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TITLE
COMPUTERIZED REFRACTION AND ASTIGMATISM DETERMINATION
BACKGROUND

[00€1] The present disclosure is generally refated to determining a glasses and/or a
contacts prescription for a patient with a refractive error in need of correction. Many people have
refractive errors of the eye which cause them to be either myopic {commonly known as
nearsightedness) or hypermetropic {commoniy known as farsightedness). One of ordinary skill in
the art will understand that myopia refers to a refractive defect of the optical properties of an eve
that causes images to focus forward of the retina {(i.e. a refractive error). Those optical defects are
typically caused by, among other things, defects of the cornea, elongation of the eye structure, other
conditions, or a combination of those conditions. Hyperopia, on the other hand, refers a refractive
error of the optical properties of an eye that causes images to focus behind the retina. Those optical
defecis are the result when the optics of the eye are not strong enough for the front to back length of
the eye. Myopia and hyperopia have one component, a sphere measurement, which indicates the
strength or power necessary to correct for the optical defects.

T0002]  Astigmatism refers to a refractive ermor that causes light entering the eve to focus
on two points rather than ore. It is caused by an uneven power of the cornea. An astigmatism has
two components, an axis measurement, which indicates the angle along which any image viewed
by thie patient is distorted, and a cylinder measurement, which indicates the strength or power of the
distortion. Myopia, hyperopia, and astigmatism are the principle refractive errors that cause
patients to seek treatment Lo correct their vision problems.

[0063] A manifest refraction analysis is a dlagnostic tool used by ophthalmologists and
optometrists whereby a patient’s refractive error is tested to indicate \;Jhether the patient would
benefit from correction with glasses or contact lenses. As part of that technique, a patient iooks
through a phoropter while the ophthalmologist or optomeirist evaluates each of the patient’s eves.
A retinal reflex diagnosis technique is often used to assess the magnitude of the refractive error
present in the patient’s eyes. Subjective feedback from the patient is used to refine the manifest
refraction, which involves the patient making choices between image guality as different lenses
having different powers are slid into place in the phoronter. These refractive errors can be
corrected with lenses, typically spectacle lenses, known as glasses, or contact lenses, which are
applied directly to the eye. They can also be corrected with various types of surgery. At the end of
the manifest refraction analysis, the ophthaimoelogist or optometrist may produce a prescription for

glasses, contact lenses, and/or refractive surgery.
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[0004]  Other metheds for determining the refractive error of a patient include known
diagnostic devices such wavefront sensors, refractometers, and others that are well known in the
art. Some of these diagnostic devices use computers (o assist in determining the refractive error of
the patient. For example, one implementation of a wavefront-type refractor that is well known in
the arl uses a “Hartmann-Shack” sensor to measure the wavefront of a light beam generated from
an illumination spot projected on the retina and passed through the. eye’s optics. In such a
wavefront type refractor, a probe beam from a laser or a supes-luminesecent diode is projected onto
the retina through the eye's optics. Light scattered by the retina passes through the eye's optics, and
emerges through the eye's pupil. The wavefront of the emerging beam carries refractive
information relating to the eye's optics. FPor example, if the eye is emmetropic (i.e., the eye’s oplics
are without refractive error), the wavefront of the emerging beam should be flat. Relay optics relay
the wavefront emerging from eye’s pupil onto the Hartmann-Shack sensor. The Hartmanp-Shack
sensor measures the distortion of the wavefront and provides that information to a computer to
compute the refractive errors of the eye duc to aberrations of the eye's optics.

[8005] Each of the above-described techniques for determining a patient’s refractive error
requires the patient to travel to a place where such machines or deetors are present and available to
perform the determination. And, having traveled to a doctor’s office, a patient then has to pay for
the time and services of the doctor, which may or may not be covered by their health insurance.
This can be both expensive and inconvenient for a patient.

[0606] For a patient who desires contacts, a second charge generally applies for a
“fitting,” This charge is frequently unnecessary becausc most contacts manufacturers only offer
one or a few base curve and diameter combinations, meaning there is only one or a few possible
“fits” for that contact. When a patient has worn contacts before and is comfortable in their previous
brand, there is no need to perform a “fitting.” Despite this, it is commonly required by doctor's
offices that a “fitting” be performed, and the accompanving fee charged. Health insurance seldom
covers this fee. In some cases. the doctor may require that the patient make another, separate office
visit to have their “fitting.” Therefore, determining a contacts prescription can be even more
expensive and inconvenient for a patient.

{6007} In addition, the cost of the above described machinery (phropter, wavefront
refractor, etc.) is prohibitive to ownership by an individual not engaged in a medical practice, so
patients do not have the option of determining their own glasses or contacts prescription outside of
a medical practice setting.

[66068]  Furthermore, in-office subjective astigmatism tests generally only determine a

patient’s axis prescription within 10 © of accuracy.
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[0609] Thus, there exists a need for a more convenient, less costly, more accurate way for

patients to determine and receive glasses and contacts prescriptions.

SUMMARY

[0010] In one aspect, there is provided a method for determining a corrective lenses
prescription for a patient comprising, separately, for each eye of the patient:

determining an astigmatism prescription for the patient via a computerized screen and
without the use of a refractor lens assembly,

wheremn determining the astigmatism prescription for the patient comprises testing for a
cylinder component by sequentially presenting at least two cylinder diagrams to the patient
via the computerized screen and enabling the patient to select at least one input per cylinder
diagram,

wherein the at least one input per cylinder diagram corresponds to a cylinder measurement
used to determine the corrective lenses prescription for the patient.

[0610a] In another aspect there is provided a method for determining a corrective lenses
prescription for a patient comprising, separately, for each eye of the patient:

(a) determining an astigmatism prescription for the patient via a computerized screen and
withont the use of a refractor lens assembly,

wherein determining the astigmatism prescription for the patient comprises testing for a
cylinder component by sequentially presenting at least two cylinder diagrams to the patient
via the computerized screen and enabling the patient to select at least one input per cylinder
diagram,

wherein the at least one input per cylinder diagram corresponds to a cylinder measurement
used to determine the corrective lenses prescription for the patient, and

(b} determining a power of the comrective lenses prescription for the patient via the
computerized screen and without the use of a refractor lens assembly,

[0010b] In a further aspect, there is provided a non-transitory computer readable medium
including a plurality of instructions, which when executed by at least one processor, cause
the at least one processor to operate with at least one display device and at least one input
device to determine a corrective lenses prescription for a patient comprising, for each
eye of a patient:

(a) determining, without the use of a refractor lens assembly, an astigmatism prescription
for the patient by,

(1} presentmg a first diagram to the patient via a computerized screen,



(ii) enabling the patient to select an input corresponding to an axis measurement,

(iif) sequentially presenting at least two cylinder diagrams to the patient via the
computerized screen, and

{(iv) enabling the patient to select at least one input per cylinder diagram, wherein
the at least one input per cylinder diagram corresponds to a cylinder
measurement used to determine the corrective lenses prescription for the
patient;

(b) determining, without the use of a refractor lens assembly, a power prescription for the

patient by,

(1) presenting a first figure to a patient via the computerized screen, wherein the first
figure is too small to be clearly seen by the patient,

(i1) enabling the patient to make at least one input to increase the size of the first
figure until it can just barely be made out by the patient, wherein the at least
one input corresponds to a first sphere measurement,

(iii) presenting a second figure to a patient via the computerized screen, wherein the
second figure is large enough to be clearly seen by the patient, and

(iv) enabling the patient to make at least one input to decrease the size of the second
figure just until it can no longer be made out by the patient, wherein the at
least one input corresponds to a second sphere measurement wherein a final
sphere measurement is based, at least in part, on the first sphere
measurement and the second sphere measurement.

[0010¢] The present disclosure relates generally to a system and method for determining
the refractive error of a patient, more particularly determining the patient’s refractive error by using
a computerized screen or other suitable visual tool, and providing the patient with a corrective
lenses prescription for the patient’s preferred type of corrective lenses. The system and method do
not require the trip or expense of a doctor visit, and are optirnized for convenience and cost
effectiveness.

[0011] Ina general embodiment, the present disclosure provides a method for determining
a corrective lenses prescription of a patient. The method mcludes, separately, for each eve of the
patient, determining the astigmatism prescription of the patient via a cozhputerized screen.

[60012] In an embodiment, determining the astigmatism prescription of the patient via the
computerized screen includes presenting a first diagram to the patient via the computerized screen
and enabling the patient to select at least one input. The imput corresponds to an axis measurement.

The method further includes presenting a second diagram to a patient via the computerized screen
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and enabling the patient to select at least one imnput. The input corresponds to a cylinder
measurement,

[0013] In a further embodiment, the first diagram and the second diagram are a same
diagram. In an alternative further embodiment, the first diagram and the second diagram are
different diagrams.

[0014]  In another further embodiment, the first diagram is a rotatable line. In a still
further embodiment, the rotatable line is made up of at least two alternating colors. In yet a further
embodiment, the at least two alternating colors are selected from the group consisting of the red
family and the green famuly, respectively.

[0015] Inan embodiment, the method is provided via an internet.

[0016] Inan embodiment, the method includes sending the determined astigmatism
prescription to at least one doctor for review and approval.

[0017] In an alternative embodiment, the present disclosure provides a method for
determining a corrective lenses prescription of a patient. The method includes, separately, for each
eye of the patient, determining the astigmatism prescription of the patient via a computerized
screen, and determining the power of the comective lenses prescription of the patient via the

computerized screen.
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{6018] 1Ina further embodiment, the method also includes, separately, for each eve of the
patient, enabling the patient to make an input of at least one data selected from the group consisting
of a base curve from a prior contacts prescription, a diameter from a prior contacts prescription, a
prior contacts brand name, and a prior contacts manufacturer. A base curve and a diameter are
determined from the at Jeast one data.

16019 In a further embodiment, the method alse includes, separately, for each
uncorrected eve of the patient, determining whether the patient is neamighted or farsighied by
presenting a colorblocked diagram to the patient via the computerized screen and enabling the
patient (o select an input corresponding to part of the colorblocked diagram.

[86201 In another further embodiment, the method also includes, separately for each
corrected eye of the patient, determining whether the patient is over corrected or undercorrecied by
presenting a colorbiocked diagram to the patient via the computerized screen and enabling the
patient to select an input corresponding to part of the colorblocked diagram.

[0021] In an embodiment, determining the power of the corrective lenses prescription of
the patient via the computerized screen inchudes presenting a first figure to a patient via the
computerized screen. The first figure is too small to be clearly seen by the patient. The method
further includes enabling the patient to make at least one input to increasc the size of the first figure
uniil it can just barely be made out by the patient. The at least one input corresponds to a first
spherc measurement. In a further cmbodiment, the method inchides presenting a second figure to a
patient via the computerized screén. The second figure is large enough to be clearly seen by the
patient. The method enables the patient to make at least one input to decrease the size of the
second figure just until it can no longer be made out by the patient. The at least one input
corresponds to a second sphere measurement. In another further embodiment, the method inciudes
determining a final sphere measurement based, at least in part, on the first sphere measurement and
the second sphere measurement.

[0022] In a further embodiment, the first figure and the second figure are different figures.
in ap alternative further embodiment, the first figure and the second figure are a same figure.

[6023] In another further embodiment, the first figure and the second figure comprise at
least one symbol selected from the group consisting of letters and numbers,

{0624] In sdll another further embodiment, at least one set of the presentation of the first
and second figores, enabling the patient to make inputs, and receiving inputs from the patient is
repeated at least once.

[6625] In a further embodiment, the method includes sending the determined astigmatism

and power prescriptions to at least one doctor for review and approval.
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[6026) In apother embodiment, the present disclosure provides a non-lransitory computer
readable medium.  The non-transitory computer readable medium includes a plurality of
instructions, which when execuied by at least one processor, cause the at least one processor 1o
operate with at least one display device, at least one memory device, and at least one tnput device
to determine a corrective lenses prescription of the patient. The corrective lenses prescription
comprises an astigmatism prescription and a power. The non-transitory computer readable medium
determines the glasses prescription of the patieat by, for cach eye of the patient, determining the
astigmatism prescription of the patient. The non-transitory computer readable medium determines
the astigmatisin prescription of the patient by presenting a first diagram to the patien( via a
computerized screen and enabling the patient 1o select an input. The patient-selected input
corresponds to an axis measurement. The non-transitory computer readable medium further
determiines the astigmatism prescription of the patient by presenting a sccond diagram fo & patient
via the computerized screen and enabling the patient to select at least one input. The patient-
selected input corresponds to a cylinder measurement. The non-transitory computer readable
mediom further determines the correciive lenses prescription of the patient by, for each eye of the
patient, determining the power of the corrective lenses prescription of the patient. 'The non-
transitory computer readable medium determines the power of the prescription by presenting a first
figure to a patient via the computerized screen. The first figure is too small to be clearly seen by
the patient. The non-transitory computer readable medium further determines the power of the
prescription by enabling the patient to make at least one input to increase the size of the firsi figure
uniil it can just barely be made o by the patient. The at least one input corresponds to a first
sphere measurement. The non-transitory computer readable medium further determines the power
of the prescription by presenting a second figure 10 a patient via the computerized screen. The
second figure is large enough to be clearly seen by the patient. The nop-transitory computer
readable medium further determines the power of the prescription by enabling the patient to make
at least one input to decrease the size of the second figure just until it can no longer be made out by
the patient. The at least one input corresponds to a second sphere measurement. The non-
transitory computer readable medium determines a final sphere measurement based, at least in part,
on the first sphere measurement and the second sphere measurement (o determine.

[60271 An advantage of the present disclosure is to provide a patient more convenience in
determining and receiving a glasses and/or contacts prescription.

(60287 An advantage of the present disclosure is to reduce the cost and expense to the

patient of determining and receiving a glasses and/or confacts prescription.
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[6029] Another advantage of the present disclosure is to determine a glasses andfor
contacts prescription without the need for expensive equipment only feasible for use in a doctor
office.

[6030] Another advantage of the present disclosure is t© determine a glasses and/or
contactls prescription without placing lenses before the eyes of the patient.

[8631]  Sdill another advantage of the present disclosure is to more guickly delermine a
glasses and/or contacts prescription.

[8032] A further advantage of the present disclosure is to more accurately determine the
axis and cylinder astigmatism prescriptions of a patient.

[6933] Additional features and advantages are described herein, and will be apparent from

the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0034] Tigs. 1A and 1B are a flowchart illustrating an example method of operating an
embodiment of the system of the present disclosure.

[8635] Fig. 2A illustrates a screen shot of an example of an embodiment of the sysiem of
the present disclosure, wherein the system displays requests for information regarding a prior
prescription of the patient, a fillable form for the patient to enter data yegarding their prior
prescription, and requests for infonmation regarding what refractive errors the palient may have.

[0036] Fig. 2B illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the system displays a request for imformation regarding a prior
prescription of the patient and a request for information regarding what refractive errors the patient
may have.

[0037] Fig. 3 illustrates a screen shot of an exampie of an embodiment of the system of
the present disclosure, wherein the system displays a diagram and enables a patient to make an
input, wherein the input corresponds to an axis measuremend of the patient.

{6038] Fig. 4A illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein a diagram is shown as it would look to a corrected eye with
astigmatism, or 0 an eye without astigmatism.

fB039] Tigs. 4B, 4C, 4D, and 4F illustrate screen shots of examples of embodiments of the
system of the present disclosure, wherein each diagram is shown as it would look to an uncorrected
eye with astigmatism along a given axis. .

{00401 TFig. 5 illustrates a screen shot of an example of an embodiment of the system of

the present disclosure, wherein the diagram is shown as it would look to a corrected eye with
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astigmatism afier the patient has made at least one input, wherein the inpul corresponds to a
cylinder measurement of the patient.

[8041] Fig. 6 illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the systern calibrates the amount of distance between a camera
mounted to the computerized screen and the patient.

[0042] Figs. VA and 7B illustrate screen shots of examples of an embodiment of the
system of the present disclosure, wherein the system displays a figure and enables a patient to make
at least one input to change the size of the figure, wherein the at least on input corresponds (o a
sphere measurement of the patient.

[0843] Figs. 8A, 8B, 8C, and 8D illustrate screen shots of examples of an embodimeni of
the system of the present disclosure, wherein the system displays a colorblocked diagram and
enables 4 patient to make at least one input to select a more defined-appearing part of the diagram,
wherein the input corresponds to a determination that the patient is near or far sighted {f not
wearing corrective ienses), over or under corrected (if wearing corrective lenses), or otherwise.

{0044] Fig. 9A illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the system displays a figure and enables a patient to make at least
one input to affect the rotation of the figure, wherein the at least one input corresponds o an axis
measurement.

[6045] Fig. 9B illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the system displays a figure and enables a patient to make al least
one input to affect the spacing or size of various parts of the figure, wherein the at least one input
corresponds 1o an cylinder measurement.

