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The invention relates to systems for ophthalmic refractive surgery, and more
particularly to the use of iris recognition and location systems to align refractive -

diagnostic tools and refractive laser systems with the eye.

BACKGROUND ART

The field of ophthalmology for the past number of years has seen great strides in
the development of refractive treatments intended to correct the vision of the eyé. These
techniques have evoived from the earlier radial keratotomy technique, in which slits in
the comea allowed the cornea to relax and reshape, to present techniques including
photorefractive keratectomy (“PRK”), anterior lamellar keratectomy (“ALK"), laser in
situ keratomileusis (“LASIK"), and thermal techniques such as laser thermal keratoplasty
(“LTK”). All of these techniques strive to provide a relatively quick but lasting
correction of vision. '

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

astigmatism.



before treatment, verifying that the correct eye is to be t'rz‘?ah{p‘?iijzd&th a
devel oped treatnment pattern. A variety of refractive instrunents —can be
used, such as corneal topography systens and wavefront aberration systens.
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hi gher order effects can also _be corrected, such as asphericity and
i rregul ar taught in J. Liang and D. R. Williams, “Aberrations dnd retinal image quality of the

normal human eye,” Journal of the Optical Society of America, Vol. 4, No. 11,
November, 1997, pp. 2873-2883 and in U.S. Patent No. 5,777,719 to Williams et al.
(*Williams™). Williams teaches techniques for detecting aberrations and for using the
aberrations thus detected for eye surgery and the fabrication of intraocular and contact
lenses.

International Patent Publication WO 99/27334 (International App.
PCT/US97/21688)(“Frey”) teaches a further variation using polarizing optics to control
back-scatter from the lenses in the detector setup. Like Williams, Frey suggests using
data from the wavefront sensor to develop an optical correction for the eye examined.
Mofr:: speéiﬁcally, the optical correction so determined is limited to the aperture of the
cornea measured by the sensor, e.g., the 6 millimeter circle to which the eye’s pupil was
dilated when the eye was measured. Outside that area, Frey suggests. usihg a tapering

~ blend zone of partial ablation to minimize severe changes in corneal curvature and hence
lessen regression.

These diagnostic systems and techniques have the potential for permitting

correction of both the fundamental and higher order effects, especially when used with

the even more refined refractive correction techniques, with the possibility that vision
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t opogr aphy systens, vision defects can be determ ned and corrected
irrespective of their "regularity”. Such techniques are described in U S.
Patent No. 5,891,132, entitled "Distributed Excimer Laser Surgery System"
I ssued April6, 1999. A variety of new topography systens, pachynetry
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additional diagnostic tools are employed, they too can employ a pupil or iris imaging
camera to provide a “point of normalization” to which all the data and a subsequent
treatment are referenced.
When it comes time to perform the refractive treatment, such as using LASIK
with an excimer laser, another camera takes an image of the iris, and a treatment
developed from the diagnostic information is normalized to that iris image. This
nom_lalizgtion can include translation, rotation, scaling, or other trﬁnsfbnnational
techniques. The treatment is then providcd ‘with the knowledge that it is being applied to
the desired points on the cornea. ‘
Further, the iris image can be provided to an eye tracking system, such that the
actual aim of the excimer laser can be adjusted on a dynamic basis relative to the position
of the iris.
Preferably, the iris system detects distinctive features in the iris and determines
translational functions ba_sed on those features. Generally, no two irises are alike, and

rotation, translation, scaling, or other transformational techniques can be accomplished
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wi |l someday be the norm However, inproved techniques for applying
advanci ng di agnostic technology to refractive surgery are needed. SUMVARY
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devices or systems such as topographers, pachymeters, wavefront sensors, and the like

used to make diagnostic measurements to obtain refractive data about the eye being .
measured. Refractive data thus refers generally to features or characteristics of the eye
that cause less than perfect vision including eye component shape, thickness, light
propagation and wavefront aberration and other refractive anomalies recognized by those
skilled in the art. Likewise, the term “refractive tool" generally refers to a device or
system that can perform a refractive treatment on the eye, such as, e.g., an excimer laser
which is typically used for photoablation in PRK, LASIK and other photo refractive
surgery. The term "normalization" as used herein will be understood from the |
description to follow to generally mean matching, equating, correlating, fitting, etc., an
image or representation of a diagnostic measurement to the first iris image such that
everything is size cqnsistem to the first iris image reference coordinate frame.

As an additional benefit, the iris data stored in conjﬁnction with the refractive
diagnostic analysis can provide a safety mechanism for subsequent treatment.
Specifically, if before surgery the iris data does not match the actual iris image acquired

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



rotation, translation, scaling, or other transformational techniques can be
acconplished 3 21 April 2004 based upon the distinctive fiealgHiasaoble iris
system can store a variety of features of the iris, including an image of
the iris itself, as well as derived characterlstlc features of the iris,
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description to foll oWt 3 gener mean corre a |ng
fitting, eﬂﬁseccmdreﬁ‘mgedm representation of a diagnostic nmeasurenment to
the first iris image such that everything is size consistent to the first

iris imge er ' f , an additional benefit, the iris
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use of the data for a subsequent laser treatment;

Figures 2A, 2B, and 2C are block flow diagrams illustrating the acquisition of iris
data in conjunction with refractive characteristic data, the generation of a treatment based
on that data, and the use of that treatment data in conjunction with an iris image to
perform laser surgery;

Figure 3 is a diagram illustrating combined ablation profiles developed from
wavefront data and from surface topography data;

Figure 4 is a cutaway representation of an eye, as well as associated diagnostic
tools used to determine particular refractive characteristics of the eye;

Figure 5 is a diagram illustrating various features of an eye that can be used as
characteristic iris data in a system and method according to the invention;

Figure 5A is an eye diagram similar to Figure 5, showing a marker according to

an embodiment of the invention.



Specifically, if before surgery the iris data does not matchqtde sgdsual
iris image acquired by the surgical system the surgery can be stopped or
prevented. This can prevent an 4 21 April 2004 operation on the wong eye
with particular data, for exanple, or the use of data from another
patient. In still yet another aspect, the present invention provides a
systemfor aligning refractive diagnostic and treatnent data, conprising:
a first ophthal mi c diagnostic or refractive tool, enploying said first
refractive data, the first ophthal mc diagnostic or refractive too

adapted to capt L I 1 | i annent,.dat.a_and. mai pt ai n t hat
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of an eye, thmanweatibn;as associ at ed di agnostic tools used to determ ne
particular refractive chara teristi%s of the eye; Figure 5 is a diagram
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Figure 5A is an eye diagramsimlar to Figure 5 showing a ?qr%ﬁz?@cordi ng
to an enbodi nent of the invention. 5 21 April 2004 Figure I's a ow
diagram'illustrating the use of stored iris data and inmaged iris data to
translate a desired treatnent into an actual treatnent according to the:
invention; Figure 7 is a flow diagramillustrating an alternative techni que
enpl oying stored iris data to align a treatnent; Figures 8A and 8B are
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are diagrans il rating a’l'aser alrg te gl ng system I ' gnment
t echni que aawor df Figuted?t he i nvention; Figure 10 is a diagramillustrating
alternative alignnent techniques according to the invention; Figures 11A
and 11B are further refinenments of alignnment techniques according to the

i nvention; @ggfgéﬁd‘aﬁ{m@wirﬁgw 1Ix¢/avefront sensor for use in a

system according " to the I nvention; April 2004 Figure 13 is a
di agram of an exenplary fixation inmage for use in the wavefront sensor of
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the data developed by the diagnostic tool.

Proceeding to block 12, a treatment is then developed based on the data provided

by the diagnostic tool. For example, this treatment may treat for a certain degree of

myopia and an irregular astigmatism. This treatment can be, for example, a treatment

developed using the algorithms of PCT/EP95/04028, entitlcd "Excimer Laser Syster.ﬁ for

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

provides a dithering algorithm to modify a corneal profile, in conjunction with the

distributed system of US Patent No. 5,891,132, entitled “Distributed Excimer Laser

Sufgery System,” issued April 6, 1999. This treatment, however, is normalized to the

stored representation of the iris'image. By doing so, subsequent modifications to the

treatment based on additional diagnostic tool data can be normalized to subsequent iris

imaéeé. | |

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

sophisticated forms, such as by rotation or even scaling and skewing of the treatment to

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



by the diagnostic tool. For exanple, this treatnment may tre‘%&‘mzoa%certai n
degree of nyopia and an irregular astignmatism This treatnment "can be, for
exanpl e, a treatnent devel oped using the algorithnms of PCT/EP95/04028,
entitled "Excimer Laser Systemfor Correction of Vision with Reduced -
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appropriate laser treatment within the laser system 106 itself.

Beginning in Figure 2A, the comneal topogfaphy system 100 gathers comeal
topographic data from a patient’s eye E. The illustrated topography system includes
Placido disk-type hardware 108 as well as a pupil or iris camera 110. These components
are known to the art, and a variety of techniques are known to produce comeal --
topographic data. For example; the System 2000 by EyeSys produces corneal -
topograpflic data, and ORBSCAN II® topography system by Bausch & Lomb/Orbtek,-
Inc. of Salt Lake City, Utah, produces not only surface corneal topography, but also
overall topography for the various components of the eye. The former S)‘rstem isa
Placido disk based system,; the latter is an automated slit lamp system. The ORBSCAN
II® system uses surface elevations and ray tracing to determine refractive errors of the
eye. The topographic system 100 typically can produce data output 112 in a variety of

formats and gathered using a variety of techniques, such as absolute corneal height at a

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




exanple, also shown in Figure 2Cis a |aser system 106, \/\hi'@k‘lap‘rpﬁpfddaes bot h
the treatnment generated by the workstation 104 and corresponding Iris
data. The |aser system 106 could incorporate the functionality of the

wor kst'ati on 104, generating an appropriate |aser treatnent within the -

| aser system 106 itself. Beginning in Figure 2A, the corneal topography
system 100 gat hers corneal topographic data froma patient's eye E. The

illustrated topegraphy syst I n es Placido disk- rdware 108 as
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7 21 April 2004 Besides the corneal data 112, the corneal topography system
100 al so adudfecagnized atifackOf dhrditisgthe pupip dheit intesface. 108 offies pyst drusBirgsase of t he
eye E, proyefing first iris (and pupil) image data 114 representative of
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artifacts of the iyis, the pupil. their interface, or other eye structures
as  well. The oAwdlustated o EeuR:24, the fonoeyapby datarkd £ and {hsdas imagendatasl 14
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I mge 120. Preferably, the inmage is acquired -at t ame ti at the
t opogr aphyimagepdhentThe (dhitmoship bdivelen & yptermared wepogiaph® 8 1 & amd the iris image

120 is maintained in the data.

As discussed below, the iris image data 114 for the iris image 120 is useful for
aligning a surgical tool (here, the laser system 106). The data 114, however, is aiso
useful for normalizing data from various other ophthalmic diagnostic instruments.
Specifically, the wavefront sensor 102 also analyzes the refractive hregulaxitiés of
aberrations in the eye E. In the wavefront sensor 102, preferably a camera 122 is focused
onto the eye E in front of certain “trombone” optics 124. The trombone optics 124 (e.g.,
a focus or optical path adjusting tuning device or optics) is used to change the optical
path length and focus a laser 126 onto the retina of the eye E. The trombone optics 124
can be used to determine and compensate for the low order aberrations of the eye E, such
as defocus. In one embodiment, the wavefront sensor 102 gathers data for determining
optical aberrations in the eye E via a lenslet camera 128. As discussed above, a variety

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

ophthalmic wavefront aberrations can be employed.




gat hering the topography data 112, although before or after 4o 926'(54'50 be
acceptable. As illustrated in Figure 2A, the topography data 1 and the
iris inmage data 114 are preferably related according to sone coordinate
system as represented by overlaid images 116. The rel ationship between a
determ ned topography 118 and the iris image 120 is nmaintained in the
data. As discussed below, the iris inmage data 114 for the iris inmage 120 is

useful for aliggi L.gal .tgol (here he e The dat a
155 honever " | s M LRk Uk A0 RSO
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Figure 2A. The pupjl can,be di)Jated when the aberration data 130 and the
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refractive gy gohesl tﬂ@hﬁ%,%ﬁﬁl&?@\e%gfﬂ%&i@é@%ﬂerie@e S5 REORh Sndunt GpuUr S€ of
treatnment for refractive surgery, stich as LASIK. “These data can i ncl ude.
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ot her

the flap, and the like. These data are typically provided on a point-by-point basis on the
eye E, at varying resolutions. For example, the corneal topography data 112 from the
corneal topography system 100 generally will have a higher resolution than the
wavefron; sensor data 130. Similarly, certain types of data are directed towards one
aspect of the eye E, such as corneal surface topography data 112 mapping the surface
topography of the eye E, while other data may reflect other aspects of the eye E, such as
total refréctive error found in the wavefront sensor data 130 from the wavefront sensor
102. _

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

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

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



differential profiles (e.g., using ultrasound) of eye conmpongnt s. ot her
pn2
types of refractive data devel oped from vari ous sources, such rom
slit-scanning or optical coherence tonography techniques. For exanple,

ul trasound can be used to nmeasure not only corneal thickness, but also-the
epithelial and other eye surfaces, the anobunt of stromal conponent in a

m crokeratonme-cut flap (for LASIK), the residual stroma under the flap,

and the |i . [ basi s
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hand- hel d, integrated into a single tool. One skilled
inthe art ' ?Mcggggm zea'&ﬁg!tS the techni ques according to the invention
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aberration data shown as a pupil wavefront aberration (e.g., contour) plot
160. The wéty éfvionge datadd?. Hontexandl, thechopalijation of thegedadaisillegeaigdhyur e 2A)
are

(superimposed) diagram 164 based on similarities of the iris image 120 and the iris '
image 136 (illustrated by an iris image 142) in parallel to the discussion of Figure 2A
above. The topography data 118 extends over a larger portion of the eye, such as over
most or all of the comea, while the wavefront aberration plot (or data) 160 generally
extends oﬁly over the pupil or a portion of the pupil. Some correlation between the ;Supil
wavefront aberration contour piot 160 and the topography 118, when overlapped as in or
similar to.the diagram 164, may be apparent, as will be appreciated by those skilled in
the art even if no iris image data are used for alignment or for normalization. For
normalizing or superimposing the topography and the wavefront abefratién data {(e.g., the
topography data 118 and the pupil wavefront aberration plot 160), suitable account may

~ be taken of the variations in optical path length (e.g., from the wavefront aberration data)

| or refractive index (e.g., by averaging refractive indices) of the eye in order to correlate

these data, as will be appreciated by those skilled in the art.
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normal i zed al so to each other, as illustrated by an overl ap%r]g){g(]f] 4renée

frame 162 in Figure 2B. As discussed above, the pupil is pref rré (5

di |l ated when the aberration data 130 and the inage data are acquired, and

these data sets are normalized to each other for nore accurate generation

of arefractive treatnent. The topography data 112 and its - correspondi ng

iris inmage data 114 are nornalized to the wavefront sensor data 130 and
a,132. For exa he normalization. of .these data is

its iris imge le, ft. .

