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BACKGROUND OF THE | NVENTI ON PCT/ EPO1/ 05354 This applicationis relfated to
PCT/ EPOO/ 10373. Field of the Invention This invention relates generally to
the fiel §y@frdsdger vision correction and |aser eye suf ery, and nore
specifically to a device, systemand nethods for ali gn?rg HEPBPSISEi agnosti c
and treatnent images of the eye for nore accurate surgical outcones and
i nproved patient satisfaction. Description of Related Art The popul arity of
phot or ef r HISiRATEERY RECOGNITHON AND ABIGNMENT enhancenent of  vi sion
continues to rise. Techniques such as photorefractive keratotony (PRK),
| aser in situ keratomleusis (LASIK), |aser epithelial keratom |l eusis
(LASEK) and variations thereof are now conmonly used to correct the
~effects OBAGKGREOUND OHMEESINVENDIGN , farsightnesses (hyperopia), and
astigmatism in addition to nore traditional retinal surgery and other
ocul ar surgical procedures- These vision defects are typically treated by
| aser ablating the cornea to steepen or flatten it according to its

devi ati on froMuR apQIRQHEH & Yelkbtflo PCT £PIRAGSPH Provi de normal vision. A
t opogr aphy devi ce such as, e.g., an scan(r) corneal topographer (Bausch

& Lonb/ Opt1gks thollvbnttdake Cty, Uah) is routinely used to acquire the
~di agnost icTrnformatron about the shape and ot her

This invention relates generally to the field of laser vision correction and laser
eye surgery, and more specifically to a device, system and methods for alignment of
diagnostic and treatment images of the eye for more accurate surgical -outcomes and

improved patient satisfaction.

Description of Related Art

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

topographic information to appropriately ablate the comcél surface.




characteristics of the cornea. A surgeon can then use azkg%f%apiﬁgranned
with this topographic information to appropriately abl ate Re' ¢orneal
surface. WO @Qusaser 2005 WO 02/ 0 87442 PCT/ EP01/ 05354 2 Basiwgesohpss3ss
hyperopi a and nyopia, and astigmatism are known as | ower order aberrations
referred to as defocus and cylinder, re8pectively. It is well known that
hi gher order aberrations in addition to | ower order aberrations degrade
vision quality. Typical higher order aberrations include spherical
aberration, comm, and conpound astigmatisns. It is possible to nmeasure
these hi gHéasicaHudiypsmpia and whepioiand agigreatison aravkuevr axlgweevideesbermtions as
disclosed in Wllianms U S. Patent No. 5,777,719 (incorporated herein by

r ef er ence referied go east defedtug) andwtiilintierd esspeétbety. alt Bbwell dewarthatisigheEder

i ncorporating a Hartmann-Shack wavefront sensor to quantify higher order

aberr at i ongbeiritidnden agditior e lovetr agded abéreativR degradeikion quiligh ey pRiaf Ripher
aberrations has lead to the ongoi ng devel opnent of systefs and nethods for

cust omi zeg,ady! @Eﬁ%,ﬁ}‘mah&e esHnea a%@f}a&ﬁ.[e‘%&ﬁa,%ﬁdcd odhd %Ei\,ﬁ,mgpﬁéely The

goal of custom zed ablation is to provi ever 1 ncréasing su u ﬁty in

ternms of i t nsitjvi sonet.imes referred to as.,
super nor ng}l%y\}%%itgn © g‘% ﬁ]\%g% Il"?gglgls 81311?5 iaé%/rg%{onF %H%W&ﬁ%{??‘&y‘?e"fﬁ%n& g‘c’:ﬂﬁ?sc al
advances in diagnostic equj nt d.trea nt _systens including _|asers
and eye t eHekdr Sirduiedain Wil 4080 Peicat et 4207 L dimcpmaraterl beveim he
di agnostic nmeasurenents and performng the treatnents which are guided by
these reference in its entirety), which describes an aberrometer instrument incorporating a
Hartmann-Shack wavefront sensor to quantify higher order aberrations in the eye. The
diagnostic measurement of higher order aberrations has lead to the ongoing development

of systems and methods for customized ablation of the cornea and lenses used in or on

the eye. The goal of customized ablation is to provide ever increasing visual quality in

terms of acuity and contrast sensitivity (sometimes referred to as supernormal vision), as

well as consistent image quality.

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

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




measurenents- For exanple, it is desirable to obtain a di L o wavef ront
measurenent of a patient's eye when the eye's pupil is g??%?‘%%&@ertai n of
t he hi gheV'&'®ét*“aberrations that are suspected to cause BUEERIIAS3Hal os at
ni ght mani fest thenselves in the dilated (dark adapted) pupil. Therefore,
a wavefront nmeasurement with a wavefromt sensi ng instrunent is perforned
in a dar kanedyER\IEARIERth $HPct D dlre ol ' a paturally dilated
pupi | . The MEasuUr enent  of t%@ wave ?%ﬁb?c%ggiﬁg{ﬂl}cgﬁg%gfca@?‘ t‘%ﬁ?%‘é?e"%% WO
02/ 87442 P 0 he,.eye, i s abtained wi.th respect, to a reference
oi nt whi cﬂg.“’éﬁ?‘;’y‘& g gﬁ?ﬁﬁﬁﬁ?’hﬁ‘dﬁ%ﬂ toga, fi¥afor fareed in g?%il@gwpy degicgj Alaheaxi s

aligned t I n_the diagnostic device. At the |aser

9,8 bi ﬁ?i tar%et \ .
t reat nent SFLYE & hopiguer, thejatirg aed ampusiiofdight stykingshe eyd frgmtlighteye
fromlight sources in the treatnent system environnent typically causes
the pupi| SPBrCEDHthe] Eqatment sysieml ¢nvancnmenttypelly lveusu e piysil eedmsiidtocRt i on
of the dilated pupil is shifted fromthe center |ocation of the
constri ct edmplipation diines beeausa lieutata@dotaparof the AAREppHTs ShIFEd Fom hE
constricted (treatnment) pupil, based upon a diagnostic neasurenent aligned

to the cesiier loehtibhof diel cﬁin@ﬁlic&umdxil. | Bhds! K%Ldbéu}a@bdbﬁséf%ahﬁgﬂac%“é&dt ™ fact

I ncorrect |ocation on the cornea. Another conplication arises trom

that the pPStddsBittd (feaBabi i ' | §ti R osition rotates about
an axis when the patl(er?t is,t??{r]lp 12, ‘ﬁ%‘é{“ Er%‘ﬁf{’l c?é%n&sﬁ% N RaR ?hgnﬁtini?% tﬁ%
probl emat | . tom ze blation,treatnent for higher order
aberrat i oﬁéntglgwhoﬁll%gggg@ﬁ ! cq%ﬁfé?ﬂﬂhsd 3’0%’(“"%‘?%%?@“%@? theirornedr neal

surface. Moreover, a patient's

Another complication arises from the fact that the position of a patient's eye in a
sitting position rotates about an axis when the patient is in a treatment (supine) position.
This is problematic because customized ablation treatment for higher order aberrations is
not necessarily symmetric about an axis over the corneal surface. Moreover, a patient's
head may have rotated between two diagnostic or eye image measurements separated in
time, resulting in potential misalignment of a laser treatment. As such, both a translation
and rotation of the eye must be accounted for between the diagnostic evaluation of the

eye and the treatment stage.

