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OPHTHALMOSCOPE DEVICE

BACKGROUND
[0001] An ophthalmoscope is device used to image the fundus (or eye fundus) and other
structures of the eye. This imaging is used to determine the health of the retina and vitreous
humor and to evaluate conditions such as hypertension, diabetic retinopathy, and papilledema.
The ophthalmoscope device may include a camera that is used to capture the images and a
display used to display the images obtained by the ophthalmoscope device. The eye must be
aligned properly with the device to capture fundus images.
[0002] Typically the ophthalmoscope is a hand-held device or a headband-mounted device that

is worn by a caregiver.

SUMMARY
[0003] In one aspect, a wearable device configured to capture eye fundus images comprises: a
support structure configured to be worn by a subject; a display device coupled to the support
structure, the display device configured to overlay an overlay image in a field of view of the
subject; and an image capture device coupled to the support structure, the image capture device
configured to capture images of an eye fundus of the subject.
[0004] In another aspect, a wearable device configured to capture eye fundus images comprises:
a support structure configured to be worn by a subject; a display device coupled to the support
structure, the display device configured to overlay an overlay image in a field of view of the
subject, the display device comprising: a projector configured to project a pattern of light
representing the overlay image; and a prism disposed in the field of view of the subject, the
prism configured to direct at least a portion of the pattern of light towards an eye fundus of the
subject; an image capture device coupled to the support structure, the image capture device
configured to capture images of the eye fundus through the prism of the display device; and a
control module programmed to: instruct the image capture device to capture a plurality of images
in a first image capture mode; process at least a portion of the plurality of images to determine a
position of a pupil of the subject; and instruct the image capture device to capture an image in a
second image capture mode when the position of the pupil is substantially aligned with an optical

axis of the image capture device, wherein: the first image capture mode comprises a first
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resolution and a first illumination condition; the second image capture mode comprises a second
resolution and a second illumination condition; the second resolution is greater than or equal to
the first resolution; and the second illumination condition is brighter than the first illumination
condition.

[0005] In yet another aspect, a method for capturing an eye fundus image of a subject using a
wearable ophthalmoscope, comprises: securing the wearable ophthalmoscope to the subject;
capturing a plurality of images, by the wearable ophthalmoscope, of a pupil of the subject,
wherein the plurality of images are captured in a first image capture mode; processing at least a
portion of the plurality of images to determine a position of the pupil; and capturing an eye
fundus image of the subject when the position of the pupil is in a desired position, wherein the

eye fundus image is captured in a second image capture mode.

DESCRIPTION OF THE FIGURES
[0006] Figure 1 shows an example system for performing ophthalmoscopy procedures.
[0007] Figure 2 shows an example ophthalmoscope device of the system of Figure 1.
[0008] Figure 3 shows an example display device and image capture device of the
ophthalmoscope device of Figure 2.
[0009] Figure 4 shows an example of a subject wearing an example of the ophthalmic device of
Figure 2.
[0010] Figure 5 shows another example of a subject wearing an example of the ophthalmic
device of Figure 2.
[0011] Figure 6 shows an example of a subject wearing another embodiment of the ophthalmic
device of the system of Figure 1.
[0012] Figure 7 shows an example of the ophthalmic device of Figure 2 and an eye of a subject.
[0013] Figure 8 shows an example of the ophthalmic device of Figure 6 and an eye of a subject.
[0014] Figure 9 shows an example of the image capture device of Figure 3 and the eye of a
subject.
[0015] Figure 10 shows another example of the image capture device of Figure 3 and the eye of
a subject.
[0016] Figure 11 shows an example process of capturing eye fundus images with the system of

Figure 1.
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[0017] Figure 12 shows another example process of capturing eye fundus images with the
system of Figure 1.

[0018] Figure 13 shows an example cursor sequence from the process of Figure 12.

[0019] Figure 14 shows another example process of capturing eye fundus images with the
system of Figure 1.

[0020] Figure 15 shows an example sequence of cursor positions from the process of Figure 14
[0021] . Figure 16 shows another example process of capturing eye fundus images with the
system of Figure 1.

[0022] Figure 17 shows another example system for performing ophthalmoscopy procedures.
[0023] Figure 18 shows an example system for performing ophthalmoscopy procedures.
[0024] Figure 19 shows a method of capturing eye fundus images with the systems of Figure 17

and Figure 18.

DETAILED DESCRIPTION
[0025] The present disclosure relates to an ophthalmoscope device and methods for capturing
images from ophthalmoscope devices. In some embodiments, the ophthalmoscope device is
worn by the subject of the images. In other embodiments, the ophthalmoscope device is held by a
caregiver. The ophthalmoscope device captures images of the fundus (or eye fundus) of the
subject through the subject’s pupil. Often the fundus images include the fovea. The
ophthalmoscope device captures these images when the subject’s eye is oriented to provide a line
of site through the pupil to the fundus and fovea.
[0026] Figure 1 is an example system 100 for performing ophthalmoscopy procedures. In this
example, an ophthalmoscope device 102 is configured to be worn by a subject or wearer and to
capture eye fundus images of that subject. In other examples, the ophthalmoscope device 102 is
configured to be held by the hand of a caregiver. In some embodiments, the ophthalmoscope
device 102 is used to capture digital images. In other embodiments, the ophthalmoscope device
102 is used to capture film images.
[0027] In addition, in some embodiments, the ophthalmoscope device 102 is configured to send
data associated with the digital images to a central server 106. For example, the ophthalmoscope
device 102 can be programmed to send digital images to the central server 106 for additional

