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CHARACTERI SI NG EYE- RELATED OPTI CAL SYSTEMS BACKGROUND
OF THE | NVENTI ON Technical Field This invention

wo edoatier7d¢ o met hods, instrunments and appar at usP¢DAU2008/000434
optically characterising eye-rel ated optical systens,
preferably over wi de angles of view Eye-related
optical systens include the hatural ani mal eye, al one

i thout - EhATTAGTEEISG EVERHRTA TR SR ATy RTEwS”

i ncl ude physical eye nodels or sinulated eyes with or

wi t hout nodification_to simnmulate optical disorders
BALIGROUND QE THE INMENTIQN Optical characterisation
TedicSfElefgi Nvol ves refractonetry; that is, the

eterm nation of the optical power of portion or the

Thientverdioopelates tpatathddsavweditunterity and appaeatuedat optizatiny

and it may, for exanple, include_mapping - .qr ,
chaggierising, SYestalatofptal SISSIRs: W SIaRb OBy aridaangles ol ofow.
EysysibfscCotica BFsiif ihelak he PuflraMnint %gcta: %lglﬁé’ Bein nes

referred to as wavefront aberronetry. _
assoeiation with pradthetictenses aod iwith arowithiatisurdioaltdrathef t he

l,enat. t.h e-rel yst e for ex Le . the .
mog AR nevb e e e BhySe e beo oSBT by it or
withd\@t raodieicativn BUifrlgie @ptitakdiseidergianflonedrrective measures.

characteristics of natural eyes, such as the profile

and thickness of the cornea, pupil size and the depth
t ' ' t. f N
Opfl HRAEREARA, SRERT ol S SCliolPBS Mg heqminatn
of thbloticakpdastest gorden oethe) ettire aptieanpathdfavetledby@mncer n
. .in this invention. articular - but .not exclusjve - .
InterRagtag;ray A0 d’emﬁadgrgﬁampﬂ%ﬂra@%ma%w i SPRgRIN Esolving
— réYa @REQIBHET GVeP ahhré8lop sUHALE &f iﬂbeeﬁﬁ?él@llé%r%fstetnﬁ A which is

refraction - and, optionally, the l'ength -

someiimes égterfesk totasewpvef oy @betropeins r Obiica) charactenjzgioa may

als} WEAT Oprorifla g IR oL Ml Paiiolect SRR toPmote
thei distahts floRs BRCanteYibt Sudddl 6Sthelcorfe@otie AfefeOsatie of the
al so being rel evant. Even higher ;rl gher al angles are

retige. PErahanacipliglicssal nagughereIsus e @rofieiasdl thickness of
the%%r@éf,jo@tsi%é{ﬁ& fﬁ%e% HEMRO&%Q%ﬂxérfb%tcrhﬁm‘r,sm'%‘é‘?sdoﬁs n
use a 1 on

asure centr refrac
important for certain surgical procedures (eg, lens replacement or ablative laser

treatment) but are not of prime concern in this invention.

Of particular — but not exclusive — interest are methods and instruments suitable
for use by optometrists in determining the peripheral refraction — and, optionally,
the length — of the human eye for the purpose of prescribing anti-myopia
treatment. Peripheral angles of 20 — 30 degrees with respect to the optic axis are
of particular interest in this respect, with angles up to about 40 degrees also
being relevant. Even higher peripheral angies are of research interest to

specialists.
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errors and aberrations of the eye. Refractive error is
a subset of the total aberration of the eye and

wao e@dittd2omal |y expressed in ternms of sphere aneCT/AU2008/000434
cylinder conponents along with the orientation of the
cylinder axis. Although it is possible to extract the
refractive error, also callé&d | ower order aberrations,

fraom.the ts of total aberration, the
Deﬁﬁﬁﬁléﬁeﬁﬁaﬁé@‘gﬁﬂ clinical practice are usually
Sedsdi priesHs an@irdshemdrasLlS BRBh L@fedrt@fnﬁ@eﬁuré@eﬁfranrefr@bﬁon
total aberration. Wiile _neither instrunent is designe

errpry anabeiraliRif ofdhe fyei PrERgiive erphista swosst of the total
oo RESIEL 8 ROTTEEGHBo OB Py B R  cer

compbhemtbalng:wrtmbhlabednmhdnlmﬁam:oylrmﬂ@aaxnt Aythoudiné is possible
cati.ons i ncl ud E}rmof off-centre |xa|on

m%di
to%far?t refctive erigy e ﬁ%\‘?@ WS QrehaRerERtIoNg FRM,
ébFefMé}%'bf Bfal AR, Ww%fruﬁ%rit@l]%é‘ﬁn élﬁfuéeﬂ %cglfb% are

determ ned by different instrunents”
usmmlwm:eﬁs@ i@ eithetoveasemaniof sezfcactwera:smrmdntababemtion

@Ut % frn%grhﬁqneéﬁer §|g%c§ﬂor%é‘%¥ f\?H{%é\} rog Rerip SH4AT N PRABN or

ab@’@@tidrp @S@hﬁﬁero‘éﬂ inst@lnentb he®e ibashrogifitd to BBEiR RfY&urements
refraction or total aberration was neasured b

of perineralgetnation festioly thenaceapemedatedsand @@a@for%/msaaate@lreye
Thd %&ﬁ @Ing @%ﬁ%@% PBIQ{R: ff)ﬂﬂtoqloffr@erdtl% %’[8‘1 \MB’I éﬁd f8ad or eye

asuremnment s

moveneahbemiglneedaidt h pati ents being |nstruct ed to fixate
on a particular target and then re-centering the pupil
position with the optical axis. Overall, the three

Atdhﬂﬁoh%ﬂ?éﬂlﬁsd?f pdy C@é’mﬁbﬂb&r@b{)?@ﬁbﬂérél re@r'abﬂ@HQ Befe'?x%lned by

Canon results are nore varia Several sim
dlfferarémstgmémie Opiom M@e‘ﬁcn@w&&%&@]r@ssnms; ane such

oot ol alBi BB TRER (B A ia AL bR rbie

SRVeH000) bAd oﬁfa w@rtmgﬁﬁ-tsmmmﬂ abetrbnielwewnh all three
di fferent nodel of autorefractors. Optom Vis Sci 2004;

instramests, @snphafack refiagtionseydata) abgaption wasemeasiyRA dysoating

and il e ever gL R TBS o St B AT TRl Eifan o

up tb ﬂ@‘enasul amldttenworaﬂeAh onsadumemebeenwetd tdkeaagdquentially, with
pat?eunttg ggltng |n|st|n¥cted to fixate on a particular target and then re-centering the
pupil position with the optical axis. Overall, the three instruments produced similar
results, although the Canon results are more variable. Several similar
investigations have been published using similar methods and instruments and
obtaining similar results. [Gwiazda J, Weber C. Comparison of spherical
equivalent refraction of astigmatism measured with three different model of
autorefractors. Optom Vis Sci 2004;81:56—61, and Gustafsson J, Terenius E,
Buchheister J, Unsbo P. Peripheral astigmatism in emmetropic eyes. Ophthaimic

Physiol Opt 2001;21:393-400.]

A number of different optical methods have been utilised to automatically
determine the refractive status of the live eye. The basic principle employed is the
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determne the refractive status of the |ive eye. The

basi c principle enployed is theprojection of an
wopisaai27pat tern or beamonto the retina and tPEI/AU2008/000434

anal ysis of the reflected pattern. An overvi ew of

these nmethods is given in [Agchl nson DA. "Recent

advances in neasurenent of nbnochomati c aberratl ons of

pr<lt§] 88dh 6V&F o tltgl d&tl@r‘rﬁ’ RLOR &ﬂﬁ%@?estl BLal Old ﬁ}é %magﬂ‘ﬁs 8f the

€ nost co us prlnC|p
refRivited phit@on WW@W ofrtabse! westhodisvdiveh irpfAtcHihsen BA.

R ARl S Aoredton sl ons v cves”
Clihe@Y Op¥sth QUOBERS : 'Saﬁ?ﬂ Ohe SCRBMOSG éo'?ﬁ Q ddé&% grifcisies is

range and the Size of e I hmages are ana
usedlin thﬂ shimgNippoarBRWe5PO®instrement inlathichf am mfmineat ring harget is

| udj f
pr3binto ik (SR B8EMheRE raBb S AntEee Sih £ Erm camera.
A leppesiafisgsidm mbvieBahpidie seakhifg thiough!tee lfoéuh:r @%ge ahd the
gl ass w ndow and sem silvered mrror into

S'Z&thtaﬁ Heagehare phalyeed imgultipie rrmmmn&mdrrpwdeﬁm datastsom
wft] O A5 T R i) PARbE T A0 SRHiooi b

tedhheqdasrhenmrmmachfadtagmmﬁbdmg fopein-fididtinithat the subfdct cah look
ot, sufficient to fully

i di Thi h
thrTih 2gese Wdeuy RaRePa ShyseR FTOF Mip e distange, e
pré(ﬁewnﬁa n?éifdrﬁéﬁt' Ao ﬁVb&@aﬂs%éuéwmlg' atibA Sk LB aﬁ‘@?s

described and use orato setting by Ar
Typmall)[ Anhe angplar Deatiompnge islimiteo toribss han' \'Rﬁlnam honzontal

d.the abs e _of .notion.reversals
and@abB} At o I foe Ve SnShiaudR 595 1 GiTGS i nds Yuigient to
fulp @haradteReepbaptrsral 86éestichivh bhe Withdul disidihBorrection devices.
refl ected |rrage is observed with a CCD canera while

nmoving the 'focusing bl ock aX|aIIy until the best

A s{jrﬁﬁ%@ipgﬁﬁ}nte'n? oW &&cﬁﬂ%&% s%gﬂﬁ a‘ég@%q&ﬁ@&fs t'brfgnb%rtal et al.

assess asti g

[Areth &, iDEstingioni ANip Calomibe E\/élRéfra@tiorp fiasihgsane e absehce of
et er m ne A fixation tgrget was pl aced at )
MOUGRABIR138I5d" REERNALE NISien Visiom Res Chiobs 45 989-4] A point
s
maE s froleRieshBoRfe TPt e fliebiod ifadeds E&RhRY ith a coD
camgt whﬂ@\m\mg/thdﬂ‘éowh]@kﬂbcmmm writid $hea best fociisiposition with
apgl.e.of one ftheS earrsutll ots gn
smifieRiEdle. & Shutusion fves TgHed Todsas ve e tissrtsh e posfions for
sharpesPssHzoftal anbastiEa rﬂ?BﬁIlewé?é WY détefRinctNeiXNa8Bh target
distortion with a spatially resolved refractoneter
wagpfaced at comfortable viewing distance in locations for 15°, 20° and 40°

retinal eccentricities in the horizontal meridian.