T ustrated by AUhEGcG 5 e e P rRE Koo DR olinet PR A Ot he
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cornea, while the wavefront aberration plot (or data),L 160 neral |y
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118, when overl apggd as Inor Simfar to the diagram 164, nmay be apparent,
as w || be syppmecilhe Geatipgnitgeneratedicotlddw 4 varietyhef tegatmente nForfexampler &5 | nage
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account may be taken of the variations in optical Fath ength (e.g., from
t he wavef r ardludipgrbub notdimitnskta) a vasiablestpohsize. wescanmed sliy, or g fixedscannesispgi ng

refractive indice of t e In.Qrder to correlate. thes ata, as, wll
be appr eci g{zggasgglﬁ%%glgrét. g%ginfégeas Pfﬁ'f’ aent pﬁi‘_éor?f%_ 1 %enﬁﬁﬁfﬁld 'Eeﬁ%eft dat a
are gener at@ theal@OI4li 614 64 frobl e RaAE@UAEhdRHE tdoRSnd Eanfednbifitag®dor 1 N
Figure 2B, as illustrated in Figure 2C ~a conputer programthen generates a

treat ment norBalized tathe stored isisémagbB2done, for exanple, in a stand-al one

comuter 108, IR i1 AESE Aok Bol Il FSBTBLeBa PHLoATT T1

t opogr aphy cgassd esnthbifls. ForexwmpR] theldataSE305f6m Hbwawfrot fpkor 192%baldbe The
treatnent generated could be a variety of treatnents. For exanple, an

i rregul ar SPIEHE e {0 rate @ trsatimsnt. eryastsed, tly dasa 1 1 Eom comnepl swrfage i n t he
f ti . t ; ' f .0t f
't oat mont gy systb 160 Lol ve Bed o aneplube (el St teffibi Rl ARGobE RS D1

spot si ze, teoldlearvardintlarly beasedsdlély ¢6lcearnrAEROt AdBinfgebiBpects cfakdrent .
Regardl ess of the treatnment performed, it is q%gnerated with respect to the

data 140 odatdrom ther¥arigus tpglsicould beicamhiand; te yiedd pefter gerall sefrastiverai nt ai ned

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

Such a technique is illustrated in Figure 3, in which ablation profiles based on

‘wavefront data and surface topography data are combined. Illustrated in Figure 3 first is

a surface topography based ablation proﬁlc 162 developed from surface topography data.
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normalized to the stored iris inmage 142. The data fromthe '\quA'rdpﬂjgom ~
di agnostic tools can be used in a variety of ways to create treatnents.
For exanple, the data 130 fromthe wavefront sensor 102 could be solely
used to create a treatnent, or, instead, the data 112 from corneal surf.ace
t opogr aphy system 100 coul d be used. Qther alternative types of refractive
di agnostic tool data can simlarly be used solely to create treatnents.

Advant ageaq} spects. of the .data fromthe various toals co e conbi ned
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technique is illustrated in Figure 3, in which ablation profiles based on
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Figure 3 fj ' S i.0 i 162
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even out sigliivamthgddue whefuked with URiwRlcGdnbsensorp Bowevel, atliei ®pod@phy To

conpare, a wavefront -based ablation profile 164 devel oped from wavefront

data is gUREmS: Jushahryrvalyre bpseg systams, pee alsoisetl in the PpsHre ofthisdryeation.sQ.
So th ! e ot by : "
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usi ng t he Wi Paent NopSgSaB6y ahad@dsanbati on profile 162 outside of the
pupi | diameter 160. |ln this exanple, each ablation profile is first

cal cul at ed fronthe{@RBSCADS HEHopagraphi sysises i§aslif-fransieyptionkasgd.dopagmaphyed.

O h t i 1 i i

Sbiat i on pYsHhatphlfyRbbay RthnkE] dodi SRARCo! OF 6B I Gl dekB bt of = 20
such as t hhe RBSMANis| Bhclt mpasyraisayfasy sindie displayed ol maps ofelBatiosh & .

Lonb/ Orbtek, . Inc. are especially : ) )
inclination, curvature or power. " A full-corneal map of pachymetry is also derived from

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

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

data in the topography system. Because the wavefront sensor describes the overall

i2



advant ageous when used with the wavefront sensor. However, '%Qﬁl;ﬂéﬁography
systems, such as curvature based systens, are also useful in the practice
of this invention. Qher types of systens that are useful include dual

- camera systens such as described in U'S Patent Nos. 5,159,361 and  :
4,995,716. The ORBSCAN Il (r) topography systemis a slit-scan el evation
based, topography systemthat simnultaneously neasures both surfaces of the

cornea as P@Acti@ée&gﬁnftﬁé)%, feﬁ}:anﬁl Qvlnh?’éﬁft@ iflr;]é t'th;é aoﬁﬁgépgg?sﬁu%%' I
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(det er ni nedr fayerd, WaN af ERMNeliSAUS0 ahd 3G5A% 1. GHe \Jzabioﬁmﬁgpcﬂfeh@; s. Thus

calibrated, the topography systemdata can then be used to create an
overal | r epamticulatly thergopreas58fand the Igws 4hGocdmbinesodiophan overalldefractive om var i ous

di agnostic,tools can be copbined.to rovide an averall, nodel of the

opt 1 cal ol (SROREE PR A8 R ehamge R of G 3o Fudl Rl Setdhy sy aphy
syst em CoULghRb&Y sl fefbfitA@ . Adhv@roM hbbirhdchs BRbIS, BYRHRIE, Bl limdeaYs,de
corneal thickness data, and a wavefront sensor could provi de overal

ref ract i veirregulasities| it the c@yped 45(borindhd lags 416, and the dstanee (&g.0in theensepf ace
data and t eefogltlsiir?gk%%%r%ﬁgﬁtt‘%‘dm the comea 450 and lens 456 to the retina 458.

Also illustrated in Figure 4 are notations indicating various types of diagnostic
tools particularly suited to analyze refractive and other characteristics of particular
portions of the eye E. These tools can provide different types of data for different
portions or components of the eye E. For example, ultrasonic techniques 460 can
typically determine the thicknesses of the epithelium 452 and the stroma 454, which
provide tﬁe overall thickness of the cornea 450. There are a variety of ultrasonic
techniques that can be used, includin g a pachymeter as well as a technique described in
U. S. Patent No. 5,293,871, entitled “System for Ultrasonically Determining Corneal
Layer Thickness and Shape,” issued March 15, 1994,

Corneal surface topography systems 462 typically provide and analyze corneal

 surface topography. Topography systems, such as the ORBSHOT™ by Orbtek and the
System 2000 by EyeSys, typically exhibit a very high resolution, but are restricted to the

- surface of the epithelium 452 of the cornea 450.
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optical elenments past the cornea thus can be nodel ed using arhous sets
of data., Turning to Turning to Figure 4, a cross-sectional ??2“¥$éd%ﬁomn of
the eye E. including a cornea 450, a |lens 456, and a retina 458. The cornea
450 includes a nunber of |ayers, such as epithelium 452 and stroma 454:
These various conmponents, particularly the cornea 450 and the | ens 456,
conbine to forman overall refractive (optical) power and a refractive

charact er i stic fRGobBel iy IUTRSE (0 4585L01 % GRDRISAAR ! € 10

refractive (e.qg., ront aberration) errors, Inclu ut not limted
to, irregubpsgrapigssystenibyeOboek) epichfi§ deterthines lied dreshywred 2 Garictp df tHiekndsses ance
(e.g., in the sense of .a defocusing aperration) fr the cornea 450 and

| ens 456 t Andisariaces withinthg eygy This can ﬁ@%ﬂﬂaﬁ@dhmlfnﬁsgg the cp i}o@a@%@&e

i ndi cating ' ' ] I hEaLBhde St <
anal yze reft}rsg'scét-l ?‘5@ c?rfg@%)t grﬁgﬁglgggﬁg%iogt@gﬁ%?g%ar tdlﬁc%‘rl ar r&ggtrl‘ﬁég;n‘gwof t he
eye E. Thege theoairscacti, prdohe dstaticd fromahésetfyome spiids of dheeyedo thh fefina 458

portions or co nepnts Qf the eye E. For exanpl e, . ul soni c- t echnj ques 460
can typicall y_"E@fléPmrh_ﬁlgméhflwfyaefﬁﬁé@sse%s%flﬁtm@@pbx » P 2 8he PIRMIOHHE
stroma 454, juteld wRea¥hidendoh ‘f()f’ﬁleﬂ‘l@ lwlavifphitt'sBRDS irﬁw imﬁ.ﬁ]é?ﬁ_ro@ﬁ@s giﬁ% 811 ;her e

are a variety of ultrasonic techniques that can be used, inclu
pachynet er the ovezhll refmctive sheimiionseof deseye] o as anlibeSatePatazefromtiprofde 293, 871,

entitled "Syste U trasoni cal |y Determ ning.Corneal Layer Thickness
and Shape, CReLTaR e uveBBR sebr whniaER e SbTL N TS SN ag My 462
typical ly pihaMcReizm3théRatefda S0idH ektematiof thE Byd MROFEARA¥cted AR Rtha
systens, such as the ORBSHOITh by O btek and t¥|e System 2000 by EyeSys,

typi cal | y edd8irbiher thaw svith the plysicebahlatactepisticsmftany perticskr ppiicad domponentof
surface of jfhe egithel i um 452 of the cornea 450. 13 21 April 2004 A -
conbi ned r &t & Fve di agnostic tool 464, such as the ORBSCAN H@ topography

system by O bt ekpefbi¥ilaGahih Yo HRURS 70 NHASePolthd frahtifeR géheyéd 844/ tifically, a
thi cknesses and surfacés within the eye. This can rnclude the thickness of

t he cor nea cBGe of kreatsent, auch astagpoes efshyisod serige of sranned siB9at vaneusapeiage of
the lens 456, the distance fromthe | ens 456 .to,the carnea 450...and the
di st ance 1 i HasErEpai ety HHES b FeqE,  Pro g8 lo? RapriaiR st Y Bar | "
Figure 4, ayé@ef060 TheToRSOLE trédtibiit IRkededly é?ﬁ)ﬁl@ W46, igfsdihafisligyi ously
descri bed wavefront sensor 102 or the wavefront sensor in WIIians,

provi des daeteranged tardatlAs igpresenting sleg irls émagse r'Fhe daph b4&agaimeondd be anigags as
an aberrat Ot € i\xllesfi{sgl?,ta Iﬁél‘? I:énltr%st representation in black and white of the iris, a location
representation of various natural or artificially made features of the iris or cornea, ora
variety of other representations of the iris. In general, the data 148 representation of the
iris should be suitable to allow the course of treatment 146 to be aligned with the actual
iris of the .eye E when the eye E is to be treated by the laser system 106.
The laser system 106 is then loaded with the treatment profile, including the
course of treatment 146 and the iris data 148. Referring to Figure 2C, the laser system
106 can be of a variety of types, such as a 193 nanometer excimer laser, and will
_ typically include a laser 150, an aiming system 152 (e.g.,-a series of optical comnponents
used to direct light from the laser 150 to the eye E), a camera 154, and a control system
156. A lower power aiming or reference beam (not shown) typically is used in
conjunction with the laser 150. The aiming beam, for instance, a laser beam, can be
monitored by the camera 154, which is typically an infrared camera, and can be used to
aim the laser 150 as described in U.S. Patent No. 5,620,436, entitled “Method and
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(data) 468. The wavefront sensor techni ques are enpirical ?1A 12004
nature-concerned with characterizing the wavefront of ligh RIFhal to
the eye ‘that was reflected fromthe retina 458 rather than with the

physi cal characteristics of any particul ar optical conponent of the eye. E.
Referring again to Figure 2C, based on the treatnent generated 144, ’
typically, a course of treatnent, such as a series of shots, a series of

scanned S|4 ol Bt PAYRIAPBRLML Por i S pofils & MBE BV sy RuhPLs tigggs of

tr eat nent, rovi de

cour se of t[Pe'a:mP@ﬁlo,lzs‘y Ipubﬁglﬁamt&mrag glggs] I e 146, is i tsel f spati al I y
referenced to data 148 representing the iris i The data 148 again