processing and/or storage in an electronic medical record (EMR).
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[0028] The ophthalmoscope device 102 and the central server 106 communicate through a
network 104. In one example, the ophthalmoscope device 102 and network 104 are part of a
CONNEX™ gsystem from Welch Allyn of Skaneateles Falls, New York, although other systems
can be used. In such an example, the monitor devices communicate through known protocols,
such as the Welch Allyn Communications Protocol (WACP). WACP uses a taxonomy as a
mechanism to define information and messaging. Taxonomy can be defined as description,
identification, and classification of a semantic model. Taxonomy as applied to a classification
scheme may be extensible. Semantic class-based modeling utilizing taxonomy can minimize the
complexity of data description management by limiting, categorizing, and logically grouping
information management and operational functions into families that contain both static and
dynamic elements.

[0029] In another example, the central server 106 can be a distributed network, commonly
referred to as a “cloud” server. The ophthalmoscope device 102 communicates with the cloud
server through non-proprietary, industry standard messaging. Data encryption is also based on
industry standards.

[0030] The network 104 is an electronic communication network that facilitates communication
between the ophthalmoscope device 102 and the central server 106. An electronic
communication network is a set of computing devices and links between the computing devices.
The computing devices in the network use the links to enable communication among the
computing devices in the network. The network 104 can include routers, switches, mobile access
points, bridges, hubs, intrusion detection devices, storage devices, standalone server devices,
blade server devices, sensors, desktop computers, firewall devices, laptop computers, handheld
computers, mobile telephones, and other types of computing devices.

[0031] In various embodiments, the network 104 includes various types of links. For example,
the network 104 can include wired and/or wireless links, including Bluetooth, ultra-wideband
(UWB), 802.11, ZigBee, and other types of wireless links. Furthermore, in various embodiments,
the network 104 is implemented at various scales. For example, the network 104 can be
implemented as one or more local area networks (LANs), metropolitan area networks, subnets,
wide area networks (such as the Internet), or can be implemented at another scale. Additionally,

the network 104 includes networks formed between the ophthalmoscope device 102 and a
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peripheral device using a wireless network protocol (e.g., a mouse connected using Bluetooth,
etc.).

[0032] The ophthalmoscope device 102 and the central server 106 are computing devices. A
computing device is a physical, tangible device that processes data. Example types of computing
devices include personal computers, standalone server computers, blade server computers,
mainframe computers, handheld computers, smart phones, special purpose computing devices,
and other types of devices that process data.

[0033] Computing devices can include at least one central processing unit (“CPU”), a system
memory, and a system bus that couples the system memory to the CPU. The system memory
includes a random access memory (“RAM”) and a read-only memory (“ROM”). A basic
input/output system containing the basic routines that help to transfer information between
elements within the device, such as during startup, is stored in the ROM. The device further
includes a mass storage device. The mass storage device is able to store software instructions and
data.

[0034] The mass storage device and its associated computer-readable data storage media provide
non-volatile, non-transitory storage for the device. Although the description of computer-
readable data storage media contained herein refers to a mass storage device, such as a hard disk
or CD-ROM drive, it should be appreciated by those skilled in the art that computer-readable
data storage media can be any available non-transitory, physical device or article of manufacture
from which the device can read data and/or instructions.

[0035] Computer-readable data storage media include volatile and non-volatile, removable and
non-removable media implemented in any method or technology for storage of information such
as computer-readable software instructions, data structures, program modules or other data.
Example types of computer-readable data storage media include, but are not limited to, RAM,
ROM, EPROM, EEPROM, flash memory or other solid state memory technology, CD-ROMs,
digital versatile discs (“DVDs”), other optical storage media, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be used
to store the desired information and which can be accessed by the device.

[0036] The computing device can also include an input/output controller for receiving and

processing input from a number of other devices, including a keyboard, a mouse, a touch user
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interface display screen, or another type of input device. Similarly, the input/output controller
provides output to a touch user interface display screen, a printer, or other type of output device.
[0037] Referring now to Figure 2, the ophthalmoscope device 102 is shown in more detail. In
this example, the ophthalmoscope device 102 includes a support structure 130, a control module
132, a display device 134, an image capture device 136, and an illumination device 138.

[0038] The support structure 130 is a physical structure that holds the other components of the
ophthalmoscope device 102 and, in some embodiments, is configured to couple to the wearer. In
some embodiments, the support structure 130 is an eye glasses frame. In other embodiments, the
support structure 130 is a headband. In some embodiments, the support structure 130 is formed
from a rigid material, such as some plastics, metals, or composites. In other embodiments, the
support structure 130 is formed from a semi-rigid or flexible material, such as rubber, elastic, or
some plastics. In yet other embodiments, the support structure 130 is formed from a combination
of materials, including rigid materials, semi-rigid materials, and flexible materials. Other
embodiments of the support structure 130 are possible as well. Although the support structure
130 described in this embodiment is configured to be coupled to the wearer, in other
embodiments the support structure 130 is configured to be held in a hand of a caregiver. The
support structure 130 is an example of a housing.

[0039] The control module 132 is a module configured to control the operation of the
ophthalmoscope device 102. The control module 132 can include a computing device. In some
embodiments, the control module 132 controls the operation of the display device 134, the image
capture device 136, and the illumination device 138.

