OBJECTI VE MANI FEST REFRACTI ON BACKGROUND OF THE

| NVENTI ON *159159* *@00002* Field of the Invention
The invention generally relates to vision diagnosti

and, nore particularly, to a nethod for providing mmm"”
i nproved objective manifest refraction val ues, an
associ ated nethod for prescribing a vision
correction, and apparatus associ ated therewth.
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measurement and evaluation for obtaining a manifest refraction; i.e., defocus and
astigmatism (often referred to as "lower-order" aberrations) in an undilated eye. It
essentially is a device with a large set of lenses on dials. The device is positioned for a
patient to look through and give visual acuity feedback to the practitioner when a
particular dialed lens is presented in front of the patient's eye. This method of manifest
refractometry provides defocus and astigmatism information to the practitioner typically
in order to prescribe vision correcting lenses for the patient. The subjective nature of the
phoropter measurement process, from the patient’s perspective, is itself a disadvantage of
this form of refractometry. Practitioner error can also be problematic, especially when
adequate practitioner training may be lacking as it often is in many underdeveloped areas
of the world.

An autorefractor is a device that provides an objective diagnostic measurement of
a patient's refraction. Although patient subjectivity has been removed from the
measurement process, there are other disadvantages associated with autorefractors. First,

they are expensive instruments. Second, autorefractor measurements are typically



adequate practitioner training may be lacking as it
often is in many under devel oped areas of the world.
An autorefractor is a device that provides an

obj ective diagnostic neasurenent of a patient's
refraction. Although patient subjectivity has been
renmoved fromthe neasurenent process, there are other
di sadvant ages associated with autorefractors. First,
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Based on the foregoing, the inventors have recognized the desirability of being
able to accurately predict a manifest refraction based upon objective manifest refraction
data, and do it efficiently. Thus, obtaining better measurements with less equipment and
less expensive equipment is highly advantageous. The invention also provides an
improvement in the ability to specify and prescribe vision correction, including lenses
and refractive surgical treatment. Apparatus associated with the invention is further
provided. ' These and other advantages and objects of the invention are described in detail

below and with reference to the appended claims.

o



data, and do it efficiently. Thus, obtaining better
nmeasurenents with | ess equi pnent and |ess expensive
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The objectively calculated refraction according to the invention (i.e., the predicted
phoropter refraction, or PPR) is an accurate rendering of a patient's actual subjective
refraction. An accurate PPR is one that is preferably within 0.75D to 0.5D of the
patient’s subjective refraction; more preferably within 0.5D to 0.25D; and most
preferably less than a .25D difference from the patient's actual subjective refraction.

A Zernike expansion is a preferred way to describe the aberrations of an optical
system. A Seidel aberration model is one of several alternative descriptions of optical
- aberrations. For more detailed information on this topic the reader is referred to Born and

- Wolf, Principles of Optics (Pergamon, New York, 1975), and to Geary, Introduction to
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refraction. An accurate PPRis one that is preferably
within 0.75D to 0.5D of the patient's subjective
refraction; nore preferably within 0.5D to 0.25D; and
nost preferably | ess than a.25D difference fromthe
patient's actual subjective refraction. A Zernike
expansion is a preferred way to describe the
aberrations of an optical system A Seidel aberration
nodel is one of several alternative descriptions of
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tical Engineering Press (1995), both of which are
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and an image representation of third-order and higher wavefront aberrations. Preferably,

the displays in both aspects of the embodiment described above will include indicia of
the PPR. Preferably, the PPR will be provided for a patient's pupil size of approximately
3 to 4mm in diameter, and more preferably at a pupil diameter of 3.5mm. The PPR
indicia can optionally be made available for display over a full range of pupil diameters
through actual measurement or by appropriate calculations, as understood to those
skilled in the art, and incorporated in the hardware or software involved. Moreover, the
preferred display will show a vision quality indicator (referred to as a vision metric) such

as a Point Spread Function or a Strehl ratio, for example.



the PPR. Preferably, the PPR w || be provided for a
patient's pupil size of approximately 3 to 4nmin

di aneter, and nore preferably at a pupil diameter of
3.5mm The PPR indicia can optionally be nmade

avai | abl e for display over a U range of pupil

di aneters through actual neasurenent or by
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Detai |l ed Description of Preferred Enbodi nents of the

I nvention An enbodi nent of the present invention is an
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refraction values.

