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SYSTEMS AND METHODS OF EYE
TRACKING CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of co-pending U.S.
application Ser. No. 14/159,168, filed Jan. 20, 2014, which
claims the benefit of U.S. Provisional Application No.
61/754,888, filed Jan. 21, 2013, which 1s incorporated herein

by reference 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure generally relates to eye tracking
and, more specifically, to systems and methods of facilitat-
ing eye tracking control.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments are 1llustrated by way of example and
not of limitation 1n the figures of the accompanying draw-
Ings.

FIG. 1 1s a device diagram of an example computing
device coupled to a docking device capable of facilitating
eye tracking control, according to some embodiments;

FIG. 2 1s a device diagram of another example of a
computing device coupled to a docking device capable of
facilitating eye tracking control, according to some embodi-
ments;

FIGS. 3A-3C are device diagrams of example computing
devices capable of facilitating eye tracking control, accord-
ing to some embodiments;

FIGS. 4A-4B are device diagrams of example computing
devices capable of facilitating eye tracking control, accord-
ing to some embodiments;

FIG. 5 1s a block diagram of an example software archi-
tecture for facilitating eye tracking control, according to
some embodiments;

FIG. 6 1s a block diagram of an example flow of data used
to facilitate eye tracking control, according to some embodi-
ments;

FIGS. 7A-7TB are flowcharts of example methods of
facilitating eye tracking control, according to some embodi-
ments;

FIGS. 8A-8] are interface diagrams depicting example
user interfaces displaying objects to facilitate eye tracking
control, according to some embodiments;

FI1G. 9 1s a flowchart of an example method of facilitating
eye tracking control, according to some embodiments; and

FIG. 10 1s a block diagram of a machine i the example
form of a computer system within which a set of instruc-
tions, for causing the machine to perform any one or more
of the methodologies discussed herein, may be executed,
according to some embodiments.

DETAILED DESCRIPTION

Example systems and methods to facilitate eye tracking
control are described. In the following description, for
purposes of explanation, numerous specific details are set
forth 1 order to provide a thorough understanding of
example embodiments. It will be evident, however, to one
skilled 1in the art that the present technology may be prac-
ticed without these specific details.

A user of a computing device may interact with and
control objects and applications displayed on the computing
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device through the user’s eye movement. An 1mage of the
user’s eyes and/or face, captured by a front-facing camera on
or coupled to the computing device, may be analyzed using
computer-vision algorithms, such as, for example, eye track-
ing algorithms and gaze detection algorithms. For example,
the captured 1mages may be processed to extract information
relating to features of the user’s eyes and/or face. The
computing device may then use the extracted information to
determine the location of the user’s eyes and estimate the
location on the display at which the user i1s looking. For
example, the computing device may be able to estimate at
which icon on the display the user 1s looking. The estimation
of where the user 1s looking may be used to direct one or
more objects, applications, and the like to perform a par-
ticular operation. For example, the user may direct and
control the movement of an object on the screen depending
on where the user 1s looking on the display of the computing
device, including controlling scrolling functions, the move-
ment of objects 1n a virtual game, and the like.

In some embodiments, the user may select and interact
with an object being displayed on the computing device
using the eye tracking features. The object of interest (e.g.,
the display object being gazed upon by the user) may be
mamipulated by the user through input modalities and/or
buttons, such as a touch sensor, physical buttons (e.g., a push
button), a mouse, a keyboard, biometric signals (e.g., elec-
troencephalography (EEG), electromyography (EMG), elec-
trooculography (EOG)), and the like. For example, a grid of
pictures may be displayed on the computing device. When
the user submits an 1nput through a particular input modality
(e.g., the user performs a figure gesture or touch input), the
input applies to the picture at which the user 1s looking.

In some embodiments, the user may signal the intention
to use the user’s eyes as an iput by tapping on the display
of the computing device or on a physical button and holding,
which may i1mitiate an activation signal. The user may look
at the desired display object and confirm the selection of the
object by releasing the tap or the physical button.

In some embodiments, the activation signal may start an
eye control mode on the computing device, which may last
until the activation signal terminates (e.g., when the tap or
button 1s released). The tap or input may occur in any
manner, such as on a specific area of the display of the
computing device, on an external touch pad, on a touchpad
on the back of the computing device, using a button (e.g., on
the device, on a mouse, a key, a joystick, a trigger), a
biometric signal, and the like.

During the time the activation signal 1s active, the com-
puting device may calculate the point of regard of the user.
When the activation signal 1s terminated by the user, the
computing device may activate the object gazed upon at the
time when the activation signal was terminated.

FIG. 1 1s a device diagram 100 of an example computing
device 102 coupled to a docking device 104 capable of
facilitating eye tracking control. The computing device 102
may be any type ol computing device, including, but not
limited to, a smart phone, a personal digital assistant (PDA),
a mobile phone, a computing tablet, an electronic reader, a
television, a laptop, a desktop computer, a display, and the
like. During eye tracking control, the computing device 102
may be used by the user by holding the computing device
102 with one hand, both hands, or while the computing
device 102 1s on a stand or resting on a surface.

A docking device 104 may be coupled to the computing
device 102 1n any manner, such as through a universal serial
bus (USB) port on the computing device 102, micro USB
port on the computing device 102, and the like. While the
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docking device 104 of FIG. 1 1s depicted at the bottom of the
computing device 102, one of ordinary skill in the art will
appreciate that the docking device 104 may be located at any
suitable location relative to the computing device 102. The
docking device 104 may include a camera module 108 and
one or more light-emitting diodes (LEDs) 106. For explana-
tory purposes, LEDs 106 are depicted and described
throughout the disclosure. However, one of ordinary skill in
the art will appreciate that any appropriate light-emitting
source may be used (e.g., infrared laser). Additionally, while
one or more LEDs are depicted through the disclosure, one
of ordmary skill in the art will appreciate that the eye
tracking functionality may operate without LEDs.

