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MEASURI NG DEVI CES FI ELD OF THE | NVENTI ON The present invention relates
generally to optical instrunents for nmeasuring eye aberrations in a patient
and, nore pwotosetias |y, to apparatuses and nethods for nodigcfinesBe 5

i nput beam entering the patient's eye, patient corrective prescription
verification, and binocular vision correction in ophthal mc wavefront
measuri ng systens. BACKGROUND OF THE | NVENTI ON The eye is an optical system
havi ng several lens elenents for focusing light rays representing inages

onto the retina wthj h . j oduced on 10
the retina is a fact ﬁ*n%@@#hﬁﬂﬁ@ﬂ?ﬁgﬁéﬁ&ﬁ*‘%‘@@ﬂ@gﬁ?‘% eye.

| nperfections within the | ens and ot her conponents and material within the
eye, however, | jght rays to deviate fromthe desired path.
These devi atqlg'ﬁ?bmwg@hgs aberrations, result in blurred inmages and
decreased vi sual _acui t%.. Hence, net hods. and agp_arat uses for neasuring
aberrations are (BBRFEIH! BYEUOReaes BBTRIAP PRIGAIGRSUVIER'S S SASEHRTE €45 One

met hod of detectjng aberrations intro@ ced by the eye involves. the

det or mi nat | GHETASOTSIA PALG SRS MOrR Bt 9 FRPEFAIUSGNd Methods e MOgiYiRg they fr om
the eye. Ah input beamof light focused into the eye to _a point on the
retina Ps réFH“éETaé’cF"Eﬁ”“g&}%ftﬂag?"éaeﬁaE?‘eB'LFP”B‘T“VF prescgiplomerificatipn2ndr ont | with
t he wavefront containing aberrations introduced by the eye. By determ ning
t he propagathitoruleh vitienr sarsctan ip prithadmic Wasslfanbmeasyiingsyste@s np| es) of this
wavefront, the aberrations 20 introduced by the eye can be determ ned. The
determ ned aberrations can then be used to produce corrective |enses and/or

performcorrective procedures that restore visual acuity. -1
BACKGROUND OF THE INVENTION

The eye is an optical system having several lens elements for focusing light rays
representing images onto the retina within the eye. The sharpness of the images produced on

10 the4 retina is a factor in determining the visual acuity of the eye. Imperfections within the lens
and other components and material within the eye, however, may cause the light rays to
deviate from the desired path. These deviations, referred to as aberrations, result in blurred
images and decreased visual acuity. Hence, methods and apparatuses for measuring
aberrations are used to aid in the correction of such problems.

15 One method of detecting aberrations introduced by the eye involves the determination
of aberrations introduced into light rays when exiting from the eye. An input beam of light
focused into the eye to a point on the retina is reflected or scattered back out of the eye as a
wavefront, with the wavefront containing aberrations introduced by the eye. By determining
the propagation direction of discrete portions (i.e., samples) of this wavefront, the aberrations

20 introduced by the eye can be determined. The determined aberrations can then be used to

produce corrective lenses and/or perform corrective procedures that restore visual acuity.
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13 March 2006 WO 031022140 PCTI US02127243 A general illustratiog I\)%frcﬂﬂ?%
generation of a wavefront is shown in FIG 1. A wavefront 100 1s generated
by reflecting an i nput beam 102 off of the retina 104 of an eye 106. The

i nput beamy@ashp545€s to a small spot 108 on the retina 1 tina
104, acting as a diffuse reflector, reflects the input beg(?nnl.ﬂ%@}?nﬁgsul ting
in the wavefront 100. 5 ldeally, the wavefront 100 would be free of

aberrations, as illustrated by the planar wavefront 110. However,
aberrations introduced by the eye 106 as the wavefront 100 passes out of the
eye 106 result in an inmperfect wavefront, as illustrated by the aberrated

wavefront 112. Thé eepgldiysisiion phihe gensratiowpfaswaysliont ifrshoma indile- t-0Adef ocus,
astigmati sm coma, spherical aberrations, and other irregularities.

Measuri ng andvavefrend£Qq i generated i Eafleeting an inpal heaty 10heff efthe refipa 1 ¥fpfep evgppr oach
its full potential, i.e., the limts of visual resolution. FIG 2 is an

i1l ustration 186. Bhejinpuspeany 102 Spriusesad asmalhsnotd 08 omthe mesias 194 nhedetinad@4. f or
nmeasuring aberrations within the wavefront 100 as illustrated in FIG 1. A
radi ati on souwcting as 3 §ffuserefjectorgreflestsahe) inpus heamai @sresulvng in thetwayelent 102 which i s
routed to the eye 106 by a beam splitter 116. Typically, the input beam 102
gener at el by Idﬁ@éy,rtmiﬂ?};@ﬁ 1¢bueuddbelfies of sberratiengiss altugwrated byythe pleag wayefromhe

i nput beam 102 forns a spot 108 on the retina 104 of the eye 106. In an eye
106 free of ildpekowayvet, aperatiqnpintrogesed hthe ey o @s tia warrironetG0rnassepant phthe
circular. Due to in*ﬁerfe_ctions within the eye 106, the input beam 102
becomes aber rexe H$ resulidtr aspperéesivaviefienti a3 illustitedsyghe atematedwaradron! 12hEhe et i na
104 having a non-circular shape as illustrated in FIG 2A. As wll be

di scussed belvayefroat 10ftremesents gheratiang dyg tp Hefacuscastigmatism] eomagsphiprcahf f ect s
adversely the 20 determ nation of aberrations due to inperfections within
the eye 106. almmatipnst andgthepuregularities. Megseringsng perrdciingthe ghegatiensalleythe 08 t o
create a wavefront 100 which is aberrated as it passes through the |ens and
ot her cd®rpondhé to appraachydts &1 netestialj itehthe linkjts of yisual golution.