coul d be an i madeopwntian, dhe;qamera 1 eprpvides MW%@&%%%IK%EF HREHEBY PI9he i n
bl ack and Wg%: Fﬁom dctonﬁ- k3m 56 &gﬁc%'CBHﬁrozsﬁPJa%M%teﬁﬂlﬁ ﬁf‘érxhﬁuéopat ur al

or art|f|C| ures of vari of ot her

represent a&heqmls Iaétudlieprovided td the @Rcigted laser SyetefRl 06 i3 48mpapd ecsmatiﬁd danan of the
iris should be suitable to allow the course of treatnment 146 to be aligned

with the adfiassociedavigly the geurss of treafment 1dfe Thy aingof tedgsepbead lolistheny tnhe
| aser SYSt &gﬁsu&lﬁaﬂtﬂé&fs &Yéf@% SIoTH E&g@ghﬂﬂgﬁd{\éﬁ&gk%ﬁﬁi ratnent

profile, course treat he 1ris data 148.
Referri ng pmﬁd@ih}ahaﬁ‘amerbdﬁa?brs caly sfiaihuhfidation) rdiatiod, sealingy sketvyord  t ypes,

such as a 193 na ter XCi mer Iaser and wi | i call ncl ude a | aser
150, an ai YAREY other gnr{r@ngnal functigns. cChegrang Peﬁf Eﬁém €iMffsed to

direct Iigk gg@amgsenéces%sfytaéﬂﬁﬁwlﬁﬁ msﬁ)m@é%ﬂ{ﬁﬁ% oo aga CorsE QP I Ol

system 15 ower “alrm erence typically
is used i ntreamqnuimﬁ |smh thatithe uhmdtamelrﬁﬂrcaMtavhﬂmglstapghq:d tomespnsdsance,
a | aser beam can gﬁ noni t or ed b¥ tge aaié, which.is tﬁ&rcally an

i nfrared cifdFAUrseHfrimen gcrstayy foredy FHE“‘F gffpets appradiceddffeneq in U S
Pat ent No. téa@&ﬂté@t@ratﬁﬂ"lh&' ed "Met hod and 14 21 April 2004 Apparatus for
Provi ding Precise”Location of Points on the Eye," issued April 15, 1997

[ PCT/ EP95/ 01287 Thp wataicf teccoQrse @i eeatir@nt 14¥0i5delf dan beplierad, arrihe aimeofgherer a 154
prOV|des a

contr ol % r&ep&%@gf@@wgng&ﬁﬁﬁ %“3”% %ﬁa&Lg?‘e‘X@rﬂEr‘? z;geof t he

iris | act %%hﬂdle%@f’ﬂ@%d{dao B i ®ita i&@ﬁéu@/cﬂb%vi\gﬂ%mweﬂw@ﬁ@d to the
iris data 148 associated With the course of treatment 146. The aimof the

| aser head tit3nens 14615mpp1m1} ust ed such that the iris data 148 is co-aligned
essentially wit I{fa\tnrc])gs {ypesqc?f eye sL&ery can benefit from the disclosed techniques. PRK can

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

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

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

treaUnenté, such as excimer ke;atotomy, or various types of thermal approaches to

refractive correction. These Courscé of treatment can be accurately aligned with the inis

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

theoretically optimal positions. _

Other benefits flow from using the iris data associated with both the diagnostic
and the treatment data. For example, when a patient is in an upright position for
diagnostic evaluation, sometimes the position of the eye may rotate slightly within the
eye socket compared to when the patient is in a reclining position.. Similarly, the
patient’s head alignment can affect eye rotation even when the body stays in the same

position. Although the patient’s brain can compensate for a slight amount of such
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provided by the canera 154. This can entail translation, robatipaegecaling,
skew, or a variety of other transformational functions. The translation
that is applied to the iris inage data 148 necessary to align it with the
iris | is simlarly performed on the course of treatment 146, such that
the ultimate course of treatnent, when it is applied, corresponds to a _
course of treatnent necessary to reduce the optical effects as predicted in

the treatnment., generation 144. The data of the course of treat t 146

[ tsel  can THEUQR.URAIENEpreCise Coprehiign terent Baliem 5 bighet 98T dtect dne

rotational cﬁbﬂ@']ﬂﬂ%roﬁﬁ_ohﬂ%li b&ﬂiteﬂaﬂ?%ﬁ%tﬁ@&e@?e 6httcﬁ'f;!%9i{ipn Rﬂ@ﬁ"e@ﬂe@tss of
data 148 are used to allgg the iris | before the

t he nmet hodol ogy, the iris
treat nent 1dehe tecatipgiti cadsing/a faudtysraaypens tobe epplied o thereye.cihe effents ofisuth am t he

di scl osed techni P b li.ed fo, the. ext f f th
cyer o o ESIETAGRmiALY B honBropRfst sl bapic FEbSPL SRt s ot  on o
the cornea raushid iRIMPERII, RS SRHT0r 4 Frbdtr TRBmADSLAABHatsm Bk WilhigHdhe

techni ques can | end thenmsel ves to other, non-keratectony-types of
t r eat nent s ordarclnfests, suchiasireglar astigmatism, glarey halooang the fike, the benefitsmiithe

appr oaches t refractive correction, These courses o reat nent_.can be
e urat ol y My Rk e Ea i edos SRlest regise SRR vl ahd SRR betl e
treat nent pRhnme gbﬁti&{ R\obek@tkdHnd Sndphtainb 8 S Ne feChni§ it ALErimatd theGRvdnfiBh

positions. Qther benefits flow fromusing the iris data associated with
both t he dicayrsiyce suchdess of signmentt nent data. For exanpl e, when a patient is

I n an upright pgsidi f .agnostic eval uation,..s t ] | tion
of the eye may ﬁ{t@{%ﬂgﬁt%%ﬁ? g},"%ﬁ-l"ﬁ aflﬁé)ﬁ g%'?eemé%%lﬁ‘eato‘mgg r}g‘gﬁ eecg‘gf%@%aéln t he
patient i s pelmpldyd] dithengsinOadthdl Mihagesf td iak by digithlerepiesdntfivhs 6f RaRfhs
alignment can affect eye rotation even when the body stays in the 'sane

posi tion. Aeatmigsghtheids. pEhesetechriquesdiane begn emplpedda fecognition systerghbasgérount

of such 15 By r i hy -G - [ t r eat ment
pattern for %%Pgﬁlébbeorég@?esc?g;agéég?u?hrfie}’ &éhgﬁéﬂ‘ﬁ"ﬁ 5t g,%?gt? (gwlgfr%g’lc?a "I gnment

literal ly ¢&aed Nbaérabdrise 1996; emtitleddfAyIGaAtEd, Monvintvhsi veBRRdcoghiton Bgstem
treatnent, causing a faul tétreat ment to be applied to_the eye., The effects

of such a apd Mathoshnassiened jn Ravid pamolf Feseargh 660i6hH de of Bringeion, Newplessey.

cour ses of R NpU | d: ' ajHh~e @f..a mnor
t r eat ment gb& S)g%'i grratlb%mg’ﬁg% 4%%8*??8@? ISQQC{)erQ@EeéerdaZ* %’cl}gsé? ’ és{ucﬁaafsl_isi rregul ar
asti gmat i siRecogrtien Sysaudm,” baticbftwitich htedncarprated bekéferenod hdréia in their

entirety. The former of these patents discusses scaling, rotation, and translation; the

latter of these patents discusses the various features that can be used to uniquely match
and identify an iris, and also discusses that a control mechanism can be used to adjust the
position of the iris relative to the camera. In an embodiment of the present invention, a
similar technique additionally can be used to aim the laser system 106. Similarly, U.S.
Patent Nq. 5,291,560 to Daugman, issued March 1, 1994 and entitled “Biometric
Personal Identification System Based on Iris Analysis,” assigned to Iri Scan, Inc. of
Mount Laurel, New Jersey, also incorporated by reference herein in its entirety, further
discusses the “optical fingerprint” provided by the iris. The pattern matching and feature
matching techniques of these patents and otherwise known to the art are employed for
-alignment purposes rather than strictly identification purposes.

Alternatively, or in addition, the camera 154 of the laser system 106 can receive

an image of the iris I which is then displayed on a screen. The iris image data 148 can

then be superimposed to allow the physician, technician, or other healthcare worker to
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hi ghly precise treatnment can be | ost unless precise alignnme i mL#ﬂg}he '
optimal spatial treatment position is obtained and naintai% @P“ 4

t echni ques according to the invention can reduce such |oss of alignnent.
Wth respect to the iris matching and alignnent itself, a variety of :

t echni ques can be enployed, either using actual inmages of the iris or
digital representations of various features of the iris. These techni ques

an i o, TRl st sEECHE bt o 08B R e e RSP e S

Novenber 5304996, entitled "Automated, Non-lnvasive Iris Recognition System
and Method," assigned to David Sarnoff Research Center, Inc. of Princeton,
New Jersey, an®efon$ng diigure SNhe ids bafitha4ye E is ilustrgtedin meore defadls showimgbr uar y

3, 1987, eptitled “Iri Recqgni ti.on stem.” bhoth of ,whi r

i ncor por at BWWQ}%#@%?HES s ieﬁ'_’ﬂlweflﬁé'i ‘Patmélﬂgi%?ee?%ﬂcmrﬁgyefcg;%Et?eag\aer}these
patents di $4MIFESr RS phdvitfsly s@irdd i Timaps! FéraRample, @8st dfipeintd 200, Gefithg t hese
patents discusses the various features that can.be used to uniquely match
and i dent i ggnesally gifoylar featired sish @b collasattss, qande empleyedrag despsiptinias 6t an be

used to adjpust th oshid on of .the jry at h In an
enbodi nent b%‘fcefl%‘%ﬂlfrg‘g%géi PR fu&?,wsgois Hﬁ'ﬁﬁ?a (gtg:ﬁﬁilE aﬁle&zaalggg?t%fe onally can
be used t 0ggidmliy\@strisedin Hesdbove-Idirendaid W SaPAtynt Nb. 3,64 134020 Fldw, wiic291, 560
to Daugman, issued March 1, 1994 and entitled "Bionetric __Personal

| denti fi catnchiepjgmennspris«ayrin alrpphic areas.amars; andheangerital filaopents. Scan, | nc.

of Mount Launre New Jers l.s@. 1 ncorpar r.ence eininits
entirety, HP’tlﬂ' r,the(ﬁug‘gl&arégé%% “%sp?gtcgﬂ%gflgh'gg?%ﬁc%ﬁ&&%\%%@%Eby t he
iris. The pgtleédpdintfedth Rhichids fatirey ten Gefimthe gothtsrahpeyitten offthé bgse
patents and otherwise known to the art are enployed for alignnent. purposes
rat her thaKewereragreager fgatptes £arcbe eraploprsh porsxample, fepcngdingfg) the CRplexity of

fha 10 WS SRREL % Beforiled St A3RRANE MR SIMNRRGL Lhon A | TRI2 Of

the iris | I C on a ‘screen. I'S I'mage data 148 can
then be supestnEROfL Puiean@dpiour Kyperdphy sotaticnal displacemant &nof morcontdygence, so

heal t hcare worker to 16 21 April 2004 manuyal | y,_aj.m ot adé' ust the |aser

syst em 106 thegienies paiahean heylocated wigh faspeds igthg pupihe BUY With grealgs OMBEXEY Of ng t o

o % ki e s et B LA B o 0

how particu ures can ye e patient's eye E
for treat mepd E beidrditrbatment; Alesmapivelyi aificial ftanirexcbainrtiesmiposadagpen theeyedkanpl e,
a set of p(t?(;r%csatizog,o ihcl(tjlgifnigri]ril ?h% iris area. For instance, three laser marks can be created on

the eye E if the treatment is to occur before the laser marks would heal. A marker in the

form of thermal marks made, for example, with a Holmium Iaser would provide

information about rotation and translation of the eye prior to and during surgery.

