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Acquiring Data and Aligning and Tracki ng of an Eye

The invention is generally directed to the <
WPAHHEE2E and treatnent of an eye and is n%éskg('&’"om

particularly directed to a system and net hod for
acquiring data of an eye of a. patient and a system
and nmethod for aligning and tracking an eye during

di agnosis and treatnment. WD 01/ 78584 A2 discl oses eye
registration and a stigmatismalignnment contro
systens and a correspondi ng nethod. An orientation
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refraction correction apparatus is descnbed The pupil measurement apparatus

-

comprises a video camera for obtaining an image of an eye ball. It further co_mpnses
a processing unit for caiculating a position and torsion of a pupil of the eye ball and
an indicating unit for outputting the calculated position and torsion angle. Th‘é_result-
may be used for automated adjustment during refractive laser shrgery. More
specifically, a central position arithmetic device determines the central position of
| _thé pupil which is compared with the reference position of the pupil. Furthermore, a -
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. *000002* WD 2004/ 089214 PCT/ EP2004/(1(13415 2 torsion
angle arithnmetic device receives imge data whi ch has
undergone filtering and polar coordinates/orthogonal .
MO B ZHhtion. In this unit the recei ved i MEJEPZYHPIGHS.
are correlated with previ ouslgy stored i mage data of
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rotational axis through a predeternined rotation angle
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The object underlying the present invention is to provide a system and method for
acquiring data of an eye and a system for aligning and tracking of an eye with
reference to an ophthalmic unit for performing diagnosis or treatment of the eye



. tenpl ate. The object underlying the present invention
is to provide a system and nethod for acquiring data
of an eye and a systemfor aligning and trac n .
NR20Q448214 ¢ of erence to an ophthal mc unit foPl%Trl&Q)2 Rhoflls
perform ng diagnosis or treajnent of the eye WO

- 2004/ 089214 PCT/ EP2004/ 003415 3 whi ch does not need
mar ki ng of the cornea and which is nore accurate and
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I'rst aspect of the invention a system
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first and the second aspect of the invention conp
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iris code based on the determnation of the iris
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Basically, the present invention has the ability to perform iris récogniﬁon of human
eyes which is used in two ways for diagnosis or treatment of an eye in particular for
refractive laser treatments. Specifically in refractive laser treatments the 'present-
invention provides first a “fingerprint* of the iris which is used to track cyctorsions
and pupil center shift in the patients eyes for the alignment of the laser'ablatio_n-
pattern. The invention is specifically suitable for compensating an eye rotation



. refractive laser treatnents. Specifically in
refractive |aser treatnents the present- invention
provides first a "fingerprint” of the iris which is
ye@eahoyesdtirack cyctorsions and pupil center BGT/ER2004403415
the patients eyes for the alignment of the |aser
abl ation pattern. The invention is specifically
sui tabl e for conpensating an eye rotation WO
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- I nproved. According to a prefeerred enbodi nent of the
i nvent.i on the ali gnnent/tracking of the eye is
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- The present invention provides the following advantages over the prior art. No
marking of t'he cornea is necessary. Due to computed iris analysis more accurate -
recognition of the cyclotortion is available. The invention aflows for faster surgical

-routine. The invention adds additional safety due to iris recognition. | |



. the present invention at the system . The present
invention provides the foll owi ng advant ages over the
prior art. No marking of. the cornea is necessar
DO 2#¢/%8Fputed iris analysis nore accurate PCTEF 04/603415
recognition of the cyclotortion is avail able. The
invention allows for faster Surgical routine. The
i nvention adds additional safety due to iris
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dlag.noSis' measurement three out of five images may be taken for calculating an
average wavefront For the iris_recognition one out of these five pxctures may be
selected according to one or two of the following criteria. There was no movement of
the eye when taking the image and/or-the image with the greatest size of the open
eye is selected. It is possible to use a video camera preferably wor.<|ng in the

infrared region as an image pick-up unit which acquires successively images or two

half pictures for each image. By comparing the successive images or the two half.
_pictures of each image a decision fhay be made whether there was any movement
of the eye. Furthermore, the image may be selected according to a comparison of



. average wavefront. For the iris. recognition one out
of these five pictures may be selected according to
one or two of the following criteria. There was
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the 0-0 point corresponds to the selected position may be compared Specmcally,
the average of the grey values of the pixels within the inner ring may be compared
first with the a\/erage of the grey values of the pixels of the middle ring to obtain a -
first binary value. Then the average of the grey values of the pixels of the inner ring
‘may be compared to the averagé__of the grey values of the pixels in the outer ring to
~ obtain a second binary value. Then, the average of the grey Valu’es of the pixels
within the inner ring may be compared with the average of the grey valu'es of the
pixels in the middle and the outer ring to obtain a third binary value. Furthermore,
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' mxe«glcm the 1dfe hant eside iohghé Or-aribt dhns alnstmalnehxblmnanyyvmues are

: frd
ioea 3 B BReMERGI T a8 A1 Bl Waa ol LIS povioua
postloagrayp hatdthegokywing fareat tif1 ODME', “pi v0OY “1D0AHE and the like.
m ddl e and the outer ring to obtain a third binary .

val ue. Furthernore, WD 2004/ 089214 PCT/ EP2004/ 003415 7
m@p&varaganbbdmiwt of the inedniies, the pdséiopis oml tﬁepmseaemrranged in