Webb et al describe a modified Scheiner system whereby the subject
manipulates the incidence angle of one of the Scheiner beams until two dots on
the retina merge into one. [Webb RH, Penney CM, Thompson KP. “Measurement
of ocular local wavefront distortion with a spatially resolved refractometer”. Appl
Opt 1992; 31: 3678-3686.] Although the measurement beam enters the pupil non-

parallel to the optical axis, the angular deviations are very small and only
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Opt 1992; 3 1: 3678-3686.] Although the neasurenent
beam enters the pupil nonparallel to the optical axis,

wo b@sangm ar devi ations are very small and PCT/AU2008/000434
onl yconpensate the paraxial wavefront error of the
eye. No peripheral refracti o4n measur enent s appear
possible with this system I'n 2003, Schm d presented

corF85esD i eRFAAIEI Bl oor PEIRL TREHpATERYAFretfallon

meashinenaie appbhepbdsuibieryith fhis bygtdmG-. " Axi al  and
peri pheral eye |ength neasured with optical |ow

coherence reflectonetry”. J. Bioned. Opt.2003 8(4):

In mid e it re@m&@cﬁ &%tnggkreflow iy H‘Fﬁgas?l@erﬁéﬁts from

ength and 'eye s ence
an lres‘tdwmmmvewpedluﬂhaing daptichl 1oR206dhez8(de Eefle]ctmmétry(e[Scbmid

GF i P Biitral e ianath Gidsbii B ohprallay bohdrefics”
refle BN tRRNY . BidnRRAMD 5 IR0 81@? 155 @62d8kE %‘Féos §dﬂﬁ1ld et al,

measur ement beam horizontall'y and vertically by up to
‘Maasurement df ayé lengingod elyeshape Hyeopticat loveesrarence

o BEHR R SR R A A I B 5 B8 o e

centrl @bﬁ@@l’tpeﬁﬁ 1o Kuép tiie bYAe aligied iR rth@@ ticdlaix®s off the estrument.
cornea, small lateral repositionin t he instrunent

A heanhsigesing myirios deigels th@\mewr%f@ﬁﬂ? Begndorizantaliyandal
b .
verfe 8RR UBS 16 Kirbr ARS MERIRUERES Thelfib8Sdehfit principle

reqdlres lthoss ncédenit vetmuioeiog aﬁgned“rpamemijimglldrdmme aoxhehi ajhiee point
der aberratiaqps of the

. Th hod
of IRle4qt8q D6 5180 SPn=anerianl S HAee! thRog oA SOt Halsral
repb@ﬁlaﬂlr@lﬁsthe%’sqmﬁé(nﬁs H@@Qéérlag}/ 'fcbrgé‘écrpﬁé\mr'\dldiéfmd?@i@ﬁ' His

on the retina and the | ected wavefront
maaual proedsaprahibitsciapichmeisyrarpentsiacross dhepngaar, raaggau r
of Littrow prisnms is used to split the enmerging |ight
ray into two parallel beans which pass through a

In mswt%mmomtram eI YidtogLaR IriRintaw 161 ingBsliing lower
ocused i nrages on CCD detector. Fromthe two

and bighet @rd%rreéqueaélens @&ge%huma@ ayeuiThe raglbpd sessnied isone of
se\%g%lgﬁaﬁrghgh%‘%‘fj dPJIPIQ \ga%tsetgéhr‘ﬂ § |G By a/proBin gﬁlg?]t beam

ér or err &t rrons.
|IIuMb1'ate¢ aapdt 0b thatetina QMB@MkCWthmm is analysed after

tifuncti onal instrunment. to neasure axial eye length
exﬂmgjtr‘@oepy%dp l@lgmrgpﬁyalwftqw%hprms If vsea ﬁoyé/p(?lt the gmerglng
ot % 8 8eAe) BB eR 02 Mlof ol HROLUND SARMINlns
to generate two slightly defocused images on a CCD detector. From the two
computer analysed images, the ocular aberrations can be determined. The patent

describes only on axis measurements of lower and higher order aberrations.

Wei et al [US patent 20052034] disclose a multifunctional instrument to measure
axial eye length and corneal topography. Although not directly dedicated to obtain
aberration and refraction resulits, the instrument features several sub-components
also used in aberrometry and the combination of axial length parameters and
keratometry data allows some estimation of the refractive status. Again, the
instrument is designed for on axis measurements only. The fixation target can be
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al so used in aberronetry and the conbi nation of axia

| ength paraneters and keratonetry data all ows sone
wesiosme2ron of the refractive status. Again, tPEI/AU2008/000434

instrument is designed for on axis neasurenents only.

The fixation target can benoved but only along the

optical axis to stinulate di¥ferent acconmodati ve

mol SRR e 17 AR P SRR Bbipy Hnt°

respohsbsly at al [US6409345]. The plurality of |ocations
are achieved by parallel offsetting the probing |ight
beamwi th respect to the optical axis. Aberration
. : £ . i _
A RSB 1 EUE Bl B A LSRRI opg wos
disvbisedbydViolebhp at pl [UE64088450THeaplgedlity of dddons archdlgaved

th t] \ [ dt t [ . dat i T .
by pANRY olredtng 1< adPng: i Bhes yihaeapedt e opiralasy
Ab?ﬁéﬁ'&ﬁ fhappthdPRtth88 Eohfnd P Erak Rl eeérggﬁ@ 'Ft% oﬁfﬁ’ﬁ?gﬁ\évlggﬁ%ps

or the time needed and because the era
acrgss g entranee pepib Wsewith Weisettad katrovies, alfikatiarutargetds added to
. neasure. Wi th accuracy.or reliabiljty. Attenpting to
all%t%%p%cﬁ‘cé%é§lg|an8;{aé:p¥\g\9Lﬂcmmoga*@% spots on the eye
in one sitting is inpractical and repeatability
between different sittings is generally poor. Neal et
They feqhosiyas euitings] abaversm generally sesatistagianypegaise the patient is

[ f j .
undfd o ERECRNTINE 2B XS 1 B¢ nEBHET Bnd'ndBRRE Pk lrinhera
angle aindrich thieamerbtiieplent lio takeinds slifficdlhiomehsueywittadcuracy or
back-scattered light fromis detected and processed
relipBity. AHeaMRNG-A0iB#P RAHPBRIS BRNES EHemPVERa oK Spak on the eye

o S8R ARkl POy o 47 % GO foneraty
pogeri pheral gaze fixation is avoided, the systemis
hi ghl y conpl ex, unsuited for use in normal optonetry

practi se and appears to be incapable of interrogating

Nealnete)l UStpa@it 6)B84,Z60paBLRSeH eithehraphfwaberéntEhalysld
degrees with respect to the optic axis. Further, the

systgmy @anssmathasofimapeinoanoepticas aystem’ inwhied intesragatisg dream(s)
ot e e RS o he A A oo B9 Ut Al fteBly ot rom
detetizpesnd procbssed Hplanaberation map oetdgresestations ohye three-

dIMBRS L TUGHES PLI6. ove Using Sombutar storhated tomography. While
the difficulty of peripheral gaze fixation is avoided, the system is highly complex,
unsuited for use in normal optometry practise and appears to be incapable of
interrogating an eye at peripheral angles greater than about 10 — 15 degrees with
respect to the optic axis. Further, the disclosed technique is only suited to the use
of spot beams and does not envisage or permit the use of interrogating beams
having various cross-sectional shapes, such as squares, circles, ellipses or rings

which assist in auto focussing/ranging and accelerate wavefront analysis.

Methods and instruments that are capable of more accurate peripheral refraction
measurements over wide peripheral angles are needed to provide important
inputs for the determination of ocular shape, eye length or retinal contour. Such
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Met hods and instrunents that are capable of nore

accurate peripheral refraction neasurenents over w de
w@erspheral angl es are needed to provi de i nporR@EIAU2008/000434

inputs for the determ nation of ocul ar shape, eye

| ength or retinal contour. Séchi nputs are now of

significant interest in the Study and treatnent of eye

i SPGB G 8L BT AR ren R iR tiploies

suéti ad bk re§§|véln$3ic‘d e beam defl ector el enments that
exteﬁdczgl at er al y‘ﬁ?romthe optical axis of the

eye-rel ated system and from which el ements

BRIBEXU %’%Peﬁi@ KOENGFOR rected into the

eye-rTe system over a W de range of peripheral
Tha rpgémt irT\rErmenl mvcﬂvesa gsé ohgn raaayaofldxsdratmbwn alefibetor

cloghase ptemanas ool Mo P GRlkALEs &1 ik SaHBAlscLetem and

froﬁwe\‘;vh%ﬁté?ém%h%""ﬁﬂﬂ%%-mﬁ Bé?eﬁﬁ‘é ESYBEIdR@ cReATO ﬂf'éneyt!,ﬁrelated

generated by I ati'ng elenments of the array wth
systami dverrd wigte na@gbeﬁme@phb@dmglelsa{r haeg injerregatingbeawerin turn

aehHEFER hoa s TERADIEH Pelofr Rtabdd Bt aids HaiFlred o

delddtdr moas fiafthe sdaicbéamuidichr didbatsdTheghirogating beams
Refractive error and ot her aberrations of the

cappe-gegtesated hyyilluminadiag alemaeisQiing @araémwth an ilheinatiag beam
or | n?y‘ﬂ@‘i’hé’ﬂﬁwg}q PeidahAes (ﬁ/‘é{ Lﬁbeaﬁ%()ztﬁ@ s ?éféfé@}y fkes

erro beam W't € tetlir ned eam

plaebemmmta c&fmmba pintego thahal retayh beaierae bgtmneqbwirmda Bource
rel ati ve _di spl. acenent, pos.i t

oo 0L S PR ST B S
eyéJr IHde“é\Ht d BERIMAkR ér‘H‘ iP§ESRdMmap sﬁ“é&/@nto 4 surface of

stantially entical optical propertie
thecsysr@m bymompammg the intsvogatingdeeamasithathe mtyrnbdrbetamefor each

t h
clegpit o ofeaty TE8 Sl pd Hore HREhbS B o RV tinth ptive
disblRReRfH CandIE 2pd Ao oP8RIsS-selfioRalhapBTBRHCeSIB Source,

ef erence to conmparing the return beamw th the

illuminationogad intefreeatiansbrams wilheae sulestapiialiv lﬁeatwa{mtlcal
progu é&;ﬁr \%ﬂbh% @g‘?%h?e‘ﬁt H§ﬁ§8 rtheaééﬁ%e@e\én?é%%”ﬁ o‘%g G e

cal aXxis

intewogatihn sgamiih such cstn@erlsdm dndekbc ht will dornmllyib@rmﬂtlment to
[ icity and conveni ence, a line or |inear array

For si I
Stofa iR GHICEERING 1hG S8y Ga RRAT 26 EhRaSTB JoILs 4G GaMPATISNS.