[0046] Fig. 10A illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the system displays wherein the system displays a line diagram and
enables a patient to make at least one input, wherein the at least one input corresponds to a cylinder
measurement.

{6047] Fig. 10B illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the figure of 10A is rotatable to align with the determined axis of a
patient’s astigmatism.

[60481 TFig. 11A illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the system displays fine spoke diagram, which is a smaller angular
portion of spoke diagram of Fig. 12B, and enables a patient {0 make at least one input, wherein the

at least one input corresponds to a fine axis measurement.
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[0049] Fig. 11B illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the system displays a concentric semi-circle diagram 1105 and
enables a patient to make at least one input, wherein the at least one input corresponds (o an axis
and/or a cylinder measurement.

[60507 Fig. 12A illustrates a screen shot of an example of an embodiment of the system of
the present disclosure, whertein the system displays line diagram, and enables a patient to make at
least two inputs, wherein the at feast two inputs correspond to a cylinder measurement.

{60511 Fig. 12B illustrates a screen shot of an example of an embodiment of the system of
the present disciosure, wherein the system displays a spoke diagram 1205 and enables a patient to
make at least one input, wherein the at least one input corresponds 10 a gross axis measurement.

[00652] Fig. 13 illustrates a screen shot of an example of an embodiment of the system of
ihe present disclosure, wherein the system displays line diagram 1304, and enables a patient to
make at least opne input, wherein the at least one input corresponds (0 a cylinder measurement.

[0853] Figs. 14A-D are screen shots of example embodiments of the system of the present
disclosure which demonstrate that the aiternating parts may be of different sizes or spacing, but still
test for the same determination in the astigmatisim severity determination.

{60547 Pig. 15 is a screen shot of an example of an embodiment of the system of the
present disclosure, which demonstrates that the alternating parts may be of different sizes or
spacing, but still test for the same astigmatisin axis determination.

[¢0551 Fig. 16 is a screen shot of an example of an embodiment of the system of the
present disclosure, which demonstrates that an astigmatism axis gross determination figure may be
modified in size and shape, and stretched in minor fashion, and still be usable by the system for
determining an axis of astigmatism for a patient.

[6056] Fig. 17 is a screen shot of an example of an embodiment of the system of the

present disclosure, which demonstrates a possibie configuration for a macular degeneration test.

DETANED DESCRIPTION
[B8571 Figs. 1A and 1B Hiustrate a flowchart of an example of a process or method 100
pursuant to an embodiment of the system of the present disclosure. In various embodiments, one or
More processors execute a set of instructions to implement the process 100, Although process 100
is described with reference to the flowehart shown in Figs. 14 and 1B, the system may employ
many other processes of performing the acts associated with this iflustrated process. For example,

the system may change the order of certain of the Hlustrated blocks. The system can also make



WO 2014/164020 PCEIUS2014/619944

certain of the illustrated blocks optional, the system may repeat certain of the illustrated blocks,
and/or the system may not employ certain of the Jlusirated biocks.

[0058] As indicated by block 102, the system displays on a computerized screen a {illable
form for a patient to make at least one input of a prior glasses or contacts prescription, contacts
brand name, and/or contacts manufacturer.

100597 ‘A computerized screen in accordance with an embodiment of the present
disclosure includes, without limitation: a monitor, a television display. a plasma display. a liquid
crystal display (LCD), a display based on light emitting diodes (LEDs), a display based on a
plurality of organic light-emitting diodes (OLEDs), a dispiay based on polymer light-emiiting
diodes (PLEDs), a display based on a plurality of surface-conduction electron-emitiers (SEDs), or
any other suitable electronic device or display mechanism. In certain embodiments, as described
above, the compuierized screen includes a touch-screen. It should be appreciated that the
compulerized screen may be of any suitable size, shape, and configuration.

{0060¢] The computerized screen displays a fillable form, fillable fields, or other vehicle
for the patient to input data, it the patient has such data, including a prior glasses prescription, a
prior contacts prescription, a prior contacts brand name, and/or a prior contacts manufacturer. The
data related to the prior contacts prescription can be information from a box of the patient’s
contacts, which they may still have in their possession. In one embodiment, the computerized
screen is part of a patient terminal, which the patient may use to access the system and process.

{6661] In another eﬁémple embodiment, the fillable form may query the patient regarding
their satisfaction with their current glasses or contact lenses, as well as how often they wear the
glasses or contact lenses.

[0062] As indicated by block 104, the system receives at least one input of & prior glasses
prescription, a prior contacts prescription, a prior contacts brand name, and/or a prior contacts
manufacturer. It should be appreciated that the system may automatically fill in or populate the
form, fields, or other vehicle based on other data input by the patient. As one non-limiting
example, the patient may input a prior contacts brand name. The system may then use a look-up
table or other method to retrieve from memory the cosresponding base curve and/or diameter
aspects of the prior prescription. This is especially possible with respect to contacts brand names or
manufacturers who provide only one or a few possible base curve and/or diameter sizes.

[8063] In one possible alternative to block 104, the systern may receive an input that the
patient either does not have or does not wish to enter the requested prior prescription information,
as indicated by block 106. In one possible embodiment, block 106 is not a part of the process 100},

and the patient must enter prior prescription mformation before continuing to the next block. In
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another possible embodiment, block 106 is pirt of process 10( and the patient is not required to
enter any prior prescription information before continuing to the next block.

[G664] The system displays on the computerized screen a query to the patient regarding
whether they are nearsighted or farsighted, as indicated by block 108, and receives at least one
input from the patient in response to the query regarding whether they are nearsighted or farsighted,
as indicated by block 110. '

{B065] At block 112, the system displays a fiust diagram to the patient on the
computerized screen intended for a first eye (etther right or left) of the patient. It should be
appreciated that the patient should view the first diagram with their vncorrected first eye, i.e. if they
wear glass or contacts, they should remove them and view the diagram without the correction of
their glasses or contacts.

[6666] The system receives an inpet from the patient regarding how they view the first
diagram with their first eye, wherein the input from the patient corresponds to an axis measurement
for an astigimatism, as indicated by block 114. It should be appreciated that the axis measurement
can be used as at least one part of a skew function which the system may apply to other diagrams
and figures displayed for the first eye. In one embodiment, the system receives an input from a
patient, wherein the input indicates that they do not have an astigmatism in the eye being tested, as
indicated by block 120. In this embodiment, the patient may either move on to blocks 122 through
130 with their first eye, or they may repeat block 112 with their second eye.

{0667] If the patient makes an input which indicates an axis measurement in accordance
with biock 114, the system displays a second diagram on the computerized screen, as indicated by
block 116. In one embodiment, the first diagram and second diagram are the same diagram. In
another embodiment, the first diagram and the second diagram are different diagrams. In one
cmbodiment, the second diagram is distorted based on the partial skew from the axis measurement
determined from the patient’s input at biock 114, For example, the second diagram may be
stretched or elongated by some unit along the patient-identified axis. In another embodiment, the
sccond diggram is not initially distorted.

(60681  The systemn receives at least one input from the patient, wherein the at least one
input corresponds o a cylinder measurement of the first eye, as indicated by block 118. It should
be appreciated that the cylinder measurement can be vsed as at least one part of a skew function
which the system may apply to other diagrams and figures displayed for the first eye. The skew
function is intended to correct for any astigmatism that the patient may have in the eye being tested.
As such, the skew function will make any diagram or figure it is applied appear distorted to a

corrected eye, while appearing clear {0 a corrected eve.
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{0069] It should be appreciated that blocks 112 through 120 should be repeated,
separaiely, for the second eye of the patient. After repeating blocks 112 through 120 {or the second
eye, it should further be appreciated that the axis measurement and cylinder measurement for the
second eye can be used as parts of a skew function which the system may apply to other diagrams
and figures displayed for the second eye in the same way those measurements were described as
being used for the first eye. It should further be appreciated that, in one embodiment, immediately
after completing blocks 112 through 120 for a first eye, the patient may switch to their second eye
and again work through blocks 112 through 120. In an alternative embodiment, the patient may go
on to other blocks, for example, blocks 122 through 130, with their first eye, before returning to
blocks_ 112 through 120 for their second eye.

FO078] At block 122, the system displays a first figure {o the patient on the computerized
screen intended for a first eye (either right or leit) of the patient. The first figﬁre is dispiayed such
thal # is too small to be clearly seen by the patient. It should be appreciated that the patient should
view the first figure with their uncorrected first eye, i.e. if they wear glass or contacts, they should
remove them and view the figure without the correction of their glasses or contacts. In one
example embodiment, the first figure is distorted by the skew function determined with the patient
inputs of blocks 114 and 118 for the patient’s first eye, In another example embodiment, the first
figure is not distorted by the skew function.

[0671] The system receives an input from the patient regarding how they view the first
figure with their first eye, wherein the input from the patient corresponds to a first sphere
measurenent, as indicated by block 124.

[0672] As indicated by block 126, the system displays a second figure on the
computerized screen, wherein the second figure is displayed such that it is large enough to be
¢learly seen by the patient. In one embodiment, the first figure and second figure are the same
figure. In another embodiment, the first figure and the second figure are different figures. In one
embodiment, the second figure is distorted It should be appreciated that the patient should view the
second figure with their uncorrected first eye, i.e. if they wear glass or contacts, they should remove
them and view the figure without the correction of their glasses or contacts. In one example
embodiment, the second figure is distorted by the skew function determined with the patient inputs
of biocks 114 and 118 for the patient’s first eve. In another example embodiment, the second
figure is not distorted by the skew function.

[B073] The systemn receives an input from the patient regarding how they view the second
figure with their first eye, wherein the input from the patient corresponds to a second sphere

measurement, as indicated by block 126, The system averages the first and second sphere
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measurements to determine a final sphere measurement, as indicated by block 130. It should be
appreciated by one of skill in the art that the system can determine a final measurement in any
suitable manner, and it final measurement need not be the product of an straight average. For
example, the system may use only the last-input result, only the first-input result, some weighted
average based on statistical variance from other inputs, or the system may completely ignore inputs
it considers to be of such a great statistical variance {rom other inputs that it is likely to be in error.

{6074] it should be appreciated that blocks 122 through 13() should be repeated,
separately, for the second eve of the patient. It should further be appreciaied that, in one
embodiment, immediately after completing biocks 122 through 130 for their first eye, the patient
may switch to their second eye and again work through blocks 112 through 130 for their second
eye. In am aliernative embodiment, the patient may have already completed blocks 112 through 120
with their second eye.

[6875] It should further be appreciated that the system may repeat sets of blocks 122 and
124 any number of times, in any order, and may alternate sets of blocks 122 and 124 with sets of
blocks 126 and 128 any number of times. In one example embodiment, the system works through
blocks 122 through 128 for an eye of the patient, then repeats blocks 122 and 124 again for the
same eye before moving on to block 130, In this example embodiment, the three resultant sphere
measurements are averaged to determine the final sphere measurement at block 13'0. in another
example embodiment, the system works through blocks 122 and 124, then repeats blocks 122 and
124, ther also works through blocks 126 and 128 two times. I[n this example embodiment, the four
resultant sphere measurements are averaged to determine the final sphere measurement at block
130.

[0076] As indicated by block 132, the system displays on the computerized screen a query
to the patient regarding whether they would like a glasses prescription, a contacts prescription, or
both. At block 134, the system receives an input from the patient regarding their desired
prescription or prescriptions.

[0077] The system displays pricing information to the patient, and conventionally enables
the patient to select a method of payment and to provide payment information, as indjcated by
block 136. Enabling the patient to select their method of payment and to provide payment
information may be accomplished via a fillable form, fillable fields, or some other way, as is well-
known in the art. The system receives af least one mput from the patient regarding their desired
method of payment and their payment information, as indicated by block 138, and provides the

patient their requested and paid-for prescription or prescriptions, as indicated by block 140.
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180781 In one embodiment, before the patient receives their prescription, it is sent to one
or more dociors te sign off on the various determined refractive error measurements. For example,
the system may send the axis measurement to be signed off upon by one doctor, the cylinder
measurement to be signed off upon by anocther doctor, and the sphere measurement to be signed off
upon by a third doctor. In an alternative example, the system may send all three measurements to
the same doctor for sign off. It should be appreciated that any combination of doctors signing offl
on any part of the preseription may be employed for any combination of cost and time effectiveness
considerations.

[6079] It should be appreciated that the system may enable the patient to make an input
regarding how or where o send their selected prescription alter they have received it. In one
embodiment, the system may send the prescription data ic an optometrist’s or opthalmologist's
offices, a central glasses and/or contacts fulfillment company, a glasses and/cr contacts yetail
location (physical or virtual), or the hike. In a further embodiment, the patient may select where to
send the prescription by choosing from a lst, a map, entering a name, or some other method.

[00861 In another embodiment, the systemn may enable a patient to browse eyeglass
frames. In such an embodiment, the system may display an image of the patient with mock
eyeglass frames displayed over the top of the patient’s face, and may enable the patient to modify
the appearance of the frames, for example, by changing the size, shape, color, material, texiure, etc.
of the mock frames. In another further embodiment, the system may detefmine a location for the
mock lenses on the face of the patient in any suitable manner, such as via known facial or pupil
recognition systems, or via a system-recognizable physical frame provided to and worn by a user.
In another further embodiment, the system may display instractions for a patient to purchase their
desired frames online, at a physical storefront location, or to have them shipped to a desired
location,

{0081] It should be appreciated by one of skill in the art that the applicant has surprisingly
discovered, and disclosed herein, a novel inversion of the conventronal method of determining the
refractive error for a patient. In the conventional technique, the patient is located far from a figure
or diagram, and lenses of various strengths and configurations are placed before the patient’s eyes.
The patient provides subjective feedback on which of the lenses provides better vision quality. The
doctor or technician refines the prescription by changing the lenses placed in front of the patient’s
eves, until the subjective feedback from the patient indicates that the best vision quality has been
accomplished by one of the provided lenses. In contrast, the embodiments of the present disclosure
do not require any lenses. It should be appreciated that the diagrams and figures themselves are

adjusted by the inputs of the patient, and thus the necessary prescription may be determined, in
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whole or in part, [rom factors such as: the distance between the patient and the computerized
screen, the original size of the diagram or figure on the computerized screen, the patient-adjusted
size of the diagram or figure on the computerized screen, the number of inpuls received from the
patient, the amount of incremental effect of each input, and other relevant factors.

[6082] It should further be appreciated that, in some embodiments of the present
disclosure, the patient may indicate o a second person which input should be made. In those
embodiments, the second person would perform the input to the computerized screen, based on the
instructions of the patient. The second person may be any suitable person, including a friend of the
patient, family member of the patieni, doctor, office assistant, office technician, or any other
person.

[0083] It aiso be appreciated that the present disclosure is not limited to a single
compuierized screen. In some embodiments, the patient may use more than one compuierized
screen, on one or more patient terminals, to interact with the system. In another embodiment, the
patient and the second person may mteract with the system on the same patient terminal and/or
computerized screen. In still another embodiment, the patient and the second person may interact
with the system on different patient terminals and/or computerized screens.

[6084] In another embodiment the system may allow a patient to begin the process and
method in one location, such as a brick and mortar location, and continue or complete the process
and method in at least one other location, such as in their home. It should be appreciated that in
such an embodiment some kind of unique patient identification would be used 1o authenticate that
the same péti.ent is interacting with the system in the first location and the additional location(s).
Such authentication systems are known in the art and described below.

[0085] In another embodiment, a palient may use one computerized screen o control
another computerized screen. For example, the system may enable a patient with a smartphone to
use the smartphone as a remote to control another patient terminal with a computerized screen, such
as a kiosk, personal computer, or tablet computer in order to interact with the system. In one
example of such an embodiment, the system would send a patient a link to their remote device,
such as via email or SMS text message. The patient is enabled to access the link to launch an
interface, such as via a browser, which can then be used to interact with the system in a unique
hand held manner. In another example embodiment, the remote device interacts with the system
through an application stored on the remote device, comnmonly known as an “app.” The remote
device may be any suitable device, such as a cell phone, smart phone, tablet, notebook, or other
remote device, that is capable of interacting nearly-instantaneously with the system to receive

- instructions and enable the patient to make at least one input to the system over at least one
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communication interface, such as the inlernet, lext messaging, email, voice, or data, to control the
computerized screen from a distance. It should be appreciated by one of skill in the art that such a
system is unigque in that it allows a patient (0 take a medical examination with their own
smartphone or other remote device, and fully be able to control the examination.

