1 IRIS PATTERN RECOGNITION AND ALIGNMENT BACKGROUND
OF THE INVENTION This application is related to PCT EP00/10373.
Field of the Invention This invention relates generally to the field of laser
vision correction and laser eye surgkry, and more specifically to a device,
SHRISIPATTERN MGESCenaREReRig Aizgragigand treatment images of
the eye for more accurate surgical outcomes and improved patient
satisfaction. Description of Related Art The popularity of photorefractive
surgery for the correction or enhancement of vision continues to rise.
TBAahRGBOIBIR PRIPEISWENTION keratotomy (PRK), laser in situ
keratomileusis (LASIK), laser epithelial keratomileusis (LASEK) and
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improved patient satisfaction.

Description of Related Art

The popularity of photorefractive surgery for the correction or ephancement 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 correct the effects of nearsightedness {myopia),
farsightnesses (hyperopia), and astigmatism, in addition to more traditional retinal
surgery and other ocular surgical procedures. These vision defects are typically treated
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® comneal topographer (Bausch & Lomb/Orbtek, Salt Lake City, Utah) is
routinel;y 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.



Basically, hyperopia and myopia, and astigmatism, are known as lower
order aberrations referred to as defocus and cylinder, respectively. It is
well known that higher order aberrations in addition to lower order
aberrations degrade vision quality. Typical higher order aberrations
include spherical aberration, coma, and compound astigmatisms. It is
possible to measure these higher order aberrations with wavefront
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wavefront sensor to quantify higher order aberrations in the eye.
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terms of acuity and contrast sensitivity (sometimes referred to as supernormal vision), as

well as consistent image quality.

The technical advances in diagnostic equipment and treatment systems including
lasers and eye trackers have also increased the accuracy required in making the
diagnostic measurements and performing the treatments which are guided by these
measurements. For example, it is desirable to obtain a diagnosti;: 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 ﬁxemselveé
in the dilated (dark adapted) pupil. Therefore, a wavefront measurement with a
wavefront sensing instrument is performed in a darkened environment such that the

patient 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
diagnostic device. At the laser treatment stage, however, the nature and
amount of light striking the eye from light sources in the treatment system
environment typically causes the pupil to constrict. A complication arises
e sYsts ahtatnsdaitorespen erardeanese aqinthichisttepidatimtih eupi ntater or
location o{;(the constricted pupil. Thus, a calculated laser treatment
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recognition. Rotation of the eye, for example, can sometimes be
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head may have rotated between two diagnostic or eye image measurements separated in
time, resulting in potential misalignment of z laser treatment. As such, both 2 translation
and rotation of the eye must be accounted for between the diagnostic evaluation of the

eye and the treatment stage.

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

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



information about iris pattern identification and eye movement.
Notwithstanding that iris landmarks remain constant over the lifetime of

the individual, it has been found that often the change in pupil size

between diagnostic evaluation (dilateq;) and the treatment phase
(constricted) is sufficient to deform or otherwise obscure the landmark,
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diagnostic evaluation and treatment. Since it is highly desirable to be able -
igslgAmRep Frvsltansiant exanibmitimeot shedndiridunb itdys biessforind that
the diagnostic measurement reference upon which it is_based, there is a

AR AR PSR RIIPH SHALEAR UpBarsHic & Y8 Ut dilater s sy treatment
li . lution,i di i ' - di L
B R 1 G R e e B e o e it

s&&@s&&é&@eg apRlisation %ﬁ%ﬁo}ﬁﬁ&ﬁ&ﬁ@é@%&%ﬁ@%@xﬂé&é&% tion and

marker with diagnostic stage a erapeutic stage Iris Images in order to
gligmtieseirpaass atgt[?adegﬁm_ e ROBBI AR Atlye BRSAGBMIKEvQFeatment of
example, are suggested as artificial markers. It Is appreciated, however,
thatfratient dliseyfeliesalit dncyigdAcadmsyrae meaierdicadyaniages it is
of current iris recognition and alignment means. Accordingly, a need

bassis fiorel évigascoprstednsead domextthodsterdcappatstys acecyuitfanthmaintain
eye movement occurring between the diagnostic evaluation and treatment
seeryete alipnsesnby Asiplybien. 1T newpasechifbapplisiet's optraidideapatut applitiation

be discussed in relation to laser vision correction such as LASIK, for
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aspect of the present inventjon, there.is provided in a diagnostic and .
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images in order to align these images at treatment. Thermal and dye based marks, for
example, are suggested as artificial markers. It is appreciated, however, that patient

discomfort, efficiency and accuracy are some disadvantages of current iris recognition

and alignment means.

