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FIG. 3

(87) Abstract: A system and methods for the enhancement of a user's vision using a head-mounted and user-controllable device in -
cluding a magnification bubble having variable attributes wherein a portion of the scene 1s magnified within the complete scene,
wherein the user 1s able to modity, in real-time, how the 1mages are processed mcluding the attributes ot the magnification bubble.
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METHODS AND APPARATUS FOR VISION ENHANCEMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 62/077,434,
filed November 10, 2014, U.S. Provisional Application No. 62/131,957 filed March 12, 20135,
and U.S. Provisional Application No. 62/155,972, filed May 1, 2015, the contents of which

ar¢ hereby incorporated by reference 1n their entirety.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention generally relates to a vision-enhancement system and methods,
and more particularly, to a head-mounted and user-controllable method and system for

vision-enhancement and a system and method for configuring a vision-enhancement system.

DISCUSSION OF THE BACKGROUND

The normal human visual system establishes a non-magnified representation of a
scene in the visual periphery with a high-resolution representation at the center of the visual
field. Thus, the cornea and lens of the eye focuses a viewed scene onto the retina, which
includes the fovea near the center of vision and a peripheral area. The fovea 1s a small area
composed of closely packed cones near the center of the macula lutea of the retina. The
fovea is responsible for sharp central vision, which is necessary for activities where visual

detail 1s of primary importance, such as reading and driving.

The fovea 1s greatly expanded at the visual cortex and represents a significant
magnification mechanism that allows a normally sighted person to discern the region of the
visual world that is in "focus” on (faces, titles of dish soap, text), but sees that region in the

broad context of an overall visual field.

A significant portion of the population sutfers from low vision - those with visual
acuity of 20/80 or worse. These people have difficulty reading, but also with mobile
activities such as navigating and recognizing both people and objects at a distance. This
disability greatly diminishes their quality of life, greatly limiting their ability to socialize,
shop, cook and travel. Recent technical advances in digital technology have greatly
improved the ability to read with large magnified CCTV displays, but mobility still remains

a difficult challenge: magnification is effective for static activities like reading or watching
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TV, but does not enable a person to move through the environment while viewing a
magnified view of the environment. The reason is that magnification of the entire image
dramatically reduces the overall field of view. Thus, for instance, if a person with normal
vision has a visual field of view of 180 degrees, a system that magnifies 6x reduces that

field of view to 30 degrees, thus eliminating a person’s peripheral vision.

Thus there is a need in the art for a method and apparatus that permits for enhanced
representation of the visual world that also enables mobility for navigation and recognition.

The methods and apparatus should be easy to use and be inexpensive.

BRIEF SUMMARY OF THE INVENTION

The present invention overcomes the limitations and disadvantages of prior art vision-
enhancement systems and methods by providing the user with a head-mounted, user-

adjustable system that provides a magnified view to the user along with peripheral vision.

It is one aspect to provide a device that can present to the user, in real-time, an
enhanced video image of a scene surrounding the user so that the user can perform routine
tasks. Certain embodiments include: 1) a head-mounted video camera that can obtain an
input stream of video images of the scene in front of the user’s head; 2) a processor to
process the stream of input video images into a stream of output images that corrects for the
user’s vision deficiencies; and 3) a display for the processed video images that 1s viewable by

the user.

It is another aspect to provide processed images of a scene that provides a smooth
transition between an enhanced portion and an unmagnified peripheral portion. Thus, for
example, in one embodiment, the processor performs a remapping of the video images to
magnify a central portion of the video images (magnification bubble), to leave the peripheral
portion either unmagnified or at a lower power of magnification than the bubble, and to
provide a smooth transition between the magnification bubble and the peripheral portion so

that the user can easily keep the magnified area within context of the viewed scene.

It is another aspect that the magnification of the scene varies smoothly across the
image to prevent any discontinuities in the processed image and to assure that the remapping
by itself does not introduce an additional scotoma or blind area. Thus, for example, the

mapping may present an unmagnified image that contains no edges and include a magnified
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It is yet another aspcct to provide a system that enhances images for people with low-
vision by mapping each pixel of an imaged scene to an output image viewable by the user of
the system. The mapping is performed, in one embodiment, to provide a smoothly varying
magnification across the output image such that the user of the system can easily see how the
magnified region is part of the peripheral area. Thus, for example, the user ot the system can

see every part of the original scene without any visual discontinuities.

It is one aspect to provide a device that can present to the user an enhanced video
image of a scene surrounding the user and permit them to modify the enhancement 1n real-
time. Thus the user can modify, for example, one or more attributes of the magnification
bubble, including, without limitation, the magnifying power, the size of the magnification
bubble, the shape of the magnification bubble, the position of the magnification bubble, and

contrast and/or light level of the image.

