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In US 2002/0097378 A1 an apparatus and a mefhod for pupil measurement and a
refraction correction apparatus is described. The pupil measurement apparatus
comprises a video camera for obtaining an image of an eye ball. It further comprises
a processing unit for calculating a position and torsion of a pupil of the eye ball and
an indicating unit for outputting the calculated position and torsion angle. The reéult
may be used for automated adjustment during refractive laser surgery. KMore
specifically, a central position arithmetic device determines the central position of
the pupil which is compared with the reference position of the pupil. Furthermore, a
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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 ephthalmic unit for performing diagnosis or treatment of the eye
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An iris recognition unit which is especially suitable for use in the system and the
method according to the first and the second aspect of the invention comprises an
image pick-up unit for acquiring an image of the eye, an image processing unit for -
determining iris information at a plurality of positions of the image of the eye and a
generating unit for generating an iris code based on the determination of the iris
information at the plurality of positions of the image of the eye.

Basically, the present invention has the ability to perform iris recognition 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 ablation
pattern. The invention is specifically suitable for compensating an eye rotation
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The present invention provides the following advantages over the prior art. No
marking of the cornea is necessary. Due to computed iris analysis more accurate -
recognition of the cyclotortion is available. The invention allows for faster surgical

routine. The invention adds additional safety due to iris recognition.
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In the following the functioning of this system is described with reference to one
specific example. For performing the diagnostic measurement a Zywave
aberrometer is used. At the beginning, for example, five images are taken of the
undilated eye of the patient sitting up right in front of the camera 12. For the
diagnosis measurement three out of five images may be taken for calculating an
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 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 working 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 may be made whether there was any movement
of the eye. Furthermore, the image may be selected according to a comparison of
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in an outer ring surrounding the middle ring are investigated for this comparison.
Furthermore, the pixels above and below the X-axis and the pixels at left hand side
and the right hand side of the Y-axis based on a Cartesian coordinate system where
the 0-0 point borresponds to the selected position may be compared. Specifically,
the average of the grey values of the pixels within the inner ring may be compared
first with the average of the grey values of the pixels of the middle ring o 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 values of the pixels
within the inner ring may be compared with the average of the grey values of the
pixels in the middle and the outer ring to obtain a third binary value. Furthermore,
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Such a reference pattern for an idealised situationef an eye will form the basis for
any analysis of a real eye where the iris/pupil border may be non-circular and where
the iris/limbus border ‘may be non-circular and where the center of the iris/pupil
border may deviate from the center of the iris/limbus border. For such a real eye the
reference pattern will be scaled in a 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 undilated. 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. '
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pupil of an eye is circular and |ocated in the center
wo@Roonkgo2i4 i s. Furthernore, the iris/linbus borPEr/EPR04/003415

circular and the center thereof is the sane as the

center of the pupil. Thus, fg@r this idealised

situation the length of a radial line starting from

any point of the iris/pupil border to a corresponding

point at the iris/linmbus border is always the sane.
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suchas Iregi @ﬁd‘o@rh\ms@lgétl@h inbay abve adiiad dtiureseMDretheabther hand, for a
angu arly spaced wherein on each radial |ine between

dllal@qh@ye.r the pupilIis Rigersr arthdhe Rees Qf dneiivisis cesiegepndingly smaller.
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on a n Circul a
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arouéﬁ%cgﬁém B0 R tu‘i@ badidls &lﬁ‘f@["edﬂ ﬁr ﬂ?é*kiﬁ'ét%&a%ﬁd the pndilated

ref'erence att rn for an | I sed situa
eye, are.ghe omUlarfrmgmmayecbaespomcbto elliplicanidggsi s of a real
eye where .the iris/pupil border may be non-circul ar
and where the iris/linbus border may be non-circul ar
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eV|ate fromthe center of the iris/ .
Accaditly ta thismprirgiple, filke relaﬂ@nsinp@frﬂae darrg’ih\mf |d lingecemréaiihg a point

in ner_.that t est ucture of .the i.r t a .
on tHe'o e B8 of S bubl Rl thH o eeBhlbadift &n Hesdae o the fmbus
for thd glilaleticod ahBahBuBhdthi fBr B Uhalktel eyeeBaRERSSS a scaling factor.
whet her t'he eye is dilated or undilated. Preferably,

