1. RIS PATTERN RECOGNI TI ON AND ALI GNVENT BACKGROUND
OF THE I NVENTION This application is related to PCT
EPO0O/ 10373. Field of the Invention This invention
relates generally to the field of laser vision
correction and | aser eye surgery, and nore

IR PATTHIRN RECOGNITIONAND WINIENMENTNet hods f or
alignment of diagnostic and treatnent inmages of the
eye for nore accurate surgical -outcomes and inproved
patient satisfaction. Desorption of Related Art The
BHCKGROUNWDOOF PHELINVENTIONI ve surgery for the
correction or enhancenment of vision continues to

ri se. Techni ques such as photorefractive keratotony
(PRK), laser in situ keratom |eusis (LASIK), |aser
epi t hEhis spplikssifodtiowiated uSPST ELFSRHIS73.and vari ati ons

t hereof are now comonly used to correct the effects

BleldWalieIhgditioliness (nyopi a), farsightnesses
(hyperopia), and astigmatism in addition to nore
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procedures. These vision defects are typically treate
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such as, e.g., an bscan~ corneal topogr
iﬁﬁ%@@a&n&é& &ohtek, Salt Lake City, Uah) is
routinely used to acquire the diagnostic information
about the shape and other characteristics of the
cornea. A surgeon can then use a | aser programed wth

-%El’i ﬁoh%?ﬁgﬁféﬁgi gcienf gr mation to appropriately ablate

The popularity of photorefractive surgery for the correction or enhancement of

vision continues to rise. Techniques such as photorefractive keratotomy (PRK), laser in
situ keratomileusis (LASIK), laser epithelial keratomileusis (LASEK) and variations
thereof are now commonly used to comect the effects of nearsightedness (myopia),
‘farsighmesscs (byperopia), and astigmatism, in addition to more traditional retinal
surgery and other ocular surgical procedures. These vision defects are typically treatéd
by laser ablating the cornea to steepen or flatten it according to its deviation from a
geometry that is expected provide normal vision. A topography device such as, e.g., an
Orbscan® corneal topographer (Bausch & Lomb/Orbtek, Salt Lake City, Utah) is
‘routinely used to acquire the diagnostic information about the shape and other
characteristics of the cornea. A surgeon can then use a laser programmed with this

topographic information to appropriately ablate the corneal surface.




Basi cal |l y, hyperopia and nyopia, and astigmatism are
known as | ower order aberrations referred to as

def ocus and cylinder, respectively. It is well known
t hat hi gher order aberrations in addition to | ower
order aberrations degrade vi%i on quality. Typica

hi gher order aberrations include spherica
aberration, coma, and conmpound astigmatisms. It is
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wi th wavefront neasuring devices such as ose
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ual It he techni cal  adv s.in diagnostic,
ol Shock oo (GRS e ot R onS b he ey iThe
‘ e trackers have .al so jncreased, the accuracy, required
BEnastie MG S RRen o E@F& opderahemations to dhrrngaing dryplqpgent
t.he treatnents ich are _gui ded by these .
q#ggsgwsemgtfmqag‘?r Qstamized ablation of the.corpspnd lensesoised imorzon
di agnqstic wavefront neasurenent of a patient's eye
thihexs- tihe seglcricusiomized gblation intocprovideven ingregsing weuahqualisy in
order aberrations that are suspected to cause glare or
terEns 9 aquity gnd pentmgt sersiiyity (deawtimpsastorred to asiupatidrmakdsion), as
(dark adapted) pupil. Therefore, a wavefront
vellas gensirtant image guality. wavef ront sensing instrunent is
perfornmed in a darkened environnent such that the
patient has a naturally dilated pupil. The neasurenent

of the wavefront aberrations of 3
The technical advances in diagnostic equipment and treatment systems including

- lasers and eye trackers have also increased the accuracy required in making the
diagnostic mcasqrements and performing the treatments which aré guided by these
measurements. For example, it is desirable to obtain a diagnostic wavefront
measurement of a patient's eye when the eye's pupil is dilated. Certain of the higher
~ order aberrations that are suspected to cause glare or halos at night manifest themselveé
in the dilated (dark adapted) pupil. Therefore, a wavefront measurement with a
wavefront sensing instrument is performed in a darkened environment such that the .

.pat_ient has a naturally dilated pupil. The measurement of the wavefront aberrations of




the eye is obtained with respect to a reference point
which is typically the pupil center or alternatively,
a visual axis aligned to a fixation target in the

di agnostic device. At the |aser treatnent stage,
however, the nature and amouht of |ight striking the

eyt Suaihétlim AGEOE reBeeb ol SRR 2R B bonit contg or
i i Q[ ' . -n t, I ti f t
SRS, Pl LS REEQEBaloF 4550 e P AT e
t.h tri il,, T | cuyl ol .

8 R e BB, e TP B R P B o i

Bl in SR FEpRR et PRGN STty S Beypopt Fpgonstict. A
[ t. ' t | [ h Ya[ol}

OB Rbl o o SRS o S50k O e TR o e

S S0l i oot R RIS A S o
ositiqQn., This is ro[?qlqe tic because custom zed

| Qpstaced feegimpntlPupily ?@?@P Piliggiosti peasyramspsaljgged to the

not necessarily._synmetric about an_axis over the

E%‘Fﬁ@g o dilftedpupil w@é&%‘vﬁ applisd-at apigeoreect lopation oRthe cREge
rotated between two di agnostic or eye inage

nmeasurenents separated in tine, resulting in

potential msalignnent of a |laser treatnent. As such,

~ bot h Anothes gemplication arispiofrons thetfpes thas thetriesitieny of apatientseeye in a
accounted for between the diagnostic eval uation of the
difiag ppsitiertretates aboutem axis wherethe grtient isdi a itgatmente(supine) position.
devel oped to address these issues is referred to as

This & proddennaticibecapseomystomized ablRpndteatmentfor higberayder abarations is
exanpl e, can sonetines be neasured by identifying

- Batinscegsatityesynsnetrid abgutmrdkisraver the torheat isadfjce 0 MdreoveiTargatient's
(natural). Since each person's iris is as unique as
Tidaé ifay haveoetapsdi betvieen two diagrpstidarseye imiRtmesdiremeds sophrdted in
| andmar ks can be used to identify changi ng eye

1hé, ety mw%otéﬂﬁ@l rhidii@imentof b &ls@ the@findn® ANSuchadiSA irfslation
addresses: http://ww.iriscan.com and:

A0 trthhcCATahe B MG 68 la8buMed for Betwedh HaSdiaghostic evaluation of the

eye and the treatment stage.