It is one aspect to provide a portable vision-enhancement system wearable by a user.
The system includes a memory including a stored program; a camera mounted on the user
aimed to view the scene in front of the user’s head and operable to obtain input video images
of the scene; a processor programmed to execute the stored program to transform the mput
video images into a stream of output video images which include a magnitication bubble
wherein the processor is programmed to vary various attributes of the magnification bubble
in response to an input that can be from the user; a screen disposed to be viewed by the user
that displays the output video images; and a user-operable controller for generating an input

to the processor by which various attributes of the magnification bubble can be moditied.

Certain aspects provide a portable vision-enhancement system wearable on the head
of a user. The system includes a memory including a stored program; a camera operable to
obtain a stream of input images having a field of view corresponding to the orientation of the
head of the user of the portable vision-enhancement system; a processor programmed execute
the stored program to transform the accepted stream of obtained input images into a stream of
output images; a screen that accepts and displays the stream of output images to the eyes of
the user; and a device to accept input from the user. The stream of input images includes a
first input image portion and a second input image portion and where the stream of output

images includes a first output image portion including a first magnification of the first input
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image portion and a second output image portion including a second magnification ot the

second input image portion, where the second magnification 1s greater than the tirst

magnification. The processor is adapted to modify the transform of the accepted stream of

input images into the stream of output images according to according to the accepted input.
5 The system is such that onc or more of the eyes of the wearer of the portable vision-

enhancement system is presented with an enhanced image of their field of view.

Certain other embodiments provide a clinician setup comprising: a monitor; and a
controller, where the monitor and the controller are each configured to communicate with the
portable vision-enhancement system, such that the monitor mirrors what is displayed on the

10  screen and the controller provides access to the stored program, and such that a clinician can
view the contents of the screen of the vision-enhancement system and, through the controller,
modify parameters of the stored program such that the clinician controls how the processor

modifies the transform of the accepted stream of input images into the stream of output

1mages.

15 Certain embodiments provide a method for enhancing vision for a user using a system
including a camera, a processor and a screen. The method includes: accepting a user input,
accepting a stream of video images from the camera; image processing the accepted stream of
video images in the processor programmed to include a magnification bubble, where the
magnification bubble is varied according to accepted user input; and displaying the image

20  processed stream of images on a screen viewable by the user.

These features, together with the various ancillary provisions and features which will
become apparent to those skilled in the art from the following detailed description, are
attained by the vision-enhancement system and method of the present invention, preferred
embodiments thereof being shown with reference to the accompanying drawings, by way of

25  example only, wherein:

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIGS. 1A, 1B, and 1C shows a first embodiment user-controllable vision-

enhancement system, where FIG. 1A shows the system on a user, FIG. 1B shows a

smartphone used in the system and FIG. 1C shows the body of the goggle used in the system;

30 FIG. 1D shows a second embodiment user-controllable vision-enhancement system



10

15

20

25

, . CA 02971163 2017-06-15

WO 2016/077343 PCT/US2015/059950
S

including devices for tracking eye movement;

FIG. 1E shows a system which may be used to configure a vision-enhancement

system,
FIG. 2 shows an input 1mage;
FIG. 3 shows a first embodiment output image;
FIG. 4 shows a second embodiment output image; and

FIG. 5 is a flowchart on one embodiment of the transformation performed by

smartphone.

Reference symbols are used in the figures to indicate certain components, aspects or
features shown therein, with reference symbols common to more than one figure indicating

like components, aspects or features shown therein.

DETAILED DESCRIPTION OF THE INVENTION

Certain embodiments of the inventive vision-enhancement system described herein
includes: 1) a video camera to capture the scene that would be in the user’s field of view 1f
the user was not wearing the system; 2) a processor to image process the video ot the
captured scene; and 3) a screen to present the processed video images to the user’s eyes. The
modified video image compensates for the user’s particular vision problem, such as low
vision or AMD, by magnifying or otherwise moving central image to less impacted portions
of the user’s eyes while retaining the peripheral context of scene. Thus, the image of the
majority of the scene is presented to the user according to an image transformation that maps

the captured image, pixel-by-pixel, to an image that 1s more usetul to the user.

The image-processed video modifies a scene in a way that allows the user to more
easily recognize people or identify items in their surroundings. Thus, the user may be able to
identify items on the supermarket shelf, recognize friends and neighbors, read street signs,

and sit in an armchair to read a book.

Certain embodiments of the inventive vision-enhancement system are contained 1n a
head-mounted apparatus. The head-mounted apparatus generally includes a digital video

camera with a wide field of view, an image processing system capable of processing the
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camera images sufficiently rapidly to provide real-time processcd images, and a high-
resolution digital display, such as an organic light-emitting diode display (OLED) that
presents a pair of images, one to each eye of the user. As described subsequently, the video
camera is positioned to view the scene in a user’s normal field of view and the image-
processing image processes the images for a desired image enhancement. The users thus see
what is presented on the display, which is an enhancement of the scene. In certain

embodiments, the camera and display are provided by a smartphone that i1s mounted on

goggles.

