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Measuring Dark Adaptation

RELATED APPLICATIONS

[0001] The present application claims priority to US Prov. Patent App. No. 62/633,976,
entitled “Measuring Dark Adaptation” and filed on February 22, 2018, which is incorporated

herein by reference in its entirety.

FIELD

[0002] The present disclosure relates generally to measuring dark adaptation in an eye, and

more particularly, to a mobile device application for dark adaptation measurement.

BACKGROUND

[0003] Generally, dark adaptation (DA) is the natural process through which eyes adapt to
low light intensities and/or darkness. During exposure to light, a biological visual pigment in
photoreceptors of a patient’s retina is bleached in response to light. When light is reduced or
terminated, dark adaptation begins in the patient’s retina. Dark adaptation of both rods and
cones within the patient’s retina requires regeneration of this visual pigment. Cones
regenerate the pigment faster than rods, and cones will thus saturate early in a patient’s retina
during dark adaptation because cones have a lower light sensitivity as compared to rods.
Rods have a higher sensitivity to light, and rods will consequently take longer to fully adapt
to the change in light and reach their absolute sensitivity threshold. The transition from cone

to rod mediated dark adaptation is called the rod-cone break (RCB).

[0004] The overall steps in the dark adaptation process is generally the same between people
with normal eye function and people with impaired eye function, such as people with various
retinal disorders. However, due to impaired rod and cone functioning, some dark adaptation
characteristics may appear different in people with various retinal disorders compared to
those with healthy eyes. For example, the dark adaptation process may show select

characteristics that are impaired or altered in patients with some degree of retinal
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degeneration, such as age-related macular degeneration (AMD) or diabetic retinopathy (DR).
As one example, these patients with maculopathies may have lower photoreceptor
sensitivities and take longer to adapt to darkness when compared to age-matched controls
with healthy eyes. These changes in the dark adaptation characteristics can be correlated

with severity of the underlying condition, such as AMD.

[0005] Loss of vision is typically noticed by the patient only during later stages of various
retinal disorders. Thus, visual acuity (VA) only serves as a limited functional outcome
measure for detection or determining severity of various retinal disorders. On the other hand,
the dark adaptation process can be affected early in the disease progression of various retinal
disorders, even when the visual acuity loss is not noticeable. Because of this early
identification of a potential retinal disorder, measuring dark adaptation in patients can serve
as a useful functional vision measure for early detection and for monitoring the progression

of various retinal disorders, such as AMD.

[0006] Clinical dark adaptometer devices are currently in use and are on the market.
However, their use has been restricted because of their limited accessibility, high cost, and
need for expert handling. Thus the current devices cannot be used for home monitoring or

easy screening purposes.

SUMMARY

[0007] The method, systems, and devices provided herein provide solutions to problems or
drawbacks associated with the current dark adaptometer devices, such as difficulty of use,
expense, and lack of access to screening devices. Methods, systems, and devices are thus
provided herein for measuring dark adaptation in an eye of a patient, and more particularly,
for measuring dark adaptation with a mobile device application on a mobile device, such as
any portable computing device. Included herein would be any computing device that is small
enough to hold and operate in the hand, such as a device that is smaller than about 20 inches

(such as about 5 inches, about 10 inches, about 15 inches, etc.) by about 15 inches (such as
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about 5 inches, about 10 inches, etc.) by about 4 inches (such as about 1 inch, about 2 inches,
about 3 inches, etc.) and weighs less than about 10 pounds (such as about 1 pound, about 2
pound, about 3 pounds, etc.). Some non-limiting examples of computing devices are a
mobile phone, a tablet computer, or a laptop computer. For example in one exemplary
embodiment, a method for measuring dark adaptation characteristics is provided that includes
exposing at least one eye of a patient to a light source to bleach a retinal location of the at
least one eye and displaying to the at least one eye on a mobile device a figure with a
luminance and waiting until the patient communicates with the mobile device to acknowledge
that the patient can see the figure. The method also includes measuring and recording a level
of the luminance and a time period between first displaying the figure and the patient
communicating with the mobile device. The method further includes continuing to display
additional figures with decreasing luminance one at a time until the patient communicates
with the mobile device to acknowledge that the patient can see each additional figure and to
measure and record each decreasing luminance and each time period between first displaying
each additional figure and the patient communicating with the mobile device until either a
maximum allowable time period has expired or an additional figure with a lowest possible
luminance has been displayed by the mobile device and acknowledged by the patient. The
method also includes determining, by a processor, dark adaptation measurements of the at

least one eye based on the measured and recorded luminance and time periods.

[0008] The method can have numerous variations. For example, the method can also
include, prior to exposing the eye of the patient to a light source, placing a rear surface of the
mobile device facing the patient with at least one luminescent visual target thereon such that
the patient can see the luminescent visual target. In another example, exposing the eye of the
patient to the light source to bleach the retinal location of the eye can also include actuating a
flash on the mobile device. Exposing the eye of the patient to the light source to bleach the
retinal location of the eye can further include increasing brightness of a display on the mobile
device. In another example, exposing the eye of the patient to the light source to bleach the

retinal location of the eye can include waiting until the patient communicates with the mobile
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device to actuate the light source. In another embodiment, the method can include placing an
eye patch over an eye of the patient that is not being measured. The method can also include
incrementing luminance of a displayed figure and waiting until the patient communicates
with the mobile device to acknowledge that the patient can see the displayed figureThe
method can also include placing the mobile device in virtual reality goggles. In another
example, the method includes placing the mobile device in a mobile device viewer and
placing the mobile device viewer over first and second eyes of the patient. The mobile
device viewer can have only one lens over the first eye of the patient and an open space over
the second eye of the patient. The mobile device viewer can be configured to exclude all
external light not generated by the mobile device. The mobile device viewer can also have an
opaque barrier between the first eye and the second eye of the patient. . In another example,
the method includes selecting an operating mode of the mobile device from one of a single
eye measurement mode and a dual eye measurement mode. The dual eye measurement mode
can include exposing both eyes of the patient to the light source and determining, by the
processor, dark adaptation measurements of both eyes of the patient based on the measured
and recorded luminance and time periods. In another example, the mobile device can be one
of a mobile phone, a tablet computer, or a laptop computer. The method can also include
actuating a front-facing flash on the mobile device. In another example, the method can
include increasing brightness of the display on the mobile device while presenting one or
more moving targets on the display. The mobile device can instruct the patient to stare at the
one or more moving targets for at least 2 minutes. The method can also include waiting until

the patient taps on the one or more moving targets.

[0009] In another embodiment, a method is provided for measuring dark adaptation
characteristics of a patient using a mobile device that includes exposing at least one eye of the
patient to a light source on the mobile device to bleach a retinal location of the at least one
eye. The method also includes displaying to the at least one eye on a display of the mobile
device a fixation target and a test stimulus such that the fixation target has a constant

luminance and the test stimulus has a variable luminance. The method also includes
4
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instructing the patient by the mobile device to look at the fixation target with the at least one
eye and waiting until the patient communicates with the mobile device to acknowledge that
the patient can see the test stimulus with the at least one eye. The method further includes
reducing the luminance of the test stimulus on the display of the mobile device and waiting
for the patient to acknowledge that the patient can see the test stimulus with the reduced
luminance. The method also includes continuing to reduce the luminance of the test stimulus
on the display and waiting for the patient to acknowledge that the patient can see each
reduced luminance test stimulus until either a maximum allowable time period has expired or
the test stimulus with a lowest possible luminance has been displayed by the mobile device
and acknowledged by the patient, and recording in a memory of the mobile device a level of
the luminance of the test stimulus and a time period between first displaying the test stimulus
and the patient communicating with the mobile device for each instance of displaying the test
stimulus. The method also includes determining, by a processor of the mobile device, dark
adaptation measurements of the at least one eye based on the measured and recorded

luminance and time periods.

[0010] The method can have a variety of embodiments. For example, the method can further
include instructing by the mobile device the patient to place an eye patch over an eye of the
patient that is not being measured. The method can also include exposing both eyes of the
patient to the light source and determining, by the processor, dark adaptation measurements
of both eyes of the patient based on the measured and recorded luminance and time periods.
The method can additionally include placing the mobile device in virtual reality (VR)
goggles, for example, eyewear and/or a head-worn apparatus that at least partially or
completely covers a user’s eyes for a visual and optionally auditory experience (such as a 3-
dimensional immersive experience) that can be entirely self-contained or can connect to one
or more external components. In another example, the method can include placing the
mobile device in a mobile device viewer and placing the mobile device viewer over first and
second eyes of the patient such that the mobile device viewer has only one lens over the first

eye of the patient and an open space over the second eye of the patient. In still another
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example, the mobile device is one of a mobile phone, a tablet computer, or a laptop computer.
The method can also include monitoring fixation of the first eye based on images taken of the

second eye by an imaging device of the mobile device.

[0011] In another aspect, a system for measuring dark adaptation characteristics of a patient
is provided that includes a mobile device with at least one light source, at least one input
device, at least one imaging device, memory, at least one processor, and a display. The
display is configured to display a fixation target and a test stimulus, and the fixation target
has a constant luminance while the test stimulus has a variable luminance. The processor is
configured to measure luminance of the test stimulus and a time period between displaying
the test stimulus and the patient acknowledging the test stimulus. The processor is also
configured to determine dark adaptation measurements of at least one tested eye based on the
measured and recorded luminance and time periods. The system further includes a mobile
device viewer that is configured to receive the mobile device and be placed over first and
second eyes of the patient. The mobile device viewer has one lens over the first eye of the

patient and an open space over the second eye of the patient.

[0012] The system can have numerous variations. For example, the at least one imaging
device can include a forward- facing camera on the mobile device. The at least one imaging
device can include a rear- facing camera on the mobile device. The at least one light source
can include a forward-facing flash on the mobile device, and the at least one light source can

include a rear-facing flash on the mobile device.

[0013] In another aspect, a device for holding a mobile device for measuring dark adaptation
characteristics of a patient is provided that includes a viewer configured to receive the mobile
device therein and be placed over first and second eyes of the patient. The viewer has one
lens that is configured to be positioned over the first eye (for example a test eye) of the
patient and an open space that is configured to be positioned over the second eye (for
example a fellow eye or non-testing eye) of the patient. The viewer is configured to position

a display of the mobile device in front of the first and the second eyes of the patient and point
6



WO 2019/165263 PCT/US2019/019230

a camera of the mobile device in a direction of at least one of the first and second eyes of the

patient.

[0014] The device can have a variety of embodiments. For example, the viewer can be

configured to point the camera of the mobile device at the second eye of the patient.