One technique Being developed to addres-s these issues is referred to as iris
pattern recognition. Rotation of the eye, for example, can sometimes be measured by
identifying iris pattemns using markers (artificial) or landmarks (natural). Since eacﬁ
person's iris.is as unique as their fingerprints, it is pfOposed that various iris landmarks
can be used to identify changing eye orientation. The reader is referred to the web site

addresses: http:/fwww.iriscan.com and htip:/schorlab.berkeley.edu for further




informati on about iris pattern identification and eye
nmovenent. Notwi thstanding that iris |andmarks remain
constant over the lifetime of the individual, it has
been found that often the change in pupil size

bet ween di agnostic evaluation (dilated) and the _
treatnment. phase (constrjcted) is sufficient to deform
dpformatien gt iy, Bt idepftficptign ind sye mayemeqt. | Notwithstanding that
undet ect abl e by conventional iris recognition software
st rdepnrles rapalgsenstant 9xgr he itefie pithe indpadusb it has Spepdaund; that
is highly desirable to be able to align the

gRen e shanee inpynilesizehehyeen fiagnpstic gyaliation (dilstedbandhe treatment
sites with the diagnostic neasurement reference upon
Rhase fropstripted) ip suffigientitp defarm ar qtherwisg @hsopeaithp dangmprky making it
met hods and apparatus to acquire and maintain_ .
tudetectable biicpryenibonal iriaregegnitiansafivare betoysen digegostic evaluation and
applicant's co-pending patent application .

pamhenr0 Since 378 highlycdesirable ta be apleia aléign the photaatilative treatment of
entirety. That application discusses associating an

the compaoraithey exgpiles axithrthe dizgnostictrheagiirenyerd seferenest upge whinl it is
therapeutic stage iris immges in order to align these
basedyalerais a2 revagmiet need e methodsrand dpparbius dal acpaitk spd fwintain
exanpl e, are suggested as artificial markers. It is
apuaealigiracht. Aosubntion is propdsedint appldant'decspadingriatent application
ef ficiency and accuracy are sone di sadvant ages of

- PCT/ER00/10378 svhichde giigbipbiated herenh ia kts gutirety! Thmteapplication discusses
Accordingly, a need exists for devices, systens and
&edcRAds ah BrtifieRIY apiicy madeE Gih HiafRustié Begeyr] et itage iris
occurring between the diagnostic eval uation and
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while not limted as such, will be discussed in
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ilagnostic and treat I mages o patient’'s eye I n
aﬁxﬁﬁliﬁp&ﬁ%&n@f consi stent paraneters of the eye at

Accordingly, a need exists for devices, systems and methods to accurately
account for the eye movement occurring between the diagnostic evaluation and treatment
stages of laser eye surgery. The invention, while not limited as such, will be discussed in

relation to laser vision correction such as LASIK, for example.




t he di agnostic eval uation stage and the treatnent
stage, in order to obtain inproved results fromlaser
vi sion correction surgery. In an enbodi nent of the
i nvention, an inprovenent is described for aligning a
di agnostic iris imge of a gatient's eye with a
treatnent iris imge of the patient's eye via iris
- PUMMARY (QICHR INVEBNTION, a net hod wherein a diagnostic
iris image of a patient's eye having a dil ated pupi
is attenpted to be aligned with a treatnment iris inmage
of the eye having a constricted pupil, where it is
at t erfhedaventior gediiertey taaapparaus apd smsgheds fasralipeing diaghosti¢ and
the dilated pupil diagnostic iris inmage with the
tcastment proagds p& patient's| exp émihie Rbsencer df sonsistant paramweters of thsi dye at
treatnent iris imge, but due to deformation of the
the idsaghestic eaaliationswtage i and bk treatimentiséagehimnerder to ghigdi limproved
si ze, those correspondi ng | andmarks cannot be
rieghdts fiiofni leseir ¥ision ogreectien swegen.al |y occurring al i gnnent
markers in the iris, in order to accurately align a
calcul ated | aser treatnment that is derived froma
di agnostic mneasurenment associated with the dil ated
pupi In ai Bebiédigern\of theninvéntion, arimptoremad ds dascrileldtfon aligning a
a sequential plurality of diagnostic iris inages
didpabstid inkinagelof wpatientls wpé With & treatmasttinid intagel oPthp phtientsngye via
sel ected internedi ate pupil sizes by capturing
ifé paRASietdEnitiAYEs aGhethddeherdin & didgasktic lirid Bragt o AiphitdnEsleye
by controlled anounts of visible illum nation. Each of
Haliflg a HRIGHEE aiépiai_s AHbRAFBO S bealightd withBdREtmM iris GRRteAdMhekye
| east an indicia of the iris recognition [|andmark
HaViAE a CORkrickdd pRIBiLNGherd RS ﬁeﬁPt@&@meﬂwp lah ifsredbgnition landmark
constricted pupil in sequential steps, the l'andmark
L. r .t i i i . .
R R Rl g U T Eml R e KR pobdRO R Andebl i ghe
&&%io?ﬁ DR B i ifahd, 0 Yud BF héﬂb%gioﬁ dF € Glis landmark
wavetro aberration nmeasurenent or a di agnostic

ng f ich. ef t -Aat i
R FBGhe; RGN BRI P cprEAdfL 1dn AL R e
icﬁeln*iﬁéde Por Ourse da% rnléltur.a.lly occurring alignment markers in the iris, in order to

accurately align a calculated laser treatment that is derived from a diagnostic
measurement associated with the dilated pupil, the improvement is characterized by
obtaining a sequential plurality of diagnostic iris images including a dilated pupil, a
constricted pupil, and selected intermediate pupil sizes by capturing diagnostic images of
the iris when it is illuminated by controlled amounts of visible illumination. Each of the
sequential diagnostic iris images will contain at least an indicia of the iris recognition
'landmar‘k such that in going from a dilated pupil to a constricted pupil in sequential

steps, the landmark can be tracked from the dilated pupil image to the constricted pupil




adapted pupil condition. An iris imge of the
patient's eye immediate prior to treatnent, or a rea
time inage is al so obtained and due to environnent al
conditions in the treatnment stage, the treatnent iris
i mage i ncludes a constrictedopupil. By tracking the
i,ris regognition | andmark,through t he seri.es of.. .
o P ie R PARAGIRED, Ho it PHISHER Py BEFTRTHLY fncding  dirct
cohdj tion upon which the di.agnosti c neasurenent . and
ffaetront herp e mRBHERLt B SAPE G RESHERRY TR PRI e front
conditiqn, the treatnent iris inmage.can pe. aligped
AbaRip Gath ga b AFftved AL SARSH BB o Byt Rhairdgp dark
by mat chji ng and/or correlating the iris recognition
Ril GRNGHIOBN AnHEs imRge o ngﬁﬁwe?%%rewﬁe&aﬁe B trappent,
an aspect of this enbodinent, . the tracking ,and,, .
ebar wplgtime fmage {halsqjiohmsdand due;te ‘?F‘H’é@%ﬂ%éﬁ’%@“‘ms in the
acconpl i shed by processing electronjcs and software .
treataentsiage. therfrcapeatisls image 18clydes a congisicted prgjh By tracking the iris
di agnostic inmage can be exported to the |ager . .
teceghitinnandgagk %mu&h dhecseippelslingnattic iripimsgessiiom ghe dilated pupil
hardware and software can align the treatment iris
pordifionwperhwhible theidiagnestic imeasurement andefhelases greatmienidis besed to the
| aser treatnent pattern accordingly. In an alternative
ecnsteicted pupib conitiany hepraatment ins infagel cangbrosligned iwithsthe resultant
i mages can be exported to the |aser treatnment system
vistricted pupib diagudstic pnagedsys inaghing aodier eorslating dfet ingrrecognition
align a treatnent_iris image wth the correspondi ng
haniirk detveendtha gwo sbnstridted pupilnimggesy ila an aspect afrtbisenibodiment,
identification. It will be appreciated by those
thisi trdclkiclp iand tdomrelatién bhalie dlagnostip g infges icay be stctamplishal by
image data to the |aser treatnent system can be
G35Te: iefdaohidsnaml welewat Vinof tie@titent pledse)dindga refulant aligned
imted to, |land based or wirel ess tel econmunications,
&ia Climdpe WandR RRitad 6 UEd 1836 Géabilien®lsySthin Whete tdppropriate
Internet or other networks, and so on. In a preferred
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ranslation is also used to ultinmately adjust a | aser

