Met hod and Apparatus for Determning the visual Acuity

of an Eye The present invention relates to a nethod
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WO 03/092485 Al relates to a vision metric, called the sharpness metric, which indicates the
subjective sharpness of a patient' s visfon by taking into account both the wavefront aberration
and the retinal response to the image. A retinal image quality function such as the point spread -
function is convolved by a neural quality function, and the maximum of the convolution over
the retinal plane provides the sharpness metric. The sharpness metric can be used to control

eye surgery or the fabrication of a lens.



retinal inmages. It specifically relates to a
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US 6,499,843 B1 relates to a customized vision correction method which comprises obtaining

a wavefont aberration measurement of a patie.nt's. eye and providing a display of the wave
front aberration measurement in the form of either a picture, a computer simulation, a graphic .
displéy, and a mathematical representation of the wavefront. Specific referent:e is made to

analyzing a point spread function for determining a Strehl ratio.

The objéct of the present invention is to provide a method and an apparatus for determining

the visual acuity of an eye By analysing the wavefront information of the eye.



di splay, and a mathemati cal representation of the
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The object of the present invention is to provide a
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According to a preferred embodiment of the present invention, the length of the long axis of
* the ellipse is taken as an image quality metric. According to a further preferred embodiment
of the invention, the relation between the long axis and the short axis of the ellipse is taken as

an image quality metric.

Preferably the enclosed area of the ellipse has to be similar to the area of inside the convex

hull around the relevant regions.

One way to visualize a-convex hull is to put an elastic band around all the points, and let it



Preferably the enclosed area of the ellipse has to be
simlar to the area of inside the convex hull around
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the visual acuity. The relation between the long axis and the short axis of the éllipse is taken
" to derive a correction factor for the visual acuity. The visual acuity is predicted using

~ following equations:

VA_predicted =d_VAl/(long_axis * Corr) - )
Corr=0.5* ( 1 + short_axis/ long_axis ) ' : 3)

d_VALl is the 'theoretical distance of the centres of retinal pictures of two nearby objects seen



foll owi ng equations: VA predicted = d_VA / (long_axis
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According to a .further preferred embbdiment of the preseht invention, the method is
performed for point spread functions of the same eye, but for at least two different states of
accom:hodation the wavefront is modified with different ‘sphericv:al additions. This simulates
the cycles of accammodation and relaxation which the eye usually does to find the status for
the optimum visual acuity. Also smaller object distances are simulated by modifying the
focus. Again, the method is preferably performed more than one time by using a selected

intensity level.

‘For a range of pupil diameters that can be expected under usual daylight conditions and a

range of accommodation states of the eye the visual acuity is calculated for the same eye. The



the cycles of accommobdati on and rel axati on which the

eye usually does to find the status for the opti mum
wo@oak7iacuity. Al so small er object di stances BECEEP2006/010706

simul ated by nodifying the focus. Again, the nmethod is

preferably performed norg than one tinme by using a

selected intensity level. For a range of pupil )
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The d8%aEibP Wil Be AfrtHeh BesdfiB¥d B ay bLexamyRer with refelehce® the drawings, in
further described by way of exanples with reference to
whiglie drawi ngs, in which: Fig. 1 is a diagram showing a
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. parts of the PSF shown in Fig. 2 which are above 50%

Fig.df the maxi mum of intensi ty, Fig. 4 is a diagram

Fig. Shyh gl kfowihg tpafts BBtheSPSIBhdvh i Big. 2 wihick Aréstdbve 50% of the
above 60% of the maxi mumof intensity;. Fig. 5is a

maxdmpgr o iter#N; ng parts of the PSF shown in Fig. 2 which .

. o . . i byt . ,
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. diagram show ng parts of t PSE shown i,n Fig. 2 whi |
Fis of 78 BORE SO0 EPERRES ST PO TROChGr ¢y igf gl fths of the
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Fig (58 108197 ShPYige DAty OF il Sy P AR Hohitng BAFD SR0qvRd 5% of the
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Fig. 7 is a diagram showing parts of the PSF shown in Fig. 2 which are above 50% of the

maximum of 'intehsity, wherein the convex hull is shown by a solid line and the circle
circumscribing the parté. of the PSF is shown by a dashed line;

Fig. 8 is a diagram showing parts of the PSF shown in Fig. 2 which are above 50% of the
maximum of intensity, wherein an ellipse is shown 'by a solid line which is fitted to the parts
of the PSF; | .

Fig. 9isa biock diagram of a preferred embodiment of the invention and

Fig. 10 is a flow diagram for performing a preferred embodiment of the present invention.