Reference to comparing the return beam with the interrogating beam should

therefore take this into account.

The beam deflector array may extend on one side or both of the optical axis, be
straight or curved, cruciform, star, disc, dish or line shaped. For simplicity and
convenience, a line or linear array (straight or curved) that extends equally on
each side of the axis is preferred as it allows a complete meridian of the eye to be
assessed with one setting of the array. A linear array, whether exiending to one
or both sides of the axis, can be rotated to cover all meridians and polar éngles.
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each side of the axis is preferred as it allows a
conplete neridian of the eye to be assessed with one
waedsiing7of the array. A linear array, whetherPCT/AU2008/000434
extending to one or both sides of the axis, can be
rotated to cover all neridiaps and polar angles. Each
defl ector elenent of the array functions to (i)
¢ , . i . L
A ARt g oL Pl M RREAO . ) Bt APHUA P bem
from B)lighesb@ce dhen irseiregdienh oaarmadaio-the ayeeetated aystem and fo

(i etk BterieGrasEa o ac Srtind gPtuibbemmito 40 Sefectqrgneans. The
an@l%t swmbnm@n%%hnegehhﬁmv@tg tg& gp!ﬂsabc@amsd&étbﬁﬁmea both by

el enent (eg I xed or steera risme or mrrors) and
the naturatoé it beéamaddflestarrelementiagafixed/or stacsaldegrisms or mirrors)

anfi it R RS oo R T TR Mdre Foliiye upfiodtBr efinfiilis pomuatly give
riskiRo T&rgaP thié MoGRAEanglEs. 4R tﬁi%%é}@;ag(?i@lhem ARt bpyto and in

scanned, with angl es of between 20 and 30 degrees
exgessaf 44 deerans ealvlr seadily scapnad avitle englesgipedpeen 80 énd 30

de Fgeé:ﬁ(?ﬁ&i B’e‘?n%?ﬁ%aﬂé(te 6y élja‘é{‘étrigfn\ﬂe%ﬁ?ﬁi‘&: R WOP@orr?%tive

veab om ldcatron to [ocatlon array
therapyrArMh‘lebmrelangmm?pi»elmbeeaatdelﬁmm:gmaltibnad)Lo\t,\u}]ati?ndvithin the
i naccuracies. are not likely to make this wort ile,
ariey dp G061 UTile ABBISSiee BedRd SeMAiEEtN ngRarcuracies are
noP ficP Yo fﬂeﬁ@%%"\iﬁgﬁh\ﬂﬁﬁe.' PetdianRf ﬂ@fefc}r@‘?ﬁ’@lﬂe{aﬁn dbel?lgctor

envi Saged that I vidual elemeénts nay be tilta o
elamelris qucopedixed posiiionslin the axpyshougle itds ghuiseged trdtindividual

' ' f bl h .
o B he R iteBEE ey T EER ctin gt Ba iRl Sunair
int@#@@aﬁcﬂ?bééﬁn's? Ptateradig W@e@,@ s_@@ﬁ;@ it beAmPiedFahsed

returned via each elenent as it is scanned to the

segaemiiallyfeIm@ cammon priet @redihe dedegonslementsiand each retum
oebff 8GRAF4 R BEATDAL e iRl s b o

exam ned at any instant is mnimsed. This al so
enhafncesi the ability of the detector neans {

1t §PECIETaRIRA® SoBBIaR i INLeTRIRIPTIRRARS OB Adime sodhat thg tota
int8Asity bHﬁbrlrl@h't Bﬁte?i?@fﬁ ﬁﬁmﬁh‘é}% @éiﬁgéxﬁhﬁ%‘é’c é’?}’ fhE%nt is
t a uenti al 0

next” I's not essentl as se generati o
minimised obkis ialso brirarcesdhe abilig b theedeteotoo nmeanstaydiscrinbinate

b %he us% of Iectro'gic shutters befape and/ or behjfnd
efRen Fetulneg DeRM e HOWR VR, SEANAY BRLIGEAtag hsam from one

an@y IBMbAL td Pl MSATPhEE es¥ehhaPayy sédudrit BendratiBRiof interrogation
sequence of interrogating beans can be %gnerat ed over

beama can beaghieyediimoiiar aaisiohy dte Hee of elestropiseshusiers before
anafb?rbe?ﬁ{dqﬁ’\e array or by use of moveable beam deflector elements, for
example. With any of these, a rapid sequence of interrogating beams can be
generated over a wide range of interrogation angles, the speed of scan being
largely determined by the rate at which return beams can be detected and the
associated data recorded. Scanning and detection are preferably conducted
automatically by or under the control of a PC or other digital processor/controller.

Rapid scanning is highly desirable to allow good fixation of a live natural eye
throughout the procedure, it being preferred that the entire interrogation and
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| argely determ ned by the rate at which return beans
can be detected and the associ ated data recorded.
w@e@nsnia2g and detection are preferably conductBdI/AU2008/000434
automatically by or under the control of a PC or other
digital processor/controller, Rapid scanning is highly
desirable to all ow good fi xa§| on of a live natural eye
: r [
dele O 4B bnc U ECE Wl PPk /Bl Reob 8 e reblEne

subjeet isagkedito cﬂlxafe gadecupsreanomsaxiStater ahd Wﬁéﬁflﬁaimrﬂgt
d to fixate gaze on an on-axi s target and

Bret T Pah SPQUne B riatec a0 BlRALE Cigiealy, 16 technique
alldgﬁ bbﬁ&ﬁ%h@%ﬁcﬁ@ﬁﬂlc@%ﬂtﬂe e trb@éc# ¥¥shtéﬂ1etottfé3ékprgpg%d and

ows optica aracteristics o e eye-r
mappedeanbstariially immal-dicheand mapped substantially in
real -time. Where scanning is thought to be
speed-limting, a few beam defl ection el enents nay be

Whdrk wehnaingds douhe ¢ be s@eearmuﬁngld tdpbBam d@ﬂefcﬁﬁﬁ%k‘b?nents
return beans that wll need di sti ngui shed

maydyailliinajed & onee to vﬁngraégmwéple@muﬁgnwsf@twm@eams that

SR, )6 10 Y08 B o s

thqmommeammmd afeytrevhie Ghdéte empl ehtgdoit pulgk-sbtis gime&i"r & of the
return beans, which can al so be inpl enented

retury beame. elettivopplarisalion maywlsq baemployed & e@tmwsh the
ret??l BE4rAE rwh@ﬁ%\‘\%@s@fie impfrh d t%%ﬁﬁé@l@eﬁéqtrom% shutter

encounter nultiple intertaces

senling &8 arselanive palarisiear act eri stics as it travels into
the eye-related system the respective returned beam
wi || be conposed of a set of conponent returned beans.

Bea'ei\;%é?é?rﬁmﬂéﬁﬂ%:at“r@ e ARV ARLWRIE 'Pndlﬁplgqﬁléﬁ?bﬁé’ befwdBst

interest is returned fromthe retina

majesigls pbdifferentantisakcharaciedstigeas ilteavels isjesthengychratatede

v R AU RSBl VRIS Bed S, 5 eppporent

retomeddmeamns] Thé |compwrenakaomwwédm viHiéh ogdndralyepsiBost
and/ or, di stinct. | e conponent beans returned from

mt%?ﬁtehs g Hegsegdoﬁﬁommﬁ falibadihe reardpest igipsiaemaline mye-sclated
|fn béH%]ﬁséanéngo%ﬁ]esalﬂQ I@hi&%ét%‘é‘ pafﬁlﬂgbg'&&seaﬁ%ﬁ%tew the

e’ techni que prese I nventl on for
compmpmmémannsetemmd foerartbe correa ard wtnwkarbcals@uamalm the most
arison of return ents

intex U eint A s Ao st e aMs it mat T ohansurfaces

witlih!tReVelyBfelated system are more difficult to detect and distinguish from one
another, the technique of the present invention allows for such component
returned beams to be selected for analysis. Selection and comparison of return
beam components associated with both the cornea and the retina will allow the
length of the eye to be determined using interferometric methods, eye length
being of critical interest for the monitoring of myopia progression.