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

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




head may have rotated between two diagnostic or eye im neas nts
separated in tine, resulting in potential m salignnment gﬁpc‘é’%?';é@ge
treatment " A¥¥H, both a translation and rotation of thECBYRIMEY be
accounted for between the diagnostic evg‘l uation of the eye and the
treatment stage. One techni que being devel oped to address these issues is

referred tinfoasation sbowpatis PatternCidORidation anReyatrhVeniht. t Mt\%}fﬁstm'fcﬂ% gl e
~can sonetimes be measured by identifying iris patterns using narkers

(artifici ahy 1RHmaARdeRElScdRBhtE W khe BFBGR: GRG0 LRGSR & Plﬁ%‘%&ﬁb‘g‘i g‘ﬁ?ggue

as their fingerprints, it is proposed that varrous 1ris

used to i i i . jentation. . The reader.is referred to the
web site g’%bé@s{%@gﬁﬁ BQ? lf \)‘/’(\}v%ﬁvglarv% 58?&?@8%%?&13‘??‘95@*}@@&1@&5‘? gertuengy . edu
for furtheé 4 27 Cct.aober .ﬁ.OOS PgT EP01/ 05354 infornati on about iris
pattern i QOATS FPRLESEN 15 saiTient fpy %ﬁl‘?ﬁﬂto.r. ofRsrwise wbsael thedaudmark, making it

| andmar ks remai n constant over the lifetime of the individual, it has been
found t hatndgiestabie by &orYraHgaaliins gpgnitien seftware heleveed idiagnostici evaleutbniadd on
(dilated) and the treatnent 'phase (constricted) is sufficient to deformor
ot her wi se troiisnt.e Siriee it rhigliy ldesirabkd togbd dble unaligrethe phbabltitO Y ARchPBAl

iris recognition software between diagnostic evaluation and treatnent.

Since it s doingdal of ol dyalaltes with g EBERsHO ntabEBmbMG e RiAGIR g:@b@%dh‘{&l it is

treatment of the cornea or other eye sites with the diagnoStic nmeasurenent
ref er encenhioanuiohl ha rkedsizeh 368 fof oAk Ind HBEARRT 6 oREInd ailBHNOS
accurate alignment. A solution is proposed in applicant's co-pending patent application
PCT/’EPOO/ 10373 which is incorporated herein in its entirety. That application discusses
associating an artificially applied ma:kér with diagnostic stage and therapeutic stage iris
images in order to align these irﬂages at treatment. Thermal and dye based marks, for
' | example, are suggested as artificial markers. It is appreciated, however, that patient

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

and alignment means.

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

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




accurate alignment. A solution is proposed in applicant: endi-ng pat ent
appl i cation PCT/EP0O0/ 10373 which is incorporated hereinzfgﬁﬁﬁgr%ﬂ¥irety.
That application discusses associating an artificially applied marker with
di agnostic stage and therapeutic stage iris inmages in order to align these
images at treatment. Thernmal and dye based marks, for exanple, are
suggested as artificial markers. It is appreciated, however, that patient
disconfort, efficiency and accuracy are sonme di sadvantages of current iris
recogni t i onSUXARY GhERE INVERRLIONccor di ngl y, a need exists for devices,
systens and nethods to accurately account for the eye novenent occurring
bet ween the di agnostic evaluation and. treatnent stages of |aser eye
surgery. The invention, while not limted as such, will be discussed in
relation to | aseThy isicatiorr & digstddon S | i@l di %ﬁ{m ber
2005 5 SUMVARY OF THE | NVENTI ON The in@%ﬁ??g%ﬁ?;mgpﬁgéPg tokgﬁdé%gggggus
for alignin I L€ r i es o atient'’ e in the
absence of g% g?gﬁgﬁ m%??g% %éﬁgﬁggﬁ%rgeéyéxé m[ gp%@Pgﬁﬁﬁégﬂﬁg Sﬁﬁég?on
stage and the trgatn&nt.sta e, in order to obtain inproved results from
| aser vi si ofPEUFPE VB0 HE%r3nd the displamen stage.onerde Je abtaip improved sesels
inventi-on, in a diagnostic and therapeutic systemfor |aser eye surgery
wherein a dﬁ@@d@%ﬁV@Kmﬁﬁgéﬁﬁﬁﬂﬂnﬁﬁrient's eye that is obtained by a device
that is adapted to nake a di agnostic neasurenent of the patient's eye, is
aligned with a treatnment inmage of the patient's eye that is obtained by a
devi ce

According to one aspect of the present invention, in a diagnostic and therapeutic

system for laser eye surgery wherein a diagnostic image qf a patient’s eye that is
~obtained by a device that is adapted to make a diagnostic measurement of the patient’s
eye, is aligned with a treatment image of the patient’s eye that is obtained by a device
which is associated with a treatment laser system via an iris paﬁem recognition
technique, the improvement is characterized by: an illumination control device for
. controlling a visible illumination level on one of the patient’s eye being examined and
.ﬂ.le patient’s other eye (not being examined) wherein the visible illumination level
controls the pupil diameter of the examined eye; means for tracking 2 sequential plurality
of diagnostic iris images each having a different pupil diameter ranging between a

dilated pupil size and a constricted pupil size corresponding to the controlled visible




which is associated with a treatnment |aser systemvia ap,iJf] ern
recognition technique, the inprovenent is characterizeg7pr§¥°%8]ﬂ%Ots
illumnation control device for controlling a visible illumnation |evel
on one of the patient's eye being exam ned and the patient's other eye
. (not being exam ned) wherein the visibleillumnation level controls the
- pupi |l dianmeter of the exam ned eye; neans for tracking a sequenti al
plurality of diagnostic iris imges each having a different pupil dianeter
rangi ng betlvemination ldiélpireesol peduciizadiai@sic #RMGhES clcAdiRM N lbast ipdR of an
corresponding to the controlled visible 27 Cctober 2005 6 illum nation
level, andigae i 1 1G4S I i I - rt of
Bqéliﬂﬂjﬁelﬁﬁdrﬁérk%@&ﬁﬁ' of whidtis n%%?%ﬁlﬂlgg&%erﬁ e c%ﬁﬁﬁg

an iris recognition |andmark the éntirety o not 1 dentitl e

bet ween t hg; tricted di agnost.i il j.mage,and the dil ated di agnostic
pupi |1 g SLEAREE db Binag RBPRGISed tRineclic BilEi SRoesro mummy R Srpertni e

i mages to Ehe | aser treatnent system neans for aligning the dilated pupi
di agnost i c 53t Qe Cﬁé’@%{ha&w&%m&% BEagss to the lgsen divalant sysemumenmsnior alimgeg
with the constricted pupil diagnostic iris inmage; and neans for aligning
the al i gnethe dilotedtpupd tdeagnpstisi iris dinagm @sdociatddrivish b aiigRostid heisofenidne ahag)t
iris.imge having a constricted pupil of a size generally corresponding to

t he di agnosithctht ragericed Pupil CligghoRliPiitis Shags; 24 &mbﬁ&tﬁhggﬁlghhl%@s@ns

. for aligning the dilated pupil diagnostic iris inmge w constricted
pupi | di-agpstdcted ddpd di By l.agnosti ¢ stage.processor
_cooperatively engfgjgeéj lﬁltg ﬁlt Ee I@?g%ﬁggttﬁ%gﬁa&n’%agt 1{:156?1&%%9%& 859118%"““1 |

pupil of a size generally corresponding to the diagnostic image constricted pupil size.