The docking device 104 may include any number of
infrared LEDs 106 that may be placed 1n a suitable location
in any manner within the docking device 104 (e.g., tilted at
an angle such that 1t points toward the user’s face). In a
specific embodiment, the one or more LEDs 106 may be
synchronized with the one or more cameras 1n such a way
that the one or more LEDs 106 are on when the one or more
cameras are grabbing a frame, and ol otherwise.

In some embodiments, the docking device 104 may also
include any suitable type of infrared pass filter (e.g., active,
mechanical, high-pass, band-pass, etc.). In some embodi-
ments, a high-pass filter that blocks light below 800 nm and
allows light above 800 nm 1s used. In some embodiments,
the infrared band pass filter may only allow light between
800-900 nm to enter the one or more cameras of the camera
module 108.

The camera module 108 may include one or more front-
facing cameras placed 1n any suitable location 1n any manner
within the docking device 104 (e.g., tilted at an angle such
that they point toward the user’s face) and may be used to
capture 1mages ol the user’s eyes and/or face. The one or
more cameras may be placed at an appropriate distance from
the LEDs 106 to optimize the proper capture of the infrared
light. In some embodiments, a camera on the computing
device 102 1s used 1n combination with camera module 108
in stereo mode. In some embodiments, the camera module
108 may include any one or more of the following: a black
and white (e.g., monochrome) or color (e.g., RGB) comple-
mentary metal-oxide-semiconductor (CMOS) sensor run-
ning at a suitable frame-per-second rate (e.g., high-definition
at 30 frames per second), a lens without an infrared block
filter and with an approprate field of view (e.g., approxi-
mately 35 degrees) and depth of field (e.g., approximately
30-80 cm for a mobile device, approximately 2-5 meters for
a television, etc.), and the like. The one or more cameras 1n
the camera module 108 may be positioned such that the one
or more cameras are tilted toward a user’s face.

The 1mages captured by the camera may be rotated. The
eye tracking software can use sensors on the computing
device 102 (e.g., accelerometer, magnetometer, etc.) to
detect the orientation of the computing device 102 and rotate
the 1image accordingly so that it can be properly processed.

The LEDs 106 emit light that may be focused and
centered toward the eyes of the user. The infrared light from
the LEDs 106 1s reflected 1in the pupil and on the cornea of
the user and recorded by the cameras in the camera module
108. In some embodiments, the LEDs 106 may be synchro-
nized with the one or more cameras so that the LEDs 106 are
on only when the one or more cameras are grabbing an
image. In some embodiments, to improve the image quality,
the visible light below 800 nm 1s filtered out using an
infrared pass filter. The field of view and depth of view of the
lenses of the one or more cameras 1n the camera module 108
may allow the user to move around, thereby accommodating
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for head pose variance of the user. The eye tracking control
software may analyze the images taken by the camera
module 108 to provide X,y coordinates of where the user 1s
looking on the display of the computing device 102. The x,y
coordinates may be used for any number of applications
(e.g., scrolling, moving objects, selecting icons, playing
games, etc.).

The LEDs 106 and the camera module 108 may be turned

on and/or ofl 1n any manner, such as by utilizing an external
slider, an on-off dedicated button on the side or on the back
of either the computing device 102 or the docking device
104, controlled by an application or a digital button on the
screen, controlled by movement or shaking of the computing
device 102 and/or the docking device 104, controlled by
voice commands, on-screen capacitive buttons, touch pad
(s), bio-signals (e.g., EMG, EEG, etc.), remote wireless
control, and the like. As such, in some embodiments, the eye
tracking components may consume power only while the
LEDs 106 and the camera are turned on (e.g., when the user
1s using the eye tracking features).

In some embodiments, the eye tracking features may be
optimized when the camera 1s located at the bottom of the
computing device 102 (e.g., with respect to the perspective
of the user). The user may rotate the computing device 102
coupled to the docking device 104 to properly orient the
camera module 108 such that it 1s located at the bottom of
the computing device 102. In some embodiments, using the
accelerometer and/or magnetometer of the computing
device 102, the LEDs 106, the pass filter, and/or the camera
may be turned on and/or off depending on the orientation of
the computing device 102 and the docking device 104 (e.g.,
turn ofl the LEDs 106 and the camera when the computing
device 102 and the docking device 104 are rotated such that
the camera module 108 1s located at the top of the computing
device 102 with respect to the perspective of the user).

The LEDs 106 and the camera may be turned oif when the
user’s face 1s not recognized for a predetermined amount of
time (e.g., 5-10 seconds) and may turn on again when the
user’s face 1s detected and recognized.

FIG. 2 1s a device diagram 200 of another example of a
computing device 202 coupled to a docking device 204
capable of facilitating eye tracking control. The example
shown 1n FIG. 2 may operate similarly to the example shown
in FIG. 1 and may incorporate any one or combination of
features described for FIG. 1. However, FIG. 2 shows that
the docking device 204 may be integrated with LEDs 206,
and the camera module 208 of the computing device 202
may be used (instead of the camera module 208 being
integrated with the docking device 204). In some embodi-
ments which couple the computing device 202 with the
docking device 204 using a USB, a micro-USB port, or a
proprietary port, the configuration depicted in FIG. 2 may
allow for faster transfer of images from the camera since the
camera of the computing device 202 1s used to capture the
images. The front-facing camera for eye tracking control
may be utilized while simultaneously utilizing one or more
back-facing cameras.

FIGS. 3A-3C are device diagrams of example computing
devices capable of facilitating eye tracking control. The
examples shown 1n FIG. 3A-3C may operate similarly to the
example shown in FIG. 1 and may incorporate any one or
combination of features described for FIG. 1. However, the
LEDs and camera modules are integrated into the computing
device (instead of being part of a docking device 204). FIGS.