[0015] In another aspect, a method for measuring dark adaptation characteristics of a patient
using VR goggles can be provided that includes exposing an at least first eye of the patient to
a light source in the VR goggles to bleach a retinal location of the at least first eye. The
method also includes displaying to the at least first eye on a display of the VR goggles a first
fixation target and a first test stimulus. The first fixation target has a constant luminance, and
the first test stimulus has a variable luminance. The method also includes instructing the
patient by the VR goggles or an associated computer system to look at the first fixation target
with the at least first eye and waiting until the patient communicates with the VR goggles or
the associated computer system to acknowledge that the patient can see the first test stimulus
with the at least first eye. The method further includes reducing the luminance of the first test
stimulus on the display of the VR goggles and waiting for the patient to acknowledge that the
patient can see the first test stimulus with the reduced luminance. The method also includes
continuing to reduce the luminance of the first test stimulus on the display and waiting for the
patient to acknowledge that the patient can see each reduced luminance first test stimulus
until either a maximum allowable time period has expired or the first test stimulus with a
lowest possible luminance has been displayed by the VR goggles and acknowledged by the
patient. The method includes recording in a memory of the VR goggles or the associated
computer system a level of the luminance of the first test stimulus and a time period between
first displaying the first test stimulus and the patient communicating with the VR goggles or
the associated computer system for each instance of displaying the first test stimulus. The
method also includes determining, by a processor of the VR goggles or the associated
computer system, dark adaptation measurements of the at least first eye based on the

measured and recorded luminance and time periods.
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[0016] The method can have numerous variations. For example, the method can include
exposing a second eye of the patient to the light source; displaying to the second eye a second
fixation target and a second test stimulus with the second fixation target having a constant
luminance and the second test stimulus having a variable luminance; instructing the patient
by the VR goggles to look at the second fixation target with the second eye and waiting until
the patient communicates with the VR goggles or the associated computer system to
acknowledge that the patient can see the second test stimulus with the second eye; reducing
the luminance of the second test stimulus on the display of the VR goggles and waiting for
the patient to acknowledge that the patient can see the second test stimulus with the reduced
luminance; continuing to reduce the luminance of the second test stimulus on the display and
waiting for the patient to acknowledge that the patient can see each reduced luminance
second test stimulus until either a maximum allowable time period has expired or the second
test stimulus with a lowest possible luminance has been displayed by the VR goggles and
acknowledged by the patient; recording in a memory of the VR goggles or the associated
computer system a level of the luminance of the second test stimulus and a time period
between first displaying the second test stimulus and the patient communicating with the VR
goggles or the associated computer system for each instance of displaying the second test
stimulus; and determining, by the processor, dark adaptation measurements of each of the
first and second eyes of the patient based on the measured and recorded luminance and time
periods. In such an example, the first and second fixation targets and the first and second test
stimuluses can be presented to the first and second eyes through an alternating pattern such
that each of the first and second eyes can be measured simultaneously. The VR goggles can

also visually isolate the first and second eyes relative to each other during measuring.

[0017] In other examples, the method can also include monitoring fixation of the at least first
eye based on images taken of a second eye of the patient by an imaging device of the VR
goggles. In another example, the VR goggles can include dedicated VR goggles with built-in
eye-tracking functionality. In another example, the associated computer system includes at

least one of a gaming console, a mobile phone, a tablet computer, a desktop computer, a
8
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device with a processor and a memory, a remote server, and a laptop computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The invention will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:

[0019] FIG. 1 illustrates an example diagrammatic view of a mobile device architecture;

[0020] FIG. 2 illustrates one embodiment of a procedure for measuring dark adaptation using

a mobile device application described herein;

[0021] FIG. 3 illustrates an example view of the mobile device of FIG. 2 during measurement

of dark adaptation;

[0022] FIG. 4 illustrates an example view of the mobile device of FIG. 2 during measurement

of dark adaptation;

[0023] FIG. 5 illustrates another embodiment of a procedure for measuring dark adaptation

using a mobile device application described herein;

[0024] FIG. 6 illustrates a patient using the procedure of FIG. 5;

[0025] FIG. 7 illustrates another embodiment of a procedure for measuring dark adaptation

using a mobile device application described herein;

[0026] FIG. 8A illustrates a patient using the procedure of FIG. 7 with an exemplary mobile

device, the Galaxy S7;

[0027] FIG. 8B illustrates various specifications of the exemplary mobile device of FIG. 8A;

[0028] FIG. 8C illustrates an annotated screen shot of the mobile application of FIG. 7 in use;

[0029] FIG. 9 illustrates another embodiment of a procedure for measuring dark adaptation
using a mobile device application described herein;

9
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[0030] FIG. 10 illustrates an embodiment of goggles that can be used with the procedure of

FIG. 9;

[0031] FIG. 11 illustrates a patient using the procedure of FIG. 9;

[0032] FIG. 12 illustrates an example view of the mobile device of FIG. 9 during

measurement of dark adaptation;

[0033] FIG. 13 illustrates another embodiment of VR goggles with an associated computer

system;

[0034] FIG. 14 illustrates a screenshot of an embodiment of the mobile application disclosed

herein;

[0035] FIG. 15 illustrates a screenshot of the mobile application of FIG. 14 in use;

[0036] FIG. 16 illustrates a graph of screen luminance of a Samsung Galaxy S8 used as an

exemplary mobile device herein;

[0037] ;

[0038] FIG. 17 illustrates graphs of dark adaptation characteristics of a normally sighted

subject measured using a measurement process disclosed herein;

[0039] FIG. 18 illustrates graphs of dark adaptation characteristics of a normally sighted and
3 AMD patients (early, intermediate, and late stage AMD) measured using a measurement

process disclosed herein;

[0040] FIG. 19 illustrates a graph of time to rod-cone break for subjects using a measurement

process disclosed herein;

[0041] FIG. 20 illustrates a graph of area under the curve of dark adaptation characteristics

for subjects using a measurement process disclosed herein;

10
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[0042] FIG. 21 illustrates a graph of area under the curve of dark adaptation characteristics

for subjects using a measurement process disclosed herein; and

[0043] FIG. 22 illustrates a graph of test data demonstrating the feasibility of fixation

monitoring.

[0044] It should be understood that the above-referenced drawings are not necessarily to
scale, presenting a somewhat simplified representation of various preferred features
illustrative of the basic principles of the disclosure. The specific design features of the
present disclosure, including, for example, specific dimensions, orientations, locations, and

shapes, will be determined in part by the particular intended application and use environment.

DETAILED DESCRIPTION

[0045] Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying drawings. As those skilled in the art would realize, the
described embodiments may be modified in various different ways, all without departing
from the spirit or scope of the present disclosure. Further, throughout the specification, like

reference numerals refer to like elements.

[0046] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the disclosure. As used herein, the singular forms
“a,” “an,” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. The term “coupled” denotes a physical
relationship between two components whereby the components are either directly connected

to one another or indirectly connected via one or more intermediary components.

11
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[0047] It is understood that the term “mobile device” or other similar term as used herein is
inclusive of any portable computing device, such as smart phones, tablets, laptops, PDAs, and
the like. A “mobile device,” as used herein, is not necessarily limited to devices that are
conveniently portable, but may also include personal computers (PCs) or other similar
computing machines. As referred to herein, a “mobile device” is equipped with, at least, one
or more processors, as is generally known in the art, and an image acquisition unit (e.g.,
camera) allowing for a user to capture a photograph of a given subject. Further, a “mobile
device” is preferably equipped with communication components, either wired or wireless,
allowing for the device to communicate with external devices via a communication network.

e

Similarly, the terms “mobile device application,” “mobile application,” or “application,” as
used herein, refer to a computer program executable by a processor installed in a “mobile

device,” as is generally known in the art.

[0048] It is also understood that the term “patient” or other similar term as used herein is
inclusive of any subject—human or animal—on which an ocular assessment could be
performed. The term “user” as used herein is inclusive of any entity capable of interacting
with or controlling a mobile device. The “user” may also be the “patient,” or the “user” and

“patient” may be separate entities, as described herein.

[0049] Additionally, it is understood that one or more of the below methods, or aspects
thereof, may be executed by at least one processor. The processor may be implemented in a
mobile device, as described herein. A memory configured to store program instructions may
also be implemented in the mobile device, in which case the processor is specifically
programmed to execute the stored program instructions to perform one or more processes,
which are described further below. Moreover, it is understood that the below methods may
be executed by a mobile device comprising the processor, in conjunction with one or more

additional components, as described in detail below.

[0050] Furthermore, the methods, or aspects thereof, of the present disclosure may be

embodied as non-transitory computer readable media on a computer readable medium
12
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containing executable program instructions executed by the processor. Examples of the
computer readable mediums include, but are not limited to, ROM, RAM, compact disc (CD)-
ROMs, magnetic tapes, floppy disks, flash drives, smart cards and optical data storage
devices. The computer readable recording medium can also be distributed in network
coupled computer systems so that the computer readable media is stored and executed in a

distributed fashion, e.g., by a telematics server or a Controller Area Network (CAN).

[0051] Referring now to embodiments of the present disclosure, measuring dark adaptation in
patients’ eyes is a procedure that can help many adults in the United States and
internationally because various changes or alterations in dark adaptation characteristics can
be used as early indicators of potential retinal disorders. Thus, many adults would benefit
from regular dark adaptation screenings but currently forgo such beneficial care because the

current screening requires expensive equipment, prolonged examinations, and costly fees.

[0052] To this end, techniques are disclosed herein relating to a mobile device application for
measuring dark adaptation. Various mobile applications disclosed herein can measure dark
adaptation based on basic interactions between a patient and equipment, such as equipment
on the mobile phone like the display, the camera, and/or the flash. Instead of using an
expensive and complicated dark adaptometer machine, such as the AdaptDx Dx-04
commonly used now, the approaches disclosed herein measure dark adaptation quickly and
effectively by using a variety of different methods. Many of the methods and protocols
disclosed herein follow a basic series of steps, such as first optionally bleaching an eye of a
patient to be tested by exposing the eye to light. Visual stimuli with progressively lower light
intensities are then presented to the test eye using a display of a mobile device, as detailed
below. The patient response to the presented stimulus is recorded whenever the presented
stimulus is perceived by the patient. The methods continue to show a series of stimuli of
appropriate brightness and record responses of the patient until enough data has been
collected such that dark adaptation can then be measured on the mobile device. Using these

dark adaptation measurement protocols can thus serve as cost-effective screening and home-

13
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based monitoring tools that are accessible to a large number of at-risk individuals. The
methods and protocols discussed herein can also be performed using one or more mobile

devices along with additional external equipment.

[0053] For example, FIG. 1 illustrates an example diagrammatic view of a mobile device
architecture according to embodiments of the present disclosure. As shown in FIG. 2, a
mobile device 102 may contain multiple components, including, but not limited to, a
processor (e.g., central processing unit (CPU) 110, a memory 120, a wireless communication
unit 130, an input unit 140, and an output unit 150. The architecture depicted in FIG. 2 is
simplified and provided merely for demonstration purposes. In view of the wide variety of
commercially available mobile devices, the architecture of the mobile device 102, which is
referenced throughout the present disclosure, can be modified in any suitable manner as
would be understood by a person having ordinary skill in the art, in accordance with the
present claims. The mobile device architecture depicted in FIG. 2 should be treated as

exemplary only and should not be treated as limiting the scope of the present disclosure.