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 exampie.



patient's eye that is obtained by a diagnostic image capture is-aligned with
a treatment image of the patient's eye that is obtained by a treatment
image capture device that is associated with a treatment laser system, via
an iris pattern recognition technique, the improvement characterized by:
an illumination control device for coritrolling a visible illumination level on
-one of th qt'ﬁég : Jheing examined and the patient's other eye (not
Sbm}gﬁegg)ngine t@ﬁé@%ﬁ e visible illumination level acts as a control for
the pupil diameter of the examined eye; a sequential plurality of
diagnostic iris images each including a different pupil diameter ranging . .
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identifiable between the constricted diagnostic pupil image and the dilated
imalia@naBtiopipil ineagehan s eyeatiagnesticimeasutingageieeler ablainingt is
a diagnostic measurement of the patient's eye associated with the dilated
assgizaeb stichpu sitirmagye , lsooparitiveyiamgsociatee withresegiinmiretionque, the
_control device and the diagnostic image capture device; means for o
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image having a constricted pupil of a size generally corresponding to the
diafia@pastihimagenaiastricted peRiksize. Fardnaceodaneawithia s8eend each

aspect of the present invention, there is provided in an ocular diagnostic
inctieliigeafiffaintaining laddimgro sticgme dsuremnentiddtadpatié htiseeyel a constricied
pupil size corresponding to the controlled visible illumination level, wherein at least an
indicia of an iris 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 associated with the
illumination control device and the diagnostic image capture device; means for exporting
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 1ris image having a constricted pupil of a size generally corresponding to the

diagnostic image constricted pupil size.



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 controllagle visible illumination level suitable

for causing a controllable change in the size of the pupil of the patient's
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[ entﬁ?} an iris recognition landmark in the dilated pupil diagnostic iris
image with the corresponding iris landmark in the constricted pupil

treatmytiiisimagenbutdigde gefermatiomaipeds lmadmaikds for aligning
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the improvement is characterized by obtaining a sequential plurality of

diagnostic iris images including a dilated pupil, a constricted pupil, and
selebted intérodddiatedupil sizesty captonmgvdiagnosticeinagesfof aligning a

diagnostic iris image of a patient’s eye with a treatment iris image of the patient’s eye via
iris pattern recognition. In a method wherein a diagnostic iris tmage of a paiient’s eye
having a dilated pupil is attempted to be aligned with a treatment iris image of the eve
having a constricted pupil, where it is attempted to identify an iris recognition landmark
in the dilated pupil diagnostic iris image with the corresponding irts landmark in the
constricted pupil treatment iris image, but due to deformation of the iris landmark
associated with the change in pupil size, those corresponding landmarks cannot be
identified for use as naturally 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
landmark such that in going from a dilated pupil to a constricted pupil in sequential steps,

the landmark can be tracked from the dilated pupii image to the constricted pupil



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 landmark such that in going from a dilated
pupil to a constricted pupil in sequentigl steps, the landmark can be

tracked from the dilated pupil image to the constricted pupil 6 image. A
deagnosticdingrstice measursinet dtihathatigns spvede pasfsrabbiuidigdingire direct
wavefront aberration measurement or a diagnostic measurement from
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dilated pupil condition upon which the diagnostic measurement and the
lregmbiratipenhisrbases: Ridinagonriisied pomtkioaaditipn. e (teRRIRANE iris
iris image can be aligned with the resultant constricted pupil diagnostic
mrageitnn frafomrigthndgir horsetating dagnnstiezsgnitiges femathardilated pupil
between the two constricted pupil images. In an aspect of this

epnditidinvent, vibich theldisgnasdcopersiatioenbanddhsidageosertmpninsdgsesidanhe
be accompllshed by processing electronics and software in a treatment

ath v SR 1 PR S RS e b BleRseh i dant
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software Can align a treatment iris image
processing electronics and software in a treatment phase, and a resultant aligned

diagnostic image can be exported fo the laser treatment system where appropriate
processing hardware and software can align the treatment iris image with the diagnostic
iris image and adjust the las;cr treatment pattern accordingly. In an alternative aspect, the
entire plurality of diagnostic iris images can be exported to the laser freatment system
where appropriate processing hardware and software can align a treatment iris image
with the corresponding pupil size diagnostic iris iraage via iris landmark identification.
1t will be appreciated by those skilled in the ast 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 based or wireless telecommunications, computer storage media
such as.disk or CD, via the Internet or other networks, and so on. In a preferred aspest of

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



with the corresponding pupil size diagnostic iris image 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 based
or wireless telecommunications, comptfter storage media such as disk or
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the foregoing embodiment, a pupil translation is also used to ultimately
atfjdgteadasesfZretioniméntib dhehe yoe, fiifeashioat lisnbhid@sd eeblanRMg a center
determining an illumination independent reference landmark on the eye,
peeRition|9f Ahtrnepil edderespictiiatihy wivemsy lpaisitadn whérinpihpilcalihiation is
respect to the reference landmark wherein this calculation is performed
VRERTPEEES dith secah R dbe dlilsied nupib Sirenestipialgdmagskmakinmahether center
center position calculation of the pupil with respect to the same reference
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tarmining. a vector. displacement value for the constricted pupjl center
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to the vector displacement of the dilated pupil center. Tn‘another
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diagnostic and therapeutic laser eye treatment where it is intended to align
aeshegnogitovistsondbghanttm bPAlddatedipupiagana irs pattern
recognition techniques to effect a more accurate laser treatment,
characterized in that the system includes a controllable, visible
illumination component by which a controlled amount of visible
illumindfichathes paknfinesy oithe inveniiopaicinsroyenirainiy dixeteihstaosystem

the patients other eye (not being examined) with the effect of changing in
d¥oflireneticvaydiaempsitic laser eye treatment where it is intended to align a

diagnostic iris image and a treatment iris image via iris pattern recognition techniques to
effect a more accurate laser treatment, characterized in that the system includes a
controllable, visible illumination component by which a controiled amount of visible
itlumination can be directed either to the patient's éye being examined or the patient's
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 pupil size corresponding to the
level of controlled visible illumination. Although, as stated above, an iris recognition
landmark present in both the dilated pupil diagnostic iris image and the constricted pu;ﬁﬂ
diagnos'tic iris image cannot typically be traciced between these two image extremes, at