%3@}123&52#1 Ig?r 9rq q(%efahé %F@ﬁje t*?\g S@pgﬁ grg & tIIE rEGlar and
_lbb@tedum e cenﬂeg of mmmsalFurtberMQrermle iisAienbys wetlrdey. is circular and
Fx%eln erg{gs(f’gf tl%gﬂ%(¥§£1ggaes e égh‘?e;%fe%evﬁqu% h?JE foﬁ'qﬁs idealised

axrs 1s co
itvation ¢he leaj;hhaem‘ aofadidhéine piangsfrdaela@wptorm oXimqns/pupul border to a

: ?ﬁr¥glf3§|[1dl><g rhou% Vv eta%—ﬁsé]%btﬂqgome l?he %9 tﬂé stal?r'?e For such an

ri g axis |Is
idealisadesitutiion Be exaoigyef afpatthen gragyhavel aiebrality pheositions being

%S@e% &pat alnt?féf rP@iQPllrfésd\ﬁhlgﬁ a'i‘@%n%/ulgﬁg%p Sheldin’ on each

ues are eterm
&dladadme@epmrt ih@nrls/nihet botsex ant 1the ylsaanmbw@er speged positions

é'c?l T 4@ BT BEG 5@%! c@lﬂ' nﬂJrﬁQér”@ft circular rings
SRR TR0 3hGed o L

witiih éhe edea obti irisn{Therangiaridivened bﬂtweteiﬁerqﬂ@éuhﬂewﬁs preferably
r e t
Q(ﬂJeﬁ dng ggﬁ:?t BEAWRE glﬁéJ‘ar ﬂnéé’r?‘ Hetrabt E&GAN- snfde that the

uation t an eye'is circular
positionsarethe dadlial hneeareeaw@st@mt the-iris. Furthernore,
the iris/linmbus border |s circular-and the center

thereof is the sane as. the center of.the pupil. Thu
Such alteterenteapatiasd forsan ifealisad sibuative ahan e Wilfaem élne basis for

%u‘(\f&é{@é bt Qgeélre‘gl@ vitibre Wﬁ’é s/l thF‘de‘rrnHé;/ P& Rbh-cRefIg€ANd where

~ the iris/limbus border may be non-circular and where the center of the IrlS/lepll
border_ may deviate from the center of the’ lns/hmbus border. For such a real eye the
reference pattern will be scaled in é manner that the structure of the iris at a plurality
of positions may'be compared regardless of the size of the pupil in particular
regardless whether the 'eye is dilated or undiléted. Preferably, scaling of the pattern
- is performed based on the distance information between a certain point at the
.iris/pupil border and a corresponding point at the iris/limbus border. '



. corresponding point at the iris/linbus border is
almays the sane. For such an idealised situation an

a pattern may have a plurality of S .
B”é”’? 4’"“3’!"? anged on a plurality of radial, |iMne % %Esu:
are angul arly spaced wherein, on each radlal line

between the iris/pupil border and the iris/linbus
border spaced positions are selected. Thus, those
posi tions nmay be placed on a nunber of C|rcular rings

: ln\gggﬁﬁéﬁ er§t sz C?EH ﬁﬁqlllgneects &If‘esh%\}rnzq er@grga}ll yﬂb%uédgq a(Félrﬁéaaqgg for the iris,
suthst eagion tmgmmngamcmmlaamawe @gsng str\unterfeelczrbtrge ethanhand, for a
BT el e R SRRkt 378 8 A of PR Ry, s Bptpory sipater.
The tulumloi‘ the bimbas ixpbvays|the fsama. tlrlndahnbma&sfsout haartg be taken into

YRS L b P B ARIRAY R Firdreh oR L B B e
dilatecdheye. Thus uharphaaity ohpositidisearckttheashapé of the area of pwpstlgatnon

orih8 oMty BEHA & PedPrbE IS RRL R A Bt 8 hraarea

eysi, |.le. e dicaledings maynamrespond it ellipteabtimgsct ure of the

iris at a plurality - of positions may be conpar-ed

regardl ess. of the si.ze of the pupil in particular_.
Pneée;;‘ablglj ¢ sohbtdidrast toe beydories irdividwaly for eaulh sateetbd posmon

ARG Tt aRfblnhe oD BRE el Hitien b I b ERThatngE poin
ort the oditen ez:lfqmml the lpapitiend tmobomrespomdae@pzm og ttpmedge af the limbus
obl el sy o4 182 181Gl of e HRRIIRT &/ e taken i 2 gpli factor.
Aapeding o ag exasmud, Itwpwrdwsadﬂmm ﬂremgbe aea@rfaﬁnh& ‘is/pupil border

c{ ih% cf‘en%f{'cgf@e lﬁgljl r"?\?Hg %rohdé? fﬂagﬁ el gad qﬁ% ggﬁw\f qnt%r ﬁ'(]:ﬂlgg with

the urpi/ﬂmplh boréhé romyet tharitis/irmbusibesdenaret deaneeted hy§ald Ime
correspondingly smaller. The ring of the-linbus is

~always the same. . In this analysis it has to be taken

Adaording m:equatenteldaambdrc&meemfdhe dafivenkien p‘m‘sﬂructmye #eP80 positions

lS%Hn g’%? %r d rt@[ﬂ‘?% bﬁ%@rﬂpt%«ﬁstﬂg gs ‘Hﬁltﬁé %‘?ﬁ $rther 980

pasitoans eare ofseldnf@esiletegmnlml howrgraatithe maﬂgas rarp@; ithe cgnexoivalues
Béth%qgg{s sohrd rlez)eg{edfﬂ S?{;{cﬁe Qﬁarf}:fé oﬁ?érﬁfeﬁg%ﬁ%‘%ﬁ Eerelat_ed_ to the

ditfenenes pbg@ytwaltasl Thu$ wetbtal Br9g9.pasitiehe aaebalyalysema
"'scaling has to be done individually for each sel ected
position. According to this principle, the