[0054] Components of the mobile device 102 will be briefly described hereinbelow, though a
detailed description thereof is well known in the art and thus will be omitted from the present
disclosure. The processor 110 is capable of controlling operation of the mobile device 102.
More specifically, the processor 110 may be operable to control and interact with multiple
components installed in the mobile device 102, as shown in FIG. 2. For instance, the
memory 120 can store program instructions that are executable by the processor 110. The
mobile application described herein may be stored in the form of program instructions in the
memory 120 for execution by the processor 110. The wireless communication unit 130 can
allow the mobile device 102 to transmit data to and receive data from one or more external
devices via a communication network. The input unit 140 can enable the mobile device 102
to receive input of various types, such as audio/visual input, user input, data input, and the
like. To this end, the input unit 140 may be composed of multiple input devices for accepting

input of various types, including, for instance, a camera 142 (i.e., an “image acquisition

14
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unit”), touch panel 144, microphone, one or more buttons or switches, a gyroscope 146, and
so forth. The input devices included in the input 140 may be manipulated by a user. For
instance, a user can capture a photograph using the camera 142 by pressing the touch panel
144 in a recognized manner (i.e., a manner recognized by the processor 110). The camera
142 may include a front-facing camera and/or a rear-facing camera. Notably, the term
“image acquisition unit,” as used herein, may refer to the camera 142, but is not limited
thereto. For instance, the “image acquisition unit” may refer to a program that acquires an
image of a patient stored locally in the memory 120 or remotely on a server. The output unit
150 can display information on the display screen 152 for a user to view. The display screen
152 can also be configured to accept one or more inputs, such as a user tapping or pressing
the screen 152, through a variety of mechanisms known in the art. The output unit 150 may
further include a flash producing device 154 (i.e., “flash™) which is a light source capable of
producing a beam of light. The flash(es) can be a variety of types of light source known in
the art, such as LED lights, halogens, flash bulbs, etc. The flash producing device 154 can be
configured to produce a flash of light during acquisition of an image by the camera 142. One
or more flashes can be incorporated on the front or back of the mobile device 102, for
example a flash on the back of the device 102 for taking pictures from the rear-facing camera

and/or a flash on the front of the device 102 for taking front-facing pictures.

[0055] The mobile device 102 can thus be programmed in a manner allowing it to perform
the techniques for dark adaptation measurement described hereinbelow. A variety of
protocols will be discussed herein that can be implemented to measure dark adaptation, but a
person skilled in the art will appreciate that individual parts and/or entire protocols can be

combined, rearranged, restructured, etc. and still fall within the scope of the disclosure herein.

[0056] FIG. 2 illustrates a flowchart of an exemplary embodiment 200 of a protocol for
measuring dark adaptation in one or both of a patient’s eyes using a mobile device, such as
the device 102 and accompanying components such as input unit 140, the processor 110, the

output unit 150, and the memory 120 discussed above. A user, such as the patient or a third
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party, can prepare a room in step 202 for dark adaptation measurement by darkening a room
and placing an eye patch 250 or other cover over the eye 252 of the patient that is not being
measured. The mobile application can then be launched on the mobile device 102. Relevant
subject matter can be input on the application, as needed. The patient or another user can
place the mobile device 102 on a surface with the rear surface of the mobile device 102
facing the patient. The mobile device 102 can be placed at a distance away from the eye 254
of the patient to be tested such that the patient can still see and read information displayed on
the mobile device 102, such as approximately at reading distance (40 cm away from the
patient’s eye to be tested) at step 204. As illustrated in FIG. 3, a visual target 256, such as a
luminescent sticker, can be fixed onto the rear surface of the mobile device 102 facing the
patient, either at the time of the measurement or beforehand. The luminescent sticker can be
positioned on the mobile device 102 such that an angle between a first perpendicular line of
sight from the eye to be tested 254 to the visual target 256 and a second line of sight between
the eye to be tested 254 and the flash 154 is approximately 3 to 15 degrees, such as 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, or 15 degrees. The luminescent sticker, which can be visible in
dark, serves as a visual fixation target for the patient’s eye to be tested 254. The application
can wait for input from a user at step 206. While looking at the luminescent sticker, the
patient presses an input device on the mobile device 102 at step 208, such as a volume button,
to activate a light source, such as the flash 154. The flash 154 is activated at step 210 for a
preset duration with a preset luminance and is configured to bleach a retinal location on the
eye to be tested that is peripheral to the fovea, as illustrated in FIG. 3. While a variety of
placements can be used, the mobile device 102 in FIG. 3 is placed about 40 cm away from
the patient such that the flash 154 bleaches 1 degree region 3 degree nasal to the fovea.
Depending upon the location of the visual target 256, the eccentricity of the bleached region
with respect to the fovea can be changed (for example, it can be increased possibly up to 15
degrees in the periphery). Because the patient was looking at the luminescent sticker when
the flash 154 illuminates to bleach the retina, the flash 154 is able to thus bleach a predictable

location of the retina.
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[0057] The mobile device 102 can then be turned over so that the display screen 152 faces
the patient at step 212. A timer for the dark adaptation measurements can start as the mobile
device 102 is rotated or turned over after bleaching of the retina or upon actuation by the
patient tapping the screen 152 or otherwise indicating that the patient is ready to proceed with
the measuring process at steps 214, 216, and 218. A fixation target 260, such as a red
fixation cross, of a preset luminance can be displayed on the display screen 152 after a fixed
delay at steps 220 and 222. The patient focuses on the fixation target 260 on the screen 152,
similar to the visual target 256, and a test stimulus 262, such as a blue stimulus, is then
displayed on the screen 152 at a position relative to the fixation target 260 that approximately
corresponds to the positioning of the flash 154 and the visual target 256 in the previous step.
For example, in FIG. 4 a red fixation target and a blue test stimulus can be displayed on the
screen 152 that are at the same relative eccentricity as the flash and the rear visual target in
FIG. 3. Thus, the test stimulus can be placed to correspond to the bleached retinal region
during the remaining of the test. The fixation target can have various luminance values in
various tests, but the fixation target 260 can have a constant, preset luminance value during
each test, for example between about 0.005 Cd/m? (candela per square meter is a unit of
luminance) to 0.015 Cd/m?, such as about 0.007, 0.008, 0.009, 0.010, 0.011, etc. Cd/m?. The
test stimulus 262 can have a range of luminance that can change throughout each test, such as
log 2.0 Cd/m?, and a range of sizes, such as 0.5 degrees. The patient waits until his or her eye
adjusts such that the patient can see the stimulus 262, and the patient responds to being able
to see the stimulus 262 by using one or more inputs, such as by tapping the display screen
152 at any location on the screen, at step 224. A tap or input by the patient can be recognized
as a response that the patient can see the presented stimulus 262. While a tap on the screen
152 is generally discussed herein, a variety of inputs can be used, such as voice commands,
remotes, third party inputs, various triggers, etc. A luminance of the stimulus 262 and an
accumulated time from a start of the process is recorded in the mobile device 102 as the
patient taps the display screen 152 at step 226, and the data can be recorded in the mobile

device 102, such as in the memory 120, or on an external device in step 228. A stimulus 262
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can then be displayed by the screen 152 with a slightly lower luminance than the previously
displayed one at step 226. However, the same luminance level for each stimulus is
maintained until the stimulus becomes visible to the patient and the patient acknowledges
being able to see the stimulus 262. Thus the patient should be able to eventually see each
stimulus 262 if the eye of the patient has enough time to react to the darkened conditions and
the relatively low level of illumination of each stimulus. Stimuli of decreasing luminance
levels continue to be shown to the patient, and the patient continues to indicate that he or she
can see each stimulus, until the measurement process is terminated based on either reaching
the lowest stimulus luminance (which can be a preset value or configured at the start of the
test) at step 232 or a maximum allowable time for the test has expired (which can be preset or

configurable at the start of the test) at step 234.

[0058] The recorded data, such as the time until acknowledgement and the luminance level of
each stimulus 262, is analyzed within the mobile device 102, such as by the processor 110,
using one or more developed algorithms to determine clinically-significant dark adaptation
characteristic parameters for the tested eye at step 236. The test can be stopped at step 238,
or if the patient wishes to test the second, untested eye, the patient can then wait for at least
10 minutes (e.g. about 10, 11, 12, 13, 14, 15, etc. minutes) in a well-lit area before testing the
second eye. Additionally, the patient can optionally wear a neutral density (ND) filter 264,
such as gray tinted sunglasses, during the measurement process to measure and test
sensitivities that are lower than those achievable with the arrangement shown in FIGS. 3 and
4. This addition can be useful if more detailed measurements of rod-mediated dark

adaptation characteristics are desired.

[0059] As discussed above, however, a variety of different procedures, protocols, test,
methods, processes, etc. can be followed as described herein to successfully measure dark

adaptation.

[0060] For example, FIG. 5 illustrates a flowchart of another exemplary embodiment 300 of

a protocol for measuring dark adaptation similar to the embodiment 200 in one or both of a
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patient’s eyes using a mobile device, such as the device 102 and accompanying components
such as input unit 140, the processor 110, the output unit 150, and the memory 120 discussed
above. A user, such as the patient 350 or a third party, can prepare a room in step 302 for
dark adaptation measurement by darkening a room and placing an eye patch 352 or other
cover over the eye of the patient 350 that is not being measured. The mobile application can
then be launched on the mobile device 102. Relevant subject matter can optionally be input
on the application, as needed. The patient 350 or another user can place the mobile device
102 on a surface with the screen 152 of the mobile device 102 facing the patient 350. As
illustrated in FIG. 6, the mobile device 102 can be placed at a distance away from the eye 354
of the patient to be tested such that the patient 350 can still see and read information
displayed on the mobile device 102, such as approximately at reading distance (40 cm away

from the patient’s eye to be tested).

[0061] The device 102 can actuate the screen 152 to show a white mobile screen with a high
brightness level for a predetermined duration such as approximately 90 seconds at step 304,
effectively bleaching the retina of the eye 354 to be tested while simplifying the testing
process for the patient 350. The bleaching can be actuated by the patient pressing an input
device on the mobile device 102, such as the screen 152, or by a variety of other mechanisms,
such as other inputs, movement of the phone, launching of the mobile application, etc. In
other embodiments, the screen 152 can also show one or more small moving targets during
the bleaching process. The patient can be instructed to stare at the bright screen for a
relatively prolonged time (for example, about 2 minutes or more, such as between about 2
minutes to about 10 minutes). During this time, the patient can stare at the moving target(s)
to make the bleaching process more engaging for the patient and thus can increase
compliance. Additionally, the patient can be asked by the mobile application to tap on the
one or more moving targets on the screen 152. For example, one or more targets can
disappear from the screen 152 after being tapped by the patient, and more targets can appear.
This process can keep the patient engaged and increase compliance while the retinal location

will still be bleached, similar to the bleaching achieved through use of a plain, white screen.
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Additionally in still other examples, the data gathered during this interaction with the patient,
such as timing of screen taps, accuracy of screen taps, etc. can provide additional information

for the measurement of visual acuity.