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



size of the eye under examination. A diagnostic image capture device is
used to obtain a sequential plurality of diagnostic iris images, each having
a different pupil diameter ranging between a dilated pupil size and a
constricted pupil size corresponding to_the level of controlled visible
illumination. Although, as stated abovea, an iris recognition landmark

pleastiy infhiitgibeidiidicithpgpil diagnosicdliisdn pgsilagidothRtRonsiristegt can
pupil diagnostic iris image cannot typically be tracked between these two
inidmetelythernerselaedevith the praigiactsttpupilstiagpogtiition ismghn dFkechmpleved
tracked through the sequential 8 plurality of diagnostic iris images so that

frysterma st Jrdvagh dstiemestisadericentorblaiaienarcapreppraio dinaprstic
constricted I diagnastic iri§ image..The jmproved system further |
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the diagnostic iris Images to the laser treatment part of the system, and
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the constricted pupil treatment image so that a more accurately positioned
kadikrtHecaimeittedopupit appieatdnthgecye tHat anmepericaftblg positioned laser
embodiment, the means for aligning the plurality of diagnostic iris images
araimlighiag be yinhedten dhegesstidnirmngepasitiitesiasbndmeitisthm ageens for
includes processing hardware and software associated with the treatment
phgnisre e Sjurlity ahdispaardmisiniaspiend alisring amelimpeshagnastigisaage
processing hardware and software associated with the diagnostic part of
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processing hardware and software associated with the diagnostic part of the system for
-sorting and correlating the diagnostic iris images and processing hardware and sofiware
associated with the treatiment part of the system for aligning the diagnostic iris image and
the treatment iris image aﬁd, if desired, for adjusting the laser treatment itself. In a
preferred aspect of the embodiment, the illumination control device includes a variable
illurnination fixation target that is an integrated component of the diagnostic measuring
device. The image data exporf means can be any well-recognized method and apparatus
for transmitting 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



the treatment iris image and, if desired, for adjusting the laser treatment
itself. In a preferred aspect of the embodiment, the illumination control
device includes a variable 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 transmitting
et ohthrsensiricted aupthdiegiestiasricswgse A e cannentine prétbribs fithde
disclosed embodiment. In a preferred aspect, the improvement is further
daaslk wikengingrio ki theg ecies displapspleement

measurement between the dilated pupil center associated with the dilated
pupil diagnostic iris image and the pupil 9 center of the constricted pupil
diagnosfic, iris | . Fhe means more preferably.include a limbus .
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measurement information indicative of or directly of wavefront aberration’
ahthis eyepabfitRpitieirage Altineatism SRYGAISUHAURIMARIRE in which
diagnostic measurement, in which such an instrument typically includes
dighrogtismreaypivaly iohnfrsibaisoio HicMRERNCARHFAGRNAO B tnage
and a visible illumination fixation source, is characterized by the fixation
sarie PrvnegeRicendrellvisiblyillibicioiirsivieseirteats viikeaffatied by the
controllable change in the pupil size of the eye being examined. A
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98688(1%% e&&’é%f’b‘étéaaﬂt’é’ostaﬁiﬁéféa@& being snamiacdsini@rmierrd drmmoved
fixation.source or upilometer can he adapted to incorporate the
‘3]65?8 %rlf;ate comﬁ%%gngsn foa‘rrgf)rrrgﬂﬁﬁ%rg RerReraHRaLhf Se5HY ablcof pmination
BRUESH SN, Alternatively, a comeal topographer can be adapted to include a

controllable visible illumination fixation source or, a pupilometer can be adapted to
incorporate the appropriate 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.



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 embodipents of the invention, are given by
way of |IIustrat|on only, since various changes and modifications within

! iption aflthe savingBe invention will become apparent to those skilled
in the art based upon the description and drawings herein and the
appended claims. 10 Descrlptlon of the Drawings Figure 1 is an
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pupil, re@b'eec VI showmg 8 né'eslﬁnla&?‘ﬁehﬁ 4 oahcgﬁﬂlé‘? @flp‘ and 2

ﬁﬂ& é’tuc%‘@d Malsa g'iih@ Sh%geDHPk’oﬁk?%éﬁ{eﬁx” Fally

2sc ally shows three uential Tris Images having varylng pupl
@emeirgmamﬂeee@&a\@mm&m&é@ure 3 schematically
illustrates pupil center displacement with respect to a limbal reference as

a function of different pupil sizes. Figure 4 is a schematic illustration of a
device according to an embodiment of the invention; Figure 5 is a
schemBigoatl Isschiiortohbyssistemtaree arajnentalane nfagekrharitg vatying pupil
invention. Detailed Description of the Invention While the present
ooatesnerd destaspedtiveiny brdeadsito illustrative embodiments for
particular applications, it should be understood that the present

Figure 3 schematically illustrates pupil center displacement with respect to a

limbal reference as a function of different pupil sizes.