FIG. 2 is an illustration of a prior art ophthalmic wavefront measuring device for

measuring aberrations within the wavefront 100 as illustrated in FIG. 1. A radiation source
114 (e.g., a laser) generates the input beam 102 which is routed to the eye 106 by a beam
splitter 116. Typically, the input beam 102 generated by the radiation source 114 is

15 substantially circular. The input beam 102 forms a spot 108 on the retina 104 of the eye 106.
In an eye 106 free of imperfections, the spot 108 formed on the retina 104 is circular. Due to
imperfections within the eye 106, the input beam 102 becomes aberrated, thereby resulting in
the spot 108 formed on the retina 104 having a non-circular shape as illustrated in FIG. 2A.
As will be discussed below, a retinal spot 108 with a non-circular shape affects adversely the

20 determination of aberrations due to imperfections within the eye 106. The retina 104 then
reflects the light from the spot 108 to create a wavefront 100 which is aberrated as it passes

through the lens and other components and materials within the eye 106.
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wavefront 100 passes through the beamsplitter 116 toward a sensor 118. A
gquarter-wave plate 120 is positioned between the eye 106 and the beam

splitter 13§ osld3sispse of a quarter-wave plate 120 is a kn%@,dsgﬁggbque for
mani pul ating the polarization of the input beam 102 going into the eye 106

and the wavefront 100 emanating 5 fromthe eye 106 so that the wavefront 100
is polarized in a direction perpendicular to the input beam 102, thereby
enabling the wavefront 100 to pass through the beamsplitter 116 toward the
sensor 118. Additional |enses 122 gre ﬁ’ Siti o]rgred bet ween I,he gg/e 106 and the
sensor 118 to i ma§B HefEuE Rk the prayeient, ﬁiPFSS%ﬁ‘ Pygh thg/beamgglitend I oRardgensor
118 with a desired_nmagnification. |nformtion detected gg/ tFe sensor 118 is
then processe8nsBy! 1§ pryaRegve nlols 120spgsiugued bepyvern thegye dpefnddhe bsam of ¢ he
wavefront 100 and determne a corrective prescription for the eye 106. A
typi cal senscPlited!q. The vgQ a&“aP&rYﬁﬁﬁla%Bksal‘%‘ﬂ%’f‘é?“'élﬂ‘f‘a‘é’ magpulgtine e i magi ng
devi ce 128 contai ni ng_an_i magi n? 2pI ane 130 such as a charge coupl ed device
(CCD) array. PolprgationpEtheinpuibean 10Dgping nig theeys HI apd thervaypiron h¥0 emagatpeoduces
an array of st%;{/s' 132 on the 15 ima'ﬁi n% pl ane 130, as illustrated in FIG

2B, when’t he 1B £X5r106 sothatiheswavefrom d Biig molatized fna girectonpernendieylar o e array of
spots 132 is _an imge_of the retinal spot 8. The relative positions of
each spot wi tiFRuhbgamd 02 thersbyspabling the weyefrony B‘ép*l%@ﬂ“%‘a'ﬁé’(:@? liter k1fie
aberrations of .the wavefront 100. Typjcally, the aberrations of the

wavef ront 10do%ardthgagnseryl ?reﬁd‘fjﬂ}""ﬁlelf’ésfe% zﬁiaffg"%éﬂﬁmeé Betyisen the eyed Qo peg ‘E’% ach

sanpl e of the wavefront 100 which are_then caonbi ned. The determ ned
aberrations &fWo%HE W imegythe gla "a?fértﬂP&‘P’é°gtﬁﬁ'6?er18@P‘?‘9g‘°ﬁF'@§&’rli%|d¥‘1h&£’f‘ﬁp the eye

106. magnification. Information detected by the sensor 118 is then processed by a processor 124
10 to determine the aberrations of the wavefront 100 and determine a corrective prescription for
the eye 106.
A typical sensor 118 includes a Hartman-Shack lenslet array 126 and an imaging
device 128 containing an imaging plane 130 such as a charge coupled device (CCD) array.
The lenslet array 126 samples the wavefront 100 and produces an array of spots 132 on the
15 imaging plane 130, as illustrated in FIG. 2B, when the wavefront 100 passes through it. Each
spot within the array of spots 132 is an image of the retinal spot 108. The rélative positions
of each spot within the array of spots 132 can be used to determine the aberrations of the
wavefront 100.
Typically, the aberrations of the wavefront 100 are determined by determining an
20 aberration for each sample of the wavefront 100 which are then combined. The determined
aberrations are then used to calculate a corrective prescription for the eye 106.
The aberration of each sample of the wavefront 100 is determined by determining the
centroid of a spot within the array of spots 132 and comparing the displacement between the
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The aberration of each sanple of the wavefront 100 is dEter”i”T§5B¥h 006
determning the centroid of a spot wwthin the array of spots

conparing the displacenent between the -3 13 March 2006 WO 03/ 022140

PCT/ US02/ 27®03302218¢ oi d of the spot with a correspondi ng retemnsma243ocati on,
such as the | ocation represented by reference spot 134. Since each spot
within the array of spots 132 is an imge of the retinal spot 108, if the
retinal spot 108 is non-circular, as illustrated in FIG 2A each spot
within the array of spots 132 will be non-circular, as illustrated in FIG

23. 5 Deter metBR of iR sp&Wifhd Qrdpordin}dBrefehdeGotiafbn, SRAL s HRVEVEE regﬂg?eated

difficult, requiring S|gn|f|cant processing tinme and power. I ngly

si nce deter”bﬂe&@e&c@?p e84 rahdd ool sh&ewl ﬁﬂl?eta'?rag'hﬂﬂo& 159G & ihde &fthesra%ls 132

is a prerequisite to determning t erratl e wavefront 0, and

det er i i NG Llae: SR el ooy HO0RELGHRALS iHGhel o A SACHEh spol Ol IeCU! ar

spots on the™i magr ng pl ane ersely t peed and accuracy of

comput i ng 10, ASakl PBS TOSERLRLE: JRRALEL AR, 350 et hods for pr oduci ng

circul ar spo s on bé“useful . Anot her area for

| mprovengnt i s reﬂe?ér%ﬂaﬁ thE g&gg@ gbk{m&fcgﬁ%}ég\o%&@éve sad?ﬁfchﬁq dqg 'ggezf

det ermi ne aberrations e

Thj

accuracy. T lﬁ%%?&’ﬁ%%x"fd i, LSRR S B e

I ds,_Th | % :
\é:a?]zgt Bgepfs ots rﬁ“h tﬁghﬁaﬁr %Eﬂ !a%t g%rgrgamsﬁtgw Xe?er%fn%?got?k ?tgén%[’ss jn.the' however

d | d

For exanpl e, VIS sr‘ﬁ.lgb“n%te”}‘w%&@ sfolags e ﬁ??fg.*ﬁseci &@?' i %Qcaﬁye oeter
corrective pre i bl.e
recreate thePe8Prect TV

speci al JOy pr grlfgt{orr]lg 'Pl'xeree%ore, apparatuses and methods for producing circular spots on the imaging

% Gh 'tri%tnh%’gmi%pene apgclf%dvers thegpt\:’ua%n&j accglfacy 8 Potipn Wgt h out

SCriptilon USI seril nse

plane 130 would be useful.

