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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATION

BACKGROUND

[0001] The two main deviations of eye alignment are called tropia and phoria. Tropia (also
called strabismus, squint, crossed eyes), is a deviation where the subject cannot point the
fovea of both eyes at the same object simultaneously. An exotropia is when one eye constantly
points outward, and an esotropia is when one eye constantly points inwards. Similarly, a
hypertropia or hypotropia occur when one eye constantly points upwards or downwards. The
second type of deviation, phoria, is a latent deviation that is only present when one eye is
covered. When both eyes are open, the subject is able to point both eyes at the same object. If
an exophoria is present, then the eye that is covered will turn outwards until the cover is
removed. Then, it will take up fixation on the same object as the other eye. For an esophoria,
the eye that is covered will turn inwards until the cover is removed. For hyperphorias or
hypophorias, the eye that is under cover will point upwards or downwards relative to the eye
that is not covered. Both tropias and phorias are a source of double vision, discomfort, and can
cause difficulty with reading. A tropia can cause permanent vision loss called amblyopia or lazy
eye in children. These conditions can be congenital and/or genetic, or acquired through
traumatic brain injuries. Both tropia and phoria are established medical conditions that are
readily treatable when they are identified. The earlier in life that a tropia is identified, the more
likely it is that treatment will reverse/prevent permanent vision loss.

[0002] Clinical measurements of tropia and phoria are used across multiple healthcare fields
to detect vision problems, either naturally-occurring or due to traumatic brain injury, that would
lead to double vision. The predominant, current method for measuring eye alignment, called
the cover test, is manual, technically-difficult, and tedious. Other widely-used clinical methods
that are automated only determine whether tropia is present, but these methods do not detect
the more common deviation in alignment, phoria.

[0003] All current methods of measuring eye alignment, either manual or automated, also lack
the ability to detect whether or not the subject is accommodating, or focusing the eyes as if to
look at an object closer than optical infinity. It is useful for the individual measuring eye
alignment to know whether or not someone is accommodating because over- or under-
accommodating during a tropia or phoria measurement affects the lateral position of the eye,
i.e., how much the eyes are turned inwards or outwards.

[0004] Therefore, methods, apparatus and systems are desired that improve the detection
and treatment of blinding and debilitating eye alignment disorders and that overcome
challenges in the art, some of which are described above.
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[0005] US 4,712,895 discloses a phoria test in which the movement of the reflected image of
a flickering mark is observed on the pupils.

SUMMARY

[0006] Described herein are devices and methods to automate the measurement of the two
main deviations of eye alignment.

[0007] An example method for automatically measuring a subject's phoria while the subject
fixates on a visual target can include capturing an image of at least one of the subject's eyes
using an image capturing device. The image can include a reflection of light from at least one
of the subject's eyes. The method can also include analyzing the image to identify a position of
the reflection of the light within at least one of the subject's eyes, and determining a phoria
measurement based on the position of the reflection of the light within at least one of the
subject's eyes.

[0008] Optionally, the method can include comparing a position of the reflection of the light
within one of the subject's eyes (e.g., a left or right eye) and a position of the reflection of the
light within another one the subject's eyes (e.g., the right or left eye). The phoria measurement
can be determined based on a result of the comparison.

[0009] Optionally, the step of analyzing the image to identify a position of the reflection of the
light within at least one of the subject's eyes can include identifying a position of the reflection
of the light relative to a landmark of at least one of the subject's eyes.

[0010] Optionally, the image can include a reflection of the light from at least one of an outer
or inner surface of a cornea (e.g., a first or second Purkinje image, respectively) of at least one
of the subject's eyes. Alternatively or additionally, the image can include a reflection of the light
from at least one of an outer (anterior) or inner (posterior) surface of a lens (e.g., a third or
fourth Purkinje image, respectively) of at least one of the subject's eyes. In other words, the
image can be a first, second, third or fourth Purkinje image. Although the first through fourth
Purkinje images are provided as examples, this disclosure contemplates that the image can
include a reflection of the light from any surface of a subject's eye.

[0011] Additionally, the method can optionally include sequentially covering and uncovering at
least one of the subject's eyes. Additionally, the image can be captured after uncovering at
least one of the subject's eyes. Additionally, the method can optionally include capturing a
sequence of images of the subject's eyes after uncovering at least one of the subject's eyes
and comparing one of the images in the sequence to another of the images in the sequence to
determine movement of the eye after the eye is uncovered. Alternatively, the method can
optionally include covering at least one of the subject's eyes with a filter, wherein the image is
captured while at least one of the subject's eyes is covered by the filter. The filter can be
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opaque to the subject such that the subject cannot see through the filter, but the filter can pass
light of a specified wavelength. Accordingly, the image capturing device can capture the image
of at least one of the subject's eyes through the filter.

[0012] The method includes performing an autorefraction measurement. As used herein, the
autorefraction measurement is a measurement a power of a subject's eye by any known
technique, including but not limited to, autorefraction or photorefraction. The autorefraction
measurement can be taken while the subject is focusing on the visual target, for example. The
image is captured in response to the power of the subject's eye being within a predetermined
range. Alternatively or additionally, the method can optionally include adjusting the phoria
measurement based on the autorefraction measurement.

[0013] The method includes calculating an accommodative convergence accommodation ratio
based on a position of the reflection of the light within at least one of the subject's eyes and the
autorefraction measurement.

[0014] As used herein, at least one of the subject's eyes can be the subject's left eye or right
eye. Optionally, the phoria measurement can be made based on the subject's left eye or right
eye. Alternatively, at least one of the subject's eyes can be the subject's left eye and right eye.
Optionally, the phoria measurement can be made based on the subject's left eye and right eye.
This disclosure contemplates that the phoria measurement based on the subject's left eye and
right eye can be the same or different.

[0015] Optionally, the light can be in a visible or non-visible portion of an electromagnetic
spectrum. For example, the light can be infrared or visible light. Although infrared and visible
light are provided as examples, this disclosure contemplates the light from other portions of the
electromagnetic spectrum can be used.

[0016] Optionally, the method can include illuminating at least one of the subject's eyes with a
light using a light source.

[0017] An example apparatus for automatically measuring a subject's phoria while the subject
fixates on a visual target includes an image capturing device for capturing an image of at least
one of the subject's eyes, a processor, and a memory in operable communication with the
processor. The memory has computer-executable instructions stored thereon that, when
executed by the processor, cause the processor to receive the image from the image capturing
device, where the image includes a reflection of light from at least one of the subject's eyes,
analyze the image to identify a position of the reflection of the light within at least one of the
subject's eyes, and determine a phoria measurement based on the position of the reflection of
the light within at least one of the subject's eyes.