Various marker shapes are also envisioned. As shown, for example, in Figure 54,

radially extending markers 201 could provide eye movement and alignment data. As

shown, reference 203 denotes, e.g., a scleral boundary or alternatively, a gray-scale .

profile determined from an iris recognition program such as that provided by

Sensomotoric Instruments, Teltow (Germany). The markers 201 have a proximal

segment 201" beginning around the approximate center of the eye E and a distal segment

201" that deviates from being collinear with segment 201". It can be seen that radial

| marker 201 traverses the boundary 203. It will be appreciated also that a marker should
have sufficient range to be seen during the refractive procedure; i.e., after the flap is

lifted in a LASIK procedure, for example. Alternatively, the marker could consist of a
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general ly circular features such as collarattes, can be enmplaygf 8504
descriptors, as can concentric furrows 202 or radial furrows 204. Q her
features that can be used are generally described in the above-referenced
U S. Patent No. 4,641,349 to Flom which include pignent spots, crypts,
atrophic areas, tunors, and congenital filaments. Sinmilarly, the pupil can
be used in iris mat ching as well, for exanple, as a center reference point

Foomy 10 © nshitab dyabuiERaty 6 {iobld1% dheub i LM ARl pOeRLa bPS 7P

Fewer or gre s can l"oye for on the

conpl exity nﬂ"fa—reﬂh&mbfaeaﬂlmﬂlyé cmﬂdlﬁmwppb uesl aslaftaﬁtdm?bjﬁ ¢.gacomlating the dye
rotationall trical, such as a treatnent for pure

op
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poi nt can lexity
of treat mat:‘%%H P?f‘oa('rrogﬂ) tutgPIOgg??eat E8alt%lﬁesp H be @éh gh#}haﬁ @Ie(ﬁ%r ecﬁg&s)e
regi strati onrket shdudd beyisible/drdatatde for et dermtion dﬂtherafﬂblweﬂamcecmré i Inicaseal

features can be inpgsed. upgn the eye E, for logatjon, including in the
iris area. “bsE the ”E%{ﬁ'égﬂ sr%%maﬂseéﬁh%ﬁlRf'@%ﬁlsa%e/é?téﬁﬁléafwtlqaﬁrelseye Eif

the treat Kk

the for nﬁ?ﬁmﬁss Pk%ﬁ@}gtﬁ? tg%gél,ﬁ or dg)a(d?ﬁp?a%ﬁ %hﬁthﬂ?o{&%%n ag‘a{a vvou: d
provi de i dilgromehdures edadartabevatidn aoud saffitiént sinsl ﬂbulrdrpass‘ for thee diladopdnduced o and
during sur Var u es are al sqQ envis

oo | eAoR B ke, TheS the S AeE G Rps ok bedkens %”%tmaamsm%e %cJe
nmovenent a%n%hér@ﬂf@i”?uﬂﬁéraeth@ﬁde if{g [pohﬁ{n‘?,r RSB s cﬁfthe

scl eral boundary or alternatively, ay- sca e profl l'e. eterm ne from an
iris recoghé tlsednanaﬂ(fgwramesmem Ersalt dthesprteshinitpus, fyatule of teotsible portion of

Instrurrent The, rkers 20]. have a I ment
201" | beg! niiegE S IO EHER L peirat Dotsien dhe Greist Syl the devalaped: o
segnent ZQéatmtah@andim\-sIaah%éahﬁéﬂtta@hﬁﬂm%%ltﬁ&s@rEWIth segment 201'. It can
be seen that radial marker 201 traverses theboundary 203. It will be

appreci at ed al sbuming toFigue ﬁevarsiu@aﬂ}dstmmtsetham beimede to tingesitad be seen
duringtherfr tiv rqeedur e; the.f S I|fted| a LASI K
procedur e, ?‘ﬁ?‘ i&cbfﬁ%cf"gponiﬁ?gﬁggﬂfm zi;:’tua? %Fﬁ@r‘ve |tbe@5qss|y§t{:molf0 a 17 21
April 2004a%yilistiated. @%ﬁemﬁ@ﬁﬁmﬁ td Fi"ghﬁé W @heVirutinbift geherd@aqah %bﬂu%vﬂd@d as

infra-red |ight to be viewed %% infra-red camera. The dye coul d further
be used asadesigdiwatmept patigm 14wiaggatrotling thtvéasayeystea:ﬁ 1€4. Bppasseciatedn or

conaul at AT AL BBEL 4 P i R BT B0 83 il 0 2
pattern 146 with the patient’s eye E. The iris image 206 is provided by the pupil camera
154 of the laser system 106 and provided to the control system 156. The control system
156 compares the image 148, or the descriptors derived from that image, to the iris image
206. Based on the comparison, a variety of scaling functions is applied to the desired
treatment 146. For example, it may be determined, based on the overall size of the actual
iris imagé 206, that the treatment should be reduced in scale because of different focal
distances of the diagnostic tools 100 or 102 and the laser system 106. So a scaling 208 is
calculated and applied, yielding a scaled treatment 210. Then, it may be determined that
the now scaled, desired treatment 210 must both be translated and rotated, as indicated
by a translation and rotation function 212, This in turn is applied to the scaled desired
treatment 210, yielding the actual treatment 214. These data are then used by the laser

system 106 to perform an actual treatment.
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mar ket shoul d be visible/detectable for the duration of theiﬁq%ﬁfgédye
procedure. In cases where the pupil is dilated, the nmarker "shou remain
vi si bl e/ detectable for at least 15 mnutes, preferably up to an hour,
after its application. This is due to the finding that dilation induces
ocul ar aberration and sufficient tinme should pass for the dil ation-induced
aberration to subside. Then, the diagnostic steps can be taken and the

treatnment follo . f . I , | | £ M9 i.ons of
the visible sur ¥)§lgeern %%phgﬂgég&ggﬁgy%%&éég% %'g t:é ? Blféh gcf.ﬁ?édﬁlfééﬁlog fgls&lg{etr’ll{r)l al |
of these t q¢pausttlefor ehchpghot G.&.,Qisef%\.ﬂsébitéb@h@r@@idtél?lﬂotﬁtfedtah@tr@ﬂﬂataiﬂrlﬁs

enpl oyed for registration between the diagnostic system the devel oped

treat nent., Taabea dasirable ifthe eyeR displays adarag gt greaioftdynamic wo(asiop and mONPReENt: o

Figure 6, var.i ' t n be . tAh L eat ment
based upon 38 ﬁr?atgéeyug? tgﬁggg‘g{qﬂgl Tlﬁ%}’éhﬁ lngig‘?%ecieq6v"g§ b%&% {:%egldﬁngtsﬂéer system
106 are i Istalidg fahetibns Ro§ end 2 Idillagedted intFifning @ #ppBéd dyraenitaligad srdhispeeifier at ed

144 is provided as. a desired treatnment pattern 146 for controlling the
| aser syst Shptigequenee akshiots ia theydesired weatmenicpatier K46, dp ghis aneerithg from t he

di agnostic ' ' BNl L akten ] t he
patient's é{l/@%?ntrﬁfeﬂﬂé??%E?%B%Q‘%Bﬁ%&%?§bl ds%@' ?hlg t%&%lﬁge\(é%&rrg? a 154 of
the | aser syatbimedMith thediming Vdiseewclirdqidsf ROTEP9$/05387t stoh fabthe BRactcont r ol
system 156 _conpares the image 148, or the descriptors derived fromthat

i mage, to tAMSEMRRLOfeaghshot spferiepgkhotyielatine to ey imaags 206 isdaisraigedof
scal i ng fu%fdr@ﬁ% %Et&%@hﬁs%%@li&&e desired treatnent 146. For exanple, it
ed, Dbase

may be determn on t overall size of the actual iris inage 206,
that the treat mdhereftwepindnbedimchtcefthe inventidre ale ofaissriaof ofidiagrstnt f ocal

di stances Qf the diagnosti¢ tools 100 or 102 and the | aser system 106. So a
scal i ng 208p§tRim 5@3{%33%@5% afmeraer oherdmagerfhat acguiresdnimags fdhe 210.

Then, it gﬁ,eméﬁis%fraﬂn&ddi&m%ﬁve emacg&wﬁéggé tﬁg extdfist 6fQfe LyELMABRPonL 10 NUst
n ed, .

both be tr | at ed and rot at as I ndicate y a translation ahd rotation

functi on 213ta cbimespandirtgLto that smagep|Thed, whent hefractivedd:ategity sudh as areertcireert 210,
yi el di ng tffe actuyal tre tﬁgﬁ 14. Thes at a %.e th(fn .uggg{j b?{ the | aser
syst em 106 ‘36T TR FERHER! + 13 PRILQIFREH the gioroshimage (9 ISERSHNENYS  nat j vel v,
if the con Sorad Q%&ﬁﬁar i d i's
possi bl e ftgs)ﬂ%gch s?hot (1 iﬂa&’ tﬁgg‘gﬁ‘algﬁ%%?“?ggg%ﬁ’g%%%gﬁ ‘g’tegyﬁ} ol%sa?tred and

t r ansl at ed.sudththgt thayrettonenewill f2bil predifely mecadopdatéd.di spl ays a | arge degree of

O o O AR e e S 8 oS82 0o PRl a1

characterization is described as follows.

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

A computer system is then used to develop a photo-refractive treatment from the
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scaling functions 208 and 212 illustrated in Figure 6 appli- qd A ipfdmcal by
to each_specific shot or sequence of shots in the desired {reatnent
pattern 146. In this manner, the novenent of the eye E can be accommodat ed
shot - by-shot. This technique can be conbined with the aimng | aser .

t echni que of PCTI EP95/ 01287 such that the exact placement of each shot or
series of shots relative to the iris imge 206 is determ ned before the
shot or shqy; ' ' ' | : t ' lsQn, any
of a var; ory Pt BRIt I EIRNE colr PR Yo, 5 WRNERE,
ot her i magehe triagterdtyirefemblithatihgdyeakmiainevisipleint/or détectable for avleast 1ter
distinctive characteristics of the exterior of the eye and exports _data
cor r espondi™AGutes: H’rﬁéfa YRyt anup aftgphanplisationrofihe dyeorippa syfipient e foras an
exci mer | afgfioh SRRAEMerdE6S thRubdR K is perforned, the stored inmage (or -
its distinctive conponents) 1s conpared to the actual inmage of the pupil,
iris, or eye to Ascoghng teahé aentiorns thelméthed fihdsefuttherattilienbdy aligring the !

precisely as cal.cul ated. Ip an exenplary epbodi ment of  the inventjon, a
Mot hod of SSERYigRRRHA e At Eiqlfted Ireageyerelcaaply by eemeRing he markes: ndhe, A

marker is REéEERGn Sl ' | ' j OUS
mar ker type%\éand sﬁgf)%% a&égﬁ%tglgyr’ ?gggﬁg@{sﬁ errg:e %%ﬁitahgﬁgg:g%ra?%ﬁdgn and
i ncl ude, butataree imibe respectivednhages, Simndamslother aspeuis of thednkention delscaibedrar ki ngs,

and dye markers., A first i of .the patient's eye |. uired with the
pupi | undi IN5TE6% det sipRmestot Hiehots plisgieiieamen iy erebmolithed By figngdha ne
mar ker. Prefignaktid/medsifmeNBafh it RAkPéd e paledtReE ﬁ‘%ﬂ‘&sg&_@' OWEI;Eh an
infra-red camera, however, a visible light image 1s also suitable. Thus,

t he marker inyentiondhe aligramny psaceduse mayimbogporate imTpatleinerecognition providdd | i ght .
The pupil is thep dilated by light intensity vari.ation or.chem.cally, and
A sebond i iigkEbhelchmBuEE sviom: Yaions ihaatm becaitign eiFwath i MR the
acqui red. ArdindgoeshinérciagaviipimRNt of the eye in the dilated state is

obt ai ned, the diagnostic neasurenent preferably being a wavefront

aberration neadie@matitionsr hag theaptian of/implementingheydevshiped phototrbfractive

refractive,di | 2asur enent.. . er. system.i s en used to

Govel op  MRERARP B4 BalTH0E TR immedy MRl in Yoo oL e R e
nmeasur enentin tigs casef theejd g Midledek ltlwuimedtdm?ﬂpmhs RO {risaB¥@: frddh it B¥6hd S
used as the marker, it is preferable that the dye renain visible and/or

det ect abl e image ean hecampars to pndheligned withaheiristimagepf the fiast apquired impgar
appl i cati O%OQEe(quﬁtl}q Ye Bgrkggrargusseﬁfiﬁ the' rgsrfytectg\}er}%afggsrto correlate, normalize, or

otherwise align the images and the refractive or diagnostic tools associated with those

images. Alternatively, photo-refractive treatment of the eye may be delayed for hours,
days, etc. and performed electively. In this case, another image of the patient's eye,
including an image of the iris will be acquired preferably by a refractive tool such as, for
example, a photo-ablative laser system including a pupil or iris camera, preferably an
infra-red ;:amera, for acquiring the image. Prior to treatment, that image wili be aligned
with the first acquired iris image and in conjunction with the developed treatment, based
upon the diagnostic measurement. Of course, through image storage, di giﬁzation, etc.,
alignment of the developed diagnostic treatments, the diagnostic tools, the refractive tool
or any combination thereof can be verified and such alignments can conveniently be
displayed to the practitioner though a display system.

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

above inciudes most basically a first camera used to acquire the first image which
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di-l ation-i nduced aberrations to subside. According to the i"ﬁ‘f%’;}ﬁi%ﬁb&t t he
met hod finds further utility by aligning the second inmage with the first
acquired iimage, preferably by conparing the markers in the respective

i mages or, alternatively, by conparing other corresponding characteristic
features in the respective images. Simlar to other aspects of the )

I nvention described herein, devel opnent of the photo-refractive treatnent
is acconpl i al kaqni . di » ] ] mar ker on
t he pati entﬁgﬁgﬁﬁ% 1?1%51%%@&%@%?}%%@%%\%%%@ ﬁ%ﬁ{sﬁ'{lﬁe tafp% glﬁlﬁélgt% procedur e
may i ncor powatefront,itepagedph @) pachraagor dtiidd refeayivel dihgndsic ent@bureenicR st er
system VarioQus iris pattern recognition software is known in the art and
i s commer ci%’t‘l‘lhj igJhg s wilkappreciate adaser systameFapshle of meoviging ghe developsd enent i ng
t he devel o | ' | 1]

mrod at ol s LA Tl Smnboe phirE b et el AR SERERRR . (e
eye i mage ianothedenagehuf tih dyat £compiped systelmused foridevelopiag asd ali gniggmhe phowecond
| mage can be cor{})ared to _ﬁkn%)}al igned with the iris 1 mage of .the first

acqui red i fgfactivedpauncnt ipked fo theasergystem dhe fisst gaaerajand theedipgnostic ool e

i mages 1o CoirAlomiret sysfilRiehdifie tPim l%&ﬁgﬁﬁfcﬁ' tﬁéh o rdifacki VB BEAnRAChA{1E
refractive or diagnhostic tools asso%l ated wth those 1 mges.