Detailed description of the preferred embodiments

As an example, Figure 1 depicts a fypical wavefront of an eye. This wavefront is shown for
the pupil plane of the eye. Such a wavefront may be detefmined by using any known
wavefront sensor as described, e.g., in the documeﬁts discussed aboye. In the present case, the
typical wavefront of Figure 1 is determined based on a best corrected eye, wherein an excimer

laser eye surgery system has been used for a non-invasive resculpting of the surface of the



maxi mum of intensity, wherein an ellipse is shown by a
solid line which is fitted to the parts of the PSF;
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the invention and Fig. 10 is a fl ow di agram for
performng a preferred enpodi nent of the present -
ipvention. Detailed description of the pref.etr
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wavefront .of an eye. This wavefront is shown for the
pupi | plane of the eye. Such a wavefront may

. f be )
Mogretpepific i Fignrad ishgvaithe warshianiiey drermimtl planesdthegye with reference
to tﬁ]%g Qﬁﬂ’l%%ﬂf of9-Carle *&801‘&93% {efh. df'h§ %’-ﬁﬁ? ‘KE@@Q%SS Tle_ns'hown here
e present case, e typi cal “wavefront o I gure S

as thehepen med Whaess tr Z-akissis dommeat épmeper, uniheTles wasefront can be

exciner | aser. eye surgery. system has been used for a
conpaped (o RORAIn G ARG B RAAR RS S of £ heeyo.

Such an excinmer |aser eye surgery systemis described,

~e.g., in W 95/27453 A. Mre specifically, Figure 1 L
Figatsodghomiser peginalipeshpointoypreadefupefisinl (PSFA Akthe fretingeofdthe eye originating

froff G ubEELPBE Rt | JRER ELTRINARN Mo Rl L6 Ron as described,
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Yaxi,s.are shown. .The.units of t -axis and th - .
pary Wi RPN AR o Rrasl B TP i etV eyl Mgen seen in
thrdeQifnBsidR] Gkiryativain@msity YvéraBe Mub@attd ok Gepeseits . Bountainous area
being illustrated as _a corresponding grey |evel from_,
compnisiie hills ang Kalleys of dififerant heaght sbheqpeaks) pb iy Hillhghqvaningfigure 2 as
. o . r .
darfQr 0 o QAR BArRFR AlahriD erl f Olr b2 Wltcular, the valleys
have doweér.infhaty. seen in three dinensions, the relative
intensity over the illustrated area represents a
nount ai nous area conprising hills and vall eys of
Acébrfiing rtegat pfé&(bjrﬂdﬁlt( emBodimennlkss taf piekent Hh*/dnsioﬁ,hpeliqﬁshbﬂ thhe point spread
Fi.gure 2 as, darker areas represen ts wt i.g e -
fungtinyhawing amingansity Yeingylarger @are- the, Sefeﬁgg%rlmeeﬂryak,velt% determined as

relé{aht YO MBYBSE OMRIrelePArR Pkt Ic¥n be regarded as a cross-section through the hills
. of the point spread function at the selected intensity level. This method may also be named a

sea-level determination.

In Figuré 3, the selected intensity level corresponds to 50% of the maximum of Iintensity.
Thus, those parts of the point spread function shown in Figure 2 having an intensity which is
larger than 50% of the maximum of intensity is.selected. When seen from the top, the cross- .
sections through respective hills in the point spread function form several distinct areas. More
specifically, there is one distinct larger area at about the coordinate —10pm, -5pm, two
middle-size areaé on the right side from the larger area and ﬁve small areas at the righf side

from the middle-size areas and above the middle-size areas. All areas represent the relevant



According to a preferred enbodi nent of the present
invention, parts of the point spread function having

waeornsansi ty being | arger than the sel ect abl ePCT/EP2006/010706
intensity level are determned as relevant part-of the
PSF.  The rel evant part cag be regarded as a

o PR S TRGHELVEE b gelelFit? iRl Ry meric, s

wilnydisduseediersnad@d a sea-|evel deternmi nat| on. In Figure
-3, the selected intensity |evel corresponds to 50% of
the maxi mum of intensity. Thus, those parts of the
| Dhcy @R delt Qi da AL Eotidn MENGUBE tRhills of the point
Flg?%tensny vvhlec%ﬁ??ﬂCl er thagqnaSCO% Sf tﬁe maxXi mum o?o ¢ poin
spréadt Bmsiiory of Figwk e2:taad| tthehctsésntethnﬂmb confpspomﬂﬁeto 60% of the -
crosschU 0 hro res tive hills. in the poin
m {qy er'eo {aYo ?515? areas, %ne small area are
shoSmeCi f| cal ly, there is one d| stinct larger area at
about the coordinate -OmMm -5mm two m ddl e-size
areas on the right side fromthe larger area and five
Figf® ShW LR Blovhfihad QfcssldiE  LRR-LARoAHSLE Hefills of the point
areas and above i Ecﬁse gll%ze ar eas. © ﬂ?‘g g: s of the poin
spreadpfuegmntshowe in Eimaataba\ret thekeledted prvénsity éqylebaﬂéS% of the maximum
gfuncti whi.ch is edf determ ning an i nage
Of'ﬁﬁﬂflfyt gﬂg%%nrell%rgera%n OIMggfeoﬁlzs?cH?ggéﬁn T eunder. Figure
- 4 shows the relevant parts representing a
_ Ccross-section_ throug h the hills of the poi nt sprea
Figprerfe shyrs the rﬂegentepazt @ﬁ{?swglgsaepr@é%-wnmh@gﬁgsh §he| ]@Ué jof the point