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 undersicod 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



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 11 embodiments within the scope thereof
and additional fields in which the inveﬂtion will be of significant utility
without undue experimentation. The i Vention is directed to methods and
sydtediseptowitiig tikgnopenhdredfeahadiimostieiis ag eshizhtbde ayeansd will
treatment images of the eye that result in greater accuracy of the laser
beofrisrifiape, wibdbetdfeow) undusrepperdnestatiomction. An embodiment of

the invention is described below in accordance with Figures | and 2.
Systems and devices are known which use iris pattern recognition for

identifyjng . eye strugctyres and for aligning diagnostic ang therapeutic

maged R BV R R K P R ST G Al uBEn betwen
tems.an t for ali d. photorefractive treatment of an

é};ll%l}ﬂrg\%lv f&%gggiggr%sﬁgﬁrﬁm%%ﬁ%%nﬁ %%ﬁ/vﬁﬂ %aertﬁ?gatﬁf%ar s@:{s% Ereater

abiansd BihisaneLaausaha, AeRdort aiefantive diagnastic
measurement. A computer system linked to the laser treatment system

then uses this iris image information to develop and align the
photorefractive treatment. Figure 1 schematically shows two sequential

iris imagesnii@dibtenirofithe ientions destribed fedoiPincacandinctodifaUfihitds 1
and typical iris landmarks 16. For the purpose of the description of the
andehtiBystems sachdevorsackagwupiticlefisesitis pattebsraeniaiifioanbed ideugpfying
size caused by bright light conditions, e.g., eye tracker and fixation light
eyuFtistugts g fen Hinting SinrapsHesnd srenevic ipressfor armepmery. For
treatmenigohase of laser %/e surgery that cause th%\%;gil to constrict. The

BAMR O Stidted PUPTE HeHioress Totamentit @5Rens)y Yesehpummy and
SAICRLAR RIS PR 528, 1At GRNRRINJUEST IR i image identified with
artificial markers is obtained by a camera system along with a refractive diagnostic
measurement. A computer system linked to the laser treatment system then uses this iris

image information to develop and align the photorefractive treatment.

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 i:mpil" 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
intenciea to merely describe the smallest possible pupil size that can be induced in a

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



patient's eye, but to describe the smallest working pupil size in

accordance with the 12 invention. Iris image 10' shows the same iris 12',
however the pupil 14' is dilated and the iris landmarks 16" are shown
somewhat obscured due to the dilatiop,of the pupil with respect to iris

image 10. The dilated pupil 14', for the purpose of the description of the
ApYeRtih, sdmaas 18\shayr tbe sembists d2)ibaikeversbeipupll iviths ditgabatitthe
measurement of the eye, for exam?Ie, when a wavefront measuring

U IERIGHERS o€ o7 PR PRSEBFAHR i Hesllatiomhthe pupil with
Germany) wavefro, asuring device or an Orbscan 11 (Orbtek, Salt
SRS P L R IS REY T 25k momine b inton o e
ionnf jon,.Ih “dilated pypil" is not intended o .
?gg[rﬁ(%r{#e rlgygt%@;ltr‘ﬁ ;lﬁ;rgnalf%h(gn:bégg %ﬁ%l t tléﬂyheﬁ%%%e%r At icé’iﬁ?‘om‘:

ineheean il ithe byt fofl Atk ARPWRERUPI WS ISIORIAMCSIWRTKING o5 o

pupil size associated with this invention. The iris images 10, 10" in Figure

Ipwevine(Bliaddodusinar dimehandasion, (emmangslionsosl Sie8s@fing device

naturally occurring landmarks 16, 16" when pupil size changes

dramaiibally (F00ftem, Slatedite CRRStaks Qorhlaf i asaEH (U RSIAR EiStain

current iris pattern recognition technology has fallen short of being able to

weviefiolandenatiod Gniorthetinn NThsi ek el ‘HREE QAU aBO @Rk Refer
the dilated pupil condition. Therefore, artificial markers on the eye have
ety dsetnaimatiyokilatyd pinti . thet ¢o nikmitalth erinvéidistly aniuced, but rather
improvement is described with reference to Figure 2 as follows. In the
WidgAuktiedppiad enilasdridhsivribsulgeest workinmpunilasiesfresoshéndatiih this
is measured. Wavefront measurements are typically centered about the
PBHERYRY vidTrsimesss MbLie Bignter ormpisatiehie dnstaiedhpishanges in

dvantageous to.meagsure the wavefront gberration over the dilated pupil
%ggaggse 10 r?&%ﬁl‘%ﬁ patusally ooc gmarks 16, 16' when pupil size changes

dramatically (e.g., from dilated to constricted). Under these circumstances, current iris
pattern recognition technology has fallen short of being able to match landmark 16 in the
constricted pupil condition with landmark 16' in the dilated pupil condition. Therefore,

artificial markers on the eye have been used s in tracking points.