Interferometric measurement of eye length may be combined with the mapping of
refractive aberrations of an eye with particular advantage where a scanning
illuminating beam is generated from a source beam at a single or common point,
as by the use of a moving mirror scanner. This allows each return beam with its
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| ength of the eye to be determ ned using

interferonetric nethods, eye length being of critical
w0 niognero f or the nonitoring of nyopia progresBCDAD2008/000434

Interferonetric nmeasurenent of eye |length may be

conmbi ned with the mappi ng of, refractive aberrations of

an eye with parti cuI ar advarnt age where a scanning

| j heam a

retlnla e&grbé%o” Dﬁ)lle %F&gﬁ%ﬁ%% a%ﬁf)@(?fﬁ gl]the
abemraiﬁcms ShooeRa- ré’mna dtﬁtérﬁn@cmbb dlewrmme@&ﬂrev&iry keturn beam.

itsreti n@)&and ¢cornea conponents to be returned to a

The GRMEACN Sa1IPR IS TNFcTUIrad PEART PRId0 dhe seapmiag-noltiwhere the
ret@'ﬂnsﬁeael?ﬁ cERAPRDPREI AREtdA5 Sé(é‘rhg%e{tﬁta%rhrpﬁ?éﬁerm%ter

omon T oeat i oh s the Sour ce beam prior
bewnam’nln mlgmgdmamwpbirt@rst e measura rei@ysonma dhstanoepzh egference

i nt,0 t ector path and agn interferoneter m
vedRafl ol i fadlce QERMING b GeufiE k> 8¢ i STE Bl BEaSAm parn
so fHag iraRreintetfdre hWiheheaeRRA BebRRESMPONERS if @%@ﬁn&eﬁhﬁi can be

is also coupled into the interferonmeter beam path so

detepigd, intedengncatbsingewalpd Y changisg iire langiinot drepibtrifarometer

beérﬂ atlggﬁgl%h %Qfa&l thaf fﬁeleﬂéﬁ‘ue@ et frefeﬂéﬁc!é; ? rﬂg@l&?@% 2& the
retiredroapRihitia patitis @han@edt Thi dHamgb én riytb bahle effected by

ref erence beamrel atl e to the return beamin that
Moyl rfgrr%rh%rﬁ@g@nﬂ@ﬁng @HE reRce. dhg distange Hie mirfadneres

benﬁg éé“a‘l’éd‘ﬁ) tﬁe%Lﬁé’ ooftitch & Hﬁfﬁﬁc@rt) gcﬁot'udlstrﬁf %Pgr@%ﬁmeve

di stance the mrror npves reae t
interterenee tothicewaylitise sefergnceHmaagh ( mrt thedefore thed sodroe beam) is

interference the r fe be
prefSiAbiTdrBiegherarie. subPeblBatphee toata st egsapiiin the
nefdhfagege, substantially nmonochromatic and preferably
in the near infra-red. From one aspect, the invention

is concerned wth a nmethod for optlcally

FroffOhP FbbCt P RPAlHT e, titiad Bl FEeBct fTcetieaibn an

chaaaet@)ﬂsmban eyd-esidnd @itb"aabysxeﬁmvmwh@ dphiisalingX ibeah®
enerat e an_int errogatl light beamthat is directed

deflactey qlameny i anprpYdalyiendsiate/al et té\er@m@al axgite
gerlethidt Ay et‘?@éﬁm ) tBebfif Jﬂ%‘ﬁseglréyte@ R tﬁ% %&B i?él%‘f’ed system

refurn beam e eye-related system
ata ptaaientm“mwedz ahple r'elatwm' dateedn@aa*efleletbdenﬁmckeﬁcatter&d return

b
beqif ot DRyt Srsindfa 5okt Vie' B8 iyrigated beam
defiRtcaimenvayel dpiparid ey RasRed ibedhf dith e Hterrogating,

illuminating or source beam to determine wavefront differences indicative of

aberrations of the eye-related optical system at the predetermined angle.

From another aspect, the invention is concerned with an instrument based on the
above method that includes an array of beam deflector elements extending from
the optical axis, means for illuminating the array to generate the interrogation
beams and means for detecting the returned beams and comparing them with the
undistorted interrogation, illuminating or source beam, all of which can be
assumed to be free of aberrations or at least to have calibrated aberrations.
Typically, the source beam — and therefore the illuminating beams, the
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aberrations of the eye-related optical systemat the
predeterm ned angl e. From anot her aspect, the

WO pooentd20m i s concerned with an instrunment baskCI/an2a08/@00434
above nethod that includes an array of beam defl ector
el ements extending fromthe optical axis, neans for
illumnating the array to gé(?]erate the interrogation

, . e g [ "
e B ARER T R r T & W S B3R ARt wirtin
theiVidibii sranirage@region] s€atinfaired ibeiref prefidredd egmoksi above.
assuned to be free of aberrations or at |east to have
calibrated aberrations. Typically, the source beam -
[ P f i ng
FrofSnolE §5608. IFmetidlbnfe el TRay RIS Hia0od o
extending amayhofrodane deflscibl elenrentatto generhie agenagatirepibeams that

i pfra-red being preferred as noted above. From anot her
areigcid SeHITHENN O G SUtECt PRI HE]) NGRS o the
defleRtSY SbinenexbEfRei dteh Fcﬁbéc?fi%mer@mrﬁéﬂ Iryph g{e BYSTBRH Sach

to generate Interrogati ng beans that are directed
integrogadingibslany to aommorsddicetor nesansas peeqphacabl wigined,

usin he defl ector .el s.,of the arr to dir.ect ,
oot G rBatR r S B o o b s Rgspective
retlrBéfbeant SR rfARiccPieaefraBidRSpGWeBofSIRE WBRCAHOAY the path of that

returned beans, differencing the wavefronts of each

intgripgating pesim gnd saiwrakgam withindhe @yeve returned beamto
determ ne the refractive power of the eye along the
path of that interrogating beamand return beamwthin

Thd teemsy'm frahieoft andrtbehind’ f armhforfardsicand'edamairgs’ amd used to

indicafe eTaib o SpeTon Bithupehestae s eveeiaiad SyiSineTys dhe
arr : V\ﬁe 588 m Hefectdr 'é?erﬁléf@k’)(gﬂ%l%régﬁiﬁl%d) &Gl BE l@éf:&t@"ﬁgﬁ fiont of the

re enpl oyed) w ) ocated in“front o
eyesipdated| ystai sihetinigrrogation hean willdraveh résards from thevaray

el AT T B e S e e
arr@f.ray. DETAI LED DESCRI PTI ON OF EXAMPLES Havi ng

portrayed the nature of the present invention,
particul ar exanples will now be described with

gf@s mw' rawi ngs. However, those

DEZ&F‘?‘FQ [ nbm%?g?'?%'@ ap%lrlgcﬁjat e that nmany

Haviag ipatirayesl thechatods 6fi thatpresentdavertionnpdricutartdxamples will now
xanmpl es wi thout departing fromthe scope of the

be Qﬁ;gﬁqqddw\%geference io the acCompanying drawings. However, those

skilled in the art will appreciate that many variations and modifications can be

made to the examples without departing from the scope of the invention as

ouilined above.

Description of the Several Views of the Drawings
In the accompanying drawings:
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outlined above. Description of the Several Views of

the Drawi ngs I n the acconpanying drawings: Figure 1 is
w@2aai1e7di agrammati ¢ pl an of the basic opti cabCT/ayone8/000434

of the first exanple of an instrument fornmed in

accordance with the present invention in which the

defl ect or neans conpri ses artd ar ray of prisms. Figure

o1 EBb % SopRE R Ple JHeh L D&l Bt BB v
exdeblesst & inmstiumertfermidd inestcardhride Riig &tk pros@it AYEntion in
gure 3 is an enlarged and nore detailed diagranmtic

Fi ) |
whighjibedefipstargneans eprapdpes and arrgy QUPriems: he i nst r unent

of Fi A . Fi LS. L j t aid:

o FIEHES s e kSRt EPAREPH 5344 bt ot
whesedin tlegrprisimis deingprisingthiesdeficatpreamat ae Hietkamd avahgedin an

of an instrunent that conprises the second exanpl e
arGith a different optical configuration for beam

st epigund afis @M diiaigetfad @otd Hetailey Y BnPhatid Qgé t%?eh@ev]atibn of

4. Figure 6 is a diagranmatic side elevation o
the optioad tayeut of thei igsiremsant eicFigdiend. means for neasuring

t hegl t.h of t e _and/ or. _the_di st ance bet ween o

ol origPE 4R dh B papld el JEE LR BB SR asdtional
feat@resfortrbfindmests. exanpl e is shown diagrammatically in

Figure 1. The array 12 of deflector elenents 14, in

t hi GigsEe 8 is sliagrammeatic sidevelavation.of @ndsstsymest thataonnprifes
| . . AN
inSSboLRSERY i S LIRSS e LR B Scbfofrom

thalt of thid firsbexanplenefdFigbatis system 18 is the eye Ef a
patjient wi.th gr without the addjtion of prosthetic¢
| enkldiire B s Aot sidecievatien ol the i EHMeRy afiFdgire 3
. . rf i t - .
BRI Rscl 1 AL PIECEAEH PN 8 ol RS Latucar
elemandstftateoh axis 16, which is described in nore detail
with reference to Figure 3 . Unit 20 directs
illum nating beans, indicated by arrow heads 22, to

Th@bhak 18y Qiresitihe bt Y 6Hihe ArSiUXaRsNe MIsRGvS et  of
_interrogating beans, indicated b
diagrammatically in Figure 1. The array 12 of c}:eﬂector elements 14, in this case
is a linear row that extends symmetrically and laterally on either side of the optical
axis 16 of the eye-related optical system 18 under investigation. It will be
assumed that system 18 is the eye of a patient with or without the addition of
prosthetic lenses or other modifications. An illuminating light source, controlling
processor and return-beam detector are indicated by a single undifferentiated unit
20 arranged on axis 16, which is described in more detail with reference to Figure
3 . Unit 20 directs illuminating beams, indicated by arrow heads 22, to array
elements 14 to generate a corresponding set of interrogating beams, indicated by
arrow heads 24, that are directed into eye-system 18 at different peripheral
angles relative to axis 16. A return beam, indicated by arrow heads 23, is
generated by each interrogating beam 24 and is directed back to unit 20 via the
respective element 14 for detection. It is convenient for illuminating beams 22 to
be directed in sequence from one element 14 to the next to thereby sequentially

generate the interrogating beams 24 and return beams 23.
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arrow heads 24, that are directed into eye-system 18
at different peripheral angles relative to axis 16. A
wo edoanm2beam i ndi cated by arrow heads 23, i s PEnapi08d00434
by each interrogating beam 24 and is directed back to
unit 20 via the respective eI ement 14 for detection.
It is convenient for illumninAti ng beans 22 to be
directed in sequence fromone elenent 14 to the next
to thereby sequentially generate the interrogating
in H&@Eﬁa%learajcefrﬁnau illmn’ﬂaaﬁmg B&arn atdmlr&sgmdﬁﬁbe;en&al mterrogatlon
cent rélé il lumnatin corresgondl ng centr

bepft aRd gL TESRORIRG, ?r@é@rﬁ} ieaiRe oy arrcaé/v fBeads 25,
27 GrRsh | Wifﬁ@éﬁ%g?ﬁ %'él;:ﬁ‘ﬁ!eh@@fé? e@nerﬂs anhi s%? (e>é|e§f’ central

int |s exanpl e ector elenent Ts ‘a
elgresnieistc) draithas| areapeaeanglmzml)chtthat emlnmﬂ@gmponam;im 24 is

h {
airg$iE0 100" B Bne Reh RUBRERATS A S Ffecsie olhf 2Hrents)
eldhestitr edc iglegi@etiie\t AdullselBfeRE tHat oks dqob dbiled! tﬁ@\ﬁmmuhaﬂ'ﬁg
does not deflect the illum nating beam it nmay

begay; i may bgialearafielsided pkar glasssasosrown laut tihaitis ngt avnn

noGY B DGER oALPL rl 2 B s

mtarmdgﬂmgabwms Retaamnt J’mhke/smmstahﬂaﬂiyrccablaﬂw allowing one mendlan

- ths Mo zgiaal in B SXAmEn - R '%P@wﬁ@%g@tg&sﬁ@n horgontal
meGF I BIGAR s?§teh?¥§ﬁ%b9ﬁ{/@§ Zgﬁ ?Ig%t%fﬂhgghé nfstrf?ent 10
i nst rument about optic tive to eye 18.