[0018] Optionally, the memory can have further computer-executable instructions stored
thereon that, when executed by the processor, cause the processor to compare a position of
the reflection of the light within one of the subject's eyes (e.g., a left or right eye) and a position
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of the reflection of the light within another one the subject's eyes (e.g., the right or left eye).
The phoria measurement can be determined based on a result of the comparison.

[0019] Optionally, the step of analyzing the image to identify a position of the reflection of the
light within at least one of the subject's eyes can include identifying a position of the reflection
of the light relative to a landmark of at least one of the subject's eyes.

[0020] Optionally, the image can include a reflection of the light from at least one of an outer
or inner surface of a cornea (e.g., a first or second Purkinje image, respectively) of at least one
of the subject's eyes. Alternatively or additionally, the image can include a reflection of the light
from at least one of an outer (anterior) or inner (posterior) surface of a lens (e.g., a third or
fourth Purkinje image, respectively) of at least one of the subject's eyes. In other words, the
image can be a first, second, third or fourth Purkinje image. Although the first through fourth
Purkinje images are provided as examples, this disclosure contemplates that the image can
include a reflection of the light from any surface of a subject's eye.

[0021] Optionally, the image can be captured after sequentially covering and uncovering at
least one of the subject's eyes. Additionally, the image capturing device can be a video
capturing device or a camera for capturing a sequence of images of the subject's eyes after
uncovering at least one of the subject's eyes and wherein the processor executes computer-
readable instructions to compare one of the images in the sequence to another of the images
in the sequence to determine movement of the eye after the eye is uncovered. Alternatively,
the image can be captured while at least one of the subject's eyes is covered by a filter. The
filter can be opaque to the subject such that the subject cannot see through the filter, but the
filter can pass light of a specified wavelength. Accordingly, the image capturing device can
capture the image of at least one of the subject's eyes through the filter.

[0022] Optionally, the apparatus can include a display device. The apparatus can define a first
surface and a second surface opposite to the first surface. The display device can be arranged
on the first surface, and the image capturing device can be arranged on the second surface.
Alternatively or additionally, the apparatus can include a light source for illuminating at least
one of the subject's eyes with a light. Optionally, the light source can include one or more light
sources. The light source can be any type of light source. For example, the light source can
include a plurality of LEDs arranged around a video capturing device. The plurality of LEDs and
their arrangement are provided only as an example, and this disclosure contemplates using
other numbers, types and/or arrangements for the light source.

[0023] Optionally, the apparatus can provide the visual target for the subject. Additionally, the
memory has further computer-executable instructions stored thereon that, when executed by
the processor, cause the processor to perform an autorefraction measurement that measures
a power of a subject's eye. As used herein, the autorefraction measurement is a measurement
the power of a subject's eye by any known technique, including but not limited to,
autorefraction or photorefraction. The image is captured in response to the power of the
subject's eye being within a predetermined range. Alternatively or additionally, the memory can
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have further computer-executable instructions stored thereon that, when executed by the
processor, cause the processor to adjust the phoria measurement based on the autorefraction
measurement.

[0024] The memory has further computer-executable instructions stored thereon that, when
executed by the processor, cause the processor to calculate an accommodative convergence
accommodation ratio based on a position of the reflection of the light within at least one of the
subject's eyes and the autorefraction measurement.

[0025] Optionally, the apparatus is a computing device. For example, the computing device
can optionally be a mobile computing device such as a laptop computer, a tablet computer or a
mobile phone.

[0026] As described above, at least one of the subject's eyes can be the subject's left eye or
right eye. Optionally, the phoria measurement can be made based on the subject's left eye or
right eye. Alternatively, at least one of the subject's eyes can be the subject's left eye and right
eye. Optionally, the phoria measurement can be made based on the subject's left eye and right
eye. This disclosure contemplates that the phoria measurement based on the subject's left eye
and right eye can be the same or different.

[0027] Optionally, the light can be in a visible or non-visible portion of an electromagnetic
spectrum. For example, the light can be infrared or visible light. Although infrared and visible
light are provided as examples, this disclosure contemplates the light from other portions of the
electromagnetic spectrum can be used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The components in the drawings are not necessarily to scale relative to each other.
Like reference numerals designate corresponding parts throughout the several views.

FIGURES 1A-1C illustrate an example apparatus for performing automated detection of eye
alignment according to implementations described herein;

FIGURE 2 is a block diagram of an example computing device;
FIGURES 3A-3E illustrate an example automated test for phoria measurement.

FIG. 4 illustrates an example flowchart for a method for automatically measuring a subject's
phoria while the subject fixates on a visual target.

FIG. 5 illustrates a flowchart for an example method for automatically measuring alignment of
at least one of a subject's eyes.

FIG. 6 illustrates a flowchart of another example method for measuring alignment of at least
one eye.
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FIG. 7 illustrates a flowchart of another example method for automatically measuring a
subject's phoria while the subject fixates on a visual target.

FIG. 8 illustrates a flowchart of yet another example method for automatically measuring a
subject's phoria while the subject fixates on a visual target.

FIG. 9 illustrates a flowchart of another example method for automatically measuring a
subject's phoria while the subject fixates on a visual target.

DETAILED DESCRIPTION

[0029] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. Methods and materials
similar or equivalent to those described herein can be used in the practice or testing of the
present disclosure. As used in the specification, and in the appended claims, the singular forms
"a," "an," "the" include plural referents unless the context clearly dictates otherwise. The term
"comprising" and variations thereof as used herein is used synonymously with the term
"including" and variations thereof and are open, non-limiting terms. The terms "optional" or
"optionally" used herein mean that the subsequently described feature, event or circumstance
may or may not occur, and that the description includes instances where said feature, event or
circumstance occurs and instances where it does not. While implementations will be described
for automated detection of eye lateral alignment, it will become evident to those skilled in the
art that the implementations are not limited thereto. For example, the implementations can be
used to detect issues with vertical eye alignment and potentially cyclotorsional alignment
problems.

[0030] Referring now to FIGS. 1A-1C, an example apparatus 100 for performing automated
detection of eye alignment is shown. The apparatus 100 can be used to perform any of the
automated techniques for measuring phoria and/or tropia described in detail below. FIG. 1A
illustrates a first surface (e.g., a front surface) 100A of the apparatus 100. FIG. 1B illustrates a
second surface (e.g., a back surface) 100B that is opposite to the first surface 100A.
Optionally, the apparatus 100 can include a light source 120 for illuminating one or more of the
subject's eyes with a light, an image capturing device 110, such as a camera, for capturing an
image of one or more of the subject's eyes, a processor, and a memory in operable
communication with the processor. Although the processor and the memory are not shown in
FIGS. 1A-1C, the processor and memory are described in detail with regard to FIG. 2 below.
Optionally, the image capturing device 110 can be a video capturing device. The apparatus
100 can also include a display device 130. As shown in FIGS. 1A-1C, the display device 130
can be arranged on the first surface 100A, and the image capturing device 120 and the light
source 110 can be arranged on the second surface 100B.