Theelimage msodgssifg unié 14e popvidest imade datac byl raraysing said posmons

_ arpéded in said pattern. The image data are provided to the generating unit 16. The
geherating unit 16 provides an iris code with reference to position data obtained for
the eye under investigation. The digital iris code in the system describéd above will
have 3.920 words, each having six binary bits, for example “110011”, “111001”,
“100011” and the like. This digital iris code is unique for any eye of any person and
‘may be uéed for identification of the person. The digital iris code may be arranged in
the form of at least one matrix. This matrix may be related to the pattern used for

choosing the plurallty of positions of the iris. |



. on the outer edge of the pupil and the correspondi ng

point on the edge of the linbus for the dilated eye

~and the length for the undilated eye is take <
s¥QA et or. According to an exanpl e, t\/\gcgr&pﬁmwom
drawn fromthe center of the iyis/pupil border and

the center of the iris/linbus border are parallel and.

the point intersecting with the iris/pupil border and

the. iris/linbus border are connected by said line.

AC GO L ' $ABIZAR the digital
RISl BlGraghepagonaphal abORohpts ¢ digita
dest ecds ajergyovided dman mprw/wtptw daviee 2Q.luetpietered empediment these
' Lit daf & B'fBlga tient.
{17 BT P degBO PO el Sy Sk B0 o
dftedl gatasmay eertaedat\ @dlafeardlegﬁ@eﬁecpr icerimget of ther rqueqiw eye of a
V\,hllcrq is related to the difference of grey values. - .
ﬁﬁJS i'n total 3.920 positions are anal ysed. The inage
proceSS|ng unit 14 provides inage data by analysing

i’!—a doPgRitd anse 1e%%t@nﬂﬁ§rdhen s& 4. ;ﬂ@\te'i'l%ﬁnsecéﬂﬁ %rﬁﬁ&ﬁment of the

Ya“are prow enerating unit 1
gemlamwngcm nbmplisepa dased ég a@omrolswwemﬁeswﬂﬂ scanning means 36.
C HgA&it 14, an

Iﬁves e?gcg rﬁr?ns%g.r# @Q%Q?ﬁ% -@PLakned ernofmaé?%r@dégsx GARi

I'ri's code In stem
- desgei @mbramenmm arghge l@@@@ltmﬁrdﬁylceea%hlfhédﬁlﬁ@“ a second

g ASG YR U o plAlecR ARl rephifitidn i 14304 10 ar aenaea o
faw angly la)aemahnwopéhefdrﬁcekm in g disectipseef theZ-axis is possible as
hgﬁ%tgléése%édng%llg;v the person. The digital iris code :

e arrange the formof at |east one matrix.
ThIS matrix may be related to the pattern used for

CES R IR 5108 e, B0 e 1 hion may oo

| Fluegad with aey Beaeebialgiguat der mmma%éemmewomf%atmem of the
the digital iris code are provided to an
but / out put device 20. In a preferred enbodi ment
these dat a t oget her with reference positional data

a}‘\e tl'?é g@?ﬁjm% 8t &R m:@oglsf@rr trdafidritesit the é_)hae adafgﬂalnﬁ'}t cede is

| at-er " di agnosi s or treatnent of

r g@pﬁ;@tep\;@ tl@@arae way a@dqugmed \pqt@ refgr%\ﬁ%\;\%thg %reh%qi@@m:shown in
' H ust ki @ Wﬁuté?fmé‘ cBB@f’@bF&i&ie‘é%O@@oﬁﬁﬁ%ﬂbﬂBﬁhgqfart bﬁsald control

ention nprises a laser 32, a control

3megn§1 3dcuinigh @Qn]p@&egsthggjngltql ins acgqehyfth @o‘ﬁ‘ﬁ?’ﬁ%@@ agﬁunred iris code .
' E‘l%gef‘d P £td#Bgd!fidanb2in B SxBRGR: BROWE SR P@viouslyi doquitdd iris code |

lS loaded from a chip card 24 by means of an mput/output device 22. Based on a.
correlation process, the present irls code and the previously acquwed iris code are
compared. Based on the comparison result it is judged whether the eye under '
mvestlgatuon is identical to the eye previously diagnosed. In case identity is-

confirmed, the sysiem accordmg to the invention will perform further diagnosis -
and/or treatment of the eye, otherwise a corresponding information will be outputted

and/or any diagnosis and/or treatment will not be performed.



