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ing refractive corrections of human eyes to reduce and eliminate image
3 distortion associated with eyeglasses. In some embodiments, an objective
refraction module is configured to measure refractive errors of an eye ob-
jectively, without subjective feedback from a tested subject. A computa-
tion module is configured to generate a plurality of objective prescriptions
. A phoropter module is configured to perform a subjective refraction for
determining a plurality of subjective spherical powers based on the plu-
rality of objective prescriptions. An output module is configured to gener-
\ ate a plurality of prescriptions for eyeglasses, the plurality of prescriptions
% comprising (a) a first prescription having a first subjective spherical power
fs1, a first objective cylinder power Fcl, and a first objective cylinder an-
gle Fal, and (b) a second prescription having a second subjective spherical
power 152, a second objective cylinder power Fc2, and a second objective

FEN cylinder angle Fa2.
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Methods and Systems for Determining Refractive Corrections

of Human Eyes for Eyeglasses

RELATED APPLICATIONS
(00017 This application claims priority from 1) U.S. Patent Application No.
15/151,491, filed on May 11, 20186, and entitled "Msthods and Systems for
Determining Refractive Corrections of Human Eyes for Eyeglasses; and 2)
Chinese Patent Application No. 201610316763.6 filed on May 12, 2016, all of

which are hereby incorporated by reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] Consumers often have to adapt {o a new pair of eyeglasses which is a
known issue in the eyeglasses indusiry. It often relates to image distortion of
the new eveglasses, and adaptation to new eyeglasses can sometimes be 3
very painful process for some people. Three consequences happen when the
image distortion by eyeglasses 1s not handied properly. First, a parr of new
eyeglasses may fake 1 1o 2 week(s) for consumers 1o get used to, with the
individual's experience varying from person o person. Second, a significant
portion of new eyeglasses purchased are abandoned because consumers can
never become accustomed {o them. This causes monetary losses because a
new pair of eyeglasses does improve an individual's vision, and getling used to
the new eyeglasses is considered a personal responsibility. Third, a population
of people abandon eyeglasses all together If they fail to get used to all
eyeglasses from different eyeglass shops.

[0003] The conventional refraction process shown in FiG. 1 relies on
experience and skills of an individual optometrist (optician) to set a starting point
as well as an ending point for the prescription of eyeglasses. First, an
autorefractor 11 is typically used {0 get an objective measurement of an eye's
refractive errors and provide a rough objective prescription 12 including a
spherical power Fs, a cylinder power Fc and a cylinder angle Fa. Second, an
optometrist (or an optician) will determine a rough spherical correction in a
phoropter 13, and then adminstrates a subjective oplimization of spherical
power, cylinder power and cylinder angle based on the objective prescription.

The subjective optimization is based on the experience and skill of the
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optometrist or optician, and on subjective feedback of the tesied subjects (i.e.,
the patient). In step 16 of subjective refraction, the cylinder angle is subjectively
optimized by letting the tested subject first see an astigmatism chart and then
an acuity chart afterwards. The optometrist (an optician) will set/modify the
cylinder angle based on the objective prescription as well as feedback of the
tested subject. In step 17 of subjective refraction, the cylinder power is
subjectively optimized by having the tested subject view an acuity chart, and an
optometrist (an optician) will set/modify the cylinder power based on the
objective prescription as well as feedback of the tested subject. In step 18 of
subjective refraction, the spherical power is subjectively optimized by letting the
tested subject see an acuity charl, and an opiometrist (an optician) will
set/modify the spherical power based on feedback of the tested subject. The
same process is repeated for the other aye of the tested subject. Third, a final
prescription of the eyeglasses (subjective refraction 14) is determined for each
eye with the subjectively optimized spherical power Fs, subjectively optimized
cylinder power F¢, and subjectively optimized cylinder angle Fa. This
conventional method of refraction does serve the purpose of improving vision
with the new pair of eyeglasses. However, it is a different matier whether the
tested subject will like the improved vision with the new pair of eyeglasses
purchased.

[0004] Consequently, although many configurations and methods for vision
corraction are known in the arl, there is a need to provide improved methods
and devices 0o reduce and eliminate image distortion associated with

eyeglasses.

SUMMARY OF THE INVENTION
(00057  In some embodiments, a method for determining refractive prescription
for eyeglasses is provided. An objective refraction device is used to measure
refractive errors of an eye of a tested subject objectively, where the objeclive
refraction device exciudes subjective feedback from the tested subject. A
olurality of objective prescriptions for the tested subiject is generated from the
refractive errors of the eve measured objectively. The plurality of objective
prescriptions includes {i) a first objective prescription having a first objective

spherical power Fsi1, a first objective cylinder power For, and a first objective
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cylinder angle Fai, and (il) a second objective prescription having a second
objective spherical power Fs2, a second objeclive cylinder power Fe2, and a
second objective cylinder angle Fa2. The first objective cylinder power Fei and
the first objective cylinder angle Fa1 of the first objective prescription are
optimized for image quality, and the second objective cylinder power Fo and
the second objective cylinder angle Fa2 of the second objective prescription are
determinad for a reduced mage qualily compared to that of the first objective
prescription, or for obtaining reduced magnification differences at different
origntations. A phoropter is usead to perform a subjective refraction to determing
a plurality of subjective spherical powers. The plurality of subjective spherical
powers includes a first subjective spherical power fs1 and a second subjective
spherical power fs2. The phoropter has a plurality of spherical lenses and
cylindrical lenses, where control of the cvilindrical lenses is based only on the
olurality of objective prescriptions. The subjective refraction requires subjective
feedback from the tested subject reading a chart through the phoropter. A
plurality of prescriptions for eyeglasses is generated from the plurality of
objective prescriptions and the subjeciive refraction. The plurality of
prescriptions for eveglasses includes {(a) a first prescription having the first
subjective spherical power fs1, the first objective cylinder power Fer, and the first
objective cylinder angle Fa1, and (b) a second prescription having the second
subjective spherical power fsz, the second objective cylinder power Fe, and the
second objective cylinder angle Faz.