The neans for exporting may include at | east one of a w Qn ion, a
W rel ess connection, a conputer file storage nedi um Th%EEgﬁgﬁB%@ﬁi

measur enent obt ai ned by the eye diagnostic neasuring device my be
suitable for obtaining a wavefront information about the patient's eye. The
eye di agnostic neasuring device may inclufle an iris inmage capture device.
27 Cctober 2005.8 The illum nation control device may be separate fromthe
di agnosti c measuring device. The illum nation control -device may conprise a
variabl e il | unmi ndthieoneans fertaligning dreyditateainehpillizmmostitt ieig irahgdwtiptheanadtictefl t he
di agnosti c nmeasuring device. The inprovenent may be further characterized
‘by a means fpopil oditgiosiingrie itagE RMay Hichikeas QIRRMbsHE AGHE soPelo &Qﬁ?el?uml
center of the dilated pupil diagnostic inmage ~and the pupil center o he
constrict ed eppfch uq{IPtﬁFBI% '&tiicq]?gge ca Hﬁexg‘g%eor di spl acenent neasurenent may
be a measurenent fromlinbus reference position to the center of the pupil.
The di agnostic device may be a pupilonmeter. The diagnostic device may be
an aberrometer. The diagnostic device nay be a corneal topographer. 27

- Cct-ober 2005 9 These and ot her objects of the present invention will becone
nore readily The means for exporting may include at least one of a wired connection, a

wireless connection, a computer file storage medium.

The diagnostic measurement obtained by the eye diagnostic measuring device

may be suitable for obtaining a wavefront information about the patient’s eye.

The eye diagnostic measuring device may include an iris image capture device.




apparent fromthe detailed description to follow. Howev it s | d be
understood that the detailed description and specific Zf(gﬁ;ﬁﬁ’ﬁ%ib%&hl | e

indicating the preferred enbodinents of the invention, are given by way of
illustration only, since various changes and nodifications within the
spirit and. scope of the invention will betone apparent to those skilled in
the art based upon the description and drawi ngs herein and the appended
clainms. 27 Cctober 2005 10 Description of the Drawings Figure 1 is an
illustration of {tRhe illmhmatiomgesrdaeiieg neayclonsdpatatd dmpilipidiagaosicameskutiag ed
pupil, respectively, show ng the change in form position and size of
naturally deguéring | andmarks at the two pupil dianeter extrenmes; Figure 2
.schematically shows three sequential iris imges having varying pupi

di anmeters and the respective iris |andmarks; Figure 3 schematically
illustrates pupil center displacement wth respect to a Tinbal reference
as a function of . dif.ferent. pupil sjizes. Figure 4 is a schematic .
iIlustration of &"8é ?‘BE’-‘&H%‘E Wﬂ-gdetvweama% KEBETR Atvageble HEuminatae jftion
Figure 5 is a schematic illustration of a systemaccording to an enbodi nent
of the i nveffg@gnd is an integrated component of the diagnostic measuring device.

The improvement may be further characterized by a means for obtaining a vector
displacement measurement between a pupil center of the dilated pupil diagnostic image

and the pupil center of the constricted pupil diagnostic image.

The vector displacement measurement may be a measurement from limbus

reference position to the center of the pupil.
- The diagnostic device may be a pupilometer.
The diagnostic device may be an aberrometer.

- The diagnostic device may be a corneal topographer.




Det ai | ed Description of the Invention Wile the present,ipventi 5is

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

teachi ngs provided herein will recogni ze additional nodifications,.
applications, and WV U. 095 144Z 27 Cctober 2005 PCT/EPO1/05354 11
enbodi ments within the scope thereof and additional fields in which the
invention will be of significant utility w thout undue experinentation.,
The invention is directed to nmethods and systens providing alignnment.

bet ween di agnofics€ InAPGRS gf,jegtgeoﬁeggee?&tgeﬁtr@ﬁ%ﬁr&; ngqratt%ﬁgmgfm&gemg%@é t hat

result in greater accuracy of the rea erefore, @ ter

e’ asel” tFeatnent ‘aid, THEPerBr', “gFcat e
Becor dancaPhieh Evins B8 RERHGLIRe & S HbRor Aberodihe rodgson O use

iris pattern e%:iﬁi%nié%i on -for identifying eye structures and for aligning
r

di agnost i ¢%n SRNON| 38Y e SPICHIC esramplasgevhile Fardicatingnibice preferred
PCT/ EPOO/ 10373 di scusses systens and nethods for alignnent and

phot or ef r #awiodunente of thatinehtian, epegivan iy oy sofdilagiaiin onlyl istick AG6us
identified with artificial markers is obtained by a canera system al ong

wWith a refchagies \waddhadifieatid® wilBASHeSPRM and SRR B AVSHRM WiDkebule the

| aser treatnent systemthen uses this'iris inmage information to devel op

| and al i gnaphe.RNRtRsLRl kARG M ehd Eﬁaotaggdq{lpon the description and drawings herein and

the appended claims.




Figure | schematically shows two sequential iris images 1 l.mage 10
shows an his area 12, a constricted pupil 14 and typi C%%&Cﬂbgf:foéﬁdmr ks
16. For tH& @lrpYse of the description of the invention, Htferyvaipmds
constricted pupil” refers to a substanﬁjally smal |l pupil size caused by
bright light conditions, e.g., eye tracker and fixation |ight sources
al ong wtmégcr_[gﬁomémmggl condi tions present during the treatnent
phase of |aser eye surgery that cause the pupil to constrict. The term
constricted pupil, therefore, is not intended to nerely describe the
smal | est possible pupil size that can be induced in a patient's eye, but
to describe th smal | est r ki size in . accordance with the 27
Oct ober 2005 ure o\ Bt musgﬁﬁﬁgfﬁﬁ%é 115 dnaga JRYinen censtcted jpapt 2nd a |
however thg 14' is djilated and the |r|s | andrmar ks 16" are shown
sonewhat &#@ r@ﬂ’"dff‘ép?%“’? e SBPYVIRg; e changena fpupi posiiathand sigp of matugally i s
i mage 10. The dilated pupi| 14", for the purpose of the description of the
i nvent i on ocPeTige dandmarks.at thegive ppildliandesextgpiesal | y associ ated with
di agnostic neasurenent of the eye, for exanple, when a wavefront measuring
device such as a. ZywaveTM (Bausch & Lonb/ Technol as, Mini ch, Germany)
wavefront nmeasuring device or an Orbscan Il (r) (O btek, Salt Lake Gity,

Ut ah) corneal trypggnaRiemnalidallySBdws thebsaduintiNays ik ﬁ%‘ﬁi i
i nformation. Thus, the term"gllate pup@(? I]tlls nlotl ﬁé ended to"r I:'eurpll

merely togg, at is chern'cally or artificially
i nduced, but rat%&?{h\éto a darlgl Z%{ab{a}% pupil, which is the |argest working
pupi |l size associated with this _

Figure 3 schematically illustrates pupil center displacement with respect to a

limbal reference as a function of different pupil sizes.