Another area for improvement is related to the ability of wavefront measuring devices
to determine aberrations introduced by the eye 106 with a high degree of accuracy. This
accuracy allows the determination of a corrective prescription for a patient that is precisely

15 tailored to the patient’s visual needs. The precisely tailored corrective prescriptions,
however, cannot be presented to the patient through a series of lenses as is traditionally done
in determining corrective prescriptions at an eye doctor for example. This is due to the fact
that each precisely tailored corrective prescription is so unique that it would be impossible to
recreate the corrective prescription using a series of lenses without specially producing a lens

20 having the corrective prescription. Accordingly, the patieﬁt is unable to determine if the
corrective prescription determined by the wavefront measuring device satisfies the patient’s
visual needs until prescription eye wear is produced (e.g., corrective lenses are ground or
contact lenses are formed). Therefore, apparatuses and methods for allowing a patient to
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20 having the corrective prescription. Accordingly, the patienjsscHPabse to
determne if the corrective prescription determ ned by the wavefront
measuri ng device satisfies the patient's visual needs until prescription

eye wear d (e.g., corrective |l enses are ground t Ienses
are forned?mg%ﬁerefore appar atuses and net hods for allomfégugﬁﬂH??ent to -

13 March 2006 WO 03/022140 PCT/ US02/ 27243 verify a corrective prescrlptlon
prior to the production of corrective eye wear woul d be useful. Yet another
area for inprovenent is related to the dependancy of aberrations on

bi nocul ar visiqp (i an obbect w.th both eyes at tQﬁ? sanme tine).

Prior an waveff ﬁtcoge%%{grﬁ?ﬁ”% F Iodte RIpgugtionof FOMEecyeYg AP Y ¥ FiG 2

measure only oqﬁ eye at a time. Accordingly, the affects of binocul ar
vision on abéFf8tions are not taken into consideration mhen devel opi ng
corrective prescr&gtlops an therefore, ts  of vha) resol ution are

ot achi eved i it VRGPPSR CIELI iefPip s epa Sy f edensaL.

AT At e Tt R T

et or i nit 1 oMIesBBPY Uy BepFLOR PRFEPBIRa PP BEETERI ARG B aLTFar i sfon

Covent | on i L%ﬁcﬁ’ﬁ‘nﬁ%&{tﬁgé@msﬁﬁw G e B P EnS 8 "R PRI yi ng

{he. meas ur emaYEn G GHBE FATBiRe B Oty PREOEHES TRRLY Beahaen &Rape of an
not achieved in traditional wavefront aberration measuring devices. Therefore, wavefront

measuring apparatuses and methods having binocular measurement capabilities would be

10 useful,

SUMMARY OF THE INVENTION

The present invention discloses apparatuses and methods for improved aberration
determination, corrective prescription verification, and binocular vision correction in
wavefront measuring devices.

15 One aspect of the present invention is an input beam modifying apparatus and method
for modifying an input beam into an eye for use with a wavefront measuring device to
improve the measurement of aberrations. By modifying the input beam, the shape of an
image formed on an imaging plane in a wavefront measuring device can be controlled to
form a desired image, thereby facilitating calculations involved in determining aberrations.

20 The input beam modifying apparatus comprises a sensor for sensing the image in the
wavefront emanating from the eye in response to the input beam, an adaptive optical device
for modifying the input beam, and a processor for receiving information from the sensor and
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i mge fornmed on an inmaging plane in a wavefront measuring devi kflvlﬁ?c’ﬁ RBe
controlled to forma desired inage, thereby facilitating cal cul ations
involved in determ ning aberrations. 20 The i nput beam nodi fyi ng appar at us
conpri ses aveemenudof or sensing the image in the wavefrontp@mesyatizag from
the eye in response to the input beam an adaptive optical device for
nodi fyi ng the i nput beam and a processor for receiving information fromthe
sensor and -5 13 March 2006 ' NO 03/022140 PCT/ US02127243 adjusting the
adaptive optical device to nodify the input beamto produce a desired inage
at t he sensadjustihgeherndahive ofterl devide foymaiffy theanpunpesin to peanduderacdesiccdsmagerasi ng an
image within a wavefront emanating fromthe eye in response to the input
beam and nodhefsyasog Thaenethog fidr modidaing the inpuotbamendudde sansieglan imagewitién ag sensed.
5 Anot her aspect of the present invention is a corrective prescription
veri ficati on wae¢ffpar a@hanstirgrfebnmhé Eyedn fesponseste thd input Beang wad madifyingekesiapitng devi ce
capabl e of generating information related to aberrations introduced by an
eye. The cor bemi io\peodutesdesirgdtimage beingrserdsed:at i on appar atus and nmet hod enabl e a
wavef ront measuring device to present an inmage to a patient as it would
appear i the patAsoilier e ofha piestat MOEntiog isiawarreyiee prestiptiawen§caiond O
corrective prescription as determ ned by the wavefront neasuring device. The
corrective pprastisiapd method for udeindthiai vaave fighp aeasutisg devizk dapable af genedjatgt or capabl e
of emtting an inage, an adaptive optical device capable of nodifying the
i mage em tt echférimaniond leRtep kajbetitiohs ingddliced byan@ye STR cofrémabpresopiptisrecei vi ng t he
information related to aberrations introduced by the eye and adjusting the
adapti ve opt véaicatitd\appathsiang irethdd enadlecOrdvefdrt chehsibifiedevich €0 presefitmtimyg 15
prescription verification nmethod includes emtting the imge of the scene
and nodi f yi n@ 4 fadentagit ivosld appEad £thb patialt Wete ivasringltboéding ¢yeweacharingd t 0
aberration introduced by the eye to

10 corrective prescription as determined by the wavefront measuring device. The corrective

prescription verification apparatus includes a projector capable of emitting an image, an
adaptive optical device capable of modifying the image emitted from the projector, and a
processor capable of receiving the information related to aberrations introduced by the eye
and adjusting the adaptive optical device to produce a corrected image. The corrective
15 prescription verification method includes emitting the image of the scene and modifying the
emitted image based on the information related to aberration introduced by the eye to
produce a corrected image at the eye.
Yet another aspect of the present invention is a binocular wavefront measuring
apparatus and method for determining aberrations in a pair of eyes at substantially the same
20 time. The binocular wavefront measuring apparatus includes a first ophthalmic wavefront
measuring device for measuring the aberrations introduced by a first eye of the pair of eyes
and a second ophthalmic wavefront measuring device for measuring the aberrations
introduced by a second eye of the pair of eyes. The binocular wavefront measuring method
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produce a corrected image at the eye. Yet another aspect of thﬁ%ﬂéﬁ?%@b6
invention is a binocular wavefront neasuring apparatus and netho or
determ ning aberrations in a pair of eyes at substantially the same 20
time. The Ripesshidy Wavefront neasuring apparatus includepcgnfdos/Shas

opht hal m ¢ wavefront neasuring device for measuring the aberrations
introduced by a first eye of the pair of eyes and a second ophthalmc
wavef ront measuring device for nmeasuring the aberrations introduced by a
second eye of the pair of eyes. The binocul ar wavefront neasuring nmethod -6