00087 In some embodiments, a system for determining refractive prescription
for eyeglasses includes an objective refraction module and a computation
module. The objective refraction module is configured to measure refractive
errors of an eye of a tested subject objectively, without subjective feedback from
the tested subject. The computation module is configured o generate a
olurality of objective prescriptions for the tested subject from the refractive
errors of the eye measured objectively. The plurality of objective prescriptions
includes (i) a first objective prescription having a first objective spherical power
Fs1, a first objective cylinder power Feq, and a first objective cylinder angle Fas,
and {if} a second objective prescription having a second objective spherical
power Fsz, a second objective cylinder power Fo2, and a second objective

cylinder angle Fa. The first objective cvlinder power Fo and the first objective
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cylinder angle Fa1 of the first objective prescription are optimized for image
quality, while the second objective cylinder power Fe and the second objective
cylinder angle Faz of the second objective prescription are determined for a
reduced image quality compared to that of the first objective prescription, or for
obtaining reduced magnification differences at different oriertations. In certain
embodiments, the system also includes a phoropter module and an ouiput
module. The phoropter module is configured to perform a subjective refraction
for determining a plurality of subjective spherical powers based on the plurality
of objective prescriptions from the computation module. The plurality of
subjective spherical powers includes a first subiective spherical power fs1 and
a second subjective spherical power fs2. The phoropter module has a plurality
of spherical lenses and cylindrical lenses, where control of the cylindrical lenses
is based only on the plurality of objeclive prescriptions. The subjective
refraction requires subjective feedback from the tested subiect reading a chart
through the phoropter module. The output module is configured to generate a
plurality of prescriptions for eyeglasses from the plurality of objeclive
prescriptions and the subjective refraction. The plurality of prescriptions
includes (a) a first prascription having the first subjective spherical power fsq,
the first objective cylinder power Fc1, and the first objective cylinder angle Fa1,
and (b) a second prescription having the second subjective spherical power fs2,
the second objective cylinder power Fez, and the second objective cylinder
angle Faz.

00077 In some embodiments, a system for determining refractive prescription
of eveglasses includes an input device module, a computation module, a
phoropter module and an output module.  The input device module s
configured 1o receive a refractive daia set of an eye of a tested subject. The
computation module is configurad to generate a plurality of initial prescriptions
for the eye from the refractive data set, where the plurality of initial prescriptions
includes (i) a first initial prescription having a first initial spherical power Fsi, a
first initial cylinder power Fei, and a first initial cylinder angle Fa1, and (i) a
second initial prescription having a second initial spherical power Fsz, a second
initial cylinder power Fez, and a second initial cylinder angle Faz. The first initial
cylinder power Fot and the first initial cylinder angle Fa1 of the first initial

prescription are optimized for image quality, and the second initial cylinder
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power Fez and the second initial cylinder angle Faz of the second initial
prescription are determined for a reduced image quality compared to that of the
first initial prescription, or for obtaining reduced magnification differences at
different orientations. The phoropter module is configured o perform a
subjective refraction for determining a plurality of subjective spherical powers
based on the plurality of initial prescriptions. The plurality of subjeclive
spherical powers includes a first subjective spherical power fs1 and a second
subjective spherical power fs2. The phoropter has a plurality of spherical lenses
and cylindrical lenses, where control of the cylindrical lenses is based only on
the plurality of initial prescriptions. The subjective refraction requires subjective
feedback from the tested subject reading a chart through the phoropter. The
output module is configured to generate a plurality of prescriptions for
eyeglasses from the plurality of objective prescriptions and the subjective
refraction, the plurality of prescriptions including (8) a first prescription having
the first subjective spherical power fs1, the first initial cylinder power Fo1, and the
first initial cylinder angle Fa1, and (b) a second prascription having the second
subjective spherical power sz, the second initial cylinder power Fez2, and the
second initial cylinder angle Faz.

(00087 In some embodiments, a system for determining refractive prescription
of eveglasses includes an input device module, a phoropter module and an
output module. The input device module is configured to receive a plurality of
initial prescriptions. The plurality of initial prescriptions inciudes (i) a first initial
prescription having a first initial spherical power Fsq, a first intial cylinder power
Feor, and a first initial cylinder angle Fat, and (i} a second initial prescription
having a second initial spherical power Fs2, a second initial cylinder power Fe,
and a second initial cylinder angle Faz. The phoropter module is configured (o
perform a subjective refraction for determining a plurality of subjective spherical
powers based on the pluraiity of initial prescriptions. The pluraiity of subjective
spherical powers includes a first subjective spherical power fs1 and a second
subjective spherical power fs2. The phoropter module includes a plurality of
spherical lenses and cvlindrical lenses, where control of the cylindrical lenses
is based only on the plurality of initial prescriptions. The subjective refraction
requires subjective feedback from the tesied subject reading a chart through

the phoropter module. The output module is configured {o generate a plurality
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of prescriptions for eyeglasses from the plurality of initial prescriptions and the
subjective refraction, the plurality of prescriptions including {a) a first
prescription having the first subjective spherical power fs1, the first initial cylinder
power Fe1, and the first initial cylinder angle Fat, and (b) a second prescription
having the second subjective spherical power fs2, the second initial cylinder

power Fcz, and the second initial cylinder angle Faz.

BRIEF DESCRIPTION OF THE DRAWINGS

100091 FIG. 1 shows a flowchart for a conventional method of determining
refractive prescription of eyeglasses known in the art.

[060010] FIG. 2 shows a flowchart for a wavefront method used for determining
refractive prescription of eyeglasses known in the art.

(000111 FIG. 3 shows a flowchart for an improved method for determining
refractive prescription of eyeglasses in accordance with some embodiments.

[00012] FIG. 4 shows a block diagram of an improved system for determining
refractive prescription of eyeglasses in accordance with some embodiments.