Accasdiag Wgafa)fexﬁﬁwl@,a't\ﬂ% ﬁffOWiSSdr}gW tiprethenaerter of theésis/pupil border

ond G LAGT A DR PEUET a8 STEMR NS o heccing v
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8 In.particular, for an undil ated eye having a snal
pupil and a large area for the iris, such a region

Accd‘r?{r]wgi }?réf%?rté Bgﬁinh?rﬁgvf%é'iﬂﬁrﬁ Jn“ﬂé“:%tﬁ]ct‘gé 5P§80 positions

is armmbedw&)rade@rmﬂnmgetherwmformltyomfrw&ps’mmmgi of Shallher Further 980
the |imus i's al ways.the sane. In

positati Gi Bspy TRAdetoTHACHRR 4'adh NECba0AeS AHATING orey values,
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difference of grey values. Thus in total 3.920 positions are analysed.

The image processing unit 14 provides image data by analysing said positions
arranged in said pattern. The image data are provided to the generating unit 16. The
generating unit 16 provides an iris code with reference to position data obtained for
the eye under investigation. The digital iris code in the system described above will
have 3.920 words, each having six binary bits, for example “110011”, “1110017,
“100011” and the like. This digital iris code is unique for any eye of any person and
may be used 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 plurahty of positions of the iris.



dil ated eye. Thus, the plurality of positions and the

shape of the area of investigation around a certain
weominsamM of the pattern is different for the PCT/EP®A4/003415

and the undilated eye, i. e. the circular rings nay

correspond to elliptical rings. Preferably, the

scaling has to be done individually for each sel ected

position. According to this principle, the

rel ationship of the length of a line connecting a

i th ) ) ' ' .
in 98 SsterR LA, RGO data 18 Ple AhbiBter 15 apne digia
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taken as a scaling factor. ccording to an exanple )
dat JBOBIEB W GRS IR AfzProFiarad o pghirigRrd for a patient.
e .
T T B8 R e b BladPRic bt RealfiBFop fie Fésr¥ofive eve of a
patient.s/ pupi | border and the iris/linbus border are
connected by said |line. According to a preferred
enbodi nent of the invention the structure at 980

Figpgs shbR8Sa dchamiaty frRGtrbAsn dst §L;??e‘fé|?@d tRoHAT EQIdiNent of the

of the structure of the iris. Further 980 positions

inventruwbichf compedses ai laseg3Poavcgntrat melaes Gvaagd scansingf means 36.
the grey values., . Bath .apal ysi e repeated for . .

it fyieh ePtRRg 0 imARECRERAP UARTE1 e B racsssing unit 14, an

imadief benergmgolingr 18, aad ugs inpineutput debiek 2980 addition, a second

. positions are analysed. The ihmge processing unit 14

imageaviciss unibifePeiced BAhAmggpmycCisapdiniiss12 apds! 3 are arranged at

on BASETRCS P P PR W0 816 -k € Bossile
will pecdlé stgtbedbelows code with reference to position data

obtai ned for the eye under investigation. The digital
iris code in the system descri bed above will have ‘

TegiERpRert sy 9 P 38 Bct o SRR {fgred 1ng UBhfon may be

~ usedi with @nyitye ©f optithalmicmitior Heoforaing diggnoisaamd/petreaiment of the
and nay be used for identification of the person. The
€Y&igital iris code may be arranged in the form of at
| east one matrix. This matrix nmay be related to the .
pattern used for choosing the plurality of positions :
At tfe tleginning . ofveny Ghagosde tf REIhERR0M4 0 Bye5a digital iris code is

t he, syst.em of Fig. 1 the diagnqgsis data of, Zywave,. . .
Gers Rl E o WA TS BN [SipET 840 taF Sy asimaa shown i
Figt @, ahd ARithl R4 Bode G YWrORIEH to | cBmParAteF hethg part of said control

enbodi nent t hese . S
means 34 which compares the digital iris code with a previously acquired iris code
stored in a storage means. In the example shown the previously acquired iris code
is loaded from a chip card' 24 by means of an input/output device 22. Based on a
correlation process, the present iris code and the previously acquired iris code are
compared. Based on the comparison result it is judged whether the eye under
invéstigation is identical to the eye previously diagnosed. In case identity is
confirmed, the system according 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.