abauiteopticaanisril §selativeto eye dBr ogat i ng bearrs 24 and 27 one
at a'time into eye 18, and the generation of a
correspondi ng sequence of return beanms 23 and 29, can

The %aﬁ%hﬁ@él@ﬁi of lhté?rcyg’dth@ Bedths Waynd f}’ bﬁé a@ a%inté trlto RGe 18, and

descri bed bel ow), unit 20 may incl ude beam scannéer
the: griergiier of 8 carrespgNding Seauance bhratue be@;nseamrfok%@ncan be

o885 3 BTEREN G A DL P I R e ST
mclm@’m badmaswhndér ot divecied sihglongirbwalursiedting beaaf fr@bheone
and t he (generatl on of a sequence of return beans

eleﬁ}fwtéé to#) h%raﬁesen%ﬁé“@iﬁ elegiends Afsae ba Hyeinatag a&ﬁne
im 895141 oS 215 LTINS O AU RRa g o
18 ahiddhe |generatn»ga1f|a1§pq;nme dt4etfuroipepnis2Baid 28( €his can be
BBy s o St rontbgtle b3 st 2o
bet#delnCard@} 2 and eye 18 and using it as scanning means by which
interrogating beams 24 from prisms 14 are admitted into eye 18 one at a time.
Third, a similar shutter 28 may be inserted between array 12 and unit 20 to gate
iluminating beams 22 and 25 to illuminate one or morer elements 14 at a time.
Thus, it is not essential for unit 20 to include scanning means and it is possible to
distribute the scanning function between scanner means in unit 20 and shutters
such as indicated at 26 and/or 28

In this way, successive interrogation/return beam pairs diverge/converge at
successively larger/smaller angles with respect to axis 16 as they pass into and
out of eye 18. Sequential scanning from one angle to the next adjacent will
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i1lum nating beans 22 and 25 to illum nate one or
norer elenents 14 at a tine. Thus, it is not essentia

w0 o008ani2t0 20 to i ncl ude scanni ng nmeans and it PGI/AU2008/000434
possi ble to distribute the scanning function between
scanner neans in unit 20 anﬂgshutters such as
indicated at 26 and/or 28 In this way, successive

probBEISOARL} OBNUIRTAMPYES oY BEQRL RN BE IR sed to

essi ve I'ar géer’/s respec
mirdxise Biesesthdieyighbalsd due tafidedséquentiy ecdithing. While
.. Sequential scanning from (ége angl e to the next .
llumiation Af mpre tHaB MG Bease defleetor slementcit atail easily be
w7580 of SERGER TN 26 18 eh ReEL AL ¢ g e
mulpilé simullaneooatrétom béamsribat Wiliresule Tdsoad dfel dostedby using

s e B85 bt BhoS0 SR RIS oy dncooe
eadH Eiiffdarh thatehdBds!tb Mletdistinpllisiteram dfitHenatifia Wotector.
that will result. This can be done by using shutter 26

or 28 as a beam chopper or selective polariser to

A sgouf Ve e BT BT idelt BB AR ERERA2 48 tis
insgementlisvadicatdd &f 10z1¢n ithis tvatarnthe Prishig v tHaticomprise
illustrated in Figure 2 and this instrument is

deflasiprcelemants ohiaisay 14 ardpganged dna cuRe B aensathep thandpeing
coff T oRE 286 hhed Ykt RITER! CorRlorBii pierfe Bt PERATI S tha
entty Anck éxit ahgleisvad the lightebaams esgp equdiln §uph iasrarrarfgemeniraan

offeéd%%'ré\peg&%?érrﬁy%%gdaq%eﬂp&t m‘ agn é&r’? g}%];léxigrgwbii ht 'bn%acgﬁhg ra(?ray

andP el UMBECST GTRREH dIemeptkhehsin! at eral di nensions of
the array and the nunber of deflector el enents

therein. Figure 3 is a nore detailed side elevation of

Figbf S R dhaclnd HBH sTevR B Eheft o o PiBle s 76
varginowoa st Fey@te . wiich itig@ bringiparcorsfoériie ©f $ink 20 are shown
col |l i mat ed source beam 32 via a beansplitter 34 to an

sepssately. oA liggt Wurﬁéﬁosdiéﬁﬁ%_%ﬁ cgﬁi_nﬂﬂaé So§IrGRRRYNMBE via a beam-
spifteh 38 1 ep SeIBuHG A3 Soannet i ot RomBFaT by 1dAiBl o746
gerpraky iltminaiiegdeqnenle tiodt aretseannge frongdbieater DAddfleator in

ang, £2 1o Reereds MeSodico TR deRFS BREMS24 ek are AGecied
int%;{é-ggsgﬁ@ 189fd oPidthArdiRhrds SRR desire@TaRE 8FihBident
angles. Scanning mirror 36 thus forms a point source or common point for beams
24 and a common point (indicated at X) for all return beams. Thus, each return
beam 23 returned from retina 38 passes back via deflector array 12 and scanner
mirror 36 to beam-splitter 34 by which it is diverted via a focusing system 42 to a
photo detector 44. System 42 includes a moveable lens assembly 43 that can be
moved axially back and forth through a focus range, as indicated by arrows 46.
While the source beam 32 (and, thus, the illuminating, interrogating and return
beams 22, 24 and 23) can have any desired spot, disc or annular cross-section
desired, an annular cross-section like that commonly used in known
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24 and a common point (indicated at X) for all return

beans. Thus, each return beam 23 returned fromretina
w@dopasees back via deflector array 12 and sScaPCiEAU2008/000434

mrror 36 to beamsplitter 34 by which it is diverted

via a focusing system 42 tolg phot o detector 44.

System 42 includes a noveabl'e | ens assenbly 43 that

b atoff N the Sl NJREh, SHEV-5800 iP5 Bforerred

as lﬁe:am BRafalgsded bhd proddssedlih arngubatantigdly istdrefare gadrineg.
and return beans 22, 24 and 23) can have any desired

spot, disc or annul ar cross- section desired, an

Eafh RALAY bEARSSS S%@%&% ddrﬁ%{tlgh@ mtydé%g@; ug — thus

ownaut or ef ract or suc NI ppon
comteimsi iofeenhadibn\wé Yhe reffaoclive stadds aé thet eymaysiemathal yss@cn)tured or

r.oc bst an |y standard manner h
i FEAERR0s 44, BirafbRe sl §leRER g Bfay BRI
sefiRfrector 44 - thus contains information of the

refractive status of the eye-systemthat is captured

or quantified by detector 44, which is preferably a

V. nit
Fing By Gl B s, Bbb e o Bo R Ao ST thavhne) T
comm:@ﬂhmﬁmpmd § dedivated ECaamHam corinedtddCoaasteps and analyse
connect e@e to accept and aﬂg yse the out put of detect or
theQUiRHHOK t@?‘ioxf/ é4 %toa‘ifﬁ’@ n§ agsemRly«tS dadensavecesirol.

Prdgfe%%lsﬁgﬁ;s 'c?)n%éfédcte%ﬁﬁbﬁgcérﬁ’le? Qi'ﬁ(/éloy ﬁ'w %ﬁsure correct

rver to ensure correct um na
tlmmgjofrlﬁmwnat@ngim redigmnesigriad MetdbtnAeamwntldmebemBn Ilght

sy S R0 bt eRoartl IhgS SioRh sl Witsk Bnva ey dnstre that
solireé Rahl 82 @Béﬂrééﬂyﬁéfbrﬁ@;@ rédahd %ét%ofe%?@é‘élﬂéh&rno%etdﬂﬁrent
current source beam sectional pattern is stored f

soeaheans sectignah priekges s4oredipr eorsparsqrewith nmagarﬁ823 is
bei ng received, focusing |lens assenbly 42 is noved
al ong the direction of the optical axis to vary the

WHile@sehsenen émadms bape beingtrbeeivedgiocdsingTemarassembly 2eie
positions of the faocussing assenbly 42 re recorded

moiie¢l alanghiher diraqtion of dhe PRUGH A 1RekY dmfReis Sreand shape of

thefREide, & CMATorh e BaRpIICTRRY 18 CARBINFRREIY 42 are

recmmﬂdafdr leach o gereappian eaaxinmadgd shaghem @aeqnbsnmmmleaere the
imaBeidsal by MEPkStah SrTBstA R i SRS Pal S Sekdnd pgsition
where the image appears maximally elongated in one meridian and a third
position where the image is maximally elongated in a different meridian, usually
one that is orthogonal to the first meridian. The three positions of lens assembly
42 respectively indicate the spherical equivalent power of the eye, the sagital
astigmatic component and the tangential astigmatic component of the refraction.
The significance of spot/ image size in relation to spherical equivalent power of
eye 18 can be understood in the following elementary way. Since the
interrogating beam 24 that enters eye 18 is collimated, a normal or emmetropic
eye will return a parallel collimated beam, a myopic eye will return a convergent
beam and a hyperopic eye will return a divergent beam, both of which will result

in larger images sizes.
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one that is orthogonal to the first neridian. The
three positions of |l ens assenbly 42 respectively
w0 p@Baai2e0 t he spherical equival ent power of thEBCEXE2008/000434
the sagital astignmatic conmponent and the tangentia
astigmatic conponent of the refractlon The
significance of spot/ inmage dize in relation to
spheri cal equival ent power of eye 18 can be understood
in the followi ng el enentary way. Since the