Al t er nat i vedujiablyhinked toaithaxcompendntstthesystend. Inhwm aspext ofithe hevetidbmyed f or
hours, . days, etc. and perforned electively. In this case,  .anather_ inage of
the pati ents€§°fﬁﬁfs’§fﬂ°ﬂ"ﬁ§w’ﬂ§ lam%@abﬁﬂ%ﬁ@npwgs yramery ¥ hichds pseddo
preferably ; ' I . e - | ative

| aser syst edr%?i'i'u?lﬁcl£ ﬁ%‘?ﬁg{%&gd’gl eaf. “?d?ll@fucdg%gé gsq%?g?lé%a%%y&gﬁ&ﬁlﬁﬁjr a-red
caner a, f orcompgoéentiofghetdverallrsystem. P display systene aamalss advah@apeoushdee lnikled tdhe

al i gned witbh t%glhfi rst acquired iris image and in conjunction wth the
devel oped tPeSYHENTY'%sed upon the diagnostic measurenent. OF cour se,

through image stma@ag to Higtids 7Z2AHISANZB Shbwn is & AMMERE (@hniqlie tdj@ﬂiﬁl'ogﬁed
di agnostic tredatnments, the diagnostic tools, the refractive tool r any
conbi nat i orprevieustpeapiirad bnageef ian il tanosuseapprepriagmatignirentofin lasarveainent | y be
di spl ayed to..t he actitioner th a di ay system A system.for
per for mi ng ‘?%Eﬁ IC%Hﬁ\E&e ttregﬁx?]enb R‘B‘?’Eﬁq P%?“rcé?c!fy%'@%fer %@fl_ﬁ@ﬁ?’&s a\ﬁést?é’s?ég above
i ncl udes n?ﬁbvia@sbmblcxmemfﬂsa%lf HHRABRE Sysine 906 f B O thefllbff N cabfREE
which 20 21 April 2004 includes an iris inmage of The eye, a refractive
di agnost i c ifp! tm«'méata zﬂﬂlammdn@h@ a igfrective diingnostispogirwashsed paddigmmine y or
other T ef r 3L | ¥RV ekiid R Y STH RS R Hata, and coaligned with this iris I

image data 250, a treatment profile had been developed. On the right side of the display

252 is real time iris I image 254, which is returned by the camera 154 of the laser system

106. As can be seen, the real time image 254 is slightly rotationally misaligned

compared to the captured image data 250. This provides the physician with an

opportuni_ty to realign the patient’s eye E, yielding in Figure 8B a properly aligned real

time iris I image 256. Preferably, the display includes reference axes that allow the

physician to easily determine rotational misalignment. The system could also provide,

for example, a cursor that the physician could place over identifying features to

determine precisely the rotational location relative to the axis.

Figure 7 illustrates the steps of using the system of Figures 8A and 8B in aligning
the iris. First, the captured iris I image data 250 is displayed in a step 260. A
Simultaneously, the real time image 254 of the iris I is displayed at a step 262. When the

‘excimer laser system 106 is a Keracor 217 employing an eye tracker, the physician then
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skilled in the art wi'll appreciate, a | aser system capable 'gﬁ PIB:HP’deli ng the
devel oped photo-refractive treatnent that preferably includes a second
canera used to acquire another inage of the eye, a conputer system used
for devel oping and aligning the photo- refractive treatnent |inked to the

| aser system the first canmera and the diagnostic tool; and a control
systemattending to inplenentation of the photo-refractive treatnent that

is suitably.li ' ng g: .0f ] S t..of the

| mvent | on, gtVaEafe bt GloRE! s GABORY hbicRlcohiBl ¥ Raflie MA@ R RE MR ) | e
a caner a whacking systee dn tiee Keracpti21@ povidestfbedenteringahoiristinentelpes tidtaprovide| udes
an iris irrgge can ﬁ!i‘flo constitute a conponent of the overall system A

di spl ay sydeRiational aigamentwlthedfgousl y be |inked to the overal | system

Turning to Fi gu'P?&eZdigé‘E’o @ﬁéﬁﬁ?ﬁ,%ﬂ%_ié di @Qy&i SEEAR e Gphfed BitAS8) Ly €MPl oY
a previously captured”image of ‘an Iris 'IS o' I nsure apperrlate al1 gnnment of
a | aser tr ¢t meltime imdge 25We Thaphysiciaretheh camparenthefmafes an th&sere¢mplehg, Fi gure
8A ill ustr%%es a di sgrlgaé}/ 2@?2 provi ded by the canera 154 of .the | aser

syst em 106 SFiFURinGs, Ay ametnt of rqtption necessary to align the dwojimages of ithaigis Lgdhe 250

captured ; ' | g.-ﬂéa,s&" : - LiS; ) t he
refracti Vﬁ@#&‘?g‘i?gﬁ?ﬁ‘%ﬁ%?ﬁ?ﬁ t he eéygh%&gﬁ%ﬁ%ﬁﬁg%gg? gé?(gﬁﬁdﬁﬁ gggl igned with
this iris korrespagds todbeacapbed mistimagt dealS5@r Dhe pieysiviah daacio thisvednaglly]. On t he
right side of the.display .252 s real ti iri.s ] .imag 54, which is
returned byusiHAs Usinged cﬁéhmﬂﬁ of; hyerepositioni rT&‘Fé’ﬁf‘e‘ﬁéd‘.eg&sﬁ ryfbe Sylem ¢ he
real tinme | 4ot $<qki: g i | ’ ' i t he
captured i Eglggl%éat a0250; Tﬁi Iédt%t;%&\}?lﬁ%%ﬁ%lﬁgi %ﬁ{/es?? 5%9%&%%193?@3%8%% unity
to real i gntehimeptipioéite bysarcaraousf spacifiad bythe physician. dnSBy age, theerye yrackingned

| time iris, i 56. Preferably, the display, incl fie
ixos that AV SOOI APCIalFrog oF Qi 4 Uk s RSy 2L EndHE PN grrren
The syst emyeail 8 liROropitioHAI M gnmb R of WAHRT Smage 236 SMpatdifth tﬁé‘@apﬁﬂé!@i cian

coul d place over identifying Teatures to determne precisely the
rot ati onal imagedata?Sd.el ative to the axis. _ Figure 7 illustrates the steps

Capturod i ris | Reraes i el isE i ina R pibliof FordPedlpinb 8 e iR ue  y,
RS ey A i v e et A
physi ci an cemespondipg toyy axis mgbalasensystame dn tHigcasycan aac K&k is greateddep 264,
whi ch cent %{psldlg( annqnenagl thé hlnnﬁnfl; g‘fs n %?tﬁ'itsvi]s?blg)él%ﬁng beam left to right over the X

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

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

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

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

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

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

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

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

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

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

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

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

tracking system, or a line can be formed in the optical system that corresponds to the true
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tracking systemon the Keracor 217 provides for centering tBg Adil Sods but
does not provide for rotational alignnent of the iris. Procee |ng to a

step 266, an axis is displayed on both the captured data 250 and the real
time image 254. The physician then conmpares the inmages on the screen, and
det erm nes an anount of rotation necessary to align the two i mages of ‘the
iris |. The physician then rotates the eye E so that the real tine iris |

i mge 256 tatipnpall cor.responds_t ptured icis i dat.a 250
The physt o oA SRR SR Sy Fudhrey hiaah UG can b Ber RORM IR by
repositi On'bggcatrﬂﬁlg‘]ﬁé a@ithg &A}ﬂaﬂ théieram%d et..i.tﬁ: §M%t s&ﬁﬁecpﬁtﬁi{héiﬁ‘eahpr
"virtual tation of the patient's eye ationally translating the
treat ment mpravdhics svithythe alignmennaxis pdthid the dpbgal Bymm onem theaye tfacklagt yyscaise, the
eye trackin ) emJfir s for ce er| the.re iris |
i mge 254, g’r‘?ﬂ d%/ﬁ?ia I:llif Siﬁ";?ﬁalo%i IEMeoL £20 o g’tlé?ﬁijﬂ?fﬁ‘? %FY%"rﬁ?gﬁt of the
iris | inmage 256 corrpared to the captured imge data 250. Referring to .
Figures 9A and 9B, a technl que for devel op| ng the aX| S _as |IIustrat ed in
Fi gures 8A and &&e; e Tysscof hEulti iggmosticoand Treatments i mage
270 i s shown cMondl ng to an aX| s in the |aser system In this case,
an axis 272 is created by rapidly scanning the aimng systemwth its
vi si bl e ai m'ng beamleft to rlght over the X axis,, Thus, when the doctor
views the i mage 18fming ffigurg A0, anqthes technigye isllusteaed inj which rotpnly itismage 254
i's createdy Lot e sane
ai mng sys aﬁfa@gtg%@g@& ‘?ﬁ%tﬁkag%gglﬁ%%ﬁere (E)arfe} “of”ﬁgdﬁ'g g?uéaof t he
| aser W || réfeacinodata obeeamset profilea anfong vhsaumsgaemnespdeificallfin Bigotel®, syst em
S creatln that X axis. Tur n|n to Figure 9B, a further technlque S
illustrate Ltsgﬁtegtﬁ Mgt rﬁgbyggemmbv sy$iem 598 wayelront system spl ay
or optical t shown
"n The. opt F oA e RdE S po. F‘gﬂfft‘t‘@a‘%&*‘ﬁh@‘é’é@ttﬁa SR Lapee i 4R 102
| aser, but irhigetdader mmdngabtmﬁmilyzhlaealmey@ecﬁmemaptuhngt&te}?eﬁrgfmﬂmdatn, the not

_exactly al.igned, with the X axis of the optic or the eye tracker.

A technici 91 g@é‘f‘f‘ tophrgres Cap &"é{ﬁh@ﬂm’éﬁtmﬂg‘ﬁ %?‘%Gi‘t/\ﬂn’]f‘hcatsﬁénﬁl“%m s of the
optical sy [

beam 276 G pRa A R I e i T G B P e ki no

canera. Theryk 506 then aciaas beotatigqnal alignoeedmarker tedatbpedo an pattike nfitheyds 808. or a

i ne can bg, forne the optical systemthat correspqgnds o .t he ue 22 21
April 200 Aﬁ'he wavefd ont system encaptures the >\/t.rave ront a errattoon At a ong w}th the pupaglr

outline data 508 and the reference mark 506.

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

- topography system 500 and wavefront system 502, when their data is eombined to
develop a course of refractive correction, align their data based on the captured iris

outlines 512 and 508 as well as the rotational reference marks 514 and 506.
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X axis of the laser's aimng system Further, this ali gnrrentmq@ﬂ}"ggm
periodically verified by scanning the aimng beamon the X axi's and ,
ensuring that that scanned ai m ng beam nmatches with the alignnent axis
within the optical systemor on the eye tracking system video display.-
Transl ational X-Y alignnent can be sinmilarly adjusted and verified. Use of
Mul tiple Types -of Data to Align Miultiple Diagnostic and Treatnent Systens
Turning to Fi gurrefeanI QRAS imAdC18]idhEo Lyl sbitfide lefiGhe Rl o refiMlenl ¥
iris limage data 1I's captured, but al so ot her types of data in order to
align the occapdulated it canfbeacfereneedi@tthatdfis iniazatSi@N The, afidt iksinsuye 5¢0 arsedus
systens. S ecqiqfilcal I)}/ in i%gﬁ,e 10, illustrated ig al ‘iﬁlggment data captured
by a topogf% § lasggystrmselts toaligh fo.p Feghtime yas image 3d o capiwed by theslaser sysdemm
504. If thesggavefront system 502 has difficulty capturing iris | inage
data, or it 1s desired to fully dilate the eye before capturing the

wavef ront data, Ths, thdilset osteth S@cdmplgyethe daminsge W8 #belf) threwavefdohbout such

data. In that ¢ irlon err.bod'rﬁent,,,the Igslcia first makes a

rof ef ence rFETSIR SPlYe guting nkthe it isnagh o08 Wil drciuenceik 206.ends o

rotational 'lﬂch&@ﬁﬁ‘é‘fﬂpﬁ?‘aﬂﬁfsy%fihﬁﬁdd’ﬁ?élg%ﬁbt@}ﬂoltﬁ Bg iﬂﬁ%[tcﬁggﬂoﬁﬁéda@& The
ptu vefront a atd a

wavefront system enca res“the wa erration ong with the
pupi |  out |beteeancthe tapograghylsyskem 600 andsthe evavedirént 39Gem T2 can bheo-hligredy aphy

system 500 | s, enployed. The ogr a stem 500, . however, does capture
The 11 o i gt Feaion! pocl SRR Ob st SEE vk e bipgon s Beriored BY i Lo
captures thesepWdtérAgopf the iris 512 as well as the previously made
reference mark 514, corresponding reference mark 506. These two are

si mul t aneousl y cHps magde partichlady wsefubwheroifie topography eywEcis 50 au whvedranhe

t opogr aphy syst em,500: mai.nt ai ns transl a.i onal and otational, reference
bet veen t heSPRMEZ A e SHmeyedep Sl ireoate dute aud gl f e e c o
mark 514, afyseinhS04Caiiloyed. ORBGRRY YerRhee m&&Qf hit is Eapinireg bs theR&feteBOIT aphy

system 500 “can conbine its data wth a wavefront system 502 based not on
the iris irmagks §1Pand il sandeagplishotheeysusichre vith thtymedicakpanl Althodgh he

rot ati onal f . Jhat is, t . t.opoaqr S em 500 and
wavef ront stégttngéﬁﬁgls& lﬂ%ﬁ}eﬁ ﬁ %}%Ié i&}eha%g §ysign E M lﬁ@ﬂ 9§e§w%g5%ﬁ%%lrg 15’85‘?‘ se of
refractive s10wRhpted Abigwith Rt feféldhce RARSY4 BF thd@peaRphy Sdtehd 509, the
outlines 512 and 508 as well as the rotational reference nmarks 514 and 506.

