitims MBI retpto
(|Ilustrated by an iris imge 14 I n paraII el to the discussion of Figure

2A  above.deT#laD MEyeisen ghsrativn satrshown ke A o pid wavefzont abgeationde gl contofir)t he

h whi |
bt ot o ove e SRRt fisor Bla SR TR e i BB A B 1 or

portion ofnotmethdplslo to Smh&)tlmr asdilladtiatsd Hyeammapﬁlﬁg Rifrehce faMel 600
aberratl og_.[lcon g éA*SO‘; ot 160 and the taopography when overl apped as in
h

siml ISCUSSErhab Ve, tl}?d’)ﬂpﬁés ﬁ?i?@mdﬂatﬁé whien theaberrpiioreddtat ed by
t hOSE ski 11Be@nd the 1§ﬂ3§e gith af%Va%auﬁéd BRd tre Eesddtmgarg%toﬁnﬁfz%fl Y5 ga%%h o?herrglﬁmlhgngﬁgt

or for normalization. For normalizing or superinposing
t he wavef M¥NE agdysate acmawthnatfa r@@acglvsi trehtenent. oPlogtoppdryipldedaa 11Bamhigs t he pupi |

wavef r ont ion.plo Sui tab ccount be taken of the
vari ati onsgﬁggpgp%mgéﬁlsp F‘té‘rjrdf1 ﬁre(xéorﬁla 8ihe Wé%?é?%?ﬁd%m%ﬁ on
data) or itséfiy aeige\data 13de Fof Exaghple, e RUBTATHIG Jf%ﬁers@e&h\fselnh&gétgc?@ of the
eye in orger to correlate - these data, as will be appreci ate ﬁose

skilled i SUPREMRPied) dEgam by baseden PWEP@W@O@M image A andidie drisr e
gener at ed; RegOr 34 @MthskRteli B aR EI‘?SC%%E(ﬁQ) pafitiel It E L Sioa ot %1gure 2A

above. The topography data 118 extends over a larger portion of the eye, such as over
most or all of the cornea, while the wavefront aberration plot (or data) 160 generally
extends only over the pupil or a portion of the pupil. Some correlation between the pupil
wavefront aberration contour plot 160 and the topography 118, when overlapped as in or
similar to the diagram 164, may be apparent, as will be appreciated by those skilled in
the art even if no iris image data are used for alignment or for normalization. For
normalizing or superimposing the topography and the wavefront aberration data (e.g., the
topography data 118 and the pupil wavefront aberration plot 160), suitable account may
be taken of the variations in optical path length (e.g., from the wavefront aberration data)
or refractive index (e.g., by averaging refractive indices) of the eye in order to correlate

these data, as will be appreciated by those skilled in the art.
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in Figure 2B, as illustrated in Figure 2C, a conputer programthen
generates a treatnent profile 144. This can be done, for exanple, in a

st and- al oveouzsaput er 104, a conputer connected to the | ne€r/meao/108730t her
network, or in a conputational systemthat is part of the |aser system
106, the topography system 100, the wavefront sensor 102, or other

systens. The treatnent generated could be a variety of treatnents. For
exanpl e, an i rWhgiipedata arggenemated patarding te thelplodeduanitlateden Figige 2Alodst r at ed

in the af haned, U.. S. . .Pat.ent . 5,891,132, or a variety of other
types of ?i &ngs%&gﬁf%t%demgﬁg%gﬁl\oeﬁ,ComP'ﬁtST PrBTR thelgeprgttes A HEAtBYNt 0, a

vari abl e spofilesi42e Thi ¢af ®8/d6fle, $br dxanfle, n & Etﬁﬁ@a@ﬁ@ﬁ&ﬁ?uéf)%4, a%io?nguae?ser
treatment. Regardl ess of the treatnment perfornmed, it Ts generated wth

respect tOnREREedRtthe lugmesor peer hetsiork.ive ivacoropgatdioml sesdn that sqlastofand can
be mai nt ai | {ze t tored .inis ima 142. The data fromthe
vari ous ditgg%ggwg%ofgﬁ églgg(gp%gaep&gesgm?rﬁ lgbvti? iw&v%??ﬂt SHRS 16% Or 0Lt e

t r eat nent ssysteos. Fkanpitement gededdddecolBDbd 4 eariek6f t&“@a‘t’xﬁér&@@oﬁ&@ﬁ%‘ie 392 could
be solely. usl@d to create a treatnment, or, instead, the data 112 from

corneal suff&te TEHBEH &pHSSpuldern pesformeeslipiilvstratsd in therfrsemantionedat S ve
types of rekerasiol 5!,%9ﬂ'l?fﬂ%?§tvlaﬁetyto?%kheg§ﬁpg? Sftﬁeea?ﬁq%g% g&#ﬁr{ 8%?)?#@9[@651?0' ely to

Create treatnents. Advgnt ageous aspect i ous tools
coul d be cBelidinacbut eotliritel toet vaniablygroakize, retametisie of b axbdBdinged Rk

exanple, tk [ | surface, topography system 100 returns surface
t opogr aphy alsfaér Bg DER é{e@%estsﬁggﬁr{%ﬂﬁ?e%f’e Praed; §is grnerated Blibrespedsut t he
wavef ront to stendmes 14002 18Yrdae tHei vatib@AdiRYn dshE t R0 Wit cef?lfbedr}ﬂiiﬂ{aiir%'a present in
the pupil (i.e., the wavefront sensor 102 typically only neasures

refracti véOBEPRiget o Be stsed Eglimagebdht s that are in the optical path).

Therefore, as il I ; i .a 64 i,n Figure 2B, the data 112
fromthe cornea e?ﬁ%ffg‘;cr‘gﬂle%%%’pg%%&%@lggé’ %d)eiuée(g}ﬂﬂ Hsy ng?ysamsurface
area | ar gerearizentmbres.dRdradxathphey el datad B0l feorh i WalletrohB@nbéomntdagidipyef r ont
sensor 102 igiy uaed for the central portion within the area of the pupil.
In both cdSEY UFHE 515 afmspimang ory metearhihe detpl Baffomeomsebsiefaced by a fir st

spati al negsmkd ' ' [ ' 1L i .12Q and .136. Such
a techni que@s pﬁ?%ﬂ%}?g? gg&iﬂg%lgziuéﬁ' ?@,@F{ﬂlﬁﬁ%ﬁﬁl\%mgﬁpa |%§n%er%1a$rfoégc based on
wavef ront tepitdatagad sienilatlyde usepsdelaphyred@tteamicnts edianegeousl dspedty &tegel i n

devel aped rPatrt e AR RBGe R Shabiecis Yy b oxerall emetool 10373
treatments. For example, the corneal surface topography system 100 returns surface
topography data regardless of the amount of dilation of the pupil, but the wavefront
sensor 102 may be limited by the amount of dilation present in the pupil (i.e., the
wavefront sensor 102 typically only measures refractive effects of optical elements that
are in the optical path). Therefore, as illustrated by the diagram 164 in Figure 2B, the
data 112 from the corneal surface topography system 100 is employed over a surface
area larger than the dilated pupil, while the data 130 from the wavefront sensor 102 is
used for the central portion within the area of the pupil. In both cases, the data 130 and
the data 112 can be reconciled by a first spatial normalization using their respective iris
images 120 and 136.

Such a technique is illustrated in Figure 3, in which ablation profiles based on
wavefront data and surface topography data are combined. Illustrated in Figure 3 first is

a surface topography based ablation profile 162 developed from surface topography data.
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This data is valid even outside of the pupil, illustrated as a pupil

di aneter 160. To conpare, a wavefront based abl ation profile 164 devel oped
fromwavevoonmssttata is generally only valid within the aperRERf/IIB pupi |

di anmeter 160. So, the two are illustrated as a conbined ablation profile
166 by using the wavefront based ablation profile 164 wthin the pupil

di aneter 160 and using the surface topography based ablation profile 162
out si de of Thihdatpuspvaliddivemsttside b €he gupilf iMlustraxbas gupileisheebl6d.iTh profile

is first calculated &r o&%hdgﬂﬁorresp&gdi n% data before the profiles are
combi ned. HEFS A YAHPR PRSP Arolale 14 O walgpeddram mavelrent dastisr ed dat a

before an kally @81 IvhiBhit : ion-
t opogr ap hyg’ésﬂyst Zr_n; ngljlgE Vgglu!tl E%%éfs%ﬂém;éﬁ‘ﬁﬂ‘?%@%gg%og rE%OS\kél?/et %@&rg%ﬁ%ggﬁeij abl e

f r om Bausc3 agonbigsd@blsttior proafile 16 by usisp ¢ waefronsithsed dslgbaisrofitecréqused wi t h

t he wavefr . NS Qk;. .. Howev t her topograph systens, . such as,curvature
based syst‘g{r?r@,ﬁlier Upy diam greffiﬂa %Hfsir}geth?)?‘gg’th E%%Sfapgﬁbgsefiﬁxl?gﬁt)i’ gfetile ot ner
types of spetcumidd dfahe pifRl diagbiel 160 CInUER elhable CRHIB ABIARYS }%ﬁﬂ‘ﬁe ﬁLf%E't as
described in U S Patent Nos. 5,159,361 and 4, 995, 716. e ORBSCAN |1 (r)

t opogr aphycaspatedirem the eqrespending databefoieche profigas,are opobined hPthesy st em t hat

si mul t aneqgy of th rnea as well as the front of
the | ens. and oS oA SRt U ARE ear bl GO BRGis R fnn Bhaghe ent

el evat i on,was qatdulatat i Elevationsbasddunpographyosyeems Audhitds! th€ ORBST A NaI® of
pachynetry is al.so derive, b@%&n he neasured surfaces of the cornea.

Rayt r aced tggqgr@hy R ”_l§‘éh ﬁsléﬂnl?/@rbtﬁléé@?-taéﬁ espediellyi sual ef f ect
of the varidomsaghé Gatn CRARAREME SvalbtbitReddE ggwgﬁéra‘?p%ﬁé%%%? egnent .

ORBSCAN 11 (r) topography neasurenents are base ections
rat her thahistspecyriaas eusfdtercttiasstssystemspare alse @bgfubiiattipe pratiie fulik anentien.ght

rather th (fac urvat ure. . 0of a.specularly reflected inage froma
pl aci do o@ggﬁgPesrong sg%rf]f’ %ng,xl@gﬁie%fudﬁgg@&p@ewﬁg@é Su¢y eé%ﬁpegénused in
conbi nat i ANSWPAtEntNRRSSIN SITBEL ardf 4,995 fse  reflections as will be apparent to

those skilled in the art. For illustrative descriptions of the
el evat i on- based e EHESHAAN HPtypagsgrbysagem isy slitesepn elerationdaséhtepuigragbs .

5,512, 965 ale} : i . Qok...Data fromthe SCAN I'1(r)
system can y%e t@%?%&“&%@?@/‘g% zgsggerrsﬂ%ggl sﬁ“?ﬁ‘% PR ?%ﬂeeaoasi%%lgasttﬁ!g%%&al I
refracti vehalebaarfd iom Edeh meavetd ontfacesan 5o ﬁisp1|aged & mimorResatibh,e for data
fromthe M%Ef ront sensor to be used to "calibrate" data in the topography

system BATHITEEOT CROVARNRPT RATIELS reogeat mRp 85 Pachume i ipdlpo derpved from

the measured surfaces of the cornea. Raytraced optical computations can be used to
ascertain the visual effect of the various optical components within the ocular anterior
segment. ORBSCAN II® topography measurements are based on diffuse reflections
rather than specular reflections, to precisely detect the surface height rather than surface
curvature. Use of a specularly reflected image from a placido or other reflective target to
measure surface slope can be used in combination with measurement of diffuse
reflections as will be apparent to those skilled in the art. For illustrative descriptions of
the elevation-based, ORBSCAN II® topography system, see U.S. Patent Nos. 5,512,965
and 5,512,966 by Richard K. Snook. Data from the ORBSCAN II® system can be
accurately and seamlessly transitioned into the overall refractive data from the wavefront
Sensor.

It is also possible for data from the wavefront sensor to be used to “calibrate”

data in the topography system. Because the wavefront sensor describes the overall
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WD 01/ 28476 PCT/ EPOO/ 10373 refractive error in the eye, it can allow the
software for the topography systemto correlate a surface topography at
any partiwobaes4poi nt with an overall refractive error (deCEPERIOI@E73DY a
wavefront sensor) associated with those points. Thus calibrated, the

t opography system data can then be used to create an overall refractive
error profile. As another exanple, the data fromvarious diagnostic tools
can be comdfrasgdle ewor iprtim/éydeit am allkey el softeded foofhettbgogagthycabtemitenent s i n t he

eye. For instance corneal. surface topography system coul.d provide
surface dﬁ?ﬁ?lag‘?r‘? %F@?%@Bﬂgréplyﬁtaﬁﬁ?%}l P%Pbg’i%én @ﬁ?rﬁ]éé‘?f“icﬂi"%%ﬁ%rss dat a,

and a wav @(ﬂd’té}ﬁﬁn&ﬂ@s@ﬁ/a\%fwn%a@ﬂé@ b AN tho§ pAR! "fﬁhs %i%?itid? . By

"subtracting out" the effects of "the surface data and the thickness data,
optical elenography sysiem dhta cewthen e tuberstocaientdhan avadall efracsveggrartpeofilar i ous set's

of data. Turni Tur.ni n 0 Figure 4.. a cross-.sectionagl viewis shown of
the eye E inc%%&%ﬁ%’egexcaomrpgeé;heéfgﬁg t 3mlV@ﬁlguﬁg%gnoéﬁa?oa?ﬁsr%ap%afo §1€fRe cor nea
450 i ncl ugas/ide andveed] model bajheroptics idiness @Rhdé &) IRoMidbiAc@nttosidapm 454.
These various conmponents, particularly the cornea 450 and the | ens 456,

conbi ne t 8uHReriPRARAARY SHIteM CRFld peeYidesurfasp drigatn uipawmic wismacquld ract i ve
charact er g?&di& dheal ﬁ&%k%&es data, Ghd'¥ WQ% cSHct sér?s%ll &uld @l%g(iiieco%% i r?ﬂ cei'vte:O
(e. 13 ncluding, B ot

refractiv g., wavefront aberration) errors, | n limted
to, irregubadity.i By “subttattéengoont’heba efifobls of thersutfhe: daensnditheé thieta@dsd dea,di st ance

e.g., in _the sense of a defocusing . aberratjon) fromthe cornea 450 and
I(eng 456 PB“‘E%S&?P&SW&S%@%‘?OW% U3 £4 IP%‘%"@‘HJ ‘i‘ﬁﬁ‘zﬁhﬁdﬁ"é"% sgisefdateat i ons

i ndi cating var Tamfing PREnAE (IFRAROS  GosstRBfichaP@elyi§ AN ¥f delbjed to
anal yze refractive and other characteristics of particular portions of the

eye E. Thénsdudiemi soroemd 8k avendd56, dnflarretina 438 ébhegformtatdd0fimeludts fafreundet
portions conponent s .of ..t h e, E. For l e,.ultrasoni ¢ techni ques 460
can typi §g}a]y§, dselltcglaﬁ?%@ellﬁlg%lsﬁégﬁE%%‘B%éség?ﬂ{éﬁeev%ﬁuf ﬁ%’PP?ﬁﬁnﬁ%Z and the
stroma 45g4artishliaflh theWodadB0tahe teMensd 36, Ehhbiib &S for@fantdVerafiaeRedive50. There
are a variety of ultrasonic techniques that can be used, including a

pachynet e fopél§a%9wera§lda@ refradive gheragtenatiq fioe theiaye B A sumpenafifactps cas, 293, 871,
o o0 SPHTLEEL big B3 bt BB DR, GRS A BB o33,
t ypi cal | yirprgularities anttle aoraby %) adnnigalens 436, faad ehetdipagedply in thepegseaphy
Syotem,  SlEn.a%, WS, SRSHOTIV B CBek fad e, S1S1.EM2000 by Evesys.
surface of the Agy iliitdtddith $3ur0 atd WSt eRidRilg various types of diagnostic

tools particularly suited to analyze refrac;tive and other characteristics of particular

portions of the eye E. These tools can provide different types of data for different

portions or components of the eye E. For example, ultrasonic techniques 460 can

typically determine the thicknesses of the epithelium 452 and the stroma 454, which

provide the overall thickness of the cornea 450. There are a variety of ultrasonic

techniques that can be used, including a pachymeter as well as a technique described in

U. S. Patent No. 5,293,871, entitled “System for Ultrasonically Determining Corneal

Layer Thickness and Shape,” issued March 15, 1994.