3A-3C depict computing devices 300, 310, 320, respec-
tively, with LEDs 302, 312, 322 and camera modules 304,
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314, 324 integrated into the computing devices 300, 310,
and 320 in different example configurations (with respect to
the user’s perspective).

The LEDs 302, 312, 322 and the camera modules 304,
314, 324 on the computing devices 300, 310, 320 may be
located 1n any one of a number of configurations on the
computing devices. FIG. 3A shows the LEDs 302 and the
camera module 304 being located at the bottom of the
computing device 300. FIG. 3B shows the LEDs 312 being
located on one side of the computing device 310 while the
camera module 314 1s located on the opposite side of the
computing device 310. FIG. 3C shows the LEDs 322 and the
camera module 324 being located on the same side of the
computing device 320.

FIGS. 4A-4B are device diagrams of example computing
devices capable of facilitating eye tracking control. In FIG.
4A, the computing device 400 may include a left mput
portion 402 and/or a right input portion 404, which may each
be any type of device that may be capable of receiving an
input from a user (e.g., a touch sensor, physical buttons, a
mouse, a keyboard, biometric signals, etc.). The left input
portion 402 and/or the right iput portion 404 may be
provided on the front of the computing device 400 (e.g., on
the display side of the computing device 400). The user may
use the left mnput portion 402 and/or the right input portion
404 to submit a user mput, which may be used to activate
eye tracking features, such as the manipulation of a display
object at which the user 1s looking when the input 1is
submitted. FIG. 4B depicts a computing device 450 which
may also include a left input portion 452 and/or a right input
portion 454. However, the left input portion 452 and/or the
right input portion 454 may be provided on the back of the
computing device 450 (e.g., on the side opposite the display
side of the computing device 450).

In some embodiments, the left input portion 452 and the
right iput portion 454 may both be enabled to function as
a left click and a right click, respectively. In some embodi-
ments, the left mnput portion 452 and the right input portion
454 may also be enabled as a twin click, giving each gaze
selection at least three functions.

FIG. 5 1s a block diagram of an example software archi-
tecture 500 for facilitating eye tracking control. Any one or
more of the components of the software architecture 500
may run on either a central processing unit (CPU) of the
computing device 450 or on a combination of a CPU and a
graphics processing unit (GPU) of the computing device
450. In some embodiments, any one or more of the com-
ponents of the software architecture 500 may run on a
dedicated chip. The software may run as a background
process (e.g. as part of the operating system (OS), 1n a web
browser, etc.) and may provide an application programming,
interface (API) that other applications can access. The API
may fire an event or use some other similar mechanism to
send the information of where the user 1s looking on the
screen to other applications.

The software architecture 500 may be divided into dif-
ferent software layers. The bottom layer may include a
camera module 514 and an infrared 1llumination module 516
that may correspond to the respective hardware (e.g. the
camera(s), the mifrared illumination, etc.). A camera layer
may include a camera control module 510 that may be in
charge of communicating with the camera(s) in order to
perform camera operations such as, for example, starting the
camera, grabbing images, controlling the camera properties,
and the like. This layer may also include a camera and light
sync module 512 that may synchronize the one or more
cameras and the infrared emaitters so that the lights are turned
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on by the eye tracking software in order to improve tracking
of the user’s eyes and minimize energy consumption.

The camera layer may deliver images to the eye tracking
layer or eye tracking engine. In the eye tracking layer, a gaze
estimation module 506 may process 1mages to find features
like face location, eye region location, pupil center, pupil
s1ze, location of the corneal reflections, eye corners, iris
center, 1ris size, and the like. These features may be used by
the eye detection and tracking module 508 in the gaze
estimation stage, which may be in charge of calculating the
point of regard of the user, which may be the location on the
display where the user i1s looking. The gaze estimation
module 506 may also calculate the optical and visual axes of
the user’s eyes and calibrate the calculation based on spe-
cific features of the user.

The API layer may be used for communication between
the eye tracking layer and applications that use eye gaze
information (e.g., OS API, games that employ eye gaze
information, etc.). The API module 504 may send data
calculated by the eye tracking layer, such as coordinates of
the point of regard, three-dimensional (3-D) location of the
user’s eyes, pupil size, distance between the eyes, head
orientation, head movement, and the like. The API module
504 may also accept commands from an application to the
eye tracking layer (e.g., to start and/or stop the eye tracking
engine, query for specific information, etc.). An application
module 502 may connect to the eye tracker’s API module
504 and use eye gaze information for any suitable purpose
(e.g., control an app or a game, record eye data for visual
behavior studies, etc.).

FIG. 6 1s a block diagram of an example flow of data used
to facilitate eye tracking control. The one or more cameras
and the infrared LED illumination modules 602 may capture
an 1mage of the user. The eye feature detection module 604
may use the captured data to detect eye features (e.g.,
location of eye(s), pupils, corneal retflections, etc.). Using
the detected eye features, the gaze estimation module 606
may estimate the user’s point of regard, which may then be
used to control aspects of an application through the eye
control module 608.

A calibration process may be conducted when the user
initially uses the eye tracking functionality in order to
calculate personal parameters specific to the user (e.g.,
vertical and horizontal offset between optical and visual
axes). These personal parameters and the information of the
face and eyes are then employed to estimate where the user
1s looking on the screen through a gaze estimation algorithm.
Any suitable calibration process may be used to calculate the
personal parameters specific to the user. In some embodi-
ments, the eye tracking system may be calibrated (or reca-
librated) by matching a path followed by a moving target
displayed on a display of the computing device 400 with a
path described by any information such as the pupil, the 1ris,
the point of regard, the optical axis, the visual axis, the one
or more corneal reflections produced by the one or more
infrared light sources, or a combination of these.