23 21 Apri llazpeystem 8PEFamempler éts prnsaptieegdris imagess 13ite align e éwatswgnt.hat  when
the cour S? of t rﬁ&&@ﬁ is bgssible that the reference mark itself would not be needed. If the

wavefront system 502 and topography system 500 are either simultaneously employed or

employed without movement of the patient’s eye or head, then it may be assumed that
the proper rotational alignment is maintained. Then, the wavefront system 502 need only
capture the outline of the iris 508 and associate that with thé outline of the iris 512
captured by the topography system 500. This can be achieved by fixing the patient’s
eye, Or 'b).' fixing the patient’s head and moving the two diagnostic systems into position
without the patient’s head moving. If this technique is used, it may be further desirable
to employ a rotational reference image, such as illustrated by the sailﬁoat below
described in Figure 13, to further ensure rotational alignment between the eyes when the
wavefront system 502 and the topography system 500 is used.

A variety of permutations of this arrangement are possible. Referring to Figure
11A, a topography system 520 captures iris data 522, but also as part of its analysis

captures an axis of astigmatism 524. Then, a wavefront system 526 also captures
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cal culated, it can be referenced to that iris image 510. Theqadtihsios ris
i mage 510 is used by the laser system504 to align to areal tine iris

i mage 518 captured by the | aser system 504. Thus, the | aser system 504
enploys the iris inmage 518 itself, the wavefront system 502 enploys the
outline of the iris inage 508 with a reference mark 506, and because the
t opogr aphy system 500 enpl oys both, both the initial diagnostic data

bet ween t hg, (YOI inSYthe MR GMAde
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ensur e r ot &YsternA26 ayavelsers ablagen peadile-t he eyes when the wavefront system 502

and t he topogra sy.st 500..s used. A variety of rut ations of, this
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of astigmatism 524. Then, a wavefront system 526 al so captures 24 . 21
Apri| 2004 aforementioned cursor positioning and the software rotation of the treatment profile..

Further, the use of iris data or other alignment data need not be continuous. The
iris data can be used as an initial alignment tool, and then other simpler alignment
-techniques can be used throughout a course of diagnostic analysis or refractive treatment,
such as the location of the iris alone. That is, the iris data can be used to establish the
rotational .ali gnment, and then the outline of the iris can be used to maintain translational
alignment during a treatment. Further, the rotational alignment can be periodically “spot
chécked”-throughout a refractive analysis or treatment, dependent upon processing
power, even while translational alignment is maintained based on the outline of the iris

itself.

Patient and Eve Validation

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

translation, scaling, rotation, and skew to match the actual iris image 206, but can also
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wavefront data but not an iris inage, but does detect the oyj Hbﬂﬁzdh‘h t he
iris as illustrated by the circle 528. The wavefront system al so captures
an axis of astigmati sm530. Then, those axes of astigmatismare used to
co-align the data captured by the topography system 520 and the wavefront
system 526. As a alternative of this technique, illustrated in Figure 11B,
aring of illumnation diodes 532 is installed on the wavefront system 502.

The refl ec ' | r P - 034 ured by
a pupi | ca?r’ral‘ﬂr?éaﬁie otf }'ﬁg%%sée?ggg?pég% %ﬁ %gﬂ'sgé ngn g Egﬁg'iﬁg{sﬁar @Iaagtﬁ of

posi tions @dilsafeasehahismrtd mmmtlmtapimtzﬂer lasdrtreamaent ovindaco e apprgpriaf?, as
captured by the i e 534, again an s of tism 536 aptured to
be associ a¥r§6‘"¥ﬁlfﬁ’%gﬂép?ﬂﬁn§r cré!l?tnﬁg TE‘PHCBEASSI %féfr’éa"ts B%af%’éaft%opography
system 520 ' e t he
data from t’?\%ﬂﬁ%@éﬁﬂéqf;‘ﬁg%}t‘ eﬁ?’?g é}@%d S?ﬁ@ Wgﬁ?%%%h%%ﬁn&lﬁ%@ds@?ft her,

in this casngldpaticandiaye dfffmttldgxmﬂpusafeaamsbdltﬂesdnﬁulbafsmbchmu!;rhea[ast i gmatism
created by the surf rat her than the overall .refractive

he, e

error of tR¥PCEPEY e Eﬁﬁtdtﬁt% s,{éw gterihniagngple SHPEDHIOR Y a3quyRd ata

abl ati on pg he § i

i mges ar erg%géacr%flcr)rposegea%hlt%ﬁrlpaweyﬁgdegﬁégtggd g‘ﬁ%ﬁ?ﬂlﬁiﬁg%&g énl?ri’l s can
assi st t heappliediat a 8rird locationdTihg systematm pravidetd waraihgiliitvenngs asitdli thai ng and
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t echni ques can be used throughout a course of diagnostic analysi's or
refracti veman@db'r,rﬁﬂtlg a displaly veith thhérid iotageideta 198 suprsitpased eventhe inFlimagé s, the
iris data gan e used hg establish the rotational alignment, and then the
outline of "PH¥ Ff?rgmga{ be used to maintain translational alignnent during
a treatnment. Further, the rotational alignment can be periodically "spot
checked' throughout a refractive analysis or treatnent, dependent upon
processi ng pom&‘éﬁﬁ‘.@.@ﬁ.mﬁl e transl ational alignnment is maintained based

on the outline & ol
addi tional side E %e[l PrlaWﬁe e pgfg}ahf&f @r@%g%&ﬁva&%brﬂﬂséﬁ@??@@fs i mage
(Fi gures 2illmamated) Thes wavefront sshsot 308 ik KinGlaid ediicegt ta kigowalefidnConsstairer m ne

not only tQ@ trapsl ation, scaling, rotation, and _skew to match the actual
iris i mage“agmspbyt includesicerainfeayrenhar makey gspecially vseful for receiving iris

data and for sharpening the focus of light spots on a sensor used in determining the

wavefront aberrations of the eye. In general, the wavefront sensor 300 focuses or scans a
light (typically a laser) on the retina of an eye and then analyzes the light returned (i.e.,
backscattered from the retina) through the lens and corneal optics of the eye and imaged
bya lenslet array. Based on optical aberrations in the eye's optics, the system develops
an overall wavefront aberration' analysis from the returned light. Generally, to perform
the a_nalys;is, the returnéd light becomes aerial images formed by a lenslet camera on a
sensor of the lenslet camera. From these images, the wavefront sensor develops a
wavefront aberration map of what corrections are necessary to the eye’s 6ptics that

would yield emmetropic, or very nearly emmetropic, vision.

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

of the wavefront sensor 300 (or 102), the output beams of the laser diodes 302 (or optics
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validate the eye E that is being operated on. The iris-matc? pi@grithm
thus acts as a failsafe mechanismto ensure that a particula aser
treatnment is in fact the appropriate treatnent for this patient rather
than another patient. Simlarly, it acts as a failsafe nmechanismto ensure
that the proper eye E is being operated on, as even the two irises of " a
single patient have different descriptive features. These fail safe
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optics 26 208 fpg.i 802@dsmittance, 20% reflectance). The reflected beam passes through a

polarizing beamsplitter 310, which ﬁltimately improves the signal to noise ratio (or

signal intensity) of light backscattered from the retina of the eye that is eventually
detected by the lenslet camera 312, as diécussed below. The beamsplitter 310 polarizes
the light received from the laser diode 306, generally passing light liriearly polarized
along one direction and reflecting light not polarized in that direction. The polarized
light is then passed through a trombone-type prism 314 which is used to adjust the focus
of the ligﬁt from the laser diode 306 onto the retina of the eye E, at which point light |
backscattered onto the lenslet array from the light impinging on the retina will also be
correctly or nearly correctly focused. The light from the rombone prism 314 is reflected
from a mirror 316, passed through a beamsplitter 318 {e.g., 20% reflectance, 80%

~ transmittance), and then through a A/4 waveplate 320. The A/4 waveplate 320 is oriented
to produce substantially circularly polarized light from the linearly polarized light. The
significance of this will be appreciated in the discussion below of backscattered light

returned (the “returned light”) from the eye E to the polarizing beamsplitter 310.
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directing these beans), the patient, or otherw se, the eye'§1hﬁﬁggmhtioned
at, or approximately at, a precise focal distance fromthe wavefront

sensor 300 (or 102). Alternatively, the patient's eye E can be properly
oriented by a physician, technician, or other healthcare worker by .
visually looking at an iris inmage of the eye E to find the correct focal

di stance fromthe wavefront sensor 300 to reduce the overall exposure on
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314 is refjpaghaigt’ OM& st besids ﬁlﬂﬁ%%Pﬂ)t&tfﬁrﬁ%eg@a@epﬁ%ﬁ@mﬁbhtiﬁr 318
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pol ari zi ng beansplitter 31
the mirror 322 instead could be a device having a controllable transmittance and

reflectance, such as a liquid crystal device, and the adjustment camera and any focusing
optics can be positioned to receive a fraction of the returned light that is transmitted by
the controllable device. In such an implementation, the beamsplitter 308 would be
unnecessz;ry and the light received by the controllable device would have substantially
the same or parallel poiarization as the polarization of the returned light.
The lenslet camera 312 is preferably a charged couple device (CCD) camera,
- such as a TM-9701 manufactured by Pulnix, which includes an array of lenslets 324,
although other types of cameras and other sampling optics analogous to the lenslet array
| 324 (including optics separate from a camera) could be used. For example, an ICX
039DLA camera by Sony Corporation can be used for both the lenslet camera 312 and

the pupil camera 328. The lenslet array 324 forms aerial images on the light sensing’
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21 April 2004 After passing through the ?J4 wavepl ate 320, “?%g'rii% s

t hen focused onto the retina of the eye E. The light is backsCattered or
reflected fromthe retina and the backscattered light spot on the retina

t hen passes back through the optical conponents of the eye E, such as the
l ens and the cornea. On the return path, the circularly polarized inmage
light is retarded again by the.waveplate 320 to yield light linearly
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to the optiE@l.g. ik fefdtveoRidicedbf SRIMENBASRNA! arldi oY BhrafRlerdeWiRr 300 (or
102), are envisioned and are included wthin the scope of the present

i nventi on. teehnigigdppdetermining anapproprige prafilsisda simpdyscdlenbe wavefvont dataavi ng a
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308 woul d HEom thefosmeas Marks o theieye E aghbe emplayee tp 4i¢ in dlieningthe ey Bidudngevi ce
woul d have aélflgglhﬂﬁ%i’w‘abéfr&n?gerfsgf%tﬁ” paral l el polarization as the
t rght.”

pol ari zati on*o e returne The lensl et canmera 312 is preferably a

charged coupl e deeferably, Belpndariag 324 sUehrAy of agiYoRifliielyBH W23 qédslees] by
Pul ni x, which includes an arra | ensl ets 324, although other types of

{ 0 _
cameras andagh #} S%‘WCF@SO%{CK as a §H0-4gSusanufactured b Adpptivedptiny 324
(i ncluding L f - r e, an
Lox | oo ANRbiifEs HRREAREa TR IGFATRE Y sl haB el sRURIBPREE o
canmer a 312 theaforenentiptgl 3,7TAMEY patéit @nd khethdrepsibmt, aad ismadPgostibleBecagei al

| mages. on torf] ?hel ein gﬁceﬁeirrlltglilsri]t% of light to the lenslet camera 312 provided by components of
the wavefront sensor 300 to be discussed below. The optical path of the wavefront
sensor 300 shown in Figure 12 can also include lenses 326 (e.g., four lenses) and
diaphragms or apertures 327 (t6 allow changes in beam sizes) that are typical of
illurr_ﬁnat{on, imaging, and focusing optics, and which also can repreécnt other possible
optical components omitted for clarity. For example, in one embodiment of the
invention, the focal length of one or both of the lenses 326 about the fronibo,ne focusing
prism 314 can be changed, perhaps shortened, to accommodate a smaller beam width
entering the lenslet array 324. In another embodiment, the range of possible dioptric
measurements that can be made with the wavefront sensor 300 (or 102) can be changed,

for example, with appropriate selection of the lens 326 in front of the laser 306, to adjust

for the natural distribution of poor eyesight in the general or a select population of
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28 21 April2004 elenent (e.g., CCD array) of the lenslet cang B8 i from
the returned light reflected by the mrror 322. The wavepl ate g can hel p
to reduce the anount of unwanted backscattered or stray light to inprove
the signal intensity or the contrast of the aerial images. The |enslet.
array 324 focuses portions of the light that has initially passed through
the optical conponents of the eye E so that the refractive wavef r ont
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eye E during acquisition o ront sensor sl et
array 324 |mnmgdavma))andior@mnmmmméyptaﬁ X 25 | ensl ets, each 600 square
m crons, such as ’E 0600: 40- S nmanuf act ur ed e q)t
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syst ens, I S made possi ecause anced Intensity of Iight
to the | ens:iaa:tera::ﬂr?etraa b@bmpﬁnwdmmﬂuhﬁmmmmngesofahe cipreredanastiromttsessans or

300 to be SS bel o tic of the ef nt sensor 300
shown in Fddé@ X “_fﬁfj‘afaérpaq%&rq tﬁe‘rqﬁforénﬁ@wgﬁenyz@e(lenﬁ meysapleynty, g
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typical of illumation, inmagin I ch al so can
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the lenslet array 324. In anot her enbodi ment, the range of possi
dioptric risakigned fmithshe hie” as Aypitad patiaht'switigmatise isdouwsid; amt the denslet c80€ra ( or
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astigmatism as providing an even greater range of determinable astigmatism.