In certain embodiments, the stream of video camera images is image processed to
form a stream of video output images having a magnified portion referred to herein as a
“magnification bubble.” The magnification bubble may be central to, or on the edge of, the
output image. The output image within the magnification bubble is magnified relative to the
portion outside of the magnification bubble. Thus, for example, the output image may be
unmagnified, or uniformly magnified, except for a magnification bubble portion which
includes a more highly magnified view of the video camera images. In addition, the
magnification varies across the magnification bubble from a maximum value within the
bubble to the magnification of the surrounding image outside of the bubble. The bubble thus
has a progressively increasing magnification from the edge to the center. This can present the
image with the magnification bubble without image discontinuities so that the magnified

portion can be seen within context of the entire image.

By way of a specific embodiment, Figs. 1A, 1B, and 1C shows a first embodiment
user-controllable vision-enhancement system 100, where Fig. 1A shows the system on a user,
Fig. 1B shows a smartphone used in the system and Fig. 1C shows the body of the goggle
used in the system. System 100 includes a smartphone 110 and pair of goggles 120.
Smartphone 110 includes the electronics necessary for the vision-enhancement system 100,
including a processor and memory (not shown), a forward facing camera 111, as shown in
Fig. 1A, and a screen 113 on the side opposite the camera, as shown in Fig. 1B. Smartphone
110 also includes an electrical connector 117 and may also include a backward facing camera
115, which may be used in certain embodiments. As described subsequently, processed
camera images are displayed on one portion of screen 113 shown as a left area 112 and a

second portion of the screen is shown as right area 114.

Goggles 120 include a body 122 and a strap 125 for holding the goggles on the user’s
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head and a connector 128 that mates with smartphone connector 117. Body 122 includes, as
shown in Fig. 1A, a pair of clamps 121 for removably restraining smartphone 110 and
making the electrical connection between connectors 117 and 128, and input device 123 for
providing input to the smartphone through the connectors and, as shown in Fig. 1C, a lett lens
124 and right lens 126 and a focusing wheel 127. When assembled as in Fig. 1A, with
smartphone 110 held in place by clamps 121, system 100 presents what 1s displayed in area
112 of screen 113, through lens 124, to the user's left eye, and what 1s displayed in area 114
of the screen, through lens 126, to the user’s right eye. The user may use focusing wheel 127
to adjust the focus. In certain embodiments, goggles 120 are adapted to accept user input
from input device 123, which may control or otherwise provide inputs to the accepted

smartphone 110.

In certain embodiments, smartphone 110 is provided with programming, as through a
vision-enhancement application (referred to herein as a “VE App”’) which can: 1) operate
camera 111 in a video mode to capture a stream of “input images”’; 2) perform image
processing on each input image to generate a stream of “output images”; and 3) present the
stream of output images to screen 113. In certain embodiments, each of the stream out output
images is presented sequentially side-by-side as two identical images - one in area 112 and
one in area 114. Further, it is preferred that vision-enhancement system 100 operate so that
the time delay between when the input images are obtained and when the output images are
provided to screen 113 be as short as possible so that a user may safely walk and interact with

the environment with goggles 120 covering their eyes.

In certain embodiments, the VE App may also provide a menu of options that allow
for the modification of how vision-enhancement system 100 generates an output image from
an input image. Thus, for example, vision-enhancement system 100 may execute image-
processing algorithms having parameters, where the parameters are changeable through the

menu by, for example, setting parameter values for magnification, or the size and shape of

magnification of the output image.

Vision-enhancement system 100 has adjustable features that allow it to match the
physiology of the user for usc in different settings. These features are generally set once for
each user, possibly with the need for periodic adjustment. Thus, for example, given the
spacing between screen 113 and the eyes of user U, focusing wheel 127 permits for an

optimal setting of the distance to lens 124 and 126. In addition, lens 124 and/or 126 may
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include refractive error correction. Further, it is important that the viewed spacing between
the images in areas 112 and 114 match the user’s interpupillary distance (IPD). This may be
accounted for, by example, by shifting the spacing of the output images in arcas 112 and 114
to match the IPD. Certain embodiments, described subsequently, include eye tracking to
determine a user’s gaze direction. For these systems, it is sometimes necessary to calibrate
the system to obtain a correlation between the eye tracking measurement and actual gaze

direction.

In various embodiments, the user may adjust setting using: input device 123, which
may be a touchpad, and which is electrically connected to smartphone 110, which 1s further
programmed to modify the VE App according to such inputs; a Bluetooth game controller
that communicates with the smartphone 110 via Bluetooth; voice control using the
microphone of the phone; gesture control using available devices such as the NOD gesture
control ring (see, for example, http:/techcrunch. com/2014/04/29/nod-bluetooth-gesture-

control-ring/); or by the user of an eye tracker to implement gaze-directed control.

In addition, there are other features of vision-enhancement system 100 that can either
be set up once for a user or may be user-adjustable. These features may include, but are not
limited to, adjustments to the magnitude, shape, size, or placement of magnified portions of
the output image, and color enhancement functions such as contrast, blur, ambient light level
or edge enhancement of the entire image or portions of the image. In other embodiments, the
compass and/or accelerometers within smartphone 110 may be used for enhancing

orientation, location, or positioning of output images.