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

invention;

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

the invention.

Detailed Description of the Invention

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

teachings provided herein will recognize additional modifications, applications, and




invention. The iris imges 10, 10" in Figure | are intngQﬁx&ﬂx?bd§wtrate
t he chang %Jzﬂ,aquorm position and size of naturally occurring I'andmarks
16, 16 en pupl f size changes dramatically (e.g., from¥FVEraessy
constricted). Under these circunstances,, current iris pattern recognition
technol ogy has fallen short of being ab‘% to match landmark 16 in the
constri ct ethipdihénts Midhid tHeMschpd thek LHdidiBhnail il ated. pupi.l .
condition. Therefore, arti f)iﬁc):i al ﬂ?ﬁgﬁgd%ﬁn%lh%hg@ ﬁgﬂ\?gt eelen%eﬁ{é%rﬂ“%g in
tracki ng i ; [ . ' ' . an i nprovenent is described
with ref e?%r?gtg%%ﬂ%ﬁgﬁt?g@%ﬂglgu{%UF%\%E%HH:I%% 0%‘di agnosti c phase of [ aser
vision surgery, a patient's wavefront aberration is neasured. Wavefront
nmeasurenents are typically centered about the patient's visual axis or
about the cent of the patient's dilated pupil. It is advantageous to
nmeasure the fipYEtion e disgted to mredrods pad gy stams droniging dligumesicbareremi n

hi gher order aberrations manifest their vision conprom sing effects when
t he pupi | dl%ﬂﬁﬁkck"awﬁt(tfdhee?yg.qndnirgﬁimentt inmagey i of the)eye. thht rSult TAgGed@r
schematically shows the patient's iris inmage during 27 Cctober 2005

PCT/ EP01/ 8638#cylkd thellasgmtoatrhent apd sherefoes) igredid\patient@aitha@foad pupi| 14' and

iris landmarks 16'. By controlling the visible illumnation to either the
patient's eye undergoing exam nation or the patient's other eye (not
under goi ng exam nation), preferably via a variable illum nation fixation

argel |1 e Seaangatne o ALLAR N Ehrd 8RR - AIEL Rlils oY
rs _. and 2. Systems and devices are known which use iris pattern recognition for identifying
eye structures and for aligning diagnostic and therapeutic images for eye surgery.' For
example, PCT/EP00/10373 discusses systems and methods for alignment and
photorefractive treatment of an eye in which a diagnostic iris image identified with
artificial markers is obtéined by a camera system along with a refractive diagnostic

measurement. A computer system linked to the laser treatment system then uses this iris

image information to develop and align the photorefractive treatment.

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

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




.image 10" is obtained by a diagnostic iris inmage captu devi c th the
I mge 10' corresponding to the pupil dianmeter during t%go f&ﬁﬁm

eval uati onmv vEhve/s¢ksible illumnation level is increased, mwausimgr e+
~correspondi ng decrease in pupil diameter. illustrated by 14" in iris inmage
10". Iris landmarks 16" are al so visibll@ havi ng und_ergone a | esser change

t han sho ; | | umi Ve S
further W%‘Fégggggﬂ%?ﬁ%gﬁm]sgf)gg H{és%q?%?%pﬁ%%%ga %: &% Pl tﬁ.dﬂlét"%\mfiéh € shows
a constrlcte upi 4 d iris | rks h, ..agai n, have undergone
a smal i ald® b161 ﬁ”d}asql?%’ﬁ?algg’ﬁ ‘&guiéa'ﬁlendlfqgﬂﬂg qfrFB‘ijé’UE@ with
this case, the pupil di arreter 14 shown in diagnostic iris inmage 10 w |
subst ant i é‘FﬂPQCt(,‘B rh ¥paaTdl & oﬂi’en@'laé‘iﬁ)mllplhl‘hn@!' dke pirpase efr tha Wdasaniptioniof therage
obtained by a treatnent iris inage capture device during the treatnent
phase of taxgntiasens viud dn bor r bgliti eonditioge rtypicililngasosdiated i with idispgestic
processing hardware and software can now track the changes in the

sequent i aimeasdrembnt of thei dyag s edimple, Mhien 4 Qvadyfrbiito@basuging Rvica NGRS a
indicia so that the iris inmage 10' associated with the dilated diagnostic

pupi | 14’ gg%vm @absihed L‘Mﬁl:l?’l'édﬂﬁofag | NphidB9Gerhfhn f%@éﬁi{ﬁ?ﬁ%@éﬁ%me

‘constrict dlagnostlc pupl | Iri’s |nage proc Ssing ha

sof t ware conn (i‘;‘ e FE'@% f t he ser systemis_ now used to
align a ¢ PBAR 45 %CaPrI ( %‘?@F& 1 Ligke City, L) yomsal pagrghenys wsed Lo phtaie 1

in Figure 2, with the exported dlagnost|0|r|s I mage 10, allow ng the

| aser abl &@N@fhontrﬂémmﬁmm@@m ‘Hhuse trectdrmn §diidted panbitisinot intended emrefent

pupil to be accurately aligned with respect to the diagnostic iris imge 27
Cct ober 282kely to a maximally dilated pupil that is chemically or artificially induced, but rather

to a dark adapted pupil, which is the largest working pupil size associated with this
invention. The iris images 10, 10" in Figure 1 are intended to illustrate the changes in
~ form, position and size of naturally occurring landmarks 16, 16' when pupil size changes
dramatically (e.g., from dilated to constricted). Under these circumstances, current iris
pattern recognition technology has fallen short of being able to match landmark 16‘ in the
constricted pupil condition with landmark 16’ in the dilated pupil condition. Therefore,