sprédd' ﬁﬁ%@&{‘% sh@wh A0 B fgufehg BB Ws&@ctb&‘ﬁ&t@ﬁéﬁgﬂlevﬁ%? 75% of the

one. larger area, two mddl e-size areas e snal
maximim aﬁlateshmnﬂerd:orgxmsidﬁ Srroanea artktwoesinallan aregeetnain.
representing a cross-section through the hills of the
poi nt spread function shown in Figure 2 above the
Whee kenpathg the pms’ dfyhé poiat sppdadFaiotioh shéven iFEKignies 304, 5 and 6, it is

i ntensit arger and t | e-size parts
appREcHhibat 2 é}i [é,? cbrremeBianglon fhaﬁﬂwtcorrs Propdingtarqag are getting

smallef Wher 1§&E§siﬂgnth5 Waﬁiégff thd %el@étladl %téﬁsng hevel oEa[Uh o?ﬁﬁ@ f'@ievant parts
function as shown in Figure 2 above the selected

shopmtinea¢ pfFigetes 3-Geanmvused fortvstermiiingian thagerquelityimgpric as discussed
m ddl e-si ze area and two smal |l er areas
mtﬁ@f&h %/\hen corrparl ng the parts of the point spread
functlon shown in Figures 3, 4, 5 and 6, it is

. apparent that a small.er nunber of eas engi n ‘and/ or :

Figtizoh SHoRs Beobriscys SRPoiEt sereeddungion gl Fiithg 2cWatch & Apnen 50% of the
matiRfie 86 ifiéhstth Rinre KEude®e 16 alret e8bvh @B8let dtaw R S la- dashed line
- Each of the relevant parts

which circumscribes all areas representing the relevant parts of the point spread function.
According to this preferred embodiment, at first the centre of the circle is determined as
follows. The minimum value and the maximum value in each Cartesian direction, i.e., along
the X-axis and along the Y-axis is determined. Then the mean value with the minimum and
the maximum value along the X-axis and the mean value of the minimum and the maximum
value along the Y-axis is determined. Both mean values represent the coordinates of the
centre of the circle. At a further step, a circle is drawn around this centre such that all areas of
the relevant part of the point spread function are circumscribed as shown. In the example of
Figure 7, the centre is at about the coordinates 0, 0. The radius is determined by the

lowermost left comer of the larger area shown herein.



shown in one of Figures 3-6 can be used for
determ ning an inmage quality netric as discussed in
wWo b@7osiiiow ng. Figure 7 shows the parts of thBCpBEPIWG/010706
spread function of Figure 2, which are above 50% of
the maximum of ‘intensity simlar to Figure 3. It
further shows a circle drawn as.a dashed |ine which
Accmdmglmmcﬁmbwraﬂerred\ embodimept eftbnpresguitinecntionca egnvex hull is Shown

oy S B B A1t AL 9B o

all afdak GeCwitlin G AeatR@InASbEDDY Chssolid ige b shovanin/Eipure 7Tadd a further
t he maxi num val ue in each Cartesian direction, i.e.,
Stepaﬂheﬁ@atﬂkﬁéde)@ahlﬂélsa#de%ﬁ!g the Y-axis is deternined.
Then the nean value with the mninum and t he maxi mum
val'ue along the X-axis and the nmean value of the
Figuné Rishongs parts dffthe peint spread/funotéorashomy intfégure xwhich are above 50% of

det.er m ned. . Bot h. nean..val r esg t.he _coordi.n
the ERIEINEn BORFTE SUPLHIE TP VB G Ber o KPR e df TE8 by using
the &bi dsfiel &F 16 AN 298 QB BirélBisBowe M FRusd!2Mokapeaificaldy, egording to
“the relevant part of the point spread fupctiqn are

this ptquﬁqlmbqglggelggf theqiasent wventions thedigraeten oth}:x@ girce yhown in Figure
7 reéljégsn?sefﬂgﬁ a?usatgf 20 gﬂ%sé Hﬁl ﬁﬁ@&ﬁjddwgfttﬁé & tans iTRBtermined based on ‘

ius s erm ne wer nmost corner of
the. ﬂb@ebﬁﬁmcarmmmmt @rqas Ao (thejlrnlgvam partmrﬂh%rshf)rt axis is.
refer nbqdi ment of the pr
 eopumsd i oo Souhonsregped, Yuter i oo e pf e long axis

corr&PBRGAE $o Bel didh&asofthe thele ietakyand oﬂbaﬂ’athr blylesdthalf@‘ﬂcbr is obtained
| ines such that all areas are within the ar

by dividingrthe psadngige tthe ) by the seeaasidioth ¢ treler Thitse the short axis
' |
cor:%teptogcrls}‘m negl%aﬁé%nﬁ'rge gﬂgnoﬁ{o%%f' tHS 15 e TRENdnd Sxis and the short axis

hows parts of the point spread
' (notfshmwnanngsfecﬁ/)me wseHifoudrawihgthe eltipse ia Fapue 8. 50% of the -
- maxinumintensity simlar to Figure 3 and Figure 7.
"Herein an ellipse is fitted by using the area inside :
The@fligsb @s howin AFigird @ repriesdnts &Vigitl abmt}ﬁmgmi’ceMZ)re detifically, a patlent
specifically, according to this pref rre odi ne 1%1
havisg anifye pridse H{av?ﬁfﬂ/‘ér?ﬁlsg?l %E%ﬂfﬁ‘aﬁé{lgﬁ P&r o@pip Fagure 8 has a