[0040] The display device 134 is a device configured to display images or patterns of light that
are visible to the wearer of the ophthalmoscope device 102. The display device 134 is shown and
described in greater detail with respect to Figures 3—-8. In some embodiments, the display device
134 is the display included in Google Glass from Google Inc. of Mountain View, California.
[0041] The image capture device 136 is a device configured to capture images of the wearer of
the ophthalmoscope device 102. In some embodiments, the image capture device 136 includes a
camera or image capture sensor, such as a charge-coupled device or complementary metal-oxide-
semiconductor. In some embodiments, the image capture device 136 includes a digital video
camera. Yet other embodiments of the image capture device 136 are possible as well. In the

examples shown, the image that is captured is a digital image. In the example shown, the image
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capture devices can capture images in a variety of formats, such as JPEG, BITMAP, TIFF, etc.
The image capture device 136 is shown and described in greater detail with respect to Figures 3
and 6-10.

[0042] The illumination device 138 is a device configured to generate and direct light towards
the eye of the wearer of the ophthalmoscope device 102 so that the structures of the eye may be
imaged. In some embodiments, the illumination device 138 comprises one or more light emitting
diodes, incandescent bulbs, or fiber optic cables. Yet other embodiments of the illumination
device 138 are possible as well. In some embodiments, the illumination device 138 is configured
to create multiple illumination conditions, each having a different intensity (i.e., brightness) of
light. However, some embodiments of the ophthalmoscope device 102 do not include an
illumination device 138.

[0043] Referring now to Figure 3, embodiments of the display device 134 and the image capture
device 136 of the ophthalmoscope device 102 are shown in more detail. The display device 134
includes a projector 160 and a prism 162. The image capture device includes a lens 164. Also
shown are projected light rays 166.

[0044] The projector 160 is an optical device that projects images or light. In some
embodiments, the projector 160 receives electronic signals corresponding to images and projects
patterns of light corresponding to those images. In the embodiment shown, the projector projects
images or light through a surface of the prism 162.

[0045] The prism 162 is an optical element and is configured to refract light rays that enter
through one of its surfaces out through a different surface. In the embodiment shown, the prism
162 refracts the projected light rays 166 projected by the projector by approximately ninety
degrees. In some embodiments, the prism 162 is transparent or semi-transparent.

[0046] The lens 164 is an optical device that transmits and directs light rays from outside the
image capture device 136 into the image capture device 136. In the embodiment shown, the lens
164 is disposed to receive light rays that pass through the prism 162.

[0047] Referring now to Figure 4, an illustration of a subject S wearing an embodiment of the
ophthalmoscope device 102 is shown. Also shown is the field of view V of the subject S.

[0048] In the embodiment shown, the subject S is wearing the ophthalmoscope device 102 like a

pair of glasses. The device rests on the bridge of the nose of the subject S and includes arms that
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wrap around the head of the subject S. In some embodiments, the arms rest on the ears of the
subject S.

[0049] The field of view V illustrates an overlay layer 200. The overlay layer 200 corresponds to
the portion of the field of view V in which the display device 134 may overlay images. In the
example shown an image of a cursor 202 is displayed in the field of view V of the subject S on
the overlay layer 200. In some embodiments, the overlay layer 200 is transparent or translucent.
Accordingly, on portions of the overlay layer 200 that are not displaying an image, the field of
view V of the subject S is not occluded. In some embodiments, the overlay layer 200 is not
transparent or translucent and the field of view V of the subject S is occluded even when images
are not being displayed. Additionally, in some embodiments, the image capture device 136 (not
shown in this figure) occludes the field of view V of the subject S even when the overlay layer
200 is transparent or translucent. In some embodiments, the overlay layer 200 is the same size as
the field of view V.

[0050] Referring now to Figure 5, a front-view illustration of a subject S wearing an
embodiment of the ophthalmoscope device 102 is shown. As shown in this figure, the projected
light rays 166 are refracted by the prism 162. After being refracted, the projected light rays 166
pass through the pupil P of the subject S and contact the retina R of the subject S. If the subject S
is focusing on the image being projected by the projector 160, the eye of the subject S will be
oriented such that the projected light rays 166 will contact the fovea F of the subject S. The fovea
F is the region of the retina R where vision is are sharpest. It is located in the center of the
macula region of the retina R.

[0051] Referring now to Figure 6, a top-view illustration of a subject S wearing another
embodiment of the ophthalmoscope device 230 is shown. In this illustration, the image capture
device 136, lens 164, reflection device 240, and image light rays 242 are shown. The
ophthalmoscope device 230 is similar to the ophthalmoscope device 102 except that it includes
the reflection device 240 and the image capture device 136 is disposed on a side of that reflection
device 240.

[0052] The reflection device 240 is an optical device and is configured to direct the image light
rays 242 into the lens 164 of the image capture device 136. In some embodiments, the reflection
device 240 is a prism. In other embodiments, the reflection device 240 is a mirror. Other

embodiments of the reflection device 240 are possible as well.
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[0053] The image light rays 242 are light rays that are reflected by the various eye structures. At
least a portion of the image light rays 242 are captured by the image capture device 136 to
generate an image.

[0054] Although in the embodiment shown in Figure 6, the image capture device 136 is disposed
on the opposite side of the reflection device 240 from the projector 160, in other embodiments,
the image capture device 136 is disposed in other locations, such as next to the projector 160.
[0055] Referring now to Figure 7, a top-view illustration of an embodiment of the
ophthalmoscope device 102 and an eye E of a subject S. Also shown are projected light rays 166,
image light rays 242, and environment light rays 270a-b. The environment light rays 270a—b
include light rays from ambient light sources.