Corneal surface topography systems 462 typically provide and analyze corneal

surface topography. Topography systems, such as the ORBSHOT™ by Orbtek and the

System 2000 by EyeSys, typically exhibit a very high resolution, but are restricted to the

surface of the epithelium 452 of the cornea 450.
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13 WO 01/ 28476 PCT/ EPO0O/ 10373 A conbined refractive diagnostic tool 464,
such as the ORBSCAN |1 (r) topography system by O btek, typically determ nes
and anal ye@si1/z84v@ri ety of thicknesses and surfaces w thiCt/BRo0w&73 Thi s
can include the thickness of the cornea 450, the surface topography of the
cornea 450, the surface of the lens 456, the distance fromthe lens 456 to
the cornea 450, and the distance fromthese front optics of the eye to the

retina 458. Fi nkbmbined réfiagtivedidgnastivayst 6o duck 89geORBSECARIII®@t ed by 466,
such as the $)revi ously ~described wavefront sensor 102 or the wavefront

sensor i n OPPFRRIESYSiSIRY Gebseky stpacadly deferimingy andipnalyzes p yeti¢ty of Hhdkneases ons  of
the eye, Q‘@Hrfgées%t}ﬁrpﬁn%re?é.e?w\é@%? Ir{cﬁﬁltre R BldidnSss og%aé[ ci%kne%?éﬁgr &Q%gﬁ?gﬁeﬂ]gom

sensor techni ques are enpirical 1 n na e-concerned w act

t he wavef rtopegraphyl dfghe cand¢ast0athetsarfhdecofaielenh aso, wasdis@hidecfeda the leasm e
retina 458 rather %an V\{iht .the E%h si cal_characteristics of any particular
optical cdRfp¥netReas10, andethe distapce famdhesefgont QRlics of shesyge dheetinhda®ed on t he

treat ment generghgf, iftfiguleyPhGavENHon@endPUiIaGrdd By £, T5hlas o vf%ﬁslg or

series of shots, a’seriés of scanned slits at vari’ous apertur sl ze
vari ety ofdeserihed wayplrentotngor d62 aethe wavefrpntcensbe th Wolliams parovidesitiata ohype of

| aser sy . The cqurse of treatnent, illustrated by a profile 146,
is itsel fs%%g%ei]rglﬁe;racg\éef %)regﬁg%r& ()tf(shed%ﬁegglfl‘gl ‘?Seaﬁ’rag’ggﬁtfs Wg"‘v%/fﬁ@tipfci’é]ei mage.’

The data Xd@apghs. MHeoudvfrdRt RAsdri@URiquel arkRepifidabid Aat@bl codcdth&hwifnt r ast
representation in black and white of the iris, a location representation

of vari ousShAReigFizingshe wavaffonepllighy extgrnal focthe ayethabyas 1e8ested Somrthe tativea, or
a varietysaf I i Lhedris,. eral . the a 148
Fepr asent Praerin WRRURAARARL! RNk Spre P SRR tormbtia Bl

treat nent theléyeld be aligned with the actual iris of the eye E when the eye

Eisto betre d by the | aser tem 106. The | aser system 106 is then
| oaded with thgie&?%lé‘éﬁ%ﬂf‘ %’?’&Pﬁi‘i asrd Qe geptment gengraied B4, tymicallyemt 146

and the i rdofirsd @t gediftent, ReEhek i sBed & shbQY SerzCof §J&ﬁnéda§lﬁﬁr atSMEb&M ﬁgpﬁ can be
193 and W |

of a variety of types, such as a nanonet er exciner |aser,
t ypi cal | y sizgs| andevagielyad othet Bes aftredtmentgispysetided b2 particglar typesilises of

optical c swused to.direct ILight omt er. 1 to the eye E),
a camera %g%&%g% a NE SRS PT LSplpent, lufgtéz?te‘;gﬁ' B\qul}ﬁ?)igéﬂs 1158 'Sﬁ@“fﬁiy ref erence
beam (not refarsnogd foydak-LEA8 ¥preSertdfi ehd inis imAgY. Ut dae1 44 ddhint Rld BSH indR@. The
aimng beam for instance, a | aser beam can be nonitored by the canera

154, whi ci9f the il ifselhia hghhepnitastrapreseneasion ia blagk and white ef the és, adocation
representation of various natural or artificially made features of the iris or cornea, or a
variety of other representations of the iris. In general, the data 148 representation of the
iris should be suitable to allow the course of treatment 146 to be aligned with the actual
iris of the eye E when the eye E is to be treated by the laser system 106.

The laser system 106 is then loaded with the treatment profile, including the
course of treatment 146 and the iris data 148. Referring to Figure 2C, the laser system
106 can be of a variety of types, such as a 193 nanometer excimer laser, and will
typically include a laser 150, an aiming system 152 (e.g., a series of optical components
used to direct light from the laser 150 to the eye E), a camera 154, and a control system
156. A lower power aiming or reference beam (not shown) typically is used in
conjunction with the laser 150. The aiming beam, for instance, a laser beam, can be
monitored by the camera 154, which is typically an infrared camera, and can be used to

aim the laser 150 as described in U.S. Patent No. 5,620,436, entitled “Method and

14



aimthe | aser 150 as described in U S. Patent No. 5,620,436, entitled

"Met hod and 14 WO 01/28476 PCT/ EPO0/ 10373 Apparatus for Providing Precise
Locati onvod o?zH4mé s on t he Eye," issued April 15, 1997 [ PeTT/EP@31087B287,

publ i shed Cctober 19, 1995]. In operation, the canera 154 provi des an i nmge
of the iris | (see Figure 2C) of the eye E to the control system 156,

whi ch controls the aimng system 152. The image of the iris | actually
provi ded Appathmsdockroeididgarecisssdadon b0Boing anaip &Eyed idsaoed April 15,499t a 148

associ at e 1 urse.of treat 46. The aimof the |aser head 150
is then &%8&62 _ hPPﬁE‘Pe‘E Qgtq Fi £593§9 *148 is co-aligned essentially
with the i Wﬁgehpépe!ritio‘ﬁ, the clﬁifn@fé' S@%r@éidés% iﬁ?aﬁ@BPth%%s % EE(Q)% Eieggﬁe'“z@)rﬁf%é

transl ati on, rotatlion, scall ng, S. ew, or a varl ety 0} )
t r ansf or neyd Bemthefcaneeli systsm IPhewhichgehtzols the aimitg systespi2i dhetimageef iri s

i mage datg 148 necessary. t ign.it wth the jris | is simlarl erfornmed
on the. colFee bRt HERE ol SRatmer Bhira B oS porap e ishe Hsgd

t reat ment 148R6cihted withaROLORSE ofaRfatBER Q86 Thé SinfoC@b I:56r ifad 156 &f thEnt
necessary to reduce the optical effects as predicted in the treatnent

gener at i ofdjastad suchdhaydheirisidatanlé8dnen-alignsel esyeatielbewith thegmage ef fisdan be
al tered, E{ovﬁd}ﬂ by szmér ?54.I ?1%? E'g‘?éﬁﬁﬁgﬁr}s@zﬁioﬂr rott{lf‘otnr Qctaﬁﬁé,%ﬂg\b (?rlal gnnent  of

. t
the patie I nstead can be al tered. gardliess o he net’hodol ogy, the
i ri s dat avdrdfly af ethersteahsfaymatiomgih fne8ons: i Bheltradneladoethahi appliekto meiris146 i s
e can henefjt fraomthe disclosed

applied. Various pes of eye surgery

Foohni quedmegsrdai ¥ negessamb AL | 911 B 1o NGHlschyPeREEIGS on e cayiss obr
LASI K proggsitest £ siR® (RATHOLIRRMABburdel Jf HealnRE Gien: @ aB]%lEer', %h&%oﬂd%e
cornea and then applying | aser treatnent underneath. Further, th

t echni quet» zeoursecofdreatioens obaessry t rodinerthe optivak effecteatmegicted petheof
treat nent gre ts%gh as gxci ggr kerat ot omy, or various types of thernal
appr oache T ?%@F?’PP\} ‘correction. These courses of treatnent can be

accurately al i gnedatwiof thelddgrst bf featdibnt 16 iRYE cal HE Altdrb@lor taimalfend at ed
treatnment pattern is provided nore precisely to theoretically optinal

posi t i onslaseymaempliferrithasrofqtionalialigningas afghe pasient ingtearhean beslistddat ed with
ot < REARURSLb i Ayl GRS e GOSN MhB L) e 1
of the eyaeammgnr Bitat apsliadghtly within the eye socket conpared to when the
patient is in ealtlgt(l:sl tiygei:sn(%r eg(e) gtilrtgé:r?/nchn ierrlgf{t Irolxﬁl fhetdri]seclosed techniques. PRK can

be applied to the external surface of the eye, or a LASIK procedure can be performed by

first resecting a portion of the cornea and then applying laser treatment underneath.

Further, the techniques can lend themselves to other, non-keratectomy-types of

treatments, such as excimer keratotomy, or various types of thermal approaches to

refractive correction. These courses of treatment can be accurately aligned with the iris

of the eye, such that the calculated treatment pattern is provided more precisely to

theoretically optimal positions.

Other benefits flow from using the iris data associated with both the diagnostic

and the treatment data. For example, when a patient is in an upright position for

diagnostic evaluation, sometimes the position of the eye may rotate slightly within the

eye socket compared to when the patient is in a reclining position. Similarly, the

patient’s head alignment can affect eye rotation even when the body stays in the same

position. Although the patient’s brain can compensate for a slight amount of such
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patient's head alignnent can affect eye rotation even when the body stays
in the sanme position. Although the patient's brain can conpensate for a
sl i ght anomnt/2safe such 15 WO 01/ 28476 PCT/ EPOO/ 10373 r ot apdDRPOOIIN3E hi ghl y
preci se correction treatnment pattern for higher order defects, the change
in the rotational alignnent literally can rotate the eye out of position
Wth respect to the treatnent, causing a faulty treatnent to be applied to

the eye. Thatiefifirathight prdsh carredtion alehgiivie E&ttetny RirGagteY oftfe® dfebts ph@NoOUNced
for fairly basi.c courses of treatment, such as nyopia and hyperopia, and

even for £hangedp tlﬂ"r’é’é&‘ﬁ%ﬁ‘té“@f‘mﬁgftlﬁtﬁﬁﬂb’ camfoyathagyepuhppesitionoyideresprst ect s,
such as i rp edAfmaR! éa@%%&sfﬁﬂltc}gﬁr@a%rﬁerrtqghg W{}g b B d 'e.k%‘he%:ﬁgct? gh&lch s of
nt can be | ost pre g

the highly precise treat ess I'se a fient ®ict h t he
opti mal spatsalagnment eyatoadytrepes ptanonnded fobfairiynedicaoviirsaBbNiredtment, sddhas

t echni ques_accordj,ng to.the invcrafnti on can reduge such I oss of alignnent.
Wth res péB¥°PE%a‘{dr}l§%FﬂPéa’ ARS EYRNHGT & Ao |egimmamn of astigaatismebyt gyithelighest

t echni quesorgaitiefelB, SI¥R1aOVechul R labiiBhatidd, ?&ré}@nﬁl&abr%ci]fﬁggﬁé, @t _?%&%ﬁ éljetg or

digital representations of various features of eirrs. ese Bini ques
have been lighly pipeise iraatmeabenni hei lost unless presisb akguineny withithe optimgalesphgdt ur es of

an iris, .S, P nt No., 5.572,596 to W.des, et al., issued
Novenber g}é%%eg’g P (!)Jseltﬁ hY ?)tg%me&ftng r%gfl%ta{neiloﬁh‘? feehuAvSs epprdingde dininyensionsy st em
and Met hocdati relnsé greadods@f BAynendar nof f Research Center, Inc. of Princeton,
New Jer sey, ar%g, U.S. Patent No. 4,641,349 to Flom et al., issued February
3, 1987, enti t |"eih raspecs to e ddymrichig agg aligrmentpiself, aovarigh efffechnéques can

i ncor por at f YIS o T 1= Y j Fet ornmer. of these
pat ent s diveeaioysl GERRind Rl e oh s SRR prelotfad i TP barfoust " hese
pat ent s difeaturss ebthe firés. VEesoteshdigedsunes bédnadmplayedie retdgdition sydibeisiBAged mat ch
and identi fﬁgan A rits, andfal SO dicﬁ]gaus@gs that a control mechani smcan be
used to adist PR eHBESOT 8R 1% St Y-PsPaent e veo 2o ke Waldesred aly n an
enbodi nentissgéd NBeert@SENIo6, BRI ‘O NGBV ad; i ddh sLapgl |y can
be used to aimthe | aser system lggl.tor%?t?néll\g% %R/a%%éﬂﬁ %&?gﬁggmm@wl, 560
t o Daugmand Medhasy’ avsigaed b, Dadd Samatf Rasearch EdnteBilnrref Princetfte Nesnkisey,

et 11 34O PRRERORSEEI O S, A1 HSI e e R bl FR

of Mount “Laur'el’,” New J&rsey, eininits

entirety, Redsgrion SydtehgUs6@softwiach aBinc@dporhtcd 8¢ kd¥eicAte hdbia\h dRsk by the
iris. The Eattern mat ching and feature matching techni ques of these

patents af tlr@fyh&}\ﬁifg’ér_’q{rﬁ% 195¢ Batenis dispyssey wwakings irefpden. fapd tranglatipmiget  pur poses
rather tnafes bf iedd pardntedildukies #hd PRy FRRRESthat can be used to uniquely match

and identify an iris, and also discusses that a control mechanism can be used to adjust the
position of the iris relative to the camera. In an embodiment of the present invention, a
similar technique additionally can be used to aim the laser system 106. Similarly, U.S.
Patent No. 5,291,560 to Daugman, issued March 1, 1994 and entitled “Biometric
Personal Identification System Based on Iris Analysis,” assigned to Iri Scan, Inc. of
Mount Laurel, New Jersey, also incorporated by reference herein in its entirety, further
discusses the “optical fingerprint” provided by the iris. The pattern matching and feature
matching techniques of these patents and otherwise known to the art are employed for
alignment purposes rather than strictly identification purposes.

Alternatively, or in addition, the camera 154 of the laser system 106 can receive
an image of the iris I which is then displayed on a screen. The iris image data 148 can

then be superimposed to allow the physician, technician, or other healthcare worker to
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Alternatively, or in addition, the canmera 154 of the | aser system 106 can
receive an image of the iris | which is then displayed on a screen. The
iris i myeodutsa7dl48 can then be superinposed to all ow t heCpRp&Vi®3EN,
techni cian, or other healthcare worker to 16 WO 01/28476 PCT/ EPOO/ 10373
manual |y aimor adjust the |laser system 106, or to manually verify the aim
of the system 106. Referring to Figure 5 the iris | of the eye Eis

i |l ustrat egniallynmeorddjuat the lashiosyisteqn 10w mamanualily aerifyethe aineof hasysiem

enpl oyed 38é mat ching the patient's eye E for treatnment wth his or her
previ ousl tored iris | image. For exanple, a set of points 200, defining

general |y circRefrih£@EIp@e 53thehrifbol@b |egé Bli{ BRistr&edin@oRiRtQl Sbwis
descriptors, as can conéentric furrows 202 or radial furrows 204. %Iher

features hawarisylaséatureycanrhe emploxadLpr yna@nggrthtbwlqnhs e¥reE dprgveatpestter enced
U.S. Pat egl o or%eﬁékv\?‘(ﬂl%w ds?orai ﬁmhﬁ‘ﬁ ﬂ&%hakﬂfiee agé%%p ﬁsﬂﬂ)t ?ﬁ fifihy PL S

atrophi c areas, € papil can

be used i generally afm:tutdmfenaguraswmlab coll@atteexwmﬂe&mlﬂ@eal as evsceiptors, ek eaence poi nt
fromwhich iris, featur then g i ne the rot(aftlonal position of the eye.