[6086] In another embodiment, the system uses a voice recognition system fo enable a
patient 1o make at least one input. In a further embodiment, the system includes a voice recognition
system for conducting an eye examination, or a sub-examination of an eye examination. In a such
an embediment, the system would enable a user to make an input by speaking to the system,
equipped with a microphone and conventional voice recognition software. Ag is known in the art,
microphones and voice recognition software are readily commercially available and use standard
voice recognition formulas which embed a conventional avtomatic leaming system, so that the
sysiem would be abic to adapt to more difficult languages over time. The systemn would receive
voice iaputs from the patieni to record and analyze them using the conventional voice recognition
software. It should be appreciated by one of skill in the art that enabling a patient to provide inputs
via their voice would provide several benefits. First, the patient that is taking constituent tests of an
examination, such as an eye examination, would not need to sec the details of the screen perfectly
clearly, and could utilize their hearing (communicated through spoken instructions) and speaking
{to provide inputs back to the system) instead, which is more user-friendly since it is easier to use
and provides additional options for inputting responses. This is especially relevant for portions of
the system in which the patient is using an uncorrected eye, is somewhat distant from the
computerized screen, or both. Another benefit of such a system is that it enables a patient to use
their hands for purposes other than providing inputs to the system. For example, the patient may
then be free 1o hold up test object, or to cover their eyes. Further, the use of & system which speaks
to the patient and aflows the patient to respond by speaking back simulates a more typical doctor’s
office-based subjective eye examination, and may help patient’s assimilate to the system of the
present disclosure.

(06877 Refeming now to Figs. 2A and 2B, an embodiment of the present disciosure is
illustrated. The example system of Fig. 2A includes a display 200 which the system shows on the
above-described computerized screen. The display 200 includes progress bar 202, 204, 206, and
208. It should be appreciated that the progress bar may be any suitable progress meter. In the
embodiment of Fig. 2A, the progress bar 202, 204, 206 and 208 is a sectioned progress bar where
the section currently being worked on 202 is indicated by being a darker color than the other
sections. It should be appreciated that for a sectioned-type progress bar, or other types of progress

meeters, the indication of the section being worked on can be any variation in color, size, font, ext,
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or otherwise. In another embodiment, the sections of the progress bar are selectable by the patient,
such that the patient can move through the process 100 by selecting the section of the process to
which they wish to go. In a different embodiment, the sections are not selectable by the patient to
. move the patient through the various sections.

[0888] In the embodiment illustrated by Figs. 2A and 2B, the system provides instroctions
for the patient regarding how to work through the section 202, and further provides verbal
instructions which the patient can control, turn off, turn on, and/or adjust by articulating the verbal
direction control elements 210.

[6089]  As illustrated by the embodiment shown in Figs. 2A and 2B, the system queries
the patient regarding whether they have their prior glasses or contacts prescription 212. The patient
is enabled to respond to the query by selecting one of the radio buttens 214 or 216. It shouid be
appreciated that any other method for accepting a response to a query from the patient may be
employed by the systemn, such as a drop down list, a fillable field, and/or a check box.

[0896] In the embodiment of Fig. 2A, when the patient selects the radio button
corresponding to “YES™ 214, the system provides the fillable form 218 through 264. The system
enables the patient to upload a picture of & prior glasses prescription 218 andfor a prior contacts
prescription 236. The system atso enables the patient to enter their prior prescription data into the
conventional fillable fields 220 through 234 and 238 through 264." Specifically, the fillable form
has fields for the glasses prescription of the patient’s right eye, or “OD™ 220, 222, 224, and 226.
*0OD” is the common acronym for the latin “oculus dextrus,” which means “right eye.” The fillable
form also has fields for the glasses prescription of the patient’s left eye, or “08” 228, 230, 232, and
234, “08S” is the common acronym for the latin “oculus sinister,” which means “left eye.” More
specifically, fillable fields 220 and 228 are for the sphere, or “SPH.” or power measurement of the
patient’s right and left eyes, respectively. The sphere measurement represents the degree of
nearsightedness or farsightedness of the patient. The unit of the sphere measurement is the diopter,
A plus sign “+7 in front of the sphere measurement indicates the amount of farsighedness of the

(T3

patient, while a negative sign in front of the sphere measurement indicates the amount of
nearsightedness of the patient. The more positive (for farsighted people) or negative (for
nearsighted people) the sphere measurement is, the more severe the refractive error, and thus, the
more powerful the corrective lenses must be to correct for the error.

[06%1] The cylinder, or “CYL” fields 222 and 230 for the right and left eve, respectively,
and the axis fields 224 and 232, for their right and left eye, respectively, indicate that the patient has
an astigmatism in the corresponding eye. If no astigmatism is present, the cylinder and axis fields

are conventionally left blank. The cylinder measurement indicates the severity, in diopters, of the
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astigmatism in the patient's eye. The bigger the cylinder measurement, the more severe the
astigmatism of the patient. The axis measurement is a number between 0% and 180°. The unit of
the axis measurement is degrees. The axis measuremen( indicates the axis along which the
patient’s vision is distorted due fo the imperfections in the curvature of the cornea.

[06092] The combination of sphere, cylinder and axis measurements make up the distance
vision portion of the conventional eyegiasses or contacts prescription. The remainder of the glasses
prescription is directed {0 the near vision portion of the prescription, and is generally for reading
glasses or the reading portion of bifocal corrective lenses. The ADD fields 226 and 234,
respectively for the right and lef! eyes of the patient, represent the additional refractive power, in
diopters, to be added to the spherical power in order to allow the patient to read up-close if they are
presbyopic. I the patient needs no comrection for distance vision, the ADD power alone would be
the paticnt’s prescription for conventional reading glasses, available at most drugstores and/or
COnvenience slores,

[6693] In an example embodiment, the system enables a patient 10 determine the ADD
power for those patients who require it. Those patients are referred to as presbyopic emmetropes
(those that do not require spectacle correction for distance), and their presbyopia is generally a
result of aging, typically cccurring around approximately 40 years old. This is the age period when
a patient generally begins to need reading glasses, However, in the past, in order to determine 2
correct reading glasses ADD nuwber, or to creale a proper no-lined progressive -bifocal spectacle oy
contact lens, patients needed to go to an eye doctor's office to obtlain the proper measurment.
Applicants have swprisingly found, however, a éystcm for determining the power for both top and
botiom portions of bifocal lenses which avoids the need to visit a doctor’s office or endure a foll
and lengthy examination at the office. The system queries the patient regarding their age, the size
of figures they are able to see with their uncorrected eyes (via any of the methods or processes
disclosed herein), and the distance they desired to be corrected for (L.e. a patient may desire a single
pair of glasses to see both books at 16 inches and to see other objects at 21 inches (or any other
combination of top segment and bottom segment)}. It should be appreciated that the desired
distances can be determined by any suitable method, such as via a computerized screen as disclosed
herein (such as a smartphone), a simple printable paper measurement aid, via estimation with a
length of paper. The system may also enable a patient to estimate the distance range they most
desire to be comrected for, such as the distance range they use most often, in easily estimable terms,
such as arms length, further than arms length, or closer than arms length. The system utilizes such
inputs from the patient to determine a custom prescription for no-line bifocals or single reading

glasses without guessing or requiring a trip to a doctor’s office and its associated expenses.
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[0094] As shown in Pig. 2A, the contacts prescription inclades many of the same
measurement fields as the glasses prescription. Specifically, the sphere measurement fields, 238
and 252; the cylinder measurement lields, 240 and 254; the axis measurement fields, 242 and 256;
and the add measurement fields, 244 and 258, for the right and left eyes, respectively, are also
present in the contacts preseription.  Although the fields have the same names and abbreviations,
contacts prescriptions and glasses prescriptions can be different, partly because the lenses of glasses
are further from the surface of the eye than contacts.

[8695] In addition, the system provides the additional measurement fields for the bhase
curve, or “BC,” 246 and 260, the diameter, or “DIAM,” 248 and 262, and the name of the contacts
brand and/or manufacturer, 250 and 264. During the time when only hard, gas permeable contact
lenses were available, the base curve and diameter measurements were necessary to ensure the
comfort of the rigid lenses. With the rise of soft. flexible contact ienses, many contact lens
manufacturers only provide one, w‘ve, or a few different base curve or dismeler options for their
lenses. If the base curve and diameter measurements are known from a prior prescription, and the
patient was comfortable in those lenses, then other lenses with those same measurements are highly
likely to also be comfortable for the patient, even if the manufacturer is different. If the
manufacturer is &he_ same, it 18 even more likely that the patient will be comfortable in lenses with
the same nﬁeasurement. In this way, it should be appreciated that a contacts “fitting™ is generally
unnecessary for those who have previously worn contacts, so long as the patient was comfortable in
their prior lenses. In one embodiment, for patient-identified prior contacts manufacturers or brand
names, the base curve and diameter measurements can be looked up by the system in a Tookup table
or other memory database. In another embodiment, the system can automatically fill in, or
populate, any possible fields 246, 248, 260, and/or 262 with the Iooked-up base curve and diameter
measurements.

[6096] In an embodiment, the system can use the prior prescription information as a check
on the determined current prescription. In a further embodiment, the system can require more tests
from a patient to confirm the current prescription if there is a statistically significant difference
between a value of the prior prescription and the comresponding value of the determined
prescription.

[0897] 1In one embodiment, the system is capable of reading the uploaded picture or scan
of the prior glasses prescription 218 and/or the prior contacts prescription 236. In a further
embodiment, the system may automatically fill in, or populate, any possible fillable fields with
information read from the uploaded prior glasses prescription 218 and/or the prior contacts

prescription 236. In another embodiment. the patient may upload a photograph or scan of a prior
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contacts box or container and the system may automatically fill in, or populate, any possible fillable
fields with information read from the uploaded photograph or scan of the prior contacts box or
container. In another embodiment, the system is capable of recognizing conventionally encoded
informatton, such as information from a barcode, QR code, mairix code, Aztec code, or other
known types of encoded information. In a further embodiment, the system is capable of scanning
the encoded information from a prior glasses or contacts prescription, and/or a prior glasses or
contacts box or container. In a still further embodiment, the system may automatically fill in, or
populate, any possible fillable fields with information read from the scanned prior glasses or
contacts prescription, and/or a prior glasses or contacts box or container.

[6098] After the patient fills in whatever data the patient has available from prior
prescriptions, the system queries the patient regarding whart appears more blurry or out of focus for
them when they are not using coirective lenses 268. Again, in the example embodiment of Fig. ZA,
the system provides radio buttons 270, 272, and 274 for the patient to select an answer, but any
suitable method for enabling an input to the query would be acceptable. If the patient selects
distance 270 as being more blorry, this may suggest that they are nearsighted, and they may have
some astigmatism. If the patient selecis near 272 as being more biurry, this may suggest that they
are farsighted, and they may have some astigmatism. If the patient selects both as being equally
blurry 274, they may be nearsighted or farsighted, and they likely have an astigmatism.

[6699]  As illustrated in the embodiment of Fig. 2B, when the patient responds to the
query regarding whether they have a prior prescription with “NO,” the system does not display the
fillable form and fields 218 through 264, as in Fig. 2A. Instead, in the embodiment of Fig. 2B, the
system moves directly to a presentation of guery 268 and enables the patient to respond via radio
buttons 274, 272 and 274, just as in Fig. 2A.

[0106] Referring now to Fig. 3, another embodiment of the present disclosuse is
illustrated. At this stage of the process, the system presents display 200, and the prdgress bar
indicates that the patient is cmrently in the Astigmatism Angle section 204, The eye tracker 302,
304 indicates which eye is being tested. It should be appreciated that the eye tracker may be any
suitable progress meter. In the embodiment of Fig. 3, the eye tracker 302, 304 is a sectioned eye
tracker where the section corresponding to the eye being tested 302 is indicated by being a darker
color than the other section corresponding to the other eve. It should be appreciated that for a
sectioned-type eye tracker, or other types of progress meters, the indication of the eye being tested
can be any variation in color, size, font, text, or otherwise. In another example embodiment, the

sections of the eye tracker 302, 304 are selectable by the patient, such that the patient can change
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the eye being tested by selecting the section corresponding o the other eye. In a different
embodiment, the sections are not selectable by the patient to change the eye being tested.

[0E81]  As can be seen by reference to Fig, 3, the eye sacker 302, 304 indicates that the
eye being tested is the left eye, indicated by the darker shading of the left eye section 302. Written
instructions 306 are provided to the patient, along with verbal instructions, which the patient can
control with verbal direction control elements 210. In the example embodiment shown in Fig. 3,
the written directions read “Cover your right eye. Select the line that is darker, thicker or more
prominent. If three lines are darker, thicker or more prominent then select the middle. If two lines
are darker, thicker or more prominent then select the middle button between those lines.” The
directions 306 refer the patient to the diagram 310. Diagram 310 is a known diagram for
diagnosing the axis of an astigmatism. Patients with an astigmatism will see the lines around the
axis of their astigmatism as more bold, or in betler focus, then the other lines of the diagram. The
lines correspond te angle measurements. In this example embodiment, the lines are evenly spaced
at intervals of 15°. 1t should be appreciated that any suitable angular interval may be employed by
the diagram 310. The system enables the patient to make an input of a line, or the centermost part
of a group of lines, which are more prominent when the patent views the diagram. it should be
app'l'eciamd that the patient is viewing the diagram with their uncorrected eye.

{0102] In the embodiment shown in Fig. 3, the letters A through S 308, as well as the
smaller letier combination buttons 310 are selectable to indicate the axis angle of the patient. It
should be appreciated that the axis line selectable icons 308, 310 need not be letters, but could he
numbers, the angle measurement, picuires, symbols, or any other suitable icon. As shown in Fig. 3,
the Jetier “A” 308a corresponds fo an axis of 0°, the letter “G™ 308b comesponds o an axis of 75°,
the letter “J”* 308c corresponds to an axis of 90°, the letter “0” 308d corresponds to an axis of 165°,
and the letter S 308e corresponds to an axis of 180°. In another example embodiment, the system
provides a button for the patient to indicate that none of the lines in the diagram appears as darker,
thicker or more prominent, indicating that the patient does not have an astigmatism in that eye. Ina
further example embodiment, when the paticnt makes at least one input which indicates that they
do not have an astigmatism in the eye being tested, the system moves on {0 test the other eye for an
astigmatism. In another embodiment, when the patient makes at least one input which indicates
that they de not have an astigmatism in the eye being tested, the system moves on Lo the eye test for
that same eye, skipping the section testing the astigmatism severity for that eye. In an alternative
embodiment, when the patient makes at least one input which indicates that they do not have an
astigmatism in the eye being tested, the system still tests the severity of any astigmatism in that eye

as a double-check that the patient does not have an astigmatism in that eye,
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{G163] It should be appreciated that, after selecting the line or lines of the patient’s axis
measurement for the patient’s left eye, as shown in Fig. 3, the system may repeat the same test with
diagram 310 for the right eye by moving the eye tacker 302, 304 to indicate that the tight eye 304
is being tested, and by adjusting the writien instructions 306 to reflect that the right eye is now
being tested. In another embodiment, the patient continues to work through the seciions of the
progress bar wilh the left eye, and, after completing the astigmalism severity test 206 for the left
eye, will repeat the two astigmatism sections 204 and 206 for the right eye before moving on to the
eye test 208 for cither eye. In another embodiment, the patient works through all sections 204, 206,
and 208 with one eye, the left eye, for example, before going back to work through each section
204, 206, and 208 with the other eye, in this example, the right eve. It should further be
appreciated that any order of testing, with any order of eyes heing tesied is suitable. It should
further be appreciated that by providing patient-selectable progress bar sections 204, 206 and 208,
and eye tracker sections 302 and 304, the patient may select whichever order they prefer.

[0194) Referring now to the embodiment illustrated in Fig. 4A, another example
embodiment of the present disclosure is illustrated. At this stage of the process, the system presents
display 200, and the progress bar indicates that the patient is currently in the Astigmatism Severity
section 206. The eye tracker 302, 304 indicates that the left eye 302 is being tested. The written
directions 406 read: “Cover your right eye. 1. Keep Right Eye covered. 2. Click the (+) until the
grid is all perfect squares.” The written instructions refer to diagram 408a, which shows a large
square divided into several smaller squares. The system provides patient-selectable icons 410 and
412 {0 adjust the diagram until the patient views all of the grid of diagram 408a as perfectly square.
When the patient views all of the grid of diagram 408a as perfectly square, the patient selects the
paticnt-sclectable icon 414. If the system is malfunctioning in some way, the system provides a
button 418 to request assistance with the malfonction. It should be appreciated that button 418 is
optionai, but usefol in the case that the animation of the diagram changing is not visible to the
patient. It should further be appreciated that diagram 408a in Fig. 4A is illustrated as it would
appear 10 a patient without an astigmatism, or to a patient with an astigmatisin who is wearing their
corrective lens on the eye being tested. In other words, the boxes of diagram 4082 are sguare in
Fig. 4A, but would appear distorted to an uncorrected eye with an astigmatism,

[0185] The applicant has surprisingly found that use of the grid shown as diagram 408a
can be wsed to determine the cylinder prescription of a patient by measuring the amount of
distortion is necessary, along the patient’s axis of astigmatism, in order for the patient to view the

figure as square to their uncorrected eye.
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{0106] Referring now 1o the embodiments illustrated in Fig. 4B, 4C, 41> and 4E, other
embodiments of the present disclosure are illustrated. In the embodiments of these figures, the
patient has selecled icons 308a, 308b, 308c, 308d, and 308e of Hig. 3, respectively. Thus, the
corresponding diagrams of those figures 408b, 408c, 408d, and 408e, respectively, are illustrated as
being stretched along the patient-selected axis for that figure. Specifically, Fig. 4B shows the
diagram 408b distorted along the 75° axis, Fig. 4C shows the diagram 408c distorted along the 90°
axis, Fig. 4D shows the diagram 408d distorted along the 165° axis, and Fig. 4E shows diagram
408e distorted along the 180° axis. If the patient selects the “+7 412, the diagram elongates along
the axis. If the patient selects the -7 410, the diagram contracts along the axis. In this way, the
patient can manipulate the diagram until the boxes appear square to their ancorrected eye. As the
patient manipulates the diagram, scale 416 provides a visual representation to the patient of how
much they have changed the diagram 408b, 408¢, 4084, or 408e.