FIGS. 7A-7B are flowcharts of example methods of
facilitating eye tracking control. FIG. 7A depicts a method
700 1n which the user’s point of regard may be used 1n
combination with a user input from the user to manipulate a
display object associated with the user’s point of regard.

In operation 702, the user’s point of regard may be
calculated. In operation 704, the computing device may
determine whether the user has submitted a user 1nput
indicating the desire to activate functionality associated with
controlling a particular display object using the user’s gaze
(e.g., a tap of the input button). If no mput from the user has
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been received, the computing device may continue calcu-
lating the user’s point of regard (operation 702) at any
appropriate predetermined rate until an appropriate input 1s
submitted by the user.

In operation 706, when the user submits a user input
indicating the desire to activate functionality associated with
controlling a particular display object using the user’s gaze,
the computing device may determine whether the input 1s
still being submaitted. For example, the user may be pressing
and holding an 1nput button. In operation 708, 11 the mput 1s
still being recerved from the user (e.g., the user 1s still
holding down the input button), the computing device may
continue to calculate the user’s point of regard at any
appropriate predetermined rate until the user has stopped
submitting the user mput (e.g., the user has released the
input button).

In operation 710, once the user has stopped submitting a
user input, the computing device may determine the last
point of regard or the location of the last fixation calculated
for the user (e.g., the point of regard or location of fixation
at the time the mnput 1s no longer received), determine a
display object associated with the point of regard calculated,
and activate the display object. Activating the display object
may 1include providing the user with the capability to
manipulate the display object 1n any manner. For example,
this may include opening an application associated with an
icon at which the user 1s looking, highlighting a particular
display object at which the user 1s looking, displaying a
menu of options associated with the display object at which
the user 1s looking, and the like.

FIG. 7B depicts a method 750 in which the user’s point
of regard may be used 1n combination with a user input from
the user to manipulate a display object associated with the
user’s point of regard. In the method 750, the eye tracking
engine may begin tracking the user’s gaze when activation
occurs through the user input. In some embodiments, this
may help manage power consumption by turning the camera
module and LEDs on only when the user input 1s submitted
by the user.

In operation 752, the computing device determines
whether a user mput (e.g., a tap on a touch screen) has been
received from the user. If no user iput has been received,
the computing device may continue to monitor whether a
user mput 1s received.

In operation 754, when the user input 1s received at the
computing device, the eye tracking engine may begin track-
ing the user’s gaze.

In operation 756, the computing device may display
eye-controllable 1tems 1n response to the user input, which
may be any items or objects that may be controlled by the
user’s gaze, such as a menu, selectable buttons, and the like.
However, the method 750 may operate with or without
operation 756.

In operation 758, the user’s point of regard information
may be calculated. The user’s point of regard information
may be calculated in any suitable manner.

In operation 760, the computing device determines
whether receipt of the user input has stopped (e.g., the user
has released the tap of the activation button). If the user input
has not stopped, the computing device may continue to
calculate the user’s point of regard at any appropriate rate.

In operation 762, once the user has stopped submitting the
user mput (e.g., the user releases the activation button), the
computing device may determine the last point of regard or
the location of the last fixation calculated for the user (e.g.,
the point of regard or location of fixation at the time the input
1s no longer received), determine a display object associated
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with the point of regard calculated, and activate the display
object upon which the user last gazed, 1f any. For example,
if the user last looked at a menu item displayed when the
activation button was pressed (e.g., operation 756), the
operation associated with the menu 1tem may be activated.

In operation 764, the eye-controllable items may be
hidden or no longer displayed on the computing device.
However, the method 750 may operate with or without
operation 764.

In operation 766, the eye tracking engine terminates
tracking of the user’s gaze and waits until another user input
1s received (e.g., operation 752).

In some embodiments, double tapping or holding the user
input button may provide extra functionality. For example,
a double tap and hold, or a press and hold, of the user input
button may activate a discrete zoom that magnifies the area
at which the user 1s looking, activates an automatic scroll
function on a browser, or automatically pans for a map
application. When the user releases the user input button, the
object gazed upon when the user released the user input
button may be selected.

In some embodiments, the user may wish to have the eye
tracking engine running continuously in the background
without having to hold down the user input button. This may
be accomplished by performing operations, such as double
clicking, holding the button down for a predetermined
amount of time (e.g., 5 seconds), by a voice command, by
a setting on the eye tracking software settings, and the like.
Double clicking or holding the button down for a predeter-
mined amount of time may also turn the eye tracking
features ofl if they were previously turned on. Leaving the
eye tracking engine running continuously in the background
may be useful 1f the user 1s performing particular tasks on
the computing device, such as writing or drawing with the
eyes, scrolling on a page, and the like.

FIGS. 8A-8] are interface diagrams depicting example
user interfaces displaying objects to facilitate eye tracking
control. While specific examples are shown in FIGS. 8A-8F,
the technology 1s not limited by these examples, and any
configuration or combination of configurations may be
implemented. In some embodiments, settings associated
with links, shortcuts, and the like, may be configured by a
user 1n a settings menu associated with the eye tracking
features.

FIG. 8 A depicts an example user interface 800 displaying
overlay objects in a mail program setting, including an
archive object 802, a reply object 804, a delete object 806,
and a forward object 808. When the user input button 1s
activated (e.g., pressed and held), the overlay objects may
appear, and the user may look at one of the overlay objects
(e.g., archive object 802) and release the user input button to
select the function assigned to the overlay object upon which
the user gazed (e.g., email will be archived). While the
example of FIG. 8 A depicts overlay objects associated with
an email application, the overlay objects may include any
objects associated with relevant functions (e.g., shortcuts
associated with an application, a back and/or forward button
in a browser to move through the browser history, com-
mands to move or attack or defend 1n a game, etc.).