[0062] A timer for the dark adaptation measurements can start as the mobile device 102
begins to run the mobile application or by the patient otherwise indicating that he is ready to
proceed with the measuring process at steps 308. A level change counter and a response
counter can be reset, and a stimulus can be delayed in steps 310, 312, and 316, and as further
discussed below. A test stimulus similar to the test stimulus 262 is then displayed on the
screen 152 at a position. A fixation target similar to the target 260 can optionally be
displayed, as well, with a fixed luminance. The test stimulus can have a range of luminance

values that can change throughout the test, similar to the stimulus 262 above.

[0063] The patient 350 waits until his eye adjusts such that the patient can see the stimulus,
and the patient responds to being able to see the stimulus by using one or more inputs, such
as by tapping the display screen 152 at any location on the screen, at step 320. As illustrated
in FIG. 5, if a response counter exceeds a threshold value after the patient 350 taps the screen
152 at step 322, the test proceeds similar to the embodiment 200 discussed above. However,
the embodiment can also incorporate additional steps. For example, if a response counter
does not exceed a threshold value, the response counter is incremented at step 324 and the
mobile application returns to the stimulus delay at step 316 to then take the patient 350
through presenting the stimulus at step 318 and tapping the screen at step 320 again. This
feedback loop can optionally be used to gather additional data to make the measuring herein
more accurate. Additionally or alternatively, a second feedback loop can be used if a screen
tap is not detected at step 320. If no tap is detected, the mobile application can increment a
level change counter at step 326 and then determine if the response counter exceeds a
threshold value at step 328. If the response counter does not exceed a threshold value, the
mobile application returns to step 314 and resets the response counter. If the response

counter does exceed a threshold value, the mobile application will increase an increment
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stimulus luminance level and return to step 310 to reset the level change counter. Effectively,
this feedback loop causes the patient 350 to be presented with stimuli at incrementally
increasing luminance levels until the patient has successfully identified the stimuli enough
times to proceed to the next portion of the protocol to gather additional data and allow for a
more accurate measurement of dark adaptation. The threshold values herein can either be

preset or can be set at the time of the test.

[0064] After completing the feedback loops discussed above, the patient will proceed to the
remaining portion of the test if a response counter exceeds a threshold value after the patient
350 taps the screen 152 at step 322 again. A luminance of the stimulus and an accumulated
time from a start of the process is recorded in the mobile device 102 as the patient taps the
display screen 152 at step 332, and the data can be recorded in the mobile device 102, such as
in the memory 120, or on an external device at step 340. A new stimulus can then be
displayed by the screen 152 with a slightly lower luminance than the previously displayed
one at step 334. Stimuli of decreasing luminance levels continue to be shown to the patient,
and the patient continues to indicate that he can see each stimulus, until the measurement
process is terminated based on either reaching the lowest stimulus luminance (which can be a
preset value or configured at the start of the test) at step 336 or a maximum allowable time
for the test has expired (which can be preset or configurable at the start of the test) at step
338. However, another optional feedback loop can return the patient and the mobile
application to step 310 to reset the level change counter and can require the patient to proceed
through the test again if the trial time has not expired. Similar to the other feedback loops,
this optional feedback loop can be used to retest the patient to gather more data and provide a

more accurate measurement of dark adaptation.

[0065] The recorded data, such as the time until acknowledgement and the luminance level of
each stimulus, is analyzed within the mobile device 102, such as by the processor 110, using
one or more developed algorithms to determine clinically-significant dark adaptation

characteristic parameters for the tested eye at step 342. The test can be stopped at step 344,
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or if the patient wishes to test the second, untested eye, the patient can then wait for at least

30 minutes in a well-lit area before testing the second eye.

[0066] Measuring dark adaptation can also be performed using one or more additional pieces
of equipment in other embodiments. For example, FIG. 7 illustrates a flowchart of another
exemplary embodiment 400 of a protocol for measuring dark adaptation similar to the
embodiment 200 in one or both of a patient’s eyes using a mobile device, such as the device
102 and accompanying components such as input unit 140, the processor 110, the output unit

150, and the memory 120 discussed above.

[0067] However, the patient 450 can also use specialized goggles or headsets, such as a set of
virtual reality goggles or VR goggles 452 in FIG. 8A with an exemplary mobile device such
as the Galaxy S7 having specifications as illustrated in FIG. 8B and an exemplary mobile
application illustrated in FIG. 8C. While the overall measuring process can be similar to that
of embodiments 200, 300, the use of goggles or headsets, such as the VR goggles 452, can
simplify the process by allowing a patient to more easily test one eye. While a Galaxy S7 is
illustrated, any mobile device can be used, such as a mobile device that has communication
capabilities (such as the ability to make a phone call), a touchscreen interface, Internet or

general connectivity access, and an operating system capable of running applications.

[0068] In some embodiments, the use of goggles or headsets can also allow for some
modifications to the steps, for example by allowing the patient to test both eyes at once while
still providing independent measurement of each eye through dichoptic viewing. Dichoptic
viewing allows a separate and independent field to be viewed by each eye such that a first
stimulus can be presented to a left eye of the patient and a second, different stimulus can be
presented to a right eye, allowing for dual eye measurements to be performed. Dual eye
measurement can refer to independent dark adaptation measurement of each eye, similar to
the approaches discussed above, but performed simultaneously on each of the patient’s right
and left eyes with alternating stimulus presented on each eye. The ability to perform dual eye

measurement allows for much faster measurement than measuring one eye at a time, which
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can involve a patient setting up any measurement component(s) (such as any of those
discussed above) for a first measured eye, patching or covering a second non-measured eye,
measuring the first eye, and then switching everything around to test the second eye. By
using a dual eye measurement mode or mechanism, the measurements can be performed
much faster while avoiding or simplifying several of the steps required for measuring
individual eyes one at a time. However, to perform independent yet dual or simultaneous
measurements on both eyes of the patient, dual eye measurement mechanisms use various
approaches to visually separate or isolate each of the patient’s first and second eyes relative
to each other and/or relative to any external testing environment. For example, various
goggles or headsets such as the VR goggles 452 can separate the patient’s eyes by using
screens, padding, extra material, sealing features around each eye, etc. to create a physical
barrier between the eyes relative to each other and/or a physical barrier between each eye and
any external testing environment that may introduce external visual stimulation and/or light
as each eye is measured individually (while again allowing both measurements on each
individual eye to be carried out at the same time similar to the steps discussed above).
Simultaneous testing of both eyes can be carried out by alternatively displaying various
visual stimulations to each eye in turn such that testing is conducted during a defined testing
period that does not involve re-adjusting any testing equipment, removing any goggles or
headsets, patching or un-patching any eyes, allowing a patient to stop testing and/or remove
any components serving to isolate or separate each eye, etc. until measurements are achieved
for both eyes of the patient. Alternatively displaying various visual stimulations to each eye
in turn can include either measuring a first eye entirely and then measuring a second eye or
displaying various initial stimulations to each eye and switching back and forth between eyes
before displaying various second stimulations, third stimulations, etc. and switching back and
forth between each eye each time before proceeding to the various second stimulations, third

stimulations, etc.

[0069] In the illustrated embodiment in FIGS. 7 and 8, a user, such as the patient 450 or a

third party, can open the mobile application and select an operating mode on the mobile
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application, such as simultaneous eye testing or single eye testing, at step 402. As illustrated,
single eye testing is still possible using goggles or headsets. The goggles or headsets simply
can also provide simultaneous or dual testing mechanisms in part because they can separate
each eye. Relevant subject matter can optionally be input on the application, as needed. The
user can load the mobile device 102 into the VR goggles 452 and can place the VR goggles
452 onto the patient 450. If a single eye testing mode is selected at step 404, the test can
proceed similar to the test provided above in embodiment 300 in step 406. If simultaneous
eye testing mode is selected at step 404, the device 102 can actuate the screen 152 to show a
white mobile screen with a high brightness level for a predetermined duration, such as
between approximately 60 seconds to 120 seconds (e.g. 60, 70, 80, 90, 100, 110, 120, etc.
seconds) or approximately 90 seconds, at step 406, effectively bleaching the retinas of both
eyes. The bleaching can be actuated by the patient pressing an input device connected to the
mobile device 102, such as a Bluetooth remote 454, or by a variety of other mechanisms,

such as other inputs, movement of the phone, voice activation, etc.

[0070] A timer for the dark adaptation measurements can start as the mobile device 102
begins to run the mobile application or by the patient otherwise indicating that he is ready to
proceed with the measuring process at step 408. Luminance levels L_left, L_right for the left
and right eyes are initialized, and times t_left, t_right of the last stimulus presentation for the
left and right eyes are reset at step 410, similar to the various reset steps in embodiment 300
discussed above. The current eye timer t_curr is reset at step 412, and an eye is chosen at
random to perform measurements on in step 414. Status information can also be updated and
stored at step 416 after steps 410 or 412. The mobile application then determines if the same
eye is being examined as a previous loop in step 418. If the answer is yes, the mobile
application will determine if the lowest luminance level has been achieved for the eye in
question at step 420. At this point, the stored status information and previous eye time t_curr
can be used to decrease stimulus luminance level based on a scaled factor that is
predetermined at step 438. If the lowest luminance level has not been achieved, a stimulus

delay will run at step 422, a stimulus will be presented to the patient at step 424, and the
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patient will indicate when the stimulus is perceived at step 426, for example by using the
Bluetooth remote 454. This basic process is similar to the test steps discussed above in
embodiments 200, 300. If the patient indicates a perceived stimulus and the response is
correct, the time taken by the patient and stimulus level of the stimulus will be recorded at
step 428 (either to the mobile device 102 or a remove device). The data will be logged at step
430 and the stimulus luminance level will be decreased at step 432. The current time t_curr
will be updated at step 434, and the data will be stored as the status information (as
performed in step 416). The mobile application will also proceed back to step 414 to choose

an eye at random and run through the measuring steps again for an individual eye.

[0071] At step 418, if the same eye is not being tested, the last tested luminance level and the
time for the previously tested eye will be updated at step 436, and the data will be stored as
the status information (as performed in step 416). The stimulus step will then be decreased
(as performed in step 438), and the mobile application will proceed to step 420 to determine

if the lowest luminance level has been achieved.

[0072] At step 420, if the lowest luminance level has been achieved, the mobile application
determines if the lowest luminance level has been achieved in the other eye at step 440. If
the answer is no, the mobile application returns to step 414 to choose an eye at random and

run through the measuring steps again for an individual eye.