Fiduné elr staged sovgclieatorestinalh atayend atde@ yeedbance the performance of
collimted, a normal or emmetropic eye wll retu

thes geHMANt dBIQrVABRBH1 G ah T ICkTes dENg 2y MavRble BalieR target 50

s PGS RBA e 7 R APOCURAS cHubled ], By Btitona
beamgdisttes bAdstoriefun doans pats23 and dneapiticabaxis Ha#t mmmdm’target

t t 1
5031058 S aEos Basgs oh i P Mreal aas B AlRe SPRH: pe

corﬁt%lg%{00591m&dt%aﬁ\%éc@ﬂd%c@iﬁ@a%éﬁi‘n%lﬁte?’%tlﬁ‘@hzé ath 52
optically coupl ed by first additional beam spl

dirgatsiaf i lmag,et ereyeo*e%ﬁnm & CI3 detettorbdpiiowdng gazesdm@ctlon and

evE G 0P HerEedl 83 (1 JBREGo e Hie S Bl g
viadsazmmaspiiidisBy afd Sec@pdc@ldﬂlddomﬂ(talhiwahé@bemé(ﬁs 68cdnbe
usg@ @BathS dlrects an i mage of eye 18 onto a

ernajgly ¢ aclswq@"gbw@wt@ W RY el appearg|tp @%@ﬁ@lly
ali r?é eS@RéBrE@OegI c@&t%‘:ffg&sﬁ@d r(%é\%éép?ﬁni%‘?e% fo

i mage via eams Itters and
prcmesaelt 42 é‘FlgdresB)&ﬂ as mhnmdrby &Powamadrked e sbdhat initiation of a
altern or dd| [ IIy) i ndi cate when eye 18
MEASHERP %IEHSIO ‘E;ned Sensors 60, along with
detector 58 |f deS|red can be connected to processor
49 (Figure 3) - as i ndi ct ed by arrows marked P - so
Figureo sheiws thei apiical lagonefan istromeny 60dhatorberises the second

ex bR b inlas BRI DU Rt Ao et o Inf gt e

first exampleobut, viieriseasnay 16k shiestantiallethbarings, THg @édné?eference
than that of the first exanple but, otherw se,

nuRgrale ¥l thareipre he usedor slemanise! instramarnt @Odbﬁbar@l %ssentlally
the‘%]e{rjpe ta@%@éé)&e «%??%ﬁ%q{f the frd 5(% le. G euéf%“é view
tha Vot t or

are essen al same as e of |gures

like2that of Rigures Stanexanpl e. Figure 5 is a plan view like
that of Figures 3 and 4. As in the first exanple,
array 62 of instrunment 60 conprises a row of beam

As in the first example, array 62 of instrument 60 comprises a row of beam
deflector elements 63 but, in this case, each deflector element 63 comprises a
mirror (or optionally a prism) 64 that can be tilted by an actuator 66. [It will be
appreciated that, if mirrors 64 are fixedly located, instrument 60 will be
substantially identical to instrument 10 of the first example in which the scanning
function is performed by scanner means in source and detector unit 20, and/or by
an LCD shutter 26 or LCD shutter 28 (see Figure 1). ] Actuator 66 can be a
known solid-state device such as a barium titanate piezoelectric actuator. This
allows instrument 60 of the second example to function quite differently from that
of the first example, because each element 63 can be operated as a shutter or

scanner. A number of different operational modes are envisaged.
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defl ector elenments 63 but, in this case, each
defl ector elenent 63 conprises a mrror (or optionally
W@ 2Bi1s62§y0 64 t hat can be tilted by an act uat or PEGAURI0B/000434
will be appreciated that, if mrrors 64 are fixedly
| ocated, instrument 60 will he substantially identica
to instrunent 10 of the first exanple in which the
scanni ng function is perforned by scanner neans in
source and detector unit 20, and/or by an LCD shutter
Flr%ﬁ manyﬂﬁ‘ledmt élemedds 63 enay-bgusedln arraly 68csined ﬂTeer(Ebmponent
he a known sol i d- s%ete evi ce such as a bari

mif rm%ﬁﬁ@@dpﬂ%ef%@@ FRR bedDagde ¥erY TRRL apdirqrnted very precisely.
THg? nyea aﬁ%&h&ﬁ%lé@&%ﬂetﬁ??ﬂﬁnepﬁs‘?né YRk 'a‘?r'&gqllﬁ ih&he first

erent omthat of t I rst 'exa
exanpte, edtéeaahtforﬁ%atms diéhe pye dbaichraf @astﬁuwarentewest While light

scanner. A nupber of dif. ent operat
Sobfi SRS BrocRRnyr Wil 0600 SRS tRIREL s AR pe Hriinating
bedAEI2 lalbriy dridy 63 n$ b%‘ﬁﬁlléﬂ‘ﬁhﬁ@ﬁ&@@@@éﬂbéﬂ WhRrsfeRshc@n8 Figure
actuators 66 can be made very s mount ed very

3, praay b@ldﬁflcuih@emﬁeﬁl@afaﬁqe@ngéd:e\mmdmmtulb@yna@rmore

G, Bf R Basety BoaBed B0k Pkl & it ykoBi il

actusitensedd cabe lopetatgbtto $|9) tooeactiged e @hlyem@ iptended $nifror 64 to
unit 20 can be operated to scan the illum nating beam

dirgot ifg MR regating t@@m rAdNG e 58 apgiieincREregy andiregearby
mittbid 64 & Egguq%ethépa gé‘éﬁns?t at the not@?&}t? drd n%%freét@d lnto eye

ensure t scanne eam 2 doe [ 'um nat e
18t hhis ailmwscﬁcamxer b5 edfyFigpaceib diéttanbose stamong I@vmg fine

b
sogying 8 PpatEiefiakaR Gty San s wideabossiahran s °
de@br" [ﬁﬁn éﬁtﬁe'ﬁﬁét@%aﬁﬂﬁé ' @%Iﬁ@ﬁfﬁe@‘i’s bdﬁ’&t@ly%gl(gd ﬁf‘@lréét'a)n

|ncorrectly genearby mrrors to ensure that

Intaﬁ9g@wmrbeamaa2 inHeeygetenik lsalbe cmﬁltecﬂv reaglashitol dirast egtrn

bogfL 74 Bol fenBife e, cPRclor et 201 Thdsch ifitiPlasone

mdye jilist descibed, beA dnﬂéctdreeleméﬁfse@s)mbrﬁpmg herrors 64 and
descri ption of the first exanp ror that is

thelpasteatarg 6§h§a@@etqpeda1ie@dﬂ<eaﬁhutw 86 r(@@a& Plgfiektend 22 in

to eye 18 will also be correctly angled to direct
return beam 23 fromthe retina 38 to the detector of
Sekmhu iP@.Jeah deflector eleenanie 63tof @nmiultipbel elejmatt array 62 can be
el enents, 63

descri bed,, beam def | ect )
OPRIARFBIQ PEHORR JOMIRLPT ALt e SPET ) UBSI BeOERAaBLTor 36 of
thé fn‘&? eﬁé‘MbFee Fof @xéﬁfple? Efals’r%d Pt %’dd’ntlﬁg sﬁ@&lpﬁfﬁror‘s%#@ﬁbther

| ector el ements 63 of tiple“elenent array 6

to ﬁaeiym@terrogate eye areas of par’ucular interest, a series of larger m|rrors 64
can be successively illuminated by coarse scanning of illuminating beam 22
employing a coarse scanner in unit 20 (similar to mirror 36 described in the first
example) and each illuminated mirror 64 can be moved by its actuator 66 to effect

fine-scanning of interrogation beam 24 over a small range of angles.

Figure 6 illustrates an instrument 80 and a method that form the third exemplary
embodiment of the invention and enable the measurement of eye length as well
as wavefront aberrations and peripheral refraction. Instrument 80 incorporates
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operated to performsone or all of the scanning

functions of scanner mrror 36 of the first exanple.
wao-orsaxanpl e, instead of nmounting small mrrorBCT/AUS®S/000434

together to finely interrogate eye areas of particul ar

interest, a series of Iargerl,}n'rrors 64 can be

successively illum nated by Coarse scanni ng of

I B R WA 8 OIS SRR o anc
pesiphepd! egfractibreand adts thereit & interfewometerdssan patio82fbr the

by its actuator 66 to effect fine-scanning of
me; %PF@@@PF B¥e trin heSamederanse Paigealsivilhg used for those
palis®BHifstfurhbhtiSé E@tﬁf&v@%ub@x%*rﬁiéﬂ? é‘é}né'?gn?}ic{ﬁ%@eéqﬁgtrument 10

that formthe third exenplary enbodi ment o
andrividimat be separaiehbliesaribediessur ement of eye length as

wel | as wavefront aberrations and peri pheral

refraction. Instrunent 80 incorporatesthe instrunent

Trefintdrigtrene@r dednfpaprsieastHreysRnsuibstanngat eght angles to the
aberration and peripheral refraction and adds thereto

SONFFe heamrdde babissemBteshhyplight soprgerd0.t Iheompsses henadgitional
t 1 " .
Bl TR TR SEANGE TR b 0B Bbporson
comp:m"tsaj I tibn gllémemt%,s(ﬁilr)rangaddm' drmhg&ﬁ/ebbm mhirm?rrﬁs 48d gndan
' 0 e, separatel y descrihe ere. The .
acdiage @E?Qrﬁs"%&%%nﬁéé@ﬁc%@di AFPYUP JedMipisRif aregble
e I . :
o bAoA BB bR el i débcditp 1 Al oo
underthespdnttal @f pgacemsoangdébigure BeRrettablyf ackiatwOdismperated
i Lror 36, .(ili di sper.si.on conpensati on el enent 86,
tor(gf(?'PEOCgE? %@?E%%ﬁﬁ?kﬁﬁsé%{m-e mrror 88 and (iv) an
addi tional photo detector 90. As indicated by arrows
92, mrror 88 is noveabl e al ong bear&ﬁath 82 toward

It Wil dPeaaRirmedin what follaws deatdhegxial igngin cheyvedysienn3s is of
A8 sd BRoF ARkl VBEROERRRL oD Ot BB ann a7 29 are

thoser noder&8®nisitsrationd [hasthsourtt baiahl 328 travelgbeblgh adiitional
foll onws that %_he axial ]Jength of eye-system 18 i s of