[0056] The projector 160 is configured to project projected light rays 166 into the prism 162,
where the projected light rays 166 are refracted towards the eye E. Because the projector 160 is
disposed on the side of the prism 162, it does not occlude the subject’s view significantly.

[0057] The image capture device 136 is disposed across the prism 162 from the eye E. The lens
164 is configured to image the eye E through the prism 162. The lens 164 transmits image light
rays 242 into the image capture device 136 for imaging. The image light rays 242 pass are
reflected by the eye E and pass through the prism 162 to reach the lens 164. The image light rays
242 pass through the prism 162.

[0058] Additionally, some of the environment light rays 270a—b also reach the eye E. In this
manner, the subject can perceive the environment while also perceiving the projected light rays
166. However, only some of the environment light rays 270a—b reach the eye E, because the
image capture device 136 occludes the subjects field of view. For example, environment light ray
270a is not occluded by the image capture device 136 and reaches the eye E. Conversely,
environment light ray 270b is occluded by the image capture device 136 and does not reach the
eye E. In some embodiments, the environment light rays 270a—b are occluded to reduce the
chance of glare.

[0059] Referring now to Figure 8, another top-view illustration of an embodiment of the
ophthalmoscope device 230 and an eye E of a subject S. Also shown are projected light rays 166,
image light rays 242, and environment light rays 270a-b.

[0060] Although the image light rays 242 pass through the prism 162 without being refracted

significantly, the image light rays 242 are refracted by the reflection device 240. In this manner,
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the image light rays 242 are redirected by the reflection device 240 into the lens 164 for imaging
by the image capture device 136.

[0061] In this embodiment, neither the projector 160 nor the image capture device 136
significantly occlude the field of view of the subject S. Further, the embodiment of reflection
device 240 shown allows at least a portion of the light proximate to the subject to reach the eye
E. As shown, both of the environment light rays 270a and 270b reach the eye E.

[0062] Referring now to Figure 9, a top view illustration of an arrangement of an embodiment of
the image capture device 136 and an eye E of a subject S is shown. Also shown are the optical
axis 290 of the image capture device 136 and the pupil/fovea orientation axis 292.

[0063] In the arrangement shown, the pupil/fovea orientation axis 292 is aligned with the optical
axis 290 of the image capture device 136. Accordingly, in this arrangement, the image capture
device 136 can capture a fundus image that includes the fovea F, which is often desired.

[0064] The optical axis 290 of the image capture device 136 is not a physical structure, but
instead refers to the axis about which the image capture device 136 receives optical information.
Generally, the optical axis 290 runs through the center of the lens 164 and is perpendicular to the
surface at the center of the lens 164. In embodiments where the image capture device 136 is
configured to capture image light rays 242 that have been refracted by the reflection device 240,
the optical axis 290 is also refracted similarly.

[0065] The pupil/fovea orientation axis 292 is not a physical structure, but instead refers to an
axis formed between the fovea F and the pupil P of the eye E. It corresponds to the orientation of
the eye E.

[0066] Referring now to Figure 10, a top view illustration of an arrangement of an embodiment
of the image capture device 136 and an eye E of a subject S is shown. Also shown are the optical
axis 290 of the image capture device 136, the pupil/fovea orientation axis 292, and the angle 294.
[0067] In the arrangement shown, the angle 294 represents the difference between the
pupil/fovea orientation axis 292 and the optical axis 290. In some embodiments, if angle 294 is
less than 2—15 degrees, the optical axis 290 and the pupil/fovea orientation axis 292 are
considered substantially aligned. In other embodiments, optical axis 290 and the pupil/fovea
orientation axis 292 are compared to a larger or smaller angle to determine whether they are

substantially aligned. In these embodiments, the image capture device 136 may capture a fundus
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image if the optical axis 290 and the pupil/fovea orientation axis 292 are determined to be
substantially aligned.

[0068] In other embodiments, the image capture device 136 may capture a fundus image if the
position of the pupil P is substantially aligned with an optical axis 290. In some embodiments,
the pupil P is considered to be substantially aligned with the optical axis 290 when the optical
axis 290 crosses the pupil P. In some embodiments, the illumination level detected by the image
capture device 136 is used to determine whether the optical axis 290 is aligned with the pupil P
and whether the image capture device 136 is able to see through the pupil P. In some
embodiments, at least a portion of the images captured by the image capture device are processed
by an automatic thresholding algorithm, such as Otsu’s method, to binomially separate the image
into regions based on illumination levels. The resulting binomially separated regions or the
histogram of detected illumination levels can then be used to determine whether the image
capture device 136 is seeing through the pupil P to the fundus.

[0069] In some embodiments, if the pupil/fovea orientation axis 292 is not substantially aligned
with the optical axis 290 of the image capture device 136, the angle 294 is measured and used to
guide the eye E to a desired orientation for fundus imaging.

[0070] Referring now to Figure 11, a process 300 performed using some embodiments of the
ophthalmoscope device 102 is shown. The process 300 operates to image the fundus of the
subject S using passive eye tracking. In the process 300, the ophthalmoscope device 102
monitors the pupil/fovea orientation of the subject S. Although the process 300 is described with
respect to ophthalmoscope device 102, the process 300 may be performed using a wearable or
nonwearable ophthalmoscope, such as a handheld digital ophthalmoscope.