[0073] At step 440, if the lowest luminance level has been achieved in the other eye, the
recorded data, such as the time until acknowledgement and the luminance level of each
stimulus that was logged during step 430, is analyzed within the mobile device 102, such as
by the processor 110, using one or more developed algorithms to determine clinically-
significant dark adaptation characteristic parameters for both eyes at step 442. The test can

be stopped at step 444 after measurements have been determined for both eyes.

[0074] While all of the embodiments discussed above provide useful measurements, the use

of the VR goggles 454 can provide additional control over the testing area. For example,
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there can be more control ensuring that the viewing distance is constant and maintained at a
set, predefined distance and consequently, the peripheral eccentricity of the stimulus on the
retina can be more tightly maintained so that there is more precision on the location of the
retina that is being tested). Additionally, this approach does not need to be performed in a
darkened room as the VR goggles naturally provide a dark viewing environment, VR googles
systems for most mobile devices (such as smartphones) are dichoptic (meaning both eyes can
see the screen independently). As such, both the eyes can be tested in a single session instead
of having to wait to test the second eye. To generate even more accurate measurements, a
stimulus is provided to one of the patient’s eyes at a time, and the patient is asked to indicate
when the stimulus is visible by pressing different buttons on the remote or input device that
correspond to the right or left eye. Thus the measurement process can be must faster while

still providing accurate results.

[0075] Through the processor and camera on the mobile device 102 and the mobile
application, a user, such as a third party, can also indirectly monitor the eye movements of
the patient by using a technique of blind spot monitoring, discussed in greater detail below in
embodiment 500, where once every few trials a bright stimulus (such as a stimulus brighter
than the current test stimulus, for example between about 10 percent and about 500 percent
brighter, such as 10 percent, 20 percent, 30 percent, 40 percent, 50 percent, 60 percent, 70
percent, 80 percent, 90 percent, 100 percent, etc. brighter) is presented in the blind spot and
the patient’s response is noted. The frequency with which the patient perceives the stimulus
presented in the blind spot indicates the fixation stability during the test, again resulting in
additional data that can result in increased accuracy in measuring the dark adaptation. The
precise calibration of the blind spot location for the patient in such a situation can be done
prior to the measurement process by presenting a glowing dot at a location on the screen that
corresponds approximately with the blind spot (for example, about 10 to 15 degrees temporal
to the eye) and allowing the subject to move the dot until it appears using the remote. Using
VR goggles 454 also allows a user to test different locations at varying eccentric points

around the fovea (similar to a perimetry instrument).
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[0076] While the illustrated VR goggles 452 in FIG. 8A work with the mobile device 102,
other embodiments of goggles or headsets can incorporate and be configured for other mobile
devices, and still other embodiments can be configured such that no mobile device is received
therein, as discussed below. For example, variations can be made in virtual reality goggles to
provide additional benefits during measuring. For example, FIG. 9 illustrates a flowchart of
another exemplary embodiment 500 of a protocol for measuring dark adaptation similar to
the embodiment 200 in one or both of a patient’s eyes using a mobile device, such as the
device 102 and accompanying components such as input unit 140, the processor 110, the
output unit 150, and the memory 120 discussed above. However, the patient can also use a

set of specialized virtual reality goggles, for example the specialized goggles 552 in FIG. 10.

[0077] The specialized goggles 552 can facilitate direct monitoring of eye movements during
measurement of dark adaptation. For example, the viewing lens 560 that is customarily
present for both eyes is only present in one eye 554 (the eye being tested) while an opening
562 is formed in front of the second eye 556 that is not being tested so that the screen 152 of
the mobile device 102 can be seen directly. While the patient will not be able to focus on the
screen 152 through the opening using the eye 556 not being tested, a front-facing camera of
the mobile device 102 can view the eye 556 directly and capture videos of the eye 556 of the
patient while the patient is wearing the specialized goggles 552. An opaque screen 564 can
be positioned between the two eyes 554, 556 so that the tested eye 554 is able to remain in
relative darkness, and a slot 556 can be formed in a front portion of the goggles 552 to
receive the mobile device 102 therein. Therefore, using the specialized goggles 552,
movement of the non-tested eye 556 can be monitored by the front-facing camera as the
tested eye 554 is being measured for dark adaptation. This information can allow a user to
determine a variety of different factors. For example, because both eyes tend to move
together simultaneously, it will enable objective measurement of a fixation stability during
the actual measurement process of the tested eye 554 and help to determine whether the
stimulus is being seen precisely by the retinal location being tested. The non-tested eye 556

being monitored by the camera can be presented with a bright screen on the portion of the
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screen 152 that is viewable from the opening 562 to aid the front camera to focus while the

test is run on the remaining screen for the tested eye 554.

[0078] In use, a user, such as the patient or a third party, can open the mobile application, and
relevant subject matter can optionally be input on the application, as needed. The user can
load the mobile device 102 into the specialized goggles 552 and can place the goggles 552
onto the patient in step 502. When the goggles 552 are in place, the blind spot location can
then be calibrated in step 504 by presenting a 1 degree test spot at 10 degrees temporal and 1
degree inferior to a fixation target or marker that is shown on the display screen 152 and
similar to the fixation target 260 discussed above. The application can then wait for a
specified amount of time for the patient to respond to indicate that the spot has been seen in
step 506. The mobile application can then record the current location of the calibration spot
and the status of the patient’s response in step 508, and the mobile application can then
determine if a sufficient number of trials have been achieved in step 510. If not enough trials
have been achieved, the location of the calibration spot can be jittered or moved in step 512,
and the mobile application can return to step 506 to wait for another patient response to
increase the accuracy and correct positioning of the blind spot location calibration. Once
enough trials have been achieved to accurately locate the blind spot, the processor 110 can
compute the location of the blind spot in step 514. The blind spot location is stored on the
device 102 in step 516. The bleaching screen is then presented to the eye 554 to be measured
at step 518 for a predefined duration, such as 90 seconds, effectively bleaching the retina.
The bleaching can be actuated by the patient pressing an input device connected to the mobile
device 102, such as a Bluetooth remote or by a variety of other mechanisms, such as other

inputs, movement of the phone, voice activation, etc.

[0079] A timer for the dark adaptation measurements can start as the mobile device 102
begins to run the test or by the patient otherwise indicating that he is ready to proceed with
the measuring process at step 520. A catch-trial timer can be initialized at step 522 that can

be used with the blind spot calibration to determine fixation stability, as discussed above.

28



WO 2019/165263 PCT/US2019/019230

Next, a stimulus delay can occur at step 524, and the processor 110 can determine if there

should be a catch trial for the fixation stability at step 526.

[0080] If there should be a catch trial, the screen 152 can present a stimulus in the blind spot
at step 528. If the response from the patient on the blind spot stimulation is valid, the
response can be recorded in step 532 and the data can be recorded in the fixation stability log
in step 534. If not, the process can return to step 522 and the catch-trial timer can be

initialized.

[0081] If no catch trial is needed in step 526, a stimulus can be presented at the test location
at step 536 and a fixation target can be displayed on the screen 152, similar to the fixation
target 260 and the test stimulus 262. If there is not a valid response from the patient in
response to the stimulus at step 538, the process can return to the stimulus delay in step 524.
If there is a valid response, the time taken by the patient and the stimulus luminance level of
the stimulus will be recorded at step 540 (either to the mobile device 102 or a remove
device). The data will be logged at step 542 and the stimulus luminance level will be

decreased at step 544.

[0082] The process is continued until either the lowest luminance level is achieved in step
546 or the total allowable time of the trial has expired in step 547, at which point the recorded
data, such as the time until acknowledgement and the luminance level of each stimulus that
was logged, is analyzed within the mobile device 102, such as by the processor 110, using
one or more developed algorithms to determine clinically-significant dark adaptation
characteristic parameters for the tested eye 554 at step 548. The test can be stopped at step

549.

[0083] FIGS. 11 and 12 illustrate an exemplary set-up for the present embodiment. FIG. 11
illustrates an exemplary image of the non-tested eye of a patient 650, for example the right
eye, obtained from the front-facing camera of a smartphone 654 through a clear eye piece of

an embodiment of the specialized goggles 652 disclosed herein with the lens removed and the
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non-tested eye illuminated by a white screen on the smartphone. In other embodiments, the
area occluded by the frames of the specialized googles illustrated in FIG. 11 may not be
present. FIG. 12 illustrates a screenshot of an embodiment of the mobile application that can
be used when using the specialized goggles. A white screen is projected on approximately
half of the display screen of the smartphone and displayed to the non-tested eye through the
cleared out eye piece of the specialized goggles, which illuminates the right, non-tested eye
and aids in monitoring the right eye using a front-facing camera. The left, tested eye is
presented with the mobile application on approximately half of the display screen of the
smartphone because the eye piece has an appropriate lens, which means the display screen
will be in focus. The barrier between the eyes blocks out the light from the while screen on

half of the display screen and preserves a dark environment for the left, tested eye.

[0084] As discussed above, eye movement of a patient can be tracked during dark adaptation
measurement through use of the front-facing camera of a mobile device, such as the mobile
device 102. Fixation of the tested eye can be monitored via automated processing of images
of the non-tested. For example, fixation monitoring of the tested eye can be performed by
using the specialized goggles 652 by determining the eye movement trace from one or more
images or videos captured through the front-facing camera of the smartphone 654 illustrated
above by imaging the non-tested eye of the patient 650. In some examples, fixation can be
enforced or required by monitoring eye movement and providing one or more alerts,
notifications, etc. to the patient if fixation is incorrect. Additionally and/or alternatively, the
data collected by fixation monitoring can be used by the mobile application to correct or

enhance dark adaptation measurements.

[0085] The goggles or headsets do not have to incorporate a mobile device therein at all. For
example, various dedicated VR goggles can be used that are separate from mobile phone VR
goggles. Dedicated VR goggles can be used that are configured primarily to provide VR
experiences without using a mobile phone that communicate with, connect with, or are

configured to engage with a variety of computer systems beyond a mobile device. For
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example, VR goggles can be used that incorporate various additional features or mechanism
therein, such as built-in eye-tracking capabilities. The systems and methods of dark
adaptation measurements discussed herein can be incorporated into such VR goggles and can
potentially utilize the additional features and capabilities provided thereon. For example, one
or more VR goggles dedicated to or focused primarily on gaming, or playing video games,
can be incorporated herein and used to perform dark adaptation measurements. Various
similar algorithms, methods, steps, etc. can exist between dark adaptation measurement on
mobile device VR goggles and dark adaptation measurement on dedicated VR goggles, and
any of the steps, approaches, components, etc. discussed above can be applied to dedicated
VR goggles. Such dedicated VR goggles can operate with various associated computer
systems, such as a variety of different gaming consoles (for example, any versions of Sony
PlayStation(s), Microsoft Xbox(es), Nintendo Switch(es), etc.), a mobile device as discussed
above, a tablet computer, a desktop computer, any device with a processor and a memory, a
remote server (e.g. various cloud computing server banks), various laptop computers, etc.
Alternatively, various dedicated VR goggles can incorporate one or more functionalities and
components therein such that the dedicated VR goggles can operate independently of any
external computer system and can perform all functionalities directly thereon. For example,
FIG. 13 illustrates dedicated VR goggles 700 in communication with an associated computer
system 702 that can be similar to any of the computer system discussed above and can either
be an external system connected through wires or wirelessly with the dedicated VR goggles

700 or can be incorporated therein.