DK/EP 3065624 T3

[0031] Optionally, the apparatus 100 can include a case 180 for housing a mobile computing
device such as a tablet computer or a mobile phone, for example. The mobile computing
device can include one or more input/output devices. For example, the mobile computing
device can optionally include touch-sensitive display device. The touch-sensitive display device
can be accessible/visible through the case. Alternatively or additionally, the mobile computing
device can optionally include one or more switches, knobs or other controls that are
accessible/visible through the case. The apparatus 100 can have an ergonomic design.
Additionally, the apparatus 100 can be provided with visual markings. For example, as shown
in FIG. 1A, the apparatus 100 can be provided with a visual locator 140 on the first surface
100A that aligns with the image capturing device 110 arranged on the second surface 100B.
Alternatively or additionally, as shown in FIG. 1B, the apparatus 100 can be provided with a
visual locator 150 on the second surface 100B to provide a visual target to the subject.
Optionally, the visual locator 150 can be "cross-hairs" (or another marking) arranged near the
image capturing device 110 on which the subject fixates during the alignment tests. Optionally,
as shown in FIG. 1B, the apparatus 100 can be provided with one or more raised portions 160
on the second surface 100B to facilitate picking up the apparatus 100 from a flat surface.

[0032] The optional light source 120 can include one or more light sources. This disclosure
contemplates that the light source 120 can be any type of light source. For example, as shown
in FIG. 1B, the light source 120 can be integrated into the case that comprises that apparatus
100 and include a plurality of LEDs arranged around the image capturing device 110 (e.g., 12
LEDs arranged in a ring). The plurality of LEDs and their arrangement shown in FIG. 1B are
provided only as an example, and this disclosure contemplates using other numbers, types
and/or arrangements for the light source 120. Alternatively, in embodiments of the invention no
additional light source is provided and the apparatus 100 utilizes ambient or available light.
Alternatively, a separate light source such as a lamp, flashlight and the like can be used to
practice embodiments of the invention.

[0033] FIG. 1C is a side profile view of the apparatus 100 for performing automated detection
of eye alignment. While FIGS. 1A-1C generally illustrate a mobile computing device such as a
tablet computer or a mobile phone, for example, incorporated into a case 180 for performing
automated detection of eye alignment, the invention is not to be limited to this embodiment.
The apparatus can be stand alone comprising at least an image capturing device for capturing
an image of at least one of the subject's eyes; a processor; and a memory in operable
communication with the processor. In other embodiments, the apparatus can utilize or be
incorporated into devices such as Google Glass (Google Corporation, Mountain View,
California USA), watches, other vision testing apparatus and devices, and the like.

[0034] When the logical operations described herein are implemented in software, the
process may execute on any type of computing architecture or platform. For example, referring
to FIG. 2, an example computing device upon which embodiments of the invention may be
implemented is illustrated. The computing device 200 can optionally be a mobile computing
device such as a laptop computer, a tablet computer or a mobile phone. The computing device
200 may include a bus or other communication mechanism for communicating information
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among various components of the computing device 200. In its most basic configuration,
computing device 200 typically includes at least one processing unit 206 and system memory
204. Depending on the exact configuration and type of computing device, system memory 204
may be volatile (such as random access memory (RAM)), non-volatile (such as read-only
memory (ROM), flash memory, etc.), or some combination of the two. This most basic
configuration is illustrated in FIG. 2 by dashed line 202. The processing unit 206 may be a
standard programmable processor that performs arithmetic and logic operations necessary for
operation of the computing device 200.

[0035] Computing device 200 may have additional features/functionality. For example,
computing device 200 may include additional storage such as removable storage 208 and non-
removable storage 210 including, but not limited to, magnetic or optical disks or tapes.
Computing device 200 may also contain network connection(s) 216 that allow the device to
communicate with other devices. Computing device 200 may also have input device(s) 214
such as a keyboard, mouse, touch screen, etc. Output device(s) 212 such as a display,
speakers, printer, etc. may also be included. The additional devices may be connected to the
bus in order to faciltate communication of data among the components of the computing
device 200. All these devices are well known in the art and need not be discussed at length
here.

[0036] The processing unit 206 may be configured to execute program code encoded in
tangible, computer-readable media. Computer-readable media refers to any media that is
capable of providing data that causes the computing device 200 (i.e., a machine) to operate in
a particular fashion. Various computer-readable media may be utilized to provide instructions
to the processing unit 206 for execution. Common forms of computer-readable media include,
for example, magnetic media, optical media, physical media, memory chips or cartridges, a
carrier wave, or any other medium from which a computer can read. Example computer-
readable media may include, but is not limited to, volatile media, non-volatile media and
transmission media. Volatile and non-volatile media may be implemented in any method or
technology for storage of information such as computer readable instructions, data structures,
program modules or other data and common forms are discussed in detail below.
Transmission media may include coaxial cables, copper wires and/or fiber optic cables, as well
as acoustic or light waves, such as those generated during radio-wave and infra-red data
communication. Example tangible, computer-readable recording media include, but are not
limited to, an integrated circuit (e.g., field-programmable gate array or application-specific 1C),
a hard disk, an optical disk, a magneto-optical disk, a floppy disk, a magnetic tape, a
holographic storage medium, a solid-state device, RAM, ROM, electrically erasable program
read-only memory (EEPROM), flash memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices.

[0037] In an example implementation, the processing unit 206 may execute program code
stored in the system memory 204. For example, the bus may carry data to the system memory
204, from which the processing unit 206 receives and executes instructions. The data received
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by the system memory 204 may optionally be stored on the removable storage 208 or the non-
removable storage 210 before or after execution by the processing unit 206.

[0038] Computing device 200 typically includes a variety of computer-readable media.
Computer-readable media can be any available media that can be accessed by device 200
and includes both volatile and non-volatile media, removable and non-removable media.
Computer storage media include volatile and non-volatile, and removable and non-removable
media implemented in any method or technology for storage of information such as computer
readable instructions, data structures, program modules or other data. System memory 204,
removable storage 208, and non-removable storage 210 are all examples of computer storage
media. Computer storage media include, but are not limited to, RAM, ROM, electrically
erasable program read-only memory (EEPROM), flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices, or any other medium which
can be used to store the desired information and which can be accessed by computing device
200. Any such computer storage media may be part of computing device 200.