13 March 2006, Y0 HeBandH e E’&E,’ah@@%{tx%&&]féé by REHERDS (R 3K bf &8s, H3GuAREHE At | ONS

introduced by a first eye of the pair of eyes, rneasuring the aberrations

i ntroduced by,a sR60RHAXES wa;ﬁmgwé df 1R pafi¥e es,%ﬂﬁ'dgﬁrhﬁﬂiﬁg DR oftedtve St
correcti ve prescri ptl on for the 1T st eye an a secon correcti ve

prescription Jfr&f:rri];gf%ﬁ SRR egé’ fnd AMBEIE ic&_reciiV@pr@s@ﬁ%tgoﬁ;f&qgése%ndte?@bgggﬁ t_and

second eyes dre neasured subStantially simultaneo BRI EF PTI ON
O THE DRAW lmﬂg}rQWn?oéhé ?&sf%nﬁ%&%@@éﬁ?a%hﬁ%u% s@bs%“ﬁfyrs%hagfo ﬁf'.at ed by
reflecting an 1 nput beam o of the'retina of an eye; "Figure 1s a bl ock
diagram of a prior art apparatus for neasuring aberrations introduced by an
eye; 10 Figure 2Ais an illustrative representation of a spot fornmed on the

retina of thQ?ﬁE?dE@CRﬁﬁgBNQHQEHbeMNﬁNﬁﬁ is an illustrative representation
0

of an array spots produced by a sensor in the prior art apparatus of

Figure 2; Figure gighg 13s DLapekarlivaQr G vilefontBefeialed DY rdRAHE ah MpufiiedinGhr W th

i nput beam

of the retina of an eye;

Figure 2 is a block diagram of a prior art apparatus for measuring aberrations
introduced by an eye;

10 Figure 2A is an illustrative representation of a spot formed on the retina of the eye in

Figure 2

Figure 2B is an illustrative representation of an array of spots produced by a sensor in
the prior art apparatus of Figure 2;

Figure 3 is a block diagram of a wavefront measuring device with input beam

15 modification in accordance with the present invention; |

Figure 3A is an illustrative representation of an array of spots produced by the sensor
of Figure 3 without input beam modification;

Figure 3B is an illustrative representation of an array of spots produced by the sensor
of Figure 3 with input beam modification in accordance with the present invention;

20 'Figure 4 is a block diagram of an alternative wavefront measuring device with input

beam modification in accordance with the present invention;



15 nodification in accordance with the present invention; Fi guraustnhioso@n
illustrative representation of an array of spots produced by the sensor of
Figure 3 without input beam nodification; Figure 3Bis an illustrative
represent aty,9gs0h14n array of spots produced by the sensorcy@fsofihgiye 3 With
i nput beam nodification in accordance with the present invention; 20 Figure
4 is a block diagramof an alternative wavefront neasuring device w th input
beam nodi fication in accordance with the present invention; -7 13 March 2006
WO 03/ 022140 PCTI USO02/ 27243 Figure 4Ais an illustrative representation of
an image of a spoi. on,the retina forned ..on_.an. i nmagin | ane i.n t he
al ternative wavef'8Hf 4%%%&’5}{63%%9’?%55"‘890“[9lf %W@gﬁ&l?&@ﬁ?"etg%ref’ga ff%lml?fiock
di agram of a wavefront measyring device with corrective_. prescription

fe aistg REigfisy

verificati on “RAPIIEINEPIA0E N e e PRPYENAVEO PRasEARE dhvise @ ention; and 5
Figure 6 is a block diagram of a binocul ar wavefropt. neasuring apparatus in
accordance with t é“%%%%ﬂ?%i‘ﬂﬁéﬁﬂ?fg‘ﬁ‘favé‘*m“ﬁﬁﬁ’ UISF PP ERIMEEVSTHE | NVENTI ON
Illustrated in FIG 3 is an %@Eﬁjhal.m c %ﬁ?vef[ﬁ@t measur i nﬁ devj ce 140 with

i nput  beam RESTPIYLYSGRatOR capepilinedn agsoripnch With Lhe presed ipvetiofeid on. 1n a
gener al g)vervi ew,_.a 1g.ra§§i tion source JI 14 nerates an i nput beam 102

whi ch i s’ modi fi e BY¥eaf %f%tdi'a&éa"b‘ﬁtaiwa“’d’éa\‘/ Qut maasuring ARUS M i tter 116
then redirects the input beam. 102 toward an eye 106. The input beam 102
enters the e9%°°ﬁ‘_jﬁ%°et“ﬁﬁlgd}tfgrﬁesf?fé""€8'l‘%ea where it is focused to a spot 108 on

the retina 104 and reflected to produce a wavefront 100 that travels back
out of the eye 106. The wavefront 100 is affected by defects within the eye

106 which cayag, 3945 HESERBHON OF THE nvENTION

Illustrated in FIG. 3 is an ophthalmic wavefront measuring device 140 with input
beam modification in accordance with the present invention. In a general overview, a
10 radiation source 114 generates an input beam 102 which is modified by an adaptive optical
device 142. A beam splitter 116 then redirects the input beamn 102 toward an eye 106. The
input beam 102 enters the eye 106 through the cornea where it is focused to a spot 108 on the
retina 104 and reflected to produce a wavefront 100 that travels back out of the eye 106. The
wavefront 100 is affected by defects within the eye 106 which cause aberrations. The
15 affected wavefront 100 passes through the beam splitter 116 toward a sensor 118 which
samples the wavefront 100 and captures information related to one or more images of the
retinal spot 108 formed at the sensor 118. A processor 124 controls the adaptive optical
device 142 to modify the input beam 102 to produce a desired image at the sensor 118.
The wavefront measuring device 140 is similar to the prior art wavefront measuring
20 device depicted in FIG. 2 with the addition of the adaptive optical device 142 in the path of
the input beam 102. The processor 124 modifies the input beam 102 using the adaptive
optical device 142 based on feedback from the sensor 118 to produce the desired image at the
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15 affected wavefront 100 passes through the beam splitter 11613 maadhbods
sensor 118 which sanples the wavefront 100 and captures information rel ated
to one or nore images of the retinal spot 108 forned at the sensor 118. A
processor 74 oseni40! s the adaptive optical device 142 t pdisioby72he i nput
beam 102 to produce a desired inmage at the sensor 118. The wavefront
measuring device 140 is simlar to the prior art wavefront nmeasuring 20
device depicted in FIG 2 with the addition of the adaptive optical device
142 in the path of the input beam 102. The processor 124 nodifies the input
beam 102 using th t Qpti cal Lce 142 hased an, f ck fromthe
sensor 118 tog%‘F%gb%gﬁtB tete eegfﬁ’t@a&“ﬁ‘ag‘g‘y%%%"%dﬁ‘e"a%%aié“ sl < SRR 25540
PCT/ U502/ 27243 sensor.. 118. |.n a.pr.eferred enbodinment . the desired.image has
an easy to caﬁ’gﬁﬁﬁéérlgéﬁtp 5 ?m"'%)" ?Seqrgﬁgefr%g? i"{t:lall ?”ﬁvgefﬁoﬁtel%géﬁ%%avﬁg r|W(E)1ns of
aberrations in_the vefront 100Q. The .wavef.r measuring device 140 i s now
described in %z}sgnn&;%gf L@e‘% ngefﬁrébe?é%\lﬁg?ﬁ%t%pé% f'ce 114 generates the input
beam 102 by gener 'Pa%iagari?sgc{u:m'gﬁ‘i‘lis g%lera?ésq}%g‘r}%‘u%ea%% ”E%{%gg%&% IRLGLErably a