[00013] FIG. 5 shows a block diagram of an improved system for detarmining
refractive prescription of eveglasses in another embodiment of the present
disclosure.

[00014] FIG. 6 shows a block diagram of an improved system for determining
refractive prescription of eveglasses in yet ancther embodiment of the present
disclosure.

[00018] FIG. 7 shows a block diagram of an improved system for determining
refractive prescription of eyeglasses in still another embodiment of the present

disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS
00018} Reference now will be made in detail to embodiments of the disclosed
invention, one or more examples of which are illustrated in the accompanying
drawings. Each example is provided by way of explanation of the present
technology, not as a limitation of the present technology. In fact, it will be
apparent {o those skilled in the art that modifications and variations can be

made in the present technology without departing from the scope thereof. For
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instance, features illustrated or described as part of one embodiment may be
used with another embodiment to vield a still further embodiment. Thus, itis
intended that the present subject matier covers such modifications and
variations as come within the scope of the appended claims and their
equivalents.

(000171 FIG. 2 shows a recently developed method for customized refractive
correction based on wavefront measurament, related to methods described in
1.8, Patent No. 8418,185, U.S. Patent No. 8,827,448, and U.S. Patent
Application No. 14,465755 entitled "Methods and Devices for Refractive
Correction of Eves,” all of which are incorporated herein by reference. First, a
wavefront aberrometer 21 is used to measure all refractive errors of an eye. A
wavefront aberrometer is more accurate than a conventional autorefractor
because it uses a wavelront sensor to precisely measure not only the focus
error and astigmatism (a cylinder power and a cylinder angle}, but also other
higher order aberrations such as coma, spherical aberration, and all the other
irregular aberrations in an eye. Second, a wavefront prescription 22 is
generated for the tested eye with a wavefront-optimized spherical power Fs, a
wavefront-optimized cyiinder power F¢, and a wavefront-optimized cylinder
angle Fa. Because of the high accuracy of the wavefront sensor as well as
wavefront optimization with all the higher-order aberrations, the wavefront-
optimized cylinder power F. and the wavefront-optimized cylinder angle Fa of
the eve are thus finalized with the wavefront refraction. Third, a phoropter 23 is
used for a subjective optimization. Operators (e.g., optometrists or oplicians)
set the phoropter according to the objective wavefront refraction, and ask the
tested subjects (patients) 1o subjectively oplimize the spherical power. With the
tested subject viewing an acuity chart, an optical professional (which shail also
be used interchangeably with the terms optometrist or optician for the purposes
of this disclosure) will modify the spherical power based on feedback of the
patient being tested. The same process is repeated for the other eye of the
tested subject. Third, the final prescription 24 of the eyeglasses is determinad
for each eye with the subjectively optimized spherical power Fs, the wavefront
optimized cylinder power Fc, and the wavefront optimized cylinder angle Fa.

[00018] The wavefront method in FiG. 2 does improve vision beyond the

conventional refraction in FIG. 1. However, similar to the conventional
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subjective refraction in FIG. 1, it is a different matier whether the tested subject
will like the improved vision with the pair of wavefront-customized eyeglasses.

(000181 Lenses of eyveglasses are usually 12.5 mm in front of the cormeal vertex
of human eyes while the nodal points of human eves are about 7 mm behind
the coneal vertex in human anatomy. This distance from lenses to the nodal
points of 19.5 mm leads to demagnification of retinal images for negative lenses
{myopia correction) and magnification of retinal images for positive lenses
{hyperopia correction) with the eyeglasses. Toric lenses with cylinder powers
in eyeglassas having different refractive power in the two principal meridians
will cause a magnification difference in the two principal meridians, and leads
{o image distortion of eyeglasses. This image distortion cannot be detected in
the refraction process because the size of acuity chart letters is too small for
the tested subjects o notice the image distortion, but can have significant
impact on the experience of new eyeglasses for comsumers.

(000201 This problem of image distortion certainly not only is unable io be
addressad with the wavefront refraction techique in FIG. 2 in the prior art, but
also cannot be handled by the conventional refraction techique in FIG. 1 as well.

[00021] The conventional refraction process as shown in FIG. 1 relies on the
experience and skills of an individual optometrist (optician) to set the starting
as well as the ending cylinder power for the eveglasses. This conventional
approach has at least three drawbacks. First, the process, relying on the
experience of an optical professional, is not scientific and thus optimized results
are usually not obtained. Second, the process cannot be standardized because
each optical professional has his/her own experience in the past, which will also
change over time for each optical professional. Third, the process does not
take into account individual tolerence of image distortion, and people geta “one
size fits all” solution by an individual optomedtrist or optician even though this
certainly should not be.

1000221 The present disclosure includes methods and systems for reducing or
eliminating image distortion of eyeglasses.

(0060231 In one embodiment, an improved method for determining refractive
prescription for eyeglasses is described as shown in FIG. 3.

[00024] In the first step 31 of FIG. 3, an objective refraction device is used to

measure refractive errors of a human eye objectively. The objective refraction
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device, which excludes — that is, does not involve — subjective feedback from
the tested subject, should provide accurate and objective measurement of
refractive errors of eyes 32. The refractive errors may include a focus error, a
cylinder error, a cylinder power, coma, and spherical aberration in an eve. In
the second step 33a/33b, a plurality of objective prescriptions is generated from
the refractive errors of a human eye measured objectively. In one embaodiment,
a plurality of objective prescriptions includes at least a first objective
prescription 33a having a first objectively determined spherical power Fs1, a first
objectively determined cylinder power Foi, and a first objectively determined
cylinder angle Fai; and a second objective prescription 33b having a second
objectively determined spherical power Fs2, a second objectively determined
cylinder power Fe2, and a second objectively determined cylinder angle Fa. In
one embodiment, the first objective prescription is optimized for image guality
- &.g., to offer the best image quality — while the second objective prescription
is determined for a reduced image quality compared to that of the first objective
prescription, or for obtaining reduced magnification differences at different
orientations. In some embodiments, more than two objective prescriptions 33a,
33b may be generated.