[0039] It should be understood that the various techniques described herein may be
implemented in connection with hardware or software or, where appropriate, with a
combination thereof. Thus, the methods and apparatuses of the presently disclosed subject
matter, or certain aspects or portions thereof, may take the form of program code (i.e.,
instructions) embodied in tangible media, such as floppy diskettes, CD-ROMSs, hard drives, or
any other machine-readable storage medium wherein, when the program code is loaded into
and executed by a machine, such as a computing device, the machine becomes an apparatus
for practicing the presently disclosed subject matter. In the case of program code execution on
programmable computers, the computing device generally includes a processor, a storage
medium readable by the processor (including volatile and non-volatile memory and/or storage
elements), at least one input device, and at least one output device. One or more programs
may implement or utilize the processes described in connection with the presently disclosed
subject matter, e.g., through the use of an application programming interface (API), reusable
controls, or the like. Such programs may be implemented in a high level procedural or object-
oriented programming language to communicate with a computer system. However, the
program(s) can be implemented in assembly or machine language, if desired. In any case, the
language may be a compiled or interpreted language and it may be combined with hardware
implementations.

[0040] The techniques for automated eye alignment measurement described herein can
optionally be implemented with a mobile computing device, such as a laptop computer, tablet
computer or mobile phone. Accordingly, the mobile computing device is extremely small
compared to conventional devices and is very portable, which allows the mobile computing
device to be used when testing for eye alignment needs to be conducted in multiple gazes.
This is important for optometry, ophthalmology, neurology, and emergency medicine because
testing the integrity of the cranial nerves depends on the multiple gaze aspect of this testing.
Many conventional devices have a chin rest that requires the subjects to only look straight
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ahead during this testing. Unlike conventional devices, the mobile computing device can be
placed in any position relative to the subject's head where the eyes can still be viewed and
measurements can be made. This would also be true for a traumatic brain injury subject who is
supine, where cranial nerve testing would be challenging for the clinician to perform.

[0041] As described above, phoria is a latent deviation that is only present when one eye is
covered. When both eyes are open and uncovered the subject is able to point both eyes at the
same object. Using the automated phoria measurement tests described below, it is possible to
eliminate the need for the prismatic estimation of the magnitude and direction of the tropia or
phoria measurement that is typically used in the manual measurement method, cover test.
Instead, a computing device with an image capturing device and a light source (e.g., the
apparatus shown in FIGS. 1A-1B) can be used. In an example implementation (FIGS. 3A-3E),
the automated phoria measurement test can use the Purkinje | Image (i.e., a reflection of light
of the outer surface of the cornea). The clinician can cover one the subject's eyes as usual and
remove the cover while the image capturing device (e.g., a camera, a video camera, etc.) is
recording the covered eye and the Purkinje Image | for the uncovered eye. After the cover is
removed, the image capturing device records the Purkinje | image for both eyes. For example,
the image capturing device can record a series of still images or a continuous video. It takes
approximately 1 to 2 seconds for the uncovered eye to look at an object again once the cover
is removed. Thus, the images that are captured during those 1 to 2 seconds are analyzed. The
actual measurement is accomplished by looking at the location of the Purkinje | images relative
to where they are located within the visible portion of the iris in both eyes. From these relative
positions, it is possible to determine where the eye was pointing under cover, i.e., a phoria
measurement, in a manner that is similar to the Hirshberg Test for tropia.

[0042] Optionally, automated tropia and phoria measurements can be performed with
measurements of the power of the eye obtained with autorefraction. If a subject is looking very
far away, the power of the eye that is measured with autorefraction is an estimate of the
subject's glasses prescription. If, however, the subject is looking at a near target, an
autorefractor can measure how much the subject is focusing to see that near object. The tropia
and phoria measurements are always done both while the subject is looking at distance and
also while the subject is looking at a near target. It is important that during the distance
measurement the eyes are completely relaxed, and that during the near measurement the
eyes are focusing accurately. The near tropia and phoria measurements will be different from
the distance tropia and phoria measurements only if a subject has an abnormal
accommodative convergence accommodation (AC/A) ratio. The AC/A ratio is the amount that
they eye turns inwards (e.g., accommodative convergence, AC) for each unit of power for
focusing on a near-target (e.g., accommodation, A). Accommodation and accommodative
convergence are neurologically linked. If someone with an abnormal AC/A under or over
focuses on a near target, the clinician will get a different near phoria or tropia measurement
than if the subject is focusing accurately. AC/A can be calculated by having someone look at
two or more different targets that require different amounts of accommodation (two different
denominators, "A") and comparing the accommodative convergence (the numerator, "AC") and
calculating the difference between the convergence for the one target and the other target to
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determine the AC/A. According to the techniques described here, the same camera and light
can be used to perform simultaneous tropia/phoria and autorefraction measurements. This
allows the clinician to only make the measurement when the subject is accommodating at a
certain level, or to adjust the tropia/phoria measurement based on the accommodative effort
that was exerted, thus improving the accuracy of the measurement.

[0043] In addition, all of these same imaging measurements provide a measurement of each
subject's AC/A. Thus, it is possible to determine how much the eye turned inward (e.g.,
accommodative convergence, AC) from the position of the Purkinje | image for both eyes and
how much the subject accommodated (A). Currently, there are no automated measurements of
AC/A. Currently, the cover test is performed at multiple distances that require different levels of
accommodation, and the ratio is determined from at least two such measurements, or lenses
are placed in front of the eye and the clinician assumes that the subject accommodates the
same amount as the lenses. A phoria measurement is done with and without the lenses to
determine the accommodative convergence (AC).

[0044] Referring now to FIGS. 3A-3E an example automated test for phoria measurement is
shown. In FIG. 3A, the subject's right and left eyes are fixated at the same place. The subject's
eyes (e.g., at least one of the subject's eyes) can be illuminated with a light using a light
source. Optionally, ambient or available light can be used, wherein no additional light source is
required. Optionally, the light can be in a visible or non-visible portion of an electromagnetic
spectrum. For example, the light can be infrared or visible light. Although infrared and visible
light are provided as examples, this disclosure contemplates the light from other portions of the
electromagnetic spectrum can be used.

[0045] An image of the subject's eyes can be captured using an image capturing device, for
example. As shown in FIG. 3A, the image can include a reflection of the light from the subject's
eyes or another landmark feature (blood vessel, visible portion of the iris, iris feature, center of
the pupil, center of the visible iris diameter, etc.). For example, a reflection of the light 302A
from the subject's right eye 302 and a reflection of light 304A from the subject's left eye 304
are shown. Optionally, the image can include a reflection of the light from at least one of an
outer or inner surface of a cornea (e.g., a first or second Purkinje image, respectively) of the
subject's eyes. Alternatively or additionally, the image can include a reflection of the light from
at least one of an outer (anterior) or inner (posterior) surface of a lens (e.g., a third or fourth
Purkinje image, respectively) of the subject's eyes. In other words, the image can be a first,
second, third or fourth Purkinje image. Although the first through fourth Purkinje images are
provided as examples, this disclosure contemplates that the image can include a reflection of
the light from any surface of a subject's eye. Further, this disclosure contemplates that any
other feature of the eye (blood vessel, visible portion of the iris, iris feature, center of the pupil,
center of the visible iris diameter, etc.) can be used to track its position or movement, thus not
requiring a reflection.