| aser. Other suitabi&f rces use ont neasuring

devi ces (635; engﬁclal yo:f'ﬁl?o ?'ﬁ%ﬁr’]‘f’ﬁ]sgﬂﬁ‘ffg%é‘g rah a?grzetﬂﬁe[r)ts&t\a/lgle%%téaé%? !sou c%\gif%ﬁ]sél‘ \f}x IS

capabl e g I'n”“respon 0 a o i cation
signal. As w || descr.i bed.bel aw .i,n the .illustrated enbodi nent, the
processor 124"pro 635§“WH%8?%§f??@gpﬁgﬂw%PSﬁép'based on information at the

sensor 11810 A Q0SBRRSEILT ol HIRIiBlc IR AIADRL B ABLGGh yrIovT co 142
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10 As one possible alternative, the adaptive optical device 142 may include a processor that
configures the adaptive optical device 142 based on information from the sensor 118.
In the illustrated embodiment, the adaptive optical device 142 is a deformable mirror.
The surface of the deformable mirror deforms in response to the modification signal to
modify the input beam 102 as it is deflected off the deformed surface. Deformable mirrors
15 for use in wavefront measuring devices are well known in the art. In alternative
embodiments, the adaptive optical device 142 may be a liquid crystal device, a micro
machine mirror, or other suitable device capable of modifying a beam of light.
The beam splitter 116 is a known device capable of selectively passing and directing
beams of light. In the illustrated embodiment, the beam splitter 116 is configured to reflect
20 the input beam 102 toward the eye 106, and to pass the wavefront 100 projecting from the
eye 106 unaltered. Preferably, the beam splitter 116 is a polarizing beam splitter which

selectively passes or reflects light based on the polarization of the light.



nmodi fy the input beam 102 as it is deflected off the deformed syupta @00
Deformable mrrors 15 for use in wavefront neasuring devices are we known
inthe art. In alternative enbodinents, the adaptive opti cal deV|ce 142 may

be a |iqui dweregsiale device, a micro machine mrror, or otpefyseidadl e

devi ce capable of nodifying a beamof light. The beamsplitter 116 is a
known devi ce capabl e of selectively passing and directing beans of |ight.
In the illustrated enbodi nent, the beamsplitter 116 is configured to
reflect 20 the input beam 102 toward the eye 106, and to pass the wavefront
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10 polarized light and vice versa to condition the light in and out of the eye 106 in a known
manner such that the beam splitter 116 can appropriately direct the input beam 102 and the
wavefront 100. The lenses 122 direct the wavefront 100 between the eye 106 and the sensor
118 in a known manner to image the plane of the pupil of the eye 106 onto the sensor 118
with a desired magnification. The quarter-wave plate 120 and the lenses 122 are well known

15 in the art.

The sensor 118 is a conventional sensor for sensing an image of the retinal spot 108
within the wavefront 100 emanating from the eye 106. In the illustrated embodiment, the
sensor 118 includes a Hartman-Shack lenslet array 126 and an imaging device 128, e.g., a
CCD camera. The lenslet array 126 focuses portions (i.e., samples) of the wavefront 100

20 onto an imaging plane 130 of the imaging device 128. The imaging device 128 is capable of

precisely detecting the location of energy incident to the imaging plane 130 and génerating
information related to the location of energy for processing by the processbr 124. As
depicted in FIGs. 3 and 3A, the lenslet array 126 forms a plurality of images 132 of the
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118 in a known manner to image the plane of the pupil of the ey P% gg%o
the sensor 118 wth a desired magnification. The quarter-wave plate and
the |l enses 122 are well known 15 in the art. The sensor 118 is a

conventi onafo$sp59fp fOr sensing an image of the retinal gqa, W thin the
wavef r ont ?%8 emanating fromthe eye 106. In the illustrat n%oélnent t he

sensor 118 includes a Hartnman- Shack |lenslet array 126 and an i nagi ng deV|ce
128, e.g., a CCD canera. The lenslet array 126 focuses portions (i.e
sanpl es) of the wavefront 100.20 onto an i nmagi ng plane 130 of the imaging
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device 128 with eac E 2kur ty of images representing the aberration
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10520 1 B BLETR 3R, bR SR S SR PRt o
o a9 TP o ok
plane 130 of s}gplaq for a Jsugtrmg tl11'e adaptxve optlca'mgWCé 1412 to moglfy the input beam 102 and thereby
10 produce a desired image on the imaging plane 130 of the sensor 118. For example, if the
desired image were a circle, the processor 124 would modify the input beam 102 by adjusting
the adaptive optical device 142 until circular spots 136 appeared on the imaging plane 130 as
depicted in FIG. 3B.
The processor 124 is a conventional processor configured for analyzing the
15 information from sensor 118 to produce a modification signal for adapting the adaptive
optical device 142. The processor 124 may also determine a cormrective presﬁription for
correcting aberrations sensed by the sensor 118 using conventional aberration correction
software.
In use, the wavefroﬁt measuring device 140 is able to precisely and efficiently
20 determine aberrations for samples of the wavefront 100. As discussed above, the aberrations
of the wavefront 100 are typically determined by determining the aberration of each sample
of the wavefront 100 and combining the aberrations for all of the samples. The aberrations of

the individual samples are determined by determining the displacement between the centroid
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desired inmage were a circle, the processor 124 woul d nodify thg mseHbobeam
102 by adjusting the adaptive optical device 142 until circular spots 136
appeared on the imgi ng plane 130 as depicted in FIG 3B. The processor 124