data together with reference positional data are

stored on a chip card for a patient. The data may be
wais@d/osnia | ater diagnosis or treatnment of thePCT/EP2004/003415

respective eye of a patient. Fig. 2 shows a schematic

illustration of a preferred $@cond enbodi ment of the

i nvention which conprises a |aser 32, a control nmeans
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identity is confirmed, the systemaccordlngtothe

i nvention wll erform further diagnosis and/or
According derihe d?freﬁémat ipyentian e {@lse matel Prelafylitt iagchieved where at
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ital iris code with the previqusly acquired digital
the grpggﬂent site ang any of matrices pPev?ously stoyred lr(1q the systemg

Rotational Alignment

The rotational alignment of diagnosis data and/or corresponding treatment data is
performed based on the feature of the iris recognition unit. When comparing the
present digital iris code obtained from the eye under investigation with a previously
acquired iris code a correlation process is performed for a number of different
rotational positions. The resuli showing the best match between the present digital
iris code and the rotated digital iris code is taken for determining the rotational
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 position of the eye.



code both iris codes have to be conpared for a nunber

of relative rotational positions. In a preferred
wepdvetsarent either the present iris code or theCT/EP®04/003415

code obtained at the diagnosis site is recal cul ated

by a nodification unit such fthat a digital iris code

.1 s obtained for each one of possible rotational

positions within a rotational range of preferably +/-

14. In total, there nay be 84 rotational. positions
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digital 1iris code and the rotated digital iris code
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The presence of two image pick-up unifs 12 and 13 being arranged at an angle .
provides 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 image pick-up unit 12 and the image taken from the 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 heiéht position of the eye along the Z- .
axis during the treatment. In addition a surgeon may‘ use conventional means for
adjusting a patient before etarting the treatment. Such a eonventional system may
comprise two laser beams, i. e. a red laser beam and a green laser beam which are



treatnment data are referenced to the present position
of the eye. WD 2004/ 089214 PCT/ EP2004/ 003415 11 At
w0 b@408eat ment site the person is usually | ayi PCI/EP2AN4/003415
on a bed below the treatnent laser. In this situation
the eye is rotationally displaced with respect to the
position where the person is sitting. Therefore, any
abl ati on ttern de from.t
crofSid ekt PRRADT PORE L v iR BT Fod B pmbpsiment provides
the ghvgﬁﬁa@e that b?%‘b‘?\ﬂﬁiw@sl? %h%@kﬂgﬁﬁb%é@habf the two lmages taken by
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he@ﬁygﬁgﬂyh pattern is perfornmed. Thus, the dat a o
obtained fromthe chip card 24 conprises digital iris
code, the X-Y-shift and the rotatlonal posi tion
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correspondi ng treatnment pattern is ul ated. Thi .
featureaOrdhe C@mg@l@ahomgg BUpR OEM‘V'QHE‘ %%%H@%gﬁ%fé&zeds herein. The
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hersiganni ng neans 36 to the correct positions of the eye.

For adapting any novenent of 'the eye of the patient

during the treatnent an X-Y-tracker 38 is used. This

X-Y- tracker receives the inmages froma second canera

13. In a preferred enbodi nent the second canera 13 is

faster than the first canera 12 whereas the first

canera 12 has a higher resolution. By neans of

X-Y-eye tracking the ablation pattern applied during

refractive surgery follows any novenent of the eye

within a certain range. In case the eye noves out of

this range, laser treatnent will automatically be

interrupted. The presence of two imge 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. in the height direction. Both inage

pi ck-up units are arranged in such a way that the

imge taken fromthe first inmage pick-up unit 12 and

the i mage taken fromthe second



i mage pick-up unit 13 will only match at a certain
hei ght position of the eye to be treated. This
wo eatse14al | onws to observe the hei ght positi onPGF/EP19€4/003415
eye along the Z- axis during the treatnent. In
addi ti on a surgeon may use quventional means for
adjusting a patient before starting the treatnent.
Such a conventional systemnay conprise two |aser
beans, |I. e. a red |laser beam and a green | aser beam
whi ch are WO 2004/ 089214 PCT/ EP2004/ 003415 12
crossing at a certain point at the Z-axis of the
system This enbodi nent provides the advantage that
by continuously checking the match of the two i mages
taken by the first and the second i mage pick-up unit
the treatnent nmay autonazéﬁaLl interrupt as soon as
the patient is noving th 8dd"$o that the eye is no
| onger at the correct height position. The present
i nvention can be seen in any individual feature
d8ystenbéd doguiing daiBraffaer eyl obatpadient oompdsinghe diagnosis unit for
inventiog.are bq@%d %R t he conpi nati on of individua
f REAY|FRG JRONOSES R HaE YR groups of individual