[0046] In FIG. 3A, distance "A" is the distance between the reflection of the light 302A from
the subiject's right eye 302 and a visible portion of an iris 302B of the subject's right eye 302,
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and distance "B" is the distance between the reflection of light 304A from the subject's left eye
304 and a visible portion of an iris 304B of the subject's left eye 304. Because distance "A"
equals distance "B," no tropia is present. To determine if a phoria is present, one of the
subject's eyes can be sequentially covered and uncovered. Optionally, a sequence of images
can be captured after uncovering one of the subject's eyes. As described below, the reflection
of the light within at least one of the subject's eyes in one of the sequence of images can be
compared to a position of the reflection of the light within the at least one of the subject's eyes
in another of the sequence of images to determine any movement after the subject's eye is
uncovered and phoria or tropia magnitude and direction can be calculated from the movement.

[0047] In FIG. 3B, the subject's left eye 304 is covered with a cover 306. In FIG. 3C, the
subject's left eye 304 is partially uncovered. As described above, images can be captured with
sequentially covering and uncovering the subject's left eye 304. In FIG. 3D, the subject's left
eye 304 is completely uncovered. Similar to above, an image of the subject's eyes can be
captured using the image capturing device when the subject's left eye 304 is completely
uncovered. As shown in FIG. 3D, the image can include a reflection of the light from the
subject's eyes, e.g., a reflection of the light 302A from the subject's right eye 302 and a
reflection of light 304A from the subiject's left eye 304 are shown. In FIG. 3D, distance "A" is the
distance between the reflection of the light 302A from the subject's right eye 302 and a visible
portion of an iris 302B of the subject's right eye 302, and distance "B" is the distance between
the reflection of light 304A from the subject's left eye 304 and a visible portion of an iris 304B of
the subject's left eye 304. Because distance "A" is not equal to distance "B," a phoria is
present. For example, in FIG. 3D because distance "B" is less than distance "A," an exophoria
is present. The phoria measurement can be determined based on the position of the reflection
of the light within the subject's eyes in FIG. 3D.

[0048] After approximately 1-2 seconds, the subject's left eye 304 (e.g., the eye that was
sequentially covered and uncovered), takes up fixation again on the same place as the
subject's right eye 302. Thus, as shown in FIG. 3E, distance "A" is the distance between the
reflection of the light 302A from the subject's right eye 302 and a visible portion of an iris 302B
of the subject's right eye 302, and distance "B" is the distance between the reflection of light
304A from the subject's left eye 304 and a visible portion of an iris 304B of the subject's left
eye 304. Because distance "A" equals to distance "B," no a tropia is present.

[0049] It should be appreciated that the logical operations described herein with respect to the
various figures may be implemented (1) as a sequence of computer implemented acts or
program modules (i.e., software) running on a computing device, (2) as interconnected
machine logic circuits or circuit modules (i.e., hardware) within the computing device and/or (3)
a combination of software and hardware of the computing device. Thus, the logical operations
discussed herein are not limited to any specific combination of hardware and software. The
implementation is a matter of choice dependent on the performance and other requirements of
the computing device. Accordingly, the logical operations described herein are referred to
variously as operations, structural devices, acts, or modules. These operations, structural
devices, acts and modules may be implemented in software, in firmware, in special purpose
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digital logic, and any combination thereof. It should also be appreciated that more or fewer
operations may be performed than shown in the figures and described herein. These
operations may also be performed in a different order than those described herein.

[0050] FIG. 4 illustrates an example method for automatically measuring a subject's phoria
while the subject fixates on a visual target. This embodiment of a method can include Step
402, capturing an image of at least one of the subject's eyes using an image capturing device.
The image can include a reflection of the light from at least one of the subject's eyes. The
method can also include Step 404, analyzing the image to identify a position of the reflection of
the light within at least one of the subject's eyes, and Step 406, determining a phoria
measurement based on the position of the reflection of the light within at least one of the
subject's eyes.

[0051] Optionally, the method can include comparing a position of the reflection of the light
within one of the subject's eyes (e.g., a left or right eye) and a position of the reflection of the
light within another one the subject's eyes (e.g., the right or left eye). The phoria measurement
can be determined based on a result of the comparison.

[0052] Optionally, the step of analyzing the image to identify a position of the reflection of the
light within at least one of the subject's eyes can include identifying a position of the reflection
of the light relative to a landmark of at least one of the subject's eyes.

[0053] Optionally, the image can include a reflection of the light from at least one of an outer
or inner surface of a cornea (e.g., a first or second Purkinje image, respectively) of at least one
of the subject's eyes. Alternatively or additionally, the image can include a reflection of the light
from at least one of an outer (anterior) or inner (posterior) surface of a lens (e.g., a third or
fourth Purkinje image, respectively) of at least one of the subject's eyes. In other words, the
image can be a first, second, third or fourth Purkinje image. Although the first through fourth
Purkinje images are provided as examples, this disclosure contemplates that the image can
include a reflection of the light from any surface of a subject's eye.

[0054] Additionally, the method can optionally include sequentially covering and uncovering at
least one of the subject's eyes. Additionally, the image can be captured after uncovering at
least one of the subject's eyes. Additionally, the method can optionally include capturing a
sequence of images of the subject's eyes after uncovering at least one of the subject's eyes
and comparing the reflection of the light within at least one of the subject's eyes in one of the
sequence of images to a position of the reflection of the light within the at least one of the
subject's eyes in another of the sequence of images to determine any movement after the
subject's eye is uncovered.

[0055] Alternatively, the method can include covering at least one of the subject's eyes with a
filter, wherein the image is captured while at least one of the subject's eyes is covered by the
filter. The filter can be opaque to the subject such that the subject cannot see through the filter,
but the filter can pass light of a specified wavelength (e.g., infrared light). An example filter is



DK/EP 3065624 T3

the WRATTEN #89B from EASTMAN KODAK COMPANY of ROCHESTER, NY. It should be
understood that the WRATTEN #89B is provided only as an example and that other filters can
be used, including filters that pass light with wavelengths other than infrared. Accordingly, the
image capturing device can capture the image of at least one of the subject's eyes through the
filter. In other words, the alignment measurement can be performed without sequentially
covering and uncovering at least one of the subject's eyes.

[0056] Optionally, the method can include performing an autorefraction measurement. As
used herein, the autorefraction measurement is a measurement a power of a subject's eye by
any known technique, including but not limited to, autorefraction or photorefraction. The
autorefraction measurement can be taken while the subject is focusing on the visual target, for
example. The image can optionally be captured in response to the power of the subject's eye
being within a predetermined range. Alternatively or additionally, the method can optionally
include adjusting the phoria measurement based on the autorefraction measurement.