In certain embodiments, sound and/or vibration may be provided on smartphone 110
to generate for proximity and hazard cues. In other embodiments, the microphone of
smartphone 110 can be used to enter voice commands to modify the VE App. In certain

other embodiments, image stabilization features or programming of smartphone 110 are used

to generate output 1mages.

In one embodiment, by way of example only, goggles 120 are commercially available
virtual-reality goggles, such as Samsung Gear VR (Samsung Electronics Co. Ltd., Ridgetield
Park, NJ) and smartphone 110 is a Galaxy Note 4 (Samsung Electronics Co. Ltd., Ridgetield
Park, NJ). The Samsung Gear VR includes a micro USB to provide an electrical connection

to the Galaxy Note 4 and has, as input devices 123, a touch pad and buttons.
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It will be understood by those in the field that vision-enhancement system 100 may,
instead of including a combination of smartphone and goggles, be formed from a single
device which includes one or more cameras, a processor, display device, and lenses that
provide an image to each eye of the user. In an alternative embodiment, some of the
components are head-mounted and the other components are in communication with the
head-mounted components using wired or wireless communication. Thus for example, the
screen and, optionally the camera, may be head-mounted, while the processor communicates

with the screen and camera using wired or wireless communication.

Further, it will be understood that other combinations of elements may form the
vision-enhancement system 100. Thus, an electronic device which is not a smartphone but
which has a processor, memory, camera, and display may be mounted in goggles 120.
Alternatively, some of the electronic features described as being included in smartphone 110
may be included in goggles 120, such as the display or communications capabilities. Further,

the input control provided by input device 123 may be provided by a remote control unit that

is in communication with smartphone 110.

In certain embodiments, vision-enhancement system 100 may include eye-tracking hardware
and/or software, which allow the system to determine the direction of the user’s gaze. Such
systems typically process images of the eye to determine the gaze direction. This information
may then be programmed into smartphone 110 to adjust screen 113 such that the transtormed
image features are automatically shifted relative to the gaze. Thus for example, Fig. 1D
illustrates a vision-enhancement system 100 having eye tracking system 130 including a
backwards facing camera 1135 that obtains video images of the eye of user U. From these
images, software can determine the direction the user is looking and can shift the output
images to track the user’s gaze. Alternatively, eye tracking may be determined separately
from smartphone 110, which the tracking information provided to the smartphone. Thus, for
example, eyc-tracking hardware and/or software may be included in goggles 120 and

communicated through which accepts input by tracking the user’s gaze to a displayed menu.

Fig. 1E illustrates, without limitation, one embodiment of a clinical setup 140 that a
clinician may user to configure vision-enhancement system 100. Clinical setup 140 may
allow a clinician to determine and setup the VE App by setting an IPD, the field of view
(fov), background dimming, ambient light level, as well as parameters that are also user-

adjustable, such as the size, shape, magnification, and location of enhanced vision features,
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such as the magnification bubble described subsequently.

Clinical sctup 140 thus allows for the adjustment or parameters within, or used by, the
VE App that smartphone 110 runs to implement the vision-enhancement system 100.
Clinical setup 140 includes a monitor 142, a Wi-Fi device 144 to allow screen 113 of
smartphone 110 to be displayed on the monitor, and a Bluetooth controller 146 to
communicate via Bluetooth with smartphone 110. In general, clinical setup 140 accepts a
video output from smartphone 110 of display 113, and projects what the user would see when

using vision-enhancement system 110 on monitor 142.

In certain embodiments, features or aspects of the inventive vision-enhancement
system 100 may be adjusted by a clinician using clinical setup 140. Using the setting up
vision-enhancement system 100, screen 113 of smartphone 110 1s mirrored on a monitor,
using Wi-Fi device 144, for example, so that the clinician can view what the user 1s viewing
in vision-enhancement system 100. The VE App on smartphone 110 includes a menu that

allows for the selection of certain parameters that operate vision-enhancement system 100.

The clinician has access to the commands in the menu of the VE App via remote
Bluetooth controller 146. In this way, the clinician can “tune” the device to the specific

visual demands of the user.

In certain embodiments, Wi-Fi device 144 can be used to remotely add, augment or
modify functions allow vision-enhancements, mirror the display, monitor and control VE
App configurations in a clinical environment. In certain embodiments, Bluetooth controller
146 can be used to control or modify visual enhancement functions. In certain other
embodiments, the VE App may be reconfigured in a purely magnified format, making 1t
possible for the low vision user to place phone calls, utilize maps, read announcements and

perform all visual functions currently available to those with normal vision.

Examples of functional control of vision-enhancement system 100 provided by

clinical setup 140 through the operation of the VE App may include, but are not limited to:
1. Mirroring the user’s display via Wi-Fi.