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

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

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




14 associated with the dilated di agnostic pupil. An adv (RY S
enbodi ment, Wherel the diagnostic iris inages are sortgz an_}egltz?%shned by
the diagnostic stage processing results in the limted daPETHraHEPE of a
single imge fromthe diagnostic phase #9 the treatnent phase. Since it is
known that the rotational orientation of“an eye changes when a patient
noves frodfagnosiit trBGurdd@si,t h&¥ing Oa ik BEHPORI tidNin |ignnent pet hod
according to the invention provfédes appr%p?llﬁ)ate %n(rglif 5?§n2§}<%‘?]arﬁsoﬁ%rot§§i ng
the | aser QhlBilinend VRA : raatoscorrespond tq the cyclo-rotation
of the eye. A dinggnost?%:gﬂnen%gﬂ@rﬁéﬁtag}eppﬁepmﬁﬁ%eé’ﬁt“‘“g‘“@%‘gi‘ﬁ‘a{q’f?tlﬁmoat ed
pupi | condition. is obtained jn addition to the diagnostic iris inmages with
the dil at 35%%*‘8&5% "3%‘?{3??’? c¢"88 ‘H%ﬁfﬂ?lﬂsase’@ﬁ’éwﬂtw}aepﬁqﬁgg@yamnar ivagable
appar at us .ﬁnd.the | agnosti c _nmeasurenment device nmay be separate devices,
or, these MYIHREPYHation tangetin thediagnastic gyajuation) deyice, the\pupd didthdtemafihby a
di agnostic neasurenent wll be used by the treatnent |aser systemto

cal cul at e ¥RdeHEpPHmIned camibe aontollgt.of Witk réferency ite iFdgure @, negihabitic iris
Therefore, it is preferable that the dilated diagnostic neasurenment be

si nul t anedmsgy 18ssocbiained byi hlisdi@sti lias eslagy hptudi RUAQS With Ihel SndelBGR. The

di agnostic neasurenent itself wll advantageously include the patient's
~ wavef ront cehespoadingNto tH PLERidiARetdideHns dhe REadliok ai ngd by -
vari ety of wavefront sensgrﬁiﬁnstrumant s{lgmee S?Fglh t&é%&égﬁ?os.t@eﬁég@%
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can provi g?esser change than shown in images 10', 10 of Figure 1. As the illumination level is
further increased, another diagnostic iris image 10 is obtained which shows a constricted
pupil 14 and iris landmarks 16 which, again, have undergone a small and detectable
change from landmarks 16" in iris image 10". In this case, the pupil diameter 14 shown
in diagnostic iris image 10 will substantially correspond to the pupil diameter of a
treatment iris image obtained by a treatment iris image capture device during the
treatment phase of the lasel-' vision correction surgery. Diagnostic iris image processing
hardware and software can now track the changes in the sequential set of iris images 10,
10", 10 by tracking the landmark indicia so that the iris image 10’ associated with the
dilated diagnostic pupil 14' can be aligned with the iris image 10 associated with the
constricted diagnostic pupit 14. Iris image processing hardware and software connected
to a treatment part of the laser system is now used to align a treatment iris image,
substantially represented by iris image 10 in Figure 2, with the exported diagnostic iris-
'image 10, allowing the laser ablation treatment pattern directed to the constricted

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




measur enent data from whi ch wavefront aberration inforrrg%i on ca&#ge
derived. The diagnostic neasurenent also preferably in Qgiebey asure of
the astigMati6m*27 Cctober 2005 15 In an aspect of this BrHdrMRRt, the
entire plurality of di-agnostic iris imges can be exported to the
treatment stage processor where the di ag ostic iris inmages can be sorted
and appr opiskadiAky wathi 18 Atlate diHRAb&R! ,ﬁiﬁx%&fa&&n&}g o?&ﬁ@%ﬂ%%ﬁ{iirr#gm Whelty

This aspect would allow tracking and al i gnnent the trea I mage
in real ti A - COF ondi i.agn Ledris h.mage. duri ng the course
of surger ytﬂggﬁéeér{&g@c[ ﬁxﬁ?@%ﬁ%@mﬁgfsﬂgle%‘agg r?g%%l%drzl bﬁébﬁéf'qgr"gﬁécpﬁt?geegr%ﬁ}&%n t he
diragnostic i e prqcessor and the freatnent ipage processor, considerably
m)rg pr océ'giqr{%glnpt@ﬁg‘rrn'iﬁ%/d%% "iagﬂgﬁ Pta Sff}gg;lt}lf@gﬂ Am the digenastiophase pedhe | n

- which the sorting and alignnment of the dilated pupil and constricted pupil
iris i magdEeatmedhass ned by a di agnostic inmge processor which then exports
the aligned constricted pupil inage to the treatnent image processor for
correlation and alignment with the treatnment iris imge. In this aspect,
the conputing power requirenment is reduced at the expense of a static

i mage comsindesiois hidvn thaethk re@tioR oriehtaiion bMBDSye cha@dsWiich PhatfcAChBysy Wil |
ultimately determ ne which aspect is preferred by the practitioner. Wile
‘the above fajnh 3N ERtMg. PBSNOH (9 OMIHES pBElibIPHE HRBninbheS € OEPigtd on
nmet hod for rotat i-_or%a?_ggadj Ust ment of Ta | aser trga_t nen?]@glg%jt%ecr@%{dg}cgtg)\?vi 9 be
PPpr oo ot Hvhiih prbvidk? BINARLROGRaliSn' 7 18hg e thdkr WhaliSh frtkiment '

pattern to correspond to the cyclo-rotation of the eye. A diagnostic measurement of the
patient’s eye in the dilated pupil condition is obtained in addition to the diagnostic iris
images with the dilated fllrough constricted pupil. As such, the image acquiring
apparatus and the diagnostic measurement device may be separate devices, or, these
functions may be integrated into a single device. Ultimately a diagnostic measurement
will be used by the treatment laser system to calculate the appropriate ablation profile for
vision correction. Therefore, it is preferable that the dilated diagnostic measurement be
simultaneously associated with the dilated pupil diagnostic iris image. The diagnostic
measurement itself will advantageously include the patient's wavefront aberration
information which can be directly obtained by a variety of wavefront sensor instruments.
One such device is the Zywave wavefront a_naly;-:e; (Bausch & Lomb/Technolas) which
incorporates a Hartmann-Shack wavefront sensor. Other types of devices such as
“elevation based topographers with ray trace capability such as, e.g., Orbscan II®corneal
tépography device (Bausch & Lomb/Orbtek, Salt Lake City, Utah) can provide
measurement data from which wavefront aberration information can be derived. The

diagnostic measurement also preferably includes a measure of the astigmatism.



translational shift that occurs in pupil center |ocations SENESHy £ dil ated
pupi | and,g..5s9nstricted pupil. Wth reference to Figuré 3, a diagnostic

i mage 30' of the patient's eye having a dilated pupil 34'*Y¥*Bdt%atHed- A
center location 36" of the dilated pupi LS 34" is determned with respect to
an illum nation independent eye | andmark, preferably an edge of the |inbus
32 of the patient's eye. Al gorithnms and mat hemati cal neans for cal cul ating
.27 Cct ober 2005 16 a center location of a pupil with respect to a radi al