FIG. 8B depicts an example user interface 810 displaying
a menu associated with shortcuts, including a mail shortcut
812, a browser shortcut 814, a camera shortcut 816, and a
social media application shortcut 818. When the user input
button 1s pressed and held, the menu shown 1n FIG. 8B may
appear. The point of regard of the user may be calculated,
and 11 the point of regard 1s associated with a location that
1s within one of the shortcuts shown in the user interface 810
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when the user input button 1s released, the action associated
with that shortcut 1s performed.

FIG. 8C depicts an example user interface 820 displaying
a menu 822 associated with shortcuts. When the user input
button 1s pressed and held, the menu 822 may appear.
Activating a user input button on the right side may trigger
the appearance of the shortcuts on the left side, and vice
versa with different shortcuts on the right side. The point of
regard of the user may be calculated, and if the point of
regard 1s associated with a location that 1s within one of the
shortcuts shown 1n the user interface 820 when the user input
button 1s released, the action associated with that shortcut 1s

performed.

FIG. 8D depicts an example user interface 830 displaying
multi-function buttons 832 and 834. When the user input
button 1s pressed and held, one or both of the multi-function
buttons 832 and 834 may appear. In some embodiments, one
or both of the multi-function buttons 832 and 834 may
appear when the user touches and holds the display of the
computing device at any location on the display. Each of the
sub-buttons 1-8 1n the multi-function buttons 832 and 834
may then be activated by sliding the finger to the area of the
sub-button and holding and releasing. In some embodi-
ments, the multi-function buttons 832 and 834 may be
activated at the same time and may have different functions
assigned to the sub-buttons on each side. In some embodi-
ments, activating one or more of the multi-function buttons
832 and 834 may generate a specific command on the object
being gazed upon by the user.

FIG. 8E depicts an example user interface 840 displaying
a slider button 844 when the user submits a touch nput at
any location on the display of the computing device, such as
at location 842. For example, when the user presses their
finger on location 842, the slider button 844 may appear. In
some embodiments, the slider button 844 may appear as a
semi-transparent layer on top of the application being dis-
played on the computing device. In some embodiments, the
slider button 844 may include icons that indicate different
options available through the slider button 844. The user
may slide the finger 1n any indicated direction on the shider
button 844 to perform any associated function, such as
zooming 1n or out of the application at the location of the
user’s point of regard, turning the volume up or down on the
computing device, scrolling, panning, tilting a view on a
specific target, and the like. FIG. 8F depicts another example
user interface 850 displaying another slider button 852,

which may function similarly to the slider button 844 of
FIG. 8E.

FIGS. 8G-8H depict example user interfaces 860 and 864
displaying a website page with links A, B, C, and D and a
point of regard 862 of the user. The website page may scroll
automatically based on a point of regard being at or near
either the top or the bottom of a page. Additionally, when a
user views the website page at a particular point of regard
that 1s close to a link (e.g., within a range of 2-3 cm from the
point of regard), the link may be highlighted, and the user
may press or touch and release the input button to select the
link that 1s highlighted, and the link will be opened.

In some embodiments, 1f there 1s more than one link near
the point of regard, each link may be highlighted, and upon
pressing the mput button, an overlay may appear with the
relevant targeted links shown 1n an enlarged manner so that
selecting the link may be easier for the user.

In some embodiments, the highlighted link or links may
also appear when pressing and holding the input button,
which may result in the display of an overlay of the link or
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links. When the user releases the mput button, the link at
which the user was looking upon release may be selected
and opened.

In some embodiments, the links near the point of regard
may automatically be highlighted and displayed 1n an over-
lay. The eye tracking software may be able to intelligently
determine with which links the user may want to interact. If
the user looks outside of the overlay area while holding the
input button, the eye tracking software may determine that
the user would like to select other links near the user’s point
of regard that 1s outside of the overlay area and may display
those links 1n an overlay accordingly. In some embodiments,
the links 1n the overlay may fade 1n and out so that the user
sees a smoother transition between the different links dis-
played 1n the overlay.

For example, 1n the user interface 860 of FIG. 8G, 1f the
point of regard of the user 1s at the point of regard 862, links
A, B, C, and D may be highlighted, and the user may submit
an mput to indicate that a highlighted link 1s to be selected.
In some embodiments, when the user looks at the point of
regard 862, links A, B, C, and D may be highlighted when

the user presses and holds the input button by displaying an
overlay 866 with the links that can be chosen, as shown 1n
the user interface of 864 FIG. 8H. The user may select the
link by releasing the iput button while the user 1s looking
at one of the links 1n the overlay 866.

FIGS. 8I-8] depict example user interfaces 870 and 876
displaying a menu bar highlighted based on the point of
regard of the user. When a user gazes over a menu bar, the
item 1n the menu bar that 1s gazed upon may be magnified
while the other items i1n the menu bar may move slightly
away from the item gazed upon, making 1t easier for the user
to select the desired 1tem. For example, 1n FIG. 81, the user
interface 870 may display a menu bar which includes a menu
item 874 that 1s near the point of regard 872 of the user. The
menu 1tem 874 1s magnified while the other menu items
move slightly away from the menu item 874. In some
embodiments, the user may press and release the input
button while the menu 1tem 874 1s highlighted, and the menu
item 874 may be selected accordingly. In some embodi-

ments, the magnified menu may be displayed when a user
presses the input button, and the menu item gazed upon may
be selected upon release of the input button. FIG. 8] simi-
larly depicts a user interface 876 in which a menu 1tem 880
1s highlighted by being magnified since the menu item 880
1s near the point of regard 878 of the user. In some embodi-
ments, the user may press and release the input button while
the menu 1tem 880 1s highlighted, and the menu 1tem 880
may be selected accordingly. In some embodiments, the
magnified menu may be displayed when a user presses the
input button, and the menu 1tem gazed upon may be selected
upon release of the input button.