- spec?ﬁf’y}ﬁuélréc%t?g% hs bERr s %tcﬁretcﬁ@n bORE sRort §m§’t)f fRQ1lipse and which'

i pse rection of the |ong axis is.determ ned
is woese énl therditebtgor] Qﬁt@%mgmcﬁmheeelbm%en di stinct areas

' of the relevant parts. This short axi s is approxi nmated

by the above-nentioned equation (1). Thus, the |l ength

As @fcushe Befitg, ¥ ivBuslaicuity oprediogd using hise a‘hoaaemmtloﬁf(Z): fitis equation -
circle is ‘taken as one, f.actor. tghe ot her, fac

(2) BsenioiRacasynidh dhorgicrhdisaResaOf e CERTEIE SFRiA Dlsgirepef two neasby
objtEReh B34 8n bhle O 1 GhBute [ THS is B &nSWRUEAAKbS for a visual acuity of 1.0

or 20/20. For an average eye, the value of d_VALl is apprdximated with a constant value of
5pm. The predicted visual acuity VA_predicted is given as a decimal scale. It corresponds to.
the product, ‘wherein the first factor is the division of d_VA1 by the length of the long axis
and the other factor is a correction factor Corr. The coﬁecﬁon factor is calculated usihg
equation (3) ﬁ'orﬁ the relationship between the length of the short axis and the length of the
long axis. This Vah;e is added to one. The resulting sum divided by two corresponds to the

correction factor.



corresponds to a predeternm ned proportion of the |ong

axis. The long axis and the short axis (not shown in
wob@ons718) are used for drawi ng the ellipse i npEi/gePI086/010706

8. The ellipse as shown in Figure 8 represents a

visUaI acuity netric. Nbr specifically, a patient

havi ng. an eye with erro as.sho in .Figure 1. .
The) Rt e oo Hsmw‘f%fygu%%leh 20ty leppiping” Jhe, isual - acuity
objédtivielyy THRY sHjedtive RdubPicuith rhdteic @h 86 uk&d) e, foh@e®@hfining the visual

axi s of the el lipse and which is worse in t he

acugfy rod & paétﬁnt@feyp thefqrg rqg:re@gp@t @nd @afer @Meptyg@t eng, a treatment for visual
acuity is predicted using
r{QﬁEE}% v{e g%%cﬁ%ﬁh r?éys?ﬁ?'s equation (2) takes into
account the theoretical distance of the centres of

The, Fspiplss B S itia Marhiny & CRTRR G EFAREF O Fighies 1 and the
cori‘é's? SR O%’ﬂﬁdihtt ré¥ld fhnQiodras 286wWA in FRfurad 1@&’)@9&1@}5]&?%183. phtidular pupil

"is approximted wth a const val ue

sizeyndshpartiqier stateef aocemmpidation oftbeipysy Tbﬁdgtpe@m@t@tpf the visual acuity
can% gﬁ ot a\%%&gtcdrﬁglf%xstﬁgk ;%remglf’&o(?ﬂ;ﬁ %Febbut a,rt least for one

erein actor 1s
othelr r Pl slnz;p ahtier fermagidastaine bther Istawg)fam'nc&nmndhttoh@f dteleye.
factor is a correcti.on factor Corr. The correction
-~ factor is calculated using equation (3) fromthe
Figl 9l shbiv®asBlbék Emeef h heetbRBDEMbOdiniche of AR abpaXtus aadtﬁdmg to the
the l ength of t axis. This value is added t
pregané. mvmélon eBugampises @miwlm 4@ dfopyneagemerty e%eerf*dfg Wblch provides
waxté'ifon? o e‘i‘[hle %‘feﬁ%%f Elat% sst@l%d 't(f“ée étﬁeﬂlo'nsdﬁvwe 20, such as a
particu uita eterntnlng the vi sua
persmlal tgmplbg:reﬁhe véh;latlo“ﬂﬁemoe tipqxcrfpms the salahlationibasyd on the wavefront