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

| frcm the lenslet camera 312 is processed and ultimately provided as the aberration data.

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

distance from the retina to the iris.
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for the natural distribution of poor eyesight in the gene_ralzjg\rpﬁpzml ect
popul ation of 29 21 April 2004 patients. One way to do this is to position
the lens 326 (e.g., a -5 diopter lens) in front of the |aser diode 306
such that the | aser beamis no longer parallel. This provides a certain
offset in diopters that can be used to test the patient's eye with the
wavefront sensor 300 (or 102). In a nonlimting exanple, the dioptric
range can be nogifledflama symetrical -8 to +8 diopters with a
symmetrical desigm to am asymmetrical -13 to +3 diopters with an

asymmetri cal desFhgnyavafroni sehsob 806G xnda0R pilesledployhas inadeiusedas 4 fixdtioa art .
This can be done w t hout ,changing the_size of the .tronhone focusjing prism
314 (or ot K#Eet Iimpntioddin EgpiaHl, Hie thatigndargstsd3das Hivamipgied pya light
Alternativ Lt : ed
"o the  parit B30 RAAENL [baltuio Rt ia Rk il BRI Rl SaTR P

t he pat h t dotused betiel prism Ildromrthe fktida.c The firatomrheppe’B4 is uasfpliwhert the aervatr al |
range of the captured wayefron ensor . 300. It will be appreciated that by
el oy ng - STRESHEq die A 8raY 824 SO BronshLIN fochs o the spnauriof dhe BRdtt | on,

the oy enoth chfnerd A0y adfRERSRBf helimbole obETIAN Tk Syl UBOhradebiy per, t he

| aser di ode 306 typic ave sone’ | nherent stignmati S own.
Thi s can berevidesrsndmagt for et fixptinh tarpett33p) £adrlimifing exhmpie af phichénthes eye E,

S e e AR PR, S PR B ppen
patient’s gbbi3mldiaddthSeyeFah thé‘BS’l:ig%xP@ bhER g &rturﬁﬁﬁ@%?act@l&l?i&ﬁﬁ image or

correspondi ng wavefront sensor 30 oftware Can take into account this
i nher ent asténgrrateayrseme ghientodsasye beingviewedbydbeeyaBinga vdfichittfocus. nabl e

tigmati A.pupi | 328 is, sh iving.(e.d., 20%af)"th
ot | Scted mogHity PisyE Rotonaitins Fiemmes spcayas Bisiio deinmimlish Bishor of er abl
provi des t gasirigitolaRER. WA Anabd df tHe fixatibR tdrkdt AbWE @R YB3 t6ifoc o€ Riffnitd)

system (not shown) simlar to’or the sane as the control system 156
di scussed elifdhe imagerwerd fasawayi whick taradid gmeliminatieg breducing theeficowpheys dat a

f the lenslet car 312 .i d and ultimatel i ded th
aber r at | on FACATIARR, bR el 00 3550 T BT AR P e BT S
bet ween, t kiaraQi€ adguirad. Hmhertw&ﬂéz@ﬁhqpfafgs BB R TiAkibS Fﬂr%eﬁf)redéﬁﬂs,cé} iRlgsows the

pupi| camera 328 to focus on the pupi and iris of the eye E, irrespective
of changes Drevenhi® Fesetain extentthe ey B fremifeensingd dess thantafinigy st em f or . f ocusi ng

urface of the dpf reefitfiebiblma ToReCnd e PR ARV B B0 o B 1 1T

cor r espondipagition, thus minimizing rotational errors from the diagnostic analysis. Thus, with the

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

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

implemented in the wavefront sensor 300 (or 102), and various optical configurations are
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di.stance fromthe retina to the iris. 30 21 April 2004 Fix&kﬁg&iﬁgkﬂet The
wavefront sensor 300 (and 102) al so enploys an i nage used as a ¥|xation
target 334, as shown in Figure 10. The fixation target 334 is illum nated
by a light source 336, and allows the patient to fixate and focus whil:e
the adjustnent canera 323 is focused by the prism 314 on the retina. The
fixation target 334 is useful when the aerial - imges fromthe | ensl et
array 324 35&ii Rphth dilkk embBGittR ’Hf‘?lgéi*ﬁ‘% RS T ekarhi€, 4 IBRR kkdnsitgamera 312
by adjustngntloéﬂﬁﬁe tronb%he op??bs 14.eT e sfgtenﬂngangggeous?y :
provi des avollimatpe Hght sdunee, br saltipdalightrsgetces dr examplen bivgriow payerepdphe of
which is the, sailboat on water i)llustrated in Figure 10 nd not sinply a
1 xat i on pBEEOwshean roplite SF eperinds Sg6a e dlistmedt edia 323 6o Eoadhd bt - <
brain a pl pldéceinl héBarRlof Aflrtior B S a%hd (MG Shay 29RereIGMId amB1OD] eCt -
or scene béing viewed by the eye E--on which to focus. Focusing the eye E
wi th a pi ctamrkaveinkere onfeyer lopsietsabs gesired enadcerdingtoadesignp Fughert it aull bé ocusi ng
to a point. The i of the fixation target allows the eye E.to focus at
infinity, é@rﬁla?aggiﬁmi&éhuﬁ‘il@tﬁ%mégﬁ?ﬁ ﬂiﬁfeéﬁc%‘%c’w_ ai“?éeéﬁarlrliynati ng or
reduci ng t BentRfile@%Y 2 cohtrSsSstefn, SchRETRARcBMpRter AlvHde QBri@§ of BBeper i al

i mages are focused” or the wavefront sensor ata are acquired. In other

wor ds, t heconfigyeatiohs arepobsiklatthasare withiatthpsaope and spidt of the preseninvgaien.t o a
certain extent, the eye E fromfocusing at less than infinity. The fixation
target inmage forces the eye E'to rotate to its "normal" rotationa

position, thus @oRéigdighng rotational errors fromthe diagnostic anal ysis.
Thus, with the “fixation target 334, a rotational frame of reference can be

defined rel ati v&he foregringdisclpsure apd despripidan ofche inveatien arg ilustrativeasd saj | boat

in Figure 10, that .,can be viewed at infinite ..e E. i erable for
el pi g ¢ he ilgtaey etk VBt et B i apEpIvRbiEe ol B0 ©
posi ti on Wedrbtiuedeaid théthdd\6f dpexaionQiay B Made WitHout d¢patting fiomhe gpifit dfead
movenent. The fixation target 334 can al so be _used to adjust the rotational
posi ti on otheipyRutiefe E in conjunction with recognition, |ocation, and
alignment of an iris of the eye E, such as that descri bed above. A simlar
i mge can be used in other conponents according to the present invention,
bot h di agnostic and treatnent, to elimnate or reduce accomodation or
rotational issues. It will be appreciated by those skilled in the art
havi ng the benefit of this .
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di scl osure that various types of conponents can be used to substitute for
conponents inplenented in the wavefront sensor 300 (or 102), and vari ous
optical configurations are 31 21 April 2004 possible to form ot her

enbodi mrents of the invention. For exanple, a high intensity, 24 izp&Pted

|l ight source, or multiple Iight sources, for exanple, one |OM/%€ and one
hi gh power, can replace the |aser diode 306. The adjustnent canera 323 can
instead be placed in the path of the mirror 322, and the lenslet array 324
of the lenslet canmera 312 can have nore or fewer lenslets, as desired or
accordkﬂ to design. Further, it will be appreciated by those skilled in
the ar t all of these conponents are generally <controlled by a control
system such as a microconputer. A wide variety of other configurations

are possible that are within the scope and spirit of the present invention.
Concl usi on ?TMYF@%@BN*@%B@@P%‘{% anrgﬁrqaamwa@s CIApriSiRgient i on ar e

i1l ustrat i vg raRepRtahAddhsiokit HeeMive U e dgﬁ&%&ﬁ{]ﬁgﬁgﬁaope%ﬂgt ails of

the illustrated apparatus and _construction on may be

made wilirsi epkthaiene diagnostic priefiaetivedpeladepted to eapture sajd first ophthdmio1 April 2004
d ai “aﬁgr&xﬁﬂ%%ﬂ@lﬁﬁhﬁhﬂ%ﬂé@ﬁﬁ—éf@x‘éﬁéevﬁrﬂfef}ﬁl%}?éﬁﬁc‘ﬁ valgal reat ment data,
conprising: a first ophthal mc diagnostic or ractive tool enploying said
first refratacpivingdistophthalmictal lggme@tpmmﬂms mainitainedoasta refepence éoniast | ve t ool
adapt egeiRtica@iyr e said first ophthalmc alignment data and maintain that
data as a referénce for the first refractive data, receivi n&élrst

opht hal mi ¢ meatgsrfﬁémmfam tb@ﬁrsgrfr&ﬁcﬁmdat@mraéh@sqcem@e@ac@ver lby aligning
r ef r ac eV stibAme ARARSWIR the 35S N ghﬂ%mt%%al, § ﬁg&gfégn ewith the
agno

second refractive data by ali %@I ng h the
secondreffactivafenkerepiowing sisandiretioptiverdataitee mhagihwt giic onrefracawe tosk t ool

enpl OYhd‘%te?ﬁS CapshureRbEda opHa iR Aigrr rcmﬂ%tagﬁké?eﬁmgé Hﬁ%%&&d%ﬁﬁc%fvé active
t ool pted t'o capture second opht hal m c al 1'gnnen as a reference
for théatdecond refractive data. 2. The systemof claim1, conprising a
first ophthal mc diagnostic or refractive tool

2. The system of claim 1, comprising a first ophthalmic diagnostic or refractive tool
employing said first refractive data, the first ophthalmic diagnostic or refractive tool adapted to
capture said first ophthalmic alignment data and maintain that data as a reference
for the first refractive data.

3. The systemn of claim 1 or 2, wherein the first and second ophthalmic diagnostic and
refractive tools are chosen from the set of:

comeal topography tool;

a wavefront aberration tool; and

a laser adapted for refractive correction.

4. The system of any of claims 1 to 3, wherein the first and second alignment data are

both one of the following: iris
data;

astigmatism data; or

his outline plus rotational marker data.

5. The system of any of claims 1 to 4, wherein the means for associating is a
computational unit adapted to calculate a laser refractive treatment pattern.
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enploying said first refractive data, the first ophthal mc diagnostic or
refractive tool adapted to capture said first ophthalmc alignnent data
and maintain that data as a reference for the first refractive data. 3. The
systemof claim1l or 2, wherein the first and second ophthal mi c diagnostic
and refractive tools are chosen fromthe set of conealzﬂéﬁﬁﬁggﬁhy tool; a
wavefront aberration tool; and a | aser adapted for refractive correction.

4. The systemof any of clains 1 to 3, wherein the first and second
alignnment data are both one of the following: iris data; astigmatism
data; or his outline plus rotational marker data. 5. The system of any of
clains 1 to 4, wherein the neans for associating is a conputational unit

adapted to Ias r. refrac e t r eat nent atter ril 2004
e syst bt aip G phimel BF Whemt e, B &R ar i ng i s

a uni tldsérﬁapﬂeawﬁhgdaellaeér'sﬁnﬁl ign the | aser's a| m 7. The system of any
of clains 1 to 6 conprising a refractive correction instrunent for being

aligned with a patient's eye conprising: a refractive diagnostic tool

adapted to mmw @@teﬁﬁfﬂaﬁybfaz@maltt% GAvaniirisiaa lefhétRRcofre@ion instiiRhefon t he
refrac |ve t|c 1 ogl é:n“g_flses a first canera adapted to acquire a

first ?P?@TW& POSWE: patient's eye, wherein the refractive
di agnost ic &Q@&adtﬁe @l@gﬂbﬁfh {oR] RaMPedIR pRIRCGYe e dtAabAIt the patichds syend

correspondin l.a rel.ated iris data representing the first iris
i mage; gﬁﬁ’ '%PB%F g?‘i‘%@ﬂsgﬂﬁ’ﬁfm@e%ppl y a course of r ef ract i ve treatnent
tg thedpat | Qﬁhtﬁmﬁﬁﬁadap&é@téo@cﬂuﬁ&@ﬁhﬁﬁ@lﬁﬂ S)Porats G d | tsegend camera
adapted to econd ir ser e to ap e course
of Fef PRERIES Fotesstivedipencaticiion] Barenel fogg‘f@ eﬁaa‘af afagiepg %&%ﬂﬁﬁ
der i vegortdspandiiespatihlipldta®iri datadepresdntihg ﬁleqﬁhﬁnaﬁﬁagd?&ldl ris dat a and to
align the iris data to the secor‘idlrlsmP(i;e before t rt];trol stem
initiates t#daser system adapted to apply a course of Tefractive tcatment to e patients eye,

wherein the laser system comprises:

a second camera adapted to acquire a second iris image,

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

a control system adapted to receive data derived from the refractive characteristic data and the

iris data and to align the iris data to the second iris image before the control system initiates the

course of treatment.

8. The system of claim 7, wherein the control system is coupled to the second camera

and the laser.

9. The system of claim 7 or 8, wherein the refractive diagnostic tool comprises a

wavefront sensor.

10.  The system of claim 7 or 8, wherein the refractive diagnostic tool comprises a

comeal topography analyzer:

11.  The system of claim 7 or 8, wherein the refractive diagnostic tool is adapted to

determine comeal thickness or other differential profiles using ultrasound.