is a convegtd Andl4pr ocessor configured for analyzing the %ETA@&Qﬁﬂ@tion from
sensor 118 to proéuce a nodification signal for adapting the adaptive

optical device 142. The processor 124 may al so determ ne a corrective
prescription for correcting aberrations sensed by the sensor 118 using
conventional aberration correction software. In use, the wavefront

measuring device 1 [ ble . to precisely and efficiently 20 determ ne
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that, in turn, modifies the retinal spot 108 that, in turn, modifies the image at the sensor 118.
10 The processor 124 updates the modification signal based on feedback from the sensor 118
until a desired image is sensed at the sensor 118. In a preferred embodiment, the image
produced at the sensor 118 is an image for which the centroid is easy to determine, such as
the substantially circular images 136 in FIG. 3B. Since it is easier to determine precisely the
centroid of a substantially circular image than an irregular image, producing desired images
15 such as the circular images 136 at the imaging plane 132 increases precision while
simplifying the determination of the centroid in a wavefront measuring device 140, thereby
improving and facilitating the determination of aberrations by the wavefront measuring
device 140.
FIG. 4 depicts an alternative embodiment of a wavefront measuring device with input
20 beam correction. The wavefront measuring device depicted in FIG. 4 is identical to the
wavefront measuring device depicted in FIG. 3 with the addition of another beam splitter 144
and sensor 146. The additional beam splitter 144 and sensor 146 are used to provide

information regarding the image of the retinal spot 108 at the sensor 146 to the processor 124
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that, in turn, nodifies the retinal spot 108 that, in turn, i 1)

image at the sensor 118. 10 The processor 124 updates the mg})ﬁ@%@ﬁggbg
signal based on feedback fromthe sensor 118 wuntil a desired inmage is
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the sensor 118 1s an inmage for which the centroid is easy to determ ne, such
as the substantially circular images 136 in FIG 3B. Since it is easier to
determ ne precisely the centroid of a substantially circular imge than an
i rregul ar i mage, producing desired inmages 15 such as the circul ar i mages 136
at the imgin i
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10 in the determination of the aberrations by a wavefront measuring device.

The beam splitter 144 is a conventional beam splitter capable of selectively passing
and directing beams. In the illustrated embodiment, the beam splitter 144 is configured in a
known manner to allow a portion of the wavefront 100A to pass through the beam splitter
144 to the sensor 118 and reflect a portion of the wavefront 100B toward the sensor 146.

15 Preferably, the beam splitter 144 is a polarizing beam splitter which selectively passes or
reflects light based on the polarization of the light.

The sensor 146 senses the image of the retinal spot 108 within the wavefront 100
emanating from the eye 106. In the illustrated embodiment, the sensor 146 includes a single
lens 148 and an imaging device 150, e.g., a CCD camera. The imaging device 150 is capable

20 of precisely detecting the location of energy incident to an imaging plane 152 and generating
information regarding the location of the energy. The information regarding the location of
the energy is passed to the processor 124 for adjusting the adaptive optical device 142 as
discussed above in reference to FIG. 3.
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easily determ ned, such as a circular shape, the centroid of thendesi J®e
shape can be determ ned precisely and easily. Accordingly, since the
determ nation of the centroid is required to determ ne aberrations in the
wavefront 19,0304 Sion and efficiency are increased 10 ipcF€2/27243

determ nation of the aberrations by a wavefront neasuring device. The beam
splitter 144 is a conventional beam splitter capable of selectively passing
and directing beans. In the illustrated enbodi nent, the beamsplitter 144 is
configured in a known manner to allow a portion of the wavefront I OOA to
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are
10 specialized input beam correction device than the one depicted in FIG. 3.

In use, the wavefront measuring device depicted in FIGs. 4 and 4A, uses the adaptive

optical device 142 to modify the input beam 102 to produce an image of the retinal spot 108
on the imaging plane 152 which has a desired shape, such as the substantially circular shape
156 on the imaging plane 152. Modifying the input beam 102 to produce a desired shape on

15 the imaging plane 152 results in a plurality of desired shapes being formed on the imaging
plane 130 of sensor 118 for which the centroid is easier to determine. For example,
modifying the input beam 102 to produce a circular shape 156 on the imaging plane 152
results in a plurality of circular spots being formed on the imaging plane 130. Since, as
discussed above, it is easier to determine precisely the centroid of a substantially circular

20 image than an irregular image, the determination of the centroid is simplified, thereby
simplifying the determination of the aberrations by the wavefront measuring device of FIG.

4.
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5 used for nodifying the input beam 102 and neasuring aberratLﬁﬂﬁamﬁago
single lens 148 and i nmaging device 150 are dedicated to providing feedback
related to an inmage of the retinal spot 108 fornmed on the imgi ng plane
152. This sNdem2ishe focal length of the lens 148 and thecyarss/inas ty of

t he i magi ng device 150 to be selected for providing feedback related to the
shape of the inmage of the retinal spot 108, thereby permtting the

devel opnment of a nore 10 specialized i nput beam correction device than the
one depicted in FIG 3. In use, the wavefront neasuring device depicted in

FIGs. 4 and 4A, BRES depitts aGadtérted@orr@itd atrifinv ivesfichlen 8iddshukywithe 1 nput
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The corrective prescription verification device allows a patient to
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nmeasuri ng devi ce
10 optical device 168, a dichroic mirror 170 for reflecting the input beam 102 and placing the
image of the scene 162 on the same path as the input beam 102, and a movable mirror 172 for
reflecting the image of the scene 162 to the eye 106 when in a first position 172A and
allowing the eye 106 to view the scene 162 directly when in a second position 172B.
In a general overview, a radiation source 114 generates an input beam 102 which is
15 redirected by a beam splitter 116, then reflected by a dichroic mirror 170, and then reflected
again by a movable mirror 172 (when in a first position 172A) toward the eye 106. The input
beam 102 enters the eye 106 where it is reflected by the retina 104 to produce a wavefront
100 that travels back out of the eye 106. The wavefront 100 is affected by defects within the
eye 106 which cause aberrations. The wavefront 100 passes back through the movable
20 mirror 172 and the dichroic mirror 170 toward a sensor 118. The wavefront 100 passes
through the beam splitter 116 toward the sensor 118 that captures information related to the
wavefront and a processor 159 processes the information. The input beam 102 may be

modified as discussed above with reference to FIGs. 3 and 4.
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prior to the-formation of a corrective lens. 5 The wavefront neagHFhIHO6
device depicted in FIG 5 is simlar to the wavefront neasuring device
depicted in FIG 2, accordingly, only the additional conmponents will be

descri bed hﬁoﬂﬁ&ﬁb& The additional conponents include a GYRisgy B8 for
capturing an inmage of a scene 162, a projector 164 for emitting an inage of

the scene 162, an adaptive optical device 168 for nodifying the emtted
i mge, a processor 159 for controlling the adaptive 10 optical device 168, a
dichroic mrror 170 for reflecting the input beam 102 and pl acing the inmage
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proj ected by

10 viewed by a patient, e.g., an eye chart, picture, statue, or essentially any two or three
dimensional object. The camera 160 is a conventional camera capable of capturing images
and the projector 164 is a conventional projector capable of projecting an image of a scene.
Preferably, the projector 164 includes a conventional lens for collimating the emitted image.
Alternatively, known mirrors may be used to collimate the emitted image. Suitable cameras

15 and projectors for use with the present invention are well known to those in the art.