{01971 It should be appreciated that the system may distort the diagram in any suitable
way, at any suitable speed, and at any suitable increment. In one embodiment, the system
automalically distorts the diagram prior to enabling the patient to make an input. In another
embodiment, the system automatically begins distorting the diagram, and continnes to distort the
diagram until the patient makes an input to stop the distortion. In a further embodiment, the patient
may further adjust the distortion of the diagram by making at least one input. In another further
embodirnent, the patient may not further adjust the distortion of the diagram by making any inputs.
In another emboediment, the system does not distort the diagram prior to receiving at least one input
from the patient.

[6108] Referring now to the embodiment iHustrated in Fig. 5, another embodiment of the
present disclosure is illustrated. As shown in Fig. 5. the patient has manipulated diagram 408f such
that, to the patient’s uncorrected eye, the boxes appear square. Scale 416 demonstrates that the
diagram 408f has been manipulated. At this point, the patient can press the icon 414 indicating that
they view the boxes of the diagram 408f as square. The system determines, from the amount of
manipulation of diagram 408f, a cylinder measurement for that eve of the patient.

[0165%] It should be appreciated that the combination of the axis measurement and the
cylinder measurement for a given eye of the patient can be used by the system to determine a skew
function to apply to further diagrams and figures intended for the given eye. In this way, the
astigmatism will not affect the results of the eye test, for example, because the figures used in the
eve test will have been modified to counter the effect of the astigmatism.

{0110] Referring now to the embodiment illusirated in Fig. 6, another exampie

embodiment of the present disclosure is illustrated. At this stage of the process, the system presents
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display 200, and the progress bar indicates that the patient is currently in the Eye Test section 206.
Specifically, the display 200 in Fig. 6 is directed to calibrating a camera which may be attached to
the computerized screen to determine the distance of the patient from the computerized screen. The
system must know the distance of the patient in order to accurately calculate the sphere
measurements from the eye tests. If the patient’s compuierized screen does not have a carmera, the
system will provide the patient a specified distance to remain away from the screen. This distance
may be the same or different for each instance of the “small-to-large” eye test (described at blocks
122 and 124 of Hg. 1A) and/or each instance of the “large-to-small” cye test (deseribed at blocks
126 and 128 of Fig. 1A).

[6111] The written instructions 606 of the example embodiment illustrated by Fig. 6 read:
*1. Hold a credit card with the magnetic strip facing the camera. 2. Place the card 117 from the
camera. 3. Use a piece of paper o measure 117, Roll the paper the long way. Place one end
touching the screen near the camera and the other touching the credit card. Remove the paper and
keep the card in place. Click the Calibrate button. 4. Click on the magnetic strip in the picture. 5.
When magnetic strip is highlighted click the Done button.” Camera viewer 610 shows the patient
what the camera is viewing. The patient can follow the instructions to click the Calibrate button
612 and the Done button 614 in accordance with the written instructions. It should be appreciated
that any other suitable or conventional method of calibrating the distance between the patient and
the computerized screen may be employed.

[0112] It should be appreciated that any suitable distance hetween the patient and the
screen may be wsed. In one embodiment, the distance between the patient and the screen is
determined based on whether the patient is nearsighted or farsighted. In a further embodiment, the
system determines that the distance between the patient and the screen is the same for a nearsighted
patient and 2 farsighted patient. In another embodiment, the system determines thar the distances
between the patient and the screen are different for a nearsighted patient and a farsighted patient.
In one embodiment, the system may determine the distance between the patient and the screen
depending on the kind, type, dimensions, or other characteristics of the screen. In another
embodiment, the patient may be enabled to make an input regarding whether the determined input
is difficult for the patient to use. In a further embodiment, the systern may determine a pew
distance between the patient and the screen after the patient makes an input regarding whether the
determined input is difficult for the patient to use.

[0113]  In another example embodiment, they system or patient terminal may utilize
mirrors to simulate the a greater or lesser distance between the patient and the computerized screen,

such as is conventional in projection technology, or in, for example, a optometrist’s office. In a
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further example embodiment, the mirrors are adjustable based on the location of the patient, such
that the patien! may move and the mirrors may adjost te account for the movement to maintain the
same simulated distance.

[0114] In an additional example embodiment, the system may query the patient for their
shoe size and gender and, using that information, have the patient estimate their distance from the
computerized screen via heel-to-toe measurement and enter that distance into the system. In an
alternative example embodiment, the system may instruct the patient to take a determined number
of heel-to-toe steps from the computerized screen, placing the patient at a fairly accurate distance
from the computerized screen. |

[6115] Referring now to the embodiment illustrated in Fig. 7A, another embodiment of
the present disclosure is illustrated. At this stage of the process, the system presents display 200,
and the progress bar indicates that the patient is currently in the Eye Test section 206. The eye
tracker 302, 304 indicaies that the left eye 302 is being tested. For systerns with cameras, the
system. provides a calibration box 708 with an estimate of the distance of the patient from the
camera/computerized screen. In one embodiment, the system uses the camera-measured distance
of the patient from the screen to determine a font size or an icon size to display to the patient as part
of figure 710.

[0116] © The written instructions 706 read: “Cover your right eye. Move your face 28
inches from the screen. Click “I can see” when you can just barely recognize the letters from that
distance. DON"T WAIT UNTIL IT IS CLEAR! Use the + and - to make sure the lefters are just
barely recognizable.” The written instructions refer to figure 710, which in this embodiment is a
series of letters. It should be appreciated that any suitable kind or number of visual cues, symbols,
shapes, or icons can make up the figure 710, such as letters, numbers, pictures, or the like. As
shown in Fig. 7A, the system provides patient-selectable icons 712 and 716 to adjust the figure
until the patient views the figure as just barely being able to make out the letters of the figure.
When the patient views the figure and can just barely make out the letters, the patient selects the
patient-selectable icon 414. In one embodiment, the figure 710 starts small enough that the figures
cannot be clearly seen by the patient, and the patient must make at least one input to increase the
size of the figure until it can just barely be made out. In another embodiment, shown in Fig. 7B,
the figure starts large enough  be clearly seen by the patient. and the patient must make at least
one input o decrease the size of the figure just until the figure can no longer be made out.

[6117]  The system determines a sphere measurement from at least one input from a
“small-to-large” eye test. The system determines another sphere measurement from at Jeast one

input of a “large-to-small” eve test. As discussed previously, the “small-to-large” eye test and the

24



WO 2014/164020 PCT/US2014/619944

“large-to-sma]}’; eye lest may be performed any number of times, in any order, for each eye, with
each eye test resulting in a sphere measurement determined from the at least one input of the
patienl In one embodiment, the system may perform only the “small-io large” eve test, and not the
“large-to small” eye test. In another embodiment, the system may perform only the “large-to
small” eye test, and not the “small-to large” eye test. Either or both eye tests may be periormed one
or more times per eye of the patient. When the system has provided all instances of the eye test
both eyes, the system averages the sphere measurements from the eye test instances to determine a
final sphere measurement. It should be appreciated that the system may determine not to use a
given sphere measurement in the final sphere measurement if it is a statistically significant unit of
measutement away from the average of the remaining resultant sphere measurements. In one
embodiment, the system takes the mean of the resultant sphere measurements as the final sphere
measurement.

[0118] It should be appreciated that the system may adjust the size of the figure in any
suitable way, at any suitable speed, and at any suitable increment. In one embodiment, the system
automatically increases (for the “small-to-large™ test) or decreases (for the “large-to-small” test) the
figure prior to enabling the patient to make an input. In apother embodiment, the system
automatically begins increasing or decreasing the figure, and continues to increase or decrease the
figure until the patient makes an input to stop the increasing or decreasing. In a further
embodiment, the patient may further adjust the size of the figure by making at least one input. In
another further embodiment, the patient may not further adjust the size of the figure by making any
inputs. In another embodiment, the system does not increase or decrease the figure prior o
receiving at least one input from the patient.

{01191 It should be appreciated that the above-described embodimenis of the present
disclosure may be implemented in accordance with or in conjunction with one or more of a variety
of different types of systems, such as, but not limited to, those described below.

[0120] Referring now to Figs. 8A, 8B, 8C and 8D, another embodiment of the present
disclosure is illustrated, wherein the system displays at least onc colorblocked diagram 800 and
enables a patient to make at least onc input to select a more defined-appearing part of the diagram,
wherein the input corresponds to 2 determination that the patient is near or far sighted (if not
wearing corrective lenses), over or under corrected (if wearing corrective lenses), or otherwise.
The colorblocked diagram 800 may be presented once, twice, or more in a series, for each eye. The
colorblocked diagram 800 may be the same or slightly different for each presentation to the patient.
In the examples shown in Figs. 8A, 8B, 8C, and 8D, the colorblocked diagrams 800 are slightly

different.
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{6121] The colorblocked diagram 800 has at Jeast two parts, shown as part 802 and part
804. In the embodiment shown in Figs. 8A-D, parts 802 and 804 are semicircles having a
background color. In the examples shown in Figs. 8A-D, part 802 has a brighter background color,
while part 804 has a duller background color. It should be appreciated by one of skill in the art that
any suitable brighter and duller colors, may be used as the background color of parts 802 and 804,
respectively. In one embodiment, part 802 has a background from the green family of colors
(including the various colors of green from dark to light, bright to dark, and mixed with other
colors, Le. yellow-green or blue-green), while part 804 has a background from the red family of
colors (incinding the various colors of red from dark (o light, bright to dark, and mixed with other
colors, ie. purple-red or red-orange). In another embodiment, pari 802 has a background from the
vellow family, while part 804 has a background from the purple family,

[0122] Parts 802 and 804 further include a plurality of lines of various lengths 806 that,
when placed closed together and viewed from a short distance, appear as an arrowhead shape. In
each of Figs. 8A-D, the arrow directions face away from cach other, and are comprised of
horizontal or vertical lines 806. It should be appreciated by one of skill in the art that any suitable
number of lines {(straight or curved, in any suitable density), arranged into any suitable direction,
making up any suitable aggregate shape may be used. In another further embodiment, the lengths
806 may be replaced by solid or semi-solid shapes, such as circles, squares, triangles, letters,
numbers etc. It should further be appreciated that parts 802 and 804 may be shapes other than
semicircles, such as half squares, half triangles, etc.

[0123] Ag discussed above, the colorblocked diagram 800, in one or more of its
configurations, may be used to delermine whether a patient is near or far sighted if not wearing
corrective lenses. The system may instruct the patient to remove any corrective lenses, such as
glasses or contacts, before using the system. The system presents a colorblocked diagram to one
eye of the patient, and enables the patient to make an input regarding which of the arrow parts
appears more distinct to their uncorrected eye. In one embodiment, the patient may select that part
802 with the brighter background looks more distinct (i.e. sharper or more defined), that part 804
with the duller background looks more distinct, or that the arrows on parts 802 and 804 are about
equally distinct. In general, a selection that part 802 with the brighter background is more distinct
than part 804 with the duller background suggests that the patient is farsighted. In general, a
selection that part 804 with the daller background is more distinct than part 802 with the brighter
background suggests that the patient is nearsighted. It should be appreciated by one of skill in the
art that performing two or more tests per eye with colorblocked diagrams having arrows pointing in

different directions will assist in mitigating any subjective error from the patient. In an
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emibodiment, the patient is presented with Figs. 8A o 8D in any order, for their first eye, than 8A 10
813, in any order, for their second eve. The system uses the tesulis of the one, two, three, four, or
more colorblocked diagram tests 1o determine the near or far sightedness of the patient.

[6124] 1t should be appreciated that the tests shown by example in Figs. 8A to 8D may
also be used to determine if a patient is over or under corrected if perforrned while wearing
corrective lenses. In one example embodiment, the patient performs the same steps described
immediately above, individually for each eye, while using their corrective lenses. In this example
embodiment, a selection that part 802 with the brighter background is more distinct than part 804
with the dulier background suggests that the patient is overcorrecied with their present corrective
lenses, while a selection that part 804 with the duller background is more distinct than part 802 with
the brighter background suggests that the patient is under corrected by their present corrective
lenses.

[0125] Referring now to Fig. 9A, another embodiment of the present disclosure is
illustrated. Fig. 9A is a screen shot of an example of an embodiment of the system of the present
disclosure, wherein the system displays a line diagram 900 and enables a patient to make at least
one input to atfect the rotation of the line diagram, wherein the at least one input corresponds to an
axis measurement. In the example embodiment shown in Fig. 9A, the line diagram 900 is a line, or
a long thin rectangle on a solid background. The rectangle/line is made up of alternating parts 902
and 904, Alternating parts 902 and 904 are different colors. In the embodiment of Fig. 9A, part
902 has a brighter background color, while part 904 has a dulier background color. It should be
appreciated by one of skill in the art that any suitable brighter and duller colors, may be used as the
background color of parts 902 and 904, respectively. In one embodiment, part 902 has a
background from the green family of colors (including the various colars of green from dark to
Jight, bright to dark, and mixed with other colors, i.e. yellow-green or blue-green), while part 904
has a background from the red family of colors {including the various colors of red from dark to
hight, bright to dark, and mixed with other colors, i.e. purple-red or red-orange). In another
embodiment, part 502 has a background from the yellow family, while part 904 has a background
from the porple family.

[6126] 'The alternating parts 902 and 904 may be any suitable shape or size. For example,
in Fig. 9A, the alternating parts 902 and 904 are squares which make up the rectangle/line of line
diagram 900, without any space between the parts. It should be appreciated by one of skill in the
art that two or more alternating parts niay be used.

[0227] The system presents the line diagram 900 to the patient. In one embodiment, the

system begins rotating the diagram 900 about its center. In another embodiment, the patient makes
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an input to begin rotation of the diagram 900 about its center. The rotation is stow enough that the
patient can identify changes. In one embodiment, the patient may make an input o speed up or
slow down the rotation of the diagram 900. In another embodiment, the diagram 900 does not
rotate avtomatically, and the patient must make an input corresponding to each rotation of the
diagram 900.

[0128]  The applicant has surprisingly found. that use of a line diagram, such as line
diagram 900, can be used to determine the axis prescription of a patient to within 1° of accuracy.
Because the effect of an astigmatism is to distort, or stretch, a patient’s vision along an axis, when
the line diagram 900 is near or at the patient’s axis of astigmatisin, the aliernating parts 902 and
904 will blur together and appear as a different color than either of the parts individually. In one
exampie embodiment where part 902 is green and part 904 is red, the line appears yellow at or near
the axis of the patient’s astigmatism. ¥t should be appreciated by one of skill in the art that if the
patient does not have an astigmatisi, the line will not appear to change color.

{61291 The rotational axis of the line diagram 900 is composed of angles ranging from {
degrees to 360 degrees, However, in an optical prescription, angies are written in 0 degrees to 180
degrees. Thus, one of skill in the art will appreciated that angles ¢ and 180 ° are the same, 170°
and 350° are the same, 100° and 280° are the same and so on and so forth. The axis line cxtends
below the 180° point, and that is why angles above 180° also have a corresponding equivalence
. below 180"

18130] In an embediment of they system of the present disclosure, the system presents the
patient with the line diagram 900, which may rotate by system or patient direction, as described
above. The patient viewing the diagram with one corrected eye at a time, is enabled to make an
input corresponding to when they see the line appear to change color. In one embodiment, the
patient is prevented from making an input that the line did not change color until at ieast one or
more full rotations of the line have been completed. In another embodiment, once a patient makes
an input indicating that the line appeared to change color, the patient is enabled to make further
fine-tuning imputs causing small rotaucns (o the line vnt] the patient makes another input
corresponding to the angle at which the changed color appears most distinetly (i.e. strongest,
darkest, or most clear). In one embodiment, the fine-funing inputs cause a rotation of 1°. It should
be appreciated by one of skill in the art that other fine-tuning increments can be used, such as 2°, 5°,
or 10°. Since conventional subjective axis determination techniques use increments of 10°, and
since an astigmaiism can be along any axis {(at any degree), any increment less than 10° should
yield a more accurate determination than the phoropter system used by eye care professionals in-

office. The angle selected by the input corresponding to the angle at which the changed color
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appears most distinetly is the axis prescription of the patient. The sysiem then repeats the process
for the other uncorrected eve of the patient.