Fewer or §PesREic fraaws O%réﬂ‘a r’é’r’f‘ﬁl%e(ﬁ) ¢rdpatuses Hstt ean brayssd @feng on t he
conpl exi t ?erﬁ:frall Y R crhibeRah @We’ﬂbob@ rdtEreARR U(SdPatlsﬁt N@QL 641875918 B qrh Swhich

rotationally symmetrical, such as a treatnment for pufe nyopia or

hyper opi a;ncmleailgrm:talsmtsmlas atrephic iagasftumorsc embamgemce filswents he cent er

poi nt canbe. | t ed th respect .to the pupi But with greater conplexity
of treat rg’r’rﬁ}eé’u(? - h Pﬁﬂsei%éﬁt‘?ﬁl@@tcggﬁ B hn{ﬂr(?i}%taplf’oz?s P& preci se

regi strat rgerefide pdigt fr@M Shichieh daturky m@ﬁ aefite th&rdtafidtal posglioh ofahé byd. ci al
features can be i nposed upon the eye E, for location, including in the

iris areaFewerorgeaterfeatures kareke ¢raployednionexample, Bepeadisatoadhosomplpgitege E i f

the 1 or mirierkSs BEEMlATlAhE cbalfeh O i IBIASH et Rlen AT Vo g

provi de  iredtatentfor phreahyiia 6i0iypeiopin, adtatidifahosplatdmxnt & oftridecoayerupnidepso t o and
during surgery. Various marker shapes are al sQ envi sioned. As shown, for

exanpl e, 5 gEN§nPRInbgan belgepted with &@Pféﬁm e Rvatly Sus with greatasicamplesity @6 eye
movenent gapgnfahi %U?@H%taﬁ'&f Ratufel ca1§ BQ%PIJy% %rEEﬁ'&@ 8%%CQ%§}£%H of 1t -

scleral boundary or alternatively, a gfay-scal termned f r om an
iris recogyd Elbofmrqz)tragmam sﬂlmmnmelyhamﬁpratbﬁaadech ¢ap beSmpssedoiponitiee eye E,
I nstrumenhs,1 T% ﬁl&ge Fﬂ kers 29}15 hﬁve a I’OXI mal t‘?ﬂe{%:;qment
201" bogi AGTEPOURITTRE: DbuHoRhmr e are: T5re NG TByE Bodhare
segnment  the eye E if the treatment is to occur before the laser marks would heal. A marker in the
form of thermal marks made, for example, with a Holmium laser would provide
information about rotation and translation of the eye prior to and during surgery.
Various marker shapes are also envisioned. As shown, for example, in Figure 5A,
radially extending markers 201 could provide eye movement and alignment data. As
shown, reference 203 denotes, e.g., a scleral boundary or alternatively, a gray-scale
profile determined from an iris recognition program such as that provided by
Sensomotoric Instruments, Teltow (Germany). The markers 201 have a proximal
segment 201' beginning around the approximate center of the eye E and a distal segment
201" that deviates from being collinear with segment 201'. It can be seen that radial
marker 201 traverses the boundary 203. It will be appreciated also that a marker should

have sufficient range to be seen during the refractive procedure; i.e., after the flap is

lifted in a LASIK procedure, for example. Alternatively, the marker could consist of a

17



201" that deviates frombeing collinear with segnent 201'. It can be seen

that radial marker 201 traverses the boundary 203. It wll be appreciated
al so t hawa@onmaker should have sufficient range to be seear/d@peov10g73t he
refractive procedure; i.e., after the flap is Ilifted in a LASIK procedure,

for exanple. Alternatively, the marker could consist of a 17 WD 01/ 28476
PCT/ EPOO/ 10373 suitable dye, particularly one visible or detectable in

i nf ra- r ed shitapie dtep pdreicwlagbyvenk Yiyibinor derdctabler iadnfearsellight Thiee dyeedbubd f urt her
be used as

tattoo by e.g., ¢ | atin he dye ~after appljcation or
coagul at i MY ¢ Cavsfaaﬁ%*eéigﬁfg%‘?lﬁggﬁerﬁ]s “g?ﬂt'?srﬁééﬁo%@f £-§g&prEuating|thg dyq ner, a
conbi nat | anefpoflVioRH SRR 8 #sarROBbAiRe: KSGink NG BeVepr dye- based

mar ket shoul d be vi si bl e/det ectable f e refractive
pr ocedur e further gagpmbinagios of dyhandospecial gleedéduid belusetthSuctaa Hpe orsdyetibaded emai n

vi si bl e/ det ect abl or. | east .1 1 nut es eferably u 0 hour,
after its e%itisﬁ%}ﬁ‘ii B%Ym%ﬁ/ ge%?czab&%gorttgé Lyrauer %ﬁ?‘ﬁ@e?faﬁ%\‘(é/prﬁg?ii‘f‘?'gﬁ @ tuces
ocul ar abeyheas the Eupmﬂ dsldfell] Gk aidirkdrisABU1E RaHAIA vRANS/dEteEtabIB €ordit I&ki £31- | nduced
aberration to subside. Then, the diagnostic steps can be taken and the

t r eat ment MHBREDREderaBlyyp to Ae hews abier itsppplieasion. dihisdp dulwrthe fipding thedr t i ons of
t he vi si bl ; C . t he, t.ris 1. Ln all
of these ¢aapul inEEs Bk BoRiGr AR oW feitiiihe B8R drl! B Fistibhdnducg) ¢
enpl oyed hberrategits sutaide o Thig tthediagididc Siepgoansiel tekay:sidens tréhmentefoiboped

treatnment, and the actual treatnent as applied to the eye E. Turning to
Figure 6, S%{‘r‘?‘S‘iﬁéf?%{dj Hgtﬁ%ﬂ&hgr dpnitying Poseons e ey isiblgesugfacs ¢fdhe eye @8t nent

based upope (g | ﬁ@*gﬁorﬁfthéf 18 1261 Mpbe éhééesteéhre‘gﬁ,ge%gfegt%ﬁmé Vidlle 'r?gﬁﬁ{n gystem

106 are illustrated. Referring again to Fi ' e treatrnent generated
144 is pr thd ejed @rs emplayed faraegisiramnrbenvespahd dingnakdé systam,abaitievelddedg t he

| aser system 106. e asspci ate reference iris imge data 148 fromthe
di agnost i ireiltg&ng apggﬁsagélaf_eag@? r‘?staﬂ_gll cf@é]?e_h%yﬁths‘ pattern 146 with the
patient's eye Eurnlf€to Fikre i6Mogfoud Q8jubSnddisanhit@d bBYnddBeo MleRiebirgamera 154 of
the | aser system 106 and provided to the control system 156. The contr ol

system 19eatawapbased updiethe fragge of Algs acival imel abasesivgst tyrthe drset sys@nt F¥m t hat

i mge, to i LSy i ri , varijety .of

scal ng 1 ascfiidstet SRARne Bhfe PRRER RS dCE-SOMRYREAR e tehissldat .
may be deteesitadacbatnas paktedn 146 eoreuatallihg shedesepbysidie 106t Thd assbéinedi mage 206,
that the treatnent .should be reduced in scal e because of different focal

di st ancesr?fF‘fef’?Femai“%%ﬁﬁﬁq E48tf6?fpéhelf@)‘6g'%ﬂsui§?1§ﬁd‘3§%t€ align ghe Esptmeth 106. So a
§E2L! g Zgg[ysr% 146 g{itg;ﬂllrln@%ag%m?ﬂg%ea@p'lfhggis iMlaBt 904'8 pRovidd §iFthk HEAH BRRLra210-
. 154 of the laser system 106 and provided to the control system 156. The control system
156 compares the image 148, or the descriptors derived from that image, to the iris image
206. Based on the comparison, a variety of scaling functions is applied to the desired
treatment 146. For example, it may be determined, based on the overall size of the actual
iris image 206, that the treatment should be reduced in scale because of different focal
distances of the diagnostic tools 100 or 102 and the laser system 106. So a scaling 208 is
calculated and applied, yielding a scaled treatment 210. Then, it may be determined that
the now scaled, desired treatment 210 must both be translated and rotated, as indicated
by a translation and rotation function 212. This in turn is applied to the scaled desired

treatment 210, yielding the actual treatment 214. These data are then used by the laser

system 106 to perform an actual treatment.
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t he now scal ed, desired treatnent 210 nust both be translated and rotated,
as indicated by a translation and rotation function 212. This in turn is
appl i ed moovtim4mcal ed desired treatnent 210, yiel di ng t heCEEPMAL3Tr eat nent
214. These data are then used by the |aser system 106 to perform an actual
treatnment. 18 WO 01/28476 PCT/EPOO/ 10373 Alternatively, if the control
system 156 has great enough conputational power, it is possible for each
shot (i.e., | askernpinedy)if the cherdppstapritahed greatainatigldcanphtbticabpavedit Thi s
may be desirable_if the eye di spl ays,a | arge degree of dynani tation
T overBROS G gt st eedisiE RIS e be aRBmBREC > B A SenRlst ise Hog
can be trackediandbicifihe $5E diPIdydA0ins0 B8ere08f dfmAd AothtdnpliAbRehehn Fi gure
6 applied d%nam’ cally tg gach(ﬂ%pe}}(é:i f%ﬂg .s%fot or’° sequence Ilof shots in the
desired tdwmgthatregimentefor ex4®plel Themitke mwrimegs 28thean beovaskehandothet he eye E
can be accopnogdat ed t - by- t. This_technigue.can be ..conbined with the
i ng | aSEPE BeRfT 0 gnd £l st rSB R R PP B st o
each shot sik os@ghéiee Of sisOInSthé Bésiet @athent PRtekd 1456.1 HBEHR effet, shedet er m ned
before the shot or shots are applied. Therefore, in enbodinents of the

i nvent i onmoggipend pf theeye Feqap beraceninayednsed shot-byrshoty ki techmanerantbiet ted with a
canera or i r t N i f i iris, or
ot her dis Oﬁgﬁédv%@%araé%p%lﬁ%g ?et:étgﬁlgﬁe ?ﬂ%éexg e?@é?égﬁcth ﬁgﬁetllgleee}g?g exports
dat a cor r glagemmaht 0fjedch shdnadr sem@gd shalth esativehe theairis @hiigec2(06vie detemaina®nt , such
as an excjner laser treatnent used in LASIK, is performed, the stored

i mage (_orb‘?f.?@.tﬁ‘? ghat peghafseare @ rfnents) is conpared to the actual imge of
the pupil, i r'?her%r@Yr?fﬁlgocg}n'eﬁk@ of IR ih@REbn, a2y R ablALyOFRidehedicment wil |
fall precisely as calculated. In an exenplary”enbodi nént of the invention,
a net hod wmftreyentatangrenfined withla carhers @c beéer imegenthal acqascan leageas thfeol | ows. A
mar ker is _provided in a sel.ected, region. of .the patient's eye. Various
markor ¢S teriEe. o 4ps SRHESpE cpRRaati ot terdion S e %€ 2R pifrn an
include, Bith cat@pbiing td MhtiGfdgé. OThdnh @hBRh kéfrdcad GestmBs, ksch dsadieatinidrr ki ngs,
and dye markers. A first inmage of the patient's eye is acquired with the
pupi | ~ undlapesttesdtmeanhusedtin d-ASHRg s ferfermeik gheatorpdigegedor itp ABLAGVE and t he

mar ker. P . i i -l nfra: i e i i n

ot o et SRS shlfaleT gl B i op el RO A B B eleP T

t he mar kesuchithdt thexeeasedtadillyfaly peciiele asogtwiatedet ectable in infra-red |ight.

The pupil is then dilated by |ight ) . .
In an exemplary embodiment of the invention, a method of eye alignment and

characterization is described as follows.

A marker is provided in a selected region of the patient’s eye. Various marker
types and shapes are described elsewhere in the description and include, but are not
limited to, thermally induced marks, radial markings, and dye markers. A first image of
the patient’s eye is acquired with the pupil undilated, thus the image includes an image of
the iris and the marker. Preferably, the image is an infra-red image acquired with an
infra-red camera, however, a visible light image is also suitable. Thus, the marker will
be suitably visible and/or detectable in infra-red light. The pupil is then dilated by light
intensity variation or chemically, and a second image of the eye, including the dilated
pupil and marker is acquired. A diagnostic measurement of the eye in the dilated state is
obtained, the diagnostic measurement preferably being a wavefront aberration
measurement or, alternatively, a topographic or other refractive diagnostic measurement.

A computer system is then used to develop a photo-refractive treatment from the
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intensity variation or chemcally, and a second i nage of the eye, including
the dilated pupil and marker is acquired. A diagnostic neasurenent of the
eye in tweodi/tsarted state is obtained, the diagnostic neaBUT/ERr@nin373
preferably being a wavefront aberration neasurenment or, alternatively, a

t opographic or other refractive diagnostic neasurenent. A conputer system
is then used to develop a photo-refractive treatnent fromthe 19 WO

01/ 28476 &RedddskOBledfizdBentdbiagfiagivecofeasoll &Bapatiedt's &l MBgtye/B wsead aecti on
of the patient's eye. If a dye is used as, _the marker, it is preferable
that the @9anarksreitis petsrablathariae dye ranaie vistleandier detectablestor agleastilayt es,
preferably. t I ks t i ci ent
ire for it PPl uo ) holr, 8RR obBTEHEH oPlhcle of NE aRlfichiny B fok

i nvent i ondildtioa-ingideddbdriandas fomubkide. utility by aligning the second inage

with the first acquired image, preferably. by.c arj.ng the markers in the
respective i na@é‘"s‘gg’r“,g t%FWéPYF&f‘PE*éP?W"’%&?dCfHW%Qr&Eg“B{“Hg’ry ligpngdBondi ng
char act er i Sth€; i i 85 j blR8ES mpatid] hi®eRtiRHe aspects
of the in%/eg%{lcfbr?lggggilg{rﬁgggﬂ a% rreeiﬁn, Q%%vtplrél oSPrent ofm%lgkg%gtno-?eflr aceti ve

t r eat nent respectiive ongges sheattetmytivdly,dryi aognpatiag othien gerosspordingeluacterstic Wit h t he

mar ker on.the patient's.eye. In an.aspect of the .inventjon, th | i gnment
br ocedur e R BonrE e o SPu B B Fbeotmret ot gV GRhiaToetifelion "t ne
conput er FtsinedRveNpimedtist the photpatfr&itive HREDEM isi RBorEFlishe@ b alignikpthen in the

art and is comrercially available. The practitioner has the option of

i npl enent diagnaskie meagBEBPRIGVIBhbE earkesr oadhe patienty eygr e AR asnsckOftBal tine
sequence j i.at.ely. fal i R : - : n this
caser 't helBymt L eteh en AR RS SblpBR s AR e AR e T o

t he seconthroughafecemputbesysenp &V atbut trispedten] fegogdtion ¢dftwaneisiknpwniimtige of t he
first acquired. image. ., Consequently, the narkers are used in the respective
i mages t o 3R¢ i cemanergiglyaraiiable: or * ot herwi se align the i mages and the

refractive or ‘i‘%ﬁ Qﬁtti&%r hahs of$sHPs iﬁ}’\fg?éiiné’ﬂtih th VS BlopkdTBEIRS refractive

Alternatively, to-refractive treatment of The eye may be del ayed for
hours, deogamestio.a ragdingesehoenve dmalediatdly Edllowingaequisitiapaefdhe spgonthunagennge of

A X
| aser systfifel dag bl dbmPardd R Rid alidhied With thiBiRagdsRche fiabyquird inage. a- r ed
canera, for acquiring the image. Prior to treatnent, that imge wll be
al i gned @Wonsequerslys thegnarkers aterusad in the respagivedmagesio CBHElAc BOERIGEH t he
devel Opedo%h%%tsggl?gtﬂ thcl-? ?fﬁgg%s and the refractive or diagnostic tools associated with those
' images. Alternatively, photo-refractive treatment of the eye may be delayed for hours,
days, etc. and performed electively. In this case, another image of the patient’s eye,
including an image of the iris will be acquired preferably by a refractive tool such as, for
example, a photo-ablative laser system including a pupil or iris camera, preferably an
infra-red camera, for acquiring the image. Prior to treatment, that image will be aligned
with the first acquired iris image and in conjunction with the developed treatment, based
upon the diagnostic measurement. Of course, through image storage, digitization, etc.,
alignment of the developed diagnostic treatments, the diagnostic tools, the refractive tool
or any combination thereof can be verified and such alignments can conveniently be
displayed to the practitioner though a display system.