%is tné%?taﬂ@&ﬁuﬁ fhelilAer @ééﬁn@n-{gﬁt&r@a?:@&@hgfy?’ If BPdiRelaAlé ekt the
y erm

Ing an 11l umnation
entire plurality of diagnostic iris images can be exported to the laser treatment system

where appropriate processing hardware and software can align a treatment iris image
with the corresponding pupil size diagnostic iris in-lage via iris landmark identification,
It will be appreciated by those skilled in the art that the export of diagnostic iris image
data to the laser treatment system can be accomplished in a variety of ways including,
but not limited to, land baséd or wireless telecommunications, computer storage media
such as-disk or CD, via the Internet or other networks, and so on. In a preferred aspect of

the foregoing embodiment, a pupil translation is also used to ultimately adjust a laser




i ndependent reference | andmark on the eye, preferably
a linbal edge, calculating a center position of the
pupil with respect to the reference | andmark wherein
this calculation is performed with respect to the
di'l ated pupil diagnostic irig inmage, making anot her
center position_calculation of the pupil wth respect .
tiratment dothe ¥ o TBISCRSPEs 8 FltpmCtpived diyadsigsmining, ap HHumination
constricted pupil, K diagnostic iris_ inmage, determning a
viadapepdent refsrensedadarark on the ey, grefarshly ¢ limbal edge, ealcylatieia center
center | ocation and the dilated pupil center |ocation,
hegition pEthe PEpIh Witk reppest te therraferense jandrpask tvherein this gsleulation is
perfornmed on the constricted pupil eye with respect
 trsrfemmecd \vath rgspeefi te thedilated pupib fiagnosticiiris dmegs. paking another center
center. In another enbodi ment of the invention, an
inepirion extewation of the pupil with respect 49/ the sime refarenge lapdmarkiin relation
and therapeutic | aser eye treatnent where it is
iter therepasiricted paiilgdagnostiti ixig Awage; determiining awgeloradisplacement value
treatnent ins image via iris pattern recognition
tfesc thei epogiected pupil fcenter locatinneansic tha rdilated | pupdr centee dogation,, and
characterized in that the systemincludes a
dlerdfront ddjusting the lasértsteatnient torhierpatforoed oo theamoessitictéd pugili eyl with
a controlled anount of visible illum nation can be
tispent tocthle wictoh displeeentehieofjilat dilated 'papil espter.bei ng exam ned
or the patient's other eye (not being exam ned) with
the effect of changing in a controlled way the pupi
size of the eye under exam nation. A diagnostic inmage
capt Ulncan6hst edbotlitnent 6fthé tverition] 4h ithpréefeiié tiddcted to a system
plurality of diagnostic iris inmages, each having a
firf diggRfic 2D tHeragbAI¥ClaSdr eyttt WP &Nisdinihdclt 80 align a
pupi | size and a constricted pupil size correéespondi ng
Hﬁ%ﬁ&ﬁc irls @¥ife 2Ah a GRRteAY iHS fhnabe S_fi___‘zm‘@ patiel#EL &Rl oRlechniques to
Al though, as stated above, an iTis recognitlon
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I'mage extremes, at east an inhdicia of the iris
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sequen
other eye (not being examined) with the effect of changing in a controlled way the pupil

size of the eye under examination. A diagnostic image capture device is used to obtain a
sequential plurality of diagnostic iris images, eac;h having a different pupil diameter
ranging between a dilated pupil size and a constricted pﬁpi! size corresponding to the
level of E.ontrolled visible illumination. Although, as. stated above, an iris recognition
landmark present in both the dilated pupil diagnostic iris image and the constricted pupil
: diagnos.tic iris image cannot typically be tracked between these two image extremes, at

least an indicia of the iris recognition landmark can be tracked through the sequential




plurality of diagnostic iris imges so that the
dilated pupil diagnostic iris inmage can ultimtely be
correlated with the constricted pupil diagnostic iris
i mage. The inproved systemfurther includes a
di agnostic device for obtaingng an appropriate
di agnostiic neasuremnment of tqg tient!s eye wherein
Piﬁf%*%l@fr diagnestic auy, preaess 5, thap t s‘ggfﬁdaR“QH digeppstic fgs image can
Illumnation control device and_the diagnostic |inmage
uHimatgle bejedrredated with the cpnstrted el diagnostic irisimass. o fhe improved
exporting at |east one of the diagnostic iris imges .
systam durthes drolydes 4 diagnostin devicey fort%@l@%@% (APPIQAKiEteliaggostic
for aligniqg the ultimate constricted pugil di agnostjc
mepsirgmgng of thepatienysicye whersin,this fedce s properetively #sepiated wigpthe
so that a nore accurately positioned |aser treatnment
dlwmination gpatrob devies ang gheadjdgnogtis imagecaplueerdeyice.t Fyrther included is
enbodi ment, .the neans for aligning the plurality of
dimggrsofor expoiting gt lepsh gresof shrrliagnogisi irigyimnpges fp therlageptreatment part
di agnostic image wth the treatnent iris inage
- pFibe exitem, prdweans iforglipring the nltimateiconsitictah peptlglisgnestigtivgimage
with the treatnent part of the system In an
with dheneanistricted pupid treatmient image) sordhat anmons siceunateiy cpositioned laser
processi ng hardware and software associated with the
tiéanigerdan be ppplieddd theheyes \Intapraspest of thix ¢mbrgliregn] -the means for
correlating the diagnostic iris inmages and processing
#iphihgaheplantitysadiagaostc irkdmenss andaigningtantulibndte diagnustit image
part of the systemfor aligning the diagnostic iris
Wi @R tRathent i ihagedhdimies piocéssing hmdearndd soffwatessdotded with
for adjusting the laser treatment itself. In a
@ ﬁ%ﬁhﬁﬁ?a&ﬁ@ﬁd syStem! e 2@ aleeakitine Répect] (he aligrneiit Medns dicludes
control device includes a variable illumnation
Frbeedtih® Rarll@hrd @hd STBbard Bssddiated WRE iR dskne ARIRART ihedystchefor
di agnostic neasuring device. The inmage data export
; ARBrrBGR e WRbostiCHS 3hZS dnd'BlobRéing Ratd R AR kdtBware
for transmtting data fromone site to another site,
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gnostic Iris 1 mage

illumination fixation target that is an integrated component of the diagnostic measuring
device. The image data export means can be any well-recognized method and apparatus
for transnﬁtting data from one site to another site, as described in connection with the
first disclosed embodiment. In a preferred aspect, the improvement is further
characterized by a means for obtaining a vector displacement measurement between the

- dilated pupil center associated with the dilated pupil diagnostic iris image and the pupil