[0071] Initially, at step 302, the pupil or fovea or both of the subject S are monitored. The image
capture device 136 captures images in a first image capture mode. In the first image capture
mode, the image capture device 136 captures images at a higher frame rate. In some
embodiments, in the first image capture mode, the image capture device 136 captures images
with lower illumination and at lower resolutions. In some embodiments, the lower illumination is
created by the illumination device 138 operating to generate and direct light of a lower intensity
towards the subject. In other embodiments, the lower illumination is created by an external light

source or ambient light. Additionally, in other embodiments, the lower illumination is created by
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the display device 134. The first image capture mode may minimize discomfort to the subject S,
allow the subject S to relax, and allow for a larger pupil size without dilation (non-mydriatic).
[0072] Next, at step 304, the control module 132 processes at least a portion of the images
captured by the image capture device 136. The control module 132 processes the images to
identify the location of the pupil or fovea or both of the subject S. Using the location of the pupil
or fovea or both in one of the images, a vector corresponding to the pupil/fovea orientation is
calculated. In some embodiments, the pupil/fovea orientation is approximated based on the
distance between the pupil and fovea in the image. In other embodiments, the pupil/fovea
orientation is calculated by approximating the position of the fovea relative to the pupil in three
dimensions using estimates of the distance to the pupil and the distance between the pupil and
the fovea. In other embodiments, the pupil/fovea orientation is approximated from the position of
the pupil alone. In yet other embodiments, other methods of approximating the pupil/fovea
orientation are used.

[0073] Next, at step 306, the pupil/fovea orientation is compared to the optical axis of the image
capture device 136. If the pupil/fovea orientation is substantially aligned with the optical axis of
the image capture device 136, the process proceeds to step 308 to capture a fundus image. If not,
the process returns to step 302 to continue to monitor the pupil or fovea. In some embodiments,
the pupil/fovea orientation is substantially aligned with the optical axis when the angle between
them is less than two to fifteen degrees.

[0074] Next, at step 308, a fundus image is captured. In some embodiments, the fundus image is
captured in a second image capture mode. In some embodiments, in the second image capture
mode, the image capture device 136 captures images with higher illumination and at higher
resolutions. In some embodiments, the higher illumination is created by the illumination device
138 operating to generate and direct light of a higher intensity towards the subject. In other
embodiments, the higher illumination is created by an external light source or ambient light.
Additionally, in other embodiments, the higher illumination is created by the display device 134.
The second image capture mode may facilitate capturing a clear, well-illuminated, and detailed
fundus image.

[0075] In some embodiments, after step 308, the process 300 returns to step 302 to continue to
monitor the pupil/fovea orientation. The process 300 may continue to collect fundus images

indefinitely or until a specified number of images have been collected.
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[0076] Referring now to Figure 12, a process 340 performed using some embodiments of the
ophthalmoscope device 102 is shown. The process 340 operates to image the fundus of the
subject S using open-loop reverse eye tracking. The process 340 is similar to the process 300
illustrated and described with respect to Figure 11, except that a cursor sequence is overlaid on
the field of view of the subject S.

[0077] Initially, at step 342, the display device 134 begins to overlay a cursor sequence in the
field of view of the subject. The cursor sequence includes a plurality of frames wherein an
overlay image of a cursor is disposed at different locations. The display device 134 continues to
display the cursor sequence throughout the process 340. During the process 340, the subject may
be instructed to follow the cursor. The cursor sequence is designed to orient the pupil and fovea
of the subject for fundus imaging. An example cursor sequence is shown and described in greater
detail with respect to Figure 13.

[0078] Next, in steps 302308, a fundus image is captured as described with respect to Figure
11.

[0079] Referring now to Figure 13, an example cursor sequence 360 on the overlay layer 200 is
illustrated. The cursor sequence 360 corresponds to a plurality frames that are displayed on the
overlay layer. The frames illustrate the cursor at different locations on the overlay layer 200.
[0080] In the example cursor sequence 360, a cursor is initially shown at the starting position
362. In the frames that follow, the cursor moves along the path 364 until it reaches the ending
position 366. The path 364 spirals into the ending position 366. In this manner, the pupil/fovea
alignment of the subject S following the cursor will be drawn into many potential orientations for
imaging.

[0081] The path 364 is just one example cursor sequence. In other embodiments, other cursor
sequences are used.

[0082] Referring now to Figure 14, a process 400 performed using some embodiments of the
ophthalmoscope device 102 is shown. The process 400 operates to image the fundus of the
subject S using closed-loop reverse eye tracking. The process 400 is similar to the process 340
illustrated and described with respect to Figure 12, except that the cursor sequence is
dynamically generated based on determining the pupil/fovea alignment.

[0083] Initially, at step 402, the display device 134 overlays a cursor image in the field of view

of the subject. During the process 400, the subject may be instructed to follow the cursor. The
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display device 134 continues to display the cursor at various locations throughout the process
400.

[0084] Next, in steps 302306, the pupil/fovea orientation is determined and compared to the
optical axis of the image capture device 136 as described with respect to Figure 11. If the
pupil/fovea orientation is substantially aligned with the optical axis of the image capture device
136, the process proceeds to step 308 to capture a fundus image as described with respect to
Figure 11. If not, the process continues to steps 404—406 to reposition the cursor.