. i mage generating unit 16, and an input/output device
22. In addition, a second image pick-up unit is
provi ded. Both inage pick-up units 12 and 13 are
Y YNyt an angle in a manner such that RGTAERIHYIHIS
in the direction of the Z- ax L& is possible as will be
descri bed bel ow. The enbodi nent shown in Fig. 2 is
just an exanpl e whereas the invention nay be used
Wihem campatiye thsf prepmtnww gisande withr theearédouslygequired digital iris
- diag I S:.a r N e t e — o
'ggi ﬁ&rﬁ%nglso%e% h%\{ RN éorgguartea for & ‘?}unﬁe tﬂereée)t}g/earotatlonal
pdisgional In aipreteoed érsbodifpaet aitheat thﬁ mmrtkamﬁecm oaghe iris code
fe e 0
%‘?ﬁﬁéq%‘%%me\” Jdg%r[ 3 aI Elf‘éqﬁs récc% dchﬂ?ef IEF Q ﬂ?&&ﬁ%&%gﬂ% Huch that a
Ch@tapamsat:ode lie iohtpinest for sfack adng ebnwsmtble rotatinsal3gosifinrshwithin a
rBfé'ﬁBﬁ‘él nPQ of (p'r&é;ta@)‘y 1Y '1§° Clﬂqgtaw tereng{/ ertrjw\:él QAJ?A%[O% positions
t@ﬁaﬂmnethe reaiaulatios q@wmeo@rsa@? mc‘qdw that ithres retatlenalipositions are
f
ég%?@gtegﬁpé:%ge%’ W'%tﬂeé‘é?%| gﬁ?glﬁg% m?ﬁu\ rE;B’Hé%é&H{g% digital
it esdamvblaines aidbe digunosisesitprraay be@bmpaoeﬂmneeach ic§ 84 matrices
r a S; Iyt o
c%@?adgg godas\‘;\e%gteﬁ 1%9 :é%ééﬁtg d@ﬂai s %ﬁ\@gsf@ﬁég@e (f fh g4! different
matgoes todlthe oortrmoesheg ﬁﬁevtaﬂgealpomtlaga obanlimage m\ee of an eye of
o) t
dn%?%réf)ﬁ/ cb§ld tfe H&é?ﬁdgrafnasf%{tafféVe?%%gbéSFpéébHQ %%h 5}% compared
tortbat mekix gbtamed alythe diabeesis sﬁ@teaﬁcdemmuung determines the

R Al i sl BRI fopoa v

cedy beprpuadified sver qgredetﬂﬁ@me@dﬂpge Phiglative rptatismnt
digital iris code with the previously acquired digital
iris_ code both iris codes have to be conpared for a

Aogatsing b theoprgsentdnyesttian ithe false g@écpl’t pRabilitynis fchieved where at
146204 f aﬁfﬂ?r%‘y %Wes QoHBShorid @ PASSEREN Id {h &%Qf%uglﬂ/ acquired

the iris code Obtained at the diagnosis site

rpatey ag Lﬂ%i’é&?ebﬁ/métfm)ﬁlef ithsafragix enirespending e e dlg'tal _""S code at
tHé %Eﬁ‘ﬁedtrsnté aﬁe%y o'f fhaffdedigh é’\ﬁouei\Lst%?éanHé‘ sfstem.

possi bl e rotational  positions wt rof ati onal _
range of preferably +l- 140. In total, there may be 84
ﬁ&h@gﬂﬂﬁﬂén@gﬁi tions based on the calculation of

‘Tange o provided that three rotational positions

are recal cul ated per degree. Wth other words, one
THe@hidmal %h@(nrﬁ@rﬁ?crcﬁscﬁéﬁdd%& she &Hlbr Hrresponding treatment data is

performed based on the feature of the iris recognition unit. When comparing the

m

. present digital iris code obtained from the e)}e under investigation with a previously
acqunred iris code a correlation process is performed for a number of dlfferent
rotational positions. The result showing the best match between the present dlgltal
iris code and the rotated digital iris code is taken for determining the rotatlon_al
deviation 'of_ the eye at the treatment site with reference to the eye at the diagnosis
site. This value for the rotational deviation is used for the rotational élignment of the
~ ophthalmic -unit. With other words, the -diagnosis data and/or the respective
treatment data are referenced to the present p'ositio'n of the eye.



.iris code obtained at the diagnosis site may be

conpared with each of 84 matrices cal cul ated based on

the present digital iris code. Effectively, 5
G‘V?F@'ﬁ’g?ﬂz ‘matrices for the corresponding 84L99E‘82%04/003“
rotational positions of an ingge taken of an eye of

one person could be regarded as 84 different eyes of
persons which are conpared to the matrix obtained at
- the diagnosis site. A determning unit determines the

Al aaRafBh! Sl gBrsQﬁtlg‘@%bI@%ﬁnd?HS\ﬁﬁ’ 8h d dbaBianaatment
sald previously acquired iriS °‘code being nodified
eoer: I tl:weetnrelemrnthﬁee@yer Brigtatienake figplagad Mﬂ‘arﬁﬁaﬁd o the position
: r fiRs EMhersfbreNhg NabiBforf ﬁ@rrf'f%‘eﬁhed from the
'@ﬁ%%ag?{%érg?ir%cqﬁllge TNﬁere at9 aeast S%o al '
wavefronty dnfoenalissr r&s fbad 4Y¥2uacIRbSIRENR!S T RGeS t° be aligned
Pérﬁé%EBHain%ﬁ fAC QMY rrSﬂtuor‘iH?tdnédacﬁmélheer%@él%‘r‘i arat. Yxahn‘t is usually
e. the mafrix correspondin he digital iris_code
ptesenihdeperdingrom thei sige a@fdt nPU@f 2t itteedmpRleFitgudhgrefore, a
ﬁ‘é%l%rla’i‘ éo'?r%cﬁé’r?taﬁﬁ‘ ro@to@\tal %B?rlec’eﬁiri GRS Cf)ogﬂ%n of ‘the ablation

rotati onal al I gnnent |a nosi s data an

paiterasigoprifargedr sapmme @%Iﬁaotﬁémeﬁeffqrbrth@op%%aﬁ @4 comprises
| 'B%ﬁalf ﬁ@thd% ‘ﬂ'ﬁe kbeshiftl shd HeODMtldnANpsstidn infeihation of. the eye. It

nparing t present digital iris _code obtained._fr
fdﬂ@eéyémaﬁﬂ%ﬁ‘ thervwgfrpg@ﬂf%wam Rt BepfiAve @orjrometer. Atthe laser

