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FIG. 1

ment of the method for gaze tracking, comprising: presenting a content
to a viewer via a playback device, tracking a gaze path of the viewer
with a gaze tracker coupled to the playback device, selecting a viewer
profile from a plurality of viewer profiles stored in a viewer profile
database based on the gaze path of the viewer, and predicting a future
gaze location of the viewer based on the viewer profile. Systems per-
form similar steps and non-transitory computer readable storage medi-
ums each store one or more computer programs are also provided.
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APPARATUS AND METHOD FOR GAZE TRACKING

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of and claims benefit from United States
Patent Application No. 15/280,962, filed on September 29, 2016, entitled
“APPARATUS AND METHOD FOR GAZE TRACKING,” which claims the benefit
of United States Provisional Patent Application No. 62/357,259, filed on June 30,
2016, entitled “APPARATUS AND METHOD FOR CAPTURING AND
DISPLAYING SEGMENTED CONTENT”, and which also claims the benefit of
United States Provisional Patent Application No. 62/374,687, filed on August 12,
2016, entitled “APPARATUS AND METHOD FOR PROVIDING AND
DISPLAYING CONTENT”, the entire content and disclosures of which are all
hereby fully incorporated by reference herein in their entireties.

This application is related to United States Patent Application No. 15/280,933,
filed on September 29, 2016, entitled “APPARATUS AND METHOD FOR
CAPTURING AND DISPLAYING SEGMENTED CONTENT?”, by inventor Dennis
D. Castleman, and identified by Attorney Docket No. 139592 [SCEA16001USO01], the
entire content and disclosure of which is hereby fully incorporated by reference herein
in its entirety.

This application is also related to United States Patent Application No.
15/280,947, filed on September 29, 2016, entitled “APPARATUS AND METHOD
FOR PROVIDING AND DISPLAYING CONTENT”, by inventor Dennis D.
Castleman, and identified by Attorney Docket No. 139593 [SCEA16003USO01], the
entire content and disclosure of which is hereby fully incorporated by reference herein

in its entirety.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to motion tracking.

2. Discussion of the Related Art
Gaze tracking is the process of tracking a viewer’s gaze location using

sensors. The gaze location may then be used as an input to a computer system.
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SUMMARY OF THE INVENTION

One embodiment provides a method for gaze tracking comprising: presenting
a content to a viewer via a playback device, tracking a gaze path of the viewer with a
gaze tracker coupled to the playback device, selecting a viewer profile from a
plurality of viewer profiles stored in a viewer profile database based on the gaze path
of the viewer, and predicting a future gaze location of the viewer based on the viewer
profile.

Another embodiment provides a system for gaze tracking, comprising: a
viewer profile database, a communication device, and a processor coupled to the
viewer profile database and the communication device. The processor being
configured to: present a content to a viewer via a playback device coupled to the
communication device, track a gaze path of the viewer with a gaze tracker coupled to
the playback device, select a viewer profile from a plurality of viewer profiles stored
in the viewer profile database based on the gaze path of the viewer, and predict a
future gaze location of the viewer based on the viewer profile.

Another embodiment provides a non-transitory computer readable storage
medium storing one or more computer programs configured to cause a processor
based system to execute steps comprising: presenting a content to a viewer via a
playback device, tracking a gaze path of the viewer with a gaze tracker coupled to the
playback device, selecting a viewer profile from a plurality of viewer profiles stored
in a viewer profile database based on the gaze path of the viewer, and predicting a
future gaze location of the viewer based on the viewer profile.

Another embodiment provides a system for gaze tracking, comprising: a
display device, a gaze tracker, a communication device, and a processor coupled to
the display device, the gaze tracker, and the communication device. The processor
being configured to: present a content to a viewer via a display device, track a gaze
path of the viewer with the gaze tracker, select a viewer profile from a plurality of
viewer profiles stored in a viewer profile database based on the gaze path of the
viewer, predict a future gaze location of the viewer based on the viewer profile, and
retrieve, with the communication device, a portion of the content from a content
server based on the future gaze location.