The adaptive optical device 168 is a device capable of modifying the image projected
by the projector 164 based on a correction signal. As will be described below, the processor
159 produces the correction signal based on information at the sensor 118 that is fed back to
the adaptive optical device 168 to adjust the adaptive optical device 168, thereby modifying
20 the projected image and producing a corrected image at the eye 106. The adaptive optical
device 168 may be a deformable mirror such as the type described for the adaptive optical

device 142 above.
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the projector 164. The projected inmage is nodified by the adapt3marcapbosal
device 168 that is adjusted by the processor 159 based on information from
the sensor 118. The nodified imge is then conbined with the input beam 102
by the di chy@bomisror 170 and passed to the 5 eye 106. Therusopgasor 159
adj usts the adaptive optical device 168 based on information fromthe
sensor 118 to produce a corrected inmage at the eye 106. A corrected inmage is
an inmage that is intentionally aberrated to appear to a patient as if it
were corrected without the wuse of corrective |lenses by the patient. In
reference to FIG the scene 1 .S a.scepne ich can
be 10 viewed by ﬁég F%fﬂr%?& coBIrolsglﬁ aézi})éw éll(}?cl%e\ﬁfe %rgrece{v%stmpoma\{}h n
essentially
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10 frequencies of light projected by the projector 164, thereby combining the input beam 102
and the projected image onto the same light path toward the eye 106.
The movable mirror 171 is a conventional mirror that reflects the input beam and the
projected image toward the eye 106 when in a first position 172A and allows the eye 106 to
view the scene 162 directly when in a second position 172B. When the movable mirror 171
15 is in the first position 172A, the wavefront measuring device of FIG. 5 can determine the
aberrations introduced by the eye 106 and modify the image emitted by the projector 164 for
viewing by the eye 106. When the movable mirror 171 is in the second position 172B, the
eye 106 can view the scene directly, thereby providing the eye with a reference for
comparing to the corrected image.
20 In use, the wavefront measuring device depicted in FIG. 5 provides feedback to the
patient’s eye 106 regarding a corrective prescription determined by the wavefront measuring
device, thereby allowing a patient to verify the corrective prescription. Initially, the movable

mirror 172 is positioned in the second position 172B to allow the patient to view the scene
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The processor 159 controls the adaptive optical device 168. It 1% faRINVERD6
information fromthe sensor 118 and anal yzes the information to conpute a
correction signal for adjusting the adaptive optical device 168 for
appropri at gy oiRifyi ng the projected i mage to produce a pepikfshed | mage
for the eye 106. The processor 159 can be a conventional processor 5
configured to run software for analyzing the information fromthe sensor 118
to produce a correction signal for adjusting the adaptive optical device
168. The dichroic mrror 170 is a conventi onal optical devi ce whi ch passes
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posi ti or-110:1'72%e meaé’ﬂréao at the}ggmg G r;[ula eﬁ)‘é bltngcu\{arWVéfhont Elga%ngng appa7ratus illustrated in

FIG. 6 enables the aberrations of both eyes to be determined substantially simultaneously,

thereby allowing the aberrations, which are dependent on binocular vision, to be accﬁrately
determined for a pair of eyes 106A and 106B.
The first wavefront measuring device 182 measures aberrations introduced by the eye

15 106A. The first wavefront measuring device 182 generates an input beam 102A which is
directed into the eye 106A and measures the aberrations in a wavefront 100A emanating from
the eye 106A in response to the input beam 102A. The first wavefront measuring device 182
senses the aberrations introduced by thg first eye 106A and generates information related to
the aberrations for processing by the processor 186.

20 The second wavefront measuring device 184 measures aberrations introduced by the
eye 106B in a similar manner, using an input beam 102B which is directed into the eye 106B
and measuring the aberrations in a wavefront 100B emanating from the eye 106B in response
to the input beam 102B. The second wavefront measuring device 184 senses the aberrations

-18-



13 March 2006 WO 03/022140 PCT/ US02/ 27243 162 directly. The noypglenMopEOr
172 is then positioned in the first position 172A to determ ne a corrective
prescription, nodify the image of the scene, and present a corrected inmage

to the eyew98;0231d6 Patient can then verify the accuracy rective
prescripti c‘)‘;rll& éloetgrm' ned by the wavefront nmeasuring devi Cgij?ﬁ@(z 455. 5 FIG

6 depicts a binocul ar wavefront neasuring apparatus 180 including a first
conventional wavefront neasuring device 182, a second conventional wavefront
measuring device 184, and a processor 186. It is known that aberrations are
affected by bjnocular vision (i.e., viewng_sonething wth both eyes).
Therefore,  t oMHRAUESdRYARe sqeQndiey & Hi6B\ARd pingrales infarmatipn rFIS?%dé"‘Eiéf‘tF"B‘P“é Es, which
corrects aberrations when viewing with both eyes, both eyes need to 10 be
measur ed at tMecessiiBdYtheRIOCeIRE#% nocul ar wavefront neasuring appar at us
illustrated in FIG 6 enables the aberrations of both eyes to.be determ ned
substantial |y si mint BIREFSIRS 1§60 1S 2 pryertional Arocesar iy &f?féssaftgetP¥ Biqrgption gtk ar e
dependent on binocul ar vision, to be accuratel determ ned fora pair of
eyes 106A and™eeEBentpAgl YavEiEqnt fgssurnescyicssd 44 emy 134 relagd todhe eyss H0AAN] e
aberrations introduced by the eye 15 |06A. The first wavefront nmeasuring
devi ce 182 gelféPdespectiyply thdeiemyaemeormogixe psscaRtgnsfor Ue paie plyes 06 abhe eye 106A
and neasures the aberrations in a wavefront | emanating from the eye

