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AUTOMATED AND NON-MYDRIATIC FUNDUS-PERIMETRY
CAMERA FOR IRREVERSIBLE EYE DISEASES

CROSS REFERENCE TO RELATED APPLCIATION

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/820,302, filed on May 7, 2013, which is incorporated by reference, herein, in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to medical devices. More particularly, the
present invention relates to a system and method for testing for eye diseases.

BACKGROUND OF THE INVENTION

[0003] Eye diseases in developing nations commonly cause blindness due to lack of
access to suitable treatment and preventative care. Many of the eye diseases that cause
blindness in developing nations are preventable and/or treatable to mitigate damage to the
patient's sight. While eye camps set up to treat patients with eye disease have been
implemented in some developing nations, often, devices needed to test for eye diseases are
too expensive for use in these remote and rural areas. Additionally, even if the cost is
accounted for these devices might not be portable or might require too much power to be
used anywhere but in cities in these developing nations. This leaves those living outside of
cities or in remote areas unable to seek treatment without significant travel and a great deal of
money. Therefore, these people often forego care, and their eye health deteriorates, even
though their conditions are preventable and treatable.

[0004] Accordingly, there isaneed in the art for a system and method for screening

patients for eye disease in developing countries.
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SUMMARY OF THE INVENTION

[0005] The foregoing needs are met, to a great extent, by amethod for testing for eye
diseases including obtaining an image of an eye of the patient using aprimary camera. The
method also includes tracking movement of the eye using a secondary camerato provide
tracking information. Additionally, the method includes processing the image and the

tracking information to obtain enhanced image information.

[0006] In accordance with an aspect of the present invention, the method includes
blocking entry of ambient light to the eye and an area surrounding the eye. The method
includes using aprimary camera having infrared capabilities. The method includes prompting
the eyeto be set a angles relative to the primary imaging camera. Additionaly, the method
includes defining the image as a number of pixels and assigning each one of the pixels a
coordinate. The coordinates are used to aid the co-registration process and allow for image
variation. Enhanced image information is constructed using matching of similar areas of
pixels on adjacent images. The method also includes determining a quantifiable score for the
image using a Fourier transform of the image and using aperimetry test to characterize the

visual acuity a the periphery of avisua field of the patient.

[0007] In accordance with another aspect of the present invention, a system for testing for
eye diseases, includes aprimary camera configured to obtain images of an eye of apatient.
The system aso includes a secondary camera configured to track movement of the eye of the
patient resulting in tracking information. Additionally, the system includes a non-transitory
computer readable medium programmed to receive the images and the tracking information

and process the images and tracking information into enhanced image information.

[0008] In accordance with yet another aspect of the present invention, the system

includes ahead mounting device for securing the primary camera and secondary camerato a
2
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head of the patient. The head mount is configured to hold the primary camera in front of the
eye of the patient. The system further includes an LED tracking light and a fundus and
perimetry light source. The system includes a computing device having a display.
Additionally, the system includes an eyelid holder. A prism can beincluded to collimate the

light. The primary camera further includes infrared capabilities.

BRIEF DESCRIPTION OF THE DRAWING

[0009] The accompanying drawings provide visua representations, which will be used to
more fully describe the representative embodiments disclosed herein and can be used by
those skilled in the art to better understand them and their inherent advantages. Inthese
drawings, like reference numerals identify corresponding elements and:

[0010] FIG. 1lillustrates a diagram of an eye-tracking camera system according to an
embodiment of the present invention.

[0011] FIG. 2illustrates afront view of the eye-tracking camera system of FIG. 1, as
worn by apatient, according to an embodiment of the present invention.

[0012] FIG. 3illustrates aside view of the eye-tracking camera system of FIG. 1, asworn

by apatient, according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0013] The presently disclosed subject matter now will be described more fully
hereinafter with reference to the accompanying Drawings, in which some, but not all
embodiments of the inventions are shown. Like numbers refer to like elements throughout.
The presently disclosed subject matter may be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein; rather, these embodiments

areprovided so that this disclosure will satisfy applicable legal requirements. Indeed, many
3
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modifications and other embodiments of the presently disclosed subject matter set forth
herein will come to mind to one skilled in the art to which the presently disclosed subject
matter pertains having the benefit of the teachings presented in the foregoing descriptions and
the associated Drawings. Therefore, it isto be understood that the presently disclosed subject
matter is not to be limited to the specific embodiments disclosed and that modifications and
other embodiments are intended to be included within the scope of the appended claims.
[0014] An embodiment in accordance with the present invention provides a system and
method for screening for eye diseases, particularly in developing countries. The system
includes aprimary camera for obtaining images of the eye and retina as well as a secondary
camera for tracking eye movement. The system also includes a computing device configured
to receive image information from both the primary and secondary cameras. The computing
device can take the form of apersonal computer, server, imaging device processor,
smartphone, tablet, phablet, or any other suitable device known to or conceivable by one of
skill in the art. The computing device is loaded with or has access to a non-transitory
computer readable medium programmed for image processing to stitch together the image
information to provide an operator of the device with detailed information about the patient's
eye, and more particularly, the retina and optic nerve. The system is portable and reusable,
making it ideal for use in remote and rural aress.