[0057] Optionally, the method can include calculating an accommodative convergence
accommodation ratio based on a position of the reflection of the light within at least one of the
subject's eyes and the autorefraction measurement.

[0058] FIG. 5 illustrates a flowchart for an example method for automatically measuring
alignment of at least one of a subject's eyes. This embodiment of a method can include Step
502, performing an autorefraction measurement, and capturing an image of the subject's eyes
using an image capturing device. As described above, the autorefraction measurement is a
measurement a power of a subject's eye by any known technique, including but not limited to,
autorefraction or photorefraction. Additionally, the image can include a reflection of the light
from each of the subject's eyes. The method can also include Step 504, analyzing the image to
identify a position of the reflection of the light within each of the subject's eyes, respectively,
and determining an alignment measurement of at least one of the subject's eyes based on the
position of the reflection of the light within each of the subject's eyes, respectively.

[0059] Optionally, the image is captured in response to the power of at least one of the
subject's eyes being within a predetermined range. Alternatively, the method can optionally
include Step 506, adjusting the alignment measurement of at least one of the subject's eyes
based on the autorefraction measurement. Additionally, the method can optionally include
calculating an accommodative convergence accommodation ratio based on a position of the
reflection of the light within at least one of the subject's eyes and the autorefraction
measurement.

[0060] Additionally, the method can optionally include comparing a position of the reflection of
the light within one of the subject's eyes (e.g., a left or right eye) and a position of the reflection
of the light within another one the subject's eyes (e.g., the right or left eye). The phoria
measurement can be determined based on a result of the comparison.

[0061] Optionally, the step of analyzing the image to identify a position of the reflection of the
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light within each of the subject's eyes, respectively, further comprises identifying a position of
the reflection of the light relative to a landmark of each of the subject's eyes, respectively.

[0062] Optionally, the image can include a reflection of the light from at least one of an outer
or inner surface of a cornea (e.g., a first or second Purkinje image, respectively) of at least one
of the subject's eyes. Alternatively or additionally, the image can include a reflection of the light
from at least one of an outer (anterior) or inner (posterior) surface of a lens (e.g., a third or
fourth Purkinje image, respectively) of at least one of the subject's eyes. In other words, the
image can be a first, second, third or fourth Purkinje image. Although the first through fourth
Purkinje images are provided as examples, this disclosure contemplates that the image can
include a reflection of the light from any surface of a subject's eye.

[0063] Optionally, the alignment measurement can be a phoria measurement or a tropia
measurement.

[0064] FIG. 6 illustrates a flowchart of another example method for measuring alignment of at
least one eye. This embodiment of a method can include Step 602, performing an
autorefraction measurement of at least one of a subject's eyes, Step 604, performing an
alignment measurement of at least one of the subject's eyes, and Step 606, compensating the
alignment measurement based on the autorefraction measurement.

[0065] As described above, the autorefraction measurement is a measurement of the power
of a subject's eye by any known technique, including but not limited to, autorefraction or
photorefraction. The autorefraction measurement can be taken while the subject is focusing on
the visual target, for example. Optionally, the step of compensating the alignment
measurement based on the autorefraction measurement includes performing the alignment
measurement only when the autorefraction measurement is within a predetermined range.
Alternatively, the step of compensating the alignment measurement based on the
autorefraction measurement includes adjusting the alignment measurement based on the
autorefraction measurement.

[0066] Optionally, the alignment measurement can be a phoria measurement or a tropia
measurement.

[0067] FIG. 7 illustrates a flowchart of another example method for automatically measuring a
subject's phoria while the subject fixates on a visual target. This embodiment of a method can
include Step 702, capturing an image of at least one of the subject's eyes using an image
capturing device. The image can include at least two reflections of the light from at least one of
the subject's eyes. For example, the image can include at least two reflections of the light from
at least two of an outer or inner surface of a cornea (e.g., a first or second Purkinje image,
respectively) of at least one of the subject's eyes or an outer (anterior) or inner (posterior)
surface of a lens (e.g., a third or fourth Purkinje image, respectively) of at least one of the
subject's eyes. This disclosure contemplates that the image can include at least two reflections
of the light from any two surfaces of a subject's eyes and should not be limited to the above
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examples (e.g., the first through fourth Purkinje images). The method can also include Step
704, analyzing the image to identify respective positions of the at least two reflections of the
light within at least one of the subject's eyes, and determining a phoria measurement based on
the respective positions of the at least two reflections of the light within at least one of the
subject's eyes.

[0068] Optionally, the method can further include comparing respective positions of the at
least two reflections of the light within one of the subject's eyes and respective positions of the
at least two reflections of the light within another one the subject's eyes. The phoria
measurement can be determined based on a result of the comparison.

[0069] FIG. 8 illustrates a flowchart of yet another example method for automatically
measuring a subject's phoria while the subject fixates on a visual target. This embodiment of a
method can include Step 802, illuminating at least one of the subject's eyes with at least two
lights using at least two light sources, and Step 804, capturing an image of at least one of the
subject's eyes using an image capturing device. The image can include reflections of the at
least two lights from at least one of the subject's eyes. For example, the image can include
reflections of the at least two lights from at least one of an outer or inner surface of a cornea
(e.g., a first or second Purkinje image, respectively) of at least one of the subject's eyes or an
outer (anterior) or inner (posterior) surface of a lens (e.g., a third or fourth Purkinje image,
respectively) of at least one of the subject's eyes. This disclosure contemplates that the image
can include reflections of the at least two lights from any surface of a subject's eyes and should
not be limited to the above examples (e.g., the first through fourth Purkinje images). The
method can also include Step 806, analyzing the image to identify respective positions of the
reflections of the at least two lights within at least one of the subject's eyes, and Step 808,
determining a phoria measurement based on the respective positions of the reflections of the
at least two lights within at least one of the subject's eyes.

[0070] Optionally, the method can include comparing respective positions of the reflections of
the at least two lights within one of the subject's eyes and respective positions of the reflections
of the at least two lights within another one the subject's eyes, wherein the phoria
measurement is determined based on a result of the comparison.

[0071] FIG. 9 illustrates a flowchart of another example method for automatically measuring a
subject's phoria while the subject fixates on a visual target. This embodiment of a method can
include Step 902, capturing an image of at least one of the subject's eyes using an image
capturing device. The image can include a landmark within at least one of the subject's eyes.
Optionally, the landmark can be a feature within at least one of the subject's eyes such as a
blood vessel, for example. This disclosure contemplates that landmarks other than blood
vessels can be used such as a feature of the iris, the visible portion of the iris, the midpoint of
the pupil, or the midpoint of the visible iris, and the like. The landmark can be any feature
captured and identifiable within the captured image. The method can also include Step 904,
analyzing the image to identify a position of the landmark within at least one of the subject's
eyes, and Step 906, determining a phoria measurement based on the position of the landmark
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within at least one of the subject's eyes.