[0085] At step 404, a delta vector between the pupil/fovea orientation axis 292 and the optical
axis 290 is determined. The delta vector corresponds to the difference in position between the
current location of the pupil and a desired location of the pupil for fundus imaging. In some
embodiments, the desired location is an estimated optimal location for imaging of the fundus.
[0086] Next, at step 406, the cursor is repositioned by a vector that corresponds to the delta
vector. In some embodiments, the vector by which the cursor is repositioned on the overlay layer
200 is calculated by scaling the delta vector by a factor that correlates a distance on the overlay
layer 200 to a pupil movement distance. After the cursor is repositioned, steps 302-306 are
repeated to determine whether the pupil/fovea is now aligned for imaging the fundus. If not,
steps 404—406 are repeated again as well. These steps are repeated until the fundus image can be
captured. An example sequence of cursor positions is shown and described in greater detail with
respect to Figure 15.

[0087] Referring now to Figure 15, an example sequence of cursor positions on the overlay layer
200 is illustrated. Each of the cursor positions shown corresponds to a cursor location during
various example iterations of process 400.

[0088] In the example, the cursor starts at position 440. After determining in step 306 that the
pupil/fovea orientation is not aligned for fundus imaging, the cursor is repositioned to location
442. These steps repeat as the cursor moves to positions 444, 446, and finally 448. When the
cursor is display at position 448, step 306 determines that the pupil/fovea orientation is aligned
properly for fundus imaging. Accordingly, the fundus image is captured.

[0089] The cursor positions shown in Figure 15 are merely examples. In various embodiments,
the cursor may be displayed in other positions as well.

[0090] Referring now to Figure 16, a process 470 performed using some embodiments of the

ophthalmoscope device 102 is shown. The process 470 operates to image the fundus of the
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subject S while eliminating glare. Glare (i.e., light reflected off of the surface of the eye of the
subject) may interfere with imaging the fundus.

[0091] Initially, at step 472, the device 102 generates an imaging condition. In some
embodiments, the imaging condition is generated by the display device 134 displaying an
illumination pattern. The illumination pattern is a pattern of light designed to illuminate the eye
or a portion of the eye of the subject S. In some embodiments, the illumination pattern includes
bright dots or bright regions on the overlay layer. Other embodiments of the illumination pattern
are possible as well. In other embodiments, the illumination pattern is generated by the
illumination device 138 instead of or in addition to the display device 134.

[0092] Next, at step 302, the pupil or fovea or both of the subject S are monitored as described
with respect to Figure 11.

[0093] Next, at step 474, the control module 132 processes at least a portion of the images
captured by the image capture device 136. The control module 132 processes the images to
identify regions of glare in the image. Glare regions may be detected using various image
processing techniques. For example, in some embodiments, glare regions are detected as regions
of the image with a saturation level above a defined threshold. Other embodiments of the glare
detection step are possible as well.

[0094] Next, at step 476, the regions of glare are evaluated to determine whether they will
interfere with imaging of the fundus. In some embodiments, this step is performed by
determining whether the fovea is visible despite the regions of glare in the image. If the detected
regions of glare interfere with fundus imaging, step 478 is performed to adjust the illumination
pattern. If not, step 308 is performed as described with respect to Figure 11 to capture a fundus
image.

[0095] At step 478, the imaging condition is adjusted. In some embodiments, the imaging
condition is adjusted by adjusting the illumination pattern. In some embodiments, the
illumination pattern is adjusted according to a pre-defined sequence. For example, some
embodiments include a sequence of pre-defined illumination patterns that may be displayed
during process 470 as necessary. In other embodiments, the illumination pattern is adjusted
based on determining a delta vector for a glare region. For example, the delta vector may
correspond to the difference between the current glare region and a location where the glare

would not interfere with imaging the fundus. After the illumination pattern is adjusted, steps 302,
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474, and 476 are repeated to determine if the fundus image can be captured with the adjusted
illumination pattern.

[0096] In other embodiments, glare is removed by adjusting the view angle or depth of field of
the image capture device 136. For example, in some embodiments, the depth of field is adjusted
by moving the lens 164 along the optical axis 290 towards or away from the subject S, such as
with auto-focusing mechanisms. Additionally, in some embodiments, the view angle of the
image capture device 136 is adjusted using optical stabilizer technologies, such as double prism
actuators or direction actuated fluid lenses. In these embodiments, the imaging condition of step
472 comprises first configurations of the view angle and depth of field. If detected glare prevents
imaging of the fundus, the imaging condition is adjusted by adjusting the depth of field, the view
angle, or both in step 478. Then another image is captured. This process repeats until an image is
captured where glare does not prevent imaging of the fundus. In some embodiments, the
configurations of the depth of field and view angle are adjusted according to a pre-defined
sequence. In other embodiments, the configurations of the depth of field and view angle are
adjusted based on determining a delta vector for a glare region.

[0097] Figure 17 is another example system 500 for performing ophthalmoscopy procedures.
The example system 500 includes the ophthalmoscope device 102, an external display device
502, and an external input device 504.

[0098] The ophthalmoscope device 102 is a wearable device to capture images of the eye fundus
and is illustrated and described in greater detail with respect to Figures 2-8. In system 500, the
ophthalmoscope device 102 is configured to transmit images it captures to the external display
device 502 and to receive input commands from the external input device 504.

[0099] In some embodiments, the ophthalmoscope device 102 also transmits a location
corresponding to the location of the cursor on the overlay layer 200 to the external display device
502. In some embodiments, the cursor location is transmitted as part of the image. For example,
in some embodiments, the cursor is overlaid on the transmitted images. In other embodiments,
the cursor location is transmitted as coordinate information.