[0015] FIG. lillustrates a diagram of an eye-tracking camera system according to an
embodiment of the present invention. Asillustrated in FIG. 1, the system 10 includes a
primary imaging camera 12 configured to transmit images to a computing device 14. The
computing device 14 can, not only, display the images as abtained by the primary camera on
display 16, but also provides image processing in the form of an image processing software
module, or any other suitable means known to or conceivable by one of skill in the art. The

system 10 also includes a second, eye-tracking camera 18, also configured to transmit images
4
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to the computing device 14. The computing device 14 includes display 16 to display the
image information from the second, eye-tracking camera 18 independently, or can access the
non-transitory computer readable medium to process the information to include it in a
compiled image or in an image information report. The system 10 can aso include light
sources 20 in the form of aLED tracking light 22 and a fundus and perimetry light source 24.
A belt 26, or other securing device can also beincluded to hold the cameras 12, 18 of the
system to the face of the patient. The belt 26 is also used to keep the cameras 12, 18 closeto
the face of the patient for instances where outside light needs to be blocked, in order to obtain
images.

[0016] FIG. 2 illustrates afront view of the eye-tracking camera system of FIG. 1, and
FIG. 3illustrates a side view of the eye-tracking camera system of FIG. 1, asworn by a
patient, according to an embodiment of the present invention. Asillustrated in FIGS. 2 and 3
the eye-tracking camera system is held to an eye of the patient and can be secured using the
belt 26. The computing device can be coupled to the cameras using either wired or wireless
communication protocols known to or conceivable by one of skill in the art. The computing
device can aso be used to provide power or auxiliary power to the cameras. The system is
configured such that it can be used on either eye of the patient, such that only one system is
needed to assess both aleft and aright eye of the patient. While a second camera is discussed
herein, embodiments that feature only the primary camera to execute all of the aspects of
imaging are also possible, and included herein.

[0017] More particularly, for fundus imaging, a complete image is obtained through the
capture and combination of several small-size images, using aprimary imaging camera,
allowing ahigher resolution view of the entire optic nerve. The primary imaging camera is
capable of lateral movement to maintain line of sight throughout the motion of the patient's

eye. A second camera is used to provide rotational awareness of the eye. With awide field of
5
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view camera (such asthe OV8830 from OmniVision) located adjacent to or behind the main
imaging camera, the second camera allows tracking of the eyeto direct lateral movement of
the imaging camera to get agood view of the back of the eye. In addition, the rear camera
provides a method to track movements, allowing stabilization in processing spatial tracking

in stitching the images together.

[0018] In addition to the method for normal light fundus imaging described herein, the
present invention includes afeature that takes advantages of infrared light and pupil dilation
without mydriasis. To increase the portion of the retina visible through the pupil without
using mydriatic drugs, a method of the present invention initially blocks any entries of
normal light to initiate dark adaptation. The pupil has known to reach maximum dilation
within 3to 10 minutes. In order to maintain the dilated pupil during imaging, infrared light
will be used to illuminate the eye without triggering the pupillary response, and the primary

imaging camera is replaced with an infrared camera that can take images of the fundus.

[0019] For either infrared or normal light image acquisition the method of the present
invention includes apatient's eye being prompted to be at set angles relative to aprimary
imaging camera via an array of fixation points. Hence, ignoring variation of eye fixation
from the set point, the sequence of images collected maps out the field of view of the fundus
in apredictable way (clockwise illumination of fixation points). The number of images taken
are minimized such that there is minimal overlap of points on adjacent images. Another
possibility to be determined from the rest of the instrumentation isto collect more adjacent
points such that stitching itself is robust enough to form a coherent composite image and has
been done for other medical purposes, such as radiography and laryngoscopy. Moreover, due

to the consistency of each component image field of view, pixels can be assigned a
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coordinate, which can greatly aid the co-registration process and allow for reasonable image

variation.

[0020]  According to amethod of the present invention, the compiled image is
reconstructed by matching similar areas of pixels on adjacent images (similar will be
quantified as aparameter that can be determined experimentally). Adjacent images are
concatenated pixel-wise until al the element images are included in the combined image.
Due to motion and other sources of noise, there are spatially-aligned pixels after co-
registration that have conflicting values in adjacent images. To resolve this, some basic
statistical computation will be performed to give an intermediate value - possibly a simple or

weighted average (based on local intensity values).