[0001] TEST DATA:

[0002] An overview of the testing data will first be discussed, and a detailed discussion will
follow below. As the testing data shows, dark adaptation measurements can be taken to
detect retinal diseases. The mobile application disclosed herein was developed to measure
dark adaptation and perform a preliminary evaluation in normal vision (NV) and visually
impaired subjects. Testing was done for one eye (with the other eye patched) by placing an
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exemplary Samsung Galaxy S8 smartphone in {ront of the patient sitting in a dark room (40
cm from the test eye). Bleaching was performed with a bright smartphone screen (Juminance
= 300 Cdim?). However, a range of luminance is possible, such as between about 100 Cd/m®
to about 400 Cd/m®. A series of biue stimuli of size 1.5 degree between luminance range of -
1.15 to -4.33 log Cd/m” were presented & degrees inferior to the fixation on the smartphone
display. However, again, a range of values can be used, such as stimult of size 0.5 degree to
2.3 degree between Juminance range of -0.15 t0 -5.33 log Cd/m? The patient tapped the
screen whenever the stimulas was visible, and the time and stimudus threshold were logged.
Test duration was capped at 20 minules. First, the mobile application was evaluated by
examining the effect of age on DA characteristics in NV subjects (n=15), between 22 to 82
years of age (mean 45, std. 20) with visual acuity (VA) 20/25 or better, and without diagnosis
of any vitreoretinal conditions. Then, one patient was tested with retinal damage due to
myopic degeneration (MRD) (VA 20/100, age 62) and one patient with optic nerve atrophy
(ONA) (VA: 20/500, age 40) to verify whether the effect of pathology can be detected by the
app. Finally, DA characteristics were measured in 4 early and intermediate stage AMD
patients and were compared with 10 age-matched NV subjects above 50 years of age.
Outcome measures were time to rod-cone-break (tzcs), time to reach the minimum test
threshold luminance, t.,», and the area under the time-luminance threshold curve (AUC).
AUC was normalized using the preset bounds on test duration and luminance thresholds of
the device. Regression analysis was used for determining age effect on outcome measures.
Non-parametric Wilcoxson rank sum test was used to compare the outcomes between NV
and AMD patients. The results indicated that tzca, term, and AUC increased with age in NV
subjects (trcp: R? = 0.47, p = 0.003; term: R? = 0.34, p = 0.013; AUC: R>= 0.41, p = 0.006).
The coefficients of repeatability for trcs, tierm, and AUC were +2.1 min., 5.4 min., and +
4.4%, respectively. DA was greatly prolonged in the MRD subject with the final luminance
threshold 1.2 log Cd/m? higher than the minimum test threshold at the termination of the test.
The AUC was outside the 95% CI of regression of age and 52% greater than the NV mean.

On the other hand, for the ONA subject, term (12.8 min.) was not significantly different than
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the NV subjects (within the interquartile range of the regression of age), and the AUC was
21% larger than the NV mean, but still within the 95% CI of regression of age. The age
distribution was not significantly different in AMD and elderly NV subjects (avg. age NV =
63, AMD = 66, p=0.57). The AUC was significantly larger for AMD subjects compared to
the NV (p=0.033). In conclusion, the mobile application is able to detect the effects of age

and retinal pathology on DA characteristics.

[0003] The detailed results of various tests using the processes discussed herein are
illustrated in FIGS. 13-22. For example, FIGS. 13 and 14 show screenshots of an
embodiment of the mobile application discussed herein for measuring dark adaptation. The
illustrated embodiment allows for setting of various test parameters such as stimulus size,
duration of stimulus display, response duration, and various other parameters. While this
ability is useful in some settings, such as in a clinic or lab testing, some embodiments may
have various parameters hardcoded to make it easier for patients to operate. FIG. 14 thus
shows a screenshot of one embodiment of a configuration screen that allows setting of
different parameters related to stimuli and fixation targets, and FIG. 15 illustrates a
screenshot of one embodiment of a test screen that shows a red fixation cross and a blue
stimulus that appears for a fraction of a second. The patient then taps the screen whenever
the blue dot becomes visible. The time for the response (from the beginning of the test) is
recorded for the presented stimulus and a new stimulus with lower luminance is then
presented at the same location. The log of the recorded responses can then be processed to

compute the clinically relevant dark adaptation parameters provided below.

[0004] For tests presented herein, dark adaptation measurement methods are computed on a
Samsung Galaxy S8 smartphone, however any mobile device can be used. Some of the test
results related to the stimulus and fixation marker appearances are shared or common
between all methods (between using the VR goggles and not using them). When using VR
goggles with mobile devices, both eyes of a patient can be able to see half a screen in the

horizontal direction and a full vertical range in both the eyes. For the exemplary mobile
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device used herein, the Samsung Galaxy S8, half of the screen can a horizontal angle of
approximately 20 to 30 degrees, and more preferably approximately 26 degrees, which is
sufficient for blind spot monitoring in each eye. Also dichoptic viewing (common for VR
goggles) allows both eye to be tested in the same session (with alternating stimulus presented

on each eye as discussed in detail above).

[0005] To determine if commercial mobile device screens had sufficient luminance dynamic
range for dark adaptation measurements, display of the Samsung Galaxy S8 was
characterized with USB2000 spectrometer (OceanOptics). The resulting luminance for
different pixel values (about 255 to 13, however other values are possible such as 0 to 255,
etc.) for blue color channel is shown in FIG. 16 for minimum screen brightness settings. A
lookup table was created in the software for pixel value - luminance relationship. Then a
gamma function was fit to the data. While pixel values below 13 were visible to dark adapted
normal eyes, they were below the measurement limit of the spectrometer and hence not
shown here. The luminance decreased linearly with decreasing pixel values and the
minimum luminance level that was measured was 4.64x10 Cd/m?. Some mobile devices
can display luminance levels that are below the known cone threshold in humans (= between
-3 to -3.5 log Cd/m?). Thus, a part of the rod component of the DA characteristics can be
measured using a mobile device, as provided herein. Based on the measurements, the overall
luminance range of the exemplary Samsung Galaxy S8 smartphone was =10® Cd/m?, with a
maximum of =300 Cd/m? at maximum brightness setting with white screen. At the lower
pixel values (below 7), human subjects could not see the stimuli even after 30 minutes of
dark adaptation. The dynamic range of the smartphone display was determined to be

sufficient as it was possible to elicit valid responses in mesopic and scotopic ranges.

[0006] FIG. 17 shows the dark adaptation characteristics obtained from a normally sighted
male individual (age 36) using a testing process similar to the embodiment 300 discussed
above without dilating the eyes. The characteristics resemble to the line diagram of typical

dark adaptation characteristics found in the art. Based on the characteristics obtained from
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this process, the clinically relevant dark adaptation parameters of rod-cone break, cone
threshold, and time to reach minimum luminance threshold can be estimated. Additionally,
the area under the dark adaptation curve can also be computed. It can be seen that cone
threshold for all the subjects is close to -3 log Cd/m?, which is considered to be the
approximate luminance level at which the cones saturate in normally sighted humans. Also, a
rod-cone break time of about 5 to 7 minutes is typical, but depending on the pre-adapting
light level and the measurement conditions, it can vary. Overall, the characteristics shown in
FIG. 17 can thus be considered as the expected characteristics for normally sighted
individuals. While various models have been proposed for fitting functions to the DA
characteristics, customized software algorithms have been developed to automatically
estimate clinically relevant dark adaptation parameters: time to rod-cone break, cone
threshold, time to reach device baseline threshold, and rod-recovery rate. Additionally, the

area under the dark adaptation curve can be used as an outcome measure.

[0007] FIG. 18 shows the dark adaptation characteristics obtained from for an early, an
intermediate, and a late stage AMD patient and an elderly subject without AMD (normal
control, NV) using a testing process similar to the embodiment 300 discussed above without
dilating the eyes. Visual Acuity (VA) in the test eye was: NV & early AMD — 20/20,
intermediate AMD —20/30, and late AMD — 20/60. Qualitative differences in the dark
adaptation curves are observed for 1 elderly NV subject and 3 AMD patients of varying
severity. The late AMD patient has elevated photoreceptor threshold at the end of the allotted
test time. Slight delays are seen for early and intermediate AMD patients compared to the NV

subject.

[0008] The mobile application discussed herein was also tested using a Samsung Galaxy S8
on 15 normally sighted subjects of ages between 22 to 82 without diagnosis of any retinal
damage. However, the subjects can have a variety of age ranges, such as between about 15
years to about 100 years, 40 years to 90 years, 50 years to 85 years, etc. One 62 year old

subject was also tested with retinal damage due to myopic degeneration and one 39 year old
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low vision subject with optic nerve atrophy (no known retinal damage). Furthermore, 4 early
and intermediate stage AMD patients were also tested. The goals of these studies were; i) to
show that an effect of age on dark adaptation, which is expected to happen as natural part of
aging, is indeed seen in the dark adaptation measurements with the mobile application
discussed herein, — ii) dark adaptation characteristics in the subject with damaged retina are
different than characteristics of a low vision subject without damaged retina, and iii) dark
adaptation characteristics are significantly different (delayed) in AMD subjects compared to
age-matched NV, with the results being illustrated in FIGS. 19-21. FIG. 19 shows the plot of
age vs. time to rod-cone break. The time to rod cone break increased with increasing age,
showing the delays in dark adaptation with age. This is a known phenomenon, and by seeing
the same effect in the measurements using the mobile application discussed herein, it can be
confirm that the mobile application measurements are valid. FIG. 20 shows the plot of age
vs. area under the curve. Again with age, the area under the curve increases, indicating that
older subjects take longer to reach the minimum device threshold and are more likely to not
complete the test in the stipulated time (area is a combination of the threshold reached and the
time required). The data for the two low vision subjects are overlaid. The time to complete
the test and the area under the curve for the subject without retinal damage was statistically
similar as that for age-matched normally sighted subjects. The subject with retinal damage
recorded the largest area under the curve. The delay in dark adaptation due to retinal damage
is relatively well known. Therefore, these results show that that the same effect can be
obtained when using the mobile application discussed herein. This indicates that the mobile

application measurements are valid.

[0009] FIG. 21 compares measurements for the AMD patients and age-matched normal
controls (NV). A large area under the dark adaptation curve value (AUC) is indicative of
delays in reaching lowest luminance threshold and/or higher photoreceptor sensitivities. The
% AUC values for the early and intermediate AMD subjects (n=4) were significantly larger
than NV subjects (n=10) above 50 years of age (Wilcoxson, p=0.033). The AUC for late

AMD subject (not included in the statistical comparison) is overlaid for demonstration. The
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difference in the ages for NV and AMD groups was not significant (avg. NV=63, AMD=66;

Wilcoxson p=0.57).