I C_can. m ni n the Vi sua
e g PV i atiranien Soflph oo fENER B RERIRE *anc af t er
a treatnment, e.g., a treatment for visual correction
usi ng an exci ner | aser systent The exanpl e of

b a
Figy i@s seawys powrcharitfornperfpsming b et quwm@ﬂ@tleﬁ@é argethod according to
the ?&Hﬁo Einver@BA mefugtosrtépes*:p%%f?gmnﬁtaruf aAREEaR bmﬁéd B performing a

wn in Figure 271 s exenplary for a“partic
megrupéthens iuziegan g, shepemeasucerhent dsviae € 0off Etgc%nhnosjat Bana epemﬁc pupil
r tion acui

ainilfie Y Bt dFisatiot ieaer P el dpHiefly oR ) b irbRlmaRualy by o
useOf Flilftensone ey ealub8 add id @aSlThﬁsDWaOﬁE‘omtlh exddalipd lsinnilzte different

and/ oy fort% Ieast %,e ot.her ?te of acconmopdati on
accgpumqgatien of the-pyp ang di StB‘P‘%?é R e d¥esm of a

preferred enbodlnent of an apparatus according to the

present invention. It conprises a device 10 for
In aréurther step 98, & veavefyrt ipfhhdhnymendatle dased on the wavefront data obtained

in step S1 for the specific pupil diameter D being set in step S2. In step S4, the sum of the
numerically built wavefront and the wavefront representing the spheré S_add is determined.
Based on this sum, a point spread function PSF is calculated therefrom in step S5. Relevant
parts of the point spread function are selected in step S6 by, e.g., comparing the intensities of
the point spread function with a selectable intensity level of intensity and selecting only those
parts of the point spread function having an intensity being la.rger than the selectable intensity
level. In step S7, a long and a short axis are fitted to an area circumscribing said selected parts-
of the point spread function. Thereafter, in step S8, the predicted visual acuity is calculated

based on information with respect to the long and short axis determined in step S7. This



wavefront data. The wavefront data are transferred to

a cal cul ation device 20, such as a personal conputer.
wdabm7osdicul ati on device 20 perforns the cal cul BtT/BP2006/010706

based on the wavefront data.and provides its results

to an output device 30 sygh as a nonitor. Fig. 10
o G R B e B Pl BRBE 15 s wveon
corﬂeﬁb@ﬁﬁigaﬁ thd sunficdleulated $i etpp SH., Inweepes 100 atdecisiva ivmadewhether steps

are obtained by perform surenent usin
s2 & 999 arteheepﬁ%ta% dre ssibery eypil éﬂametsrm ang. anoghedy erigal addition
S agdglﬁe Hus, & gﬁ | {o §H REHE E‘e ﬂe& a%ﬁmtla_d]lysfopb%ciﬁc values D(1), D(2),

e set auto i cal y or can I nput
D(hanuBX(iy atd/onS wsid(1), Suadd@r foadd(3) he S/adci(e) & agivengange of pupil

Thi fr s.added t S|nulate di fferen
dlaﬁﬁtfgrﬁﬂgfd QHCGﬁglo?fQ?%%ls Ve TS S%‘lgf FUFE ARDE; SPaRE (ggt ax%tomancally or
inphthd than@fy byl aﬂu@rflifrstelp@ 1S2sth €39 hduld ﬁtﬁ beeneépéataninymsore, the highest
built numerically based on the wavefront data qQbtain %ﬁ
predigted visgalgcurty pan b?eseéeﬁaeéum Step Sl bi It isclsorposeibletp pelegtpoteqly one but
sev% ?r%@i@te§%};su!1f‘ac§§t?e§ a§ﬁ to trdHRf Eﬁé’spfesﬁl%eto%%wu@ a&:\m’e like a monitor
wavef ront and e mave ront - representing the
30.sphere S add is determ ned. Based on this sum a point
spread function PSF is calculated therefromin step
S5. Relevant parts of the point spread function are
TheS &dredigt disBlosire fand6dddyriptidpngof. the Giipaitiondare ilustrative and explanatory

intensities of the point_ spread function with a

thergaf and yasions changss ip\partsyiar, fo'ﬁ? et ofyopsration apastbg mgde without

ot oi nt spread function having

depg‘ﬁjn?érﬁ%@?tsy@%eﬁgémg%ﬁ than the sel ectabl e
intensity level. In step S7, a long and a short axis
are fitted to an area circunscribing.said sel ected
parts of the point spread function. Thereafter, in
step S8, the predicted visual acuity. is calculated
based on information with respect to the |Iong and
short axis determned in step S7. Thiscal cul ated
visual acuity relates to the specific pupil diameter D
and specific wavefront corresponding to the sum
calculated in step S4. In step SIO a decision is made
whet her steps S2 to S9 are repeated for another pupil
di aneter D(m and anot her spherical addition S add(n).
Thus, steps S2 to SO will be repeated automatically
for specific values (1), D(2), D3), ... D(m and/or
S add(l), S add(2), S add(3), . . . S add(n) in a
given range of pupil diameters and spherica
addi ti ons, wherein said given range can be set
automatically or inputted manually by a user. If steps
S2 to S9 should not be repeated anynore, the highest
predi cted visual acuity can be selected in step SI 1.
It is also possible to select not only one but