1 06A in respofSB Ths Rreresson R otcaputssiniqpation gereratsd by the v effoptheaisiag ur i ng
device 182 senses _the aberrations introduced by the first eye 106A and
gener at es i nf&§5VIREL Boand 1 seeaefingdhe %bﬁ‘éatQB‘e‘P‘t’%PF?ﬁ%g pely eyﬁrla%é%q WgBoy t he
processor 186. 20 The second wavefront suring device 184 sur es
aberrations i"FPFYYLSYPAPLE! es‘m\é‘%e"fg&égﬁ"s%yéiapé‘i"?%gltﬁerabi‘iﬁ'ﬁtf%‘ﬁ’,‘ﬁ igdhosh i nput
beam 102B which is directed into the eye 106E and nmeasuring the aberrations
in a wavef roﬁ‘ﬂatf’ﬁﬁc%{%ﬁﬁég}' H’Q“f"\?aéﬁﬂsi"ﬂ'e eye 106B in response

10 The processor 186 may include a single processor for processing information for each
eye 106A and 106B, or the processor 186 may include a plurality of processors such as one
processor for processing information related to one of the eyes 106 A and another processor
processing information related to the other eye 106B. The software used by the processor
186 can be selected from conventional software for determining wavefront aberrations and

15 modified for use with two wavefront measuring devices 182 and 184. The modification of
the conventional software for use with the binocular wavefront measuring aﬁparatus depicted
in FIG. 6 is within the level of ordinary skill in the art.

Having thus described a few particular embodiments of the invention, various
alterations, modifications, and improvements will readily occur to those skilled in the art.
20 Such alterations, modifications and improvements as are made obvious by this disclosure are
intended to be part of this description though not expressly stated herein, and are intended to

be within the spirit and scope of the invention. Accordingly, the foregoing description is by
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to the input beam 102B. The second wavefront measuring device {85852 the
aberrations -18 13 March 2006 WD 03/022140 PCT/ US02/ 27243 introduced by the
second eye 106B and generates information related to the aberrations for
processi ng Ry osR Ry ocessor 186. The processor 186 is a coppemdehond
processor for processing the information fromthe two conventlonal

wavefront neasuring devices 182 and 184 related to the eyes 106A and 5 1068
respectively, to determne a corrective prescription for the pair of eyes
106A and 106B. The processor 186 captures information generated by the

wavefront nea 1 I egar he. aber S

i ntroduced by%@%hﬁ&mgﬂ?%ﬁ%}ﬁdn%%T%%§'%%rggggc F&@ﬁwaoaﬁﬁsﬁ ? rﬁF@

si mul t aneousl b [ he aberrations, including those that may
be affected b)%d”lg E%Sra%@l (iu alle"gf%e %ﬂe processor 186 may include a single

processor for processing information for each eye 106A and 1068, or the
processor 186 may include a plurality of processors such as one processor
for processing information related to one of the eyes 106A and anot her
processor processing information related to the other eye 1068. The
software used by the processor 186 can be sel ected from conventi onal
software for determ ning wavefront aberrations and 15 nodified for use with
two wavefront measuring devices 182 and 184. The nodification of the
conventional software for use with the binocul ar wavefront measuring

apparatus depicted in FIG 6 is within the level of ordinary skill in the
an. Having thus described a few particul ar enbodi nents of the invention,
various alterations, nodifications, and inprovenents will readily occur to

those skilled in the art. 20 Such alterations, nodifications and
i nprovenents as are made obvious by this disclosure are
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intended to be part of this description though not expressly sigajgengiosi N,
and are intended to be within the spirit and scope of the invention.
Accordi ngly, the foregoing description is by -19 13 March 2006 WO 031022140
PCT1L1802/ 273A31 Wawiféq gxanpl e only, and not limting. The invention is
limted only as defined in the follow ng clainms and equival ents thereto. 13
March 2006 What is clainmed is: A corrective prescription verification
apparatus for use with an ophthal m ¢ wavefront neasuring devi ce capabl e of

generating i pfor mat kadre@habRIcA oA ficalibPikbarahd tEQILGRHA 2RY ﬁtﬂg\lﬁ){c& _said
apparatus conprising: a projector capable of "'emtting an i mase erein said

i:mage is pl’Wﬂ\ﬁé@x@nhﬁea@urirﬁ?&?ﬂ&@c%ﬂ?%kE?ngif%‘ggg,gwa{}& Lség\iu,_qj Igggg%ﬁ;){j?m a scene

an adaptive optical device capable 0 Ing sald image emtted from

sai d proj ech@bgucaibly & R0GRSS8LG . Qf receiving the information
rel ated to aber ruactigyns %iro%ﬁgéa gsémtrﬁén%éye and adjusting said adaptive

optical device tq prodHce  A1CHhESHED | e, 2. A correctiwe prescription
verification apparpg us i npaccor(;i“anlcg V\}"E%gé’fhﬁfe}ﬂ Sf’,d l%gctlﬂgrromé%eﬁﬁ’y?si ng: a
novabl e m rror havi nge a first position and a second position, said novable
m nor  di r ec @RAYYF of serjerinesaidimagefeommenné n said first position and
allowing the eye to view the scene directly when in said second position.

an adaptive optical device capable of modifying said image emitted from said

projector; and
a processor capable of receiving the information related to aberrations introdiced by

the eye and adjusting said adaptive optical device to produce a corrected image.

2. A corrective prescription verification apparatus in accordance with claim 1,
further comprising:

a2 movable x'n‘irror having a first position and a second position, said movable mirror
directing said image to the eye when in said first position and allowing the eye to view the

scene directly when in said second position.

3 A corrective prescription verification method for displaying a scene 1o a patient
for use with an ophthalmic wavefront measuring device capable of generating information

related to aberrations introduced by an eye of the patient, said method comprising the steps
of:

capturing an image of the scene;

emitting said image of the scene; and

modifying said emitted image based on the information related to the aberrations

introduced by the eye to produce a corrected image at the eye.
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3. A corrective prescription verification nmethod for displayi ng3q\/,%?ﬁgg do a
patient for use with an ophthal m c wavefront neasuring devi ce capable o?
generating information related to aberrations introduced by an eye of the
patient, said nethod conprising the steps of: capturing an image of the
scene; emtting said inmage of the scene; and nodifying said emtted i nmage
based on the information related to the aberrations introduced by the eye
to produce a corrected i nage at the eye. 13 March 2006 4. A corrective
prescription ver! fi cakiQncigt BRdefloAGGALARIGS MR 2ElAaM Suinl HELDET furber
conprising the step o Irecting Eavd Image to the eye en a novable mrror

isinafirst %ﬁ@ﬁﬁ%gmﬁug %f allowing the eye to view the scene directly
when said nova MmEror i's in a second position.

directing said image to the eye when a movable mirror is in a first position; and
allowing the eye to view the scene directly when said movable mirror is in a second

position.
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