FIG. 9 1s a flowchart of an example method 900 of
facilitating eye tracking control. In operation 902, a hard-
ware-implemented input module receives a user input at a
computing device. As described above, the user input may
be any type of mput, such as a touch sensor input, inputs
from physical buttons (e.g., push button), a mouse 1nput, an
external trigger, a joystick, a keyboard input, biometric
signal mput (e.g., electroencephalography (EEG), electro-
myography (EMG), electrooculography (EOG)), and the
like.

In operation 904, a hardware-implemented eye tracking
module may determine point of regard information associ-
ated with a user of the computing device. This may include
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determining the point of regard information while the user
input 1s being received (e.g., while the user input button 1s
being pressed and held).

In operation 906, the hardware-implemented iput mod-
ule may determine whether receipt of the user input has
terminated (e.g., whether the user input button has been
released).

In operation 908, 1f the receipt of the user mput has
terminated, the hardware-implemented eye tracking module
may perform an operation associated with a display object
identified based on the point of regard information. For
example, an archive display object may be displayed when
the user presses the user input button. If the user releases the
user mput button while gazing upon the archive display
object, an archive operation may be performed 1n response.

Certain embodiments are described herein as including
logic or a number of components, modules, or mechanisms.
Modules may constitute either software modules (e.g., code
embodied on a machine-readable medium or 1n a transmis-
sion signal) or hardware modules. A hardware module 1s a
tangible unit capable of performing certain operations and
may be configured or arranged in a certain manner. In
example embodiments, one or more computer systems (e.g.,
a standalone, client or server computer system) or one or
more hardware modules of a computer system (e.g., a
processor or a group of processors) may be configured by
software (e.g., an application or application portion) as a
hardware module that operates to perform certain operations
as described herein.

In various embodiments, a hardware module may be
implemented mechanically or electronically. For example, a
hardware module may comprise dedicated circuitry or logic
that 1s permanently configured (e.g., as a special-purpose
processor, such as a field programmable gate array (FPGA)
or an application-specific integrated circuit (ASIC)) to per-
form certain operations. A hardware module may also com-
prise programmable logic or circuitry (e.g., as encompassed
within a general-purpose processor or other programmable
processor) that 1s temporarily configured by software to
perform certain operations. It will be appreciated that the
decision to implement a hardware module mechanically, 1n
dedicated and permanently configured circuitry, or in tem-
porarily configured circuitry (e.g., configured by software)
may be driven by cost and time considerations.

Accordingly, the term “hardware module” should be
understood to encompass a tangible entity, be that an entity
that 1s physically constructed, permanently configured (e.g.,
hardwired) or temporarily configured (e.g., programmed) to
operate 1n a certain manner and/or to perform certain opera-
tions described herein. Considering embodiments 1n which
hardware modules are temporarily configured (e.g., pro-
grammed), each of the hardware modules need not be
configured or instantiated at any one instance in time. For
example, where the hardware modules comprise a general-
purpose processor configured using soiftware, the general-
purpose processor may be configured as respective different
hardware modules at different times. Software may accord-
ingly configure a processor, for example, to constitute a
particular hardware module at one instance of time and to
constitute a different hardware module at a different instance
of time.

Hardware modules can provide information to, and
receive information from, other hardware modules. Accord-
ingly, the described hardware modules may be regarded as
being communicatively coupled. Where multiple of such
hardware modules exist contemporaneously, communica-
tions may be achieved through signal transmission (e.g.,
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over appropriate circuits and buses) that connect the hard-
ware modules. In embodiments in which multiple hardware
modules are configured or instantiated at different times,
communications between such hardware modules may be
achieved, for example, through the storage and retrieval of
information in memory structures to which the multiple
hardware modules have access. For example, one hardware
module may perform an operation, and store the output of
that operation 1n a memory device to which 1t 1s communi-
catively coupled. A turther hardware module may then, at a
later time, access the memory device to retrieve and process
the stored output. Hardware modules may also imitiate
communications with iput or output devices, and can
operate on a resource (e.g., a collection of information).
The various operations of example methods described
herein may be performed, at least partially, by one or more
processors that are temporarily configured (e.g., by soft-
ware) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors may constitute processor-implemented
modules that operate to perform one or more operations or
functions. The modules referred to herein may, in some
example embodiments, comprise processor-implemented

modules.

Similarly, the methods described herein may be at least
partially processor-implemented. For example, at least some
of the operations of a method may be performed by one or
more processors or processor-implemented modules. The
performance of certain of the operations may be distributed
among the one or more processors, not only residing within
a single machine, but deployed across a number of
machines. In some example embodiments, the processor or
processors may be located 1n a single location (e.g., within
a home environment, an office environment or as a server
farm), while 1n other embodiments the processors may be
distributed across a number of locations.

The one or more processors may also operate to support
performance of the relevant operations 1n a “cloud comput-
ing” environment or as a “software as a service” (SaaS). For
example, at least some of the operations may be performed
by a group of computers (as examples of machines including
processors ), these operations being accessible via a network
(e.g., the Internet) and via one or more appropriate interfaces
(e.g., application program interfaces (APIs)).

Example embodiments may be implemented in digital
clectronic circuitry, or in computer hardware, firmware,
software, or in combinations of them. Example embodi-
ments may be implemented using a computer program
product, e.g., a computer program tangibly embodied 1n an
information carrier, €.g., in a machine-readable medium for
execution by, or to control the operation of, data processing
apparatus, €.g., a programmable processor, a computer, or
multiple computers.

A computer program can be written in any form of
programming language, including compiled or interpreted
languages, and it can be deployed 1n any form, including as
a stand-alone program or as a module, subroutine, or other
unit suitable for use 1n a computing environment. A com-
puter program can be deployed to be executed on one
computer or on multiple computers at one site or distributed
across multiple sites and interconnected by a communication
network.