2. Controlling magnification bubble size and magnification. The clinician will have

the facility to control the low vision parameters such as magnification bubble size,
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magnification, contrast, edge enhancement ambient level and other visual enhancements to

customize the device for the user.

One embodiment of the transformation of camera images into a displayed image 1s
illustrated in Fig. 2, which shows an input image 200, and Fig. 3, which shows a first
embodiment output image 300. As described subsequently, the image transformation
accomplishes several objectives. First, a portion of the image is magnified. Second, a
portion of the image surrounding the magnified portion is at a lower magnification, or 1s not
magnified. Third, there is a transition between the two magnified portions. This image
magnification presents the user with the magnified portion of the image within an easily

recognizable context of the larger view.

Thus, for example, as shown in Fig. 2, input image 200 represents a camera image
view of a scene, which is shown as a grid to aid in the following discussion. In general, input
image 200 is any image or portion of an image captured by camera 111 and stored 1n the
memory of smartphone 110. Fig. 2 is thus representative of a stored image, which may be

stored in the memory of smartphone 110 in any one of a number of video formats.

For the purposes of one explanation of the illustrated embodiment, image 200 1s
shown as having an outer portion 210 between an outer edge 201 and a first boundary 215, a
middle portion 220 between first boundary and a second boundary 225, and an inner portion
230 within the second boundary. Boundaries 215/225 are concentric circles, where first ‘

boundary 215 has a radius R1 and second boundary 225 has a radius of R2.

One embodiment performs a transformation or mapping of input image 200 into
output image 300, as shown in Fig. 3 and which may be, for example, one or both of display
areas 112/114. Output mage 300 is shown as having an outer portion 310 between an outer
edge 301 and a first boundary 315, a middle portion 320 between first boundary and a second
boundary 325, and an inner portion 330 within the second boundary. Boundaries 315/325 are

concentric circles, where first boundary 315 has a radius R1 and second boundary 325 has a
radius of R2".

The transformation of image 200 to output image 300 maps the 1mage within outer
portion 210 to outer portion 310, the image within middle portion 220 to middle portion 320,
and the image within outer portion 230 to outer portion 330. The transformation generally

maps each image pixel in image 200 a pixel within image 300, within the limitations of the
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image or display resolution. The transformation also includes multiple levels of
magnification, such as high magnification of inner portion 230 a lower, or unity,
magnification of outer portion 210, and a smoothly varying magnification in middle portion

220, which ranges from the magnification of outer portion 210 at first boundary 215 to the

magnification of outer portion 230 at second boundary 215.

Thus, for example: outer portion 210 is mapped to outer portion 310 with unity
magnification; inner portion 230, with a radius of R2, is mapped to inner portion 330 with a
radius of R2’ at a uniform magnification of (R2’/R2)*; and middle portion 220 is mapped to
middle portion 330 from a magnification that varies smoothly from a unity magnification at

first boundary 315 to magnification of (R2’/R2)* at second boundary 325.

The regions of increased magnification, such as regions 320 and 330, are the
magnification bubble. It will be appreciated that the bubble may be round, as in the above
embodiments, or may have a generally rectangular shape, which may be useful for reading, or
may be placed anywhere within region 300, including near edge 301. In certain
embodiments, the magnification bubble is stationary on the display, and the user may
position the bubble by moving their head. The gradual change in magnification combined
with the wide field of view allow a user to easily position the magnification by their head
movement to where it is most needed. Thus, the user may move their head to magnity words

as necessary and thus easily read the text.

The magnification bubble is thus located within the overall visual scene with a
smooth transition to the unmagnified portion. This allows for magnification of the scene in a

way that allows a user to view the magnified image within the context of the overall scene.

The mapping of the image from input image to output image may, in addition, have
certain user-controllable features. Thus, for example and without limitation, the
magnification is greatest at the center of the bubble and varies gradually and continuously to
unity magnification near the bubble’s edge, and remains constant to the edge of the image. In
certain embodiments, the bubble may be defined mathematically or algorithmically by
several variables which may include, but are not limited to: 1) the diameter of the bubble; 2)
the peak magnification of the bubble; and 3) the sharpness of the edge of the bubble (that 1s,
how rapidly the magnification changes near the edge). The user may be provided with

controls (described subsequently) that permit them to change one or more parameters of the
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bubble, such as the peak magnification, the bubble diameter, or the rate of transition of

magnification from center to edge of the bubble.

Thus, for example, a user may, through input device 123, modify the transformation
to move the magnification bubble within display areas 112/114, or change the magnification
and/or transition to peak magnification. Fig. 4, for example, shows a second embodiment
output image 400, where, relative to output image 300: 1) the region magnified and the
magnification bubble are shifted to the right, resulting a different area to be magnified; 2) the
radius of second boundary 225 is decreased, resulting in a larger magnification with the same
magnification bubble size; and 3) the radius of first boundary 215 is decreased, resulting in a
decreased magnification bubble size and a decreased size of the transition from the

unmagnified to magnified image portions.