[00028] Inthe third step of FIG. 3, a phoropter 34 (which may also be referred to
as a phoropter module in this disclosure) is used to perform subjective
refraction, to determine a plurality of subiective spherical powers subjectively.
In one embodiment, a plurality of subjective spherical powers includes at least
a first subjectively-optimized spherical error fs1 (35a), and a second
subjectively-optimized spherical power fs2 (350). Note that the term spherical
power i$ also known in the industry as focus power. The phoropter 34, placed
in front of the eyes of the test subjects {o see through so that different correction
lenses can be selected for the correction of focus error as well as cylinder error,
includes a plurality of spherical lenses and cylindrical lenses. The test subject,
seeing through the lenses in the phoropter, provides feedback about what
he/she can recognize on an acuity chart. The operator (8 optometrist or an
optician) is only allowed to change the spherical power of the phoropter and to
switch between the objective perscriptions previously generated prior to step
34. Control of cylinder lenses in the phoropter is based only on the plurality of

obiective prescriptions generated automatically {e.g., 33a, 33b}, and the
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cylinder lenses are prohibited from being changed by the operator. That is,
when using the phoropter in step 34, sub-step 37 involves selecting one of the
objective refractions 33a or 33b. The optical professional provides a spherical
power setting in sub-step 38. The phoropter thus can present to the patient two
options in sub-step 39 option 1 using the objective cylinder power Fer and
objective cylinder angle Fa1 with the spherical power Fs+ ks (8 representing an
adiustment made in the subjective assessment), or option 2 using the objective
cylinder power Fo and objective cylinder angle Faz with the spherical power
Fs+0Fs. Before the spherical power is subjectively optimized, the spherical
power is adjusted in sub-step 38 and the subjective assessment is repeated
using the setlings indicated in sub-step 39 until the spherical power is optimized
for the prescription option (option 1 or 2} that is being assessed. After the
spherical power assessment for one oplion has been completed, the other
untested prescription is selected in sub-step 39b and the process is repeated.
Once the spherical power has been subjectively optimized for both option 1 and
option 2, option 1 and option 2 are finished, with option 1 resulting in the first
subjectively-optimized spherical error fs1 (35a) and option 2 resulting in the
second subjectively-optimized spherical power fs2 (35b).

[00028] In the fourth step of FIG. 3, a plurality of prescriptions for eyeglasses is
generated including at least a first prescription for eyeglasses 36a with a first
subjective spherical power fs1, a first objective cylinder power Foi, and a first
objective cylinder angle Far; and a second prescription 36b with a second
subjective spherical power fs2, a second objective cylinder power Fe, and a
second objective cylinder angle Faz. In some embodiments, more than two
prescriptions for eyeglasses 36a, 36b can be generated. These prescriptions
for eyeglasses can then be utilized to help a patient select the optimal choice
for reducing or eliminating image distortion.

0060277 In one aspect of this embodiment, the method further includes
generating a final prescription for eyeglasses according to a final preference
given by the tested subject Eyeglasses according to the plurality of
prescriptions are realized by a plurality of the trial lenses presented on one or

more eyeglass frames, which are worn on the face of the tested subject. From
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wearing the trial lenses, the tested subject can then select their final preference
for which prescription for eyeglasses provides the best vision.

[00028] The improved method of FIG. 3 overcomes the three drawbacks of the
conventional process shown in FIG. 1. First, the improved method according
to the present disclosure does not rely on experience of optical professionals
to handle issues of image distortion, and actually does not allow
optometrists/opticians to change the cylinder powers and cylinder angles based
on their experience and skiils. This makes the refraction process standardized.
Second, instead of obtaining only a “one solution fits all’ prescription in the
conventional process by optometrists or opticians as in FIG. 1 and wavefront
customized prescription in FIG. 2, the improved method provides at least two
different sclutions that are different for the effect of image distortion. This aliows
the individual consumer to find the best eyeglasses without noticing image
distortion. This solves the problem of individual difference in tolerance of image
distortion. Third, the improved method can provide objectively optimized results
based on scientific calcuiation. Differences in cylinder power or cylinder angle
in a plurality of prescriptions are objectively determined based on a number of
factors including but not imted to 1) ratio of the spherical power o the cylinder
power for an eye according to refractive errors of an eye measured objectively,
which allows automatic and precise caiculation of a ratio of magnification in
each prescription by a person of ordinary skill in the art, and provides solutions
with different levels of image distortion; 2) the relationship between coma and
cylinder power and cylinder angle in an eye; 3) absolute value of cylinder power
according to refractive errors of eye measured objectively; 4) absolute value of
cylinder angle according to refractive errors of an eye measured objectively; 5)
the relationship between cvlinder angles in both eyes of the same tested
subjects because the final image distortion of a pair of eyeglasses will be
determined by perception by both eyes through a pair eyeglasses; and 6} the
cylinder power and cylinder angle of a pair of old eyeglasses worn previcusly
by the tested subject, which represents the prior level of image distortion that
has been experienced by the tested subject.

000281 In some embodiments, the objective refraction device involves
measuring wavefront aberration of an eye, and the wavefront aberration

includes coma and spherical aberration in the eye.
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(000306} In some embodiments, a plurality of objective prescriptions generated
are different in cylinder power, and/or are different in cylinder angle. For
example, the first objective cylinder power Fei1 and the second objective cylinder
power Fez are different from each other. In other embodiments, the first
objective cylinder angle Far and the second objective cylinder angle Fa2 are
different from each other.

060311 In some embodiments, the method is further configured to take into
account refraction data for the left and right eyes of the tested subject, or
refraction data of an old pair of eyeglasses worn by the tested subject before.

(000321 In some embodiments, the final prescription for eyeglasses further
includes a spherical aberration.