A system for performing the alignment and photo-refractive treatments discussed

above includes most basically a first camera used to acquire the first image which
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upon the diagnostic neasurenent. OF course, through inage storage,
digitization, etc., alignnent of the devel oped diagnostic treatnents, the
di agnost wobozd4sq the refractive tool or any conbi nati onp¢her@ai3msan be
verified and such alignnments can conveniently be displayed to the
practitioner though a display system A systemfor perform ng the alignnent
and photo-refractive treatnents di scussed above includes nost basically a
first canscladessmdris onagegpfitheeeyehardfiactve diggnpstiofnsohmeat fpomekingg476

PCT/ EPOO/ 10373 . includes an iris i e of the eye, a refractive diagnostic
st r unert eGP AEOR P AR Brer S ety eRane R PR Gt 5 gt

refracti vilfldas BesSdrt &ilDRpeati RERNhsed SysMiR cafdbld dfgftovibink ke @vieloped |
appreciate, a | aser system capabl e of providing the devel oped .

phot o- r efpheta-refeactivectacatment thaiprefprablydpelbfiss 4 seePnfbieanesa Y¥ddnacqdier a used to

acquire angther 1| f.1h 0 - pi ng
and ali gnﬁnﬁgle{ hnéagp n(g?%e_ ereé% F(g%ﬁ}/tg%s r %a%%&qe?%%gﬁgagat% ﬁ%ﬁlﬁ%g%ﬁ}ﬁgds)t em

t he firstrefradtBleareatifert Niekel amolatdraystom| the fastdameomidrihd diagsdseotatt endi ng
to i nplenentation of the photo-refractive t’In atggtg)ltgsﬁrhat is suitably

linked t cAlgtafontiebsisHestcadiog e HBPlgpsR@Hen phhg R tetyF tegnenh thahisi on, a
second r esfuﬁtgglgl'ﬁ‘ﬁﬁe(ﬁjloatgﬂ%h&?haﬁ 6 stérﬂa]!n ipadpB&Tof iRGhdRRn2a Camer a

which is used’to acquire a‘further inage of the eye that includes an iris
i mage canseabsbrefractiiel diagnestic instonpon ¢t futher relwlee p abmeraygltienis useditospl ay

system can al so_advant agequsly be l.inked to. the overall system Turning to
7 Gur s AcaRas 8 ATHIST Motk tecumaibab R ES PEAE THG R0 8N By a

previ ous! dhnGRREM FGhd SREA! Ghsted) A Wisplayls9stemsdinh lsaRAVARIdeatdy Bk ligksewt of a
| aser treatnent wth the calculated treatnent profile. Generally, Figure

8A i | | ustthaouerall syitespl ay 252 provi ded by the canera 154 of the |aser

system 106 in Eiqur ! t il S.,.C AT c 250
capt ured when iu‘%&gﬁg%t%u\fé%d%@r%gﬁ ?:Hot ono]?%&/gistgﬁgté{aé {teghrld%*ere]{?%ﬁlﬁg@ ?he
refracti verecidasipehiiiedtimage ofartifie ] ayidsire appopritteiatigniate of ansecvedtingnied wi t h
this iris | inmge data 250, a treatnment profil e had been ,glsavelv’ﬁfed. On the
right si dwiththe iculptediregymentpyofile. Geperally. g8 HIURALGTR GI8NAY gt ch i s
returned t 3l DR casBred t he
real ti mﬁ%@ggbi?ﬂ?{a@ﬁ%ﬁ%ﬁt&grﬁg{:ﬁﬁ%ﬁz I;ﬁﬁgsui??gngl dzl((ézlc[)hrfrparglglt to the
capt ur ed irisddmagiadaa 250 capiired when e refestivhdiaghyssic ¢od vaaiusdsd @rdeteompsr t uni ty

2,1 BBt R LB SUE Epe M e s BB S B R L9

axes that@loeQMtald¥®, a treatment profile had been developed. On the right side of the display
252 is real time iris I image 254, which is returned by the camera 154 of the laser system
106. As can be seen, the real time image 254 is slightly rotationally misaligned
compaied to the captured image data 250. This provides the physician with an
opportunity to realign the patient’s eye E, yielding in Figure 8B a properly aligned real
time iris I image 256. Preferably, the display includes reference axes that allow the
physician to easily determine rotational misalignment. The system could also provide,
for example, a cursor that the physician could place over identifying features to
determine precisely the rotational location relative to the axis.

Figure 7 illustrates the steps of using the system of Figures 8A and 8B in aligning

the iris. First, the captured iris I image data 250 is displayed in a step 260.
Simultaneously, the real time image 254 of the iris I is displayed at a step 262. When the

excimer laser system 106 is a Keracor 217 employing an eye tracker, the physician then
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physician to easily determ ne rotational msalignnent. The system coul d

al so provide, for exanple, a cursor that the physician could place over

i denti fyw@of/zeataures to determ ne precisely the rotati onedT/ERP@ANZN
relative to the axis. Figure 7 illustrates the steps of using the system of
Figures 8A and 8B in aligning the iris. First, the captured iris | inmage
data 250 is displayed in a step 260. Sinultaneously, the real tine inmage

254 of t hgtivatesthe ey trdtlep by &ep 264, aviateeenthLthe e Minidithage 264 .nThe byaser
system 106 is a Keracor 217 enEI oyi ng an eye tracker,_the physician then 21
WO 01/ 284F&kpgsyptemomtibe Keracgr 217 proxiles frx cantering deidy L put doesinghprogile whi ch

centers t ] i b4, The eye tracking systemon the Keracor
217 provi%gggt ornagéel!gﬁéﬂrelgﬁgﬁpﬁgmi'ris |, but does not provide for rotational

al i gnment of th@céeding toRrsepd®di agatioisaligiispd 26 Gothathe axptsredsiath 250laaged on

both the captured data_ 250 an the real tine jnmage 254. The physjcian then
conpar es ﬁéeqlfﬂﬁj@églaé?lz helhech éﬁ}anéh?)“ CQERALTS I BEagss o8 1 fFee f‘}/nrdot ation

necessar yqdifnhdsgn anfint Yol B8 88cbary BSalignl the two iHes BIMSIiGS BNTHNEN
rotates the eye E so that the real tine iris | imge 256 rotationally

cor r esponphysiceantthen wégiesthe dyd Eise thatthgaeddinee 250 imIgee2 hrpsiationally can do this
manual |y, such sing a .suction ri or-.hy.repgsitioning the ,patient's
head.  Fur tEFDondR ko B cpdniedatt i fabiLogds g Py iPeg oo oF BUSmedf By e
patient’ ssiR}Qs Bsiby a k@itRdhirRipadrby répcntinaiy thg pitear s heRRIFRINer, Bicdyistegn by an

amount specified by the physician. In any case, the eye tracking system
first prosAnduevifeforagivireral nigtasioniof gherRAEENYS gy b by Botationaly Bransttingdhel t he

physi ci an t i i t ik L J 256
Compar cd ToMAED e S 2y RRuheyRLRARy o ERHER. 16ind ORe bt v IR %08,
t echni quesyfstem fisy ploojaien fortchrtedng of ths rédl tinwtirial eoagei234Fargithe phiciamd 8B i s
shown. Specifically, as in Figure 8A .an_iris | e 27Q i 5 shown
correspong’ieﬁﬁ%f?%sg‘ﬁr%tﬂlgnql ﬁEZE‘H’éeth tie 195 Linage Zpg%gwpgregégg}e RULSd s 272 i s
created by Jarhdldsoscanning the aimng systemwith its visible aimng beam
left to riglit over the X axis. Thus, when the doctor views the inmge of

Fi gure 8A, t heRefeiringan Figrees ¥hnd PBea techmque for dexgdopigithesixisrag allesirated t he

o B A 5B S e S LT 0

ggicgus$ uﬁ %\tiﬁﬁﬁpt ém% @%%EQQWGS&X%QQQI Tiihid e, SMSKBDTRSs Efeg@tiibpg that X
. gure 9B, a further technique is illustrated for_aligning
t he ai ni ngppidly scanning the aiming system with its visible aiming beam left to right over the X

axis. Thus, when the doctor views the image of Figure 8A, the axis on the real time iris I

image 254 is created by the aiming system of the laser itself, which is the same aiming

system used to aim the beam. Therefore, the true X axis of the laser will be known

because the aiming beam scanned by that aiming system is creating that X axis.

Turning to Figure 9B, a further technique is illustrated for aligning the aiming

system of the laser with the display or optical system. Assume in Figure 9B that again

the pupil 274 is shown in the optical system of the laser or on the eye tracker camera of

the laser, but that the aiming beam is scanning over a line 276, which is not exactly

aligned with the X axis of the optical system or the eye tracker. A technician can align

the scanned aiming beam 276 with the X axis of the optical system and the eye tracking

system, rotating the scanned aiming beam 276 to the true X axis 278 of the optical

system and the eye tracking camera. Then, a line can be superimposed on the eye

tracking system, or a line can be formed in the optical system that corresponds to the true
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systemof the |aser with the display or optical system Assune in Figure 9B
that again the pupil 274 is shown in the optical systemof the | aser or on
the eye waokmu7canera of the laser, but that the ai m ngp@PEPOVI®3BCanni ng
over a line 276, which is not exactly aligned with the X axis of the

optical systemor the eye tracker. A technician can align the scanned

aimng beam 276 with the X axis of the optical system and the eye tracking
system rKtaaisiafighe Inger'saaningdystemi fyrther thiPFlgnnent ban be pesiogically seff@l of t he

optical system and the e tracki .cangra. .Then, .a |ine can.
superi mpo EFaBanﬂE aé?g’g?eﬁglc% B)Q%E? COSPIE ﬁ’iawga'csa‘fﬁmbeél orn%gbg ™ the
optical sys{-R8 ¥ ftheGRERRERORUSW B tREoFticHIsy2RmV¥P dhlthe 87/ GadRinl SyERA! 10373

X axis of the laser's aimng system Further, this alignnent can be

peri odi cavidgo digplay.i Erhnslatiorad ¥a i atignmaet can e synilrehmdiwstadrndyediird and
ensuring that that scanned aimng beam matches with the alignnment axis
within the optical systemor on the eye tracking system video display.
Transl ati onal YserofMuBHETYpes ah Daer t5iATignavliyipkdDiagheticand Tveatménted. Use of
Mul tiple Typess@keddata to Align Miltiple Diagnostic and Treatnent Systens
Turning to Figure , another technique is illustrated in which not only
iris limge data is captured, but also other types of data in order to
align the capt Tinmihg todigwe i emother technique isallwatnatedin othig¢herot RBNGS var i ous

syst ens. ecifically in Figyre 10 ill r.ated i i ata captured
by a topoﬁgﬁﬁﬁg}atgiﬁs‘?\éﬂ\r%g? SC{/\%&?@?P’ B%Ofs%ééatlgr%r&i%éé?l nntgggg ‘Pgrs?gr system
504. |If thgrapaveddiPat rdyatepréflas hasngidiious vystams efpeuifically in Figute 10, mage
data, or it is desired to fully dilate the eye befare capt:gring t he

wavef r ont ilbugtrated isradignaenicdagseapiured hnp URSSTAPRR SENTIBRORI 3 H# LstHbut such
data. In t ' ' TR i m’”?el?i 3
refer enceB%raﬁggZ%%grﬁFﬁgg%ygmﬂﬁ%%P tesfyg%ce mf?l? S{éh}g ﬁ%’rﬁ act ssas a
rot at i onalmadel ryeNit ivdvsiced to fallpidilete thoeyarbefure caprering thelveaviefront dG8the The
wavefront system encaptures_ the wavef rotgt aberrati pn dat a al on‘? with the

0

pupi | ouflisFieeeddaehniangs camallahalignument wibaut el dalgeIn AEHSSIR QY o hogr aphy

system 50Qh54; i W3 Rh¥reRYied REIOSUE on 1ROWRY. EThat défBRnEAPt Ur €
the iris ?rﬁgg%l a{’g%?glyflig{aggrggﬁeg by fhe iris i na(z;ne dat a 51%. Itnal o)

capt ures tiaek HQf themectehs 4 heationakaltgnmeat market redativelie ap peiling ¢ the iriga@s.
reference rk 514, correspondi ng reference r k. 50 T fwo..are
si mul t aneod§ I“S?V%fg%‘(t Gy .ﬁgcq%_&rﬁssﬁhg ﬁaéﬁoﬁfg?lﬁ%ﬁﬁnr%gaeﬁg&%?’ﬁg(rzghdﬁ q}ﬁ)ﬁls t he
t opogr aphyugivs UeENsD8 @ndraiettREdiSe takkk 80! at i onal and

Then, the topography system 500 is employed. The topography system 500,

however, does capture the iris image data as illustrated by the iris image data 510. It also
captures the outline of the iris 512 as well as the previously made reference mark 514,
corresponding reference mark 506. These two are simultaneously captured as illustrated
by the image 516, and thus the topography system 500 maintains a translational and
rotational reference between the iris image 510, the iris outline 512, associated reference
mark 514, and the capture topography data itself. Further, the topography system 500
can combine its data with a wavefront system 502 based not on the iris image 510, but
instead on the outline of the iris 512 and the rotational reference mark 514. That is, the
topography system 500 and wavefront system 502, when their data is combined to
develop a course of refractive correction, align their data based on the captured iris

outlines 512 and 508 as well as the rotational reference marks 514 and 506.
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rotational reference between the iris imge 510, the iris outline 512,
associ ated reference mark 514, and the capture topography data itself.
Furt her, wiel/2tsapogr aphy system 500 can conbine its data peT/EP@/Ma8ef r ont
system 502 based not on the iris inmage 510, but instead on the outline of
the iris 512 and the rotational reference mark 514. That is, the

t opogr aphy system 500 and wavefront system 502, when their data is conbi ned

to devel op a Pmdrablyehe irRfimagd §M0eis aRbIsRRE] W xthadvhgitht beurke dfkatbanggd on
the captured iris outlines 512 and 508 as well as the rotatiaonal reference

mar ks 514cafgatsdgt cambesefenencod irbargy inprgro7 o SFhen, thatfis imageS10Heused s i mage
510 i s al t QUTSE . ' it
oan bo rePLUHALECEn sORta MU0 b Rl GRS ithed SRR DPHERELWRAE. | o

by the | ase4. system 504 to align to a real tinme iris imge 518 captured by
the | aser syst 04. Thus, t | aser system 504 enploys the iris inmage
518 itself, thg“m\}\kaﬁﬁmﬁtsys@yés‘gﬁ%@’lsé‘}?drlé)y&aﬁem‘éwd&dfi e VOFeROL Tri s i mage
508 with g dkeh Sﬁf%ﬁlo’ﬁfﬂé_&ﬂﬁye Ak iri@%_@gksﬁst»bﬁh b QFeRhAPRMYrSIE! & 500

enpl oys both, both thé initial diagnostic data between the topography
syst em 50becanst thiéopagrephy oysters p8o empRFe bothnbdsh thwinitial diaguostiaslatanel | as t he

treatnent profil,e based.on that..data when the ab] at] i 5 performed by the
| ser oysPERREDI GRRES v e gD A E OB ARl R p b B B Py

syst em 50Qennd thiavatrhén irofly hRioh (Rat da@ wihkntth@hbiyti &R pedeihddbycapt ur e

di agnostic data and only later is the laser system 504 enployed. A

t enpor ar ylserypeRc4mark that is captured as the reference narks 514 and

506 can be appki . i I h that
mark may be goggg%%ﬁb%%glﬁg@ r‘%@@t‘@?ﬁ“%ﬁ? é‘é}ﬁ%ﬁ&%@eﬁ Egc@t}tseg%ﬁe iris
i mage 5160ystans S02pdeunididllpbmplpyed torapluat diaghiestie dag andoklydaeer 3ythé keer

t opogr aphy sys 500, th | aser system 504 can enploy its qwn captured
iris i nagéy%%@%_gg]e%ﬂoéﬁé-t géefPP%fé‘EYrFé ence mar gt 1sjqapiuge éﬁ“? Eﬂ?%e‘ﬂcﬁat t he

ref er ence njxRids listanglshe Wt bdagiied REMBESERMch Ad with the EMER HeAT ARKSIgM 502 and

t opography system 500 are either sinmuftaneously enployed or enployed
wi t hout nthagmerk may be bengrahéncthe lasersyeteor Stddadhtertused betausayhebas émagenmed t hat

T e o i
the outli nReidystefes04da embloy iePiniERErbY irlsithab® B 0 tRdY (BY GéRMMO0. This
can be achieved by fixing the patient's
Further, it is possible that the reference mark itself would not be needed. If the
wavefront system 502 and topography system 500 are either simultaneously employed or
employed without movement of the patient’s eye or head, then it may be assumed that
the proper rotational alignment is maintained. Then, the wavefront system 502 need only
capture the outline of the iris 508 and associate that with the outline of the iris 512
captured by the topography system 500. This can be achieved by fixing the patient’s
eye, or by fixing the patient’s head and moving the two diagnostic systems into position
without the patient’s head moving. If this technique is used, it may be further desirable
to employ a rotational reference image, such as illustrated by the sailboat below
described in Figure 13, to further ensure rotational alignment between the eyes when the
wavefront system 502 and the topography system 500 is used.
A variety of permutations of this arrangement are possible. Referring to Figure

11A, a topography system 520 captures iris data 522, but also as part of its analysis

captures an axis of astigmatism 524. Then, a wavefront system 526 also captures
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eye, or by fixing the patient's head and noving the two di agnostic systens
into position wthout the patient's head noving. If this technique is
used, it wayi/tsa7d urther desirable to enploy a rotational PeEEREEE | Mage,
such as illustrated by the sail boat bel ow described in Figure 13, to
further ensure rotational alignnment between the eyes when the wavefront
system 502 and the topography system 500 is used. A variety of pernutations
of this awaesfeaedmt bat @ot@gﬁﬁi frhage, tﬁgfdeésrcilem@ttl& d'ﬁtlgw&ffthé.iiié,as dlusapedr aphy
system 520 captures iris data 522, but also as part of its, an S

capt ures Blhth&)ﬁ“§leo?528a§}iegwﬁé(?ff§%55%ﬂm aﬁ?éﬁptuaemfw@@u&%t@%?fmnso
captures ; / 3 r niris
age, DUl GoBs b r b ATRE RUTT g cor e MR A ARl AP BB gD | e

ci rcl e 528ystehh82Mhandethe ovaveSyigtspsteral5s26. daptalesmtianobthissedmiquet illgatedted m 530.