f 83tnY RTodRRBR ftoPacqlifing Hifiris RIS Ghe ()R, Pr esent

invention™is not limted tO the preferred énbodi nents
descri bed herein. WO 2004/ 089214 PCT/ EP2004/ 003415

cl ai . aSystem for acqui.ring data .of an eye of
L0 e 1T 4 AU RESPLS e e R RsiR ARk g ceformining
dbGerantHtss 8phpupil deheerayfahargean iris recognition unit
for acquiring an iris code of the eye. 2. The system
of claim1, further conprising processing neans for

SV s BHPBm TS B AR thadunigRisis ERE AR he FigbGe andor
ain®/ eentehef thel gupticsieharykaire related enteonghoh Reopdiphie system.
of the eye are related to a common coordi nate system

4. Systemof any of clains 1 to 3, further conprising

SEQLRYL of BAY B ERXimE MOl 8%uRher comprising storage means for storing at
least two of the following data, the diagnosis data, the iris code, the
coordinates 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 respective eye and data regarding the acquisition of data.

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 up right, preferably a Zywave aberrometer.

System of any of claims 1 to 5 comprising an image pick-up unit, preferably a
video camera which is preferably working in the infrared region.

System of any of claims 4 to 6, wherein the storage means comprises means
for reading and writing data on a data carrier, preferably a chip card.



| east two of the follow ng data, the diagnosis data,
the iris code, the coordinates of the pupil center

wob@n/oshes pupil is not dilated and the coordi PEE/EB2004/003415

10.

11.

the pupil center when the pupil is dilated, a data

designating a patient and al4espective eye and data

regardi ng the ach|S|t|on of data. 5. System of any of
n|t co i ses an

he d
CsaeEindetAliting ATHof wrdbing EHisr2 el inayieaerataraiaronce to an
obphttalfke it For RAHRMingND ﬂl&gﬁbél&' ﬁﬁd}b‘? ’Er%%ﬂﬁent of the eye

preferably a Zywave aberroneter: 6. tem o
champsisingd o 5 conprising an i mage pi ck up unit,
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t anbris Weediitior Uﬁltﬁéﬂé@@ﬂnﬁgﬁh&n@%@@i@ ﬁ%ﬁe"@;@ﬁndérornvestlgatlon
reading and witing data on a data carrier, preferably

a2E1 @reéﬁﬂﬂlrlsmd@o@nﬂosgzm PCT/ EP2004/ 003415 14 8.
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peoﬁe Bmdngovidiicag rwmmrmd/ result,nebérsinbaiel ogHtRaRyie unit performs
rovi din previ ously acquired

SEE] uRgBte andiey dredtmensdeh e eVamhen Sad dogpataan result is
i Qréatépfha%%udénﬂﬁc%ﬁ Hét%rﬁlﬂ'gﬁg?éve‘i he eye under

vestigation as a present Iris code, and a
conparator. for conparl ng the present |r| S code with a

evj ousl.y acq |r .ris. code and provid
CSHIem S ECH: Wher, i SO e bise s means for performing
p@bfr@[a'ﬁ'én !§<§tWéeﬂ' %Hoéie%eﬂf“i’t/é”coﬂé%dr%@ﬁ%gfre\tnaﬁsl?y&cqu:red iris’
when sai d conparison result is reater n an
i dede, wheein saicdprasent ifisngodeietelated tSya;flmhrofatbhal position and

oer Rl h At BRI FoleuS BER IR FRESRtotBlional pgmiin,
aadnﬁalf@aﬂbﬁ\(jr@ﬂlﬁiryrr@@lﬁ?ﬂﬂnbeﬂhé btesent ¢9¥@odehgR@op 188l steviously
present iris code is related to a first rotational

pasatireshirgrmpdesauah ihesplasivel gosibejubetveean the firstietational position
r { t
wanRid spfal BRRMOMIRRBI P NRERE Bien: 1115 code
anddeterntihtgoursiv forwBtyrmining the highest correlation between said present
iris code and said previously acquired iris code being modified over a
predetermined range of relative rotation.

System'of claim 9, wherein the eye under inveétigation is aligned to the
ophthalmic unit by said rotational shift corresponding to the highest correlation
between the present iris code and the previously acquired iris code.