(00033} In yet other aspects, the methods in the present disclosure includes an
information processing method for a system for determining refractive
prescription of eyeglasses.

[00034] FIG. 4 shows a block diagram of an embodiment of a system 40 used
for implemeanting the improved method in FIG. 3, for determining refractive
prescription of eyeglasses for human subjects. The system 40 comprises a
module of objective refraction 41 that measures refractive errors of a human
eye objectively. Objective measurement does not involve any subjective
feedback of the tesied subject. The objective refraction module or device 41
can be, for example, a wavefront aberrometer that measures all aberrations of
an eve including a focus error, a cylindrical error, a cylinder angle, spherical
aberrgtion and coma in an eye. In some embodiments, objective refraction
device 41 can also be an improved autorefractor that is capable of precisely
measuring the focus error and cylinder error of an eye. System 40 also includes
a computation module 42 that generales a plurality of objective prescriptions
from the refractive errors of a human eye measured objectively. In ohe
embodiment, the plurality of objective prescriptions includes at least a first
objective prescription 43a with a first objective spherical power Fsi, a first
objective cylinder power Fei, and a first objective cylinder angle Fa1; and a
second objective prescription 43b with a second objective spherical power Fsz,
a second objective cylinder power Fe, a second objective cylinder angle Faz. In
one embodiment, the first objective prescription 43a is optimized for image

quality, such as {o offer the best image quality, while the second objective
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prescription 43b is determined for a reduced image quality compared to that of
the first objective prescription, or for obtaining reduced magnification
differences at different orientations.

[00038] System 40 also includes a phoropter module 44 that utilizes the plurality
of objective prescriptions 43a, 43b from the computation module 42, Phoropter
module 44 is configured to perform a subjective refraction, for determining a
plurality of subjective spherical powers subjectively based on the plurality of
objective prescriptions. In one embodiment, a plurality of subjective spherical
powers include at least a first subjective spherical power 453 {fs1), and a second
subjective spherical power 45b (fs2). The phoropter 44, which includes a
plurality of spherical lenses and cylindrical lenses and control of the cylinder
lenses, is placed in front of eyes of the test subject to see through s0 that
different correction lenses can be selected for the correction of focus error as
well as cylinder error in an eye. Test subjects see through the lenses in the
phoropter and provide feedback about what he/she can recognize on a chart
such as an acuity chart. The operator (g optometrist, optician, or even the tested
subject) is only allowed o change spherical power of the phoroptor. Control of
cylinder lenses in the phoropter is based on the plurality of objective
prescriptions generated automatically only, and is prohibited from being
changed by an operator. The subjective refraction requires subjective feedback
of the tested subject reading a chart through the phoropter and providing
subjective Teedback.

[00038] System 40 also includes an output module 46 for generating a plurality
of prescriptions for eyeglasses including at least a first prescription 47a and a
second prescription 47b. First prescription includes subjective spherical power
fs1, first objective cylinder power Fc1, and first objective cylinder angle Far.
Second prescription 47b includes second subjective spherical power faz,
second objective cylinder power Fo2, and second objective cylinder angle Faz.

1006371 In some embodiments, the objective refraction device 41 involves
measuring wavefront error of an eye using a lens array wavefront sensor.

100038} In some embodiments, the plurality of objective prescriptions 43a, 43b
that are generated are different in cylinder power, and/or are different in cylinder

angle.
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(000381 In some embodiments, the prescriptions for eyeglasses 47a and 47b of
system 40 is further configured to take into account refraction data for a left eye
and a right eye of the tested subject, or refraction data of old eyeglasses wormn
by the tested subject before.

(000407 In some embodiments, the final prescriptions 47a, 470 for eyeglasses
further include a spherical aberration.

[00041] In vet another embodiment, FIG. 5 shows a block diagram of a system
50 for generating the plurality of objective prescriptions. System 50 is a sub-
system of FIG. 4, for determining refractive prescription of eyeglasses for
human subjects. The system 50 includes a module of objective refraction 51
that measures refractive errors of a human aye objectively, and a computation
module 52. Objective measurement does not involve any subjective feedback
of the tested subject. The objective refraction device 51 can be, for example, a
wavefront aberrometer that measures all aberrations of an eye including focus
error, cylindrical error, spherical aberration and coma. Objective refraction
device 51 can also be an improved autorefractor that is capable of precisaly
measuring focus error and cylinder error. System 50 also includes a
computation module 52 that generates a plurality of objective prescriptions from
the refractive errors of a human eye measured objectively by objective
refraction device 51. In one embaodiment, a plurality of objective prescriptions
includes at least a first objective prescription 53a and a second objective
prescription 53b. First objective prescription 53a has a first objective spherical
power Fsi, afirst objective cylinder power Fei, and a first objective cylinder angle
Fat. Second objective prescription 53b has a second obiective spherical power
Fsz2, @ second objective cylinder power Fez, and a second objective cylinder
angle Faz.

(000427 In some aspects of this embodiment, the plurality of objective
prescriptions 53a, 53b that are generated are different in cylinder power, and/or
are different in cylinder angle.

(000437 In some aspects of this embodiment, the plurality of objective
prescriptions 53a and 53b of system 50 is further configured to take into
account refraction data for the left and right eves of the tested subject, or

refraction data of eyeglasses previously worn by the tested subject.
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(00044} In some aspecis of this embodiment, the plurality of objective
prescriptions 53a, 53b further include a spherical aberration.

(000457 In some aspects of this embodiment, the system 50 is further configured
to be combined with a phoropter module for subjective refinement of a plurality
of objective prescriptions, particularly for the subjective refinement (refraction)
of the spherical powers.