[6131] In an embodiment, the sysiem enabies the patient (o make an input reflecting that
the Hine did not appear to change color. It should be appreciated by one of skill in the art that such
an input would suggest that the patient does nol have an astigmatism in that eye. In a further
embodiment, the sysiem gives the patient an additional axis test for that eve, such as that described
in Fig. 3. In a different further embodiment, the system permits the patient to skip the cylinder test,
and go right to an axis test for the other eye, or another kind of test, such as the power test.

[6132] Referring now to Hg. 9B, another embodiment of the present disclosure is
illustrated. Fig. 9B is a screen shot of an example of an embodiment of the system of the present
disclosure, wherein the system displays a line diagram 906 and enables a patient to make at least
one input to affect the spacing or size of various paris of the line diagram 906, wherein the at least
one inpul corresponds 10 an cylinder measurement,

[6133]  The applicant has surprisingly found that use of a line diagram, such as line
diagram 906, can be used to accurately determine the cylinder preseription of a patient. Because
the effect of an astigmatism is to distort, or stretch, a patient’s vision along an axis, when the
alternating parts are stretched to comespond to the severity of the patient’s astigmatism, the
patient’s eye will once again be able to resolve the alternating parts in their actual colors. It should
be appreciated by one of skill in the art that if the patient does not have an astigmatisin, the line will
only appear with the alternating parts in their actual colors.

[0134] The line diagram 906 shown in the example embodiment of Fig. 9B is different
from Fig. 9A in that it is used to determine the severity of astigmatism for a patient. If it was
previously determined that the patient has an axis of astigmatism, this is the next test to determine
how much astigmatism that individual has. Line diagram 906 is first shown in the angle of
astigmatism that was determined in the axis deterrnination test described with reference to Fig. 9A,
and has alternating parts 902 and 904, similar to those described above with reference to Fig. 9A.
As confinned previously during the test described with reference o Fig. 2A, the line diagram 906
should appear as a different color than the alternating parts 902 and 904. In the example where
alternating parts 902 and 904 are green and red, respectively, the line diagram 906 at the axis of
astigmatism for the patient being tested should appear yellow to the patient.

[6135] The system presents the line diagram 906 to one uncorrected eye of a patient at a
time. In one embodiment, the system automatically increases the size (i.e. length and/or width) of
the alternating parts 902 and 904 unti] the patient makes an input indicating that they can see the

colors of the alternating parts again. The patient is enabled to make fine-tuning inputs to change
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the size of the allernating parts until the size where they can first see the alternating colors. In an
embodiment where line diagram 906 first appears yellow to a patient even though parts 902 and
904 are green and red, respectively, the patient would make an input when they begin to see the
green and red parts 902 and 904 again. In another embodiment, the system does not automatically
change (he size of the alternating parts, and enables the patient to make inputs corresponding to all
size changes.

[6136] In another embodiment, the system begins by inserting space between the
alternating parts 902 and 904 until the patient makes an input indicating that they can see the colors
of the alternating parts again. The patient is enabled to make fine-tuning inputs to change the
spacing of the alternating parts until the size where they can first see the alternating colors. In
another embodiment, the system does not automatically change the spacing of the alternating parts,
and enables the patient to make inputs corresponding to ail spacing changes.

[0137} 11 should be appreciated by one of skill in the art that the size and spacing changes
can be made in the same test, at the same time, or sequentially in any order. In one cxample
embodimen, the size of the alternating parts 902 and 904 changes until the patient make an input,
at which point the system enables the patient {0 make fine-funing inputs affecting the size, spacing,
or both of the alternating parts. In another example embodiment, the spacing of the alternating
parts 902 and 904 changes until the patient make an input, at which point the systern enables the
patient to make fine-tuning inputs affecting the spacing, size, or both of the alternating pasts, The'
system determines the astigmatism severity, or cylinder prescription of the patient from the final
size and/or spacing of the alternating parts. The system then rcbcats the process for the other
uncorrected eye of the patient. '

[0138] Referring now to Figs. 10A and 10B, another embodiment of the present
disclosure is illustrated. Fig. 10A is a screen shot of an example of an embodiment of the system of
the present disclosure, wherein the system displays a line diagram 1101 and enables a patient to
make at least one input, wherein the at least one input corresponds to a cylinder measurement. Fig.
10B is a screen shot of an example of an embodiment of the system of the present disclosure
wherein the figure of 10A is rotatable to align with the determined axis of a patient’s astigmatism.

101397  In the example embodiment shown in Figs. 10A and 10B, the line diagram
1001/1004 is a series of lines, or long thin rectangles on a solid background. The series of lines
includes lines of different sizes. In the example embodiment shown in Fig. 10A, the lines increase
in size as they are view from the top of diagram 1001 to the bottom of diagram 1001. The
rectangles/lines are made up of alternating parts 1002 and 1003. Alternating parts 1002 and 1003

are different colors, one brighter and the other duller, similar to the alternating parts 902 and 904
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discussed above. In the embodiment of Fig. 10A, part 1003 has a brighter background color, while
part 1002 has a duller background color.

[0146] It should be appreciated by one of skill in the art that the size of the lines or
alternating parts, and the spacing between the lines or the alternating parts may be any suitable
amount. For example, Figs. 10A and 10B show the lines separated by space, but the alternating
parts of each line are immediately adjacent. In another example embodiment, the alternating parts
may have space between them and the lines may be immediately adjacent.

[0141] The system presents the line diagram 1001 or 1104 to one uncorrected eye of a
patient at a time. The patient is enabled to make at least one input to select one or more lines that
appear different in color from the remaining lines. In one example embodiment where part 1003 is
green and part 1002 is red, a line of alternating parts appears veliow below the cylinder, or
astigmaiism severity of the patient’s astigmatism. The selection may be accomplished in any
suitable manner, such as by selecting and clicking a line, or a button representing a line, such as
buttons 1000,

[0142]  The applicant has surprisingly found that use of a line diagram, such as line
diagrams 1001 and 1004, can be used to accurately determine the cylinder prescription of a paticnt.
Because the effect of an astigmatism is to distort, or stretch, a patient’s vision along an axis, when
the alternating parts are stretched to correspond to the severity of the patient’s astigmatism, the
patient’s eye will once again be able to resolve the alternating parts in their aciual colors. It should
be appreciated by one of skill in the art that if the patient does not have an astigmatism, the lines
will only appear with the alternating parts in their actual colors. _

[6143] Referring now to Fig. 11B, another embodiment of the present disclosure is
illustrated. Fig. 11B is a screen shot of an example of an embodiment of the system of the present
disclosure, wherein the system displays a concentric semi-circle diagram 1105 and enables a patient
to make at least one input, wherein the at least one input corresponds to an axis and/or a cylinder
measurement.

[0144] In the example embodiment shown in Fig. 11B, the semi-circle diagram 1105 is a
half-circle on a solid background. The half-circle is made up of alternating parts 1107 and 1108,
arranged into concentric half-circles. Alternating parts 1107 and 1108 are different colors, one
brighter and the other duller, similar to the alternating parts 902 and 904 discussed above. In the
embodiment of Fig. 11B, part 1108 has a brighter background color, while part 1107 has a duller
background color.

{0145] The alternating parts 1107 and 1108 may be any suitable shape or size, with any
suitable spacing between them. For example, in Fig. 118, the alternating parts 1107 and 1108 are
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concentric curved rectangular slices which make up the semi-circle of diagram 1103, withoul any
space between the parts. It should be appreciated by one of skill in the art that two or more
allernating parts may be used. In the example embodiment of Fig. 11B, the semi-cizcle diagram
1105 is divided into wedges by radii lines 1009. It should be appreciated that radii lines can be
placed at any suitable angular distance from each other, such as at 1, 2, 5, 10, or 30 degrees, or at
other degree increments. It is preferable that the angular distance be evenly divisible into 180
degrees. Asshown in Fig. 11B, the radii lines 1009 are placed 20 degrees apart.

{0146] The system presents the semi-circle diagram 1105 to one uncorrected eye of a
patient at a time. The patient is enabled to make at least one input 1o select one or more wedges
that looks different in color from the remaining wedges. The selection may be accomplished in any
suitable manner, such as by selecting and clicking a wedge. or a button representing a wedge, such
as buitons 1106.

{0147}  The applicant has surprisingly found that use of a semi-circle diagram, such as
serni-circle diagram 1103, can be used to determine the axis prescription of a patient. Because the
effect of an astigmatism is to distort, or stretch, a patient’s vision along an axis, at the portion of the
semi-circle diagram nearby to the patient’s axis of astigmatism, the alternating parts 1107 and 1108
will blur together and appear as a different color than either of the parts individually. In onc
examp'le embodiment where part 1108 is green and part 1107 is red, a portion of & wedge appears
yellow at or near the axis of the patient’s astigmatism. It should be appreciated by one of skill I the
art that a greater blurring of the colors away from the center of the circle diagram, indicates a more
severe astigmatism cylinder measurement. It should be appreciated by one of skill in the art that if
the patient does not have an astigmatism, none of the portions of the wedges will appear (o change
color.

[6148]  Referring now to Fig. 12B, another embodiment of the present disclosure is
illustrated. Fig. 12B is a screen shot of an example of an embodiment of the system of the present
disciosure, wherein the system displays a spoke diagram 1205 and enables a patient fo make at least
one input, wherein the at least one input corresponds (o 4 gross axis measurement.

[6149] In the example embodiment shown in Fig. 12B, the spoke diagram 1205 is a series
of knes, or long thin rectangles on a solid background, arranged as radii lines on a half-circle dark
background 1209. In the example embodiment shown in Fig. 12B, the lines are approximately the
same size. The rectangles/lines are made up of alternating parts 1207 and 1208. Alternating parts
1247 and 1208 are different colors, one brighter and the other duller, similar to the alternating parts
902 and 904 discussed above. In the embodiment of Fig. 12B, part 1207 has a brighter background
color, while part 1208 has a duller background color.
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[0156] The system presents the spoke diagram 1205 to one uncorrected eye of a patient at
a time. The patient is enabled to make at least one input to select one or more lines that appear
different in color from the remaining lines. In one example embodiment where part 1207 is green
and part 1208 is red, a line of alternating paris appears yellow at or near the axis of the patient’s
astigmatismn. The selection may be accomplished in any suitable manner, such as by selecting and
clicking a line, or a butlon representing a line, such as buttons 1206.

16151} Referring now to Hg. 11A, another embodiment of the present disclosure is
ilustrated. Fig. 11A is a screen shot of an example of an embodiment of the system of the present
disclosure, wherein the system displays fine spoke diagram 1002, which is a smaller angular
portion of spoke diagram 1203, and enables a patient to make at least one input, wherein the at least
one inpuf corresponds (¢ a fine axis measurement.

[0152] In the example cmbodiment shown in Fig. 11A, the spoke diagram 1102 is a series
of lines, or long thin rectangles on a solid background, arranged as radii lines on a portion of a half-
circle dark background. In the example embodiment shown in Fig. 11A, the lines arc
approximately the same size. The rectangles/lines are made up of alternating parts 1103 and 1104..
Alternating parts 1103 and 1104 are different colors, one brighter and the other duller, similar to the
alternating parts 902 and 904 discussed above. In the embodiment of Fig. 11A, part 1104 has a
brighter background color, while part 1103 has a duller background color,

{0153] The system presents the spoke diagram 1102 to one uncorrected eye of a patient at
a time. The patient is enabled to make at least one input to select one or more lines that appear
different in color from the remaining lines. In one example embodiment where part 1104 is green
and part 1103 is red, a line of alternating parts appears yellow at or near the axis of the patient’s
astigmatism. The selection may be accomplished in any suitable manner, such as by selecting and
clicking a line, or a button representing a line, such as buttons 1101, It should be appreciated by
one of skill in the art that the fine spoke diagram 1102 represents the portion of the gross spoke
diagram 1205 which the patient previously selected as appearing different in color from the other
portions of the diagram. It should further be appreciated that {ine spoke diagram 1102 uses smaller
anguiar incremenis between the radii Hoes to provide a more accurate anguolar axis determination.
In another example embodiment, the patient may first select a wedge from the semi-circle diagram
1105, then use the fine axis diagram 1102 to fine tune the axis determination. In such example, the
angular portion used in dragram 1102 would correspond to the wedge section or sectons selected
by the patient as appearing different from the remainder of the wedges in 1105.

{0154}  The applicant has surprisingly found that use of a spoke diagram, such as spoke

diagrams 1102 and 1205, can be used to accurately detennine the axis préscription of a patient,
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Because the effect of an astigmatism is to distort, or siretch, a patient’s vision along an axis, at the
portion of the spoke diagram nearby to the patient’s axis of astigmatism, the alternating parts 1103
and 1104 of diagram 1102, and parts 1207 and 1208 of diagram 1205 will biur together and appear
as a different color than either of the parts individually. It should be appreciated by one of skill in
the art that if the patient does not have an astigmatism, none of the lines will appear to change
color. It will further be appreciated that any suitable sizing, spacing or shape of alternating paris
may be used so long as they are along the various axes.

[G155] Referring now to Fig. 12A, another embodiment of the present disclosure is
illustrated. Fig. 12A is a screen shot of an example of an embodiment of the system of the present
disclosure, wherein the system dispiays line diagram 1201, and enables a patient to make at least
two inputs, wherein the at least two inputs correspond to a cylinder measurement.

[6156] In the exampie embodiment shown in Fig. 12A, the line diagram 1201 is a line, or
a long thin rectangle on a solid dark background. The rectangle/line is made up of aiternating parts
1202 and 1203, Alternating parts 1202 and 1203 are different colors, one brighter and the other
duller, similar to the alternating parts 902 and 904 discussed above. In the embodiment of Fig.
12A, part 1202 has a brighter background color, while part 1203 has a duller background color.

[0157}] The applicant has surprisingly found that when a patient with astigmatism views a
diagram like 1201, they will see g doubled-line, or two lines, instead of the single line presented in
the diagram. The applicant has further surprisingly found that the amount of distance between the
two appearing lines comesponds to the cylinder measurement of the patient. It should be
appreciated that a patient without an astigmatism will only see the single line.

[0158] ‘The system displays the line diagram 1201 to one uncorrected eye of a patient at a
time. The patient is cnabled to make at least two inputs {o select the edge of a first appearing iine
and to select the edge of the second appearing line, as shown by arrows 1200 and 1204 in Fig. 12A.
In this way, the patient s identifying the distance between the two appearing lines. The patient is
also enabled to select that they only see one line, indicating that they do not have an astigmatism, or
that the size of the alternating paits is above their cylinder axis. In such an example, the system
may re-present the diagram 1201 with smaller alternating parts. The selection of beginning and
ending points of the two-appearing lines may be accomplished in any suitable manner.

[0159] Referring now o Fig. 13, another embodiment of the present disclosure is
illustrated. Fig. 13 is a screen shot of an example of an embodiment of the system of the present
disclosure, wherein the system displays line diagram 1304, and enables a patient to make at least

one input, wherein the at least one input corresponds to a cylinder measurement.
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[6160] In the example embodiment shown in Fig. 13, the line diagram 1304 is a line, or a
long thin rectangle on a solid background, wherein the width and height of the line increases when
viewed from Jeft to right. The rectangle/line is made up of alternating parts 1301 and 1302.
Alternating parts 1301 and 1302 are different colors, one hrighter and the other duller, similar to the
alternating parts 902 and 904 discussed above. In the embodiment of Fig. 13, part 1302 has a
brighter background color, while part 1301 has a dueller background color. It should be appreciated
that any svitable arrangement of differently sized lines is appropriate. For example, the width and
height of the line may decrease from left to right, or the line may be oriented vertically (or at any
angle relative {o horizontal) as opposed to horizontally. In another example, there may be space
between the differently sized line segments. In the example embodiment shown in Fig. 13, there is
no space between the differently sized line segments,

{0161] The system displays the line diagram 1304 to one vncorrected eye of a patient at a
time. The patient is enabled to make at least one inpul to select one or more line segments that
appear different in color from the remaining lines. In one example embodiment where part 1302 is
green and part 1301 is red, a line segment of alternating parts appears yellow below the cylinder, or
astigmatisim severity of the patient’s astigmatism. The selection may be accomplished in any
suitable manner, such as by selecting and clicking a line segment, or a button representing a line
segement, such as buttons 1303.