In example embodiments, operations may be performed
by one or more programmable processors executing a com-
puter program to perform functions by operating on input
data and generating output. Method operations can also be



US 10,459,520 B2

13

performed by, and apparatus of example embodiments may
be implemented as, special purpose logic circuitry (e.g., a
FPGA or an ASIC).

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other. In embodiments
deploying a programmable computing system, 1t will be
appreciated that that both hardware and software architec-
tures require consideration. Specifically, it will be appreci-
ated that the choice of whether to implement certain func-
tionality 1n permanently configured hardware (e.g., an
ASIC), i temporarily configured hardware (e.g., a combi-
nation of software and a programmable processor), or a
combination of permanently and temporarily configured
hardware may be a design choice. Below are set out hard-
ware (e.g., machine) and software architectures that may be
deployed, i various example embodiments.

FIG. 10 1s a block diagram of a machine 1n the example
form of a computer system 1000 within which instructions,
for causing the machine to perform any one or more of the
methodologies discussed herein, may be executed. In alter-
native embodiments, the machine operates as a standalone
device or may be connected (e.g., networked) to other
machines. In a networked deployment, the machine may
operate 1n the capacity of a server or a client machine 1n
server-client network environment, or as a peer machine 1n
a peer-to-peer (or distributed) network environment. The
machine may be a personal computer (PC), a tablet PC, a
set-top box (STB), a personal digital assistant (PDA), a
cellular telephone, a web appliance, a network router, switch
or bridge, or any machine capable of executing instructions
(sequential or otherwise) that specily actions to be taken by
that machine. Further, while only a single machine 1s illus-
trated, the term “machine” shall also be taken to include any
collection of machines that individually or jointly execute a
set (or multiple sets) of 1nstructions to perform any one or
more of the methodologies discussed herein.

Example computer system 1000 includes a processor
1002 (e.g., a central processing unit (CPU), a graphics
processing unit (GPU) or both), a main memory 1004, and
a static memory 1006, which communicate with each other
via a bus 1008. Computer system 1000 may further include
a video display device 1010 (e.g., a liquid crystal display
(LCD) or a cathode ray tube (CRT)). Computer system 1000
also 1ncludes an alphanumeric 1nput device 1012 (e.g., a
keyboard), a user interface (UIl) navigation device 1014
(e.g., a mouse or touch sensitive display), a disk drive unit
1016, a signal generation device 1018 (e.g., a speaker) and
a network interface device 1020.

Disk drive unit 1016 1includes a machine-readable
medium 1022 on which 1s stored one or more sets of
instructions and data structures (e.g., software) 1024
embodying or utilized by any one or more of the method-
ologies or functions described herein. Instructions 1024 may
also reside, completely or at least partially, within main
memory 1004, within static memory 1006, and/or within
processor 1002 during execution thereof by computer sys-
tem 1000, main memory 1004 and processor 1002 also
constituting machine-readable media.

While machine-readable medium 1022 1s shown 1n an
example embodiment to be a single medium, the term
“machine-readable medium”™ may include a single medium
or multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or
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more instructions or data structures. The term “machine-
readable medium”™ shall also be taken to include any tangible
medium that 1s capable of storing, encoding or carrying
instructions for execution by the machine and that cause the
machine to perform any one or more of the methodologies
of the present technology, or that is capable of storing,
encoding or carrying data structures utilized by or associated
with such instructions. The term “machine-readable
medium™ shall accordingly be taken to include, but not be
limited to, solid-state memories, and optical and magnetic
media. Specific examples of machine-readable media
include non-volatile memory, including by way of example

semiconductor memory devices, e.g., Erasable Program-
mable Read-Only Memory (EPROM), Electrically Erasable

Programmable Read-Only Memory (EEPROM), and flash
memory devices; magnetic disks such as internal hard disks
and removable disks; magneto-optical disks; and CD-ROM
and DVD-ROM disks.

Instructions 1024 may further be transmitted or received
over a communications network 1026 using a transmission
medium. Instructions 1024 may be transmitted using net-
work 1interface device 1020 and any one of a number of
well-known transfer protocols (e.g., HI'TP). Examples of
communication networks include a local area network

(“LAN”), a wide area network (“WAN”), the Internet,
mobile telephone networks, Plain Old Telephone (POTS)
networks, and wireless data networks (e.g., WiF1 and
WiMAX networks). The term “transmission medium”™ shall
be taken to include any intangible medium that 1s capable of
storing, encoding or carrying instructions for execution by
the machine, and includes digital or analog communications
signals or other intangible media to facilitate communication
of such software.

Although an embodiment has been described with refer-
ence to specific example embodiments, 1t will be evident that
various modifications and changes may be made to these
embodiments without departing from the broader spirit and
scope of the technology. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a
restrictive sense. The accompanying drawings that form a
part hereof, show by way of illustration, and not of limita-
tion, specific embodiments 1n which the subject matter may
be practiced. The embodiments illustrated are described in
suflicient detail to enable those skilled 1n the art to practice
the teachings disclosed herein. Other embodiments may be
utilized and derived therefrom, such that structural and
logical substitutions and changes may be made without
departing from the scope of this disclosure. This Detailed
Description, therefore, 1s not to be taken 1n a limiting sense,
and the scope of various embodiments 1s defined only by the
appended claims, along with the full range of equivalents to
which such claims are entitled.

Such embodiments of the inventive subject matter may be
referred to herein, individually and/or collectively, by the
term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any single invention or inventive concept if more than one
1s 1n fact disclosed. Thus, although specific embodiments
have been 1illustrated and described herein, 1t should be
appreciated that any arrangement calculated to achieve the
same purpose may be substituted for the specific embodi-
ments shown. This disclosure 1s intended to cover any and
all adaptations or variations of various embodiments. Com-
binations of the above embodiments, and other embodi-
ments not specifically described herein, will be apparent to
those of skill 1n the art upon reviewing the above descrip-
tion.
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What 1s claimed 1s:

1. A method comprising:

receiving a user mput at a computing device;
while receiving the user mput:

16

10. The method of claim 1, further comprising:

calculating a user’s point of regard at a predetermined rate
until the user mput 1s detected.