A better understanding of the features and advantages of various embodiments
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of the present invention will be obtained by reference to the following detailed
description and accompanying drawings which set forth an illustrative embodiment in

which principles of embodiments of the invention are utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of embodiments of the
present invention will be more apparent from the following more particular
description thereof, presented in conjunction with the following drawings wherein:

FIG. 1 is a flow diagram illustrating a method for tracking gaze in accordance
with some embodiments of the present invention;

FIG. 2 is a block diagram illustrating a system for tracking gaze in accordance
with some embodiments of the present invention;

FIG. 3 is an illustration of gaze paths in accordance with some embodiments
of the present invention;

FIG. 4 is a process diagram illustrating a process for tracking gaze in
accordance with some embodiments of the present invention;

FIG. 5 is a flow diagram illustrating a method for providing content in
accordance with some embodiments of the present invention; and

FIG. 6 1s a flow diagram illustrating a method for providing content in

accordance with some embodiments of the present invention.

DETAILED DESCRIPTION

Gaze tracking may comprise eye tracking and/or head tracking. In some
embodiments, gaze tracking may be used to determine a viewer’s point of fixation in
a displayed image and/or in a scene of the real world. In virtual reality (VR) and
augmented reality (AR) application, the system may use the viewer’s gaze location to
determine the content to display to the user.

Referring first to FIG. 1, a method for tracking gaze is shown. The steps in
FIG. 1 may generally be performed by a processor-based device such as one or more
of a computer system, a server, a cloud-based server, a content host, a streaming
service host, a media server, a playback device, a display device, and the like. In some
embodiments, the steps in FIG. 1 may be performed by one or more of the server 210

and the playback device 220 described with reference to FIG. 2, the server described
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with reference to FIG. 4, and/or other similar devices.

In step 110, the system presents a content to a viewer via a playback device. In
some embodiments, the content may comprise one or more of a movie, a TV show, a
video clip, prerecorded video content, streaming video content, live-streamed video
content, and the like. In some embodiments, the content may comprise a single video
stream or a plurality of video streams captured by one or more of a stereoscopic
camera system, a panoramic camera system, a surround view camera system, a 360-
degree camera system, an omnidirectional camera system, and the like. In some
embodiments, the content may be streamed from a content server to the playback
device. In some embodiments, the playback device may comprise one or more of a
game console, a personal computer, a tablet computer, a television, a head mounted
display (“HMD”), an augmented reality device, a virtual reality device, a wearable
device, a portable user device, a smartphone, etc. In some embodiments, the playback
device may comprise a device and/or system of the type described in United States
Patent Application No. 15/085,887, filed on March 30, 2016, entitled “Head-Mounted
Display Tracking,” the entire disclosure of which is hereby fully incorporated by
reference herein in its entirety.

In step 120, the system tracks a gaze path of the viewer. In some
embodiments, the gaze path may be tracked by a gaze tracker coupled to the playback
device. In some embodiments, the gaze tracker may be configured track one or more
of the viewer’s eye movement, head movement, and body movement. In some
embodiments, the gaze tracker may comprise one or more of an image sensor, an
optical reflector sensor, a range sensor, an electromyography (EMG) sensor, and an
optical flow sensor for detecting eye and/or head movement. In some embodiments,
the gaze tracker may comprise an Inertial Measurement Unit (IMU) that measures and
reports a body's specific force, angular rate, and/or magnetic field surrounding the
body, using a combination of accelerometers and gyroscopes, sometimes also
magnetometers. In some embodiments, the gaze tracker may be coupled to an HMD
and/or a wearable device that allows the sensor to detect the motion of the user’s head
or eyes via the motion of the HMD and/or wearable device. In some embodiments, the
gaze tracker may comprise an optical sensor for detecting one or more of a head
motion and eye-motion of the user. In some embodiments, the sensor may be coupled

to an HMD and/or a wearable device or comprise a relatively stationary device that
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captures data from the viewer from a distance. In some embodiments, the gaze path of
the viewer may be tracked by any conventional eye tracking, head tracking, and/or
motion tracking sensors.