Then, tho axes of asti tismare u .to cp-align the _data ca red b
t he topogF’;%ﬁ'g}fe ?s?éwgf?ﬁgﬂg‘i’fam{%&&%ﬁ?339%WS@@%‘?%‘?#@Q@V%%&YW%% i vey
of this teghpirdbgonsidfliist arRided illstatel BY a8 ihadds340is Chitbre@lbylal fupiicagdeton

di odes 532 is installed on the wavefront system 502." The'reflections of
t hese di odbe wavefientrssten 309 Basadranghe 8Btoriien ebpnsitiang obthose Buplinatipaser a  of

h f : fen , h i 1] it f th
11 um nat PERE T ER 0B AT AR el Gl oF Rl SSE AR, 1 ne e

534, agai Bstifmai¥inS36fis captired b SRORRE] With CiRpixis efthstigmbesmassocipaired Wi t h
the axis of astigmatism 524 caprt ured . by the. topography system 520. This
provi des Ahthedapegraniey sysiamy 20w ik RiAYIdeS dnprddiiona] %ﬁls Wite WhHieh 40 £23HER he

t opogr aph t bheturtiel ihlphis case,
o axi 5 B o B B e Bt el RS 1y T he
surface odsefthe agigef astemingismtdan bothite tavet @l the netigraismvacaed by thefsutfhee eye as

captured by . the wayefront system 526 wavefront ablatjon profile. O her

Al Ler nat | GLGEHEITaHE: g jrerabal O URHIR CTHECk b oY el T b e e R e
Further, g &k ke Wallfrdtt 8blatib piofikce tool s can assist the physician,

i ncluding the aforenentioned cursor positioning and the software rotation

of the treat ne@theyabiéinpidvesfugledesy systemeinyghiclotheitwpdmagasarosupgtimepsesh i gnment
data need_not be contipuous. The. iris dat an be use initial

al i gnnent FP%%?I’,a&WW ﬂgﬁseﬁf'ﬁ‘@lcgﬁ%ﬁ én angftgtﬁer?TE}ﬂsm%néc%%f%?é@@can be used

t hr oughoukforerigitionied Olirs6H puitidaing Gnd il spfivaredotdtidh o tlie twathémaptofidat, such
as the location of the iris alone. That is, the iris data can be used to

establ i sh the Freet ihenat obiris gamen othepaliennrah data dee RotdREoBInHE {h¢ s can
be used t ;BRI B dsb @RS APk Ql'ignment tool, and then other simpler alignment

techniques can be used throughout a course of diagnostic analysis or refractive treatment,
such as the location of the iris alone. That is, the iris data can be used to establish the
rotational alignment, and then the outline of the iris can be used to maintain translational
alignment during a treatment. Further, the rotational alignment can be periodically “spot
checked” throughout a refractive analysis or treatment, dependent upon processing
power, even while translational alignment is maintained based on the outline of the iris

itself.

Patient and Eye Validation

As an additional side benefit, when the patient lies down and the iris I image
(Figures 2C and 5) is acquired, the iris matching algorithm can determine not only the

translation, scaling, rotation, and skew to match the actual iris image 206, but can also
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alignment during a treatnent. Further, the rotational alignnment can be
periodically "spot checked" throughout a refractive analysis or treatnent,
dependentwapom4pd ocessi ng power, even whil e transl ati onabCEHEP@mOBTIt | S

mai nt ai ned based on the outline of the iris itself. Patient and Eye
Validation As an additional side benefit, when the patient |ies down and
the iris | imge (Figures 2C and 5) is acquired, the iris matching

al gori t hnvalidatedtht eyerk nieat fxobeignoperitbed on t The frisahatohing alpakitg thusatatasen, and
skew to tch the actual iris_inage 206, but can al so ZEIMO 01/28476

PCT/ EPOO/ 1315918 mephpRim e cRyve bpla Bartifiar laser feptimenbisdp £4ck Eeappropriate

|15 mat ClifitheRl @94 Blch{titeRfah aBur phiRhl SahflaAGaRAAL 800 kAlsARsur e that a
particular laser treatnment Is in e appropri treatnment for this
pati ent r atehkanigoh mweranmtthmthq:)mpmﬁye Pas r’qelngrdpyl;atadtomas sveaghatWairlsendle
mechani smto gnsure t hat ro e bei erated on, as even the
two irisedSgec Ef“gilmj‘l"%d’pfgff ﬁ‘? C‘E‘Qé‘ée a]ag%sr syhesﬁgagéggﬁec WP es. These
failsafe ggeban) sFuRhAisuPSRETsatenk, wa@ﬂ‘euhe HiRgbisst Edfbﬂﬁzﬁﬂmié/&écﬁﬁféd awder e

t he di agnostic information is acquired at a %lrst | ocation e treatnment
i s devel oy legatign,dbe erimpaid s vstopedial & pecogd éqybg@thlysueﬁﬁgmr@d at a
third |l oc r ch the
foat ur s apPa A ARFREREE TR RueK AR R R Mt or BB M8 BT on can
be done atdatures oot irjs. or nanually, u3|ng a dISp|ay with the iris imge
data 148 superinposed over the iris inmage fromthe camera 154 Wavefront

sensor Tur ni ngLiks amingref thelasey Skﬁt%‘@klo& vlidatiemeanpedon aptomatiGalletr ont
sensor 30 r S oncept
o the wanrran \oHR RS o e e nde e oFer e Bl e e
make it e$pecihalchmemasléftul for receiving iris data and for sharpening the
focus of light spots on a sensor used in determning the. wavefront
aberrations of the eye. In general, the wavefront sensor 300 focuses or
scans a |ight wg%%g@e{,%ra Iaser) on the retina of an eye and then

anal yzes the Ii returned (i backscattered fromthe reti na) t hr ough
the lens and c Iuﬁé@g todfigned 2ot bbﬁ%d@g%ﬁﬁapwﬁgﬁé waygtrgnt ssREIr 0045 1 ay .
Based on ps an
ST R R A W e N s st
t o per f or Williams, but includes certain features that make it especially useful for receiving iris

data and for sharpening the focus of light spots on a sensor used in determining the
wavefront aberrations of the eye. In general, the wavefront sensor 300 focuses or scans a
light (typically a laser) on the retina of an eye and then analyzes the light returned (i.e.,
backscattered from the retina) through the lens and corneal optics of the eye and imaged
by a lenslet array. Based on optical aberrations in the eye’s optics, the system develops
an overall wavefront aberration analysis from the returned light. Generally, to perform
the analysis, the returned light becomes aerial images formed by a lenslet camera on a
sensor of the lenslet camera. From these images, the wavefront sensor develops a
wavefront aberration map of what corrections are necessary to the eye’s optics that

would yield emmetropic, or very nearly emmetropic, vision.

To properly orient the patient’s eye E, two 660-nanometer laser diodes 302,
shown in Figure 12, can be aligned at angles to the eye E. When spots on the patient’s
eye E from the laser diodes 302 are merged into a single spot, by appropriate adjustment

of the wavefront sensor 300 (or 102), the output beams of the laser diodes 302 (or optics
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the analysis, the returned |ight becones aerial images formed by a | ensl et
canera on a sensor of the lenslet canera. Fromthese i nages, the wavefront
sensor devebopa’a wavefront aberration nmap of what corr eeCT/@p®/ 1888
necessary to the eye's optics that would yield emmetropic, or very nearly
emmetropic, vision. To properly orient the patient's eye E, two

660- nanonet er | aser diodes 302, shown in Figure 12, can be aligned at

angl es t(@llx’éhﬁlg&M@seEeaM&l)emeS{iméﬁ ornothreigeatheeye Eds peyeorEdfatmm t he | aser

di od 302 dint f th
e T oniSPRRIBHEI300 AmrcisRyal ANtecs HoRL e B RE e ALl e 302 (or
opti cs %ﬁte%tx?%@zﬁéégggﬂ egg%oéaﬁ%% ope 'yro?ﬁﬁﬂeg% ylalprSSichaa®Binicikerpat i ent ,

or ot herw se sitioned at, or approximately at, a precise
focal di sitl&mmealﬂmmmw&kem/ﬂmadiyﬂomaﬁanmmm&ge of 0 eye Botfindhe i veI y, the
patient's eye

E n rly oriented I,gn. or
ot her heszfrﬁ"ctafP‘éﬁaHFaK‘Q? ts é‘é?ﬁ?fl;?f‘t SYBRY 2%0 tgtrg‘g%et ?%Vdr%g’é)%nq‘lrg e eye E
to find the. o0 il cfa%:ﬂ{eréjls%%ﬁ@f(frrt@éTFaEJinld&ygf)I OAtligheBsinee, 3O to reduce
t he overa ex osure on the eye E. In this case, there is no need for the

| aser di ot]msm@(iQn 304, Iprgphdesdight tas 2 papd cammal}r%ﬁﬁiaicmﬁdbel@w pr ovides light for
a pupi | carmer d| S%J%S}ﬂ%g%er la?gneécgnt ?cetngkg,lfag%?fr . ash Eé ¥odte 'héi’ned it

receives |ight I}CF ser such as a

780- nanoneh&dr divdepdiich hes ¢80-Ahnsitteraduomy laar cdlpdé)(}aikbngmmtdptlt:@l ptaﬂeto theye E.
Pr ef erably, the |aser diode 306 has nor e t%lhan one out $ WE{I tting
(i.e., tweBduelerapty, rﬁliﬂlﬂi;efﬁ‘%ﬂﬂér Ofbasapre then PREUPY L ﬂSt CpdUBT for

al i gnment o%go nﬁl‘uld B&we HEdER), P18kt lt)%lsf)ov@é}efoﬁﬁhgﬂngﬁeﬁnm%ﬂ for

creation & |rra je In a sensor (e.g., a lenslet canera) 312
di scusseofohmltgmndl%mﬂeaeo«mmlt hx,ghtrygmvmlfoﬂ cmomuon@ﬁd rmulgﬁecot 1%@%%5%@ 0.5 W

28 how ?Ndﬁé?faﬁgnaﬁéﬁgmgw ShoaseBerEbder BBl s R R i hower . A
portion ?é %‘%WWM% Eéctl% dﬁ‘h@&%d‘\x}e‘ﬁ&e eﬁ(fi hﬁ@rt 8 nlirhBen ot

beamspl i fransm t ance, 20%reflectance). The reflected
beam pas sfasmtsh sunhg:ls haw Ipoy theilasendiotie 306G is!to temagin Biroed ohRIIRher DPYYEE el y

i nproves the signal tq noise atl I |nt

backscatt er ed ‘%‘rPBFHOL“ theghsa tﬁ%gseéfé(’dte%% ¥ @eeci% %L{é |a§g ea{a‘eﬂn Ted by
the | ensl fis @303, Fdrdmifsce] Wb 8TRAtaRE) OWhe FeTRcRRADERIAl pabdes thrddgh pol ari zes
the Iight rec ] ved fromthe 1aser diode 306, generalalhé) passing |ight

linearly mﬂmngb@msahtm@l@nwhﬂhﬂlétém@ﬁ impEpvie thegégnahfp 1qi HHAUAEY pol ari zed

in that dsllér?a tlrlltgnsny) cr)]tehé%?l) ksca?tered from the retina of the eye that is eventually

detected by the lenslet camera 312, as discussed below. The beamsplitter 310 polarizes
the light received from the laser diode 306, generally passing light linearly polarized
along one direction and reflecting light not polarized in that direction. The polarized
light is then passed through a trombone-type prism 314 which is used to adjust the focus
of the light from the laser diode 306 onto the retina of the eye E, at which point light
backscattered onto the lenslet array from the light impingingr on the retina will also be
correctly or nearly correctly focused. The light from the trombone prism 314 is reflected
from a mirror 316, passed through a beamsplitter 318 (e.g., 20% reflectance, 80%
transmittance), and then through a A/4 waveplate 320. The A/4 waveplate 320 is oriented
to produce substantially circularly polarized light from the linearly polarized light. The
significance of this will be appreciated in the discussion below of backscattered light

returned (the “returned light”) from the eye E to the polarizing beamsplitter 310.
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light is then passed through a tronbone-type prism 314 which is used to
adjust the focus of the light fromthe | aser diode 306 onto the retina of
the eye ®oat28ahd ch point |ight backscattered onto the |eoEERW0/@81ay from
the light inpinging on the retina will also be correctly or nearly
correctly focused. The light fromthe tronbone prism314 is reflected from
a mrror 316, passed through a beansplitter 318 (e.g., 20% refl ectance, 80%

transm ttance) Af@engassingnhionpioti@h/a wiképliva 8ep)| thé Bgid39thel Hecu¥édlomavepl at e 320
is oriented to produce substantially circul arl(%/ﬁpol arized light fromthe
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| ens and cornea. Ont turn path, the circular rize i mge
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t he per pefgbest @k pysiAG1a] dngeetukisdBithe p1aiviRassaatplifidrauoh Athgs peanapl i tter
318, reflects fromthe mrror 316, passes back through the prism 314, and

returns t@6rmest gfshelightiinperperslinsbarin padarizgd (and Ag thup pubsgaaitighly redlepted by thiost  of
the light igs. i i j . . t i A flected
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the | ensl eimeéaBd2nTo geasiccofIRSretdrfed BEht So@n atljusineent edmem a3 | dightsednt o an
adj ust nent. canera 323, discussed further below, the WavePI ate. 320 can be
1

tilted and8er pelow: b avephater 2053 bedilted ppdéor ratatesirom s @ptimaherigniaiiogy
. . O e ST ( T o
appr oxi m{((ﬁ%%{&%g&ng}? gﬁgéguﬂa'fblf' g'dﬁgﬂegﬁ W ﬁ"ﬁﬂl&ﬂentﬁtﬂﬂ), t.)l‘ls?? t fe%‘&l@bd’ 59 y

t he adj us wou ve'a arization su ntrally

per pendi cthezadjusome¢tteamemtI23vealild hgteta pabiriwtios stbsrmps albepérpesliquldrtto Hg or
rotating the epl 320 framits . optinmal.orientation r. providing
et urned PGPS Light rofeche benfiiibides g os Bt Bt e gL o 't ne
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are envisioned and are included within the scope of the present invention.

For exanplchanges toetherpptiest pgh2nd pptiesh goropenentsiss the Wexaltoat seasoriyO4or 102),

Cont o o RS B AR Pl in ok b6, e
the mirror 322 instead could be a device having a controllable transmittance and
reflectance, such as a liquid ci'ystal device, and the adjustment camera and any focusing
optics can be positioned to receive a fraction of the returned light that is transmitted by
the controllable device. In such an implementation, the beamsplitter 308 would be
unnecessary and the light received by the controllable device would have substantially
the same or parallel polarization as the polarization of the returned light.