[0162]  The applicant has surprisingly found that use of a line diagram, such as line
diagram 1304, can be used to accurately determine the cylinder prescription of a patient. Because
the effect of an asfigmatism is to distort, or stretch, a patient’s vision along an axis, when the
alternating parts are stretched to comespond to the severity of the patient’s astigmatism, the
patient’s eye will once again be able to resolve the alternating pazts in their actual colors. It showld
be appreciated by one of skill in the art that if the patient does not have an astigmatism, the lines
will only appear with the alternating parts in their actual colors,

[0163]  Referring now to Figs. 14A-D, other embodiments of the present disclosure are
illustrated. Figs. 14A-D are screen shots of example embodiments of the system of the present
disclosure which demonstrate that the alternating parts may be of different sizes or spacing, but sill
test for the same determination in the astigmatism severity determination. From Fig. 14A to Fig,
14D, the spacing between the alternating parts increases. However, so long as the sizing and
spacing is known, each of Figs. 14A to 14D are usable by the system.

161641 Referring now to Fig. 15, another embodiment of the present disclosure is
itiustrated, Fig. 15 is a screen shot of an example of an embodiment of the system of the present

disciosure, which demonstrates that the alternating parts may be of different sizes or spacing, but
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still test for the same astiginatism axis determination. Contrast, for example, Fig. 12B with Fig. 15,
which has larger alternating parts. However, so iong as the sizing and spacing is known, each of
Figs. 12B and Fig. 15 are usable by the system.

[6165] Referring now to Fig. 16, another embodiment of the present disclosure is
illustrated. Fig. 16 is a screen shot of an example of an embodiment of the system of the present
disclosure, which demonstrates that an astigmatism axis gross determination figure may be
modified in size and shape, and stretched in minor fashion, and still be usable by the system for
determining an axis of astigmatism for a patient. For example, Fig. 16 shows a slight horizontal
strelch as compared to the perfectly semicircular figure of Fig. 11B. Fig. 16 also shows, in contrast
to Fig. 118, smaller alternating parts and a greater number of wedges of the figure which do not
meet at a center point of the semicircular figure.

i0166] In another example embodiment, the system may test or confirm a patient’s
astigmatism axis by displaying only certain axes. For example, the system may display a se{ of
shapes (such as circles) filled with lines of alternating coloss (bright and dull), as described above.
In this example embodiment, all of the lines in a given circle would be of the same axis, and the
lines in the remaining circles could be at other axes. The system would enable the patient to make
at least one input to select a circle that appears blurry to cach of their uncorrected eyes, tested
individually. Vor instance, in the case where the bright color is selected from the green family and
the dull color is sclected from the red family, the patient may select the circle that appears yellow.
Based on the at least one inpat {rom the patient, the system can determine or confirm the patient’s
axis prescription. For example, in a situation where the test is being given to confirm a
prescription, the system will determine if the prescription is confirmed by comparing the axis of the
patient’s selected circle or circles to the axis it previously determined. If the axis measurements
match or are close, then the prescription is confirmed. It should be appreciated that any suitabie
number of shapes, any suitable number of axes, and any suitable number of iterations of the test
may be utilized by the system to initially test or to confirm an axis prescription for a patient.

[¢167] In another example embodiment, the system may test or confirm a patient’s
cylinder prescription by displaying spaced-apart shapes. Applicant has surprisingly found that
spaced-apart shapes located along the patient’s axis of astigmatism and spaced correspondingly to
the cylinder of the patient (or higher) will appear to touch when viewed with the patient’s
uncorrected eye (each eye individually). For example, the system may display two or more dots in
a grid or any other suitable pattern, where at least two of the dots we spaced along the patient’s axis
of astigmatism. The system would enable the patient to make at least one input to select or

otherwise identify the dots that appear to each of their uncorrected eyes, tested individually, to be
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touching. Based on the at least one input from the patient, the system can determine or confirm the
patient’s cylinder prescription, where the actual distance between the dots that appear to the
uncorrected eye of (he patient (o be touching corresponds to a cylinder measureiment. For example,
in a situation where the test is being given to confirm a prescription, the system will determine if
the prescription is confirmed by comparing the cylinder of the patient’s selected dots to the cylinder
it previously determined. If the cylinder measurements match or are close, then the prescription is
confirmed. It should be appreciated that any suitable number of shapes, any suitable number of
axes, any suitable colors, and any suitable number of iterations of the test may be utilized by the
system to initially test or (¢ confirm a cylinder prescription for a patient. It should further be
apprecialed that the spaced apart shapes may be spaced at different intervals, or that more than one
display (with varying intervals between the shapes) may be used in order to fine tune the cylinder
determination.

{0168] It should be appreciated that all the astigmatism determination tests described with
reference to Figs. 9A through 16 can consist of alternating parts in any suitable shapes, including,
but not limited to the squares and rectangles depicted in the Figures, and any suitable number or
combination of alternating colors in any suitable color families. It should further be appreciated
that whenever a patient cannot see a color change relative to the other figures displayed, it may be
because of one of the following issues: (1) the patient does not have an astigmatisim; (2) the size of
the displayed alternating parts corresponds to a higher cylinder error than the patient has; and/or {3)
the diagram is not at the patient’s axis of astigmatism. To address siteation (1), the system may
enable a patient to make an input indicating that they do no have an astigmatism. To address
sitnation (2), the system may decrease the size of the alternating parts, re-display the diagram, and
guery the patient again regarding any perceived color change. To address situation (3), the system
may re-determine the axis by presenting the patient with a same or with a different axis test.

[0169] Referring now to Fig. 17, another embodiment of the present disclosure is
illustrated. Fig. 17 is a screen shot of an example of an embodiment of the system of the present
disclosure, which demonstrates a possible configuration for a macular degeneration test. By using
such a test, the system enables a patient to conduct an examination of the locations in which they
have lost a partial amount or full amount of vision. As is well-known in the art, it is standard
practice for optometrises 1o test this using a simple grid on a sheet of paper (lines left to right and
top to hotiom) with a marked center. The patient is told to stare at the center with one eye at a
timeand draw with a pencil any area that appear distorted, missing, or otherwise different than the
rest. The optometrist notes in the patient’s chart which parts of their retina are damaged. Such a

test is useful for macular degeneration, where patients lose their central vision, as well as other

37



WO 2014/164020 PCT/USZ614/019944

retinal issues such as diabetic retinopathy, where specific parts of ones vision become missing or
blurry. In contrast (o this prior art system, the system of the present disclosure is more advanced.
The system displays a figure including a set of curved lines. In the embodiment shown in Fig, 17,
the figure 1700 has generally semicircolar curved lines 1702 opening to the right, and a center
region 1704. The system insttucts the patient to focus on the center region with a single
uncorrected eye al a time, and enables the patient 1o select any lines which appear to have bluryy or
missing portions. Alternatively, the system enables the patient to select the portions of the lines
which appear to be blurry or missing. The system then displays a similar set of curved lines, but
this time with the opening facing some other direction, such as left. In one embodiment, the second
figure is displayed as opening to the opposite side as the first figure. Tt should be appreciated that
the orientation of the curved lines may differ in shape or actual apex angle, and may be any suitable
shape or apex angle. The system increases the intensity of the user-selected lines or parts of lines
and cnables the patient to make at least one input regarding whether their vision is improved in
those areas based on the increase in intessity. In should be appreciated by one of skill in the art that
the at least one input corresponds to a magnification level for that region of a patient’s vision,
which corresponds o a particular location on the patient’s retina which has experienced at least
some vision loss. The systerm may then use the determined magnification level for lens ereation to
create a specific costomized lens with precise additional magnification levels in certain locations (o
aid in the patient’s overall ability to see throughout their fiell field of vision. In one embodiment,
the system can be used to keep track of macular degeneration (or other degenerative vision disease)
at home, and monitor changes as vision changes progress. It should be appreciated by one of skill
in the art that such routine testing is important for those with or at risk for vision issues as a sudden
change or threshold levei of change can be detrimental, and may need physician evaluation
immediately.

[0170] In another example embodiment of a vision loss test, the system uses straight lines
instead of the curved lines described above with reference to Fig. 17.  In one such example
embodiment, the displayed first figure inciudes vertical lines, and the system enables the patient o
make af least one input to select the line or lines, or portions of lines that appear distorted or to have
parts missing. The system then displays horizontal lines and enables the patient to make at least
one input to select the line or lines, or portions of Jines that appear distorted or fo have parts
missing. It should be appreciated by ope of skill in the art that the lines can be any angle or format,
any thickness or color, and can also be employed with 2 combination of straight and curved lines,
or a combination of semi-straight or modified lines in any suitable combination so long as the

patient is enabled to identify, and the system is thus able to determine, the coordinates of the
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section(s) on the patient’s retina that correlate(s) to missing or impaired vision. It should further be
appreciated that if the patient-identified lines are of a type of circular distortion or circular vision
loss, a system such as that described above can easily identify that type and can thus isolate any
future changes in vision loss that differ from the original regions. One such example of vision loss
occurs in those with diabetic changes, or those with advanced macular degeneration. Traditional
vision exams typically only monitor these changes every six months o a year and do not allow for
a steady progression analysis to take place. In the system described by the present disclosure, the
testing and analysis can easily and conveniently be done with greater frequency such that any
changes can be detected in 2 more accurate and time-sensitive manner, Further, it is contemplated
that such testing results may be stored and accumulated in & generic database so that the system
may compare vision loss data of a specific patient o that of the general population, by analyzing
vision loss between right and left eye data points of an individual to that of right and left eye
iniervals of that of the entire population or data set of patients stored in the database of the system.
[017] Inan embodiment, the system includes determining the skew, and thus, quality, of
a patient’s progressive lenses. ngressive lenses, also called progressive addition lenses {(PAL),
progressive power lenses, graduated prescription lenses, and varifocal or multifocal lenses, are
corrective lenses used in cyeglasses to correct presbyopia and other disorders. Progressive lenses
include at least two different prescriptions in different parts of the lens, and a gradient between
them. Generally, the progressive lenses begin with the patient’s distance prescription near the top
of the lens and graduate to the addition (or reading glasses) power prescription near the bottom of
the lens. The gradient can be as smooth or long as is necessary for patient comfort. However, the
progression of the prescriptions in these lenses create regions of aberration away from the optic
axis, causing blur or skew, which varies in relation to the quality of the lens. The higher the quality
of the lens, the lower the blur, while the lower the quality of the lens, the higher the hlur. Thus, it is
advantageous to inform patients of the blur inherent in progressive lenses, its causes, and options
for decreasing blur and increasing clarity. In one example embodiment, the system displays a
figure. In a further example embodiment, the displaved figure is a grid of lines, similar to that
shown at reference numeral 4082 in Fig. 4A, or that described ahove with reference to the
optometrist-based prior art macular degeneration test. It should be appreciated that the system may
fill an entire computerized screen with such a grid, or a portion of the computerized screen. The
system instructs the patient to view the displayed figure with one corrected eye (weating a
progressive lens) at a time. The system enables the patient to make at least one input to identify
areas of distortion or blurriness. It should be appreciated that any suitable method of user-input

may be enabled, such as outlining or drawing with a cursor, simple point-and-click selection, via a
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touch screen, via a remote control, by voice control, or by other known input devices and methods.
The system may then describe the amount of distortion present in the lens by a simple percentage
{i.e. if the patient selects 5 percent of the blocks as distorted or blurry, they would have 5%
distortion) and advise the patient what reduction in Jevel of distortion a higher quality lens might
yield.

[6172] 1t should further be appreciated that beth the vision loss test and the progressive
lens check test described in the preceding paragraphs can be employed by the sysiem displaying a
simple Amsler grid :mage with lines running up and down and left to right and enabling a patient to
select the areas that look blurry or missing via any suitable input and selection means. It shouid
further be appreciated at any suitable color combination may be used, such as black lines on a white
background (black-on-white), blue-on-yellow, blue-on-red, white-on-red, or any other suitable
combination of colors.

f03731 In another example embodiment of the present disclosure, the system includes a
visual field test. Typically, a patient tesis their visual field using a specific machine located in-
office at a doctor visit. The conventional visual field testing machine operates as follows: a patient
places their head against of into a machine and iooks through a viewfinder. The machine tests cach
eye individually (by for example, blocking the view of the eye not being tested) and instructs the
patient to focus their eye on a center dot. and click a button (or other input device) with their hand
t0 select when they can see a dot being projected inte their field of view through the viewiinder.
The machine flashes dots relatively quickly, and if a patient does not make an input that they saw a
dot, the machine marks the spot assoctated with that dot as having some vision loss. Often, the
machine will re-test those areas later, Jengthening the process for testing the patient. When
performed at a doctor’s office, the test is often difficult and uncomfortable for a patient 1o take.
Many patients find it difficult to concentrate for such a long period of tirme, and elderly patients
often end wp falling asleep while taking the test. Nevertheless, a visual field test is an important
diagnostic tool used for the determination and youtine follow up patients with glaucoma, brain
tumors, diabetes, and many other conditions. Thus, it would be advantageous to provide a visual
field test which may be conducted at a location remote from a doctor’s office and convenient for
the patient, such as in the patient’'s home. Additionally, at a remote location, the patient may take
their time with fest, and pause the test if they become distracted or tired, thus vielding a more
accurate result. In an example embodiment of the present disclosure, the system includes a visual
field test that a patient is enabled to take at a location remote from a doctor’s office. In such a
system, the patient may be instructed to focus on & central dot {or other shape) as is conventional,

or may be instructed to focus on a cursor present on the compuierized screen. As is typical, the
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system lests one eye of a patieni at a time while focusing on a location. A weak dot (or other
suitable shape or figure) is displayed on the screen, in an area corresponding to g part of the
patient’s visual field, and the patient is enabled to make at least one input to connote that they saw
the dot. Any suitable input method may be employed by the system, such as enabling the patient to
move their mouse over to that ares the dot appeared to click it, touching the area (if using a touch-
screen device), selecting a button, voice control, or other suitable methods, I the patient is 100
slow to make the at least one input, the system will flash another dot on the computerized screen
and flag that area to re-test or as having some vision loss. The time interval for displaying the dot
on the computerized screen is generally fast, and may be any suilable amount of time, such as 0.2
seconds, The system enables the patient to make at least one input to cause the display of the dot to
be adjusted (longer or shorter). Once the system has at least fully tested the locations in paitent’s
visual field and received any associated inputs from the patient, it determines the patient’s visual
field based on those recorded inpuis, and any lack of recorded inputs. The system may further
adjust the light intensity of the displayed shape or figare, or display the shape or figure in any
suitable color or combination of colors.

{01741 One potential issue with such 8 system is that a patient may move during the test
(even if instructed not 10} which would cause the location of the dots on the screen to become
associated with a new position on the patient’s eye. Thus, the system may include a method to
determiine if the patient has moved during the test. One possible method is 1o determine and
periodically check the location of the patient’s blind spot. As is known in the ari, each person has a
physiolegical blind spot in each eye where the optic nerve passes through the optic disc of the
retina since there are no light-detecting photoreceptor cells at that location. " The blind spot location
may be determined via methods well-known in the art, such as by displaying two shapes or {igures
a known distance apart and instructing the user w cover one eye, look at the shape or figure
opposite that eve, and move their eye closer to or further from the screen until the shape or figure
disappears. The other side of the blind spot is determined by when the opposite effect occurs. The
system may also periodically display dots in the blind spot of the patient. [f the patient makes at
least one input connoting that they see a dot that should have been in their biind spot, the system
will determine that the fest has become inaccurate and recalibrate based on the pew location of the
patient. It should be appreciated that any suitable method of determining whether a patient has
moved may be employed by the system in addition to or in place of the above-described methods.

f0175] Another potential issue with such a system is that the patient needs to know how
far away from the screen to place their eye. ‘Thus, the system may inciude & method to determine

how far the patient needs to be. One possible method is to vse the determined location of the
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patient’s biind spot, as is conventional and described above. Alternatively, the system may use any
suitable distance calcuation method, such as those known in the art or described herein.

{0176] It should be appreciated by one of skill in the art that a static guestion-based
system, as opposed to a dynamically-changing-images-based system, may be uwtilized by the
sysler. In an example embodiment of a static question-based system, the sysiem may display four
figures, three identical, and cne different. The system would enable the patient to make at least one
input to identify the different figure. In such a system, the figures might begin relatively large in
size, and as the patient correctly selects the different figure, the system would steadily decrease the
size: of the displayed figures until the patient is no longer able to comrectly select the different
figure. It should be appreciated by one of skill in the art thal if the starting size, the rate of decrease
in size, and the number of correct inputs are known, the systei can calculate the appropriate sphere
measurement for the patient’s prescription. It should further be appreciated that any kind of figure
may be vsed, such as letiers, numbers or shapes, that any suitable number of figures greater than
one can be used, such as 2, 3, 4 or more, and that any suitable number of similar or different figures
may be nsed. For example, the system may display five figures, three identical and two different.
It should alsc be appreciated that any suitable input device may be used, such as clicking via a
cursor, mouse, or trackpad, via a touch screen, via a remote control, by voice control, or by other
known input devices and methods.