several predicted visual acuities and to transfer
these results to an output device |ike a nonitor 30.
wdbe7bsnegoi ng di scl osure and description of tPEI/EP2006/010706
invention are illustrative and explanatory thereof and
various changes, in parth%ular, of the method of
operation nmay be nmade w tfiout departing fromthe scope
of the invention.Clains 1. Method for determining the
vi sual acuity of an eye conprising the steps of:
provi ding the wavefront information of the eye,
~generating a point gpdigad function based on the
wavefront information of the eye, said point spread
function representing a specific intensity
di stribution for a correspondi ng pupil size, conparing
1. t dethnd éorsietenmining thetvisuplacnity spareeyd dompeisingrthensteps of:
sel ectable intensity |evel intensity, determ ning
t I’ng}éldﬁ’ﬁl‘tﬁ%w@fe%f%él% o Bf@ﬁy?’unct i on having an
| ndefBBitihY a POInd Gplead Gidictibh dhseltr thehestadtanforhetisn éfthe eye, said
| evel as a relevant part of the point spread. function. )
2. Pt SRERad fBrasion; TRpFeseRtiag & speafic fintersiy digtghpionsion @ qomgesponding
step;1qf,edrawi ng an el I'i pse which circunscribes 'the

rel evant” part of the point spread function. 3. Method :
acmopdring thedniehsities ¢ thé poinhepreadofopetioni with & belegtatdpintdnsity level of

deternining the length of the long axis of the
ePPFng? 4. Method according to claim3, further
C od¥drinsiing) thd3e paitspfahe PeineEpread Aghctitie hheingtah i@fentifiebeing larger
short axis of the ellipse and preferably determnjng,
t Hean e seleeablp antorsaty levebay dreievans Rartpfdhg mn@a&afi%éaﬁ%@n-
of the ellipse. 5. Method according to claim1,
further conprising the step of determ ning the |ongest
2. di Metind ecadrding ta ciaimst, fasthes compribiagrtes stomof dppaving e ellipse which
the_point, spread functiagn. 6. h rding to
o1 AToHECTIReh @}%@%V%Ilgfrpg{tiog ??16 otuﬁtg}% éeta gglm%?l&get er m ni ng
t he maxi mum di stance al ong a second axis in the ‘
rel evant part of ihezgoint spread function

a ..
3. di Methef GREQ&ing 4 Glan Z fusthsr cREPFISing theastp); of detérmining the length of
the long axis of the ellipse. ’

4.  Method according to claim 3, further comprising the step of determining the length of
the short axis of the ellipse and preferably determining the relation between the long

axis and the short axis of the ellipse.

5. Method according to claim 1, further comprising the step of determining the longest
distance along a first axis in the relevant part of the point spread function.

6. Method according to claim 5, further comprising the step of determining the maximum
distance along a second axis in the relevant part of the point spread function in a

direction perpendicular to the first axis.

7. Metho‘d according to any of claims 1 to 6, further comprising the step of determining the
enclosed area in between boundary points of the relevant part of the point spread



7. Method according to any of clains 1 to 6, further
conprising the step of determ ning the encl osed area

wo poobesmeen boundary points of the rel evant parcT/BP20061€10706

10.

11

12.

13.

- 14,

poi nt spreadfunction. 8. Method according - to any one
of clains 1 to 7, wherei 3a | ong and/or a short axis
pﬁégﬁ&%icular to each other are determ ned based on

t f¥evant part of the point spread function and
further conprising the step of transform ng said |ong
and said short axis into_a val ue representi t he

viMethpd geeardipg gp anpreonsyef cloimavditRol MRTBASA b gpdlgfya short axis
Wg&fndﬁbﬁ} fPeath bhe! ta.rﬁ"&a dBald'onl tRe televaRt B MBApoint spread

circunscribes the relevant part of the "point .
s plueetibnf amd duither, conpersiigrthe lstep odritansfophingseidciong land jsaid short axis

preferably deter.m ned .as.the n val ue of the m ni num
v%@@?ﬁgrmfmﬁg%ﬂﬁu%ﬁmﬂﬁ’mqeé'\?‘ant part al ong the
X-axi s and the nean val ue of the m ninmumval ue and the

maxi mum val ue of any rel evant part along the Y-axis. . .
10Metyed igeeprding de @ny @ne Of Glams loto f.uvheieip & oFRe il%éﬁalmmed which

flmh&cﬁﬁﬁaﬁ%gt eIe?é'\HLtn{)%P o%‘ E:g: ;?d'iﬁasrpfgadtfﬂﬁcti%h,r Ghérein the centre of the

erern | amet er circle is taken as the ]
| eciglenis piefetablyl detgminddsasahel mehe vl of the reinpnumar]us and maximum

det er mi ned b h l.ati.onship bet t |
R BB A O bR P b PR Gl b e var
bosyadae Mafieuit $aleé of 416 reRVaM Akt albag theY-akise poi nt -

spread function. 11. Method according to any of clains
8 to 10, further conprising the step of determ ning

;Elg[egxgh .@Eéo?&ing@%mﬁ@ ot REEOAInAHsiny BO Step A€ d@t@ﬂl{iﬁﬁ@)@hé area of the

riving orrection factor for the visua .
acaiicley wheein et Hincheter adrttle wijcleds dakgncts the d¢ngth of the lpng axis and

wherei.n sai,d sel.ectahle.in Sht e 1S, r.ak

et Ngeh Goosrb2u50, SroERath ERR il A efiiobup bEMELR thd area of the
pOduitacs pik e dndhetd area ihDetdiinhstindarg qrodhits of tiee eebgyanf part of the
claims 1 tq 12, wherein the selectable intensity |evel

i SPQiRtePEsRd B4aFtigRt ween a range of 50%to 70% of the

maxi mum intensity of the point spread function, nost
preferably the selectable intensity level is 60% of L

t hidethedianeardingtte asy of claims 8 to 1 0, further comprising the step of determining

the relation between the long axis and the short axis and deriving a correction factor for

the visual acuity.