reference poi ntinah@spih bf HHOWAbEMmERE MRS il-hRY of RiablS @5k, and [ equire
no expl anation for carrying out the Fnvent iroE. AAEQSEP%%‘F%S& é%ﬂﬂ?geﬁf:g“ ‘
~visible ildWiRatd e gh ' to,constrict the pupil as
shown in eﬁleggp mage 30 %ifg %ttr%;ﬁf ﬁgﬁé ?)‘f%cggsggﬁ’{el?ee © i dipgagstis dris Aimages can be
constrict pik 34 is. determined with respect to the eye | andmark 32
which is ?ﬁre‘gdsjéﬂ% a&B“’é’{/‘é‘e’?Yaﬁﬁ%FFkF%‘zc‘F’i‘fpa“PHn\ggh 3be treateent jiry amagel gdhis
provides an advantageous reference point because the |inbus is
subst ant i 4FREt Wﬁ‘é‘#r@@ﬁ”eﬂawgc%@mem 9fup¢ treatment irifimage ot wal tiths plithcenent
of - the dilated pupil center 36' and the constricted pupil center 36 is
det er m nedowssponding diagnestionsislimkgodmingtht woamse sifishiges). | Dud fethd Wolunldb
vector displacenent is then used to adjust the position of a calcul ated

| aser abl aifonmtiondzingeminsponéd bawten tiR diiiHosesirhdbel26cesSornh aid g&tﬁlent
constricted pupil based upon diagnhostic wavefront information obtalned

from i he hagnprick ol TRidRlabhy TRy bR ol ik Schillitea ! Br any (e

advant ageous to obtain the di'agnostic Ineges o pat
measur enegﬁerﬂziﬁ\;e%pé& R LATEHRE Eo&;lgtaplg alignment of the dilated pupil and constricted

pupilriris images is performed by a diagnostic image processor which then exports the
aligned constricted pupil image to the treatment image processor for correlation and
alignment with the treatment iris image. In this aspect, the computing power
requirement is reduced at the expense of a static image comparison with the treatment
iris image. A variety of factors will uitimately determine which aspect is preferred by

the practitioner.

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

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




center location of the pupil ininfra red Iight so that 5? S| does not
change during this data acquisition. Once the vector d?ggﬁf 8?1% of the
pupi | centeéf8“Y<*deternined, this informati on can be savedr¢HEgv et nent
file of a controller of a treatnent Iasqr for use at an appropriate tine.
~Wth reference to Figure 4, an inproved gi agnostic device 40 is descri bed.

In a prefgctadr REhesk BFBtpuPﬂ VKIS esflblt 1§ aaﬂadﬁp%ﬁ‘gﬁ%t g‘{%ms‘% P kﬁ%‘i‘i SVement

described in Wllians id, or obtal ning a wavefront erration

of apatielggrs' - Lol | : il 43 of .the eye 42 are also

- shown. The aboz}s%%%ﬁéﬁ@gaﬁydﬁ? crghlg@ g%%f‘%&%zgmgnéf ﬁmydﬁgrg}“aﬁ‘&!“’f’%“%btéi ni ng
di agnosti c_}j s such as tho schematigally shown in Figures | and 2, a

~wavef r ont Sseg %g%fargﬂ‘gﬁa%@‘gﬁgibgt g@%ﬁ%}lo&‘séﬁﬁc@#&#ﬁ RYC Y sentirhtthe aupy a37

- October 2005 17 represented by nuneral 46 in Figure 4, and a fixed

i 1 umi nat | BRVRGEYe fags Gby pupihéd. IBBC%@d0¢a§mn36io§mmmsqiutepmﬂ Jasiswel |

under stood by those skilled in the art. According to the invention, the

i npr ovenertdetaatiped wikh resppitde ithegeykilastinark BRvwhiclt isahe $ameadsi 638 lirlh@gk 348 Wit h

a variably controllable visible illumnnation fixation target so that the

di anet er Ofaghe30'.pud lidibabldgd @rpaddseatt ‘a8vAYARER rdlBrehRAPGRE HeLa@PlALN t he
diagnostic iris inmges as .described herein above. In an alternative aspect

|agnost o iris im ove. nefive Sspe
Che. contr o1 [ abT e uy ol b ey T o Aoy onengSt i Bieil g TRegiad dinSbaleabf o, oo
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techniques well known to those skilled in the art. This vector displacement is then used
to adjust the position of a calculated laser ablation treatment profile to be applied to the
eye having a constricted ﬁupil based upon diagnostic wavefront information obtained
from the diagnostic image of the eye having a dilated pupil. It is advantageous to obtain
the diagnostic images of the patient's eye and the measurement of the displacement of the
cénter location of the pupil in infra red light so that pupil size does not change during this
data acquisition. Once the vector displacement of the pupif centers 1s determined, this

information can be saved in a treatment file of a controller of a treatment laser for use at

an appropriate time.

With reference to Figure 4, an improved diz.ignostic device 40 is described. In a
preferred embodiment, device 40 is an aberrometer such as that described in Williams id,
for obtaining a wavefront aberration measurement of a patient's eye 42. An iris 41 and a
pupil 43 of the eye 42 are also shown. The aberrometer 40 typically contains an IR
camera 44 for obtaining diagnostic images such as those schematically shown in Figures

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




Al ternatively, (not shown) the device 40 could be a cor pher
such as gn, I hsean 11 device adapted with a controllab Zﬂ/ﬁtib%g?gﬁf
i |l umi nation source as described herein. Likew se, devicd40®{{PB*be a

pupi |l oneter typically including a contrp} | able wvisible illumnation source
for pupil dianmeter control with the inprovenent according to the invention

bei ng a wa¢pfes@itéd BE AGINBE G6TR 405 KK r nd . sof re
pic ¥ PRR¢ 405ndOA HREd h?{?ﬁéﬁatpﬁ{ fAvars.and tarpet i%e

conponents that would provide wavefront aberra or mat’ron

eye underysel#&H Aighineht Suste Q_Lllﬁg cordi.ng.to the jnvention is

descri bed with respect I%u?)p . F%g%gq‘gg eﬁljs)% Oesfgnsgye‘?g’ ‘E‘C&f‘aﬁrﬁé’{‘ﬂ% ¥hd

“therapeuti for. er eye sur.gery that . ipcludes a diagnostic part

52 and a 1158 SpOE BLRAS Tt SoRiaS st ntieioa fived lainaion fisebadeeciets

di agnostic J,nstrunent 40 descri.bed with respect to Figure 4 and a

di agnosti SV} Bdad C%mt“%é'le vistblg ilhypingtienyfixation darget soghatdhedienat ofithegn t he

diagnostic iris 1imnges as represented in 58. An ultimately aligned

constrict f¥PHUH Pf dhcapatiest’s €y¢ ca be7changasbter olBimSthe diBgrionw) érig amagggsgsr i bed
y

- herein-above) is exported fromdiagnostic part 52 as illustrated

r ef er ence dgscribied hargin aboveet in @f alerhativenmpect iofagie cdifodinidn® IBAS the
I ncludi ng land based and w rel ess comruni cati ons, conputer storade nedi a

such as didekedlin€lhserts 239t EFighf 8 1Mt coRfroR4HIE vidhaL i T
treatment part 54. Laser t_reégt]rrent part g4 i r‘lrglzllyd\eégﬁtg atrnglrég?r%rﬁ%%filrlﬁ)s? I mage
capture deyenming4 alotiaRt Hifki e Gk 85 I an:pﬂeée'n%edl rE;'ilrg%ontrollable visible

illumination sources 49,

Alternatively, (not s;hown) the device 40 could be a corneal topographer such as
an Orbscan II device adapted with a controllable visible illumination source as described
herein. Likewise, device 40 could be a pupilometer typically -including a controllable
visible illumination source for pupil diameter control with the improvement according to
the invention being a wavefront sensing component or other known hardware and
software components that v;rould provide wavefront aberration information about the eye

under examination.