In embodiments, the gaze path of the viewer may comprise a record of a
plurality of gaze locations and/or directions of the viewer detected over time. In some
embodiments, the gaze path of the viewer may comprise gaze locations and/or
directions timestamped according to the timestamp of the content viewed by the
viewer. In some embodiments, the gaze locations in a gaze path may each be
associated with one or more frames of the content. In some embodiments, the gaze
path may comprise a two-dimensional gaze path. In some embodiments, the gaze path
may comprise gaze locations comprising a coordinate in the display area of the
content. In some embodiments, the gaze path may comprise a three-dimensional gaze
paths. For example, the content may comprise immersive content in which viewers
may navigation through a three-dimension space with body movement and/or input
devices. In some embodiments, the gaze path comprises x, y, and z coordinates
corresponding to the head and/or eyes of the viewer and a viewing direction.

In step 130, the system selects a viewer profile based on the gaze path of the
viewer tracked in step 120. In some embodiments, the viewer profile may be selected
from a plurality of viewer profiles associated with the content stored in a viewer
profile database. In some embodiments, each viewer profile may comprise an
expected gaze path associated with the content. In some embodiments, a viewer
profile may be associated with a segment of the content and/or the entire duration of
the content. In some embodiments, the expected gaze path may comprise expected
fixation points in one or more frames of the content. In some embodiments, the
viewer profile may be selected based on matching the user’s gaze path tracked in step
120 with the gaze paths in the plurality of viewer profiles during the same time period
in the content. In some embodiments, the tracked gaze path may be compared to the
viewer profiles by determining the amount of deviation between the tracked gaze path
and the gaze paths in the viewer profiles and selecting the viewer profile with the least
amount of deviation.

In some embodiments, the viewer profiles may comprise one or more viewer
profiles generated based on gaze paths of a plurality of users who viewed the content.

For example, the system may record gaze paths of a plurality of viewers that viewed
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the same content. The gaze paths may then be grouped by their similarity to each
other and a viewer profile may be created for each cluster of similar gaze paths. In
some embodiments, the viewer profiles may comprise one or more default viewer
profiles created during a post-production process of the content. For example, a
producer of the content may manually input a default gaze path based on where he/she
believes the viewer’s fixation locations will likely be. In some embodiments, prior to
a content being release, one or more viewers may view the content during the post
production processor to generate a default viewer profile. In some embodiments, the
viewer profiles may comprise one or more viewer profiles generated based on
tracking a movement of one or more objects in the content. For example, a viewer
profile associated with a soccer game may comprise a gaze path that is associated
with the movement of the soccer ball during gameplay. In another example, a viewer
profile may comprise a gaze path that follows the fastest moving object in the frame.
In yet another example, a viewer profile may comprise a gaze path that follows a
particular actor or actors in the content. In some embodiments, the content may be
processed with an object recognition engine to identify one or more objects in the
content. The locations of the identified objects may then be used to generate a gaze
path of a viewer profile.

In some embodiments, when a content is initially shown to a viewer, the
system may use a default viewer profile to predict the viewer’s future gaze location
and the viewer profile associated with the viewer may be subsequently adjusted in
step 130 when gaze tracking data becomes available. In some embodiments, when the
content is initially shown to a viewer, a viewer profile may be selected base on the
viewer’s demographic information such as age, gender, location, etc. In some
embodiments, one or more the default viewer profiles may be generated during the
post-production process of the content.

In step 140, the system predicts a future gaze location of the viewer based on
the viewer profile selected in step 130. In some embodiments, the predicted future
gaze location for a frame of the content may correspond to the gaze location and/or
direction of the expected gaze path in the viewer profile selected in step 130. In some
embodiments, the expected gaze path in the viewer profile may comprise gaze
direction information and the system first identify a portion of the content display area

that corresponds to the expected gaze direction to predict the gaze location.
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In some embodiments, the future gaze location predicted in step 140 may be
used by the system to affect the display of the content. In some embodiments, the
system may be configured to select a portion of the content based on the future gaze
location and buffer the portion of the content at the playback device. In some
embodiments, the portion of the content buffered at the playback device may
correspond to a focal area associated with the future gaze location. In some
embodiments, a system may be configured to provide a low bitrate version of a
content item and a portion of a high bitrate version of the content item corresponding
to the focal area to a playback device as described in United States Provisional Patent
Application No. 62/374,687, filed on August 12, 2016, entitled “APPARATUS AND
METHOD FOR PROVIDING AND DISPLAYING CONTENT” the entire disclosure
of which is hereby fully incorporated by reference herein in its entirety. The portion
of the high bitrate version may be selected and/or buffered at the playback device
based on the future gaze location predicted in step 140.