The measurement error (i.e., deviation from a subjective measurement value)
commonly observed in autorefractor measurements is believed by some to be due at least
in part to the presence of higher-order aberrations in the eye; i.e., optical error versus
refractive (corneal) error. Without limitation to the invention described and claimed
herein, this can be thought of as follows: optical aberrations such as, but not limited to,
defocus, astigmatism, spherical aberration, and coma are described mathematically, for
example, by Zernike polynomials and by other mathematical expressions. The Zernike
polynomial equations include second-order, third-order, fourth-order, ﬁﬁh-ofder, etc.
terms wherein the second-order and lower terms describe the defocus and astigmatism
errors (also known as sphere and cylinder, respectively) while the third-order and higher

terms describe higher-order aberrations such as spherical aberration, irregular
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in part to the presence of higher-order aberrations in
the eye; i.e., optical error versus refractive
(corneal) error. Wthout limtation to the invention
descri bed and clained herein, this can be thought of
as follows: optical aberrations such as, but not
limted to, defocus, astignmatism spherica
aberration, and cona are described mathenmatically, for
exanpl e, by Zerni ke polynom als and by ot her

mat hemat i cal expressions. The Zerni ke polynom al
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Zywave  wavefront analyzer manufactured by Bausch & Lomb/Technolas (Rochester,

I

NY/Munich, Germany). The Zywave uses a Hartmann-Shack wavefront sensor that
utilizes a lenslet array to measure and compute higher-order aberrations. Depending
upon the lenslet array parameters, wavefront aberrations up to tenth order can be
measured. Preferably, the patient's eye is not dilated and measurement is made with the
pupil diameter in the range of about 3 to 4 mm, however, lighting conditions and other
factors may affect pupil size, making the pupil larger or smaller. In any event, diagnostic
data can be scaled to be representative-of a nominal pupil diameter of about 3.5 mm,
which is more preferred to reduce the effects of spherical aberration in the periphery of

the optical zone.



exanple, in Wllians U S. Patent No. 5,777,719, and is
comercially enbodied in the Zywave"A wavefront

anal yzer manufactured by Bausch & Lonb/ Technol as
(Rochester, NY/Minich, Germany). The Zywave uses a
Har t mann- Shack wavefi-ont sensor that wutilizes a

| enslet array to nmeasure and conpute hi gher-order
aberrations. Depending upon the lenslet array
paraneters, wavefront aberrations up to tenth order
can be neasured, Preferably, the patient' s eye i s not
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representative of a nom nal pupil dianmeter of about
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wavefront is not g&aqgr each negﬁurenent position
can be represente by & g pe of ®#he wavef ront profile
at that point; in other rds, a dx, dy value. The
positional errors Ax, Ay are related to the wavefront
sl opes dx, dy at h_dE%§%°id | ocati on by equations
as follows: Ax = ic f dx d dWAy f dy

where x is a constant, f is the focal length of the lenslet array and dx/dW, dy/dW are the
slope values of the total wavefront at the selected position. The wavefront, represented
by a three-dimensional surface, can be calculated by assuming a model for the
aberrations, preferably a Zernike model. A Siedel model or other aberration model could
also be used as one skilled in the art will appreciate. The Zernike model preferably
represents second-order to seventh-order terms, but can vary in the upper limit depending
upon lenslet spacing and other sensor parameters. A second-order Zernike model
provides defocus and astigmatism data while the third to seventh-order models are
indicative of higher-order aberration data. For a more detailed description, the reader is

referred to Dorsch et al., Accurate computation of mean power and astigmatism by
means of Zernike polynomials, J. Opt. Soc. Am. A/Vol. 15, Mo. 6 (June 1998); Dai,