[0021] The present invention can also include a software component for processing the
images obtained using the cameras. The software takes the form of a non-transitory computer
readable medium. For the fundus imaging portion the non-transitory computer readable
medium is programmed to determine a quantifiable score of the image quality by computing
the Fourier transform of the image. The amount of high frequency noise is directly
proportional to the blurriness of the image. By creating thresholds for acceptable levels of
high frequency noise from the Fourier transform, image quality can be managed. Due to the
difficulties in capturing the entire fundus in a single photograph, multiple photographs are
taken and stitched together using one image as an anchor image and modifying other
photographs to create similar viewing geometries. Through discrete smooth interpolation,
differences in intensity values for pixels in the overlapping regions may be compared and

averaged to reduce graininess.
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[0022] Another feature of amethod of the present invention is implementing a perimetry
test, which characterizes the visual acuity at the periphery of apatient's visual field. This can
be accomplished by directing apoint of light onto various sections of the retina. By varying
the intensity of the light by a set interval, the present invention can determine athreshold of
detection by recording the patient's response to the stimulus in different regions of eye.
Directing the light can be accomplished in many ways. One way would beto create aring of
light and alow only asmall wedge through to the retina a atime. By rotating the wedge of
passed light, an entire circle of points can betested around the macula. Another way would
beto transmit asmall beam of light through two wedge prisms in series. By changing the
relative orientation of the prisms, the light can be directed anywhere within acircle described
by the angle 46where Oisthe deflection angle of just one prism. By collimating the light, the
present invention can be used to reduce the dispersion of the light and limit its location to a

much more controlled area of the retina.

[0023] In addition, for stabilization during image acquisition, the following can be added
to the system to minimize distortion from head and eyelid movements: A head-mount that
holds the imaging device in front of the eye would be able to reduce error generated by the
movement of the head. Additionally, to ensure that blinking does not affect our measurement,
an eyelid holder would be utilized to restrict movement the eyelid. A head-rest structure with
achin-rest, aforehead rest and aU-shaped rest that restricts lateral head movements would
stabilize the movement of the head. An eyelid holder would be utilized to ensure the subject

does not blink while the image is being taken.

[0024] It should be noted that the methods described herein can be executed with a
program(s) fixed on one or more non-transitory computer readable medium. The non-

transitory computer readable medium can beloaded onto a computing device, server, imaging
8
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device processor, smartphone, tablet, phablet, or any other suitable device known to or
conceivable by one of skill inthe art. It should aso be noted that herein the steps of the
method described can be carried out using a computer, non-transitory computer readable
medium, or aternately a computing device, microprocessor, or other computer type device
independent of or incorporated with one or more camera devices. Indeed, any suitable

method of calculation known to or conceivable by one of skill in the art could be used.

[0025] A non-transitory computer readable medium is understood to mean any article of
manufacture that can be read by a computer. Such non-transitory computer readable media
includes, but is not limited to, magnetic media, such as afloppy disk, flexible disk, hard disk,
reel-to-reel tape, cartridge tape, cassette tape or cards, optical media such as CD-ROM,
writable compact disc, magneto-optical media in disc, tape or card form, and paper media,

such as punched cards and paper tape.

[0026] The many features and advantages of the invention are apparent from the detailed
specification, and thus, it is intended by the appended claims to cover al such features and
advantages of the invention which fall within the true spirit and scope of the invention.
Further, since numerous modifications and variations will readily occur to those skilled in the
art, it is not desired to limit the invention to the exact construction and operation illustrated
and described, and accordingly, all suitable modifications and equivalents may be resorted to,

falling within the scope of the invention.
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What is claimed is:

1. A method for testing for eye diseases comprising:

obtaining an image of an eye of the patient using aprimary camera;

tracking movement of the eye using a secondary camerato provide tracking

information; and

processing the image and the tracking information to obtain enhanced image

information.

2. The method of claim 1 further comprising blocking entry of ambient light to the eye

and an area surrounding the eye.

3. The method of claim 1using the primary camera comprising infrared capabilities.

4. The method of claim 1 further comprising prompting the eyeto be set a angles

relative to the primary imaging camera.

5. The method of claim 1further comprising defining the image as a number of pixels.
6. The method of claim 5 further comprising assigning each one of the pixels a
coordinate.

10
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7. The method of claim 6 further comprising using the coordinates to aid the co-

registration process and allow for image variation.

8. The method of claim 1further comprising constructing the enhanced image

information using matching of similar areas of pixels on adjacent images.

9. The method of claim 1further comprising determining a quantifiable score for the

image using a Fourier transform of the image.

10. The method of claim 1further comprising using aperimetry test to characterize the

visual acuity a the periphery of avisua field of the patient.

11. A system for testing for eye diseases, comprising:

aprimary camera configured to obtain images of an eye of apatient;

asecondary camera configured to track movement of the eye of the patient resulting

in tracking information; and,

anon-transitory computer readable medium programmed to receive the images and
the tracking information and process the images and tracking information into enhanced

image information.

11
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12.

The system of claim 1 further comprising ahead mounting device for securing the

primary camera and secondary camera to ahead of the patient.

13.

14.

15.

16.

17.

18.

The system of claim 11 further comprising an LED tracking light.

The system of claim 11 further comprising afundus and perimetry light source.

The system of claim 11 further comprising a computing device.

The system of claim 15 wherein the computing device further comprises a display.

The system of claim 11 further comprising an eyelid holder.

The system of claim 12 further comprising the head mount being configured to hold

the primary camera in front of the eye of the patient.

19.

The system of claim 11 further comprising aprism to collimate the light.

12
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20. The system of claim 11wherein the primary camera further comprises infrared

capabilities.

13
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