A system embodiment according to the invention is descn'be.d with respect to
Figure 5. The system 50 is a diagnostic and therapeutic system for laser eye sufge_ry that
includes a diagnostic part 52 and a laser treatment part 54. The diagnostic part 52
includes a diagnostic instrument 40 as described with respect to Figure 4 and a
diagnostic processor 56 fhat is programmed to sort, correlate and align the diagnostic iris

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




having a constricted pupil of eye 42', a treatnent Iase??g)rzc nd_ ot her

conponents such as an eye tracker (not shown)- In an a 5aspect of

this embodi'iEN/**he entire plurality of diagnostic iris Fylegiugass
‘represented at 58 is exported to treat t part 54 where processing
har dwar e and software represented by prttessor 66 sorts and correlates the

di agnost i Griagé $ad AREAGeCRICR 6LEES ekg&tt P 6&Q{i!é€r£6§ti dHn@ %Eea(«ltip%‘?@e’ggﬂbt he

constricted pupil treatnent imge an corr ondif'ng “Cons upi |

di tiCaptlsS..i I .al t th | cul ated |
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sone cases, | . be preferable to have a processor 56 in the diagnostic
part oo et G SRR tOS oMY RS Es R S Mo ovivkor €Reviadber e

and location of the processing hardware and software wll be determ ned by
surgeon prBieaied nk othergnetwodss) sisl, coj lases treatroepti paro fd.s of dser treatarenbt fpartdSdr e
conponents. In a preferred aspect of the system enbodi nents descri bed

her ei n, t heclpdescekstmentSitis amage cattard devich 6di fog obainig thestkdaufetirid Gmbge
adapted to calculate a vector displacenent of the pupil center between the

di 'at ed phpavingd egseisicdpupilageyan, i ReattRns lakécdeshdidtRéd conﬂ'jo%gﬂ@%%l?a:; nmge.
This information is |ikew se exported to the |laser treatnent part of the 27
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where processing hardware and software represented by processor 66 sorts and correlates
the diagnostic iris images and provides the appropriate alignment between the constricted
pupil treatment image and the corresponding constricted pupil diagnostic iris imagé.

Processor 66 may also control the calculated laser ablation pattern in response to-the iris

pattern recognition alignment.

In some cases, it may be preferable to have a processor 56 in the diagnostic part-
52 and a processor 66 in the treatment part 54, however the nature and locatioh of the
processing hardware and software will be determined by surgeon preference and

available iris recognition software and hardware components.

In a preferred aspect of the system embodiments described herein, the processor
56 associated with diagnostic instrument 40 is adapted to calculate a vector displacement
of the pupil center between the dilated pupil diagnostic image and the constricted pupil

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




| ;ol lows: A patient is seated and aligned with respect t%‘i‘)c%b%??@ic
evi ce (ewgm”ue;zﬁgrrorreter) that can provide a diagnosti'c Waverront
measurement of the patient's eye and which can acquire and PFrotéss?
di agnostic iris imges. The patient's ey$ is aligned in respect f the
aberronmeter with the use of a low level "visible illumnation fixation

target sugbteirhd4 to e padi mtti&sldﬁéﬂfal@dﬁﬁﬁﬁﬂlfgptﬁgi lhsedl| (P RRHEL éﬁu‘ém oRergEn the

range -of 6 to 7 mm Both a diagnhostic wavefront neasurenent and a dril ated
pupi | di agfgag;]&ﬁeyé%ighr;ﬁggcgﬁﬁﬁcggggﬁmed at this point. The brightness of
the fixation target is then increas until the patient's pupil dianeter
decreases to about 5 mm Another diagnostic iris inage is obtained and

stored. The illum nation level of the fixation target is sequentially

i ncreased so that diagnostic L.ris i es may. be obtained at various pupil
sizes until a h@’ﬁn’dé’fer%%&ge me"tse%. € ‘815?5\)\{1‘9“203#111?6) lystsgiad dyi example as nage
Is obtained. A pupil center shift is also calculated in the formof a

vector di JpieREnehtPatignt isheeatnd and@ligagdh withdicapaeb o i diaghesticndigdcea(elg | he
constricted pupil diagnostic iris inmge through |linbal edge detection.
~ Processi ngbtraerdoter)ehatnchnsprbvide nediagmstic atavefrentt heasuvdnidnt off thelpapnes ei&
system and/or the treatment systemtracks an iris recognition |andmark

t hrough  t aad whidh eheiuipsiiid protese difhodRARS ifiages! The PRb&'ste c%am'%&]’l?ﬂ y
align the dilated pupil diagnostic 1nmage with the constricted pupl

di agnost i GedpbdtSt thBBErorAGteARIAIAO 1P 1d based upon the
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‘(supi ne) LéncLer dthe treat ment system 27 Cctober 2005

oth a diagnostic wavelront measurement and a dilated pupil diagnostic iris image are

obtained at this point. The brightness of the fixation target is then increased until the
patient's pupil diameter decreases to about 5- mm. Another diagnostic iris image is
obtained and stqred. The illumination level of the fixation target is sequentially
increased so that diagnostic iris images may be obtained at various pupil sizes until a
constricted pupil (e.g., about 2 mm.) diagnostic iris image is obtained. A pupil center
shift is- also calculated in the form of a vector displacement for the dilated pupil
diagnostic iris image and the constricted pupil diagnostic iris image through limbal edge
detection. Processing hardware and software associated either with the diagnostic
system and/or the treatment system tracks an irié recognition landmark through the
different pupil sized diagnostic iris images to ultimately align the diiate.d pupil diagnostic
image with the constricted pupil diagnostic iris image. An ablation profile is generated
based upon the diagnostic measurement associated with the dilated pupil. The rotational
alignment and vector displacement data is also made available to the treatment laser

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




of uncorrected

_ rgbat i on. 1
i nvent i on §FA¢RIKLER SAWE AP etz Badhe ddentifigd igp fecogaiion landmarksysel thes theear |y

20 and a real tine imge of the actual constricted pupil/irig i t ai ned.
This treatnent iris image is then aligned with the subgﬁmq%gi@p
correspondi N W'dYnostic iris i mage having generally the BaHBXEIRFI si ze
via the identified iris recognition Iang rk, so that the calcul ated
ablation treatment can be rotated, transtated and otherw se adjusted to
provide a3 i RaPafidiRlke bf £AL i conshi ‘ i rihSpattern ..
recogni tion software cannot detect asﬁlclttér?f%‘%\{glﬁl r’r%?ﬁta{"ﬁgt T@'asnueﬁgn?qtdgﬁed
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Al.t hough preferred enbodi nents of the present

understood that many variations and/or nodifications of the basic
i nvent i ve ‘@lwated ablatieniratmentaian be upiatet, wanslatgshanl otherwiseasipustdi tolpeavide t he

art, will still fall within the spirit and scope of the present invention
as defi ned: more¢ lhecuratppesatiachtc| i the avedt theeirds gy ddcophition 36AMai0BAInoL 005
21 CLAIMS: |. In a diagnostic and therapeutic systemfor |aser eye surgery

wherein a déteefan $fis CandmaBOGa0 tarfbd BhtlRAtwith AVgh RAEI b caftid@hds thdimBugeVi ce
that is adapted to neke a diagnostic mea;urerrent of the patient's eye, is
al i gned WwigaBedpiyfi PEddiE tis lzi@ﬂl%ﬁpéant&eu&ﬁtdt %%in?mﬁﬁll%) et[i%tlat%:/ ,ﬁg‘%glﬁ%{iﬁ??e gn by &

device which 1s associated wth a -treatnment [aser system

spite of uncorrected rotation.