In certain embodiments, the bubble may be defined mathematically or algorithmically
by several variables which may include, but are not limited to: 1) the diameter of the
magnification bubble; 2) the peak magnification of the magnification bubble; and 3) the
sharpness of the edge of the magnification bubble (that 1s, how rapidly the magnification
changes near the edge). The user may be provided with controls (described subsequently)
that permit them to change one or more parameters of the magnification bubble, such as the

peak magnification, the magnification bubble diameter, or the rate of transition of

magnification from center to edge of the magnitication bubble.

In one embodiment, a VE App is provided to smartphone 110 which pertorms image
processing on each image of the stream of video images and then presents each processed
area, simultaneously, to areas 112 and 114. Fig. 5 is a flowchart on one embodiment of the

transformation performed by smartphone 110.

In Block 1, starts the method, which runs continuously until stopped by the user.

In Block 2, images are captured of the scene. Images from stream of images are read
from camera into memory. Depending on the architecture of the particular device and the

capabilities and performance of the camera and the processing CPU, this may be done 1n one

of two ways:

a. Read the entire image into memory and then process all pixels in the image, or
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b. Read a collection of pixels (essentially a slice of the image) and process 1t while

another shide 1s being read.

In Block 3, Blocks 4-10 are repeated for each pixel in the destination (€.g. output)

image

In Block 4, determine if the pixel being analyzed in the output image 1s inside the

magnification bubble. The magnification bubble can be of various shapes. For instance, 1t

may be 4 circle centered on & particular point on the screen. It may be an ellipse centered on

a particular point. It may a variety of shapes where the specific shape and size are

personalized to the needs of the user. If the pixel is inside the magnification bubble, perform

the steps of Blocks 5-7. If the pixel is not inside the bubble, perform steps of Blocks 8 - 9.

In Block 5, based on the specific mapping function, determine the coordinates in the
input image from which the particular pixel in the output image comes from. These

coordinates are referred to as the input coordinates.

In Block 6, determine the color values of the pixel from the input image. If the tnput
coordinates do not exactly match coordinates of the input image, estimate that color by using

well-known image processing algorithms such as “nearest neighbor,” “bilinear iterpolation,”
or “bicubic interpolation.” If the input coordinates fall outside the input image, place a fixed

value such as black, or some other user-defined value.

In Block 7, once the color values have been determined, optionally apply additional

color enhancement functions such as contrast, blur or edge enhancement.

In Block &, determine the color values of the pixel from the input image. Thas step 1s
relevant to pixels outside the magnification bubble. The transformation from output
coordinates to input coordinates is simpler here and might be as simple as zoom or even no
transformation at all. If the input coordinates do not exactly match coordinates of the input
image, estimate that color using well-known 1mage processing algorithms such as “nearest

neighbor,” “bilinear interpolation,” or “‘bicubic interpolation.” If the input coordinates tall

outside the input image, place g fixed value such as black or some other user-defined value.
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In Block 9, once the color values have been determined, optionally apply additional
color enhancement functions such as contrast, blur, or edge enhancement. This step 1s

relevant to pixels outside the magnification bubble.
In Block 10, output the resultant color to output image.
In Block 11, repeat this entire process until stopped.

The following is a pseudo code that implements an alternative algorithm for
transforming an input image into an output image. Thus, for example, the following pseudo
code may be implemented in software that is stored in a VE App in the memory of
smartphone 110. The VE App may be programmed to accept input, as through input device
123, for changing one or more parameters of the VE App. Also, in alternative embodiments,
the VE App may be operated to provide a menu of whereby the user, or a clinician, may
modify one or more parameters in the memory of the VE App. Thus, for example, VE App
may be programmed to accept input, as through input device 123, and set a parameter value,

either in the VE App or in a file stored in the memory of smartphone 110, which the VE App

accesses in producing an output image.

The algorithm determines for each pixel of the output image, the corresponding nput
image location and color value, and then assigns the corresponding input image color value to
the output image. The following algorithm calculates the transform for a circular

magnification bubble at the center of the image with a uniform magnification, Mag, across

the mner portion.

For the following discussion, each pixel of the input image (such as input image 200)
at coordinates (X, y), has a color value I(x, y), and each pixel of the output image (such as
output image 300) at coordinates (x’,y’), has a color value O(x’,y’). One embodiment of an
algorithm performs the steps of: 1) for cach pixel location of the output image (with
coordinates (x’ ,y’)), determine the mapped (corresponding) pixel location of the input image
(with coordinates (x’, y’) = (x(x’,y’), y(x’,y’)); 2) determine the color value of the input
image at the mapped location, that is, I(x(x’,y’), y(x’,y’)); and 3) set the color value of the
corresponding output image pixel to that of the mapped pixel on the input 1mage, that 1s,
O’ y") =1I(x(x’,y), y(x’,y’)). The mapping (x(x’,y’), y(x’,y’)) accounts for the
magnification of the image. The image coordinates are further transformed so that the center

of the magnification bubble in the input and output images 1s at (x,y) = (x’,y’) = (0, 0), which
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may be either at a predetermined image location or maybe input, as by using touchpad 123.