‘Gung-Ming, Theoretical Studies and Computer Simulations of Post-Detection
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dWwhere Kis a constant, f is the focal length of the
| enslet array and dx/dW dy/dWare the slope val ues
of the total wavefront at the selected position. The
wavefront, represented by a three-di nensiona

surface, can be cal cul ated by assum ng a nodel for the
aberrations, preferably a Zerni ke nodel. A Siedel

nodel or other aberration nodel could also be used as
one skilled in the art will appreciate. The Zem ke
nodel preferably represents second-order to
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Pol ynom al s, lied Optics, 9,1510-1518 (1980); and
YA f’ﬁ'rq%at o2 FCA"%S}H”IEE dameger.d, plsimprebyieayiing inme Zamike al
Aberrations of _Systens with G rcular Pupils,
aéﬁ@wfﬁeé kr’-‘ﬁ’gz% £abGF el equivalgatserhicingrguspreseargtive €2efogavand
I n an, enpodi ment of the invention directed to
BHEDFHHgragAItegsaae BYiYereprertivebd Whereef r act i on val ue, a
ﬁg&gd-orﬁeré*qnly Zerni ke nodel is chosen to fit the
GREFSHE &P I UA\serEont data for a certain pupil

i aneter, .d, ultimately resulting in the Zernike
220=-Cy* 10°*r"*cos(2*phi)/(4*sqri(6)); and

Zany=-cy* 10°*r**sin(2*phi)/(4*sqrt(6))
where the Zernike coefficients are given in um, the radius r is half the diameter of the
pupil in meters, sp is the sphere in diopters, cy is the cylinder in diopters, and phi is the
axis of the cylinder in degrees. Notice, that the cylinder is always negative. The Zernike
amplitudes provide optical path difference measurements in microns that are converted
to diopter values for ophthalmic application. Equivalently, the conversion from the
second-order Zernike amplitudes to manifest refraction values is realized as follows:

Cylinder oc 2V6 V(A% + A%a1) (2/R3),

Axis oc tan™ (-Azz1/Az20) 180/27; and

Sphere o (2V3) Az(2/RY)- Cyliﬁder/z,

.Where R is pupil radius in mm, A is a Zernike coefficient in pm.



anpl i tudes Z2o0o0, Z220, Z221 (or their equivalents

whi ch are representative of defocus and astigmatism
(magni tude and axis), respectively) where
Z200=(sp+cy/ 2)* 10b*r2/(4*sgrt(3)); Z220=-cy*

106*r 222*cos(2*phi )/ (4*sgrt(6)); and Z221=-cy*
106*r2*si n(2*phi )/ (4*sgrt(6)) where the Zernike
coefficients are given in m the radius r is half the
di ameter of the pupil in nmeters, sp is the sphere in
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A220( 2/ R2) - linder/2, Were Ris pupil radius in mm
0.25) of thezgtual bjctivafefiagiiamabsent aperfect @atbcor di ng to t he
i nvention, the defocus (sphere), astigmatism
(cyl it mikpg apprrsiateddyiageeson ekibisd i ‘thecaisthat ethenmethemagical
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anahysesecandn upes! to heavide theartimesp eestlicient yelhes ferdebeds ardder
aberrations. The PPR is considered accurate if the
astigingtésm geprastrititionof thDnanifedt rSfiiction velhes. Padnyenentsit mablakyl
subj ective refraction. Mre preferably, the PPR wi |
thp eeopind laider Gnfribution Hat25Bxingwsdd tapddscribe difechighiet grdrasohigibutions
than 0.25D of the actual subjective refraction absent
ofghpwrvedont. mat ch. It will be appreciated by a person
skilled in the art that other mathematica
Other wavefront sensing techniques and devices known to those skilled in the art

can likewise be used to obtain the appropriate diagnostic wavefront information and, as
such, the invention is not limited to Hartmann-Shack data. In fact, sufficient data may be
obtainable from ray tracing information obtained by topography and other methods.
Moreover, it will be understood that the step of obtaining the diagnostic wavefront
measurement need not require the contemporaneous making of a wavefront
measurement, rather, for the invention one need obtain only the appropriate description
of the wavefront surface, preferably in the form of Zernike data, to which a second-order
curve can be fit. Therefore, a previously acquired and stored measurement, a remotely
acquired and transmitted measurement, a contemporaneous measurement, etc. can supply
the necessary data according to the invention,