K" m’rrgéﬁémﬁ%jﬁeﬁa@t%r eligbhpa Fébﬁ@@&o‘hdirfg ReatRemePattern is

r a nu ferent rrotati onal posi tions. The
p@lguilateds s Hgatmeet Padembet k0 Bt aRRVRd tndnpcemss I o the laser

ghghtsl ar %)Eduﬁelclﬁgﬁ' ad duited QidreBnibicittRd chhtrd rﬁé’éi% 34 with a

I's ta determ ning the rotati onal devi ation o

ey meens 76 1o ARERERL PERUENTP] 1o BifeFeh teRina iy movement

BY feddyd BEtHdl ARASHSringSinketrealiieht Mﬁ'x-l?-tfa@ke:t B@ is used. This X-Y-
rotational deviation .is used far the r

t
gpp@{,fgﬁ@w%?r tq%@aggﬁﬁqu&|an§qgon rﬁafnerwg rb? rPé? err\ﬁgrqj_g?qdlment_

| iesdlionaasidra dBlifaatl tisdn tHedirstespearhit@avhdreaatheeirst camera 12
data are referenced to the present position of the

8?%‘”\}?5‘92095‘215"'@8’9214 PCT/ EP200- 4/ 003-415 11 At the
treatment site the person is usually laying down on a

bed below the treatnent laser. In this.s tuat .
Byameans ot K1Y HATRSNGE L9 SatPr R @Bl Bihq fildotie surgery -
RADWs! 1Y mebementi diehPeys withirsa settaingngel hecateotite epaynoves out

abl ation pattern derjv

OBITER FARGEDIRSEF tr%aﬁ@ezw@@éﬂ%aw@n@?ﬁﬁeﬁa%ﬁﬁ to . be

aligned corresponding to said rotational

ql'lhgpglar%(s:grrlrgengf tvlvon lrramlggdé tp%c -Up unltsx1¥ an& 15 Ielsngugrlf'gngé/d at an angle -

prowdes the additional feature of eye tracking in the direction of Z-axis, i. e. in the
height direction. Both image pick-up units are arranged in such a way that the image
taken from the first |mage pick-up unit 12 and the image taken from the second
image pICk up unit 13 will only match at a certain height posmon of the eye to be
treated. This feature allows to observe the helght position of the eye along the Z- .
- axis during the treatment. In addition a surgeon may. use conventional means for
- adjusting a patient before étarting the treatment. Such a conventional system may
comprise two laser beams, i. e. a red laser béam and a green laser beam which are



. present depending on the size of the pupil at the
treatnment site. Therefore, a translational correction
and rotational correction of the position of ' the
R U482 pattern is performed. Thus, the daf’tczl”z"2‘"“/‘“’34h '
obtained.fromthe chip card g# conprises digital iris
code, the X-Y-shift and the rotational position _
informati on of the eye. It ‘further conqjlses t he
cressiebratra ceridiornenti arihe Z-axie oz iamsystame Mhisnembpdiment provndes
I’Iehgd\}a%ag]e (Y By %Hhér%ue@réh@&mgw RIS 1H6 tRATiAREKs daken by
reat ment “patter
ther firat Mthep@tcped ﬂnmp@l@ruﬁéméﬁm tf@élt"ﬂ@ttnl*ﬁé/ %*6?'@@303‘\)/ interrupt
ags 5H%s & ﬁﬁixerﬁ?ﬂggﬁg%e BEEH %Whét@ﬁ@ %g\nen'"?s h& e 8ihe correct
ger ontrol means th a scanning
hﬁ@&hBOQWNIo the correct positions of the eye. For. =~
adapti ng any novenent of the eye of the patient.
during the treatnent an X-Y-tracker 38 is used. This =
Tike Yporesenic kwentiat ¢r e t596N| ifngs ifdiviava Hatyaddeseibed herein.
Pretorrtl eﬁn%%gﬁtw 1m@hr@nsre s assr SAGRERONE! inttividual

{'8F Shan the f1rst camera whereas the ifirst
fesduneszoritpe dempinationgdfegrores of mdlvma! ByatHiegndessfibed herein. The
sé%e[%\é Sfytﬁey r8&dth Wehh?r} l%bkﬁ‘ﬁlhﬁad R?fh'éjﬁ@fe"i‘r%' érﬁgocﬂh'\%hﬁgdescnbed

ractive surgery tows any novenent of the eye
hefeiti n a certain range. In case the eye noves out of
this range, laser treatment will automatically.be
interrupted. The presence of two image pick-up units
12 and 13 being arranged at an angle provides the
~additional feature of. eye tracking in the direction
of Z-axis, i. e. inthe height direction. Both inmage
pi ck-up units are arranged in such a way that the
image taken fromthe first image pick-up unit 12 and
the i mage taken fromthe second image pick-up unit 13
will only match at a certain height position of the
eye to be treated. This feature allows to. observe the
hei ght position of the eye along the Z- axis during
the treatnment. In addition a surgeon nay use
conventional means:for adjusting a patient before
starting the treatnment. Such a conventional system may
conprise two | aser beans, i. e. a red | aser beam and a
green | aser beam which are WD 2004/ 089214 _
PCT/ EP2004/ 003415 12 crossing at a certain point at
the Z-axis of the system This. enbodi nent . provides
t he advantage that by continuously checking the .
mat ch. of the two i mages taken by the first and the
second i mage pick-up unit the treatnment may
automatically interrupt