[0177] In another embodiment, the system includes the measurement of the comeal
surface of a patient. In such a system, the patient’s eye is illuminated with a series of concentric
rings of any suitable number, such as two, three, four, five, six, or more, having a known distance
between each ring. In one example embodiment, the rings are each the same known distance apart.
In another example embodiment, at least one 1ing is a different known distance apart from its
neighboring rings. The llumination of the patient’s eye may occur in any suitable manner, such as
via projection. After the patient’s eye has been illuminated, the sysiem takes a picture of the
patient’s eve illuminated with the concentric rings. ln an alternative embodiment, the system
enables the patient (or an assistant of the patient) to take the picture using the system, or using
another mode of the patient terminal on which the system is being used. In another alternative
embodiment, the system instracts the patient (or an assistant of a patient) to take the picture using a
separate camera device, such as may found in a digital camera, a camera phone, a camera-enabled
computer or tablet, or any other suitable camera davice. Applicants have surprisingly found that
the distortion in the spacing between the concentric rings as they appear illuminated on the eve of a
patient corresponds to the topology of the patient’s comea. In particular, Appiicants have

surprisingly found that when the illeminated concentric tings appear closer together, the corneal

42



WO 2014/164620 PCT/US2014/019944

struciure is steeper, whereas if the iliuminated concentric rings appear further apart, the corneal
structure is flacter. Thus, the system is able to determine the exact corneal steepness based on the
separation distance between the illuminated corneal rings compared o the original known
separation between the concentric rings. The system is alsc able to detect if the patient’s cornea
has a malformed surface, such as keraloconus or an injury based on the appearance of the
iHuminated concentric rings on the patient’s eye.

[6178] In another embodiment the system includes a pupillary distance measurement
module. It should be appreciated by one of skill in the art that most inner (medial) and outer
(lateral) canthal distances are routinely within a small range around approximately 3 cm in all
cultures, races, and genders, as long as the individual is of adult age (generally considered to be 18
vears of age or older). Applicants have surprisingly found that, from this known range, the system
can determine the scale of an image, and thus calculate additional desired distances, such as a
patient’s pupillary distance. Once the system has determined the pupillary distance of the patient
from an image of the patient based, in part upon the scale of the image and the known canthal
ranges, the sysiem may enable the patient to virtually and view various glasses frames sized to fit
the image of their face, and their determined pupillary distance. In such an embodiment, the system
may display an image of the patient with mock cyeglass frames displayed over the top of the
patient’s face, and may enable the patient to modify the appearance of the frames. for example, by
changing the size, shape, color, material, texture, ete. of the mock frames. It should be appreciated
by one of skill i the art that other desired facial measurements may be determined by the system
based upon the known canthal distances, and that any other destred clothing or accessories may be
virmally “fit” \}ia the methods disclosed herein. One of skill in the art should further appreciate that
the methods disclosed herein may be applied outside of the comext of the facial stucture to any
part of a buman or animal body known to have a standard or approximate standard size, and thus
may be used to virtually browse and “fit” any suitable type of clothing or accessory, matched to the
size of the underlying imnage.

[01791 1t should further be appreciated by one of skill in the art that the above-described
pupillary distance module can be wsed to calculate other facial characteristics or biometric data
which may be used to uniquely identify an individual. Por example, the system may use the known
canthal distance to calculate the face width and/or height of a patient positioned in any suitable
manner, such as straight-on to the camera, or full or partial profile. It should be appreciated that
biometric data caleulated by the system (such as pupillary distance, or other facial dimensions) may
be used by a camera-enabled device to lock or unlock access to various appiications on the device

(or the device itself) based on a comparison between the biometric data known by the device and
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the biometric data of the person sensed by the camera of the device. I the known bjometric data
and the sensed biometric data are similar to a high-enough degree (such as the same, a statistically
insignificant difference apait, or close (o the same within a confidence range) then the device will
identify the sensed person as the known person and allow the sensed person access. It shouid be
appreciated that such a biometric-based system works because certain facial proportions and
measurements are unique to individuals. Potential problems with such a system include that a
person unknown to the system may ry to trick the system into authenticating a photograph or video
of the known person. The system would then recognize the biometric data of the photograph or
video and allow access without the known person actually being present. To avoid these problems,
the system may instruct the person desiring access to blink an eye (or blink either or both eyes in a
random or predetermined combination or pattern). It should be appreciated by one of skill in the art
that any suitable and system-recognizable facial expression or combination of facial expressions
may be used {e.g. a smile and a wink, sticking a tongue out, etc.). If the camera-enabled device is
also flash enabled, the system may activate the flash to determine whether there is an actual person
{as opposed to a recording ot photograph) present. In activating the flash, a person would still be
visible to the camera sensor, but the photograph or videc would be washed out and difficuit to
sense. The system may also sense or detect shadows on the face (and whether they change) o
confirm a real person is present.

[0180] In a further embodiment, the pupillary distance measurement system/biometric
access system may enable the known person to access to lock or unlock access to various
applications on the device (or the device itself). In this further embodiment, different suitable and
system-recognizabie facial expressions or combinations of facial expressions may be used to access
or quit out of different applications (or the device itself). For example, the patient may stick their
tongue cut 10 access the device, may wink the right eye then the left eve (o access one application,
such as a mailbox, then may wink the left eye followed by the right eve to access a second
application. It should be appreciated that these combinations of suitable and system-recognizable
facial expressions may be used as shortcuts to perform actions inside an application as well as to
provide access (or close out of) applications or the device itself.

[0181] In another embodiment, the system includes an air puff tonometer test. Such a test
may be implemented for a mobile device, in a stand-alone location, in a kiosk-type setting, or in
any suitable location, such as by utilizing a small and simple attachable reflexive device that ejects
a force of air through a small tiny opening by methods known in the art. It should be appreciated
by one of skill in the art that the puff of air will be forced onto the cornea of a human or non-human

eye, in order to measure its intraccular pressure, Such an attachable reflexive device may include a
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high powered photographic lens system that will allow the camera (0 determine how much the
cornea has fiattened in response o the puff of air. In an alternate embodiment, the system includes
a sensor to measure a apushback or retarn of air to the sensor after the air has been puffed o the
patient’s cornea. It should be appreciated by one of skill in the art that the sensor is capable of
measuring the amount of air return in both intensity and delay. In such an embodiment, the system
determines the intraocular pressure of the patient based on the sensor measurements. It should
further be appreciated that the system may utilize more than form of measurement and/or more than
one iteration of measurement to ensure accuracy. In using such a attachable reflexive device, the
patient is enabled to measure their intraccular pressure in the manner most convenient or
comfortable for the patient.

[#182] In another embodiment the system includes capability to aliow the patient o query
2 database of eyeglass frames. In one example embodiment of such a system, the system enables a
patienl Lo photograph eyeglass frames which they like, or which they already own, and input the
image inte the system. In a further embodiment, the system may instruct the patient to take the
photograph of the frames straight on, as well as with one or two side views of the frames, while the
frames are either on or off of the patent. The system utilize the photograph or photographs ©
determine frame characteristics such as size, shape, size, color, textare, materials, or any other
suitable characteristic to query the database of frames known to the system for matching or similar
frames which the patient may prefer. The system may determine the characteristics of the
photographed frames in any suitabie manner, such as a quick wireframe analysis of the frames on
the patient’s face. As disclosed herein, the system is enabled to determine the necessary
dimensions of the patient’s face to accurately determine matching or similar frame selections to
display to the patient. In one example embodiment of such a system, patients may browse frames
at their local optical shops, and take photographs of their preferred frames, then use the disclosed
online, mobile phone application, or kiosk-based system to purchase a pair of frames that are close
in shape, size, color, or any other characteristic. In another exampie embodiment, the sysiem may
guery the database based on a picture of someone other than the patient. such as a picture provided
by the patient of someone unknown to the system, or a picture from a peblication, such as a
magazine.

{0183]  In another embodiment, the system includes a sound vibration ocular pressure
sensor to determine the ocular pressure of 4 patient. It should be appreciated by one of skill in the
art that such as system is based on the known fact that objects will vibrate in response to sound
waves. Applicants have surprisingly found that the various types and frequencies of sound waves

correlate directlty io the associated vibration that cccurs in the comea based upon the ocular
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pressure, and that these vibrations are measurable by a camera sensor capturing changes in light
reflections from a camera or by a microphone or other suitable sensor that captures the frequency of
the sound reflected back from the pulsated eye. The system pulsates sound waves.in any suitable
standard or variable frequency against the comeal structure of the patient, then measures the
vibration of the cornea to determine the pressure inside the cornea. Applicants have surprisingly
found that changes in the light reflections from a camera or measured frequency of reflected sound
from a pulsated eve comrelate with the vibration in the cornea based upon the ocular pressure.
Applicants have further surprisingly found that such systems are functional using ultrasonic sound
waves, infrasonic sound waves and/or acoustic sound waves. In one example embodiment, a
combination of infrasonic and acoustic sound waves are pulsated in various time indervals and
intensities and sound/decibel levels, and the patient’s cornea vibrates in accordance to the various
levels and in accordance with its internal pressure. It should be appreciated by one of skill in the
art that any suitable speaker or device may generate the sound waves, such as the standard speaker
on a cell phone, tablet, or personal computer.

[6184] In another embodiment, the system includes a high powered plus lens (o isolate
hyperopia and hyperopic prescriptions. This lens may be inchuded or simulated in any suitable
application, such as in a personal computer application, a mobile phone application, or in a kiosk-
based application. It should be appreciated by one of skill in the art that a high powered plus lens
enables the system to correct for latent hyperopia, as well as isolate the patient from using their eye
muscles’ natural accommodative ahility to focus through a slightly incorrect prescription, thus
enabling the system (o provide a more accurate prescription.

[0185] In another embodiment, the system includes an additional method to determine the
distance between the patient and the computerized screen of the patient terminal, or other desired
distances, such as pupillary distance. The system relies upon the known canthal distance of the
adult patient and an additional data point to calculate the distance between the terminal or camera
and the patient. The additional data point can be any suitable data point, such as the height of the
patient (if the terminal or camera can see the entire height of the patient}, or known camera
specifications of particular device or patient terminal. The system uses this known information to
determine the distance between the terminal or camera from the patient. In one example
embodiment, the system may know the canthal distance of the patient is appoximately 3 em, and
may determine that on the image of the patient from a known camera device (such as from a
camera of known manufacture) that canthal distance is represented by a certain number of pixels,
then the system may, from these known points, identify the scale of the image of the patient, and

thus the distance between terminal or patient. In an alternative embodiment, the system uses (or
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mstructs the patient to use one or moge of) two camera devices separated vertically or horizomally
by a known distance to measure the desired distance {distance between the patient and the camera
devices, or some other desired distance). It should be appreciated by one of skill in the art that such
& system may also be used to determine pupillary distance.

[0186] It should be appreciated that each of the disclosures above may be implemented in
a kiosk-lype system, either singly, individually, or in combination with several kiosks, to provide 4
complete eye examination to evaluate various patts of the eye and refractive system. Examples of
various types of known systems which may be incorporated into such a system include: an eye
pressure ineasurement system, a photographing system for the photographing the front and/for back
of the eye, a refraction systern, and a systern to measure all ancillary tests of an eve exam. In one
example embodiment, the system includes a distance range finder to determine the distance a
patient moves their eye away from a screen., and enables the patient to make a input at the distance
they first notice an image being sharp with each individual eye. It should be appreciated that in
such an embodiment, the test will be done with each eye independently, and any suitable number of
times, such as one time, two times, three times, or more. The systems determines a portion of a
prescription for the patient based on these one or more tests, and based in part on the principle that
the focal point of an eye corresponds to the dioptric power error of an eye, in that the measurement
of initial close focus is 1/distance, where distance is in meters. It should be appreciated that such a
system operates without the need to for the patient to move their footing position away from their
current posifion,

[¢187] in another further embodiment, the system is an all-in-one corrective lenses
production device that will determine the patient’s prescription in the manners described herein,
and enables a patient to select a glasses frame and a type, color and coating for a lens, as is known
in the art. The sysiem will then create the frame while the patient waits via a 3D printer or other
known methods, and create the lens with a gel-type system that creates the lens and hardens the
lens while the patient waits, or by any other method which is known in the art for the creation of
lemses.  An entire system in accordance with this embodiment advantageously provides
convenience for the patient, as it contains the threc necessary components to finalize a pair of
spectacles: a prescription, a frame, and lenses.

{01881 Tt should be appreciated by one of skill in the art that for various modules or
portions of the present disclosure which do not require input from a patient, or which are not
subjective in nature, the patient may be any suitable patient. For example, the patient may be non-
human, such as a pet or & wild animal. In another example, the patient may be of an age or ability

level which makes communication difficult, such as a child or a developmenially delayed person.

47



WO 2014/364020 PCTAUS2014/019944

It should further be appreciated that for such patients, the system may instruct an assistant to the
patient on proper positioning and any necessary inputs.

[8189] In another embodiment, the system determines the former spectacle eyegiasses
prescription (myopic, hyperopic, astigmatic, or any combination thereof) of a patient without
requiring a written prescription copied into a fillable form by the patient. The system requires only
a camera, a compuierized screen, and a pair of spectacle lenses. The patient places the camera lens
a known distance from a computer monitor. In one example embodiment, an easy way to set or
determine the known distance is to use a standard piece of paper (8.5 x 11 inches) to select the
placement of the camera device and/or the computerized screen. In one embodiment, the system
instructs the patient to place the camera device 11 inches (or some other distance) from the
computerized screen. In another example embodiment, the patient selects the distance between the
camera device and the computerized sereen and the system enables the patient 1o input the selected
distance. Once the camera device has been placed a known distance from the computerized screen,
the patient takes a contol picture of the computerized screen, then places one of the spectacle
lenses against the camera lens and takes a second picture of the computerized screen. The patient
then places the other of the spectacle lenses against the camera lens and takes a third picture of the
compuicrized screen. The computerized screen may display any suitable high-contrast figure, such
as a grid or spaced dots. The system receives the control picture, first lens picture, and second lens
picture from the camera device via methods for data transfer that are well known in the art, such as
though a wired connection {(usb, firewire, thunderbolt, etc.), wireless connection {biuetooth, etc.), or
via cellular data or internet connections. It would be appreciated by one of skill in the art that
placing the spectacle lens over the camera lens will distort, or change, the visual appearance of
figure displayed by the system on the computerized screen.  Applicants have swrprisingly found
that by measuring the amount and direction of distorticn of the first and second pictures from the
control picture over a known distance, the system is able to determine the prescription of the first
and second spectacle lenses without a written prescription document.

[0196] In another example embodiment the system utilizes a screen that is able to focus its
light rays in more than one dizection, and at various points in space, such that it is able to
specifically focus light rays within a designated small space to make for 2 more optimal viewing
location. This display unit will therefore allow a patient 1o see an image in focus, regardtess of
their vision coirection, becaunse the display will aim the rays towards the patient and can adjust in
real time the rays of light and their position for the user.

[6191] In a further embodument, the system determines both cylinder and axis

measurements of a patients’ vefractive error for each eye at a time by using a single figure on a
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screen. The patient is enabled to view the figure (using one uncorrected eye at a time) and is
enabled to input to the system the extent and reach of the patients’ perception of any doubling or
overtap effect. It should be appreciated by one of skill in the art that any suitable way of measuring
or inputting the doubling or overlap effect can be utilized, such as by expanded or concentric
additional figures, or by enabling the patient t¢ place markers where at the outer bounds of the
perceived doubling or overlap effect. It should fusther be appreciated that any suitable figure may
be used by the system such as a simple shape, symbol, icon. Applicants have surprisingly found
that the perceived doubling or overlap effect corresponds to the axis (by demonstrating the angle
the astigmatism cawvses distoriion along) and cylinder (by demonstrating the extent of the
astigmatism distortion) measuremnents of the patient.

[6192] In another embodiment, the system can determine either an astigmatism cylinder
or axis by displaying a spinning symbol and enabling a patient to view the spinning figure with one
uncorrected eye at a time and make an input when the figure appears as a single figore without any
residual doubling or overlap effect. It should be appreciated that any suitable figure may be used
by the system such as a simple shape, symbol, icon. Applicants have surprisingly found that the
disappearance of the doubling or overlap effect caused by an astigmatism corresponds to the axis
(by demonstrating the angle the astigmatism causes distortion along) and cylinder (by
demonstrating the extent of the astigmatism distortion) measurements of the patient.

[6193] In another further embodiment, a system may enable a patient t0 undergo an
additional number of examinations after their initial examination. In one example embodiment, at
least one of the additional examinations is performed by the patient using their correcied eyes based
on the prescription determined by the system in their initial examination. The system may use the
additional number of examinations to refine the correlation of tests performed by the system to the
most accurate measurement of the patient’s prescription.