[000486] In vet another embodiment, FIG. 6 shows a system 60 in which an input
device is used for receiving refractive data for eyes. System 60 is a modified
sub-system of FIG. 4 as well, for determining refractive prescription of
eyeglasses for human subjecis. The system 60 includes an input device module
61 configured to receive a refractive data set of an eye, the refractive data set
including at least an input spherical power, an input cylinder power and an input
cylinder angle, and may also include coma and spherical aberration in the eye.
A computation module 82 of system 60 generates a plurality of initial
prescriptions from the received refractive data set of an eve. In one
embodiment, a plurality of initial prescriptions generated from the received
refractive data set includes at least a first and a second initial prescription 63a
and 63b. First inttial prescription 63a has a first initial spherical power Fst, a
first initial cylinder power Fe1, and a first initial cylinder angle Fa1. Second initial
prescription 83b has a second initial spherical power Fs2, a second initial
cvlinder power Fcz, and a second initial cylinder angle Faz. In one embodiment,
the first initial prescription is optimized for image quality, such as o offer the
best image quality, while the second initial prescription is determined for a
reduced image quality when compared {o that of the first initial prescription, or
for obtaining reduced magnification differences at different orientations. In
some embodimenis, more than two initial prescriptions 63a and 63b may be
generated.

(000477 A phoropter module 64 takes the plurality of initial prescriptions {e.q.,
63a and 63b) from the computation module 62. Phoropter module 64 is
configured for determining a plurality of spherical powers subjectively. In one
embodiment, a plurality of subjective spherical powers includes at least a first
subjective spherical power 65a fs1, and a second subjective spherical power
©5b fs2. The phoropter 64, placed in front of the eyes of the test subject to see

through so that different correction lenses can be selected for the correction of
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focus error as well as cylinder error in an eye, contains of a plurality of spherical
lenses and cylindrical lenses. The test subject, seeaing through the lenses inthe
phoropter, provides feedback about what hefshe can recognize on an acuity
chart. The operator {(a optometrist or an optician) is only allowed {0 change the
spherical power of the phoropter. Control of cylinder lenses in the phoropter is
based only on the plurality of objective prescriptions generated automatically,
and is prohibited from being changed by an operator.

[00048] Systemn 60 also includes an output module 66 for generating a plurality
of prescriptions for eyeglasses, the plurabity of prescriptions including at least a
first prescription 67a with the subjective spherical power fs1, the first initial
cylinder power Fei, and the first initial cvlinder angle Fai. The plurality of
prescriptions for eyeglasses also includes at least a second prescription 67b
with the second subjective spherical power fsz, the second initial cylinder power
Fez, and the second initial cylinder angle Faz. As in previous embodiments, the
plurality of prescriptions may include more than two prescriptions 67a, 67b.

(000497 in some aspects of this embodiment, the input device module 61
includes but is not limited {o one of the following: a keyboard, a touch screen, or a
touch-free electronic communication from another device.

1000507 in some aspecis of this embodiment, a plurality of initial prescriptions
63a and 63b that are generated are different in cylinder power, and/or are different
in cylinder angle.

1000517 in some aspects of this embodiment, the prescriptions for eyeglasses
67a and 67b take into account refraction data for the left and right eves of the tested
subject, or refraction data of an old set of eyeglasses worn previously by the tested
subjects.

100052] in some aspecis of this embodiment, the plurality of prescriptions for
ayeglasses 67a and 670 further include a spherical aberration in an eye.

1000537 in still another embodiment, FIG. 7 shows a system 70 for determining
refractive prescription of eyeglasses for human subjects. The system includes an
input device module 71 that is configured {o receive a plurality of initial prescriptions.
In one embodiment, the plurality of initial prescriptions includes at least a first initial
prescription 72a with a first initial spherical power Fsi, a first initial cylinder power
Fet, and a first initial cylinder angle Fa1; and a second initial prescription 72b with a

second initial spherical power Fsz, a second initial cylinder power Fez, and a second
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initial cylinder angle Fa2. System 70 includes a phoropter module 73 that receives
the plurality of initial prescriptions 72a, 72b from the input device module 71.

[00054] Phoropter module 73 is configured for determining a plurality of
subjective spherical powers subjectively; that is, to perform a subjective refraction.
In one embodiment, a plurality of subjective spherical powers includes at least a
first subjective spherical power 74a (fs1), and a second subjective spherical power
74b {fs2). The phoropter 73, placed in front of eyes of the test subject {0 see through
50 that different correction lenses can be selected for the correction of focus error
as well as cylinder error in an eye, contains a plurality of spherical lenses and
cylindrical lenses. The test subject, seeing through the lenses in the phoropter,
provides feedback about what he/she can recognize on an acuity chart. The
operator (a optometrist or an optician) is only allowed to change the spherical
power of the phoroptor, by adjusting the spherical lenses. Control of cylinder lenses
in the phoropter is based on the plurality of objective prescriptions generated
automatically only, and is prohibited from being changed by the operator.

[00055] Anoutput module 75 generates a plurality of prescriptions for eveglasses
including at least a first prescription 76a with the subjective spherical power fs1, the
first initial cvlinder power Fo1, and the first initial cylinder angle Fai; and a second
prescription 76b with the second subjective spherical power fsz, the second initial
cylinder power Fe2, and the second initial cylinder angle Fa.

[00056] in some aspects of this embodiment, the input device 71 includes but is
not limited to one of the following: a keyboard, a touch screen, or a touch-free
electronic communication from another device.

[00057] in some aspects of this embodiment, the prescriptions for eyeglasses
76a and 76b take into account refraction data for the left and right eyes of the tested
subject. The prescriptions for eyeglasses 76a and 76b may also take into account
refraction daia of an old pair of eyeglasses worn by the tested subject before.

[000538] in some aspects of this embodiment, the plurality of prescriptions 78a,
76 for eveglasses further includes spherical aberration in the eye.

[00059] While the specification has been described in detail with respect to
specific embodiments of the invention, it will be appreciated that those skilled in
the art, upon attaining an understanding of the foregoing, may readily conceive of
alterations i, variations of, and equivalents to these embodiments. These and

other modifications and variations to the present invention may be practiced by
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those skilled in the art, without departing from the scope of the present invention,
which 1s more particularly set forth in the appended claims. Furthermore, those
skilled in the art will appreciate that the foregoing description is by way of example

only, and is not intended to limit the invention.
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WHAT IS CLAIMED IS

1.