As a more detailed example of this embodiment, a transition parameter k 1s selected,
either using touchpad 123 or by having a preselected value, and a radius R2’ 1s determined as

input, for example, using touchpad 123. The value of R1 is calculated from k as R1 = R2" *
k.

For each output image pixel, the distance d from the pixel to the center of the 1s

calculated as d = (x " )2+ (y")2.

Next, the value of d is compared to the values of R1 and R2’. If d > R1, then image
area corresponds to the outer portion (portions 210 and 310), and the value of the output
image pixel is the same as the value of the input image at the same pixel locations. That 1s,
the output pixel value at (x’, y*), which is O(x’,y’), is the same as the input image pixel value

at the same coordinates (X, y), is the same as the input pixel value (x°, y’), and O(x’, y’) = I(x,

y).

If d < R2’, then the image area corresponds the inner portion (portions 230 and 330),
and the image is uniformly magnified by an amount MAG, which may be either preselected
or input, for example, using touchpad 123. The radius R2’ 1s mapped to the input image as
R2 = R2’/MAG, the coordinates (x’, y’) map to (x’MAG, yYMAG), and thus the output color
value is O(x’, y’) = I(xMAG, y/MAG). For MAG > 1, the image within the mput 1mage
radius R2 is thus mapped to being within the larger output image radius R2” = R2 * MAG.

Lastly, if R2’ <d <RI/, then the image area corresponds to the middle portion

(portions 220 and 320), and the transformation smoothly transforms from unity magnification

in outer portion 310 to magnified inner portion 330. The pixel location (x’, y’) 1s mapped to:
(x,y)= [(R2'd)2x(1MAG+ d2-R2'2R2" 2k-1(k-1MAG)] (X, ¥’),

and the output color value is mapped to O(x’, y’) = I(x, y). Thus, for example, when d = R]1
= R2’ * k, the value of (R2’ d)2x(IMAG+ d2-R2°2R2"2k-1(k—1MAG)] = 1, the pixel

location (x’, y’) is mapped to (X, y), and O(x’, y’) = I(X, y) - the correct value near outer

portion 310.

As another example, when d = R2’, and the pixel location (x’, y’) 18 mapped to
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(x/MAG, y/MAG), and O(x’, y’) = I(x, y) = (X’ MAG, yYMAG) - the correct value near inner
portion 330.

In certain embodiments, the user 1s thus provided with an image that varies as they
move their head. Thus, for example, it may be most useful for a user to have the
magnification bubble coincide with the central part of the user’s vision. In certain

embodiments, some calibration of the system is required, so that the eye tracking system can

adequately determine the location of the gaze.

In one embodiment, the forward looking camera obtains input images of a scene,
which is magnified or otherwise transformed from the input images and displayed on system
100. If the user wishes to view a modified portion of the scene, they move their head to
center the area of interest in the modified view. In certain other embodiments, eye tracking,
as in the embodiment of Fig. 1D, automatically shifts the displayed image with the gaze of
the user. Thus, for example, eye tracking computes the location of the user’s gaze, and shifts

the center of the magnification bubble to correspond to the center ot the user’s gaze.

One embodiment of each of the devices and methods described herein is in the form
of a computer program that executes as an app on a smartphone. It will be appreciated by
those skilled in the art, embodiments of the present invention may be embodied in a special
purpose apparatus, such as a pair of goggles which contain the camera, processor, and screen,

or some combination of elements that are in communication and which, together, operate as

the embodiments described.

It will be understood that the steps of methods discussed are performed tn one
embodiment by an appropriate processor (or processors) of a processing (1.e., computer)
system, electronic device, or smartphone, executing instructions (code segments) stored in
storage. It will also be understood that the invention 1s not limited to any particular
implementation or programming technique and that the invention may be implemented using

any appropriate techniques for implementing the functionality described herein. The

invention is not limited to any particular programming language or operating system.

Reference throughout this specification to “one embodiment™ or “an embodiment”
means that a particular feature, structure or characteristic described 1n connection with the
embodiment is included in at least one embodiment of the present invention. Thus,

appearances of the phrases “in one embodiment” or “in an embodiment” in various places
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throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures or characteristics may be combined 1n any
suitable manner, as would be apparent to one of ordinary skill in the art from this disclosure,

in one or more embodiments.

Similarly, it should be appreciated that in the above description of exemplary
embodiments of the invention, various features of the invention are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of streamlining
the disclosure and aiding in the understanding of one or more of the various inventive
aspects. This method of disclosure, however, is not to be interpreted as reflecting an
intention that the claimed invention requires more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive aspects lie in less than all features of
a single foregoing disclosed embodiment. Thus, the claims following the Detailed
Description are hereby expressly incorporated into this Detailed Description, with each claim

standing on its own as a separate embodiment of this invention.