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 sberrations
manifest their vision compromising effects when the pupil is dark adapted (e.g., night

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



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 13 diagnostic measurement, having a dilated pupil 14

and iris landmarks 16. By controlling the visible illumination to either the
patient's eye undergoing examination'or the patient's other eye (not
diagesgiingexartinatio having faratilyteda mpidriph lend|Usn Aiidmidatios. By
target in the diagnostic evaluation device, the pupil diameter of the eye
baitiglinathindsiedivenbetivo e dithvittheafatientbeye Figangrihgoexamination or
diagnostic iris image 10' is obtained by a diagnostic iris image capture
theviptlionth PlBsMaYye 100t coRdespoingirframinmsionlpilpaederrdiyr Nififg Yadable

diagnostic ﬁvaluation. The ViSéb|e illumination level is increased, causin

: . ed,. g

Whusrpalip, Fmg L BERELEE T pst i ReteRRrXies B PPl liResigithe
10", Iris landmarks 16" are alsq,visible.having undergone a.lesser change .

e R e R 3 G Ries
[Habe ihqLeansthed W e HlaARS in iR PR YR kS RRIBINGANVIHE image. 10/
shows a constricted pupil 14 and iris landmarks 16 which, again, have
shifempnne emad aupidaiesiabiedananae: lamdeatmaditationin Mg visible
image 10". In this case, the pupil diameter 14 shown in diagnostic iris
ihmageafitnnidvell lis tartialiyd; orsesing g sorthspmidingdidevrese df spuptiathaeter
iris image obtained by a treatment iris image capture device during the
tlustierhby bl sitimdgsd P Vidunloslmeckio h6S ergelse Diriglndstilmgiendergone
image processing hardware and software can now track the changes in
HessERhentriive: s imipeees 40, 16 ohBigyerhcidsghndivningiiak level is
indicia so that the iris image 10" associated with the dilated diagnostic

P iaeearr ek dashPstit Hdne k) footeipedyduch fPeifisa constricted
sonstipied diagnostc PUR 1A IR0SRISCERRRANSNIE 200 deectabe

change from landmarks 16" in iris image 10". In this case, the pupil diameter 14 shown

in diagnostic iris image 10 will substantialty correspond to the pupil diameter of a
treatment iris image obtained by a treatment iris image capture device during the
treatment phase of the laser vision correction surgery. Diagnostic iris image processing
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 iris image 10 in Figure 2, with the exported diagnostic iris
image -10, allowing the laser ablation treatment pattern directed to the constricted

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



to a treatment part of the laser system is now used to align a treatment iris
image, substantially represented by iris image 10 in Figure 2, with the
exported diagnostic iris image 10, allowing the laser ablation treatment
pattern directed to the constricted treatment pupil to be accurately aligned
with respect to the diagnostic iris imag!; 14 associated with the dilated
sipepast ovihipik dilned\diaiaseiopilys. embadianenewh e BniRaiiissNaaticin
iris images are sorted and aligned by the diagnostic stage processing
ths disgivitie iimiledgtatart sndfer aid sigotd ibyate Bingnodcdiagnosaticessing
phase to the treatment phase. Since it is known that the rotational
wulitdndficolimitedydath prpder wh erstaglatimremborstif olisgnestimphase to the
osition tQ a supine position, the alignment method according to the
ﬁB‘er‘ﬁf\'/ides appropriate information for rotating the laser ablation
treatment pattern to correspond to the cyclo-rotation of the eye. A
diagnostic measurement of the patient's eye in the dilated pupil condition
) : : " . e s Wi ; .
L S et moves
FRANOSHEAPGRSIHGIE N ABYIRE FosiiNe IPAURIGHAY FRE Y 6REng to the
functions may be integrated into a single device. Ultimately a diagnostic
IMRAJIE HeVideyiifpeopaed MyfthimitRalrienidasan SiHstaaseto ditdlataditent
appropriate ablation profile for vision correction. Therefore, it is preferable
paterh & diatsgodhn sty ceasatiomeithb eysinAldiupacstklyneasaemtadof the
with the dilated pupil diagnostic iris image. The diagnostic measurement
peiisntgikysivaheadiiaies Bumt randiting daublained iy edditionm e thetiingnostic iris
information which can be directly obtained by a variety of wavefront .
igeanss ik the cfitatedofeoygbncqasiidessd #rpRywAvestirdvdhorifasageapining

Bausch & |_.omb/Technplas) which
s(pparatus am!f t.g; diagnostl% m?aasurement device may be separate devices, or, these

functions may be integrated into a single device. Ultimately a diagnostic measurement
will be used by the treatment laser system to calcuiate the appropriate ablation profile for
vision correction. ‘Therefore, it is preferable that the dilated diagnostic measurement be
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 anaiy;zex: {Bausch & Lomb/Technolas) 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 I1®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 includes a2 measure of the astigmatism,



incorporates a Hartmann-Shack wavefront sensor. Other types of devices
such as elevation based topographers with ray trace capability such as,
e.g., Orbscan lI(r)comeal topography device (Bausch & Lomb/Orbtek,

Salt Lake City, Utah) can provide meﬁssurement data from which

wavefront aberration information can e derived. The diagnostic
measurement also preferably includes a measure of the astigmatism. 15

In an aspect of this embodiment, the entire plurality of diagnostic iris
imagedrcamadspeehqfchis gmbafimantatheemtistplurpitroeSdiognobtiv drithinages can
diagnostic iris images can be sorted and apprggé)iagely aligned for

beFapaits dtheEsEsnh SABS RIS, Whise dap dinshetil isisoimaess gay be
and alignment of the treatment iris image in real time witha | .
ST B APTCATRITISAETS o SR ATI (ROt SEBRR i FRARe 1o This
the volume, of. information beina transpqrted between the diagnostic .