[0100] In various embodiments, the external display device 502 is implemented as various types
of display devices. Example types of display devices include, but are not limited to, cathode-ray
tube displays, LCD display panels, plasma screen display panels, touch-sensitive display panels,

LED screens, projectors, and other types of display devices. The external display device 502 is
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configured to receive and display images transmitted by the ophthalmoscope device 102. In this
manner, the external display device 502 permits a caregiver or another person to view the images
captured by the ophthalmoscope device 102. The example external display device 502 is
displaying an image 506 of an eye and a cursor 508.

[0101] The external input device 504 is a component that provides user input to the
ophthalmoscope device 102. Example types of input devices include, but are not limited to,
keyboards, mice, trackballs, stylus input devices, key pads, microphones, joysticks, touch-
sensitive display screens, and other types of devices that provide user input. In some
embodiments, the external input device 504 is integral with the external display device 502,
while in other embodiments the external display device 502 and the external input device 504 are
separate devices.

[0102] In some embodiments, the external input device 504 provides reposition commands to the
ophthalmoscope device 102. The reposition commands direct the ophthalmoscope device 102 to
reposition the cursor 202 on the overlay layer 200. In some embodiments, the reposition
command includes new coordinates for the cursor 202. In other embodiments, the reposition
command includes a delta vector for the cursor 202. Yet other embodiments are possible as well.
Using the reposition commands, a caregiver can direct the eye of the subject S to a desired
location for imaging.

[0103] In some embodiments, the external input device 504 provides image capture commands
to the ophthalmoscope device 102. The image capture command directs the ophthalmoscope
device 102 to capture a fundus image. Using the image capture command, a caregiver can
capture a fundus image at any desired orientation.

[0104] In some embodiments, the ophthalmoscope device 102 communicates directly with the
external display device 502 and the external input device 504. For example, in some
embodiments, the ophthalmoscope device 102 communicates directly with the external display
device 502 and the external input device 504 using Bluetooth. Other embodiments are possible
as well.

[0105] Figure 18 is another example system 540 for performing ophthalmoscopy procedures.
The example system 540 includes the ophthalmoscope device 102, the external display device

502, the external input device 504, and an external computer 542. The system 540 is similar to
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the system 500, except that the ophthalmoscope device 102 communicates with the external
computer 542 rather than the external display device 502, and the external input device 504.
[0106] The external computer 542 is a computing device. Computing devices are described in
detail with respect to Figure 1. In some embodiments, the external computer 542 runs a software
application to communicate with the ophthalmoscope device 102. The computing device is
configured to cause the external display device 502 to display images that have been transmitted
to the external computer 542 by the ophthalmoscope device 102. Similarly, the external
computer 542 is configured to receive input from the external input device 504 and transmits that
input to the ophthalmoscope device 102.

[0107] In some embodiments, the external display device 502 and external input device 504 are
integral with the external computer 542. For example, in some embodiments, the external
computer 542 is an iPhone or iPad, both from Apple Inc. of Cupertino, California. Yet in other
embodiments, the external computer 542 is a different portable computing device, such as a
tablet computer running an operating system like the Microsoft Windows operating system from
Microsoft Corporation of Redmond, Washington, or the Android operating system from Google
Inc. of Mountain View, California. Yet other embodiments of the external computer 542 are
possible as well.

[0108] Referring now to Figure 19, a process 570 performed using some embodiments of the
system 500 or system 540 is shown. The process 570 operates to image the fundus of the subject
S using a user directed path.

[0109] Initially, at step 572, an image of the cursor 202 is displayed on the overlay layer 200.
This step is similar to step 402 and is described in more detail with respect to Figure 14. The
image of the cursor 202 is displayed throughout the process 570.

[0110] Next, at step 574, user input is received. In some embodiments, the user input is received
directly from an external input device 504. In other embodiments, the user input is received from
an external computer 542.

[0111] Next, at step 576, it is determined whether the user input is a reposition command. If the
user input is a reposition command, then step 578 is performed to reposition the cursor. If not,

then step 580 is performed to determine whether the user input is an image capture command.
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[0112] At step 578, the image of the cursor 202 is repositioned on the overlay layer. In this
manner, a caregiver can direct the orientation of the eye of the subject. After step 578, step 574 is
performed to receive more user input.

[0113] At step 580, it is determined whether the user input is an image capture command. If the
user input is an image capture command, the step 308 is performed to capture a fundus image as
described with respect to Figure 11. If not, the step 574 is performed to receive more user input.
[0114] In other embodiments of the process 570, step 580 is not performed. Instead, the image is
captured using passive eye tracking. For example, in some embodiments the process 300 is used
in combination with the steps 572-578. The process 300 is shown and described in greater detail
with respect to Figure 11.

[0115] Although various embodiments are described herein, those of ordinary skill in the art will
understand that many modifications may be made thereto within the scope of the present
disclosure. Accordingly, it is not intended that the scope of the disclosure in any way be limited

by the examples provided.
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What is claimed is:

1. A wearable device configured to capture eye fundus images, comprising:

a support structure configured to be worn by a subject;

a display device coupled to the support structure, the display device configured to overlay
an overlay image in a field of view of the subject; and

an image capture device coupled to the support structure, the image capture device

configured to capture images of an eye fundus of the subject.