Thus, while there has been described what is believed to be the preterred
embodiments of the invention, those skilled in the art will recognize that other and further
modifications may be made thereto without departing from the spirit of the invention, and 1t
is intended to claim all such changes and modifications as fall within the scope of the
invention. For example, any formulas given above are merely representative of procedures
that may be used. Functionality may be added or deleted from the block diagrams and
operations may be interchanged among functional blocks. Steps may be added or deleted to

methods described within the scope of the present invention.
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What 1s claimed 1s:

1. A portable vision-enhancement system wearable by a user, said system
comprising:
a memory including a stored program,
5 a camera mounted on said user aimed to view the scene in front of the user

and operable to obtain input video images of said scene;
a processor programmed to execute the stored program to transform said
input video images into a stream of output video images wherein said output
video images include a magnification bubble having vanable attributes

10 wherein said processor is programmed to vary one or more of said attrnibutes of
said magnification bubble in response to an input signal;
a screen disposed to be viewed by the user that displays said output video
images; and
a user-operable controller for generating an input to said processor by which

15 an said attribute of said magnification bubble 1s vaned.

2. The portable vision-enhancement system of Claim 1, further comprising a pair
of goggles and an electronic device attached to said goggles, where said camera, said
processor, and said screen are components of said electronic device.

3. The portable vision-enhancement system of Claim 2, where said electronic

20  device 1s removably attached to said goggles.

4, The portable vision-enhancement system of Claim 2, where said electronic
device 18 a smartphone.

D. The portable vision-enhancement system of Claim 1, wherein said attributes of
said magnification bubble include the magnifying power of said magnification bubble and

25  where said processor is programmed to vary the magnifying power of at least a portion of
said magnification bubble in response to an input signal.

0. The portable vision-enhancement system of Claim 1, wherein said attributes of
sald magnification bubble include the position of said magnification bubble and where said
processor is programmed to vary the position of said magnification bubble in said stream of

30  output video images in response to an input signal.
7. The portable vision-enhancement system of Claim 1, wherein said attributes of

said magnification bubble include the size of said magnification bubble and where said

processor is programmed to vary the size of said magnification bubble in response to an input
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signal.

8. The portable vision-enhancement system of Claim 1, wherein said attributes of
said magnification bubble include the shape of said magnification bubble and where said
processor is programmed to vary the shape of said magnification bubble in response to an

5  1input signal.

9. The portable vision-enhancement system of Claim 1, where said magnification
bubble has a circular shape.

10.  The portable vision-enhancement system of Claim 1, where said magnification
bubble has a non-circular shape.

10 11.  The portable vision-enhancement system of Claim 1, further including an eye
tracking device to determine the gaze direction of the user, and where the processor 1s further
programmed to position said magnification bubble as a function of said gaze direction.

12.  The portable vision-enhancement system of Claim 1, wherein said
magnification bubble includes a first arca having a first magnifying power and a second area

15  contiguous to and surrounding said first area having a variable magnifying power.

13. A clinician setup comprising;:

a monitor; and

a controller,

where the monitor and the controller are each configured to communicate with
20 the portable vision-enhancement system of Claim 1 such that the monitor

mirrors what is displayed on the screen and the controller provides access to

the stored program,

such that a clinician can view the contents of the screen of the vision-

enhancement system and, through said controller modify parameters of the

25 stored program such that the clinician controls how the processor modifies the

transform of the accepted stream of input images into the stream of output
1mages.

14. A method for enhancing vision for a user using a system including a camera, a
processor, and a screen, said method comprising:

30 accepting a stream of video images from the camera,

processing the accepted stream of video images into a steam of output video
images that include a magnification bubble having variable attributes;
varying one or more said variable attributes in response to an input signal to

said processor; and
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displaying the stream of output video images on a screen; and

15.  The method of Claim 14, wherein one of said attributes is the position of said
magnification bubble and where said processor is programmed to changing the position of
said magnification bubble in said stream of output video images in response to an input
signal.

16.  The method of Claim 14, wherein one of said attributes is the power of
magnification of said magnification bubble wherein said processor 1s programmed to vary the
power of magnification of at least a portion of said magnification bubble 1n response to an
input signal.

17.  The method of Claim 14, wherein one of said attributes is the shape of said
magnification bubble wherein said processor is programmed to vary the shape of said

magnification bubble in response to an input signal.

18.  The method of Claim 14, where said magnification bubble has a circular
shape.

19.  The method of Claim 14, where said magnification bubble has a non-circular
shape.

20.  The method of Claim 14 wherein one of said attributes 1s the size of said

magnification bubble and where said processor is programmed to changing the size of said
magnification bubble in said stream of output video images in response to an input signal.
21.  The method of Claim 14, further including:
determining the gaze direction of the user, and where the processor 1s further
programmed to position said magnification bubble at a predetermined gaze
direction.
22 The method of Claim 14, where said magnification bubble includes a first area

having a first magnifying power and a second area surrounding said first arca having a

variable magnifying power.
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