The lenslet camera 312 is preferably a charged couple device (CCD) camera,

such as a TM-9701 manufactured by Pulnix, which includes an array of lenslets 324,
although other types of cameras and other sampling optics analogous to the lenslet array
324 (including optics separate from a camera) could be used. For example, an ICX

039DLA camera by Sony Corporation can be used for both the lenslet camera 312 and

the pupil camera 328. The lenslet array 324 forms aerial images on the light sensing
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optics can be positioned to receive a fraction of the returned |ight that
is transmtted by the controllable device. In such an inplenentation, the
beanspl i we@n1/338 woul d be unnecessary and the |ight recepurdPlyIoBTse
control | abl e device woul d have substantially the sanme or parallel

pol ari zation as the polarization of the returned light. The | enslet canera
312 is preferably a charged coupl e device (CCD) canera, such as a TM 9701
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opti cal c one of the e E t hat .t he fractive wavefront ab rration
offects TR e an fE e Temste adiuish folahr Bt fr *RuSY SbosBell
WIlians. tlslsﬂe Echlo?recf S tHpPoveQiiich b Rkitp\upbfopiiaterdeesund bf pzﬂﬁme@ﬂﬂoﬂthéléyephase
error, of the eye E have been determned, they can be transforned to a
requi red Big-at th@rreiw%tvplneiwe@pf e ¥ YaMPeHenis, ARFAT other pAsyBEtets)-c@P? ect or

i nprove v r eye E
(g oo visEhlRhety bAE BB BRI ALE RSHE I hpBEALRI Avcfiont B

par arret er fuch tl@nehe dcelel dhgendrally dﬁ‘faspasndsnmgwammmpobtmsuan@dpdcdbd eisto

sinply scale the wavefront data uch that the scal ed ne aII
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patient’ Serﬂrtﬂ@@om!:@SﬁI'éﬂé%ﬁttﬁe’%e%nt&eé?n l@ﬁ@?l"t@ aﬁ&‘ff\tah hikithEeXE Hﬁ&&gl

fromthe cornea. Marks on th ye E can be ‘enpl oyed alrd in aligning the
eye E duraaqg1s1tmamf\mvbfromseﬁsowdmfront sensor data. Preferably t he | ensl et

array 324 is rr f approxinately 25 x 25 | ensl e h 600 square
ni crons, suchag‘??eéa@édg 1ﬁ5‘§‘§ [?ﬁd?é‘i‘@ﬁa% PREFITIGE Y&ﬁ’f%@f WeBoci at es,

| ncor por a¢RH.600 RipSart RAGHAY, s&dhZ al (5068l BlankifAsiirddts A@d}ﬁﬂv@bpﬁbie descri bed
in the aforenentioned 5, 777, 719 patent and in other systens, and is nade

possi bl e Bewsiates, Insprporaseds iFunleaslel sitedn simeljerghan thy MHSEBSIF%GCSICEH%Q B canera
312 provi ng%f&Xmg&%%H%%%ﬁé patent and in other systems, and is made possible because

of the enhanced intensity of light to the lenslet camera 312 provided by components of

the wavefront sensor 300 to be discussed below. The optical path of the wavefront
sensor 300 shown in Figure 12 can also include lenses 326 (e.g., four lenses) and
diaphragms or apertures 327 (to allow changes in beam sizes) that are typical of
illumination, imaging, and focusing optics, and which also can represent other possible
optical components omitted for clarity. For example, in one embodiment of the
invention, the focal length of one or both of the lenses 326 about the trombone focusing
prism 314 can be changed, perhaps shortened, to accommodate a smaller beam width
entering the lenslet array 324. In another embodiment, the range of possible dioptric
measurements that can be made with the wavefront sensor 300 (or 102) can be changed,
for example, with appropriate selection of the lens 326 in front of the laser 306, to adjust

for the natural distribution of poor eyesight in the general or a select population of
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t he wavefront sensor 300 to be discussed bel ow. The optical path of the
wavefront sensor 300 shown in Figure 12 can also include |enses 326 (e.g.,
four | ensesyi/zsacs di aphragns or apertures 327 (to all ow chemge®/iosrsbeam
sizes) that are typical of illumnation, imging, and focusing optics, and
whi ch al so can represent other possible optical conponents omtted for
clarity. For exanple, in one enbodinent of the invention, the focal |length
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I t he di opt b
sensor rg%ocfevilcgﬁWEdt/“ Cg‘]“qquk{’glhteé%& cgxanpl e, e dioptric range can be

m)dlfled a sy opters with a symetrical design to
an asymret r| caAlterhdtively tc3the dosipbreoftheildrs 326, AleyeB3f ciutdibe dhesedimo e Wi | | be

appreci ated by those skilled in the ar Thi s .can _be done out changi ng
the size Bith ﬁ%@etl?fﬁkéﬁﬁ@efﬁ(e@é%swnﬁﬁg °§191°"(5le ‘Em-?rpaq} Pe\h,\% QER/I ce)

and/ or paggne! 6fs cﬂf bd gﬁplggéd ©3djudy e ro'@@xrall\fﬁ{g)é offaletéasme&ﬁwe@fbneéenfs&e | ens

326, a lens 33 into the path to the lenslet canera 312. A
nunber of 30®clwiildbe appredintad thae bp amplaying Ehélet tind¢nst326 0afBs molddble o be

enpl oyedt st .t.he overall .1 e, of th aptured wavefront, sensor 300.
e b ne ot Bpsiic o R et o CRBRE, Ricgtdfs RE Mol by, 555

noveabl e Fﬁkttl‘ibr {88 thsetdio@ 308§ hichIPwill hevel son@lifheddnt “hitlp@niismeeersawy. for the
trombone is reduced. Further, the laser di ode 306 typically will have sone

i nher ent Thistcaghaeligned vith astigmatigm typieslly fewnd e RefipRfricaye - @BAiASt i gmat i sm
typicall ylrIc e%'q tl% &epﬁf ﬂﬁgget t‘;hg ng}/&ro ?ggﬂsgr 36@%6{)% %123{ %D@h %Ylgﬁﬁ} Lmr agge

of the waVeriont Sensor Iy, suc ism
"W th theisraliigaed asith yeiralal asp@fpicehlbatﬁnﬁs hsrgmhsmrn fcﬂnnﬂ,oanlddhe Rnsie't d‘amdrensl et

canera 312 and correspondl n vvavefro% gnsor &% sof tware nﬁqake into
account t Al %2R ¢RETeEPRNAINESV VG f‘i EHYS brSB Vaiegn Srediefceieh ?1 &gk of

det er m nablie AknHTHévidhg an even greater range of determinable astigmatism.

A pupil camera 328 is shown receiving (e.g., 20% of) the reflected light from the
beamsplitter 318. The pupil camera 328 preferably provides the iris image data 132 for
the iris image 136 via a control system (not shown) similar to or the same as the control
system 156 discussed below in the discussion of alignment techniques. To compare, data
from the lenslet camera 312 is processed and ultimately provided as the aberration data.

The pupil camera 328 is placed in the optical path between the eye E and the
trombone focusing prism 314, which allows the pupil camera 328 to focus on the pupil
and iris of the eye E, irrespective of changes in the focal length of the remainder of the
system for focusing on the retina. Thus, the pupil camera 328 can develop a clear image
of the surface of the eye E independent of the depth of the eye E and the corresponding

distance from the retina to the iris.
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A pupil canera 328 is shown receiving (e.g., 20%of) the reflected |ight
fromthe beansplitter 318. The pupil canmera 328 preferably provides the
iris i myeodatsazel32 for the iris inmage 136 via a contr ol PGYEP®M§730t
shown) simlar to or the sane as the control system 156 di scussed bel ow in
t he' di scussion of alignnment techniques. To conpare, data fromthe |enslet
canera 312 is processed and ultimately provided as the aberration data. The
pupi | canera 3F&atisn fhgeed in the optical path between the eye E and the

the pupi 1 and The MaveFor nersey S0k{ang DRSS emalomn tiGAGeet 157 b1 Pocal
length of técrg& BEMRINGGH iPF EFEFIO.Sﬂg%@tiﬁﬁﬁarg&@gﬁg?ﬂlfﬁﬁnétmb)‘ glibRa. Thus,

t he pupi l mera 328 can d1 vel op a clear inage he surface of the eye E
i ndependenburoé 316 andeldtws e patient ¢y Sx&Ee andifache wbide thesadiustineny camedt32adde from

waver ront ARy aarTal IS HIES Shphoyioraneenaaes edul Shi AT T
target 334ma@S FRAOWR Ieldrafhy 824 8ke bI\GE in@fdcsloftatikedendbofitise lehdletm nat ed
by a light sSource 336, and allows the patient to fixate and focus while

t he adj ustcamena 3d3byradiusaent of thedramhoge pptigsid 4pIihg syam agrantagsopsdy i na. The
fixation ta t 334 1S eful i ?ﬁﬁl r nsl et
array 324 pégrvggegragﬁ%%e foﬁt?h o (?él\élg%%ﬁ%t(t}% fl ?iﬁ(Sslg.'irllnsl})llrlggi t léof)g’?llg 2% {h%camera 312
by ad{just RRifBoadbn tvfher ﬂhﬁﬁh?@m Bigfeck), 3ﬂd4not'§h3pl$)asfi)mt'rlomﬂviant"ﬁlyieﬁxmio?n f
provides an inmage . for the fixation target 334, a nonlimting exa e o

Whi oh i s (Gt Udieitssahe Bt Rk PRYSY £ PERA oLk o5 24! BN IBEEE Phipl y o
fixation QQéd%Lre%_]:ISEanﬁé(é\;gé& Jr sdeflb ggitng%%ea'b\ﬁﬁe thereys whigineh fobss. patient’s

brain a picture- e or I e I nmagé or scene-reaIIK sone obj ect

ctual pictu
or scene Fecuginythewpe Ebyitlt hpicayelike onagettypibaltyos fasierdo aceweplishiigant he eye E

with a picture-like im typically.is easier.to acco jsh than .. f.ocusin
to a poi ntOCUFHS P ﬁﬁ’@@t'ogﬁ? Hﬁé)gﬁc&élﬁ%’ﬁﬁ‘to&?ﬂg‘?t agf)]’v(ﬁ%e Ptyﬁgl‘ @féafzs a?(’)nffnét us at )
infinity, as@Stht {miRevdrEBAAWNS! Rhichlcadiddn eNRinaling 8 rediéing theadffedisrdeyaig or

reducing the effects of eye E accommpdation or rotatjon as the aerial
i mages ar & fasomswdation erretalian @s thermerialdmaaes arg facysed & the avefEant s¢1§0ht her

words, the, jmage of th { i ; vent. ﬁ#ﬁnt to a
certain eﬂag‘natr? a‘fqr%reé'ygn ‘%hér?&ééﬁ(a? ()tlé‘%{an% ogﬁﬂl fg’{s]%l%{l ﬁ%%et&ﬁéf\%ﬁfsf 381{ e fixation
target i mggeveholocesrthintexexne, the &y E Gioat foctising dtdessniemniafihity.ot at i onal

position, thus mnim.zing rotational errors fromthe diggaq,osticngpal ysi s.

Thus. with the The fixation target image forces the eye E to rotate to its “no rotatio

position, thus minimizing rotational errors from the diagnostic analysis. Thus, with the
fixation target 334, a rotational frame of reference can be defined relative to the eye E.
An asymmetrical image, such as the sailboat in Figure 10, that can be viewed at infinite
eye E focus is preferable for helping the eye E maintain the normal or a pre-determined
rotational position with respect to the fixation target 334, even with slight head
movement. The fixation target 334 can also be used to adjust the rotational position of
the eye E in conjunction with recognition, location, and alignment of an iris of the eye E,
such as that described above. A similar image can be used in other components
according to the present invention, both diagnostic and treatment, to eliminate or reduce
accommodation or rotational issues.

It will be appreciated by those skilled in the art having the benefit of this
disclosure that various types of components can be used to substitute for components

implemented in the wavefront sensor 300 (or 102), and various optical configurations are
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fixation target 334, a rotational frame of reference can be defined
relative to the eye E. An asymetrical imge, such as the sailboat in

Fi gure l1e&yovhzs47c¢can be viewed at infinite eye E focus isp@repevabize for
hel ping the eye E maintain the normal or a pre-determ ned rotational
position with respect to the fixation target 334, even with slight head
movenent. The fixation target 334 can also be used to adjust the rotational
posi tion MSlbkhef@yeotEen ermbndlrrpc,ms:of tha imiention. bargramplena hl&hda‘tep%h’,’ and

al i gnment t hat .descri be ol oA simlar

i mage cancoﬁgnﬂg%h li‘tr‘f‘oﬁlicﬁe‘?r %@ﬁ'@ﬁﬁl@m ssour%?ég%i; &P SRRV gese Pventi on,

bot h di agfgishdwerdbsh ﬂ'ef)ﬁ@é ﬂﬁﬂiser siedeboar ’Ilﬂata&l WtmeRddfRra mmmmnm@n or
rotational issues. It wl 3{g%twemated y those skilled in the art

havi ng t idadséneffietpag ofithe gnrr@m ard the lenslet aspay PHtef the paslebsamestpbhent s can
b d t
beo e Qo HRehpi SRR IRRRL R TLATRRLS et ARREI G sensor

PCT/ EPOO/ ab@fe%&temsthbkﬂ skilledl 1f1®hiemroﬂ1bearll @ﬂtbeséldasmpbﬁemi axtergencranpnt i on. For
exanpl e, a hlgh intensity collimated |ight source mul tiple |ight

sour ces, FogkoBschbypp éont&#éyslt% PERAT 2 BHIOGHBPUEH: dh¥ etyc%frP ®@pl ace the

| aser dig GRHFRY the3chetAH {}§to??rfé senPin@effbni N the
path of t %ﬁ%&?gg@‘a&??és&ﬁ%fﬁ?ﬂ&re {mfetc aoropreay ?f‘g thﬂe} Iegnsl et (I:Iamara 312
can have nore or femer | ensl ets, as desired or accordlng to design.

Further, it w Ll appr eci ated by those skilled in the art that all of
t hese conpone £ enerally <controlled by a control system such as a

m croconput er. Ty f&&ég%mgadls&ésﬁréﬁndqiekmptloﬁ@mtheguvamloﬁrase @Auarfesahdl e that
are within the scope and spirit of the present invention. Conclusion The

f or egoi ngexmasl@wo}s meeeoé,mmdd/eg@ms qhangss intherdetailis of hetillBsirasadeappriatispdt i ve and

expl anat or er eof | wstrated
appar at s g o pERf i rH R RS e a8 st el R WRelY L
departi nght ientile spirit of the invention. 32 WO 01/28476 PCT/ EPOO/ 10373
W claim 1. A nethod for alignnent for refractive treatnment of a patient's

eye, conprising:
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maki ng a di agnostic neasurenent of the patient's eye; acquiring a first
image including an iris inmage of the patient's eye; determning a spatial
rel ati ons pi/isataveen the first inmage and the di agnostic PEBERGOAOETSL ;

devel oping the refractive treatnment for the patient's eye based upon the
di agnostic neasurenent; acquiring a second inmage of the patient's eye; and
aligning the second image, including the determ ned spatial relationship
with the Wddlsiim:i nage in preparation for performng the refractive
treatnment. 2. The method of claiml1, wherein the aIi?nrrent J s made between
the patient'sleye, Atpdhpdiogatisement for i5Hpstrystireatraqnd of a PRHEIEH %% i ¢ tool , a
refracti VEOIB@%H .or any conbination thereof. 3. The nethod of claim2,
wherein the iag%osti c tool includes at |east one of a topography system
and a wavef r onmakingsudiagmestic myastiamenanfithe Ipatientd epest i ve t ool i ncl udes a

| t 4. Th thod of claim1l, .wh ip. the.di tic tool dth
refractive t ooReIuIBSISt 1A JTURE PR s 1o BV PRST RS 11 ng the eye

i mges. 5. Theq&einhiafheafspatiad iréhdonsWpesedl eenabélflisk imgketdd thd diggndstrage
conprises acquiring the eye image with the diagnostic tool. 6. The nethod
of cl ai m Bleasin&ditn acqui ring the second i mage conprises acquiring the eye

second | mge | ACTS wkFet e bSO RlReR o} Pulbpot Y Gaholdl, o o

claim 1, wkesqwementpki ng the di agnostic neasurenent conprises obtaining
refractive data about the patient's eye by nmaking at |east one of a
wavef ront aber RERUIHIE hiesQurt iEragRf the RAEBYSEIBHATE neasurement, a pachynetric

measur enent, ag; : ; i i asound
reasur oment | 33 GG 30478 Bt LR b 3 Eleg TR AR R RAthigRM bt

wher ei n kst igagehie pdipaguios forcpenfvaningshe refracovepréasmentdet er i ni ng a cor neal
thickness or 05.h er ‘Hxé In%trh% toif %fairﬁ rl?%v- ler%inotke %ﬁgnrgear}t iiselgllg(liesbe%%gen the
patient’s eye, the images of the patient’s eye, a diagnostic tool, a refractive tool, or any
combination thereof.

3. The method of claim 2, wherein the diagnostic tool includes at least one
of a topography system and a wavefront measurement system, and the refractive tool
includes a laser system.

4, The method of claim 1, wherein the diagnostic tool and the refractive tool,
respectively , include a camera for acquiring the eye images.

5. The method of claim 4, wherein acquiring the first image comprises
acquiring the eye image with the diagnostic tool.

6. The method of claim 5, wherein acquiring the second image comprises
acquiring the eye image with the refractive tool. ‘

7. The method of claim 1, wherein the second image includes an iris image
of the patient’s eye.

8. The method of claim 1, wherein making the diagnostic measurement
comprises obtaining refractive data about the patient’s eye by making at least one of a
wavefront aberration measurement, a topographic measurement, a pachymetric
measurement, an OCT measurement, a Phoropter measurement and an ultrasound

measurement.
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using ultrasound. 10. The nmethod of claim4, wherein the aligning step
conprises displaying a stored representation of the first imge;

di spl ayi mgo bhim4second i mage in a conparative manner wth POBEPONISET3I Mage;
and manually aimng the refractive tool such that the first- and second

i mges overlap and align. 11. The nmethod of claim1, wherein the aligning
step further conprises: identifying a distinctive feature of the patient's
eye in the fir8t indbemethed ofzlaimri wherchremdkisg ithecdipgrestie measueepgnith a

e 1200 Bt BE A R PR Mo PSR i Gl ool b BTN s one

of a nat ygiab hira@&@id ri ng marker and an applied marker. 13. The method of
claim1, further conprising creating a marker in a desired region of the
patent's eye phPor {Toe metghadraf sipimide whesedn the gligring $iep COmpripast Y&HE & ai m
13, wherei r I rke ises applying a dye or a dye-based
mar ker i nsgére ersﬁeéﬁg?tgogﬁéﬁr%ﬁrfgwh’e nmet hod of claim 14, wherein said dye
is visible in dRpragingabe fdcghd imagktn a thmparatitothanfercéiei tive fidst imbgr; @hd sai d
dye is detectable for a duration sufficient to_performthe alignnent and
the refractivemapeaibnaiping Gy refracivedoohsiehdhathesfinst ang segpnd images Psslpng a
mar ker cogpjisgs thermally inducing a mark. 18. The nethod of claim17,
conprising usihg a laser to thermally, mark the eye. 19. The nmethod of -
cl ai m 18, wher éiln t Abe Inweslerd df slaamHo Witerem thasbgning Gtep Thithemsompdsasf cl ai m 13,

wherein creatin mar ker .c rises ki n . mark extending radially from
a center regi ph‘%ﬂjgfyén%%ﬁ\sﬁﬂé’g}é!feﬁgﬁic’gﬂ’e&aﬁ?ﬁt@ ] g’r?;grgt lg‘ﬂg‘g’ anél. The

net hod of cl ai QiZfng WealiRindti SfedufaditR alcyrrespondiai RigktinBtive fR@areoMhOXi mal
segnent and a distal segnent that are not collinear. 22. The nethod of

claim1, Bheanes ayeindhepdognd ageonpri ses at | east one of 34 WD 01/28476
PCT/ EPO0/ 10373 12t ra le%]éeltﬂ}%’ofrc?'c{ix?ltlllpgfher%ﬁlaéaidq&stir?c(ﬁ%%a‘?ﬁﬂe '?@orf%rbq ahor mal i zi ng

t he devel oped réefractrv
naturally occurring marker and an applied marker.