Method according to any of claims 1 to 11, wherein said selectable intensity level is
preferably between 40% to 80% of the maximum of intensity of the point spread
function.

Method according to any of claims 1 to 12, wherein the selectable intensity level is
preferably between a range of 50% to 70% of the maximum intensity of the point spread
function, most preferably the selectable intensity level is 60% of the maximum

intensity.

Method according to any of claims 1 to 13, comprising generating the point spread

function of the same eye, but at least for one other pupil size. .



14. Method according to any of clainms 1 to 13,

conprising generating the point spread function f the

- We2me/0smMe4 but at | east for one other pupil siE€I/EB2006/010706
Met hod according to any of clains 1 to 14, conprising
repeati ng the nethod by z ing at | east one ot her

sel ectable intensity lev 16. Method according to

any of clains 1 to 14, conprising repeating the method

15.F Olfe@o@QEdRAiBPIRRS JFélink PRo 04, doRprismpReMting thetmdtksd by using at
at least two différent states of accommodation of the

eyieashpes ether selsetablgvnersittleyed. nodified with different
spherical additions. 17. Method according to claim 16,
conprising repeating the nmethod at | east two tines

16. usMethodiat doedingto &l efadaibks d tb N4 pcsnprisidgerepéating 118 method for a pomt
Met hod accor di rt]ngﬁ to clai

o (B RR G s SR VR BYGT RSy AT S of ggpommodation

t v 1l EfeariRndin Ml SR 0ht B GEaNETR Qiffetint biRrieMdiSions.
sel ected as the nom nal visual acuity. 19. Apparatus

for detern1n|ng the visual acuity of an eye

~ [ n rovi-ch t
17. o{hﬁg dJHE & ﬁ%lﬁl{e) [%Qoﬁlég%ég ?e(ﬁe e%\{%g g‘Ee:ﬁ%gl ag leastI twto times using
sphﬁaﬁnfummﬁ%nnnhasgdeaﬂ&the mavefront |nfornat|on of
the eye, said point spread function representing a

specific intensity distribution for a corresponding

18. puﬁ?ﬂe{hoé 'aé&)rdlﬁg BPAaRN 96 of 97, wiiBialthd preliidRdibRbeSal A&ty for any of
of the point read function with a selectaple

i ntheatleast tiveléliferentesiies dloaccerameration ¢fghe Rysis splepted apthe nominal
th@» gﬁ spread function having an intensity being

Iarger 1gn the selectable intensity |evel as a

rel evant part of the point spread function.

Appar at us.agcordi n o cl further co r|S|n
19. CORBFAS 8 GrgimmatdhS v Ay sty SPRPRSEEYAT ch
CI hEARES rbadink ke ﬁ/@lf&iﬂb@:ﬂlﬂf&ﬁ{a&xoﬁbffﬂé%?’@m nt spread
function. 21. par at us accordlng to claim 20, wherein
s

s amear@ é%%ﬁnataﬂﬁg 2 o sPigad Bretion basd opdhgyWRvedtont pdormation of the
éf p Igl'@aae e §ﬁaﬁe§l?ef erit %ag %gb@ﬁ@(iﬁ@ﬁg glsﬁﬁnutlon for a

n sai ans deter ne the
Iem®n$pthngpmpﬂhuBI axis of the elllpse and preferably

dect:o?rrlprgra or %OIP %O&Sallr%{gl e 1It1)t%rt1s ies otI tﬁe pom? gpread function with a selectable

" intensity level,
means for determining those parts of the point spread function having an intensity being

largef than the selectable intensity level as a relevant part of the point spread function.

20. Apparatus according to claim 19, further comprising .calculating means for determining

an ellipse which circumscribes the relevant part of the point spread function.

' 21.  Apparatus according to claim 20, wherein said calculating means determine the length

of the long axis of the ellipse.