2. The device of claim 1, wherein the display device comprises:
a projector configured to project a pattern of light representing the overlay image; and
a prism disposed in the field of view of the subject, the prism configured to direct at least

a portion of the pattern of light towards the eye fundus.

3. The device of claim 2, wherein the prism is transparent.
4. The device of claim 2, wherein the prism is semi-transparent.
5. The device of claim 2, wherein the image capture device includes a second prism, the

second prism configured to direct light reflected from the subject to a lens of the device.

6. The device of claim 1, wherein the overlay image is a cursor.

7. The device of claim 1, wherein the support structure is an eye glasses frame.

8. The device of claim 1, wherein the support structure is a headband.

9. The device of claim 1, wherein the image capture device is configured to capture images

of the eye fundus.

10. The device of claim 1, further comprising a control module programmed to:
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instruct the image capture device to capture a plurality of images in a first image capture
mode;

process at least a portion of the plurality of images to determine a position of a pupil of
the subject; and

instruct the image capture device to capture an image in a second image capture mode
when the position of the pupil is substantially aligned with an optical axis of the image capture

device.

11. The device of claim 10, wherein the position of the pupil is substantially aligned with the
optical axis of the image capture device when an angle formed between the optical axis and a

vector formed between a lens of the device and the pupil is less than fifteen degrees.

12. The device of claim 10, wherein the position of the pupil is substantially aligned with the
optical axis of the image capture device when an angle formed between the optical axis and a

vector formed between a lens of the device and the pupil is less than two degrees.

13. The device of claim 10, wherein the position of the pupil is substantially aligned with the

optical axis of the image capture device when the optical axis crosses the pupil.

14. The device of claim 10, wherein:
the first image capture mode comprises a first resolution, a first illumination condition;
the second image capture mode comprises a second resolution, a second illumination
condition;
the second resolution is greater than or equal to the first resolution; and

the second illumination condition is brighter than the first illumination condition.

15. The device of claim 10, wherein the control module is further programmed to:
instruct the display device to overlay the overlay image of a cursor in the field of view of
the subject;

transmit at least a portion of the plurality of images to an external display device; and
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receive commands from an external input device, wherein the commands comprise at
least one of instructions to capture the image with the image capture device and instructions to

reposition the overlay image of the cursor in the field of view of the subject.

16. The device of claim 15, wherein the control module transmits at least a portion of the
plurality of images to an external display device by transmitting at least a portion of the plurality

of images to a computing device over a network.

17. A wearable device configured to capture eye fundus images, comprising:
a support structure configured to be worn by a subject;
a display device coupled to the support structure, the display device configured to overlay
an overlay image in a field of view of the subject, the display device comprising:
a projector configured to project a pattern of light representing the overlay image;
and
a prism disposed in the field of view of the subject, the prism configured to direct
at least a portion of the pattern of light towards an eye fundus of the subject;
an image capture device coupled to the support structure, the image capture device
configured to capture images of the eye fundus through the prism of the display device; and
a control module programmed to:
instruct the image capture device to capture a plurality of images in a first image
capture mode;
process at least a portion of the plurality of images to determine a position of a
pupil of the subject; and
instruct the image capture device to capture an image in a second image capture
mode when the position of the pupil is substantially aligned with an optical axis of the
image capture device, wherein:
the first image capture mode comprises a first resolution and a first
illumination condition;
the second image capture mode comprises a second resolution and a
second illumination condition;

the second resolution is greater than or equal to the first resolution; and
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the second illumination condition is brighter than the first illumination

condition.

18. A method for capturing an eye fundus image of a subject using a wearable
ophthalmoscope, comprising:

securing the wearable ophthalmoscope to the subject;

capturing a plurality of images, by the wearable ophthalmoscope, of a pupil of the subject,
wherein the plurality of images are captured in a first image capture mode;

processing at least a portion of the plurality of images to determine a position of the pupil;
and

capturing an eye fundus image of the subject when the position of the pupil is in a desired

position, wherein the eye fundus image is captured in a second image capture mode.

19. The method of claim 18, further comprising:
overlaying a sequence of overlay images on a field of view of the subject, wherein the

sequence of overlay images are configured to direct the pupil to the desired position.

20. The method of claim 18, further comprising:

overlaying a first overlay image on a field of view of the subject in a first position;

determining the position of the pupil while the first overlay image is visible;

determining a correction vector, the correction vector corresponding to a difference
between the position of the pupil while the first overlay image is visible and the desired position
of the pupil; and

overlaying a second overlay image on the field of view of the subject in a second position,
wherein the second position corresponds to the first overlay image repositioned by the correction

vector.

21. The method of claim 18, further comprising:
projecting a first illumination pattern, the first illumination pattern configured to
illuminate the eye fundus;

detecting glare on a surface of the pupil; and
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projecting a second illumination pattern when glare is detected on the surface of the pupil,
the second illumination pattern configured to illuminate the eye fundus, wherein the second

illumination pattern is different than the first illumination pattern.

22. A handheld digital ophthalmoscope comprising:
a housing, configured to be held by a hand;
an image capture device coupled to the housing, the image capture device configured to
capture images of an eye fundus of a subject; and
a control module programmed to:
instruct the image capture device to capture a plurality of images in a first image
capture mode;
process at least a portion of the plurality of images to determine a position of a
pupil of the subject; and
instruct the image capture device to capture an image in a second image capture
mode when the position of the pupil is substantially aligned with an optical axis of the

image capture device.
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