13.  The method of claim 1, further comprising creating a marker in a desired
region of the patent’s eye prior to acquiring the first image.

14.  The method of claim 13, wherein creating a marker comprises applying a
dye or a dye-based marker in a desired fashion.

15.  The method of claim 14, wherein said dye is visible in infra-red light.

16.  The method of claim 14, wherein said dye is detectable for a duration
sufficient to perform the alignment and the refractive treatment.

17.  The method of claim 13, wherein creating a marker comprises thermally
inducing a mark.

18.  The method of claim 17, comprising using a laser to thermally mark the
eye.

19. The method of claim 18, wherein the laser is a Holmium laser.

20.  The method of claim 13, wherein creating a marker comprises making a
mark extending radially from a center region to a peripheral region of the patient’s eye.

21.  The method of claim 20, wherein said radially extending mark has a
proximal segment and a distal segment that are not collinear.

22. The method of claim 1, wherein the aligning comprises at least one of
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treatnment. 23. The nethod of claim1, wherein acquiring the first and
second i mages conprises at |east one of acquiring infra-red eye inmages
usi ng i nw@anem4t@aner as and acquiring visible i mages usi neCwEBMDI0&73l i ght
caneras. 24. The nethod of claim 1, further conprising dilating the
patient's eye between acquiring the first and second i mages. 25. The

nmet hod of claim 24, further conprising creating a marker in a desired

regi on of transatingt rotating,-ssglingy cowelating arstparmialiging Hhe developed refigetive26. The

met hod of claim 25, wherein creating a marker conprises applying a dye in
a desired"f48fon. 27. The nethod of claim 26, wherein said dye is visible

ininfra-red |pght. TheBethbhof BRIMAGwRErel RiiTriAL the ket AidseS@idiintiges | s
detectable for at |east approximately 15 mnutes up to an hour after

appl i cat i emmprises Aeleash preeef acuiringHefraEedwyg lmpges| wing infrared camesas aetmpr i si ng:
maki ng an I I . patient's eye wi th anot her

di agnosti %é gﬁ:ﬂg?“‘%@%ﬁ%%?%g@%%@@%ﬁé@%ﬁ| uding an iris image of the
patient's eye; 24.det Eherinbihod oficlapatl| Artheetaprsirghdijating thegmtientseyehi rd i mage
and the apother di agnoséi c nmeasurepent; and further devel oping the
refracti vBWEEhRGRUHINS G HEPt ARbIFCand Yradsit and correl ation of the

di agnosti c meagsir empRd n@idd bR Blafi Ok NGkthel flgGrdRias UrRiRA infr RErd e
first and third i mages, respectively. 30. The method~of claim29, wherein

resol ut i oregodn aftike phiterghoge paor traaguiriegithetfirstrichaghie anot her di agnosti c
measurenent differe an ne is ed to interpolate the other, .31. A
system for ali é%n ngﬁ%ge ?’8&1‘)38? F(?gnggﬂ’%?{ﬂnc? eaituﬂggmef{tcowpflﬁesaapﬁéﬁl?%ﬁt' s
eye conpr ipd i dediréEfaki@ehl ve di agnostic tool adapted to provide refractive
data about the patient's eye, wherein the refractive diagnostic tool

conprises: a fRfst Chermethod@hplaad 26ovherainispid dyefs yisiblejngnira-sedilight. iri s
I mage of the p%.i eml"iléS met%%d\gpcl%r{l %gﬁxﬁeraﬂaﬁ%g/islgggéable for at least
approximately 15 minutes up to an hour after application of the marker.

29.  The method of claim 1, further comprising:

making another diagnostic measurement of the patient’s eye with another
diagnostic tool;

acquiring a third image including an iris image of the patient’s eye;

determining a spatial relationship between the third image and the another
diagnostic measurement; and

further developing the refractive treatment based upon alignment and correlation
of the diagnostic measurement and the another diagnostic measurement from the first
and third images, respectively.

30.  The method of claim 29, wherein resolution of the diagnostic
measurement and the another diagnostic measurement differes, and one is used to
interpolate the other.

31. A system for aligning a refractive correction instrument with a patient’s
eye comprising:

a refractive diagnostic tool adapted to provide refractive data about the patient’s
eye, wherein the refractive diagnostic tool comprises:

a first camera adapted to acquire a first pupil and/or iris image of the patient’s
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eye, wherein the refractive diagnostic tool is adapted to provide
refractive characteristic data and corresponding spatially related iris
data repmesemtsyng the first iris inmage; and a | aser systercEERPPIIOST3t 0 apply
a course of refractive treatnment to the patient's eye, wherein the |aser
system conprises: a second canera adapted to acquire a second iris inmage, a
| aser adapted to apply the course of refractive treatnent, and a control
syst em adeyt edietein the cefraceiveldiagnozicitoatds ddapraditt provede méthctive chhmc@aber i sti ¢
data and the iris data . and to align the iris data to the second iris inmage
bef ore t healg 8Rd FIFesPRRingtRafially TellEb o ata e R e e Rt ifBATIoEoI 200 The

systemof clai mzgd, sym%ﬁagﬁghgﬁg@pa cBhrsS ¥B{eBA iV FQMRERT HR faliBntsSecond

canera and the | ase em of claim 31, wherein the refractive
di agnost i eyd, edikrepotinp dassesystean vemprisesint sensor. 34. The system of clai m 31,
wherein the refractive di §gnos ises a corneal topography

| c tool
anal yzer. 35. TH&OUSSTBeRE a@F%t‘fﬁcﬁ‘f‘ﬁe 9\,{%%58? % ¥H&Fef racti ve di agnostic

tool is adapt teasEIOadqﬁtfeﬁrtml%ﬁy eI ddank of ifekiesgement hed di fferential
profiles using ultrasound. 36. The system of claim 31, wherein the

refractive di agremdlsysterslademsehio reeaive dathdereeddram therrefiagtiveshaaglgrgin i ¢
tool. 37. ,1h t. i i .

conpr | ses 844 TaT ¥RATUA, ofs Bl el e RTLELD ATEORPEL (U3 SHIRL Bffuel o1
and adapt eghtdnoinitiitsgthayolseobeemnenti ri s i nage and the received iris data

overlaid. 38. The systemof c¢laim31, wherein the control systemis adapted
to conpare and?to an§ @ﬁtqf%ef?lé@é?’béﬁ‘qr??éhwgo{%’Sfel%lsscé’%lﬁ‘th thes i mage.

39. The sysbedtQherslafi Meddserf Urther conprising: a second refractive
di agnostic tool conprising: a third canera adapted to acquire a third iris

i mage, wher ei n33.he $beeystem ef claim B i evheréin greosfractivieabagnostictoahtasaprises t he
| aser system and adaFt ed to provide additional refractive data for the
patient’ s2&PECIPRY SEENt i onal refractive characteristic data and

correspondi ng gpati ahé Yysteth of @dinRddiwnediaknd efractd@l BagrRptie®eNEdmgtisehie third
iris imge from the third canera. 36
a corneal topography analyzer.

35.  The system of claim 31, wherein the refractive diagnostic tool is adapted
to determine corneal thickness or other differential profiles using ultrasound.

36.  The system of claim 31, wherein the refractive diagnostic tool comprises
a hand-held refractive diagnostic tool.

37. The system of claim 31, wherein the laser system further comprises:

a display coupled to the second camera and the control system, and adapted to
display the second iris image and the received iris data overlaid.

38.  The system of claim 31, wherein the control system is adapted to compare
and to align the received iris data to the second iris image.

39.  The system of claim 31, further comprising:

a second refractive diagnostic tool comprising:

a third camera adapted to acquire a third iris image, wherein the second refractive
diagnostic tool is coupled to the laser system, and adapted to provide additional
refractive data for the patient’s eye and additional refractive characteristic data and
corresponding spatially related additional iris data representing the third iris image from

the third camera.
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WO 01/ 28476 PCT/ EPO0O/ 10373 40. The system of claim 39, further conprising:
a conputational systemcoupled to the refractive diagnostic tool, the
second medoredrere di agnostic tool, and the | aser system pehver@/n313he
conput ati onal systemis adapted to receive the refractive characteristic
data, the additional refractive characteristic data, the received iris
data, and the additional iris data, and is adapted to spatially normalize
t he refractived4@har dbe eystesh bt cldiat 39, tforthdreospeiomg: refracti ve characteristic
data by aligni ng t he r.eceived iriﬂi%cfiat wi th.the -addi MQEI iris data. 41.
The system of &FSMRHBHONAALIET foUmied OJRHIRTEACIEHEREAPHE KAl te $68BT ed to
devel op t Rgr4eQiE &RgMdstit &idlambithelabdr@MtERNMvhéren thdBohpEetiorRY Histm Rased on
the normali zed daga. 42. The systemiof claim4l, wherein the |aser system
conpri ses addpted togagrinesthe oafeacti vy/eararterisgc daaethe pddidpmal frefedesiven 31, wherein

the | aser gonprises, an _excimer. .l.aser. .. Ihe system.of ¢l ai further
conpri si néﬁargagrb%&a% f“(‘}r{g‘fews%%aﬁ%%’oa&‘ ﬁg%angg?%gmrse(@raag?cﬁ/%dgl} tgéﬁoost iC
tool and thaiallasefmaliy Sheefra@ng chahaplefictid dutd aCBE yeohd eefrtivact i ve
characteristic data and the iris data, to develop the course of refractive

t r eat ment charaderBicslapfRlisning thetrceiwed insdaga with threadditiosakifgdetaspat i al | y
norml ized to e 1 g stifhfior dim I0SyRYSHAAR Ml dBarGictihBAed B2 | aser
system conpri ses the "conputational’ system 46. aser systemtor applying
a course déveled thacburse of refatthwertteater fathe daser systeaytmsed bretheamemalsaedt em
receiving the course of refractive treatnment in association with spatially
rel ated i (P& data representing an iris inmge of a patient's eye, the |aser
system conpri gbng: The S 3f AHAPY EAvALReiAHIaE& shtemichinprisésrae; a | aser
adapted to apply the course of refractive treatnent; and a control system
adapt ed t computeiiomal systemour se of refractive treatnent and the iris data
and to align t iris data te the,iris I. e before .the c I stem
initiates the qg'our 38¥St?r81of318{r?3£’ ‘?'l}eer%llm%neenlta.serf?fnp?%e asnyesfr‘l %ﬁrﬁ?é?é%:{l ai m 46,
further conprig4ng aheeyuth af tlamaB 1 Hish&@ongedpged to devel op the course of

refractive treatnment fromrefractive characteristic data
a computational system coupled to the refractive diagnostic tool and the laser

system, and adapted to receive the refractive characteristic data and the iris data, to
develop the course of refractive treatment, and to provide the course of refractive
treatment spatially normalized to the iris data.

45.  The system of claim 44, wherein the laser system comprises the
computational system.

46. A laser system for applying a course of refractive treatment to a patient’s
eye, the laser system receiving the course of refractive treatment in association with
spatially related iris data representing an iris image of a patient’s eye, the laser system
comprising: | |

a camera adapted to acquire the iris image;

a laser adapted to apply the course of refractive treatment; and

a control system adapted to receive the course of refractive treatment and the iris
data and to align the iris data to the iris image before the control system initiates the
course of refractive treatment.

47.  The system of claim 46, further comprising a computational system

adapted to develop the course of refractive treatment from refractive characteristic data
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37 WD 01/28476 PCT/EPO0/ 10373 froma refractive diagnostic tool, and to
provide the course of refractive treatnent in spatial association with
addi ti onavo br/2sa7@at a representing an additional iris inmagect/ERPWIaT3
additional canera in the refractive diagnostic tool. 48. The system of
claimd47, wherein the control systemand the conputational systemare
conprised in the same conputer system 49. A nethod of providing a course
of ref r acfrome refrectivesiingnogticaoplanndiotpravidg gie course ofreaftactive BeASMELRY 1RQ:

determning,.refractive .characteristics of pRatient.:. ;s i an
i mge of %‘%Eﬁlreafsﬁ%éa“@f] WlﬁEa(@angLWSsdagyrgp % e%ltlgg é%?%él%8%$%€5 1{%%9 lﬁlrogl# %gcti ve
char act er j@ditidifal cAR4E kPRE REFrR1i0OUiagRostik téddf racti ve treatment using the
determ ned refractive characteristics; and ali glg;yng a refractive

(e}

correction i ns#¥unehhe system efdaigud T, evherain gigcopljolgysigmi ang thhe  acqui red

i mge of £ f i A f .ent's eye received by
the ref r%@ﬁ?@éloggfs&g% %ﬁ%ﬁﬁé{l%jﬁ%w&gﬁ.wﬁgtﬁﬁﬁﬁg' of claim49, further
conpri si ng apph9.i ngAtthehedbof geviding o @furseaff irsfeactive atareent toSlpatiéntsyeyeem f or

aligning a refractive, correction instrument with a patient's eye,
conpri si nH§e MEBYSCHRRIISHEE er ni ni ng refractive characteristics of the

patient's eye; 4B fink bsrRAHUL bhdrhderdiict BROBatRhr@eyetl! f ace of the patient’s
eye while determning” the refractive characteristics; means for devel opi ng

a course of reheqauingen imagavfresurfags iof thetpatienisteye while determiningcthe ve
characteristics; .and means for aligning a refractive correction instrunent
with the PAECRFECRAraLFISHES 41 gning the acquired i mage of the surface of

the patient’'s gyRldidda eiRidirefratrge nehinidibusifaiteBicrainey ecfintiet ved by the
refractive correction instrunment. 52. The nmethod of claim51, further
conpri si nghareeiersstics@andppl yi ng the course of refractive treatnment. 53. A

method of al i opy NG, A, FRLLAG LRSS [rSihmaRt JiftSthE PaEd s W d By Rifdhd GBS

acquired image of the surface with another image of the patient’s eye received by the
refractive correction instrument.

50.  The method of claim 49, further comprising applying the course of
refractive treatment.

51. A system for aligning a refractive correction instrument with a patient’s
eye, comprising:

means for determining refractive characteristics of the patient’s eye;

means for acquiring an image of a surface of the patient’s eye while determining
the refractive characteristics;

means for developing a course of refractive treatment using the determined
refractive characteristics; and

means for aligning a refractive correction instrument with the patient’s eye by
aligning the acquired image of the surface of the patient’s eye with another image of the
patient’s eye received by the refractive correction instrument.