22. Apparatus according‘ to claim 21, wherein said calculating means determine the length
of the short axis of the ellipse and preferably determine the relation between the long

~ axis and the short axis of the ellipse.



axis and the short axis of the ellipse.23. Apparatus
according to claim19, further conprising calculating

wore@n®sfios determ ning the | ongest di stance al PAEPR2006/010706
first axis in the relevant part of the point spread
function. 24. Apparatus al\gcor ding to claim23, wherein
sai d cal cul ati ng neans deferm ne the nmaxi num di stance
along a second axis in the relevant part of the point

- 23.SPAp@athd Aot dang id%l@inﬂll@ﬁfth&%oﬁ@ﬁ@iﬁ@@hﬁulaﬁﬁ% tRahdor determining
first axis, 25. ‘Apparatus according to any of clains )
1othe dpnpast distance along @ fisstiagisip theqeleyanipan @f Hheqrpintrspread function.
determining the enclosed area in between boundary :
points of the relevant part of the point spread

24.f uApparams a2€ordibgptr alaim 23,c eheieny shid ealyulatieg afican$ aletsmine the
19 tao 25, .wherein a long.and/.or, a short axi . .
o PBEAEL USRS HORER RSO GRISIh cheFeleHi RREPTiag Befnbspread function
t N o @heNGH Werpdidicudd t6 bR f@iats. spread function and
further conprising neans for transformng said | ong
and said short axis into-a value representing the

Vi W . t : >0k 0]
252, AW BE el 5 o L T PRI SoBEASA LI moans o
- dedetermimihg gheaerxlosed ereshincetweenchoumdanylyednts lof theetedarant part of the
" part, of taaglrlgoi nt spread function, wherein the centre
of PP UPR preferably determined as the nean
val ue of the m ni num val ue and maxi mum val ue of any

rel evant part_along the X-axis and the_ nean val ue of .
26.t hAppAr#PheeeeLdingIto anydonenel deimshInte\2ah whersin gdgpg and/or a short axis

' hétidtdlouRfld efth %%E%éec}ege}@#eﬁ'bage%' orf B Aiatpart of the point spread

ng to claim er .conpri sing neans
defuactiinnamgfurther canmrising mehlss for tehgfprmingrseidnlonpand said short axis

dianeter of the circle is taken. as the |length of the
Rl S SRl s i bR BEE s deter m ned
based on the relationship between the area of the

surface and the encl osed area in between houndary .
27.pofrrrasates aqcpulipgstoaapy pne ok Flaimgy 19 19200 69mprisipg miggps for determining a
£l o . L o
t QI Olch ChoRANCRIHS rAERHN QAT Bt e P Breds B ffon? Whercin the
r eteatre ofi theetivide is praferabdy detamniged asl thehmearhwalte akthe mingmum value

~deriyving a correction factor for t i sual ui tvy.
SodRSloint LT E bBY r R Rt Aol e 4 EHS gnd B fp¥an value of the
whekrtindmsalud add ltechakibfim vdlenst dny relevait pius plo@f eedPlayis.
bet ween 40%to 80% of the maxi mum of intensity of the-
poi nt spread '

28.  Apparatus according to claim 27, further compﬁsing means for determining the-area of
the circle, wherein the di_ameter of the circle is taken as the length of the long axis and
\;vherein the short axis is determined baséd on the relationship between the area of the
surface and the enclosed area in Between'boundary points of the relevant part of the
point spread function.

29. Apparatus according to any of claims 26 to 28, further comprising means for
determining the relation between the long axis and the short axis and deriving a

correction factor for the visual acuity.

30. Apparatus acéording to any of claims 19 to 29, wherein said selectable intensity level is



function. 31. Apparatus according to any of clains 19

to 30, wherein the selectable intensity level is
w@e@esdabl y bet ween a range of 50%to 70% of tPEI/EP2006/010706

maxi mum i ntensity of the point spread function, nost

preferably the sel ectabl ggintensity level is 60% of

t | j [ 2. AliHSind | :

of S@W%e% %g% {c%//\ﬁ%‘%ei % aeIBpm nt gg :ﬁga ué}tg%h?%omt spread

of funtonsane eye, but at |east for one other pupil size

is generated. 33. Apparatus according to any of clains

19 to 32, wherein at |east one other selectable _
31.1 NABRRAthY adcBMhg foSany ST E1aidé 194D BT whéteinakE Sdlektatle irffensity level is

any of clains f% to 33, wherein a point spread ]

f upreferably estwednea rageoR3s thTR%ob thegnayimysy intepgity of the point spread

di nt i t eyeqd : .
OvAPRIAE SRyl 65 JRA By | DGIENC00R, VP maimum
spinehiieal addi tions. 35. Apparatus according to claim

29, wherein at least two different sel ectable '
intensity levels are used. 36. Apparatus according to

32.Cl RppAratds Mcortng Wﬁg@f@la‘iﬁﬁ 19868 GiRekiR @Rt potntSPAlad function of the
acul'ty for any of the at |least tw different states of

actaoereyeldt afleast farieae ether pupiksireisgereratedt he nomi nal
vi sual acuity. -

33. Apparatus according to any of claims 19 to 32, wherein at least one other selectable

intensity level is used.

34. Apparatus according to any of claims 19 to 33, wherein a point spread function of the
same eye, but for at least two different states of accommodation of the eye is used

wherein the wavefront is modified with differentispherical additions.

35. Apparatus according to claim 29, wherein at least two different selectable intensity

levels are used. -

36. Apparatus according to claim 33 or 34, wherein the predicted best visual acuity for any
of the at least two different states of accommodation of the eye is selected as the

nominal visual acuity.