[0010] FIG. 22 illustrates test data demonstrating the feasibility of fixation monitoring using
specialized goggles similar to the specialized goggles 652 described above. The figure
illustrates eye movement trace from video captured through the front-facing camera of a
mobile device similar to the smartphone 654 when inside the specialized goggles. The test-
eye made 6 fixations, which were ground truth locations that are illustrated as black crosses.
Each red circle in the figure shows the eye position in a video frame. Fixations, shown by
clusters of red points around each black cross, and the eye position during saccade, shown by
circles on trajectories connecting the black crosses, can be seen in the detected pattern. The

results thus show the feasibility of fixation monitoring while performing DA testing.

[0011] Thus the processes discussed herein can provide clinically meaningful dark adaptation
parameters, eye dilation not required which speeds up and simplifies the measurements, the
measurements have short durations (for example, between about 5 to 25 minutes, between
about 10 to 15 minutes, etc.), the measurements are easy to perform and administer, and the
measurements are repeatable within subjects. Because various degenerative eye disorders,
such as AMD, can go undetected for years in some cases, there is a need for a method that
can identify these risks early in elderly population. In order to be largely accessible to the
general population and to be effective as an easy to use test for the detection of various
disorders like AMD, the dark adaptation measurement process needs to be simplified without
affecting the quality and clinical relevance of the information that is gathered. Thus the dark
adaptation measurements provided herein, such as those performed using various mobile
devices and/or equipment provided here, can serve as screening tools that are accessible to a
large number of at-risk individuals. Additionally, they can also serve as tools for home

monitoring of already diagnosed patients with retinal disorders.

[0012] While there have been shown and described illustrative embodiments that provide for

a mobile device application for dark adaptation measurement, it is to be understood that
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various other adaptations and modifications may be made within the spirit and scope of the
embodiments herein. For instance, while a mobile device is frequently mentioned throughout
the present disclosure, the techniques described herein may also be implemented on desktop
computers or similar machines. Thus, the embodiments of the present disclosure may be

modified in any suitable manner in accordance with the scope of the present claims.

[0013] The foregoing description has been directed to embodiments of the present disclosure.
It will be apparent, however, that other variations and modifications may be made to the

described embodiments, with the attainment of some or all of their advantages. Accordingly,
this description is to be taken only by way of example and not to otherwise limit the scope of

the embodiments herein.
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WHAT IS CLAIMED IS:

1. A method for measuring dark adaptation characteristics comprising:

exposing at least one eye of a patient to a light source to bleach a retinal location of
the at least one eye;

displaying to the at least one eye on a mobile device a figure with a luminance and
waiting until the patient communicates with the mobile device to acknowledge that the
patient can see the figure;

measuring and recording a level of the luminance and a time period between first
displaying the figure and the patient communicating with the mobile device;

continuing to display additional figures with decreasing luminance one at a time until
the patient communicates with the mobile device to acknowledge that the patient can see each
additional figure and to measure and record each decreasing luminance and each time period
between first displaying each additional figure and the patient communicating with the
mobile device until either a maximum allowable time period has expired or an additional
figure with a lowest possible luminance has been displayed by the mobile device and
acknowledged by the patient; and

determining, by a processor, dark adaptation measurements of the at least one eye

based on the measured and recorded luminance and time periods.

2. The method of claim 1, further comprising prior to exposing the eye of the patient to a
light source, placing a rear surface of the mobile device facing the patient with at least one

luminescent visual target thereon such that the patient can see the luminescent visual target.

3. The method of claim 1, wherein exposing the eye of the patient to the light source to

bleach the retinal location of the eye includes actuating a flash on the mobile device.

4. The method of claim 1, wherein exposing the eye of the patient to the light source

includes actuating a front-facing flash on the mobile device.
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5. The method of claim 1, wherein exposing the eye of the patient to the light source to
bleach the retinal location of the eye includes increasing brightness of a display on the mobile

device.

6. The method of claim 1, wherein exposing the eye of the patient to the light source to
bleach the retinal location of the eye includes increasing brightness of a display on the mobile

device while presenting one or more moving targets on the display.

7. The method of claim 6, wherein the mobile device instructs the patient to stare at the

one or more moving targets for at least 2 minutes.

8. The method of claim 6, wherein exposing the eye includes waiting until the patient

taps on the one or more moving targets.

9. The method of claim 1, wherein exposing the eye of the patient to the light source to
bleach the retinal location of the eye includes waiting until the patient communicates with the

mobile device to actuate the light source.

10. The method of claim 1, further comprising placing an eye patch over an eye of the

patient that is not being measured.

11. The method of claim 1, further comprising incrementing luminance of a displayed
figure and waiting until the patient communicates with the mobile device to acknowledge that

the patient can see the displayed figure.

12. The method of claim 1, further comprising selecting an operating mode of the mobile

device from one of a single eye measurement mode and a dual eye measurement mode.

13. The method of claim 12, wherein the dual eye measurement mode includes exposing
both eyes of the patient to the light source and determining, by the processor, dark adaptation
measurements of both eyes of the patient based on the measured and recorded luminance and

time periods.
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14. The method of claim 1, further comprising placing the mobile device in virtual reality
goggles.
15. The method of claim 1, further comprising placing the mobile device in a mobile

device viewer and placing the mobile device viewer over first and second eyes of the patient,
wherein the mobile device viewer has only one lens over the first eye of the patient and an

open space over the second eye of the patient.

16. The method of claim 15, wherein the mobile device viewer is configured to exclude

all external light not generated by the mobile device.

17. The method of claim 15, wherein the mobile device viewer has an opaque barrier

between the first eye and the second eye of the patient.

18. The method of claim 1, wherein the mobile device is one of a mobile phone, a tablet

computer, or a laptop computer.

19. A method for measuring dark adaptation characteristics of a patient using a mobile
device comprising:

exposing at least one eye of the patient to a light source on the mobile device to
bleach a retinal location of the at least one eye;

displaying to the at least one eye on a display of the mobile device a fixation target
and a test stimulus, the fixation target having a constant luminance and the test stimulus
having a variable luminance;

instructing the patient by the mobile device to look at the fixation target with the at
least one eye and waiting until the patient communicates with the mobile device to
acknowledge that the patient can see the test stimulus with the at least one eye;

reducing the luminance of the test stimulus on the display of the mobile device and
waiting for the patient to acknowledge that the patient can see the test stimulus with the
reduced luminance;

continuing to reduce the luminance of the test stimulus on the display and waiting for
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the patient to acknowledge that the patient can see each reduced luminance test stimulus until
either a maximum allowable time period has expired or the test stimulus with a lowest
possible luminance has been displayed by the mobile device and acknowledged by the
patient;

recording in a memory of the mobile device a level of the luminance of the test
stimulus and a time period between first displaying the test stimulus and the patient
communicating with the mobile device for each instance of displaying the test stimulus; and

determining, by a processor of the mobile device, dark adaptation measurements of

the at least one eye based on the measured and recorded luminance and time periods.

20. The method of claim 19, further comprising instructing by the mobile device the

patient to place an eye patch over an eye of the patient that is not being measured.

21. The method of claim 19, further comprising exposing both eyes of the patient to the
light source and determining, by the processor, dark adaptation measurements of both eyes of

the patient based on the measured and recorded luminance and time periods.

22. The method of claim 19, further comprising placing the mobile device in virtual
reality goggles.
23. The method of claim 19, further comprising placing the mobile device in a mobile

device viewer and placing the mobile device viewer over first and second eyes of the patient,
wherein the mobile device viewer has only one lens over the first eye of the patient and an

open space over the second eye of the patient.

24, The method of claim 23, further comprising monitoring fixation of the first eye based

on images taken of the second eye by an imaging device of the mobile device.

25. The method of claim 19, wherein the mobile device is one of a mobile phone, a tablet

computer, or a laptop computer.
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26. A system for measuring dark adaptation characteristics of a patient comprising:
a mobile device including at least one light source, at least one input device, at least
one imaging device, memory, at least one processor, and a display,
the display being configured to display a fixation target and a test stimulus, the
fixation target having a constant luminance and the test stimulus having a variable luminance,
the processor being configured to measure luminance of the test stimulus and a
time period between displaying the test stimulus and the patient acknowledging the test
stimulus, the processor being configured to determine dark adaptation measurements of at
least one tested eye based on the measured and recorded luminance and time periods; and
a mobile device viewer configured to receive the mobile device and be placed over
first and second eyes of the patient, the mobile device viewer having one lens over the first

eye of the patient and an open space over the second eye of the patient.

27. The system of claim 26, wherein the at least one imaging device includes a forward-

facing camera on the mobile device.

28. The system of claim 26, wherein the at least one imaging device includes a rear-

facing camera on the mobile device.

29. The system of claim 26, wherein the at least one light source includes a forward-

facing flash on the mobile device.

30. The system of claim 26, wherein the at least one light source includes a rear-facing

flash on the mobile device.

31. A device for holding a mobile device for measuring dark adaptation characteristics of
a patient comprising:

a viewer configured to receive the mobile device therein and be placed over first and
second eyes of the patient, the viewer having one lens configured to be positioned over the
first eye of the patient and an open space configured to be positioned over the second eye of

the patient, the viewer being configured to position a display of the mobile device in front of
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the first and the second eyes of the patient and point a camera of the mobile device in a

direction of at least one of the first and second eyes of the patient.

32. The device of claim 31, wherein the viewer is configured to point the camera of the

mobile device at the second eye of the patient.