In an aspect of this embodiment, a method for selecting/describing and/or
" providing a vision correction prescription includes obtaining the PPR information as
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anal yses can be used to provide the ultimate

coefficient values for defocus and astigmatism

representations of the manifest refraction values. In

any event, it is solely the second order contribution

that is being used to describe the higher order

contributions of the wavefront. O her wavefront

sensi ng techni ques and devices known to those skilled

inthe art can |ikew se be used to obtain the
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data. In fact, sufficient data may be obtainable from

ingtgnaey Eithegpatianto Singe traditionsl sriectecle byd canpoglengekformsxdmple, only

ot her methods. Moreover, it will be understood that

¢omectsr paicnt's utiemfondefocusiaad ektiggmatisn,iand piafly asthigher-order

measur enent need not require the contenporaneous

Fhaicktiansofn avcurateafianifest refraedarLic Rewtotproviéing B bedt QErférifng lens

i nventi on one need obtain only the appropriate

afessiori qrrieoting pbcddive fovatiepatient surface, preferably in

the formof Zerni ke data, to which a second-order

cur védn aasthireenitiotimeR i1t iAU@htioR, dUiQNAy RO ¥nfaiGhtbA £d11dRd ed

stored neasurenent, a renotely acquired and

ih Figusea2.t AedhaRAtdfedsiBWavefRnEARY STBOhEPARHS lower-order (second-

nmeasurenent, etc. can supply the necessary data

ada andlioveer) sbetritgonk Bded Whvfront! hap?d ieft 3 ird-

enbodinent? a met hod for selecfﬁggﬁggggﬁfﬁf%%ﬁgﬁﬂ?%ﬁah"d

pdevthdlhigferd abdrQtion. TRE pR&ik 48t db@ftad

obt ai ni ir%g [?he PPR i nf o?matéi ?r}hﬁlgegﬁggg{:arbigﬁaetzﬁ %gi\q/ag?smw

oAy ebsduB brllyasSigmhts | i ' cQrregtin

sggjct acl e I)gns,g foir%[ Hﬁ%ﬁ%?& ﬁpglr%&tqshgeggtd?sg%y .“Sﬁsﬁgléows

the redibte@ B%ro?n@?ﬁ?ré’&ibﬁ @ VaRP LA ChIclIFES StesdrBbd SXATPEs

only <correct a patient's vision For  dat 0ous “aAY

dsplaly PREFLIaBIPal I . 5 L :

D P riab ol Mo AR R rRpealb AR s 3Blead faction 5D

cBir@ypbmtingtd heuRBq ECtég%?{t)?&?hg&glg?tr}:er 95., a Iinsaég%r}epresentation of

correcting procedur
a PSF corresponding to a standard (lower-order) correction state 34, and a PSF
corresponding to a customized (best corrected) correction state of the patient's eye 36.
As such, this is a vision quality metric. The Point Spread Function is computed as the
squared amplitude of the Fourier transform of the generalized pupil function of the
displayed wave aberration function. The maximum value of this function is given along
with the maximum value of the PSF of a plane wave for the current "effective” pupil
diameter. The ratio of these values, called the Strehl ratio, can also be displayed. The
Strehl ratio can also be used as an image (or vision) quality index (the closer to 1, the
better the image). Preferably, the displayed PSF function is only the central 1/16 of the
full function in order that some detail may be seen. Generally, the maximum value

occurs is this region.
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I n anot her enbodi nent of the invention, a display 20
of information is illustrated in Figure 2. As shown,
there is a wavefront map 22 of the patient's

| ower - order (second- order and | ower) aberrations and
a wavefront map 24 of the patient's higher-order
(third- order and hi gher) aberrations. The picture of
the | ower-order aberration 22 nmay show only defocus,
only astigmati sm or defocus and astigmati sm The

di splay.,, 20 .al so, shows the predicte hor opt er
r ef Pé@‘?eo\@"(’%"a%ﬁeags °€§‘Peé‘ltﬂ have ee§§hgp§££qiilbg@te the

.above. .The , displa referably, al so shows an inmage
ipYEBHG drw D be hadsHO% Biiprre sKiled it o S eoppeimpess and
qggfes onding to the uncorrected state of the
MRfIGaHPnsCan b made theiein wighout depprtiag diermuthe snepe of theinP@fion as
c?rresponding to a standard (|l ower-order) correction
detingddnthe apgepded cligls. corresponding to a custom zed
(best corrected) correction state of the patient's eye
36. As such, this is a vision quality netric. The
Poi nt Spread Function is conputed as the squared
anplitude of the Fourier transformof the generalized
pupi | function of the displayed wave aberration
function. The maxi mum val ue of this function is given
along wth the nmaxi nrum val ue of the PSF of a pl ane
wave for the current "effective" pupil dianeter. The
rati o of these values, called the Strehl ratio, can

al so be displayed. The Strehl ratio can al so be used
as an inmage (or vision) quality index (the closer to
1, the better the inage). Preferably, the displayed
PSF function is only the central 1/16 of the ful
function in order that sone detail nay be seen.
General ly, the maxi mum value occurs is this region.
10 Wil e various advant ageous enbodi nents have been
chosen to illustrate the invention, it wll be
understood by those skilled in the art that various
changes and nodifications can be nade therein w thout
departing fromthe scope of the invention as