RN R e R e e

%%@ﬁﬁi@&g@i@lﬁ{o@w&%ﬁ%’ﬁﬁﬂr@ﬁ%f&%& H&raetlvernmRgchin whial of

the sorting and alignment of the dilated pupil and constricted pupil iris
infagRgishIRERIRASHEN-d BIAgRASES ENAeHResRQIHdRieh IRNIRXResSent
the aligned constricted pupil image to the treatment image processor for
inspelattocesiot] aligiverebly ittréhpréveating nidwsrinmag cbd rdpiirab pieet, e an
computing power requirement is reduced at the expense of a static image
Pearnasine epest intvbinke tgrseriingranihatigemant afi ¢ty Gidedipupilvitid constricted
ultimately determine which aspect is preferred by the practitioner. While
Byeih i Bnanghin SerfoHEt Y Frdingeastis imagoREgerre s thee sypmiththe
methaqd for rotational adjustment of a laser treatment pattern, it will be,

Pt iRRdifet iPUR LR AR L TR PR S RS R SRSTOE R e pedption and
ztag?g%glne%?t &%He&?e dtlil'aeagr?lé&e iris image. In this aspect, the computing power
requirement is reduced at the expense of a static image comparison with the treatment
iris image. A variety of factors will ultimately determine which aspect is preferred by

the practitioner.

While the abovg 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 translationally adjust the laser treatment pattern 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 patien{'s eye
having a dilated pupil 34' is obtained. A center location 36' of the dilated pupil 34' is
detcnni;zed 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
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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 determined with respect to an
illumination independent eye landmark, preferably an edge of the limbus
3xoftirdqrationtd & pupil\kyithitisspecaitiel anadielhreffoaicenpains der waltdatwng by
16 a center location of a pupil with respect to a radial reference point are
weImatotkhler, i Bis ot auk irduiTh ReccaRlanqtion Soneampingpiribgidpvestion. A
carrying out the inveption. A selected amount of visible illumination is

dretted et & oo HmAtHe S st sh A% Y6 ifRRgE s (g pupil as

ol 34, s cesy laeaion36 gh e sorpucted qupll 4 s delenmingt,

with resp eey € same as eye la

RilRiMa0sid0.hbe {Eimpe}@ggm%ﬁm%m%y@%ﬁﬂ&gn in

point because the limbus is substantially unaffected by changes in pupi

$iagnel DO VeriRr Kisnineerp aibatidh el ibamapiLe FRGERE BoRMRcause the

constricted pupil center 36 is determined by techniques well known to

thabasskilebbimtiaiashaiibiscy dgtehaigpidagpinisisethTheusetbritigiisinent of
the position of a calculated laser ablation treatment profile to be applied to

the djaddayinl coresiitteddp | benstdctasomudi grosiic3Gaisefleatmined by
information obtained from the diagnostic im%%% of the eye having a
rkragyss prelldaosanta thasptiilieth 1o ghgiartth isavsatos isniaseraenbisiteen used
patient's eye and the measurement of the displacement of the center
RO BieRaspingiohrifreriiee) #@ﬁ%@ﬁﬁﬁﬁm% RBEl fRPeRRRkR to the
during this data acquisition. Once the vector displacement gf the pupil. . .
e R R e v T
B SRNIOUR RS FRIFIRR RS L e Al B ARRERP 1Al MSiageous to obtain
the diagnostic images of the patient's eye and the measurement of the displacement of the
center location of the pupil in infra red light so that pupil size does not change during this
data acquisition. Once the vector displacement of the pupil centers is determined, this
information can 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 di;gnastic 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'seye 42. Aniris4l anda
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 schematicaily shown in Figures

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



With reference to Figure 4, an improved diagnostic device 40 is described.
In a 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. An iris 41 and a pupil 43 of the eye 42
are also shown. The aberrometer 40 IVpicaIIy contains an IR camera 44

ieprbiaiedngy ¢iagesus IMAGRRSHGRAS RSPIREHBRALI A ShNMB target 48

Figures | and 2, a wavefront sensor and associated optics and electronics
sstibforsiiziiych? prepreseseeibynderstesdbiGhiostigtinledinahelan fixadording to
illumination level fixation target 48 used for alignment purposes as well
thedarsrsisg.theriopeo wiirad dpmitdsastronbsingi Ayed ilthminliontoatitetarget 48
grn%ovement comprises replacing fixed illumination fixation target 48 with

RaBRABY PSRN SikisRilinmination fixation wirgbsaBahthetfigmeter of the
diameter aof the pupil 43 of the, patient's eye can be changed to obtajn the
BB AL 8 8 RARERS 0 a0 e SLPRBHA OAR0ID HieaRIMRSPHETE B o

Q"ﬁﬁﬂ Q'!{nggg‘t) jllustr, A tted line.inserts 49 in Eigure, 4, the
gg%trollab%%wsible i%furﬁll%ﬁlﬁgﬁ%e&%%%%%ﬁe%%%ﬁfggﬁoIcllkg%at%thy the

tedeuice fQas onepaniedibyheanialabifey it HHMINAHAD SAHCen be

49. Alternatively, (not shown) the device 40 could be a corneal

ipegmphassstisRdaswian @ibsesicl dryige adppiediviithn contrlAe visible

visible illumination source as described herein. Likewise, device 40 could
BhuaipefnlosmeterstyPically including a controllable visible illumination
source for pupil diameter control with the improvement according to the
invention being a wavefront sensing component or other known hardware
and software components that would provide wavefront aberration

informAGGPaBEEtROEShiowm d dovirnifidisonid be a comeal topographer such as

an Orbscan II device adapted with a controliable visible illumination source as described
herein. Likewise, device 40 could be a pupilometer typically including a controliable
visible illumination source for pupil diameter control with the improvement according to
the invention being a wavefront sensing component or other known hardware and
software components that v}ould provide wavefront aberration information about the eye

under examination.