. | engt h Y .
bepRt-gplitar 84sandiisi $lit AF paF AdpTcnvo eHEEINg peanhgordiags, beam 32
WHiGH S0 RRAI e Goforé uckeibed) & St RO apd a referenge
beaod94 thatds reflested by isplitter BYindmbeam Eathi82 e tecigrodating

miteBh Bp it ST B st BR BB i poind K B diehtprty sipcestpe
pogﬁﬁh & ih@r@r@rﬂ@ﬁerﬁ%@%éﬁé&n oDt K hagRtbedyr SPid AIsST

i nt o beam pat 2 on to reciprocating

travelled by return beam portions 29a and 29b, which are reflected to detector 90
by splitter 84, reference beam 94 can interfere or beat with return beam portions
29a and 29b. |t is of course necessary that the travel of mirror 88 during
reciprocation is sufficient to cause interference between both return beam
portions 29a and 29b. These interferences are detected by detector 90 and
transmitted to processor 49 along with the precise position of mirror 88 (as
indicated by arrows with the letter P. For convenience, it is assumed that
interference with return beam portion 29a occurs when mirror 88 is at point D1
and that interference with return beam portion 29b occurs when mirror 88 is at
point D2.
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mrror 88 fromwhich it is reflected back via point A

to detector 90. Since the portion of interferoneter
w@ai0/1827het ween poi nt A and detector 90 is al BOI/AU2008/000434

travell ed by return beam portions 29a and 29b, which

are reflected to detector 90 _by splitter 84, reference

beam 94 can interfere or bedf with return beam

portions 29a and 29b. It is of course necessary that

the travel of mirror 88 during reciprocation is

sufficient to cause interference between both return

beam portions 29a and 29bh. These interferences are

Moe seeriigalhy tar indetferenge vihappeant e erical gisirsesddoB, C1] +
B0 8 oL PATDIFAR IO B 1S sk ommeen

D1cand/BRiis aceyraitdly knowastore dhe hatror posiides, dhe epticdl ldistances
eturn_.b portion 29 ccurs en mrrqor 88 is at

bofyfiafl PRSI A4S FFE BRPAOES THEPSA APt et hetheen

coRatdritiretfR sFRBES c¥h Qlﬁ‘erﬁ‘bérc%an%ﬁlec:J Bg Qﬁsiﬁbo\'/v_@? k?ﬁ\gWrSUp

specifically, the interference w ppear |
refegstive dndex valdes esogular med@Lio eorjvart thelopdicdl disianBes @Ep

+.[ A I ' he relat.jv i Stance
phjsicdtictine®s, e et BERubEY s R B o tad bR ss f the
dispesdidn oompehbetirapelenrdnt @6shnsssm patimeeNsish dévicdslbaing

C2 are al so, known. The physical di stance between ]
KnQwR Hethe#d TF will he aporaciied thatnwhile the geBeiabapiepl igchniques
B R MR Do S ot e ARHIOHE VR Bhol Pattothlew (see, for
exgrhpke, tied Sdhimichrefesenchb ddentified raboae); dha particutarta®mbination with

. _|.npro by the u f the dj spersjon conpensatin

insh IRt Od Mot GBEAIpael 2551 Sekn HOWANEEL WA Rroun

apprecldied #dt othdr Mdvin REnARRES O %bﬁ@almﬁﬂicagﬁ? !ezetl th may
general optical techniques enployed’in additiona eam

alspdienussl separatéilyat in egrabingtion withrtbe opticakeharaeerisation

(a o1 Schm d references identified above), the
Sy%é%?iﬁﬁ'%%@%‘mati on wth instrunent 10 i s nost
useful, elegant and novel. However it will also be

appreci ated_that other known techniques of optically
Whila# aampagokgxamelegiat thejnventien plong sdthsa pardes py vaiiants,
, ; Com it bt ; c eati . _
na B QTROG AL e A 08 e MRTRE /4 Mg winou
depHrting érormihenséapr ofahemyvestioh = defineerbytheviatibwingsclaims. The
e, been descri bed, a

sp&gﬁhﬁmg,agd&@gmqgrgeqﬁq%é{ih ’tlgn)é3 e)%gr% ecsi I?atveedbégn ftorri]iﬁjg¥ration

rather than limitation.
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departing fromthe scope of the invention as defined

by the following clains. The specific terns and
waemangenent s used in the exanpl es have been fPECT/AU2008/000434

illustration rather than limtation. CLAIMS 1. A nethod

of optically characteri sing gn eye- rel ated opti cal

system havi ng a | ongi t udi nall optical axis, the nethod

CL:I-ﬂﬁL&*{Jdi ng the steps of: generating an interrogating
g beam from each el enent of an array of discrete
beam def |l ector el enents, which array that extends

| at er al I,eg~| fraomthe optical axis, directing said |ight

a : gh :
1. peanfiTReBO0HY opjicalierharagiesizinean aye-4alatafppiiGat pysteprhaving
: ihcal [ j I ; ' art
2 IRytiea PR i i MbP o Bing TR terS 2! & e
wi t hgeneraiidg anriaigrragetieg tighbbeamdtom mabbaterhenhoftarearray of
.eye-related,systemthat is generated h aj d
disfiie tRagLAFISRIDT SRMaSs AR aftay hetextends faterally figm the
opfdtflafisyi @ sai d beam deflector el ement to detector

means, and conparing said detected returned beamwth
sai ddiregtingrsaidtlighipermrintorthayermalpted systondat an angle relative

to BRGHRRL K3 vitlon B éasr G Rl BB LR oy B R ingd Rt the
eleignwithiin sgiengfat,i ng said interrogati ng’ beam by

iI'lumnating said beam def|l ector el ement with an
i |1 udetesting g reamberahliemiferavenielated systen dhatts gererated by

Al i . - A i .
salf IR Bafing Ao e e dCls L &Y s38 ahdlE "o bea
deflesttor elemend ¥ deteetarrmebesgarid sai d cormon point for

detection, such at. each be defl ect or, el enent. of

e SPBIRE e R etpraf RAresd Bpem WEE selct PaTosRtng beam or
an irhbg8on & HERrARRABS AR GHliRe %_yéﬁ‘ﬁ%@@(? bléﬁc%' system af said

intérrogation beamat a respective angle an uch that
anglach return beam generated thereby is returned to said

common point for detection. 3. A nethod according to
claim2, including the step of:
2. A method according to claim 1, including the steps of:

generating said interrogating beam by illuminating said beam deflector
element with an illuminating beam emanating from a common point, said
illuminating beam being deflected by said beam deflector element to form said
interrogating beam, and

returning said return beam to said common point for detection, such that
each beam deflector element of the array can be illuminated by a respective
illuminating beam to generate a respective interrogation beam at a respective
angle and such that each return beam generated thereby is returned to said

common point for detection.

3. A method according to claim 2, including the step of:

generating a narrow source beam from a light source fo form said
common point,

directing each return beam to return along the source beam, and
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generating a narrow source beamfroma |ight source to
formsaid commopn point, directing each return beamto
WO edoafins220 ong t he source beam anddiverting atPCEABR008/000434
portion of each return beam from said source beam for
detection. 4. A nethod according to claim3, including
the step of: noving the i || d%i nat i ng beam over the

i R R LA B PRI B o

claim3, including the step of: sequentially scanning
the illum nati ng beam over beam defl ector el enents of

4. 521 ARSI RESRMER bilth 6, BRARTAY g bgolcps or T ogat i on

and return beans, and sequéntl
r et unovingahe iltumeinabyg beapr aterdhe Gurrak ofetchod daleciodelegents

to clai or 5, .including the ep_of : enpl oyi .
to dhekae e dnhodetng fott et ABeithe Fashacyhe Tetin Bdams in an
ordebdddmpkr N said noving mrror wth the source beam

to formsaid commopn point on said mrror and so that

said illum nating beans are formed and scanned

5. adniiog HebAERQ GREN S BlidndRRAEBE: Tor Sench
r et Wiayueedially Scahinieg tedillapiddthgbddratoveab&arm duflbctdre

source_beam for detection. 7. A nethod according to
ebmﬂm%ﬁfesaiﬂ affayi teesegiuentially genaratenifetintergagiopand return
bediflegid Ng each return beam after separation fromsaid

source beam by focusing it to forman i nage on a photo

det esgquentiallgdeecting tree miumelseamd itmgrebyigpnerategnal

fromthe photo detector, varying the focus of the

i mage through a range of focii, and recording the

6. OUt PAimath8@@lcchling I BaIn 3Vt H)‘iﬁé]uﬁin@%é §F§§fé‘9i ng

recorded image representative of the respective
i nt e2MplPainangranding Beans Lenttsinga oreNing Miwoany one of

cl ai iﬁ'ﬁm%a'tiné sia?ac}n%%n'bgmﬁrpc?r wittS he®ource beam to form said
common point on said mirror and so that said illuminating beams are formed and
scanned therefrom,
directing each return beam back along each scanned illuminating beam
to the mirror so that each return beam is directed by the mirror back along the

source beam for detection.

7. A method according to any one of claims 3 — 6, including the step of:

detecting each return beam after separation from said source beam by
focusing it to form an image on a photo detector to generate a corresponding
output signal from the photo detector,

varying the focus of the image through a range of focii, and

recording the output signal for comparison with a corresponding recorded

image representative of the respective interrogating beam.
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simul taneously illumnating a plurality of beam

defl ector elenents so as to sinultaneously generate a
weemsasiaondi ng plurality of return beans, PCT/AU2008/000434

differentially encoding said plurality of return

beans, and separately detecting each return beam using
said encoding. 9. A nethod &&cordlng to any one of

cl ai S
8. 71 T uBTnirodosoRibg %o Bfy B JLBirSa -2 MElRERK e ot
as tgnmlmmbbaﬂyduﬁhiy\aﬂﬂgarmuahﬁy cfasacan plefldcidg elements so as to
| urali t i nterrogating beans, and sel ectively

si tanﬁet@ Q?r\@mmaé} PWG%HOFMWQ;PHU@BY PhEFtHERRRAMS, per mi t
passalgrﬁg t tﬁﬁlg\éﬁﬁoﬂlﬂb%rgﬁ@%ﬁélpﬁoP?&Uﬁw st Ad

eye-re ystem od accor |ng o claim?2
- 9, séparhtely dgtectieg saeb refurn beam wsingsail gnabdimgt i ng a
plurality of illumnating beans at a plurality of beam
defl ector elenents, and selectively gating said

9. pl UfA'méMogfacbdeit% Whh?@nb%’#%%@ 2558 eiﬁb!uﬂm the step of:
illum nate said Emlljra [ beam def [ 'ect or ements.