11



defined in the appended clains. 11 | claim 1. A
nmet hod for objectively obtaining a refraction val ue of
a patient's eye, conprising: objectively obtaining a
di agnostic nmeasurenent data of a patient's eye that
Is indicative of at |east fourth-order Zernike
wavefront aberrations or their equivalents; fitting a
second-order only polynomal to the wavefront data to
descri be the aberrated wavefront; and calculating a
Hif est refraction value fromthe second-order
polynomal fit. 2. The method of claim1, further
conpli si nd rekthqsl farebingtively abtainigor refrition valle of mpatient’s eye,
mani fest refraction. 3. The method of claim1, further
cemppiiR&gi ng cal cul ating a vision assessnent netric. 4.
The nethod of claim 3 wherein said vision assessnent
metric coolpedtivelg obtainingeatiagnoste méasarementiatadfh patibnt's eye that
function (PSF) value, a |ine spread function (LSF)
isvindicative ofiadeat Burtbbtder Zérike WavefTd® abeiationt op theftlediinalénts;
wherein said calculating step conprises calculating

t he respefitiny & sacandierderainlyesdipivetifgo tH waHerRR e ¥ dedcribe
wavefront aberrations in at |east one of an

thenbardsietwetfishtab®, a standard correction (Il ower-order)
state, and in a customcorrected (best corrected)

state. 6.calhntingi hodifed refaviich valuef frdnh 1 'seceRIBIdeShdMehomial
di spl ayi ng an i mage
fit.

2, The method of claim 1, further comprising displaying a value for the
calculated manifest refraction.

3. The method of claim 1, further comprising calculating a vision assessment
metric.

4. The method of claim 3 wherein said vision assessment metric comprises
at least one of a point spread function (PSF) value, a line spread function (LSF) value,
and a Strehl ratio.

5. The method of claim 4, wherein said calculating step comprises
calculating the respective value corresponding to the patient's wavefront aberrations in at
least one of an uncorrected state, a standard correction (lower-order) state, and in a
custom corrected (best corrected) state.

6. The method of claim 5, further comprising displaying an image
representation of the calculated values.

7. The method of claim 1, wherein obtaining the diagnostic measurement
. data comprises making a contemporaneous wavefront measurement.

12



representation of the cal cul ated values. 7. The net hod
of claim1, wherein obtaining the diagnostic
nmeasur enent data conprises maki ng a contenporaneous
wavefront neasurenent. 12 8. The nethod of claim1,
wher ei n obtaining the diagnostic neasurenent data
conprises using stored data. 9. The nethod of claiml,
wher ei n obtai ni ng the diagnostic neasurenent data
conprises using renotely acquired data that is
trapsmtted to the practitioner. 10. An inproved
met frod f b Beshed of Ghimg, wherels Qbtpiing theeliagnestic measurement
prescription, conprising: nmaking an objective
daty corgprises eingretaxsddatdent of a patient's vision that is
i ndi cative of at. |east fourth-order Zernike wavefront
abe?r at i Biesmeshod ¢felaimd gwherainebtainifig theidiagnaatic measurement
second-order only polynomal to the at |east
datg eempriscovsieg redwtely acquirelicktn thitds tramsmatoeirto degehctitioner.
wavefront; calculating a manifest refraction val ue
10.f r om t heAmsimapwornkdonetlexd fpodeyermiving a bision carmettifg gregriphion)d
a vision correction based upon the cal cul ated mani f est
compeisingct i on. 11. The net hod of claim 10, conpri sing
prescribing the vision correction for one of a vision
cor r ect inmgringemabjeativd didgnostic héds@ygmebr@Phifie's A6 fat is
corneal ablation. 12. The method of claim 10, wherein
indipmtkiernd at lagst thuahroddriZerniiRagdve LM Aberrdtid S19RSr dxBichRg; @
wavefront nmeasurenent. 13. A display of an optica
di agnosffittinge@ssHdesredtionyfpodynbakidl €ihe St IB¥Efourth-order data to

describe the aberrated wavefront;
calculating a manifest refraction value from the second-order polynomial
fit; and
prescribing a vision correction based upon the calculated manifest
refraction.
11. The method of claim 10, comprising prescribing the vision correction for
one of a vision correcting ]ens, an IOL, an inlay, an onlay, and a corneal ablation.
12. The method of claim 10, wherein making the diagnostic measurement

includes making a wavefront measurement.