In some embodiments, the portion of the content corresponds to a video
stream selected from a plurality of video streams comprising the content. In some
embodiments, the content may comprise a plurality of separately encoded video
streams and the system may be configured to select one or more streams to provide to
the playback device as described in United States Provisional Patent Application No.
62/357,259, filed on June 30, 2016, entitled “APPARATUS AND METHOD FOR
CAPTURING AND DISPLAYING SEGMENTED CONTENT” the entire disclosure
of which is hereby fully incorporated by reference herein in its entirety. The one or
more video streams provided to the playback device may be selected based on the
future gaze location predicted in step 140.

In some embodiments, the system may further determine an insertion location
for added content based on the future gaze location. In some embodiments, the added
content may comprise one or more of alert information, supplemental information,
selection menu, and advertisement content. For example, the system may be
configured to insert native advertisement into legacy content based on the predicted
gaze location of the viewer. Examples of methods and systems that displays content
based on predicted future gaze location according to some embodiments are described
with reference to FIGS. 5 and 6 herein.

In some embodiments, after step 140, the process may return to step 120
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during the playback of the content. In some embodiments, the system may track the
subsequent gaze path of the viewer after selecting the viewer profile and select a
different one of the plurality of viewer profiles based on the subsequent gaze path. In
some embodiments, the viewer profile selected for a viewer in step 130 may change
any number of time as the viewer views the content. In some embodiments, step 130
may be repeated periodically (e.g. 1 second, 2 seconds, 240 frames, etc.). In some
embodiments, step 130 may be repeated when a substantial deviation from the
expected gaze path is detected.

Referring next to FIG. 2, there is shown a system for gaze tracking that may
be used to run, implement, and/or execute any of the methods and techniques shown
and described herein in accordance with some embodiments of the present invention.
The system includes a server 210 and a playback device 220 communicating over a
data connection such as a network.

The server 210 includes a processor 212, a memory 213, and a communication
device 214. The server 210 may generally comprise one or more processor-based
devices accessible by the playback device via a network such as the Internet. In some
embodiments, the content server may comprise one or more of a cloud-based server, a
content host, a streaming service host, a media server, a streaming video server, a
broadcast content server, a social networking server, and the like. The processor 212
may comprise one or more of a control circuit, a central processor unit, a graphical
processor unit (GPU), a microprocessor, a video decoder, a video encoder and the
like. The memory 213 may include one or more of a volatile and/or non-volatile
computer readable memory devices. In some embodiments, the memory 213 stores
computer executable code that causes the processor 212 to provide content to the
playback device 220. In some embodiments, the communication device 214 may
comprise one or more of a network adapter, a data port, a router, a modem, and the
like. Generally, the communication device 214 may be configured to allow the
processor 212 to communicate with the playback device 220. In some embodiments,
the processor 212 may be configured to match a user’s gaze path detected by the
playback device 220 with a viewer profile stored in the viewer profile database 219.
In some embodiments, the server 210 may further comprise a content server
configured to provide content to the playback device 220 based on the selected viewer

profile. In some embodiments, the server 210 may be configured to stream the content
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recorded by a capture device to the playback device 220 in substantially real-time. In
some embodiments, the server 210 may be configured to host a plurality of
prerecorded content items for streaming and/or downloading to the playback devices
220 on-demand.

The viewer profile database 219 may comprise computer readable memory
storage storing a plurality of viewer profiles associated with one or more content
items. In some embodiments, the viewer profiles may each be associated with a
particular content item and comprise an expected gaze path associated with the
content. In some embodiments, the expected gaze path may comprise expected
fixation points and/or viewing directions in one or more frames of the content. In
some embodiments, each viewer profile may be associated with a segment of the
content and/or the entire duration of the content.