11. gimudtenegusly dbmainating a Riukalitynef gfarg u@flastoz elements so as to

I k id
sirl I HALRY e Br b e Rt R i dietlneetns, ana
i nt ed;eflegweilwgafﬂmyﬁalg%@tfaﬁtyeﬁ lbbermg‘adnglbebﬂ@to pEtthitbassage
fs,al d.elenents. 12. A nethod according to any one of
of femgr iptegogating bgpmsdnie theeveyelated §V§f@rrbpt ical system
is a natural human eye or a nodel thereof having a
cornea surface and a retina surface such that each
10r et Uk mMéibachdcasrding to stain @x@rirciudingdhe atéy of: of

o S Bo0f Y R GEY Brba e ol TR EBa BSERE Fch Rlkelty of

beamdefdettd didiiehd! hawi ng addi tional steps: diverting a
portion of each returned beam from sai d source beam

| nt oselectieliegaiéinmaaidplunsdteijiurinaling beashsato selectively

et SR PERR TR it B BB o' fo Shorten or

| engthen the interferoneter beam path, diverting a
portion of said source beaminto said interferoneter

11 .peank pethod acrerding ia any PaA O Cladam2 =9, gheudingribe sieriof:
L:;'ﬁ@%ﬁ’i@ dt @ ohe! Stsdi®BOLR Rt BrEibMERd & GRLE"the angle

of the interrogating beam generated by said at least one of said elements.

12. A method according to any one of claims 3 — 11, wherein the eye-related
optical system is a natural human eye or a model thereof having a cornea surface
and a retina surface such that each return beam has a first component indicative
of reflection from the cornea and a second component indicative of reflection from
the retina, the method including the following additional steps:

diverting a portion of each returned beam from said source beam into an
interferometer beam path that has an interference detector at one end and a
reflector at the other end which can be reciprocated to shorten or lengthen the
interferometer beam path,

diverting a portion of said source beam into said interferometer beam

path to form a reference beam,
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path so as to cause a first interference between said

reference beam and said first conponent of the return
wheasiia27eai d path at a first position of sai dPCT/AU2008/000434

reflector, said first interference being detected by

said interference detector, 1S eci procating said

reflector to vary the Iength %f said interferoneter

car o PaP RGBT RRT 18R BR RO S I RES LBl E beam
patiesaras tbemusea firat idtqrédroned batveemosaidreréhebeimsaidisaid

f b detected b
oy oL oo et O Seer B e ?f%ﬂn‘?@fgt?qnféf said réflector,

d
saﬂmﬂs@nﬁ@rf&%h\e@%tél h&habido fééiﬁ lﬁ@ﬂ%SI ca|‘§éJ @ancesal

di stance bei ng indicative
bet weegipraeatiog rsa@breﬂadtarrh@vaa/t thadengthtdfesaaymta’fanmat@ebeam

PaThG Al g2 ® Bngr St i Bl e P RBr i RfREENCS beam and said

se@vRd tempop@nsysthefeiuin Boafy . &id paly aPh %eBmBo@i%h 8hGaid
and wherein the nethod includes the steps of:

reféﬁqf@rn grifl srpanddnteriesergrebeingaeiesied byi said trﬂi@n‘@pnce detector,
am s, and then performing the steps set out in any one
of the preceding clains to determ ne peripheral eye

aber datarnrisingtthadtatce iedtaclenesdid fitst @ndRidceal pasitdns]
satc{)dl east 30 degrees within a tine period short enough

Iglpnice beingindicadive of H%Q@Y%‘%@itd@?@c%@mﬂ thelepmag and
§ t an
the REnT SYE SIeiRE el o o 1SrRER o B Bodd. 1 ca
axis, the instrunent wherein: an array of discrete
or ee nts extends | vvlthre ect

f | |
et ﬁg%shfﬁ%t ool 1o oy e Grding R adierbist theeavier diag
sy&Bm BiRT &Rgat 4 Wdﬂl@ﬁhnﬁﬂ%ﬁeﬁ@ Hh&%r@nfn tﬁé'n‘i’etﬁb& '???(ﬂu&es the

into the eye-related systemat an angle wth respect
steps qfhe optical axis that is at least partially

dete | enent thin
ot qOGeaY idtine 85853 Al M oRE PRt e Ao
i nst pa-fenmngsthe BigpSesetdut &1 aRyohé @Inthé)pm@eqmgeélaﬁﬂitoby
reflecti or}‘| back-scattering of a respectiv
determine peripheral eye aberrations at angles relative to the optlcal axis of at
least 30 degrees within a time period short enough to avoid significant

inadvertent eye movement.

14, An instrument for use in optically characterizing an eye-related optical
system with respect to an optical axis, the instrument wherein:

an array of discrete beam deflector elements extends laterally with
respect o the optical axis,

means are provided for generating an interrogating light beam from each
of said elements into the eye-related system at an angle with respect to the
optical axis that is at least partially determined by the location of the array
element within said array, the arrangement is such that, when the instrument is in
use, a return light beam generated by reflection or back-scattering of a respective
interrogating beam from within the eye-related system is returned via the
respective beam deflector element,
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interrogating beamfromw thin the eye-related system
is returned via the respective beam defl ect or

web@sen27@ detector is provided for detecting BEUAU2008/000434
return beam said detector neans having a detector
output for transmtting an output signal indicative of
each sai d detected return bédm and a processor is

tput t
ot Bobttah B andef T SGRrut bR il Pigme Sri Ustiepigt means
hagingadetattdn o@tﬁh%@ﬂrarﬁ@rﬁﬁlﬂ?@&ﬁ dutp(R skinal Riicative of gach said

interrogating or illum nating beans and adapted t
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enerate and rect an I um nati ng
travwsedlhyrthaatemnsbeeln‘rseam defl ector elenents and to

thereby generate said interrogati ng beans fromsaid

el enents, the arrangenent being such that, when the
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said illumnating beamto said source beam a beam
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e I rtion of each return beamin said
aloﬂg r%céurggtb%%fﬁp fd detector. 16. An instrunent
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a beam splitter within said source beam path adapted to divert a least

portion of each return beam in said source path to said detector.

16. An instrument according to claim 15, wherein:
said illuminating means includes a beam scanner adapted to scan
said illuminating beam over the beam deflector elements of the array so as to

generate a succession of interrogation beams and return beams.

17. An instrument according to claim 15 or 16, wherein:

said illuminating means is adapted to illuminate more than one beam
deflector element at once,

an electronic shutter is provided and positioned before the array, said
shutter being adapted to control which beam deflector elements are illuminated

by said illuminating means.
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shutter being adapted to control which beam defl ector
el ements are illumnated by said illum nating
wore@ss1628 An i nstrunment according to any one PET/AUi088H00434

15 - 16, wherein: said illum nating neans i s adapted

to illumnate nore than one beam defl ector el ement at
once, an el ectronic shutter s provi ded after the

array, said shutter being adapted to deterni ne the
interrogati on beans that are able to enter the

18eyer Ahaﬁﬁmrﬁéﬁﬁ@fﬁo@ﬁg té\@n?/'?owefdf@dﬁns&wﬂﬁ‘@ Aher&inany
one of clainms 15 - i ncl udi ng: encodi ng neans
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de@é‘@gﬁ?bﬂwé{rﬁ“a‘t bh&%te separate detection thereof by said
etec

nmeans i nstrument according to any
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relfe@ERlerhOr nOVing said el ement, said actuator is
connécted to said processor for operation thereby so
as to selectively change the angle of return beamns
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eye- r el aicdirPincanl adlupteiol différaMbily ahcdswarﬂm% é/fo réturn
nodel thereof, the eye having a cornea surface an

bearas it faciliiateasepasaierdataationtiskeotdsaid siedeqtonmenns r st
conmponent indicative of reflection fromthe cornea and
a second conponent indicative of reflection fromthe

20r et i AR jnsthenentraccording s ny pesdedas claimiwhareiner onet er
i ntersects. said source am path, a
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ted to divert portion of the source beaminto said
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ele 'e\ﬁ?,r t
said actuator is connected to said processor for operation thereby so as
to selectively change the angle of return beams generated from said moveable

element.

21. An instrument according to claim 14 or 15 wherein the eye-related optical
system is a natural human eye or a model thereof, the eye having a cornea
surface and a retina surface such that each return beam has a first component
indicative of reflection from the cornea and a second component indicative of
reflection from the retina, wherein:

the instrument has an interferometer beam path that intersects said
source beam path,

a second beam splitter is located in the intersection of said source path
and said interferometer beam path and adapted to divert portion of the source
beam into said interferometer beam path as a reference beam and to divert
portion of a return beam travelling in said source beam path into said

interferometer beam path,
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portion of a return beamtravelling in said source
beam path into said interferoneter beam path, an

wo ndodnie@rence detector is arranged at one end PET/AER@S/000434
interferoneter beampath and is connected to said
processor so as to signal the processor when an
i nterference between said réference beam and said

o 1T ATets PRICLAPH A rbBbnah el Bl St ferterometer

beamteih anhdn®tenindutadnd aiid, pracés¥or eety toasignatthé prGcessor when
connected to said reflector and to said processor for

an jnderfeiepeatiehiyeemsaidaeferenee barenyNd aaid refire tean esaid
SOLRE@?aE?HHé{QQEH the control of the processor so as to
chang

e the efrective length of said interferoneter
beana pedldtiordadrrdnged gt dpee otder end of shat inéerésromebat vean path,
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i nterference between sai second nponent of |
contestl of theppraeeaser sthas ixthangathelritadtive lengihaifiseid to t he

. arn.t er. Wth a second position of the
mtﬁq?rﬁ@%fe rbefg'?ﬁépbra,n\yt o thereby enabl e said processor

t 0 g@ingudgeration dnidridieRcd BewRRIN $41€ fiesticoRsp et bhhe return

retina of the eye alaong the path of the return beam
begjnamdihe fafesgrce beam is Signalled to the processor together with a first
position of the reflector actuator, and interference between said second
component of the return beam and the reference beam is signalled to the
processor together with a second position of the reflector actuator, to thereby
enable said processor to compute the distance between the cornea and the retina

of the eye along the path of the return beam within the eye.