[0072] As used herein, at least one of the subject's eyes can be the subject's left eye or right
eye. Optionally, the phoria measurement can be made based on the subject's left eye or right
eye. Alternatively, at least one of the subject's eyes can be the subject's left eye and right eye.
Optionally, the phoria measurement can be made based on the subject's left eye and right eye.
This disclosure contemplates that the phoria measurement based on the subject's left eye and
right eye can be the same or different.

[0073] Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific features or acts described above.
Rather, the specific features and acts described above are disclosed as example forms of
implementing the claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o LIS47128954 [0005]




DK/EP 3065624 T3

Patentkrav

1. Fremgangsmade til automatisk maling af et individs fori, medens individet fikserer pa
et visuelt mal, hvilken fremgangsmade omfatter:
optagelse af et billede af mindst ét af individets @gjne under anvendelse af en
billedoptagelsesindretning, idet billedet indbefatter en refleksion af lys fra en
hvilken som helst overflade pa det mindst ene af individets gjne, hvor billedet
optages som reaktion pa en evne hos det ene af individets gjne til at vaere inden
for et forudbestemt omrade;
analyse af billedet til identifikation af en position af lysets refleksion inden for det
mindst ene af individets gjne;
bestemmelse af en forimaling baseret pa positionen af lysets refleksion inden for
det mindst ene af individets gjne;
udfgrelse af en autorefraktionsmaling, idet autorefraktionsmalingen maler evnen
hos ét af individets gjne, medens der fokuseres pa det visuelle mal; og
beregning af et forhold mellem akkommodativ konvergens og akkommodation
baseret pa en position af lysets refleksion inden for mindst ét af individets gjne

og autorefraktionsmalingen.

2. Fremgangsmade ifglge krav 1, der endvidere omfatter sammenligning af en position
af lysets refleksion inden for ét af individets gjne og en position af lysets refleksion
inden for et andet af individets gjne, hvor forimalingen bestemmes baseret pa et resultat

af sammenligningen.

3. Fremgangsmade ifglge et hvilket som helst af kravene 1-2, hvor analyse af billedet til
identifikation af en position af lysets refleksion inden for det mindst ene af individets
gjne endvidere omfatter identifikation af en position af lysets refleksion i forhold til et
orienteringspunkt for det mindst ene af individets @jne, hvor orienteringspunktet

fortrinsvis er et kendetegn inden for det mindst ene af individets gjne, iseer et blodkar.
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4. Fremgangsmade ifglge et hvilket som helst af kravene 1-3, hvor billedet indbefatter
en refleksion af lyset fra mindst én af en ydre eller indre overflade af en cornea eller en
ydre eller indre overflade af en linse i det mindst ene af individets gjne, hvor billedet
fortrinsvis er et farste, andet, tredje eller fierde Purkinje-billede.

5. Fremgangsmade ifglge et hvilket som helst af kravene 1-4, der endvidere omfatter
tildeekning og blotleegning af det mindst ene af individets gjne, hvor billedet optages
efter blotleegning af det mindst ene af individets gjne; og

hvor fremgangsmaden fortrinsvis endvidere omfatter optagelse af en sekvens af billeder
af individets gjne efter blotleegning af det mindst ene af individets gjne og
sammenligning af en position af lysets refleksion inden for det mindst ene af individets
gjne i ét af sekvensen af billeder med en position af lysets refleksion inden for det
mindst ene af individets gjne i et andet af sekvensen af billeder med henblik pa at
bestemme en hvilken som helst sterrelse og retning for en hvilken som helst
beveegelse, efter at det mindst ene af individets gjne er blotlagt.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1-4, der endvidere omfatter
tildeekning af mindst ét af individets gjne med et filter, hvor billedet optages, medens
mindst ét af individets gjne tildeekkes med filtret.

7. Fremgangsmade ifglge krav 1, der endvidere omfatter tilpasning af forimalingen

baseret pa autorefraktionsmalingen.

8. Fremgangsmade ifglge krav 1, der endvidere omfatter belysning af mindst ét af
individets gjne med et lys under anvendelse af en lyskilde til frembringelse af
refleksionen, hvor lyset er i en synlig eller ikke-synlig del af et elektromagnetisk

spektrum.

9. Apparat (100) til automatisk maling af et individs fori, medens individet fikserer pa et

visuelt mal, hvilket apparat omfatter:
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en billedoptagelsesindretning (110) til optagelse af et billede af mindst ét af
individets gjne;

en processor (206); og

en hukommelse (204), der er i operabel kommunikation med processoren, idet
hukommelsen har computereksekverbare ordrer lagret derpa, som ved udfgrelse
ved hjeelp af processoren far processoren til at:

modtage billedet fra billedoptagelsesindretningen, idet billedet indbefatter en
refleksion af lys fra en hvilken som helst overflade pa det mindst ene af individets
@jne, hvor billedet optages som reaktion pa en evne hos det ene af individets
gjne til at veere inden for et forudbestemt omrade;

analysere billedet til identifikation af en position af lysets refleksion inden for det
mindst ene af individets gjne;

bestemme en forimaling baseret pa positionen af lysets refleksion inden for det
mindst ene af individets gjne;

udfgre en autorefraktionsmaling, der maler evnen hos det ene af individets gjne,
medens der fokuseres pa det visuelle mal; og

beregne et forhold mellem akkommodativ konvergens og akkommodation
baseret pa en position af lysets refleksion inden for mindst ét af individets gjne

og autorefraktionsmalingen.

10. Apparat ifglge krav 9, hvor hukommelsen endvidere har computereksekverbare
ordrer lagret derpad, som ved udfagrelse ved hjeelp af processoren far processoren til at
sammenligne en position af lysets refleksion inden for ét af individets gjne og en
position af lysets refleksion inden for et andet af individets gjne, hvor forimalingen

bestemmes baseret pa et resultat af sammenligningen.

11. Apparat ifglge et hvilket som helst af kravene 9-10, hvor analyse af billedet til
identifikation af en position af lysets refleksion inden for mindst ét af individets gjne
endvidere omfatter identifikation af en position af lysets refleksion i forhold til et

orienteringspunkt for det mindst ene af individets @jne, hvor orienteringspunktet
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fortrinsvis er et kendetegn inden for det mindst ene af individets gjne, iseer et blodkar.

12. Apparat ifelge et hvilket som helst af kravene 9-11, hvor billedet indbefatter en
refleksion af lyset fra mindst én af en ydre eller indre overflade af en cornea eller en
ydre eller indre overflade af en linse i mindst ét af individets gjne,

hvor billedet fortrinsvis er et fgrste, andet, tredje eller fjerde Purkinje-billede.