A method for determining refractive prescription for eyeglasses, the method
comprising:
using an objective refraction device to measure refractive errors of aneye of a
tested subject objectively, wherein the objective refraction device excludes
subjective feadback from the tested subject;
generating a plurality of objective prescriptions for the tested subject from the
refractive errors of the eye measuraed objectively, whereain:
the plurality of objective prescriptions comprises (i) a first objective
prescription having a first objective spherical power Fq1, a first objective
cylinder power Fe1, and a first objective cylinder angle Fa1, and (i) a
second objective prescription having a second objective spherical
power Fsz, a second objective cylinder power Fez, and a second
ohjective cylinder angle Fa2; and
the first objective cylinder power Fo1 and the first objective cylinder angle
Fa1 of the first objective prescription are optimized for image quality,
and the second objective cylinder power Fcz and the second objective
cylinder angle Faz of the second objective prescription are determined
for a reduced image quality compared to that of the first ohjective
prescription, or for obtaining reduced magnification differences at
different orientations:
using a phoropter to perform a subjective refraction to determine a plurality of
subjective spherical powers, wherein the plurality of subjective spherical
powers comprises a first subjective spherical power fs1 and a second
subjective spherical power fsz; wherein the phoropter comprises a plurality
of spherical lenses and cylindrical lenses, wherein control of the cylindrical
lenses is based only on the plurality of objective prescriptions; wherein the
subjective refraction requires subjective feedback from the tested subject
reading a chart through the phoropter; and
generating a plurality of prescriptions for eyeglasses from the plurality of
ohbiective prescriptions and the subjective refraction, the plurality of
prescriptions for eyeglasses comprising {a) a first prescription having the

first subjective spherical power {51, the first objective cylinder power Fei,
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and the first objective cylinder angle Fa1, and (b) a second prescription
having the second subjective spherical power fs2, the second objective
cylinder power Fez, and the second objective cylinder angle Fa.

2. The method of claim 1 further comprising generating a final prescription for
eyeglasses according to a final preference given by the tested subject, the
final preference being based on the tested subject wearing trial lenses
according to the generated plurality of prescriptions for eyeglasses.

3. The method of claim 2 wherein the final prescription for eyegiasses further
comprises a spherical aberration.

4. The method of claim 1 wherein the using the objective refraction device
comprises measuring a wavefront error of the eye, wherein the wavefront
error includes coma and spherical aberration in the eye.

5. The method of claim 1 wherein the first objective cylinder power and the
second objective cylinder power are different from each other.

8. The method of claim 5 wherein the plurality of prescriptions for eyeglasses
takes into account at least one of (i) refraction data for a left eye and a night
evye of the tested subject, and (i) refraction data of eyeglasses previously
worn by the tested subject.

7. The method of claim 1 wherein the first objective cylinder angle and the
second objective cylinder angle are different from each other.

8. The method of claim 7 wherein the plurality of prescriptions for eyeglasses
takes into account at least one of (1) refraction data for a left eye and a right
eye of the tested subject, and (i) refraction data of eyeglasses previously
worn by the tested subject.

9. A system for determining refractive prescription of eyeglasses, comprising:
an objective refraction module configured to measure refractive errors of an

eve of a tested subject objectively, wherein the objective refraction module
excludes subjective feedback from the tested subject; and
a computation module configured to generate a plurality of objective
prescriptions for the tested subject from the refractive errors of the eye
measured objectively, wherein:
the plurality of objective prescriptions comprises (i) a first objective
prescription having a first objective spherical power F«1, a first objective

cylinder power Fei, and a first objective cylinder angle Fa1, and (i) a
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second objective prescription having a second objective spherical
power Fsz, a second objective cylinder power Fez, and a second
objective cylinder angle Faz; and

the first objective cylinder power Fc1 and the first objective cylinder angle
Fa1 of the first objective prescription are optimized for image quality,
and the second objective cylinder power Fe2 and the second objective
cylinder angle Faz of the second objective prescription are determined
for a reduced image guality compared to that of the first objective
prescription, or for obtaining reduced magnification differences at
different orientations.

10. The system of claim 9 wherein the objective refraction module is further
configured to measure a wavefront error of the eye, wherein the wavefront
error includes coma and spherical aberration in the eye.

11. The system of claim 9 wherein the first objective cylinder power and the
second objective cylinder power are different from each other.

12. The system of claim 11 wherein the plurality of prescriptions for eyeglasses
takes into account at least one of (i) refraction data for a left eye and a right
eye of the tested subject, and (i) refraction data of eyeglasses previously
worn by the tested subject.

13. The system of claim 9 wherein the first objective cylinder angle and the
second objective cylinder angle are different from each other.

14. The system of claim 13 wherein the plurality of prescriptions for eveglasses
takes into account at least one of (1) refraction data for a left eye and a right
eye of the tested subject, and (i) refraction data of eyeglasses previously
worn by the tested subject.

15. The system of claim 9 wherein the plurality of prescriptions for eyeglasses
further comprises a spherical aberration.

16. The system of claim 9 further comprising a phoropter module configured to
perform a subjective refraction for determining a plurality of subjective
spherical powers based on the plurality of objective prescriptions from the
computation module, wherein the plurality of subjective spherical powers
comprises a first subjective spherical power fs1 and a second subjactive
spherical power fs2; wherein the phoropter module comprises a plurality of

spherical lensas and cylindrical lenses, wherein control of the cylindrical
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lenses is based only on the plurality of objective prescriptions; wherein the
subjective refraction requires subjective feedback from the tested subject
reading a chart through the phoropter module.