{6194]  In an embodiment, the system includes determining any particular areas of a
patient’s vision loss or reduction throughout their full field of vision. In one example embodiment,
the system displays a figure. In a further example embodiment, the displayed figure is a grid of
lines, similar to that shown at reference numeral 4082 in Fig. 4A. The system instructs the patient
to view the displayed figure with one uncorrected eye at a time, and look to or at a center point of
the figure. The center point of the figure may be marked or otherwise identified. The syster then
enables the patient make at least one input to select areas in the figure which appear distorted,
missing, or otherwise different than the rest. The system can use this at least one input to further
test the areas of vision loss by either magnifying those certain spots of vision loss, or altering their

shapes or intensities to determine if the patient can notice vision impiovement. The patient
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continues to look 10 or at the center of the figure while the system adjusts at least one of the shape,
intensity, color, or other suitable characteristic of each identified area of vision loss. The system
enables the patient to make at least one input per previously-identified area of vision loss to
connote one or more of the following: (i) the adjustment helped to make the area more clear/less
distorted, (i) the adjustment did not help to make the area more clear/less distorted, (iii) the
adjustment made the area clear and not distorted, and (iv) the area is still missing, blurry, or
distorted despite the adjustment. The system may then iteratively adjust at least one of the shape,
infensity, color, or other suitable characteristic of cach identified area of vision loss and again
enable the patient (o make one or more of the four above-identified inputs. This iterative process
may continue until each identified ares has been adjusied to appear clear and not distoried to the
uncorrected eye of the patient, wherein the adjustment to size, intensity, or other characteristic of
cach area corresponds 10 a magnification of a particular location of a spectacle lens. In one
example embodiment, the adjustment correlates to the base curve of the lens al that particular
location. As an example, if the patient was found to have no distance prescription, but the system
identified two areas of vision loss that needed increased magnification with 2 levels of increase
(diopters), an exampie base curve modification would be -4 diopters on the back curve of the lens,
and +4 diopiers on the front, but 46 curve on the areas that need 2 levels of magnification. 'This is
because a lens has two curved surfaces atfecting the vision of the wearer: the front surface and the
back surface. The corrective power of a lens is deterinined by adding the front curve to the back
curve. This is expressed by the equation: F1 + F2 = Flotal. Applicants have surprisingly found
that adjusting a figure fo correct for vision loss in particular areas correlates to base curve
measurements for the corresponding locations of a spectacle lens. Possible applications of the
above-described system include aiding those patients with macular degeneration, glaucoma,
diabetic retinopathy, or other retinal diseases which cause loss of some or all vision in certain
{ocations.

[6195] In a further embodiment, the system includes grinding or laser-cutting custom
lenses based on the results and prescriptions of the tests described herein. As is well-known in the
art, spectacle lenses may be made of glass or plastic, such as lightweight polycarbonate plastic, CR-
39 plastic, or high index plastic lenses. Lenses are generally started as “blanks,” which are already
cut o an approximate base curve/power and need only to be fine tuned to the prescription of each
patient. These “blank™ lenses are then conventionally processed by grinding and polishing, or laser
cutling, edging, and coating. In one embodiment, the system grinds lenses for a patient who has an
especially narrow or wide astigmatism angles, In another embodiment, the system grinds lenses

with different base curve (diopter} values in different locations to correct for vision loss in those
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particular areas from diseases such as macular degeneration, glaucoma, diabetic retinopathy, or
other retinal diseases. It should be appreciated that such a lens would magnifly or minify some parts
of patient’s sight to adjust for the patient’s weakness in parts of their eyesight. In a further
embodiment, the transitions between the base curve changes are smooth {as they are in no-line
bifocal lenses).

[0196] The present disclosure contemplates a variety of different systems each having one
or more of a plurality of different features, attributes, or characteristics. It should be appreciated
that 2 “system” as nsed heyein refers to various configurations of: (a) one or more central servers,
central controllers, or remote hosts; and/or (b) one or more patient terminals, such as desktop
compuiers, laptop computers, tablet computers or computing devices, personal digital assistants
(PDAs), mobile telephones such as smart phones, kiosk devices, and other mobile or stationary
compufing devices.

[8E97] For brevity and clarity, unless specifically stated otherwise, “patient terminal” as
used herein represents one patient terminal or a plurality of patient terminals, and “central server,
central controller, or remote host™ as used herein represents one ceniral server, central controller, or
remote host or a piurality of central servers, central controllers, or remote hosts.

[6198] As noted above, in various embodiments, the system includes a patient terntinal in
combination with a central server, central controller, or remote host. In such embocﬁments, the
patient terminal is configured to communicate with the central server, central controller, or remote
host through a data network or remote communication link.

[01991 In certain embodiments in which the system includes a patient terminal in
combination with a central server, central controller, or remote host, the central server, central
controlier, or remote host 18 any suitable computing device (such as a server) that includes at least
cne processor and at least one memory device or storage device. As further described below, the
patient terminal includes at least one processor configured to transmit and receive data or signals
representing events, messages, commands, or any other suitable information between the patient
terminal and the central server, central contreller, or remote host. The at least one processor of that
patient terminal is configured ¢ execute the events, messages, or commands represented by such
data or signals in conjunction with the operation of the patient terminal. Moreaver, the at least ope
processor of the central server, central contioller, or remote host is configured to transmit and
receive data or signals representing events, messages, commands, or any other suitable information
between the central server, central conirolier, or remote host and the patient terminal. The at least
one processor of the central server, central controller, or remote host is configured 10 execute the

events, messages, or commands represented by such data or signals in conjunction with the
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operation of the central server, central controller, or remote host. It should be appreciated that one,
more; or each of the functions of the central server, central controller, or remole host may be
performed by the at least one processor of the patient terminal. It should be further appreciated that
one, more, or each of the functions of the at least one processor of the patient terminal may be
performed by the at least one processor of the central server, central controller, or remote host.

[0263) In certain such embodiments, computerized instructions for controlling any
screens, displays, or interfaces displayed by the patient terminal are executed by the central server,
central controller, or remote host. In such “thin client” embodiments, the central server, central
controller, or remote host remotely controls screens, displays, or interfaces displayed by the patient
terminal, and the patient terminal is utilized to display such screens, displays, or interfaces and to
receive one or more inputs-or commands. In other such embodiments, computerized instructions

“for controlling screens, displays, or interfaces displayed by the patient terminal are communicated
from the central server, central contreller, or remote host to the patient terminal and are stored in at
least one memory device of the patient terminal. In such “thick client” embodiments, the at least
one processor of the patient terminal executes the computerized instructions to control screens,
dispiays, or interfaces displayed by the patient terninal.

[0201] In certain embodiments in which the system includes a patient terminal configured
to communicate with a central server, central controller, or remote host through a data network, the
data network is a local area network (LAN) in which the patient terminal is located substantially
proximate to the central server, central controller, or remote host. In one example, the patient
terminal and the central server, central controller, or emote host are located in an eyeglasses and/or
contacts retail Jocation. In another example, the patient terminal and the central server, central
controller, or remote host are located i an optometrist’s or ophthalmologist’s office.

[0202] In other embodiments in which the system inciudes a patient terminal configared
to communicate with a central server, central controller, or remote host through a data network, the
data network is a wide area network (WAN) in which the patient terminal is not necessarily located
substantially proximate to the central server, central controller, or remote host. For example, the
customer terminal is located: (a) in an area of an eyeglasses and/or contacts retail location different
from an area of the eyeglasses and/or contacts retail location in which the central server, central
controfler, or remote host is located; or (b) in a eyeglasses and/or contacts retail location different
from the eyegiasses and/or contacts retail location in which the central server, central controlier, or
remote host is located. In another example, the central server, central controller, or remote host is
not located within a eyeglasses andfor contacts retail location in which the patient terminal is

located. In still another example, the customer terminal is located: (a) in an area of an optometrist’s
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or ophthalmologist’s office different from an area of the optometrist’s or ophthalmologist’s office
in which the central server, central controller, or remote host is located; or (b) in an optometrist’s or
ophthalmologist’s office different from the optometrist’s or ophthalmologist’s office in which the
central server, central controller, or remote host is located. In another example, the central server,
central controller, or remote host is not located within an optometrist’s or ophthalmologist’s office
in which the patient terminal is located. It should be appreciated that in certain embodiments in
which the data network is a WAN, the system includes a central server, central controller, or remote
host and a customer terminal each located in a different eyeglasses and/or contacts retail location in
a same geographic area, such as a same city or a same state. It should be appreciated that systems
in which the data network is a WAN are substantially identical to- systems in which the data
network is a LAN, though the quantity of patient terminals in such systems may vary relative {o one
another.

[6203] In further embodiments in which the system includes a patient terminal configured
to commumicate with a central servet, central controller, or remote host through a data network, the
data network is an intemet or an intranet. In certain such embodiments, an internet browser of the
computer terminal is usable to access an internct page from any location where an internet
connection is available. In one such embodiment, after the internet page is accessed, the central
server, central controlier, or remote host identifies a patient prior to enabling that player to enter
any data or participate in any tests. In one example, the central server, central controller, or remote
host identifies the patient by requiring a patient account of the p.atient to be logged into via an input
of a unique username and password combination assigned to the patient. It shoukd be appreciated,
however, that the central server, central controller, or remote host may identify the patient in any
other suitable manner, such as by validating a patient tracking identification number associated
with the patient; by validating a unique patient identification number associated with the patient by
the central server, central controller, or remote host; or by identifying the patient terminal, such asg
by identifying the MAC address or the IP address of the internet facilitator. In various
embodiments, once the central server, central controller, or remote host identifies the patient, the
central server, central controller, or remote host enables the entry of any patient data and the
participation in any tests, and displays those tests and screens, displays and interfaces via the
internet browser of the patient terminal.

[6204] 1t should be appreciated the system of the present invention may be implemented
via any suitable method, such as any computer readable medium. In one embodiment, the
computer readable medium is software embedded in a website. In another embodiment, the

computer readable medium is software on a non-transitory medium, such as a CD-ROM, storage in
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local memory at the patient terminal, or the like. In another embodiment, the system is provided in
an application programming interface {“APT") which may be individually licensed (o third parties
to include in their websites or other media.

[02851 It shouid be appreciated that the central server, central server, or remote host and
the patient terminal are configured to connect to the data network or remote communications lind in
any suifable mamner. In various embodiments, such a comnection is accomplished via: a
conventional phone line or other data transmission line, a digital subscriber line (DSL), a T'-1 line, a
coaxial cable, a fiber optic cable, a wireless or wired routing device, a mobile communications
network connection (such as a cellular network or mobile iniernet network), or any other suitable
medium. It should be appreciated that the expansion in the guantity of compuling devices and the
quantity and speed of internet connections in recent years increases opportunities for patients to use
a variety of patient tenminals (o participate in eve tests from an ever-increasing quantity of remote
sites, It should also be appreciated that the enhanced bandwidth of digital wireless communications
may render such technology suitable for some or all communications, particularly if such
communications arc encrypted. Higher data transmission speeds may be useful for enhancing the
sophistication and response of the display and interaction with plavers,

[0286] It should be appreciated by one of skill in the art that the static (i.e. non-dynamic)
figures and diagrams described above with reference to the figures are also capable of being used in
the form of physical media, such as paper, poster, plastic, or other printed forms. In such
embodiments,‘the physical media may be displayed to the patient ai any suitable location, such as at
their home, at an office, or at a corrective lenses retail establishment. The physical media may be
view by the patient alone, or may be viewed with the assistance of one or more other persons, such
" as an assistant or doctor. Further, in such embodiments, the results may be entered into a terminal
as described above for the determination of the appropriate prescription measurements.

[6267] It should be understood that various changes and modifications o the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such changes
and modifications can be made without departing from the spirit and scope of the present subject
matier and without diminishing its intended advantages. It is therefore intended that such changes

and modifications be covered by the appended claims.
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Claims

L. A method for determining a corrective lenses prescription for a patient comprising,
separately, for each eye of the patient:

determining an astigmatism prescription for the patient via a computerized screen and
without the use of a refractor lens assembly,

wherein determining the astigmatism prescription for the patient comprises testing for a
cylinder component by sequentially presenting af least two cylinder diagrams to the
patient via the computerized screen and enabling the patient to select at least one input
per cylinder diagram,

wherein the at least one input per cylinder diagram corresponds to a cylinder

measurement used to determine the corrective lenses prescription for the patient.

2. The method according to Claim 1, wherein determining the astigmatism prescription
for the patient via the computerized screen further comprises:
presenting an axis diagram to the patient via the computerized screen, and

enabling the patient to select at least one input corresponding to an axis measurement.
3. The method according to Claim 1, wherein the method is provided via an internet.

4. The method according to Claim 2, wherein at least one cylinder diagram and the axis

diagram are the same diagram.

5. The method according to Claim 1, further comprising:

determiming a pupillary distance measurement for the patient.

6. The method according to Claim 1, wherein the method further comprises sending the

determined astigmatism prescription to at least one doctor for review and approval.

7. A method for determining a corrective lenses prescription for a patient comprising,

separately, for each eye of the patient:
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{(a) determining an astigmatism prescription for the patient via a computerized screen and
without the use of a refractor lens assembly,
wherein determining the astigmatism prescription for the patient comprises testing
for a cylinder component by sequentially presenting at least two cylinder
diagrams to the patient via the computerized screen and enabling the patient to
select at [east one input per cylinder diagram,
wherein the at least one input per cylinder diagram corresponds to a cylinder
measurement used to determine the corrective Ienses prescription for the patient,
and

(b) determining a power of the corrective lenses prescription for the patient via the

computerized screen and without the use of a refractor lens assembly.

8. The method according to Claim 7, further comprising:

determining a pupillary distance measurement for the patient.

9. The method according to Claim 7, wherein determining the astigmatism prescription
for the patient via the computerized screen further comprises:
presenting an axis diagram to the patient via the computerized screen, and

enabling the patient to select an input corresponding to an axis measurement.

10. The method according to Claim 9, wherein at least one cylinder diagram and the

axis diagram are the same diagram.

11. The method according to Claim 9, wherein the method further comprises sending at
least one of the determined astigmatism and the determined power prescription to at least

one doctor for review and approval.

12. The method according to Claim 9, wherein determining the power of the corrective
lenses prescription for the patient via the computerized screen comprises:
(1) presenting a first figure to a patient via the computerized screen, wherein the first

figure is too small to be clearly seen by the patient, and

56



(ii) enabling the patient to make at least one input to increase the size of the first figure
untii it can be just barely be made out by the patient, wherein the at least one input

corresponds to a first sphere measurement.

13. The method according to Claim 12, wherein determining the power of the corrective

lenses prescription for the patient via the computerized screen comprises:

(i1i) presenting a second figure to a patient via the computerized screen, wherein the
second figure is large enough to be clearly seen by the patient, and

{(iv) enabling the patient to make at least one input to decrease the size of the second
figure just until it can no longer be made out by the patient, wherein the at least

one input corresponds to a second sphere measurement.

14. The method according to Claim 13, wherein a final sphere measurement is based, at

least in part, on the first sphere measurement and the second sphere measurement.

15. The method according to Claim 9, the method further comprising determining
whether the patient is nearsighted or farsighted by presenting colorblocked diagram to the
patient via the computerized screen and enabling the patient to select an input

corresponding to part of the colorblocked diagram.
16. The method according to Claim 15, wherein the determination is based on a
corrected eye and the determination determines whether the patient is over or under

corrected.

17. The method according to Claim 9, wherein the computerized screen comprises two

or more computerized screens.

18. The method according to Claim 13, wherein at least one of steps (i) and (ii), or steps

(ii1) and (iv) are repeated at least once.
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19. The method according to Claim 9, wherein determining the corrective lenses
prescription for the patient is based, in part, on a previous corrective lenses prescription

for the patient.

20. A non-transitory computer readable medium including a plurality of instructions,

which when executed by at least one processor, cause the at least one processor to operate

with at least one display device and at least one input device to determine a corrective

lenses prescription for a patient comprising, for each eye of a patient:

(a) determining, without the use of a refractor lens assembly, an astigmatism prescription
for the patient by,

(i) presenting a first diagram to the patient via a computerized screen,

(ii) enabling the patient to select an input corresponding to an axis measurement,

(ii1) sequentially presenting at least two cylinder diagrams to the patient via the
computerized screen, and

(iv} enabling the patient to select at least one input per cylinder diagram, wherein
the at least one input per cylinder diagram comresponds to a cylinder
measurement used to determine the corrective lenses prescription for the
patient;

{(b) determining, without the use of a refractor lens assembly, a power prescription for the
patient by,

(1) presenting a first figure to a patient via the computerized screen, wherein the
first figure is too small to be clearly seen by the patient,

(11) enabling the patient to make at least one mput to increase the size of the first
figure until it can just barely be made out by the patient, wherein the at
least one input corresponds to a first sphere measurement,

(ii1) presenting a second figure to a patient via the computerized screen, wherein
the second figure is large enough to be clearly seen by the patient, and

(iv) enabling the patient to make at least one input to decrease the size of the
second figure just until 1t can no longer be made out by the patient,
wherein the at least one input corresponds to a second sphere

measurement;
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wherein a final sphere measurement is based, at least in part, on the first sphere

measurement and the second sphere measurement.
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