A system embodiment according to the invention is described with respect io
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
diagnosﬁc processor 56 that is programmed to sort, correlate and align the diagnostic iris

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



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 antfa diagnostic processor 56 that is
R 0 NRERNESATEBHRE ANGkiR herdiaURASHE ISt i19a88RRRated by
- represented in 58. An ultimately aligned constricted pupil diagnostic iris 18
jefagrc¢at ddscrilyedhtiene isf altiviejoisne pagte daio raabRgnAGHS RRTLBAR $and
illustrated by reference 59 via any variety of well-known image data

beaed hod wiralessi notumiirgchiiogs, raswgiansianigsl osslzoraech emidistion€D, via the
computer storage media such as disk or CD, via the Internet or other
Intsoeiies, @her fetwesyr8nieneisarisstment datfeitmdiepratesiment part 54
includes a treatment iris image capture device 64 for obtaining the | .
PR PRARTIES ATORSS P R ARTETR G b i chialting e Sreplment dris image
laser 62 and .other ¢ nents such as eye tracker (not shown), In
B S e e e SR o Rl e
AH‘@Q@%-&M? Q{ﬁ?%ﬂ@&)@t 38 15 %@%ﬁgct @P%P%Fﬁ%i?ﬁ’&%r%he entire
processing hardware and software represented by processor 66 sorts and
SOHBIESdiRmeias nes i dus: I 3gReseNd 50 gl s M ARP IO Ria#Bent part 54
alignment between the constricted pupil treatment image and the
whirespeosing hanisisieiesipufivthogpastatedbiniaossbr 668680 kabchitdlates
also control the calculated laser ablation pattern in response to the iris
thatteguegooiyisiiimagal gndeovides Surappoosdse itligamde nsfenatile donbiainted
a processor 56 in the diagnostic part 52 and a processor 66 in the
rreHutmatmpet inssh b e geeerapndingnepnstacion pipHedipgpetissimg image.

hardware and software will be determined by surgeon preference and
Processor 66 may also control the calculated laser ablation pattern in response to the iris

pattern recognition alignment.

In some cases, it may be preferable to have 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 2 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 pupii

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



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 const}2ted pupil diagnostic image. This
ipéps3ion isdileuiseoxRarRedIlNadRseh s R MRR! RREBLINSAm on the
system 54 to be used for translationally adjusting the laser treatment
paiiacnendhdidhdaisncohayewdpehilhas a constricted pupil. The foregoing
embodiments of the invention can be illustrated by example as follows: A
patient is seated and aligned with respect to a diagnostic device (e.g.,
aberrometer) that can provide a diagnostic wavefront measurement of the
patienticefreggios mmondinsnic glite dnvepticacen diaghusmisdidinraguple as
The patient's eye is aligned in respect f the aberrometer with the use of a

Too v e i BRHERY dSnfrRind Pk SRy Bl SERRThin thelisameticsdexite (eg-
dapt il di ter.might.be in.th foto7 . tha . |

e B B S RS AR AL s e

ivadl PSR IRAP I PRITIRERS. D Tl MBI L Bl Eh hed in

AR OB R HHRBRS ik dhi TR0 812 IBRIANEOMIRSIRANARE: fixation target

illumination level of the fixation target is sequentially increased so that
sigomestie ipainaoesindipee obplidedraicratipus RUPIEZRS LN 8 to 7 mm.
constricted pupil (e.g., about 2 mm.) diagnostic iris image is obtained. A
Bothik chageostih Wtaecfisu calculatechimtke fdiinedf pupi diapshsitaiczmange are
for the dilated pupil diagnostic iris image and the constricted pupil

ahitained s dhiks iy e e duightiieab af duyfixaticn dhtgst B duasicngased dwtil ehe

and software associated either with the diagnostic
patient's pupil diameter decreases to about 5 mm. Another diagnostic iris image is

obtained and stored. The illumination level of the fixation target is sequentially
increased so that diagnostic iris images may be obtained at various pupil sizes until a
constricted pupil (e.g., about 2 mm.) diagnostic iris image is obtained. A pupil center
shift is also calculated 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 and/or the freatment system tracks an iris 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 difated pupil. The rotational
aiignmént and vector displacement data is also made available fo the treatment laser

system. ‘At some later time, the patient is positioned (supine) under the treatment system
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system and/or the treatment system tracks an iris 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 dilafed pupil. The rotational alignment
antlaveal e SRIRces & shatal isoalsacmagepayrilakisvieihe, reRiMeRhleseis
system. At some later time, the patient is positioned (supine) under the
irezgenie theayaligned Githribleasnbstiatitisdlyroanespiittia pdismicdastiiciagse having
pupil/iris is obtained. This treatment iris image is then aligned with the
sensselliitianysenn pupt ridragris 4bn ddnntified inagecheniling dandarafty shahat the
same pupil size via the identified iris recognition landmark, so that the