52.  The method of claim 51, further comprising means for applying the
course of refractive treatment.

53. A method of aligning a refractive correction instrument with a patient’s

eye, the method comprising:
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eye, the method conprising: 38 WO 01/ 28476 PCT/ EPOO/ 10373 determ ning
refractive characteristics of the patient's eye; froman iris of the
patient' sveye84acquiring a first imge used for defini ng PCEpRGOI1AB73

rel ati onship between the iris and the determ ned refractive
characteristics; storing a representation of the first inmage; fromthe iris
of the patient's eye, acquiring a second inmage in preparation for

perform ng a cistarseniog refeactse ehayastaristies ofthe patignd sgbe:gni ng the second iris

i mge and the r.ed. nt at i for..n 4] e of..
refractive trefg(ﬁﬁrgrgﬁ?n{ gﬂbgég%eélgéﬁ ’iafcﬁ)‘rsmfl%gig%t léﬂfgglﬁte?rg rhcgegi“({)[% A |atgl%L| ng
refracti vielationdhip bétheenrtiehadamip detsiniged refrptive thgadidrissits;i ri s i mage data
froma patient's eye with the first refractive tool; capturing second iris
i mage data fr oWPHIMER fsREGSeMAtien fythe {ifst Hnagesecond refractive tool ; and

al i gning the |10 .% it i ok S ot 8ofaa. 55.
The net hod of Sigﬁg?% féﬁ 0? 6¢%grgnt§géﬁgr#&h%bégmgsgg?r&cghdgé#l??se?ﬁgl ?efbtrgat ive
al i gnnment pafformingfa ¢dueseayfeefractilve trb@mient; abdr ef racti ve or  di agnostic tool;

capturing second alternativye.alignne data, of the eye.with third
Fefractive or AEndgHBS N gin mag AL G PRSI R PP aia/he
al i gnment c et Weft 42t D Be B eAN@ 1R §RbMBIrisMMagd.l gnment  data. 56. A system
for aligning refractive diagnhostic and treafnent data, conprising: a first

opht hal mi ¢ di a¥fhostAeneshod effaligaingvefractize tocktheoppigd FPmBEsiAgf ract i ve dat a,
the first opht hglnglgffggtﬁg?mo%lCﬁtaofrr(ghgl&%ﬁg&!s\é??hg 'tg§ﬁ§PEe?gcfi9e %gpt ure

first ophthal mee ta an ain as a reterence for

the first refraghirng sdednd irigirhaedad foghiiepaticat' Ciyagvidsi teond ref@ttiact i ve
tool enploying second refractive data, the second ophthal m c diagnostic or
refracti vi€ok@8d adapted to capture second ophthalnic alignment data as a

e o R R B N oSO ot 0 e
first alignmenis.datEhenmethod béclgime 64 further gompridingtat a.

capturing first alternative alignment data of the eye with the first refractive or
diagnostic tool;

capturing second alternative alignment data of the eye with a third refractive or

diagnostic tool; and

aligning the first alternative alignment data with the second alternative alignment
data.

56. A system for aligning refractive diagnostic and treatment data, comprising:

a first ophthalmic diagnostic or refractive tool, employing first refractive data, the
first ophthalmic diagnostic or refractive tool adapted to capture first ophthalmic
alignment data and maintain that data as a reference for the first refractive data,

a second ophthalmic diagnoétic or refractive tool employing second refractive
data, the second ophthalmic diagnostic or refractive tool adapted to capture second
ophthalmic alignment data as a reference for the second refractive data; and

means for associating the first refractive data with the second refractive data by
aligning the first alignment data with the second alignment data.

57.  The system of claim 56, wherein the first and second ophthalmic

diagnostic and refractive tools are chosen from the set of:
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57. The system of claimb56, wherein the first and second ophthal mc

di agnostic and refractive tools are chosen fromthe set of: 39 WO 01/ 28476
PCT/ EPOOMI@87847€0r neal t opography tool; a wavefront aberpet/Epow/mssl ; and a
| aser adapted for refractive correction. 58. The system of claim47,
wherein the first and second alignnment data are both one of the follow ng:
iris data;, astigmatismdata; or iris outline plus rotational marker data.
59. The syst encapheat tapograbby tasher ei n t he neans for associating is a
conputational unit adapted to calculate a |aser refractive treatnent
pattern. 60. T%?é’a&fgc}négl?%’fa“@é‘?% , wherein the nmeans for associating is a

unit in a | asglas@dArbied fdrQe@ddiidn cbhéetloaser's aim 61. A method of eye
al i gnnent and charact'eri zati on, conprisi ngr;ef provi diqr;g a marker in a
fhedtr

sel ected regi ofB.of Theesysigm ofzpdajmi 47, Mdpeeein st apdgecanf aligemestdatigdfPng an
undi | at edbth'Binl: Df%ag?élroq&i'iﬂ | an iris image, V\,he_rei n the marker forms part of
the first i nagé;, difating®the pupil of the eye; acquiring a second inage of
t he eye incl udiriRglatahe di |l ated pupil obtaining a diagnostic refractive
measur enent of the eye having the dilated pupil; and devel oping a

phot or ef r act i v&SUEPBHIREAR ¢ om t he di agnostic neasurenent for a refractive

correction of frﬁ%uﬁ%@g}ll@%taﬁgﬁalrﬁ?}rﬁé}cﬁa&f claim6l wherein the diagnostic

measurenent is a wavefront neasurenent fromthe eye. 63. The nethod of
claim 61, wher8.n sHhasysernkeficliim 36, dsherain the rigams farsesbeiatmghs a 64. The net hod
of claim63, wherejn.sajd e is visible in i.nfrared |ight. 65. The nethod
of i ai m eomeptaa] v Edlefreflfees utie &1pieE rahelil riepe paftSin

60. The system of claim 56, wherein the means for associating is a unit in a
laser adapted to align the laser’s aim.
61. A method of eye alignment and characterization, comprising:
providing a marker in a selected region of the eye;

acquiring a first image of the eye having an undilated pupil, including an iris
image, wherein the marker forms part of the first image;

dilating the pupil of the eye;
acquiring a second image of the eye including the dilated pupil

obtaining a diagnostic refractive measurement of the eye having the dilated pupil;
and

developing a photorefractive treatment from the diagnostic measurement for a
refractive correction of the eye.

62.  The method of claim 61 wherein the diagnostic measurement is a
wavefront measurement from the eye.

63.  The method of claim 61, wherein said marker is a dye or a dye-based
mark.

64.  The method of claim 63, wherein said dye is visible in infrared light.

65. The method of claim 64, wherein said dye is visible for at least
approximately 15 minutes up to an hour after application of the marker.

66.  The method of claim 61, wherein said marker has a proximal portion that
extends radially from a center region of the eye.

67.  The method of claim 66, wherein a distal portion of the marker crosses a

collarette region of the eye.
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approximately 15 mnutes up to an hour after application of the marker. 66.
The nmethod of claim6l, wherein said marker has a proximal portion that
ext ends mealpeds4ys from a center region of the eye. 67. ThepamEP®osf cl ai m
66, wherein a distal portion of the marker crosses a collarette region of
the eye. 40 WD 01/28476 PCT/ EP00/ 10373 68. The nethod of claim67, wherein
the distal portion of the nmarker is not <collinear with the proxinal
portion of the 63ar kéhe ni@hodlbfeclaimt 67 avhefeis theidintél porti@r & the satldr i|fder is a
f claim69, wherein said |aser mark is nade by

| aser rrark 70. The .net had
a Hol mi umCoflipgaswit hhiﬁ‘e WW@P%&“Bfthélf%rh‘?rsl wherein said treatnent
conprises LASI Igg. an@hefn%tﬁ&%fém%ﬁ v@hé@fndsa fs%lgst%hﬁﬁ\} able after a

corneal flap is laid awnay fromthe cornea. of claim®61l,
further conpri §0ng dhhegmitined Qﬂtéalsle@%meramagaed lasért tharklie nfatle by aiHohgRinby
conpari ng %tﬁ | east the markers in the respective inmages. 73. The nethod of
claim72, €rei n devel opi ng the photorefractive treatnent includes

al i gni ng the di7agnogthe endtRaBer QARG L, Whieteesdi@irkfnent/ébmpties Fﬂ@ddngf claim
73, wherein sai d aligning includes iris pattern recognition from said

first inadecthersvhengn said magker of datecsatie ier agosreal ﬂarsmlddmmas froen ther n
recogni ti Qg j.acl udes a gray scale analysis of the iris for generating a
gray scal e profl le of the iris. 76. The nethod of claim 75, wherein said

mar ker tr aver s@8. sailte gmbods@fa:llﬁm 61, @frthee confprisidd &liglih@d sedond imhgn 61,
further co 5| % obt a diagnostic refractive neasurenent at the
time the Prdfe fifstipag arigg at legst the@arkgrsp ghegesRACHY HimBABES-f ur t her

conpri si ng Inpl7gnenfphe&1e%@ddﬂofo@£&tﬁr SRR d(BIoLIBAEBRL DAY, @ Pl anned

time delay after the wavefront neasurenent reatnent devel opnent.

79. The nitep@renbinchidas ahigning tlhncliagdosmg ra&asgnnngt tohiee plarkear ef r act i ve

treatment by a,l4| 9 nlIJHg merh ll< 3 W Q;le}nhs(zll élfg%'[lngairr]lgluagscl(r)fs] %atltgrg des.
recognition from said first image.

75.  The method of claim 74, wherein said iris pattern recognition includes a
gray scale analysis of the iris for generating a gray scale profile of the iris.

76.  The method of claim 75, wherein said marker traverses said gray scale
profile. ’

71. The method of claim 61, further comprising obtaining a diagnostic
refractive measurement at the time the first image is acquiféd.

78.  The method of claim 61, further comprising implementing said
photorefractive treatment without a planned time delay after the wavefront measurement
and the treatment development.

79.  The method of claim 78, including aligning the photorefractive treatment
by aligning the markers from the first and second images.

80.  The method of claim 61, further comprising implementing said
photorefractive treatment after a planned time delay subsequent to the wavefront
measurement and the treatment development.

81.  The method of claim 80, including obtaining an iris image at treatment
time and aligning said iris image with the iris image in the first image.

82.  The method of claim 61, further comprising verifying an alignment of the
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80. The nethod of claim 61, further conprising inplenmenting said
photorefractive treatnent after a planned tinme del ay subsequent to the
wavef rontwo nezssad enent and the treatnment devel oprment. 81. pdhepovetossd of
claim 80, including obtaining an iris inage at treatnment tine and aligning
said iris image with the iris image in the first imge. 82. The nethod of
claim6l, further conprising verifying an alignnent of the 41 WO 01/28476
PCT/ EPO0/ M@8di8peddesatnopevitlt the firstémbgepridr to repleinesting e developedrirdaoment.

i npl ementing t devel ope reat.ment .. 83. The nethod of claim6l, further

conpri sing pr O{};ﬁdi n\éﬁﬁ rﬁ‘?tg‘%ff%f;ef?ﬂfn ‘ﬂhéurt F@WH’éﬁPgHOVﬂ‘ﬁ%g adipelaypéthe r eat nent

Wi th the eyenRenQT thedddveRIpedRBAtmBE: Witle HiQYehaBED ig[-;fl&ﬁéﬁﬁ%@tt}he R4elopBg et hod
J

of claim82, further conprising at |east one of adjusting the position of
the eye alfabRfnysti ng the devel oped treatnent if the alignment is not

confirmed such ¢hat vel oped at.nent is .ultimatel | j.gned with the
eye. 85. The rreg%thod fﬁ%&ﬁ?ﬁ?@l%%fﬂ}ergmﬁlgg AYe épp%lg;ﬁdé&]s[nﬁg g i gnnent
at  sel ectpesitibh oBthedyt angadjhiginghind esvelopag tredehent B BIthmedis nbhe et hod of
claim82, further conprising verifying the alignnent in real time during

t he phot orceRriitad spgh thag thedewglopegiaréayment ppvltigttely alignedwitvthe wper ei n sai d
refractive di agrost if§,.1Ras j - .cor neal

t opogr aphy and pach%try.d% ) egzlﬁeﬂ%hgg8%?%7‘%?2?@%%%%&“@%@% mar ker
provi des iselecedtitiies dunigtie photoefskatd weatmpak. r ot ati on of the eye. 89. A

system for aligpnment_ and photorefractive treatnent of an eye, conprising:
a first camera%gsed mgt (?féliaémfﬁ%r b‘lmieﬁﬁ‘b‘éplilﬂﬁg veritigedhe alignnengiye of t he

eye; a refré@@i&ﬂe%ﬁxrﬁﬁ&ﬂé‘ﬂﬂ&ﬁfrwﬁﬂertﬂéﬁi%@nt.prOVi ding at |east one of
wavefront, topo rap]y and pachynmetry neasurenents, linked to the first

canera; a | asel’systlamnssishifelam 73 wherimspid redraptiot dingrfostic tierirémemt ment
i ncl udi ng ;8 i ot her image of the eye; a

canera us to acquire an
conput er sysl_fdzé(rgn%ﬁfs%gsé 5P W&%ﬂ?g%ﬁbapﬁﬁan‘i?‘i‘%wﬁ&h he photorefractive _
treatment |iniged t ThthethaisHEclemeeWhelelisaid fatket BRIV dRs HTehdiRndibagnost i ¢
instrunent; and _
translation and rotation of the eye.
89. A system for alignment and photorefractive treatment of an eye,
comprising:
a first camera used to acquire a first image including an iris image of the eye;
a refractive diagnostic instrument providing at least one of wavefront, topography

and pachymetry measurements, linked to the first camera;

a laser system capable of providing the photorefractive treatment including a

second camera used to acquire another image of the eye;

a computer system used for developing and aligning the photorefractive treatment

linked to the laser system, the first camera and the diagnostic instrument; and

a control system used to implement the photorefractive treatment linked to the

computer system and the laser system.

90. The system of claim 89, wherein the first image includes an image of a

marKker in a selected region of the eye.

91.  The system of claim 90, wherein the other image includes an image of the

marker.

42



a control systemused to inplenent the photorefractive treatnent |linked to
the conmputer systemand the | aser system 90. The system of cl ai m 89,
wherei n me@of/zsasd |1 mage i ncludes an inage of a narker i nPEI/ERIEOSE regi on
of the eye. 91. The system of claim90, wherein the other image includes an
i mage of the marker. 42 WO 01/28476 PCT/EP00O/ 10373 92. The system of
claim 89, wherein at |east one of the first and second caneras are
infra-red canePas ambe systsm Of@@mw,i\v}@rﬁbimg@gstiqnebﬁd@ first dndesgeondf a mar ker
st em of

in a sel e%rgg ag gx% fn 1a- %c{ag}e?r%esya?ld tléﬁlr reﬁ%ﬁfg Irpages gmc]lucdle an 1m§§ 0}’\4‘% n said

mar ker prow ge an eﬁe ot her

i mage. 94ma'§tge(s¢csﬁegiash@fft}ca@lem 93, V\/nerel n said marker is visible in
infra-red light for at least 15 mnutes after the narker is applied. 95.

The system of gbai mrfigs m%fauam@%%ﬁ@élh%duﬁarﬁeﬂ@maemf&maa@n fothe system
of claim95, wherein sal | aser mark is a thermal mark nmade by an

appr opr i atabgnra@@pfth@ﬁrsﬂm@g@m @modferdmwem 89, wherein the refractive
di agnostic instrument is a wavefront sensor, and further conprising a
second refract D¥e diTagepsim of clasn ermlmreinismidlmmmrgs aistthe mdinfraired hghtsed t o

acquire a fur her e eye i.ncluyding an iris inmge and an i mage of
a marker f9F 3 eé‘étlleéc'f’@g‘terséb%ﬁe& kgrds iledgs The system of claim 97,
wherein the control _systemis ada _;)ed to corrella(\ nd nornalize t he

devel oped refrdetivdh ?F%"i‘r@ﬁ? g 1 TSR GRS TR § 435S BTK- The syst em of
claim89, further conprising a di sgpl a%{mt hat allows an operator to see an
alignment of t A& deVbe syséam of eaimpBat Whaseintspie lachmarieid a thergras mark mgde The

syst em of. Iy er conprising a display that allows an operator to
see an al Pgaﬁ r%é?at{a eSEll;evel oped treatnent and the acquired images. 101.

The system of ai N, t eat.ment ud LASI K
procedure and Ph mﬁéﬁ flgnﬁ? %eéﬁmghe rgfrﬁ%té‘fe 4"?%185 1 mgh'\’%‘g% ek, 102.
The syst emaQEert@bﬁﬁbQLndm&fe@b&n fsingraké®ind réfeacarn s Bighosticaysusedhne profile
of an iris recognition pattern of the eye.

including a third camera used to acquire a further image of the eye including an iris

image and an image of a marker in a selected region of the eye.

98.  The system of claim 97, wherein the control system is adapted to correlate

and normalize the developed refractive treatment and the acquired images.

99.  The system of claim 89, further comprising a display that allows an

operator to see an alignment of the developed treatment and the acquired images.

100. The system of claim 97, further comprising a display that allows an

operator to see an alignment of the developed treatment and the acquired images.

101. The system of claim 91, wherein the refractive treatment includes a

LASIK procedure and the marker is visible when a corneal flap is laid back.

102. The system of claim 91, wherein the marker traverses a gray scale profile

of an iris recognition pattern of the eye.

103. The system of claim 93, wherein the marker comprises an indicia having a
proximal segment and a distal segment, said proximal segment extending radially from

an alignment center.

104. The system of claim 103, wherein said distal segment is not collinear with

43



103. The system of claim93, wherein the marker conprises an indicia having
a proximl segnent and a distal segnent, said proxi mal segnent extending
radi al | ywooms4an al i gnnment center. 104. The system of cleCTER@BN3Wher ei n
said distal segnent is not collinear with 43 WO 01/28476 PCT/ EPOO/ 10373
sai d proxi mal segnent. 105. The system of claim 104, wherein said distal
segnent traverses a gray scale profile of an iris recognition pattern of

t he eye. spid proximal segment.

105. The system of claim 104, wherein said distal segment traverses a gray

scale profile of an iris recognition pattern of the eye.
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