17. The system of claim 16 further comprising an cutput module configured to
generate a plurality of prescriptions for eyeglasses from the plurality of
objective prescriptions and the subjective refraction, the plurality of
prescriptions comprising (&) a first prescription having the first subjective
spherical power T, the first objective cylinder power Fe1, and the first
objective cylinder angle Fa1, and (b} a second prescription having the second
subjective spherical power fs2, the second objective cylinder power Fe, and
the second objective cylinder angle Fa.

18. The system of claim 17 wherein the objective refraction module is further
configured to measure a wavefront error of the eye, wherein the wavefront
error includes coma and spherical aberration in the eye.

19. The system of claim 17 wherein the first objective cylinder power and the
second objective cylinder power are different from each other.

20. The system of claim 19 wherein the plurality of prescriptions for eveglasses
takes into account at least one of (1) refraction data for a left eye and a right
eye of the tested subject, and (i) refraction data of eyeglasses previously
worn by the tested subject.

21. The system of claim 17 wherein the first objective cylinder angle and the
second objective cylinder angle are different from each other.

22. The system of claim 21 wherein the plurality of prescriptions for eyeglasses
takes into account at least one of (i) refraction data for a left eye and a right
eye of the tested subject, and (i) refraction data of eyeglasses previously
worn by the tested subject.

23. The system of claim 17 wherein the plurality of prescriptions for eveglasses
further comprises a spherical aberration.

24. A system for determining refractive prescription of eyeglasses, comprising:
an input device module configured to receive a refractive data set of an eye of

a tested subiject;
a computation module configured to generate a plurality of initial prescriptions

for the eye from the refractive data set, wherein:
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the plurality of initial prescriptions comprises (i) a first initial prescription
having a first initial spherical power Fs1, a first initial cylinder power Fe1,
and a first initial cylinder angle Fa1, and (it) a second initial prescription
having a second initial spherical power Fsz, a second initial cylinder
power Fez, and a second initial cylinder angle Faz; and

the first initial cylinder power Fer and the first initial cylinder angle Fa1 of the
first initial prescription are optimized for image quality, and the second
initial cylinder power Fq2 and the second initial cylinder angle Faz of the
second initial prescription are determinad for a reduced image quality
when compared o that of the first initial prescription, or for obtaining
reduced magnification differences at different orientations;

a phoropter module configured to perform a subjective refraction for
determining a plurality of subjective spherical powers based on the
plurality of initial prescriptions, wherein the plurality of subiective spherical
powers comprises a first subjective spherical power fs1 and a second
subjective spherical power fsz; wherein the phoropter module comprises a
plurality of spherical lenses and cylindrical lenses, wherein control of the
cylindrical lenses is based only on the plurality of initial prescriptions;
whereain the subjective refraction requires subjective feedback from the
tested subject reading a chart through the phoropter module; and

an output module configured to generate a plurality of prescriptions for
eveglasses from the plurality of objective prescriptions and the subjective
refraction, the plurality of prescriptions comprising (a) a first prescription
having the first subjective spherical power fs1, the first initial cylinder power
Fer, and the first initial cylinder angle Fa1, and (b} a second prescription
having the second subjective spherical power fs2, the second initial
cylinder power Fez, and the second initial cylinder angle Fa.

25. The system of claim 24 wherein the refractive data set comprises an input
spherical power, an input cylinder power and an input cylinder angle.

26. The system of claim 24 wherein the refractive data set comprises coma and
spherical aberration.

27. The system of claim 24 wherein the first initial cylinder power and the second

initial cylinder power are different from each other.
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28. The system of claim 27 wherein the plurality of initial prescriptions takes inio
account at least one of (i) refraction data for a left eye and a right eye of the
tested subject, and (i) refraction data of eyeglasses previously worn by the
tested subject.
29. The system of claim 24 wherein the first initial cylinder angle and the second
initial cylinder angle are different from each other.
30. The system of claim 29 wherein the plurality of initial prescriptions {akes into
account at least one of (i} refraction data for a left eye and a right eye of the
tested subject, and (i} refraction data of eyeglasses previously worn by the
tested subject.
31. The system of claim 24, wherein the input device module comprises one of
the group consisting of. a keyboard, a touch screen, and a touch-free
electronic communication from another device.
32. The system of claim 24 wherein the plurality of prescriptions for eyeglasses
further comprises a spherical aberration.
33. A system for determining refractive prescription of eyeglasses, comprising:
an input device module configured {o receive a plurality of initial prescriptions
of a tested subject, wherein the plurality of initial prescriptions comprises
(1) a first initial prescription having a first initial spherical power Fs1, a first
initial cylinder power Fe1, and a first initial cylinder angle Fai, and (i} a
second initial prescription having a second initial spherical power Fs2, a
second initial cylinder power Fez, and a second initial cylinder angle Faz;

a phoropter module configured to perform a subjective refraction for
determining a plurality of subjective spherical powers based on the
plurality of initial prescriptions, wherein the plurality of subjective spherical
powers comprises a first subjeclive spherical power fs1 and a second
subjective spherical power fsz; wherein the phoropter module comprises a
plurality of spherical lenses and cylindrical lenses, wherein control of the
cylindrical lenses is based only on the plurality of initial prescriptions;
wherein the subjective refraction requires subjective feedback from the
iested subject reading a chart through the phoropter module; and

an output module configured to generate a plurality of prescriptions for
eyeglasses from the plurality of initial prescriptions and the subjective

refraction, the plurality of prescriptions comprising (&) a first prescription
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having the first subjective spherical power fs1, the first initial cylinder power
Fer, and the first initial cylinder angle Fa1, and (b} a second prescription
having the second subjective spherical power fs2, the second initial
cylinder power Fez | and the second initial cylinder angle Faz.

34. The system of claim 33, wherein the input device module comprises one of
the group consisting of: a keyboard, a touch screen, and a touch-free
electronic communication from another device.

35. The system of claim 33 wherein the plurality of prescriptions for eyeglasses

further comprises a spherical aberration.
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