9 center of the constricted pupil diagnostic iris
i mge. The neans nore preferably include a |inbus

| andmark referencing to obtain the vector

di spl acenent. In another enbodi nent, an inproved
ocul ar diagnostic devi ce thag® provides neasurenent

i nfor I on cative of, qor. direc of wavefront
gs%%%?‘f*o%?ﬂa?l O aSHi ieniig i fror s Ih FgAgS MgFe preferably include

II en e .assQqci at th the, dj agnostl c
{5 itk PR oDBirhe Sorto ASPRERERE ¢y pi cal | y
i ncI udes di agnosti c neasurenent conponents, an iris

i mge capture conponent, and a visible il | uni nati on

fixat bon sour%g)o Js characterized by the  fixation
sourc digert an| peeved j acplsr él‘qu‘PSHanff&*P? dhat provides

level that w |l effect a gcontrollable change in the
Hlfﬁ?qfe‘%“rni wismationdndigative g ofglinetinfineiront phespiign f dhe eye, and
npr oved gl agnostic instrument is an aberroneter

F‘%Hb“r'ﬂlﬁ‘ﬂ%\? thg Palirat T exstastaciateg vath the dingrestic measurement irpwhich
source. Alternatively, a corneal topographer can be

sk e dstrpment (icalls meludesdipamesticaneasuroment spraponents, an iris image
iIlum nation fixation source or, a pupilonmeter can be
eRpsT ceompenent, arba yisible dlunvieation dixation souececisrabameseniasd fbyrthe
Erow di ng wavefront aberration data of the patient's

- gyasionTeeure kavingor rrentrdlishlecvisiblef iltumingsion slevel thatvwilt ieffect a
will beconme nore readily apparent fromthe detail ed
ehatrolabis ¢hange ip theopupd\size laf thevaye being esdminedd A @referred improved
understood that the detailed description and specific
dixgnopfice instruiertels | and aleabinegr tilmempatier the contestiabldi ittemitition
of the invention, are given by way of illustration
fixutign ssume.e Alternatively, hangsistopogtaphesichn datddempead o ilvlhle a
the spirit and scope of the invention will becone
- aopprolizbh visiblet MNamtnatidsi Fkaidni sduich Gr,24 tpupibBRtbr WAL be dd8pted to
description and drawi ngs herein and the appended.
iatorparate tHdappropriate components for providing wavefront aberration data of the

patient's eye.

‘These and other objects of the present invention will become more readily
apparent from the detailed description to follow. However, it should be understood that
the detailed description and specific examples, while indicating the preferred

-embodiments of the invention, are given by way of illustration only, since various

. .changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art based upon the description and drawings herein and

the appended claims.




Description of the Drawings Figure 1 is an
illustration of two iris images having a constricted
~pupil and a dilated pupil, respectively, show ng the
change in form position and size of naturally
occurring landmarks at the tléo pupil dianeter

trenes;tﬁi ure 2 schematically shows three
ggﬁﬁgﬁﬂigi—iﬁﬁgﬂﬁﬁages havi ng varying pupil dianeters
and the respective iris |landmarks; Figure 3
schematically illustrates pupil center displacenent

W th Fespect to,a thbak reference as.a functjon of,

di f f eFighie i illuptation of s imapes bavingipecapstyigted pupil and a
illustration of a devjce, according to an, enmbodj ment of
tHeled AYRih FeSBIFlvElY giipwing the changg, i Rosition qad sigp jof Aatgrally
a system according to an_enbodi nent of the invention.
pesuEnedwndmatcs af the My pupil digmeter SXEMSON Wi l e t he

present invention is described with reference to
illustrative enbodinents for particular applications,

it should be understood that the present invention is
not sHeure gi schematipilysshowa thrergscanantiplariy impges having, varyiag pupil
art and access to the teachings provided herein will
fiamelgrsiand thg aespedtiyn ils landmiatksicat | ons, applications, and

11 enbodi nents within the scope thereof and additiona
fields in which the invention will be of significant
utility w thout undue experinmentation. The invention

i s diFigue 8dschematizalijo dbistmict pupilteentsr displacakient) vathi rgspeeinto a
bet ween di agnostic i mages of the eye and treat nent

limibe) ecferedice ab @ fuatgtiort dfaliffarens piytil siags.gr eat er accuracy of
the | aser treatnent and, therefore, greater patient

sati sfaction.

Figure 4 is a schematic illustration of a device according to an embodiment of the

-invention;

Figure 5 is a schematic illustration of a system according to an embodiment of

the invention.

Detailed Description of the Invention

While the present invention is described with reference to illustrative
embodiments for particular applications, it should be understood that the present
invention is not so limited. Those having ordinary skill in the art and access to the

teachings provided herein will recognize additional modifications, applications, and




An enbodi nent of the invention is described below in

accordance with Figures 1 and 2. Systens and devi ces

are known which use iris pattern recognition-for

identifying eye structures and for aligning diagnostic

and therapeutic imges for qye surgery. For exanple,

PCT/ EPOO/ 10373 di scusses systens and net hods for

ambodiments vathih the keopo thereofiend additionalfiaidsrin vdfichathe gwention will

which a diagnostic iris inmage identified with

&e of fignificant ytilitk witkout yndub exfienmgntbjona canera system

along wwth a refractive diagnostic neasurenent. A

conmputer systemlinked to the |aser treatnment system

then uses this iris image information to devel op and

-al i gnThehipveaition ds difected tto wethodeatdngystems proyitdieg dlignment between

schematically shows two sequential iris inages 10',

fidgndsti| dreagk® of Hipsyeamnd treatmerdrimaget 1f the ecge shat ireshkdn greater

pupil 14 and typical iris | andmarks 16. For the

pecoiaog ef the labdrareatchestcant pthérefiorepgredtirepationt satisfastion.t he term

“constricted pupil" refers to a substantially snall

pupi | si-ze caused by bright light conditions, e.g.,

eye tracker and fixation |ight sources along with

‘ot herAénbddinent of the irb@mibintis dvscritied dslowtin detordagcet vii¢h Figures 1

treatnent phase of laser eye surgery that cause the

. | Syktems and devidek are kiowik ¥hith sk pattineebeptididn.for identifying

therefore, is not intended to nerely describe the

Sealru@res BRS for Rlignify BlagnosiicZ smdt thethpetfld ihfseh RSHUSS Gurgbry 2 For

patient's eye, but to describe the smallest working

&é&bie, SPCHREPHO/PE3TAT Gﬁ&fé?es%fsﬁbn{sh @nd 2miefhb8 foP Nalighfub®t  and

I mage 10" shows the same iris 12', however the pupil _
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measuri ng device

Figure 1 schematically shows two sequential iris images 10', 10. Image 10 shows an iris
-area 12, a constricted pupil 14 and typical iris landmarks 16. For the purpose of the
“description of the invention, the term "constricted -pupi[" refers to a substantially small
pupil size caused by bright light conditions, e.g., eye tracker and fixation light sources
along with other environmental conditions present during the treatment phase of laser
eye surgery that cause the pupil to constrict. The term constricted pupil, therefore, is not
intende;i to merely describe the smallest possible pupil size that can be induced in a

pétient's eye, but to describe the smallest working pupil size in accordance with the




or an Orbscan I1(r) (Obtek, Salt Lake G ty, Ut ah)
corneal topographer is used to obtain wavefront
aberration information. Thus, the term"dilated pupil™
is not intended to refer nerely to a maximally
dilated pupil that is chemdally or artificially
Lnduced, .but rather o0 _a dark.,, adapt ed pu jl,_ jch is
RVENFRT arciagh T Pty s et 2 HoBBYF e B4 i and e
an The iLris im 0! in_ Figure .