11. The method of claim 1, wherein each display object

determining information about at least one point of 5 1ncludes an eye-controllable 1tem controlled by the point of

regard indicating at least one location on a display of
the computing device at which a user 1s looking; and

displaying, 1n response to the user mnput, a plurality of
display objects on the display, each display object
positioned at a different location within the display
and associated with a respective performable opera-
tion;

determining that the user input has terminated; and

in response to termination of the user nput:

determining a point of regard at a time when the user
input has terminated;

identifying a display object of the plurality of display
objects based on the determined point of regard; and

performing an operation associated with the identified
display object.

2. The method of claim 1, further comprising;:

capturing 1image data related to the user;

detecting one or more eye features of the user using the

captured 1mage data; and

determining the information about the at least one point of

regard, based in part on the one or more eye features.

3. The method of claim 2, wherein the one or more eye
features include information about at least one of: a location
of an eye of the user, a location of a pupil of the eye, and a
location of a corneal reflection related to the eye.

4. The method of claim 1, further comprising:

activating, in response to the user input, an eye tracking

functionality at the computing device;

calculating one or more parameters specific to the user,

upon activating the eye tracking functionality; and
determining the information about the at least one point of
regard, based 1n part on the one or more parameters.

5. The method of claim 4, wherein the one or more
parameters include at least one of: a vertical oflset between
an optical axis and a visual axis of an eye of the user, and
a horizontal oifset between the optical axis and the visual
axis.

6. The method of claim 4, further comprising;:

calculating the one or more parameters based on matching

a first path determined by a moving target displayed on
the display with a second path determined by move-
ment information associated with at least one eye
feature of the user.

7. The method of claim 6, wherein the at least one eye
feature 1ncludes at least one of: a pupil of an eye of the user,
an 1r1s of the eye, an estimated point of regard of the user,
an optical axis of the eye, a visual axis of the eye, and one
or more corneal reflections produced by one or more 1nfra-
red light sources.

8. The method of claim 1, further comprising:

illuminating a portion of a face of the user including at

least one eye of the user;

capturing infrared light reflected from the portion of the

face; and

determining the information about the at least one point of

regard, based in part on the captured infrared light.

9. The method of claim 8, turther comprising;:

capturing the infrared light by blocking one or more

components of light reflected from the portion of the
face having wavelengths below 800 nm and passing
one or more other components of the reflected light
having wavelengths above 800 nm.
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regard.

12. The method of claim 1, further comprising:
stop displaying the plurality of display objects on the
display, after the operation was performed.
13. A computing device, comprising:
a memory having instructions embodied thereon;
one or more processors configured by the instructions to
perform operations comprising:
receiving a user mput at the computing device;
while receiving the user mput:
determining information about at least one point of
regard 1indicating at least one location on a display
of the computing device at which a user 1s look-
ing; and
displaying, in response to the user input, a plurality
of display objects on the display, each display
object positioned at a different location within the
display and associated with a respective perform-
able operation;
determining that the user input has terminated; and
in response to termination of the user mput:
determining a point of regard at a time when the user
input has terminated; and
1dentifying a display object of the plurality of display
objects based on the determined point of regard;
and
performing an operation associated with the i1denti-
fied display object.
14. The computing device of claim 13, further compris-
ng:
one or more 1llumination sources configured to 1lluminate
a portion of a face of the user including at least one eye
of the user;
an inirared pass filter configured to pass inirared light
reflected from the portion of the face; and
a camera coupled to the infrared pass filter configured to
capture the infrared light, wherein
the one or more processors are configured to determine
the information about the at least one point of regard,
based 1n part on the captured infrared light.
15. The computing device of claam 14, wherein the
infrared pass filter 1s further configured to:
block one or more components of light reflected from the
portion of the face having wavelengths below 800 nm;
and
pass one or more other components of the retlected light
having wavelengths above 800 nm.
16. The computing device of claim 14, wherein the
infrared pass filter 1s further configured to:
pass one or more components of light reflected from the
portion of the face having wavelengths between 800
nm and 900 nm.
17. The computing device of claim 13, further compris-
ng:
one or more cameras configured to capture image data
related to the user, wherein the one or more processors
are further configured to
detect one or more eye features of the user using the
captured 1mage data, and
determine the information about the at least one point
of regard, based in part on the one or more eye
features.
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18. The computing device of claim 13, wherein the one or
more processors are further configured to:

activate, 1n response to the user input, an eye tracking

functionality at the computing device;

calculate one or more parameters specific to the user, upon

activating the eye tracking functionality; and
determine the information about the at least one point of
regard, based 1n part on the one or more parameters.

19. The computing device of claim 18, wherein the one or
more processors are further configured to:

calculate the one or more parameters based on matching

a first path determined by a moving target displayed on
the display with a second path determined by move-
ment information associated with at least one eye
feature of the user.

20. A non-transitory machine-readable storage medium
storing 1nstructions which, when executed by one or more
processors, cause the one or more processors to perform
operations comprising;:

receiving a user mput at a computing device;

5
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while receiving the user input:
determining, by the one or more processors, informa-
tion about at least one point of regard indicating at
least one location on a display of the computing
device at which a user 1s looking; and
displaying, 1n response to the user input, a plurality of
display objects on the display, each display object
positioned at a different location within the display
and associated with a respective performable opera-
tion;
determining that the user input has terminated; and
in response to termination of the user input:

determining a point of regard at a time when the user
input has terminated;

identifying a display object of the plurality of display
objects based on the determined point of regard; and

performing an operation associated with the identified
display object.
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