System of any of claims 8'to 10, further comprising processing means for
determining coordinates of a pupil center of the eye under invéstigation,
wherein the present coordinates of the pupil center are used in aligning and
tracking the eye with reference to the ophthalmic unit. ‘



acquired iris code such the relative position between
the first rotational position and the second

w0 odoavsamal position is changed, and a det er m PCTIEP2904/003415
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15.
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17.

for determ ning the highest correl ation between said
present iris code and saidlfreviously acquired iris
code being nodified over a predeterm ned range of

SRS <Py BP9 2 8l B il oo
weiilachye sAlirgefyobpphritaé cdmpiisiegraesdi@ntbpdassr tdecorrection of
hl;?grhest correlation between the present iris code and

tiedagtes defeats obdWUeY®d iris code. 11. System of any
of claims 8 to 10, further conprising processing nmeans
for determ ning coordinates of a pupil center of the

eSestendef dlaviest2, gathieosin sailleredractivbes serdystem performs the
coordinates of the pupil center are used in alignin )
GRITeR R TRt 2e D EbtEdls bRSILPB %gﬁwepwmgm Apquired for
U%fgia.eyg\p 2004/ 089214 PCT/ EP2004/ 003415 15 12. System

of any of clains 8 to 11, wherein the ophthalmc unit
conprises a refractive surgery apparatus conpri sing

S5/ ) 355hu) S 1A EIFR  ELHERAL S Bl
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racting defects based on"di agnosis data previous o
arglenedly &@ecosdi imaggepickalp 8pitheinghrefeyally febtertsag said first

Bhb ERSRLERU IR BroubE GRS R PGB ST 1aBha g eve win
t Rferiohice t6 @@ Bphitiamidimit. and preferably a second
i mage pick-up unit being preferably faster than said

first 1image pick-up unit for providing i mages being
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osFeRr el S 2 et Ball bt 4 SR SBeh tRog pigkcup unit
fheiat amanged cit sac@ngle tagmopi othenpsuohi thatbigiengespective images
arranged at an angle to each other such that the

r @kgRQlithe ayRagaichasRled PhedetREMERE heigBhagsitpn of the eye under
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System of claim 15, further comprising control means for performing the
diagnosis 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.

Iris fecognition unit especially for use in a system according to any of claims 1
to 16 comprising

an image pick-up unit for acquiring an image of the eye,

an image processing unit for determining iris information at a plurality of
positions of the image of the eye and | '

a generating unit for generating an iris code based on said iris information at

" said plurality of positions of the image of the eye.



i nvestigation. 16. System of claim 15, further
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ophthal mc unit when a matc bet ween sai d i mages of
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18. Iris recognition unit of claim 17 conprising means
for determining the iris/pupil border and/or the

| Irissreogmition hevider claihese lwheﬁfémobatﬂ&@@tlpé%ﬁﬁjrﬂgf S'é]ldt iris/pupil
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Iris recognition unit of claim 20, wh'erein said comparing means compares the
grey values’ of pixéls present in at least one of the following regions, an inner
ring surrounding a particular position, a middle ring, surrounding said inner
ring, an outer ring surrounding said middle ring, the region above and below a
horizontal axis and the region on the left side and the right hand side of a
vertical axis going through said particular position.

Iris recognition unit of claim 21, wherein said comparmg means compares an
average of the grey values of pixels within one of said regions with the average
of grey values of pixels within a neighbouring region and provides the binary
result for each comparison based on whether the difference of the respective

average values is greater or smaller than a threshold value.

Iris recognition unit of any of claims 20 to'22, wherein said generating unit
receives the comparison results as a set of binary values, preferably six binary



plurality of positions. 21. Iris recognition unit of
claim 20, wherein said conparing nmeans conpares the
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followi ng regions, an inner ring surrounding. a
particul ar position, a mddl¥ ring, surrounding said
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any of clains 20 to 22, wherein said generating unit
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bi nary values in the formof at |east one matrix. 25.

Met hod for, acquiring data of an eye of a patient u5|n9
aMgtho@ feritie seeparytion usihgya §YST@W%WQ'“QJO73”Y2@ claims 17 to 23.
Met hod for aligning and/or tracking of an eye with
reference to an ophthalmc wunit using a system

according to any of clainms 8 to 16. 27. Method for

iris recognition using a systemaccording to any of

claims 17 to 23.