R B 15 Wi SPEPOR obtied e 1 tieclion e & ope it
and 128 of n currijr ndmar ks 16, 16’

togiis émi%*ﬂh e Gl Gl %S’f P PiPosSroL s eigtin of the

to constrléFqu nﬂe t hese circungtances, current
FVPRIOn, 43 ¢ Jo¥giehs an HentniPsgYY rPesocfalnd ariths igpostic
of bein Ei{Jle to tch | andmark 16 in the _constricted
%ﬁ“feﬂtegh the sxefer Axample e a1wavefrant measwingadevice sugh ps a
condi tion. Therefore artificial markers on the eye
AN A AT e@%“%éﬂLa@bﬂﬁcme%Lngcfp Sermany) yexedion mepswingt device
i nvention, an inprovenent is described with reference
AR etE bisg @xbtek, Haltdwke City, Utal) dineghtopegraphepisased tof obtain
| aser vision surgery, a patient's wavefront aberration
wavefreatsibereation Wiforafationt Thathe tenedilatedpupilt Jict altdnded to refer
centered about the patient's visual axis or about the
medlyas aGhaxididlyhilbied pupis thet Isahaslicailydrl artifldiallySnduced, but rather
advant ageous to ' neasure the wavefront aberration

to\eedark fadaptid Ripfd whithiik theReleStowsRInE Jupil Ri8NBYocRdOith this
aberrations nmanifest their vision conpromsing

iabdnE6h.S THORR .hhgesmpm ih slfggzr KareGaeided td Ahltate Eueqmlnges in

time vision). Iris I mage schematically shows the

- oAk, p@ﬂhmﬁaﬂdrs'izs% of Hﬁ%llﬁ Bécduftthg Jlﬁadﬁiaﬁ@ﬁgsltﬂ' @héfﬁﬁﬁaﬂrs%%gﬁnges

haV|ng a dil ated pupi and iris |andmar ks 16

SRR 9 ﬁd’ﬁ?d%ﬁlt&i B! f.%néthét&m riﬁfdkﬂﬂeée%u@%ﬁﬁ{ce{ Qﬁrr?nt iris

pati ent” $ €ye undergoi ng exam nation or
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According to the invention, an improvement is described with reference to Figure 2 as
follows. In the diagnostic phase of laser vision surgery, a patient's wavefront aberration
is measured. Wavefront measurements are typically centered about the patient's visual
axis or about the center of the patient's dilated pupil. It is advantageous to measure the
wavefront aberration over the dilated pupil because certain higher order aberrations
- manifest their vision compromising effects when the pupil is dark adapted (e.g., night

time vision). Iris image 10' schematically shows the patient's iris image during




i mage 10' is obtained by a diagnostic iris inmage
capture device with the inmage 10' corresponding to
the pupil dianeter during the diagnostic eval uation.

The visible illumnation level is increased, causing
a correspondi ng decrease in jupil dianeter
illustrated by 14" in iris inmage 10". Iris | andmarks

tblgnestic measeremendj hving 2 idilated rupM gldh @nd dris dandmarksh d6ige By
than shown in inmages 10', 10 of Figure 1. As the
icbnirollingcthé wisiblediherhinitéon theithérdhe paticats syeuhdergobighazamination or
diagnostic iris imge 10 is obtained which shows a

 tlen phtiants exther peypi (nof Audexgoingi examamationy ksefé@bighivigh a variable
agai n, have undergone a snall and detectable change
fillupwmdton detidogarg € 'in ithe diagnesticneygieatib'devite therpupil aidmaster of the
the pupil dianmeter 14 shown in diagnostic iris inmge

&0k beihd exwmbsddacanitel doptrolbed: e $fithneifetence toeFigumei 2, addiagrestr iris
of a treatnent iris inmge obtained by a treatnent

image I0migebtaiagt by @ diggnostic itisrinfage tipture tdeeiat vatht thpHeamge 10'
of the |aser vision correction surgery. Diagnostic
torrespdndingetopthe gapi i dignetéra dotingr the adtepnsaict evaluetiaan Thevwisible
track the changes in the sequential set of iris inmages
fiRiminatid® level @& In¢reaseds kaudihgt & @olréspolitigk déchedse im papil tdiadeter
the iris image 10' associated with the dilated

Hiuaedtedty 12" RLAgE imapé '10°C alishehdilaike 16 Card\albdvikibR Hating undergone
i mge 10 associated with the constricted diagnostic

RW3ker cldhge tHah ShdWRRSMRAEGC BB SI0NT Flaks1ane (i Mufiidion ievel is
connecte to a treatnent part of the |aser systemis

RPWeinGehstd aRbthd AiaBndski HidBiAke 19 isSblalBd Khich shows a constricted
substantially represented by iris inmage 10 in Figure

éﬁx[\"ﬁ Ihd it?ﬁ elﬁiﬂﬁﬁﬂffseﬁ GhRANGRH, Ravel drdlergbiP8 8mAfl and detectable

oW ng [ aser ablation treatnent "pattern directed
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- hardware and software can now track the changes in the sequential set of iris images 10,

10", 10 by tracking the landmark indicia so that the iris image 10' associated with the
dilated diagnostic pupil 14' can be aligned with the iris image 10 associated with the
_constricted diagnostic pupil 14. Iris image processing hardware and software connected
to a treatment part of the laser system is now used to align a freatment iris image,
substantially represented by'iﬁé image 10 in Figure 2, with the exported diagnostic iris

image iO, allowing the laser ablation treatment pattern directed to the constricted

treatment pupil to be accurately aligned with respect to the diagnostic iris image




treatnment phase. Since it is known that the rotationa
orientation of an eye changes when a patient noves
froma sitting position to a supine position, the
al i gnnent net hod according to the invention provides
~appropriate information for gotating the |aser
ablation treatnent pattern to correspond to the
essoriated atithttheodilated didgmosticepupih dnadvantage of thisasubodiment whérein
the patient's eye in the dilated pupil condition is
diixt diagredtic ivisaideigts am soged hed dligngd bgtthe diagnostic istaee @socessing
with the dilated through constricted pupil. As such,
révelts imnthe liavgd idatartgnsfappia sinple imagk frée thi diggostid phase to the
measur enent devi ce may be separate devices, or, these
treastaiehiqthasenay be integrated into a single device.
Utimtely a diagnostic neasurenent wll be used by
the treatnment | aser systemto cal culate the
appropriate ablation profile for wvision correction.
Sitlee itd$ kiosvn thdt thesrontieiad brigitatioh bfitn &Rechakidesiiviiéh a patient moves
di agnosti c neasurenent be sinultaneously associ ated
fbinha tsiiengdpdsition do P Ripinedpa{iivns the Calighihént i AR actb@ing to the
di agnostic neasurenent itself w Il advantageously
inventiosl eprbviesPaiptdpiibieSinféinelico fir PRAERE Ao Mler ablation treatment
i nformati on which can be directly obtained by a
peehPio)eoREsplRME theD&icloSRRERN of K8 byd! R QlagnostiERRagubktnt of the
- device is the Zywave wavefront anal yzer (Bausch &
pertahysTese *ﬁpﬁic%ﬁlhtea\’@lé?h corditfoR i 8btain&S infadiiifoh B 0HR-dlpasKic iris
wavefront sensor. her types of devices such as
f ty : ' r C@haC | oy
ﬁia%ﬁ@%tﬂntgmﬁﬁéd BRAGK %Bﬁ’s%‘iéed"’k;) od! {'112{,;1 " s A fhe AR dohliVing