. as soon as the patient is noving the head so that the
eye is no longer at the correct height position. The LLOYD WISE
present invention can be seen in any individual
feature described herein. Preferred enbodi nents of
the invention are based on the conbination' O .
i ndi vidual features or the conbination of groups of _ :
Aindividual features described herein. The scope of
the present invention is notijimted to the preferred '
enbodi nents described herein. LLOYD WSE 13 CLAI M
1. Systemfor acquiring def aisan eye of a patient
conprising a diagnosis unit. for acquiring diagnosis
data of the eye and. an iris recognition unit further
~conprising an inage pick-up unit. for acquiring an
-image of the eye and conparing neans for acquiring an
iris code of the eyeby conparing grey values of at
| east two individual pixels at_or..in the .. . : it for
1. nei §htiearfhoeehvisingadast of 20 Ty o 2 PﬁB%‘}Qtﬁ‘%“ﬁé‘.s‘“E.a agnosis umit Tor.
system of. £l.a 2 biuhé BRrangonpri si ng processing neans .
for a%qe%:gglgrﬁ‘g %%ﬁgg%&%oor di_ﬂ?tr es. of a pupi.l, cent:efor 8quidie an image
eye.an&.is%W&P‘MFWTPWmEm\%e%%n t{ﬁe di agnosi s . |
- dat Q,F AW Oknd Phphfih Smens eorandfitng arhisis sedr afthe yyfe byfempanne erey :
pupil of "the eye are.relate OB H; Rbdaadfea plurality of - _
systvelves af a‘S&?éslIé_WPd’Fd“éﬁ? &gé%gﬁ%sﬁl tfo 1:%fﬁe?({nrther s S
conq;ogi%ggg storage neans for storing ataeast two of
the foll ow ng data, the diagnosis data, the iris code,
the coordinates of the pupil center when the pupil i -
2 N0t el 3fsteh atdchiine Lobrthen A0WPrigng t PRCHHPE | m&%ﬁt & 4Sermining
when thd?%a%i"a'pé!%i?ceq{e!r@m@'ey@ data designating a _

pat i €Rt a pective eye and data regarding the

~acqui sition of data. 5. Systemof any of clains 1 to

4, ‘wherei 18 (i AI0RSks thdihgioeiddatasad/oatheatiesadg rad/ey the center
. 1 ere - ’
3nhi \ggysﬁeﬁér}é:t}%rgl y ?ang res di agnosis 'd&t L9 t%npe eye of-

a pabf theipupittod theeys prettpiatgd tha FIGRPD COPPRFEF ALY a o
- Zywave aberroneter. AMENDED SHEET o
4 System of any of claims 1 to 3, further comprising storage means for_storing at\least

two of the following data, the diagnosis data, the iris code, the coor_dina-tes of the pupil

" center when the pupil is not dilated and the coordinates of the pupil center when the

pupil is dilated, a data designating a patient and a resPcctivc eye and data regarding the

acquisition of data.

5 System of any of claims 1 to 4; wherein the diagnosis unit comprises an aberrometer
which preferably acquires diagnosis-data of the eye of a patient who is sitting gp right,

_prefefably a Zywave aberf,ometer.

AMENDED SHEET



. LLOYD WSE 14 6. Systemof any of clainsi to 5 .

- conprising an i mage pick-up unit, preferably a video LLOYD WISE
camera which is preferably working in the infrared
region. 7. Systemof any of claims 4 to 6, wherein the
storage neans conpri ses.rreaElZ for reading and witing
data on a data carrier, preférably a chip card. 8. .
System for al Lgni ng and_ for. 4racking Sftkap ugiepreferdvly a video -
paty e 'W%#%“é’?%ntgg oggpglﬁ&%opht h%el%c gnit for - .

. perhR&aivhghas plcfesabiswerkingdd be infraset HBAR- of the eye
conprising neans for providing a previously acquired
iris. code of an eye, of a patient, an iris , . : féadin

7. T eGYgBintof afly ofil4ims dre hevhecompeistoratg MeAnS SPERFE ST TR for &

~-unit for,_agguiri ] tiig carBye and conparing.

medhd ME5Re é%ﬁﬁf’rair&%ﬁ%ga}ﬁeﬁ’ |g§%bg%ae bg conparing grey
values of at |east two individual pixels at or in the
nei ghbour hogd of Pl akkihy off | §fi Hpatient wittereference to an

8. .eyg'sﬁiﬁ‘dé’rr @ﬁ\'?%ét%éia}toyon .asélg S?S?Ent. iris tgode, and.a,
congpatalutie ufiofor perfpraninarydiegnesip AR eeaRgns OB S GOFHT S 8 -
previ ousl | iJuki§ £Q6ieed @8 tope OF iaflieng ofi a patient, an ins
corfﬁ%\alnfi%%pr%g%ukqg[?%mefe?n sai d opht hal,n%c UNit o oo image of the
per ecogniios ainil furthien gerorrisinZAtdmage FiFlslR HEhi™ 8?‘1“?%%% eye ©
}M(;Z%t °is :clgg%gm ISR Hegdtulring & iGik @3dCby toaparmg grey values of at

_ on determning |level. 9. tem o ' the

8, lsited indsadup! etrelic Ot Brig B?’r%*f‘i%g’é’“%g% Bmf"g‘ffy 6t Psiblons of the

perg)gn;;qg&qnvegegaru%ha;ams@e&m_eae,smd present iris code -
sal

and previ ously.acquired i.ris caode, ' b iri 'code '
ot e compiskps e GaEPReLE O arac i opil» iy dogited i o