44



WO 2019/165263 PCT/US2019/019230
1/16
Gyroscope
146
Enp&;t Camera
140 — 102
Touch Panal
144
A
¥
Wireless
Communication Unit ) -
130 S Output Unit
Processor 130
(CPU) N *1 1 Display Screen
110 1582
Memory - . Flash
120 154
FiG. 1

SUBSTITUTE SHEET (RULE 26)




WO 2019/165263

2/16

Prepare dark room, patch non-
test mcz £ye an a launch the app

200
\

PCT/US2019/019230

>f~202

Place the phone with rear surface containing
a luminascant sticker facing the subject

—a

Wait for the subject to press volume button

———i i

- 208

" \olume ™
. bufonpressed >

h

e 210

ale the fiag

¥

Aotiv

Hip over the phone such that screen now faces the subject

Al

Y
f

Moo
B

{214

e

N
3

Wait for the subject fo tap the screen fo start the &
~216

Start the test, inifiglize trigl timer f——218
R
¥
// s Slimulus delay 220
¥
Present stimulug b——222

[226

Record in the device, the time and stimulus luminanc

7

¢ level
¥
Dacrement stimulus luminance level f—230
AL 032
-~ Lowest ™=
< luminancelevel 1
Y 234 -
' Y Compute DA
e Trialt w  parametars from  pt—236

logged data

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263 PCT/US2019/019230

3/16

e
W\ 102
256 °
\\%’ %%154
e — S

i
£
H
7

L

k%”to 15°

H

t
i
i
s
§
¥
'
t
!
t
i
s
§
¥
'
t
by
@

250~
bleached

~ location (= 1°)

t

252,

254

FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263 PCT/US2019/019230

4/16

250

bleached

252- location

~254

FiG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263 PCT/US2019/019230

5/16
Prepare dark room, pafch non- 307
testing eye and place the phone with
Its screen facing the subject
BOGX 7
Launch the app 304
¥
Present the bleaching screen for a predefined duration p——306
¥
Start the test, initiafize triat timer f—308
Y 310
f/ w-| Resel level change counter el \\‘
330 ¥
X f -t Reset response counter 312
Increment 314" ¥
stimulus -
uminance 316t Stimulus delay }e
lovel ¥
318 Prasent sfimulus
N 308 r324
AResponse N\ | "eement ncrement
~~~~~~~ < counter exceeded s f‘hang;e response
R he%hid / courer COET;G?
326//
7 Response
<_tounter exceeded >
~freshold
\ N y
VY
340 Logged Record in the device, the time | 335
data and stimulug luminance level
Y
Decrament stimulus fuminance level p—r—334
L~ Lowest ™
< luminance level ">
~ chieved
Ve
Tl SN
342 i ™
~Jime expired .
344~ 'R e eipres,
: Compute DA
parameters from ~
logged data
FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263

PCT/US2019/019230

352

6/16
(\\3\“4}1‘{;3;‘}\3/’
3544 N
| b
N\ !l/ \\\ f e o
/ . | //p\‘\‘\ e ™
IANES
II/\\\\:IE ,!!I! \\}\\
/'/-"//\ ] 1;1! \\\\\ o
/\\ P H y \\\\\ S
//". [jjj ” III;\\ \\\\
VAN \
T 2NN /
e~ L <, \\\\\ o=
oty \\ \‘\‘&\‘ BZ
NN

FIG.

SUBSTITUTE S

6

HEET (RULE 26)



WO 2019/165263

7/16

PCT/US2019/019230

Select operat

ting mode {simultaneous

>f402

or single eye testing), load the phone info
gogales, and user wears the goggles

400
~ 404~ o .
SN | Single eye estmcz;
~ Simultaneous ™ oro! Qnﬁ(sw lar 1
. Mode 7t toone
¥ ™ d : hsghhuhtec i
406} Present the bleaching screen to both i nFGE
eyes for a predefined duration b
Y
408 Start the tes!, inilialize trial timer ¥
% ."\
Initialize luminance levels {L_left, Statug Information:
410~ L1ight) and reset time of last E_n *aah
stimulus presentation for both
eyes (1_left, {_right) t "urr
% : 8
412—1 Reset current eye timer: t_curr \_
416
¥
s Chaoose an eye {al random)

440~

/ Lowest ™

“other ey,

442
A

Compute D
)a*afnete 3 f o

8

/luminance level \, Y _-
hgevﬂd inthe

418

o Lowes™
< luminance level -
. dchieved

Update the last tested
i luminance level and the
fime for the pravicus eye

436j

¥

Based on the stored info
and previous eye fime
{_curr, decrement the

Simulus dola stimulus luminance level
7 L2 {scale factor
redetermined
Present stimulug 424 P )

\\438

/. |Record in

the devece the time
and stimulus iumznance level

Y

Decrement stimulus
iuminance level

Y
Update {_curr

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263

PCT/US2019/019230
8/16
Diract viewing mode
Eve {o sereen distance 4 om

Cverall display size

17° horizontal £ 20° vertical

Stimulus size

09°

imulus eccentricity

8 (max. allowable up {0 15°)

imilis Cisolay duration

0.35

475 am

S

o

Stimutus wavelength
Stimulus infensity rance

> 4 log Cim?

WMinimum stimulus infensity

1.55010-4 Calm? or 377 log Celmé

Smariphane YR goggles sefup
{Samsung Galaxy 57 smartphone)

26° 26°

FiG. 8B

\ &
30°
e Viewin
B% er for déstancg
‘C»fu)exjvj (tickness of | 12.25Cm
VR goggles)
P e
Left Eye Right Eye
FiG. 8C

SUBSTITUTE SHEET (RULE 26)




WO 2019/165263

9/16

500
\

PCT/US2019/019230

Launch the app, load the phong into the 507
gogoles, and user wears the goguies
¥

4

Calibrate blind spotiocation: present! ot at
and 1°inferior to a fixation marker on the display

° test spot at 10temporal

e 5004

L
st Wait for user response for a Spacified amount of time
L

Record current location of the calibration spot
and the status of user responge (Y or N)

-~ 510

51 2\\
Jitter the

location of the
calibration spot

_ number of trials >
. achieved .~

~ [514

Compute location of the blind spt
Y

2

e 5006

o 5008

~516

/Bind-spot
location /

Present the bleaching screen for a predsfined duration
? N

Start the test, initialize trial timer

¥

-
R

Initialize cateh-trial timer

524 ¥
> Stimulus delay

Present stimulus at test focation 53 !

| [528

Present
inthe bl

sfimulus
ind spot

Record in the device, the time
and stimulus luminance level

aved "

¥ 534~
Decrement stimulus luminance level \
546 " N \\544 ant;%n /. 1 Record user
- odl Lowest ™ . / Saiiy /- respanse
< mnancelevel S L L
. dch f

N T L. Compute DA parameters and :
<_ tmeexpied > =t overal fixation stability
el ! from Ingoed data

FIG. 9

SUBSTITUTE SHEET (RULE 26)

~ 549



WO 2019/165263 PCT/US2019/019230

10/16
558 554
852
\ P 564
: ..... 5o®
oy
4.' ..................................................... 566
HFIG. 10

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263

11/16

26°

PCT/US2019/019230

A

Right eye view \\ !

30°

Front
O camera

/

o

Yiewing Barrier {for " No lens (direct view
distance dichoptic of the eye from
12.25{ p .
om {thickness of view) | smartphone front
YR goggles) | camera)
Lens L
LeftEye Right Eye
FiG. 12
00 peemeesess 702

FiG. 13

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263 PCT/US2019/019230

12/16

B £ =1 100%& 12:28 PM
Dark Adaptation .

VU AR T

O3 OF |

Reading Distance in ¢ms pp Red

4 534 €d

? N Fixation -
Stmulus Size

SR NOREOV ROV RO IROK

Durafion of Stimulus Display

Q02 ®03 0005 ...
Durafion between Stimulus Displey
OC1®30405
Response Duration
CLUH@15020 025

Fixafion o108 578

Blue
60 Stimulus
Fixation cross grey value
100

{71 Delete fixation 3 Randomize fxation

] il i

FiG. 14

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263 PCT/US2019/019230

13/16

/

Log luminance {Cd/m

y=267X-7.30

‘“5“ ' ' ' ' [} ' ' ' ' j ' ' ' '
0 1 2 3

Log pixel value

FIG. 16

E o9
3 Cone Threshold, Lcc,ne

Area Under the

Curve (AUC) , [
( Min. Luminance
Threshold, Lmin

{fixed) Maxfest

time (fixed)

Log Luminance Levels {Cd/m

e L SO

s

-4.5 ' 7 i : !

O inetoRed Hermina
e o Rod-Lone Time in dark (min) ~ Testterminadon
Break, rrg ime, term

FiG. 17

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263 PCT/US2019/019230

14/16

~o—| ate AMD, F 82

=== [termediate AMD, M 67

-#-Early AMD, F 60
o L=z NV, F 61

&% “2 AT AN e ‘
3 By O
g 257 %
=
g 3
£
5 | HE|A
) 35"
g7 T
-4~
4.5 = ! ‘ ’
0 5 10 15 20
time (minutes)
FIG. 18
10+
— o'
j oy
€
-
@
s 67
@
3
w47
£
e
E Z
0 = ’

age (years)

FiG. 19

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263 PCT/US2019/019230

15/16
Mo A L
o gel DLVONA 1 T
= ALWVMRD | )
é—é 204 0 e
£ O
5 15 RZ=041 . -
5 -
@ 40 % -5
D =
= % 5% ©©
S5 5
0 e ,
0 50 100
age (years;
FIG. 20
7{} 1 t
0| ate AMD
60
D
=
a3 50 “p=0.033
5 I !
8 40-
5 7 Farly &
5 304 infer-
@ i , mediate
5% ; ~- < AMD
20
10 1 }
NV (> age 50} AMD
FIG. 21

SUBSTITUTE SHEET (RULE 26)



WO 2019/165263

y position

PCT/US2019/019230

16/16

40

45

50+

55

60+

65

70+

75

80-

85

Black
Crosses

S-Circles

60

70 80 90 100 10 120 130
X position

FIG. 22

SUBSTITUTE SHEET (RULE 26)

140



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 19/19230

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 3/02 (2019.01)
CPC - A61B 3/0033, A61B 3/063, GO6F 19/00, A618 3/0008, A61B 3/0041

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2015/0305616 A1 (THE UAB RESEARCH FOUNDATION) 29 October 2015 (29.10.2015) 1-3,5,9,11,19, 21

- entire document (especially para [0024]-[0028], [0051], [0054]-[0057], [0061), [0065), [0074],

Y [0076), Claim 1, 12). 4, 6-8, 10, 12-18, 20, 22-
32

Y US 2013/0155376 A1 (ICHECK HEALTH CONNECTION, INC.) 20 June 2013 (20.06.2013) 6-8, 10, 15-18, 20, 23-32,

entire document (especially para [0046), [0060], [0061], [0066], [0098], [0102]-[0104}, [0112]).

Y WO 2016/179370 A1 (The Arizona Board of Regents on behalf of the University of Arizona) 10 | 4, 27-30
November 2016 (10.11.2016) entire document (especially para {0040}, [0043], [0045], [0056],
[0066), [0073]).

Y WO 01/06914 A1 (AMT TECHNOLOGIES, CORP.) 01 February 2001 (01.02.2001) entire 12,13
document (especially Abstract, page 14, lines 1-13 & claim 37).
Y US 2016/0262608 A1 (Krueger) 15 September 2016 (15.09.2016) entire document (especially 7,14, 22
Fig. 4 & para [0147)).
Y US 2009/0220415 A1 (Shachaf et al.) 03 September 2009 (03.09.2009) entire document 16
(especially para [0018], [0047]).
Y US 2010/0118379 A1 (Lim) 13 May 2010 (13.05.2010) entire document (especially para [0046), | 17
[0052)).
A US 2016/0073877 A1 (Su et al.) 17 March 2016 (17.03.2016) entire document. 1-32
E] Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T”  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E" carlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

g":g;lor::_:zgh(i}; ;hgcgl)fl_:gg)canon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

P S Sp . L considered to involve an inventive step when the document is

“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date butlaterthan  «g» 4o ument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
30 April 2019 (30.04.2019) ] 5 MA Y 20-‘9
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450
. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - wo-search-report