such as, .e.g., Obscan Il (r t opogr aphy "devi'ce
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- simultaneously associated with the dilated pupil diagnostic iris image. The diagnostic
measurement itself will advantageously include the patient's wavefront aberration
information which can be directly obtained by a variety of wavefront sensor instruments.
- One such device is the Zywave wavefront analyzcr (Bausch & Lomb/T eéhnolas) which
incorporates a Hartmann-Shack wavefront sensor. Other types of devices such as
elevation based topographers with ray trace capability such as, e.g., Orbscan II®corneal
topography device (Bausch & Lomb/Orbtek, Salt Lake City, Utah) can provide

measurement data from which wavefront aberration information can be derived. The

diagnostic measurement also preferably iricludes a measure of the astigmatism.




-sorted and appropriately aligned for correlation with
the treatnent iris inmage. This aspect would all ow
tracking and alignnment of the treatnent iris inmage in
real tinme with a correspondi ng diagnostic iris inmage
during the course of surgerys Due to the volune of

i nformati on being transported between the di agnhostic

i mage processor and the treatnent inmage processor,

consi derably nore processing power nmay be required

t han Inoan aspect of this ephedimentatbp entire iphirality efdiagnestis drig inrages can
and alignnment of the dilated pupil and constricted
bepkporiedite thertrepbsent stage pfogesserdwhere sheddiagnostict iris imagegecan be
processor which then exports the aligned constricted
sared| aridnappepriately hadighedefor rmemrtlationa gith pheo trestment ifiprimage. This
correlation and alignnent with the treatnment iris
spegavouldialiow tsacking ewt glighinent®b theiteatngnpidsinage in real time with a
requirenent is reduced at the expense of a static
borBgpordingpiiagnestio ind iagd deipixatomesetof surgérg. D@gethe Aolume of
variety of factors will ultimately determ ne which
asgraation Beify edmpioried bitweert the djagamstit irhapa @racesédr dnd theheeatment
above al i gnnment nethod provides an inproved iris

Pidet ProcesRE O@nbitidrably nived padedsing podiedtnhayNBd reqdlirddStha® for an
of a laser treatnent pattern, it wll be appreciated

lbatativé asped iR OHRA URGEAHS ahdalighaRed TithediRted YugitindsdonstHeted
| aser treatnent pattern due to the translational

Supilfitis ilades R ferfofmddnbyPa! a%nd’é@@ irRdge! Msb@ﬁﬁlcﬁ) EHeWRRPord the

dilated pupil and a constricted. pupil

A16h&d SosRictdd ;Eipﬂ UBgelto @e Qieéﬁﬁb% irhdge! ﬂf@&@so?’ @or Qhrefallén and

patient's eye having a dilated pup|I 34" 'is obtained
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m ne respect to an I m nat i on |n pen
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ng out the invention. A

While the above alignment method provides an improved iris pattern recognition
method for rotational adjustment of a laser treatment pattern, it will be appreciated that it
is advantageous to iranslationally adjust the laser treatment patfern due to the
translational shift that occurs in pupil center locations between a dilated pupil and a
constricted pupil. With reference to Figure 3, a diagnostic image 30' of the patient's eye
having a dilated pupil 34' is obtained. A center location 36' of the dilated pupil 34" is
de:enni;led with respect to an‘illumination independent eye landmark, preferably an edge

- of the limbus 32 of the patient's eye. Algorithms and mathematical means for calculating




sel ected anmobunt of visible illumnation is directed to
the eye to constrict the pupil as shown in eye inmage

30 by pupil 34. The center |ocation 36 of the
constricted pupil 34 is, determned with respect to

the eye [ andmark 32 which isi@ he sanme as eye | andmar k

32 in .image 30'. The |inbal edge, provides, an

FRFANSE Ryatirsof LpuplarteresRseie %@3% keferenee poinf gt peth known by
substantially unaffected by changes_ in pupil size. The
\REEPBY Ské‘i'%df‘é‘&‘eﬁ%ﬁld rgquireingeexpianaffapfop s e wh theringtion. A
and the constricted pupil center 36 is determned by
tselested gmawnt\gf|visigls, Ylnppinagon podigeciad; tp |thgyexefo opestrgt the pupil as
This vector displacenent _is then used to adjust the
(s ingyye gmpags 30 %y eupibit dihessaer lagntign 36 af the eepstwisied pupil 34 is
profile to be applied to the eye having a constricted
atsrningdy with) rasprshtodheryn dasdmark 2 nriehois the) same phepeitengmark 32 in
obtained fromthe diagnostic inmage of the eye having
amagel 38'edTheulimbal adge providgs antadyentassousorefemnge point fhecause the
di agnostic images of the patient's eye and the

hiedbys issubsiantighly wisdieelpdspyl ehengasrin pupil sitpe Theevaeter displacement of
| ocation of the pupil ininfrared |ight. so that
thepdilatesi pupiti cedernds apth theyeonsmidtedy pupil sentetaldm is determined by
acqui sition. Once the vector displacenent of the pupil
tcelrtigues well knlewr tothoseakilledhinsthe antf Thiswedtardisplacerbent ssthemlused
in atreatnment file of a controller of a treatnent

toecgipust fherpositien off a caloolatedjasepablation ttchtment Mbfils to bé apphiad €0 the
to Figure 4, an inproved diagnostic device 40 is
eeskdvinges codstriced gupit fhesed agor ritagaosie wavefty iferndtfion Sbatmed
aberroneter such as that described in Wllians id,

fioih thddiagdosiiingseibs éyerbaviap aditakd ppilreeis M@ﬂﬁ?&ou@io ébtain
patient's eye 42. Aniris 41 and a pupil 43 of the

¥ Qi RosHE Bnatles 6f thdiBnt's ECardIfE medBicflent4? tHe\iphohont of the

contains. an TR canera 44 for obtaining diagnostic

géri]iaw FotaffetdT thtSpupil SRS fel HERY so @ikt biipiPRAMIed bt Ehape &g'ing]this

2, a wavefront sensor "and associ ated optics an
1£adduBitionS @ﬁ@gﬁ%&%@h' ck th 6 9y h i
iﬂn F%dé[uré) 4, and a fi xe%m?l ﬁ'ﬁm“eﬁgt?gﬁﬁl{se\[}ers IFi %{rﬁﬁoﬁﬂ%s
ﬂ]ﬁ{r&gﬁon‘l&n be saved in a treatment file of a controller of a treatment laser for use at

an appropriate time,

With reference to Figure 4, an improved diagnostic device 40 is described. Ina

- preferred embodiment, device 40 is an aberrometer such as that described in Williams id,