13. Apparat ifglge et hvilket som helst af kravene 9-12, hvor billedet optages, medens
mindst ét af individets gjne tildeekkes med et filter og/eller efter tildeekning og

blotlaegning af det mindst ene af individets gjne.

14. Apparat  ifglge krav 13, hvor billedoptagelsesindretningen er en
videooptagelsesindretning eller et kamera til optagelse af en sekvens af billeder af
individets g@jne efter blotleegning af det mindst ene af individets @jne, og hvor
processoren udfgrer computerleesbare ordrer med henblik pa at sammenligne en
position af lysets refleksion inden for det mindst ene af individets gjne i ét af sekvensen
af billeder med en position af lysets refleksion inden for det mindst ene af individets gjne
i et andet af sekvensen af billeder til bestemmelse af en stgrrelse og en retning for en
hvilkken som helst beveegelse, efter at det mindst ene af individets @jne er blotlagt, idet
apparatet fortrinsvis endvidere omfatter en displayindretning, hvor apparatet definerer
en forste overflade og en anden overflade modsatstillet den ferste overflade, idet
displayindretningen er anbragt pa den fgrste overflade, og billedoptagelsesindretningen

er anbragt pa den anden overflade.

15. Apparat ifglge et hvilket som helst af kravene 9-14, der endvidere omfatter en
lyskilde til belysning af det mindst ene af individets gjne med et lys, hvor lyset fortrinsvis

er i en synlig eller ikke-synlig del af et elektromagnetisk spektrum.

16. Apparat ifglge et hvilket som helst af kravene 9-15, hvor apparatet tilvejebringer det
visuelle mal for individet, hvor hukommelsen fortrinsvis endvidere har

computereksekverbare ordrer lagret derpd, som ved udfgrelse ved hjeelp af



DK/EP 3065624 T3

processoren far processoren til at justere forimdlingen baseret pa

autorefraktionsmalingen.

17. Apparat ifglge krav 9, hvor apparatet omfatter en baerbar computer, en tablet-

computer eller en mobiltelefon.
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CAPTURING AN IMAGE OF AT LEAST ONE OF THE SUBJECT'S EYES
USING AN Iﬁéﬁ%éé?‘fﬁﬁ!ﬁﬁ DEVICE

ANALYZING THE IMAGE T0 IDENTIFY A POSITION OF THE
REFLECTION OF THE LIGHT WITHIN AT LEAST ONE OF THE
Sﬁgjigé ’g EYES

DETERMIRING A PHORIA MEASUREMENT BASED ON THE POSITION
OF THE REFLECTION OF THE LIGHT WITHIN AT LEAST ONE OF THE
Siﬁ%j%’gg EYES

FI6.4

PERFORMING AN AUTOREFRACTION MEASUREMENT AND CAPTURING
AN TMAGE OF THE SUBJECT ’Sﬁ%‘;ﬁigSEﬁﬁ AN THAGE CAPTURTNG

ANALYZING THE IMAGE TO IDENTIFY A POSITION OF THE
REFLECTION OF THE LIGHT WITHIN EACH OF THE SURJECT'S EYES
RESPECTIVELY, AND DETERMINING AM ALIGNMENT MEASUREMENT

(OF AT LEAST ONE OF THE SUBJECT'S EYES BASED ON THE
FOSITION OF THE REFLECTION OF TRE LIGHT WITHIN EACH OF TRE

S%jﬁngé:g EYES

ADJUSTING THE ALIGHMENT MEASUREMENT OF AT LEAST ORE OF
THE SUBJECT'S EYES BASED ON THE AUTOREFRACTION
ME@E?&?@ENY

FIG.5
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PERFORMING AN AUTOREFRACTION MEASUREMENT OF AT LEAST
ONEOF ?Eigéié&jiﬁ SEE

PERFORMING AN ALIGNMENT MEASUREMENT GF AT LEAST ONE OF
THE Sﬁﬁgaﬁ S EYES

(OMPENSATING THE ALIGNMENT MEASUREMENT BASED ON THE
é‘ﬁﬁﬁﬁfﬁ%ﬁmﬂgﬁﬁﬁﬁ REMENT

FIG. 6

CAPTURING AN IMAGE OF AT LEAST ONE OF THE SUBJECT'S EYES
USING AN TMAGE CAPTURING DEVICE, THE IMAGE INCLUDING AT
LEAST TWO REFLECTIONS G?}%%HT FROM THE SUBJECT'S FYE

ANALYZING THE IMAGE TO IDENTIFY RESPECTIVE POSITIONS OF
THE AT LEAST TWO REFLECTIONS OF THE LIGHT WITHIN AT LEAST
ORE BF T%EE?&EEEEEF S EYES

DETERMINING A PHORIA MEASUREMENT BASED ON THE
RESPECTIVE POSITIONS OF THE AT LEAST TWO REFLECTIONS OF
THE LEGHT WITHIN AT E.EA%%?@E OF THE SUBIECT'S EYES

FIG.7
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ILLUMINATING AT LEAST ONE OF THE SUBJECY'S EYES WITH AT
LEAST TW( LIGHTS USING gg@fﬁﬂ TW0 LIGHT SOURCES

CAPTURING AN IMAGE OF AT LEAST OHE OF THE SUBJECT'S YIS
USING AN IMAGE CAPTURING BEVI(E, THE IMAGE INCLUDING
REFLECTIONS OF THE AT LEAST Egg@ﬂﬁﬁﬁ FROM THE SUBJECT'S EYE

ANALYZING THE IMAGE TO IDENTIFY RESPECTIVE POSITIONS OF
THE REFLECTIONS OF THE AT LEAST TWO LIGHTS WITHIN AT LEAST
ONEOF TE%@%E?JEG’S EYES

DETERMINE A PHORIA MEASUREMENT BASED OK THE
RESPECTIVE POSITIONS OF THE REFLECTIONS OF THE AT LEAST
TWO LIGHTS WITHIN AT E,EASggﬁﬁi OF THE SUBJECTS BYES

FiG. 8
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CAPTURING AN IMAGE OF AT LEAST OKE OF THE SUBJECT'S EVES
USING AN IMAGE CAFTURING DEVICE, THE IMAGE INCLUDING &
LANDMARK WITHIE AT iEﬁ;‘% gNE OF THE SUBJECT'S BYES

ARALYZING THE IMAGE TO IDENTIFY A POSITION OF THE
LANDMARK WITHIN AT LEA%?NE (F THE SUBJECT'S EVES

DETERMINING A PHORIA MEASUREMENT BASED ON THE POSITION
OF THE LANDMARK WITHIN gggiﬁﬁ? (NE OF THE SUBJECT'S
bi

L)

Fig. 9
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