Although preferred embodiments of the present invention have been described in detail
herein above, it should be clearly understood that many variations and/or modifications
of the basic inventive concepts taught herein, which may appear to those skilled in the
art, will still fall within the spirit and scope of the present invention as defined in the

appended claims and their equivalents.




pattern recognition techni que, the inprovenent characteﬁb%jgg§¥20@p
nation | evel on

illum nation control device for controlling a visible illum

one of the patient's eye being exam ned and the patient's other eye (not
bei ng exam ned) wherein the visible illéﬁination | evel controls the pupi
di anmeter of the exam ned eye; neans for acking a sequential plurality of.

di agnostic iris imges each having a different pupil dianmeter ranging

between a dil ated pupil size and a CO@]ZMI{/I;I ed pupil size corresponding to
the controlled visible illumnation |e , dnd each sequential diagnostic

iris imge ipncludjng.at |east part of an iris recognition |andmark the
entirety of whi cﬁn F‘gh SR tPerpRBite SB@FM‘@W%%@YE@H@@FX wheging digeerstic c

pupi |l inmage.and the dilqtediﬂiagnostic pupi | i mage; means for exporting at
| east one of ™P#eOlf BYHITHET FX h#ti1§ opigisd dytadevire thatds pdaptedotatmaelre a diggnastic and
means for aligning the dilated pupil diagnostic iris inmge, associated with
a di agnost MEAREEREN QTR PRiigE Eysaiis Bligied with ¢ trsntmend ipags of e ggtiassieyei ri s
i mage;. and nmeans for aligning the aligned constricted pupil diagnostic
iris i mge Wtk eieined byewevice which is asgeiatedvitiga treatarent et sgstemy plal andfis a
size generally corresponding to the diagnostic inmage constricted pupi
size. 27 Ccpofben r@0ghidR thniffhe system of claim 1, wherein the neans for
aligning the dilated pupil diagnostic iris imge with the constricted
pupi | di agntstimproveirgni chagetdrized bges a
an illumination control device for controlling a visible illumination level on one
of the patient's eye being examined and the patient's other eye (not being examined)
wherein the visible illumination level controls the pupil diameter of the examined eye;
means for tracking a sequential plurality of diagnostic iris images each
having a different pupil diameter ranging between a dilated pupil size and a
constricted pupil size corresponding to the controlled visible illumination level, and
- each sequential diagnostic iris image including at least part of an iris recognition
landmark the entirety of which is not identifiable between the constricted diagnostic
pupil image and the dilated diagnostic pupil image;
means for exporting at least one of the diagnostic irs images to the laser
treatment system; and
means for aligning the dilated pupil diagnostic iris image, associated with a
diagnostic measurement image, with the constricted pupil diagnostic iris image; and
means for aligning the aligned constricted pupil diagnostic iris image with the

treatment iris image having a constricted pupil of a size generally corresponding to the

diagnostic image constricted pupil size.




di agnosti c stage processor cooperatively engaged wth taﬁﬁdlogﬁ%ngﬁtl Cc i mage
capture device. 3. The systemof any of clains 1 to 2 SHOPH e neans
for exporting includes at |east one of a wired connection, a wreless
connection, a conputer file storage nedium 4. The system of any of clains
1 to 3, wherein the diagnostic neasurene®d? obtained by the eye diagnostic
measuring device is suitable for obtaining a wavefront infornmation about
the patient's eye. 5. The systemof any of clains 1 to 3, wherein the eye
di-agnosti ¢ Peasulhegystem o€ cliimclludderein thei meamvae alipting ehel alifatd. phpil The
systemof any of clains | to 5 wherein the illumnation control device is
separ ate frduagdséic diragimagel withedeucompidel ipopil diagidide siyist Bragf iMesTa
claims 1 to 5 wherein the illumnation control device conprises a

vari abl e i | Hiaphoseit i seapef pmaéss@ﬂcé@feﬂ:@f&:el@n@hgagecﬁ%twuﬁ:gaﬁgﬂ%n@Qfﬂagé‘%%tui?é the
di agnosti c nmeasuring device. 8. The systemof any of clains | to 7, wherein
the i nproveg®ate.is further characterized by a neans for obtaining a vector
. di spl acenent neasurenent between a pupil center of the dilated pupil

di agnosti ¢ 3 mageTROEhstdAe o PR Jf)f Qe tooi \L}kb‘;elﬁmezfn%h%t @E‘ BX@(H’B{I%in%Hl%gQ gstic

i mge. 9. The system of any."o a| ns rern
di spl acenen n nmhu ence position
to the centfg?St%EQtaﬁée%gtc?ﬁr%cﬁa |E§é§§§ Iténngcgl?n acﬁ’"u'r’éw fﬁ?%ﬁ P}f@%erei n

said di agnogt Ic 'Pl?evs'y%{%m' 5f & any J¢ %Bn'ms? [In%o g, wherein the diagnostic measurement obtained

- by the eye diagnostic measuring device is suitable for obtaining a wavefront information
about the patient's eye.
5. The system of any of claims 1 to 3, wherein the eye diagnostic measuring device
mcludes an iris image capture device.
6. The system of any of claims 1 to 5, wherein the illumination control device is
separate from the diagnostic measuring device.
7. - The system of any of claims 1 to 5, wherein the illumination control device
compﬁses a variable illumination fixation target and is an integrated component of the
diagnostic measuring device.
8. The system of any of claims 1 to 7, wherein the improvement is further
characterized by a means for obtaining a vector displacement measurement between a
pupil center of the dilated pupil diagnostic image and the pupil center of the constricted
pupil diagnostic image. |
9. The system of any of claims 1 to 7, wherein the vector displacement
measurement is a measurement from limbus reference position to the center of the pupil.
10.  The system of any of claims 1 to 9 wherein said diagnostic device is a

pupilometer.




27 Cctober 2005 23 11. The systemof any of clains | to r el aid :
di agnostic device is an aberroneter. 12. The system of 22%@%1‘6?% aslsm; | to

9 wherein said diagnostic device is a corneal topographer.
23

11.  The system of any of claims 1 to 9 wherein said diagnostic device is an

- aberrometer.

12.  The system of any of claims 1 to 9 wherein said diagnostic device is a corneal

topographer.