POSiid OfbviHibs SAicEmpirBwh Qesilty . wheatn seide dplithilmicc ggt pesforms said
related to a second :rotational PR o s e ult is greater than an
o d FRBRSES; B9/ e gt °{1€"8i"f’§7 WheR S5 cofd Sent iris code
- andiRhtifidaBopdersrindniag Jevelcqui red iris code such the: '

rel ative position between the first rotational

position and the second rotational position is ' :
9.chamgaem ahdlamd8t evhereih ngidusPEPFPT FEFRFHSn AT S A¥ perfomjg _
hi ghest. cor ' LueehisSaldd Rides@niprdvidusly agdized iris code, -
and SSFA B é%”g%ds?%dg@qyi red iris code bein mod f %gcgpréviously
overwterqn edibpmsant freFofaitgelateg fo  BIhERAOFARETTON. 0. .
Syst em.of; (’ﬁ{ @d?ﬁsgrelam% Qisétohd oriRallposieon,i nvest i gation

0

is dfighe e ophthalmic unit . by said.r i '-d
shi f4 modificasiop owiti fag mOgifyiRg the RIFRERY irlg bty e bRy acquice

the RS %g’&%cﬁ fleSrelative position between the first rotational position and the s§COnd :
rotational position'is changed, '

and a determining unit for determining the highest correlation between said present ir1s

code and said previously acquired iris code being modified over a predet.e_rmined range

of relative rotation.

10 Systéfn of claim 9, wherein the eye under investigation is aligned to the _opht‘halmic umi: |
by said rotational shift corresponding to the highest correlation betwgen thq present ins

code and the previously acquired iris code.
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- code and the previously acquired iris code. AVENDED
- SHEET LLOYD WSE 15 11. Systemof any of clains 8 to LLOYD WisE
10, further conprising processing neans for-
determining coordinates of a pupil center of the eye
under investigation, mhereb& the present coordinates
of the pUpiI center are us in aligning and tracking

?1. hgyggxp é)¥man% ﬁ{ Sm?as &6 %o, ﬁlﬁhérh:%m?ﬁgl \MEﬁ ﬁld&ﬁmlgﬁhdans fo? deterrmmng

cl ai ms e e erein the present -
ophbdsxﬂinmw afind puwbnwmfs@fsﬂ‘a qyef yadet |1V§S“3§E}P‘be?’§ P

appa I L3664 FBAih RS Qhd bragkigdthe @gd widh reference
%‘g ?éf 09%%@;2‘%&2&& t he egye§ 13. System of -

clabﬂulﬁhmuhateMn said refractive surgery system
perforns the correction of refracting .defects based
on di agnosi s data previously acquired for sai d

. 12 14 Sy%bﬁt ﬁmIWfOfmm@ﬁ t@|1él Wgersl_nttbe thth%.@lle}uiug F%anXS a refractxve

first | s & calls Bmbis cx@@é& N¥erdof ddiRctidnesfatimickiondéfects of the
~ pr oF&PWGFaN T mag he eye to the iris recognition

~unidyeand preferably a second i mage pick-up unit being
‘preferably faster than sai'd first infmage picks;up unit

- for providing i mages being used for track
13 t Slystesf off daigel vhers %E%é?%eé“{%‘?{yt SystRl Peég“%‘y &ce%’%“u‘m of
gl 2{? E d,@ﬁ@(s%'aﬂ:d of 3la@ndsis dta pedowB ﬂl:qsmﬂﬁhd sdidrenge ' '

nit being arranged at.an angle to each other
such that the respective i mages taken of the eye

14"Bt 6N\Rsn 8t afy Bf etk @ IBEGOrh;&‘lsgigta ﬁr}sunaggrplﬁ up peit bying 2 high

undet” i nvest’i gat j. on. ste £ 431 dR8eforabl
confssPlEHeTfos B g‘}’i’e‘ﬁlﬁ%e? © Per orm ng H%&ém? agnosﬁ{sre erably &

andiQbnd @@k FRRtupainittteing @ycifexbyly Sastat taspipaidcfing ignagh pick-up unit for

when a match between Qe AferddcE 83 th@Bghthalmic unit.
sai a‘%@&@ﬁﬂ“‘? gust"q»it%rgaéun t'S ?se Yot ecied. 17, Iskh S

recognition unlt espeC|aIIy for use in a system

aCC r dl nqﬁ. anlgln¥4 Of p&ebidi SR first Qnd BaidCOAPHd Shalg ﬁlﬂk-up unit being
15; uni't Por acquiring an |n3%§ of th

an laﬁ‘amd aprao(aeglgng ga@npqheq #ch Jkat dhe,745P éwF Hngges % tHER’ of the eye
o P f t%%ig%‘éé s ﬁ%de?enﬂln% ﬂéx?ﬁ%ogﬁoﬂ’@ﬁthé epsndef invéstigationnge’

eye - a generating unit further conprising
conparing nmeans for generating an iris code based.

16 System of claim 15, further comprising control means for performmg the dxagnosm'
and/or treatment of the eye by said ophthalmic unit when a match between said images

of the first and said second image pick-up units is detected.

17. - hi§ recognition unit especially for use ina system' according to any of clain;; 1to16
comprising '
_an image pick-up unit for acquiring an image of the eye,
‘an image. processmg unit for determining iris information at a plurality of posmons of
the image of the eye and
a generatmg unit further comprising companng means for generatmg an iris code based.
on said 1ns information at said plurality of positions of the 1maae of the eye by_

comparing grey values of at least two individual pixels at or in the neighbourhood of .