ablhiopiSrefracRhtaR Oe ARtHer Stanelated and aterise astivalriteprovide
adjusted to provide a more gccurate treatment. In the event the jris
R s e o T AT AR o dp s gennot

pattern recognition software cann e
lasked mm,m@%' &E,%@{Qa&ﬁ%&ea“xﬁ U%ev%flg%%&n?ﬁé&c%%é limbus
displacement can be used at a minimum to eliminate decentration’in “spite

sseneapiectacs Atialionre A thaughupie e ieg A mRarn es ek NR RIESREE in

invention have been described in detail herein above, it should be clearly
spideioadteakdragionariations and/or modifications of the basic
inventive concepts taught herein, which may appear to those skilled in the
art, will still fall within the spirit and scope of the present invention as
defined in the appended claims and their equivalents. 21 CLAIM

Although preferred embodiments of the present invention have been described in detail
herein above, it should be clearly understood that many variations and/or modifications

of the basic inventive concepts taught herein, which may appear to those skilled in the

- art, will still fall within the spirit and scope of the present invention as defined in the

appended claims and their equivalents.



1. In a diagnostic and therapeutic system for laser eye surgery wherein a
diagnostic image of a patient's eye that is obtained by a diagnostic image
capture is-aligned with a treatment image of the patient's eye that is
obtained by a treatment image capEJlre device that is associated with a
treatment laser system, via an iris pattern recognition technique, the
improvement characterized by: an illumination control device for
controlling a visible illumination level on one of the patient's eye being
examined and the patient's other(é‘y*é%ot being examined) wherein the

visible illumination level acts as a contrpl for the pupil diameter of the
e R R P, O AL SR R s
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and a constricted pupil size correSponding to the controlled visible
rdiuiunatiapeevek pabeneital deas dnaneice etafiiiin: IRERYRIHRRe device
landmark is identifiable in each sequential diagnostic iris image even
thrfesigpsodiaedwite spoadiient kdscregsgnitionalantipaitkrisraoigidentifiabiéque,
between the constricted diagnostic pupil image and the dilated diagnostic
thsuppiHere: shregewredRBstic measuring device for obtaining a

diagnostic measurement of the {patient's eye associated with the dilated
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the constricted pupil diagnostic iris image, and further for aligning the
ealigied eanstricted pupil diagnostic iris image with the treatment iris

image having a constricted pupil of a size

a sequential plurality of diagnostic iris images each including a different pupil

diameter ranging between a dilated pupil size and a constricted pupil size corresponding
to the controlled visible illumination level, wherein at least an indicia of an iris
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
associated with the illumination control device and the diagnostic image capture device;

means for exporting 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.



generally corresponding to the diagnostic image constricted pupil size. 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 oculay diagnostic device for obtaining a
diagnostic measurement of a patiefit'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
tompdhesysEsiahriestd nidustircirrmeesnipoalbeniag dnalydsibhdreatment
illumination fixation _source, the improvement characterized by, the
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ausing a controllabl in the size of the .pupil of the patient's eye.
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diagnostic and therapeutic iris images, via iris pattern recognition, for
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a dilated pupil diagnostic iris image associated with a diagnostic
sAERenemedip fnostatontativigrachisemroatmtamd witisiblediwriotsidpiipition
diagnostic iris image, by identifying an iris landmark that is not identifiable
Ry between the two images, includes a sequential plurality of
g}iea nostic iris ir}?ag%s of ing pupil size such that the iris landmark can
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causing a controllable change in the size of the pupil of the patient's eye.



image and the ablation pattern rotated accordingly. Limbal edge detection
is used in the diagnostic images to provide pupil center translation
information for translational alignm%t of the laser treatment. An improved
aberrometer is disclosed having a variable visible illumination fixation

TRES) @ASTTERNARBG OGNS IO N AND A J@NIdINIYes. A diagnostic and
therapeutic laser eye treatment system is described incorporating the
apparatus and method embodiments of the invention. Fig.5

ABSTRACT OF THE DISCLOSURE

Apparatus and methods are described for aligning diagnostic and therapeutic iris images,
via iris pattern recognition, for effecting more accurate laser treatment of the eye. A
method for aligning a dilated pupil diagnostic iris image associated with a diagnostic
measurement for calculating a laser treatment, with a constricted pupil diagnostic iris
image, by identifying an iris landmark that is not identifiable solely between the two
images, includes a sequential plurality of diagnostic iris images of varying pupil size
such that the iris landmark can be tracked between the two images. The aligned,
constricted pupil diagnostic image can then be align¢d with a constricted pupil treatment
image and the ablation pattern rotated accordingly. Limbal edge detection is used in the
‘_ diagnostic images to provide pupil center translationl information for translational
alignment. of the laser treatment. An improved aberrometer is disclosed having a variable
visible illumination fixation target for controlling pupil size for the diagnostic images. A
diagnostic and therapeutic laser eye treatment system is described incorporating the

apparatus and method embodiments of the invention.

Fig.5