12.  The system of any of claims 7 to 11, wherein the refractive diagnostic tool
comprises a hand-held refractive diagnostic tool.
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course of treatnent. 8. The systemof claim 7, wherein the control system
is coupled to the second canera and the laser. 9. The systemof claim?7 or
8, wherein the refractive diagnostic tool conprises a wavefront sensor.

10. The systemof claim7 or 8, wherein the refractive gh§g9@® p,C too
conprises a corneal topography analyzer: 11. The system o I'm7 or 8,
wherein the refractive diagnostic tool is adapted to determ ne coneal

t hi ckness or other differential profiles using ultrasound. 12. The system
of any of clains 7 to 11, wherein the refractive diagnostic tool conprises
a hand-held refractive diagnostic tool. 34 21 Apdl 2004 13. The system of
any of clains 7 to 12, wherein the | aser systemfurther conprises: a

di spl ay coupt ed Y e ﬁ?aﬁj : t flfn gg@ ted to
di spl ay the%';secrf(‘)ﬁn%dsty:éltrgl S ingggsang e f&hgfe\%g]@ilérslgissﬁgé a oveel‘?&%l : %4. The
syst em of agisplpy epupledstothe gecai capiesa andithe hentead systan, adsidapted o disfdagtthd t o
conpar . i E j L] ata to the second iris imge. 15.
The sygﬁcgﬁ]&]](#ﬁgﬁgé%%Fgﬁ("@n@%@hﬁlﬁgﬁ&eﬁa@t her conprising: a second
refractive diagnostic tool conprising: a third canera adapted to acquire a

third iris yjpag i r,gf Y Lagnostic t.ool .is coupled
to the Iaselrm?és g\r%?&élﬁlﬁ gﬁgg‘ég&’%{;ﬂ Brlgvagér%gl ?#ﬁ(@gfﬁg?eéﬂsfgg&\% Yata for
t he patérepare andjccalgndhextdéivedmsidatadd thwciecorel ickhanagt eri stic data and
corresponding spatially related additional iris data representing the
third iris image fromthe third canera. 16. The system of claim 15, further
conpri si ng: 13 cofimusystemafahy sfidtiem o] fathencanyeisiref r act i ve di agnostic
tool, the sgg&gﬂ fe%fact, é&x@ostgé%?p%%ﬁ-tool, and the | aser system wherein
t he conput a |ona(i1 system s adapte M&eive the refractive

char act er i sa thirddatrmra adapted dol a¢qguine althird frisaniage, evieoein dot secosk refractivea, t he
receiv i L Liional Jrls data. and.is.adapted.to

pati sprgrdehe b oupBlts sl sHhybnci adhie 1S g AR RLABRBN b

r ef r actheyetietiaeye et adtifienalisifctive dlaraptaristc tiate and ceirespdnding spatialipreditedh t he

comput Mtisne] Fsfiabihfesching AT Y BRGRE o bt catllr o1 1 10C

16.  The system of claim 15, further comprising:

a computational system coupled to the refractive diagnostic tool, the second refractive
diagnostic tool, and the laser system, wherein the computational system is adapted to receive the
refractive characteristic data, the additional refractive characteristic data, the received iris data,
and the additional iris data, and is adapted to spatially normalize the refractive characteristic data
to the second refractive characteristic data by aligning the received iris data with the additional
iris data.

I7.  The system of claim 16, wherein the computational system is adapted to develop

the course of refractive treatment for the laser system based on the normalized data.

18.  The system of claim 17, wherein the laser system comprises the
computational system.

19.  The system of any of claims 7 to 18, wherein the laser comprises an excimer laser.
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the course of refractive treatnent for the | aser system based on the

normal i zed data. 18. The systemof claim 17, wherein the |aser system
conprises the conputational system 19. The systemof any of clains 7 to
18, wherein the | aser conprises an excinmer |laser. 35 21 Apriédgorgég&?. The
systemof any of clainms 7 to 14, further conprising: a conp TR system
coupled to the refractive diagnostic tool and the | aser system and adapted
to receive the refractive characteristic data and the iris data, to devel op
the course of refractive treatnent, and to provide the course of
refractive treatnment spatially nornmalized to the iris data. 21. The system
of cl ai m 2020.wh €Tl systehiroflaag of clayad 2o D@Ifmtﬂesesrnpﬁﬁn%:corrput ational system

22. The system of .any, of cl ai l1to COMRrisin ser, systemfo
appl yi ng a 2Egupwt %ﬁ@??&@ﬂﬂ%@nﬂ#@ﬁ&ﬂ@ﬁgﬁﬁamﬁﬂ%@3&@%ﬂ%§wﬁy@@&mﬁgl aser

sy SE e nhda;ﬁ@}l | ' tlu irétlgigb!ﬂ&e_ xeﬁgm?e chiractér@sftic ?amiam@ theifiaHaR b develaShe @b@t%@a Qf't with

spati a el a iris, data.representi an.iris inmage of a patient's eye,
the | ateiaciye Feimeninid ©mrevide e apims obmaarive Ftmey apally ferfilized fofige; " a

| aser atkapted to apply the course of refractive treatnent; and a control
system adapted to receive the course of refractive treatnent and the iris
data and to align the iris data to the iris inmge before the control system

initiates the comesswe;hofe%goﬁwy&emww?i&meﬁée@ﬁ@s%tem of claim 22,
further cor}gt@%& a conput ational system adapted to devel op the course of
r ef r ac PPRRUIEY {0 rom refractive characteristic data froma refractive
di agnostic tool and to provide the course of refractive treatnent in
spatial "assgciatjon with _addifiaonal iris data representing an additional
iris i mge %4omHRsysemiof agy CIQEHﬁértﬁ6i°H“PH8ngﬁiﬁsta%fﬂc%foﬁﬁ%ﬂB§@i c tool .
24.  Theourysdfeshkative rédtedBto afARERY Ryd, i IBRPLYRm SR IVEB HB dodrB€orf

conput at.i onal %%/ns_ltem are . conprjsed in the sane conmputer system 25. The

syst enTHRCAYRIHMENtin assopiation with spatially relafed misdatagepreseanting 2 dis image of a
| NSt r upRTEht's éyeOfie DaENG/sRI isMd:h a patient's eye, conprising: neans for
‘det er m ni ng refracctii ve, char ac ﬂglrj stics of the patient's eye;

a camera adapted to acquire the iris image;

a laser adapted to apply the course of refractive treatment; and
a confrol system adapted to receive the course of refractive treatment and the iris

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

23.  The system of claim 22, further comprising a computational system adapted
to develop the course of refractive treatment from refractive characteristic data from a refractive
diagnostic tool and to provide the course of refractive treatment in spatial association
with additional iris data representing an additional iris image from am. additional camera in the
refractive diagnostic tool.

24 The system of claim 23, wherein the confrol system and the computational system are
comprised in the same computer system.

25.  The system of any of claims 1 to 6 comprising a refractive correction instrument
from being aligned with a patient's eye, comprising:

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

means for acquiring an image of a surface of the patient's eye while determining the
refractive characteristics;
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means for acquiring an inmage of a surface of the patient's eye while
determning the refractive characteristics; 36 21 April 2004 neans for
devel oping a course of refractive treatnment using the determ ned refractive
characteristics; and neans for aligning a refractive correction instrunent
with the patient! s eye by aligning the acquired inage of the surface of
the patient's eye with another inage of the patient's eye. received by the
refractive correction instrunent. 26. The system of clai m25prf 20@her
conprising nmeans for applying the course of refractive treatnent. 27. The
systemof any of clains | to 6, conprising: a first canera used to acquire
a first image including an iris image of the eye; a refractive diagnostic

i nstrument providing at | east one of wavefront, topography and pachynetry
measur errentﬁleadslmk@&erogufgfﬁoiﬁsesﬁréﬁ%w@?\uembm@m $hesd et iR sctive
prOV|d|ng t he photgrefractive treatnment including a second canera used to
acqwr@h AMIRTISEES; | ge of the eye; a conputer system used for developlng and

al i gni ng thﬁleﬁh;%paﬁgrru?ga tefRictivé@HRAbn ids&hﬁentmlﬁﬁﬁ)ta é.ft%re élﬁ?faﬁ%&mgh

first canera and the _diagnostic instrument; and a co system

i npl e acﬁ‘ﬁ@ﬁﬁ@gépﬁﬂlﬁéélff?% thepatigatn eyeiwitheanofher irage of ShapRatientssgyet em and

the | a%glvgagyg{greggmv'g@gﬁgéﬁﬁﬁguqﬁn&lt aim 27, wherein the first image
includes an iage of a marker in a selected region of the eye. 29. The

system of claim 28, wherein the other imge includes an i mage of the

marker. 37 %l Apfiel sy&@n@h‘bf%ﬁmﬁheﬁlﬁﬁ&t&)ﬁ’gﬁfsmgriﬂeaﬂg fdtlaf ??lgﬁlg?ﬂée LRuseor Wherein

at | east  one of the first and second s are iIn canmeras and

t hei r Fea@pivareainetages i ncl ude an inmmge of a marker in a selected region
of the eye. 31 . The system of claim 30, wherein said marker provides
information for alignment of the first imge and the other image. 32. The
system of cdhai mEe sysiparefiany ebelainal toch, cPmPUSiBEDI e in infra-red |ight for

at | east 15, first camera used to acquire a first image including an iris image of the eye;

arefractive diagnostic instrument providing at least one of wavefront, topography and
pachymetry measurements, linked to the first camera;

a laser system capable of providing the photorefractive treatment including a second
camera used to acquire another image of the eye;

a computer system used for developing and aligning the photorefractive treatment linked
to the laser system, the first camera and the diagnostic instrument; and

a control system used to implement the photorefractive treatment linked to the
computer system and the laser system.

28. The system of claim 27, wherein the first image includes an image of a marker in a
selected region of the eye.

29. The system of claim 28, wherein the other image includes an image of the marker.
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m nutes after the marker is applied. 33. The systemof claim31 or 32,
wherein said marker is a |laser mark. 34. The system of claim 33, wherein
said laser mark is a thermal mark nade by an appropriate |aser. 35. The
system of any of clains 27 to 34, wherein the refractiv§ %ﬁ@g@gtic
instrunent is a-wavefront sensor, and further conprisi (1; nd
refractive diagnostic instrunment including a third canera used to acquire a
further image of the eye including an iris imge and an image of a narker
in a selected region of the eye. 36. The system of any of clains 27 to 35,
wherein the control systemis adapted to correlate and normalize the

devel oped refractive treatnent and the acquired i nages. 37. The system of
any of cl ai 7 1o 36, further LSI a displa at.allows a
operator t oﬁ'g é@e S Rg ﬁ%?ﬁcq%ns?ﬁgg ggﬂgﬁ%ﬁ‘@dﬂ?@ﬂ%@h&%ﬁﬁg q:ﬁiesegg@m red

I magescan®fBas afb infryiet @amerfas and thefr redpactive idégéoindde abhaervftalaarkef inact | ve
treat merl1t incI.udeg a LASIK procedure and the marker is visible when a

cor neat lqfedFeHiOn PLG Y&k, 39. The system of any of claims 29 to 38,
wherein the marker traverses a gray scale profile of an iris recognition

pattern of jhe.,eye. 3821, i1, 2004 .40. The system of any of. clains, 28 to
39, wherei ni H'%emtwf(?éﬁﬁ%s‘&“% Sq W%Wﬁ%ﬁﬁnmifﬁh@m and a
di st al the digsteinhge &l tHe pthexiniage. segment extending radially froman alignment
center. 41. The system of claim 40, wherein said distal segnent is not
collinear with said proximl segnent. 42. The system of claim41l, wherein
sai d di st al32 qheeysterh bAMIAIS 8, wheddia¥aié Gakir i Wbibletn @ffra-R4 licht for bEERFN5L i on
pattern,of 'gég e. g%.ﬂ Apr.il 2004 ABSTRACT OF THE DI SCLOSURE A system
and nePHBYES r’g’%m dS PRPYURMi ch an iris or eye image is taken during a
refractive diagnostic analysis. The image is enpl oyed for aligning data

fromthe angl ysis with data, fr ther refracti.ve,anal ysis instrunents, as
wel | as al ir]%ni)iﬁﬁsﬁgt%f)?g@wsé%%&’ mﬁ}gp}ar Fdhe keerdnitkser, with the eye

for treatnent. Further, the stored iris inmage is

34. The system of claim 33, wherein said laser mark is a thermal mark made by an

appropriate laser.

35. The system of any of claims 27 to 34, wherein the refractive diagnostic instrument is
a wavefront sensor, and further comprising a second refractive diagnostic instrument
including a third camera used to acquire a further image of the eye including an iris image
and an image of a marker in a selected region of the eye.

36. The system of any of claims 27 to 35, wherein the control system is adapted to

correlate and normalize the developed refractive treatment and the acquired images.

37. The system of any of claims 27 to 36, further comprising a display that allows an
operator to see an alignment of the developed treatment and the acquired images.

38. The system of any of claims 27 to 37, wherein the refractive treatment includes a

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

39. The system of any of claims 29 to 38, wherein the marker traverses a gray scale
profile of an iris recognition pattem of the eye.

38



-conpared with the patient's iris before treatnent, verlfylng1y@ﬁpzﬁne
correct eye is to be treated with a devel oped treatnent pattern. A variety
of refractive instrunments can be used, such as corneal topography systens
and wavefront aberration systens. 40

40. The system of any of claims 28 to 39, wherein the marker comprises an indicia having
a proximal segment and a distal segment, said proximal segment extending radially from an

alignment center.

41. The system of claim 40, wherein said distal segment is not collinear with

said proximal segment.

42. The system of claim 41, wherein said distal segment traverses a gray scale profile of

an iris recognition pattern of the eye.
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