AMENDED SHEET



.on said iris information at said plurality of ,
positions of the imge of the eye by conparing grey LLOYDW'SE_

val ues of at |east two individual pixels at. or in the
nei ghbour hood of . AMENDED SHEET LLOYD WSE 16 said

- plurality of positions. 18. Iris recognition unit of

18.

19.

20.

21.

claim17 conprising means ¥or determining the

iris/ pu?i | . border and/or the iris/linbus border,

whrdd plurslis A @O3He processing unit determ nes 't he
plurality of positions based .on the relative

position of the_ iris/pupil. .bor i FSSheat it feborder
i LisserqeRision URio PLE R ﬁ?&o?rlpplslgg P‘g%%é‘.ﬁ% CHEeon uﬁglet 'of@%lfpai'm

18, a/MEE BisNinsak Borded, at i ve position of said iris/pupil
border with respect to.said irislliifRis d1o9@bnd Based on the
c YheTriasaEd LPREE PGS tv%éeg?d&lﬁggée% ce_tr%{t e_ﬁio poi nt of

t h@aliveipBAiREPbS thbbisthapil hiribr wigsmperstt to sheairigBFbET PPBFnt

of the'iris(linbus border, and/or the length of a

radial line starting froma certain point at the . b' d

| riki$ fdebyiiionDmitckstrclaamd 8, whatein gaid relati eosisiep Oh et FisRIpHPorder
at the iris/|inmbus.bar . 20caidufidis bREQGRIA dedThtichiof a center
of Wigh (PSRt 9 ?fi’%s%’fﬂ%ugdb%&er %ﬁ%arlééli N said co ar.i,n/g - border
MeRnE of GEAIsRapil ol with repedsito atcengaepint b NeHHrGPRtL PO
pi xel s _at _‘or, i | GhboUL HoQde@in peiahat tiecisippagil berder and
po%qdf‘irgﬁlgfgﬂ%%ﬁqadrtagﬁulﬁkgel-l ty of posfti ogs. 21. Iris -
reaﬂgdgiathoafrretsmndixm‘p@éﬂtatmB‘G,/hf%m‘érb@ﬁdﬁr'sai d.conparing.
means conpares the grey values of pixels' present in

at | east one of the follow_ng regions, .an inner ]

S UIfsaedogiitign anipef a0y ©f Fatnslg<P (1P oRleTyn Fﬁlgﬁ?%parrlm éﬁ éaﬂ?coxppargs
sugr o%g;egq,fsa@ilgasit A6 inkividdal @Rel®Uk & inrihagpeighbourthood at each
suPdundi ng said mddle rﬁl)f_n% .the regi on above and i
betespectivehpssitien of s#id BRFAILHPOFAES r egion on the | eft

side and the right hand side of a vertical axis going :
through said parficul si.tion. AN RS ares the grey
r e ESQIFFRETHIPRUIY 0{3131&‘6‘? gprﬁg ?mvie‘%lear %Q%‘%agg% d. ggsr]%%r?? ng

ME3N5eLC BIMPAERS pABer Vil sigieast odnet dfe thyr fojloyana, eagies. an nner ring

pi xel s within one of said | O j : AMEhAGein®{ an outer
gr EYTHRAITE @ PASFCY T B8P OI\}\’/iat’%lfd%lea é%ﬁ%&gﬁgng hiag i

regi o .
anginplsediamgtshid hidsiaring tbs pigionfabp v ERREPELGELR RO and e

-based on g‘{%@e{idé D Ei{efrﬁg%t GRGESiAE of BScrREPEaS ighidg through said

22.

23,

av Er&gR v
valpdgticular position.

S greater. or smaller than a threshol d

Iris recogn;tion uhit of. claim 21, wherein said cornpa;ing means COmpares, an average
of the grey values of pixels within one of said regions with the average of grey values
- of pikels within a neighbouring region and provides the binary re?‘?l_t for each
comparison based on whether the difference of the ;espective av_era_ge_vames- is greater

or smaller than a threshold value.
Iris recognition unit of any of claims 20 to 22, wherein said generat_iqg unit receives the

compariécm results as a set of binary values, preferably six binary values for each

particular position and provides said iris code by arranging said sets of binary values 1n

| AMENDED SHEET



.23. Iris recognition unit of any of clainms 20 to 22, : o
wherein said generating unit receives the conparison LLOYD WISE
results as a set of binary val ues, preferably six
bi nary val ues for each particular position and
provides said iris code by arranging said sets of
bi nary values in AMENDED SHEET LLOYD WSE 17 a
predet er nt]err};% ddj%gﬁf c&%sﬁ@x?(ﬁ@‘@d g tré!add&eptﬁs&ioatslused in the image
posi& PEALHEEY ©n t he | frage ~ processing unit. 24. Iris
r ecogtdebdimguuni t of claim 23, wherein the iris code
“conprises said sets of binary values in the form of

at |least one matrix. 25. Method for uirin
Jan i rolopaidpanint SR A4 BHE5 BN THEAF AP Saay gyt bine

cI ai erf’ﬁ%eﬁén ¥%ﬂn20q€t et bedmbmk. al i gni ng and/ or trackl ng

erence to an ophthalmc unit usi ng .
a system accordl ng to any of -.clains 8 to 16. 27.

! Sirng G264 Yt tah e%larlﬂu&xtamﬁigem;amoa@pmgng to any of
ﬁ@mc’? & %7 to 23% AVENDED SHEET
. claims 1 to 7

26. | Method for ahgmng and/or tracking of an eye with reference to an ophthalmm umt

-using a system according to any of claims 8 to 16.

27.° Method for iris recognition using a éystcm according to any of clairps 17 to 23.
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