- -~ for obtaining a wavefront aberration measurement of a patient's eye 42, Aniris 41 and a

pupil 43 of the eye 42 are also shown. The aberrometer 40 typically contains an IR
camera 44 for obtaining diagnostic images such as those schematically shown in Figures

1 and 2, a wavefront sensor and associated optics and electronics schematically




used for alignnment purposes as well understood by
those skilled in the art. According to the invention,

t he i nmprovenent conprises replacing fixed illum nation
fixation target 48 wth a variably controll able
visible illum nation fixatig®g target so that the

di anmeter of the pupil 43 of the patient's eye can be
ctpaesgated by nuieral 46 inHigwle dgandst fixediiliursinationdese! figation target 48
descri bed herein above. In an alternative aspect of
tusddsfoealignoientgrurposés| as siell aindaistbod byhtbosedkilledh the e According to
inserts 49 in Figure 4, the controllable visible
ithe invantien,itieninpoovementcamptises repldcing fixed Ylvadsamion Aksbnuargdt 48
the device 40 as represented by controll able visible
withwvariatily contstisbleasibiéllurihitionfadtionsthypet sontit tiehdinmieter of the
the device 40 could be a corneal topographer such as
popiDibofalke pitiedtsvéyeecan drepihangedi th lobeuire dist diggdnbstlel itis images as
visible illum nation source as described herein.
desedbddsieereinl abdves 14 @n ahethglive asgecPoinsasitodimeny Hivstadtddyby the
including a controllable visible illum nation source
- Herted{ifiel ihsefts A9ER Rige© B} thel coirdllablengsibleTiNaMi@RRoM source can be
according to the invention being. a wavefront sensing
aeMmAnRe Aksobiate@t WRE the OIWVich a4E VBT RepridshtedS Bt ¥ai@llable visible
conponents that woul d provi de wavefront aberration
{IRNEAMafBA sdhiceadout the eye under exam nation. A system
enbodi nent according to the invention is described
with respect to -Figure 5. The system 50 is a
di agnostic and therapeutic systemfor |aser eye
surg Hgﬁpm -@g@gﬁ dCbelPs
Iase?QFP%Q?ﬂgﬁ?a%%rt 54ed$he iag%ostlékﬁéggﬁggmﬁmrmwhas
. .« . - o I -
- TN ol JAARST | AR08 B HARE 0BEE lickdibed
[ . O gprrel ate and L an_t
beodh. LRI AR B L ol ey oty bionaie
ul.timatel v.aligned const.ricted Ri. Lagnostic, iris.
ighleTRiBtich S for BEAepaiongy e b ReliR et iophrdine
¢ Gven lctn{ %elgga rat wgvzeﬁ%rslt Isénls#lg tci)ra}ltpggen 3(/)1' other known hardware and

- software components that would provide wavefront aberration information about the eye

under examination.

A system embodiment according to the invention is described with respect to
Figure 5. The system 50 is a diagnostic and therapeutic system for laser eye surgery that
includes a diagnostic part 52 and a laser treatment part 54. The diagnostic part 52
includes a diagnostic instrument 40 as described with respect to Figure 4 and a
diagnos-tic processor 56 that is programmed te sort, correlate and align the diagnostic iris

images as represented in 58. An ultimately alignéd constricted pupil diagnostic iris




reference 59 via any variety of well-known inmage data
transfer neans including |land based and w rel ess
comuni cati ons, conputer storage nedia such as disk or
CD, via the Internet or other networks, etc., to

| aser treatnent part 54. Laggr treatment part 54
‘includes a treatnent iris inmage capture device 64 for
irbdgei (rs drgeritied Heredaabowe)t is iexposted fragpadiagrasticngaria52 as illustrated by
“constricted pupil of eye 42, a treatnent |aser 62 and
edfdrenice SOMyia aey varigy ofi wal-knawn nage tdatactkansfel metnssihdudipg land
In an alternative aspect of this enbodi nent, the

bied wel windless@bintpniohtions,agmptén storagel raedinaughk as disk or CD, via the
represented at 58 is exported to treatnent part 54
hana Jq@rakse aeiwgkd) atavarleseandatmedtt psar 84.r dpsee Ieamedt part 54
processor 66 sorts and correlates the diagnostic iris
ilRRG&Sa REtmtaNs thefge thrura dpviapsd far eb@inigrie ttatheitWeeinage
the constricted pupil treatnent inmage and the
Révingesqaneted pashsf dye aL'ealtr@itRédt [@ercaPadidtiter cohSonkitB§eh as
Processor 66 may al so control the cal cul ated | aser

abbyd irfRed@iot Shdwi)N hempsMasRtiveOadpbe dffthis enfldbin®ht) the entire
recognition alignment. 'In sone cases, it may be
plRfaffyedraldpfodtie iHa WRagds Y RHRSHRE ab 68 idlepbRedlioaansdnt fart 54
part ©~ 52 and a processor 66 in the treatnent part 54,

RRUNENBEestiRg hataiviYe Gnd Rifw) rbRRte@ by bRRessbY (8B S4ndGarrelates
har dware and software will 'be determ ned by surgeon

i i ' | dpbRdpfifE Mnlen PRereh iPoRstricted
tgﬁgw%go?g&v\glf gﬂgggﬁpo(ﬁ%rgﬁgésﬁénip gl%gflgfger red ggbpect of thec

t j X i L t.he: & S QL -
R S o RO e B Siied ) REARERE I e

| i s . i ..

B b e 5 o) sl ke st i PRl Bl reog8 B iris
Cf Qst ri Ct'§dn§ij [ I'E= t di agnostic image. This informtion
RS SR @g‘rfléd to the laser treatnment part of
the 19 system 54 to be used for translationally
adjusting the |laser treatnent pattern on the treatnent

eye i ch has constricted pupil. . . .
24 SOmC CaSes, % may e,preferaﬁe tAO hz'fx)ie a processor 56 in the diagnostic part

52 and a processor 66 in the treatment part 54, however the nature and location of the
processing hardware and software will be determined by surgeon preference and

" available iris recognition software and hardware components.

In a preferred aspect of the system embodiments described herein, the processor
‘56 associated with diagnostic instrument 40 is adapted to calculate a vector displacement -

- - of the pupil center between the dilated pupil diagnostic image and the constricted pupil

.. diagnostic image. This information is likewise exported to the laser treatment part of the




The foregoi ng enbodi nents of the invention can be
illustrated by. exanple as follows: A patient is

seated and aligned with respect to a diagnostic device
(e.g., aberroneter) that can provide a diagnostic
wavefront measurement of thggpatient’'s eye and which
can acquire and process diag%ostic iris inmages. The
Rystdne 5t 't6 bey@ed foratringiadishally adjustingent ldset HeatbRr fabomt &1 the
with the use of a low level visible illumnation
treatmieht@pe hich Gis a @usthictedpdpilt he patient's dark adapted
pupi|l dianeter m ght be in the range-of 6 to 7 mm

Bot h a di agnostic wavefront neasurenent and a dil ated
pupi | diagnostic iris imge are obtained at this

poi Nt Thelfdfegbing HnibbeiaknBfof tthe inventidhican be dllgbhtell DyldrRfiple as
increased until the patient's pupil dianeter