13.  Adisplay of an optical diagnostic measurement of a patient’s eye,
comprising:
an image of the patient’s wavefront aberrations represenfed by second-

order and lower Zernike coefficients; and
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conprising: an inmage of the patient's wavefront
aberrations represented by second- order and | ower
Zerni ke coefficients; and 13 an i mage of the wavefront
aberrations represented by third-order and higher
Zerni ke coefficients, or their respective equival ents.
14. The display of claim 13, wherein the second-order
i mage consists of a representation of astignmatism
15. The 'di splay of claim 13, wherein the second-order

i mage congj st representation of ti ti sm and
def ocus. %ﬁm%ﬁ gft t8$§'ﬁYeg{;n€$’e5Ftéqnﬁf ?Qfse'?%%wgﬁordser and
C i Sin nunerical indicia of a predicted
hﬁ%’g?%‘?j{“é‘? 9?%;?1 b PR §eppectikaeqivalantsy of cl ai m 13,
further conpr.isin n image representation of a
' O ot Gy o B b s he gesardsmuder mge st ofa
di sgl ay of claim 17, wherein the vision nmetric is at
rPESSERtaBANPt SPUMALYBI nt spread function and a Strehl
ratio. 19. The display of claim18, wherein said
vi si bh nethedispayof elaisy by svbersingthe esard-ordenimagé caamsists of a
uncorrected aberration state, a standard (| ower-order)
IEPERSPIBRHANAA a8 fematism andlefocugust om (best correct ed)
correction state. 20. The display of claim 13, wherein
t he 1$mgebhesiiplag opeinith 1% fitheugnimprisili amemericabindivit wfen
about 3 nmto 4 nmm 21. The display of claim 13,
prgghisted iphoropter fefragdios. correspond to a pupil diameter of
3.5 mm :
17. The display of claim 13, further comprising an image representation of a
vision metric of the patient's eyesight.
18.  The display of claim 17, wherein the vision metric is at least one of a
point spread function and a Strehl ratio.
19.  The display of claim 18, wherein said vision metric corresponds to at least
one of an uncorrected aberration state, a standard (lower-order) correction state, and a
custom (best corrected) correction state.
20. The display of claim 13, wherein the images correspond to a pupil
diameter of between about 3 mm to 4 mm.

21.  The display of claim 13, wherein the images correspond to a pupil
diameter of 3.5mm.

22.  The display of claim 19, wherein the vision metric correspond to a pupil
diameter of between about 3 mm to 4 mm,

23.  The display of claim 22, wherein the vision metric correspond to a pupil
diameter of 3.5 mm.
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22. The display of claim19, wherein the vision netric
correspond to a pupil dianeter of between about 3 mm
to 4 mm 23. The display of claim22, wherein the
vision netric correspond to a pupil dianmeter of 3.5
mm 14 24. A device for neasuring an objective

mani fest refraction of a patient's eye, conprising: a
di agnosti c conponent adapted to neasure at | east
fourth-order Zernike wavefront aberration data or its

equiyal ent alcu atin onent. for, fltti on Y
seco\ré'd o?‘odevlc orynont g & ?88-'F Ve mpaifett reffaet %fnl"’réf'?'ﬁﬁeye
at.a and cal cul ating the manifest refraction; and a
°°8P§6Pay conponent for dlsplaylng the cal cul at ed
mani fest refraction deV|ce

wherei n £ ABSRASEG ﬁ%gnqngntesmsgﬁg Aieaguse af %&%F‘F‘%ﬁ{der Zernike

wavettont aberra%on data or its equivalent,
a calculating component for fitting only a second-order polynomial to the
wavefront aberration data and calculating the manifest refraction; and
a display component for displaying the calculated manifest refraction.
'25. The device of claim 24, wherein the diagnostic component is a wavefront

SEnsor.
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