#2162 54 patient b Qudted afiMalighBO WA refipedO RO & tdifnbiticSddvite qR.g.,

is obtained and stored. The illum nation |evel of the

hbexdineRr) thatlcdR prdvideSeaibigaticalWvavifront théB8@eMent T thd@dtient's eye
di agnostic iris imges may be obtai ned at various

B ictPéaARSquifeiand pfbcess BRBAISIEC B SmAER! Thd fatient's ePORWigred in
mm ) diagnoStic iris inmage is obtained. ‘A pupil center

i £ 8 aBirdinoidt Wit B £ dFR 16 SevbD¥iERRillEmit S vation target

I'spl acenent for the dilated pupil diagnostic iris
7 A5 R hatiRy 2R Skl Pilctr RBRTRSH Ul BAREE P
B8 QR SrPRER el U 8 MUY PUAR, QUARTH fmage are
SR R At g, B o
nostic he ,.const.rict

di ated pupi| _di | i th S
it Tl i SRHERES 1S b Sihm, ol gPURH 45 Baee s
AR S oty 1o A roa e it the RGP (B o i feaueatially

alignpent and vector .di splacenment .dafa is al so,made .
oAb 0 thaf ogansts s Jmass oy R Dtalggst l o Pupilmgpes uatil a
later timg, the_ patient js positioned (supjne) under
qopgrigted YR E-» Aheyt JinD) ‘Jd?ﬂ?"%{‘crlééllmftgeﬁﬁ oblaingd” & PupHeeenter
actual constricted pupil/iris is obtained. This _ .
shifc iy alshrcaleplpted in the form of a vector displacement for the dilated pupil

diagnostic iris image and the constricted pupil diagnostic iris image through limbal edge
detection. Processing hardware and software associated either with the diagnostic
system andfor the treatment system fracks an iri;s recognition landmark through the
“-different pupil sized diagnostic iris images to ultimately align the dilated pupil diagnostic
. image with the constricted pupil diagnostic iris image. An ablation profile is generated
based upon the diagnostic measurement associated with the dilated pupil. The rotational
'--alignméﬁt and vector displacement data is also made available .to the treatment laser

system. ‘At some later time, the patient is positioned (supine) under the treatment system




image is then aligned with the substantially
correspondi ng diagnostic iris inmage having generally
the sane pupil size via the identified iris

recognition | andmark, so that the calcul ated abl ation
treatment can be rotated, trpgnslated and ot herw se
adjusted to provide a nore accurate treatnent. In the
enéareal tme image of thetagtunl gopsttigtad puplfiris tsfabiedned. Jhisrtagatment iris
detect an iris landmark that can be tracked with a

limage ik thea laligfed wothf thel ewbstantigliyecotrespbnding disgresticpimsiidnage having
center displacenent can be used at a mininumto
gtnenliyahe saecppilr 24 v the idesifisidrio fecogribonr ladmatk, so that the
rotation. Although preferred enbodi nents of the

paladsed ablatios treatmentivan be eaed, destatédand oiherveisd afjusted to provide
herein above, it should be clearly understood that

aanore \aecurad ireaimerstn dinothe rewetit fthes irisi gantem reéoghnhtion kaftware cannot
i nventive concepts taught herein, which nay appear to
tdrecs @n $ifd lahdnghrk that b beatrdckedMvith a iighl levell aF onfidehde thie Hignbus
spirit and scope of the present invention as defined
based pepil @preedigsatetent ¢iR beweed A1 Qiminkelin vwodliRiihste deckntration in
CLAIM 1. In a diagnostic and therapeutic systemfor

$pie of uRpRectddroi@tion, Wherei n a di agnostic image of a
patient's.eye that is obtained by a diagnostic inage
capture is-aligned with a treatnent inage of the
patient's eye that is obtained by a treatnent inmage

ARuph Brefigiil eRbodiahts b R PQAEN A RAWM Klle Bedd &RLTTRAYN detail

| aser system via an iris pattern recognltlon

ﬁe?éiﬁ‘ DbVSit shobldebel M@%@&Mﬁ%m o%tf’dilﬁ k%)fd/onaﬁlnodl tions

l'um nation control device for g avis
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a sequential plurality of diagnostic iris imges each

including a different pupil dianmeter rangi ng between
a dilated pupil size and a constricted pupil size ;
corresponding to the controlled visible illum nation ;

| evel , wherein at |east anzindicia of an iris

recognition landmark is identifiable in each

sequential diagnostic iris imge even though the

corresponding iris recognition I andmark is not

i dentifiable between the déMdiricted diagnostic pupi

i mge and the dil ated diagnostic pupil inmage; an eye

lgi ﬁd’@@@“ﬁ%‘é’éﬁ?ﬁﬁ?@“ﬂ%ﬁe@efmﬂéﬁﬂ BISEHIZRY TCE IR %@6@% c

.measurenent of the patient's eye associ ated mnth t he
igage f @ Batgntgedeg iz Olgfalﬁ?q by, 4 HppROstic dpRecaptPpdt-gligned with a

associated wwth the illum nation control device and

treieeRiiinRas oS the patientisue thaps obtanedeRy alpeatmenbimagy gpture device
exporting at | east ope of the diagnostic iris

thapis pysecipterbiith a freamant{asar SsFEY, &igan P2l r@omona%%ﬁwg
the dil ated pupi | glagnostlc iris image with the
ﬂEBﬁ@@Y?%ﬂWﬁF“%ﬁﬁﬁ ¥i agnostic iris inmage, and further

for aligni the a |gne constricted pupil ghosti c
irisap Hﬂ*@'@nﬂ%w FPTREdVIcE Aenanroliing ViRl HH%*%HOH vgl on one

onstr.icted p|| of enerally c rr spondln
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ed wwth the treatnent inmage capture device.

qﬁﬁgﬁgbﬁﬁr dlagnostlc device for obtaining a diagnostlc

measur enment lent's.eye |nd|cat ve of
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recognition landmark is identifiable in each sequential diagnostic iris image even though

the corresponding iris recognition landmark is not identifiable between the constricted

diagnostic pupil image and the dilated diagnostic pupil image;

an eye diagnostic measuring device for obtaining a diagnostic measurement of
the patient's eye associated with the dilated diagnostic pupil image, cooperatively
assoctated with the illumination control device and the diagnostic image capture device;

means for exporﬁng at least one of the diagnostic iris images to the laser
treatment system; and

means for aligning the dilated pupil diagnostic iris image with the constricted
pupil diagnostic iris image, and further for aligning the aligned constricted pupil
diagnostic iris image with the treatment iris image having a constricted pupil of a size

. generally corresponding to the diagnostic image constricted pupil size.



t he i nprovenent characterized by, the fiXxation source
having a controll able visible illumnation |evel
suitable for causing a controllable change in the
size of the pupil of the patient's eye.

22

2. The system of claim 1, wherein the means for aligning includes a treatment
stage processor cooperatively engaged with the treatment image capture device.

3.  In an ocular diagnostic device for obtaining a diagnostic measurement of a
patient's eye indicative of a wavefront aberration of the eye, and an iris image of the
patient's eye associated with the diagnostic measurement, including an iris image capture
component, a diagnostic measurement component and a visible illumination fixation
source,
the improvement characterized by,

the fixation source having a controllable visible illumination level suitable for

causing a controllable change in the size of the pupil of the patient's eye.