In some embodiments, the viewer profiles in the viewer profile database 219
may comprise one or more viewer profiles generated based on gaze paths of a
plurality of users who viewed the content. For example, the system may record gaze
paths of a plurality of viewers that viewed the same content. The gaze paths may be
grouped by their similarity to each other and a viewer profile may be created for each
cluster of similar gaze paths. In some embodiments, for broadcasted live-streamed
content such as sports events, viewer profiles may be established based on the gaze
paths of model viewers who views the content with no or less time delay as compared
to the viewers of the broadcasted content. In some embodiments, the viewer profiles
in the viewer profile database 219 may comprise one or more default viewer profile
created during a post-production process of the content. In some embodiments, prior
to a content being released for broadcast, one or more viewers may view the content
during the post production processor to generate a default viewer profile. In some
embodiments, the viewer profiles in the viewer profile database 219 may comprise
one or more viewer profiles generated based on tracking a movement of one or more
objects in the content. For example, a viewer profile associated with a soccer game
may comprise a gaze path that is associated with the movement of the soccer during
gameplay. In another example, a viewer profile in the viewer profile database 219
may comprise a gaze path that follows the fastest moving object in the frame. In yet
another example, a viewer profile in the viewer profile database 219 may comprise a

gaze path that follows a particular actor or actors in the content. In some
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embodiments, the content may be processed with an object recognition engine to
identify one or more objects in the content. The locations of the identified objects in
the frame of the content may then be used to generate a gaze path for a viewer profile.
In some embodiments, one or more viewer profiles in the viewer profile database 219
may be associated with viewer demographic information (e.g. gender, age, location,
etc.). If a tracked gaze path is not available, a viewer profile may be selected based on
viewer demographic information.

While only one playback device 220 is shown in FIG. 2, in some
embodiments, the server 210 may be configured to simultaneously select viewer
profiles and/or provide content to a plurality of playback devices 220 via the
communication device 214. In some embodiments, the server 210 may be configured
to facilitate peer-to-peer transfer of video streams between capture devices and
playback devices 220. In some embodiments, the server 210 may be configured add to
and/or modify viewer profiles in the viewer profile database 219 based on records of
viewer gaze paths received from a plurality of playback devices 220. For example, if a
group of viewers shares a similar gaze path for a portion of the content that does not
match well with an existing viewer profile in the viewer profile database 219, the
server 210 may create a new viewer profile based on the group of similar gaze paths.
In some embodiments, the system may use the demographic of viewers to update the
demographic associated with one or more viewer profiles. While one server 210 is
shown, in some embodiments, functionalities of the server 210 may be implemented
on one or more processor-based devices.

The playback device 220 comprises a processor 221, a memory 223, a display
device 225, and a sensor device 227. In some embodiments, the playback device 220
may generally comprise a processor-based devices such as one or more of a game
console, a media console, a set-top box, a personal computer, a tablet computer, a
television, a head mounted display (“HMD?”), an augmented reality device, a virtual
reality device, a wearable device, a portable user device, a smartphone, etc. The
processor 221 may comprise one or more of a control circuit, a central processor unit
(CPU), a graphical processor unit (GPU), a microprocessor, a video decoder and the
like. The memory 223 may include one or more of a volatile and/or non-volatile
computer readable memory devices. In some embodiments, the memory 223 stores

computer executable code that causes the processor 221 to track a viewer’s gaze path
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with the sensor device 227. In some embodiments, the playback device 220 may be
configured predict a further gaze location based on viewer profiles retrieved from the
server 210 and/or stored locally. In some embodiments, the playback device 220 may
be configured to retrieve content from the server 210 and/or render content locally
based on the predicted gaze location of the viewer. In some embodiments, the
memory 223 may comprise a buffer for buffering, from the server 210, a portion of
the content being view on the display device 225. In some embodiments, the
computer executable code stored in the memory 223 may comprise one or more of a
computer program, a software program, a playback device firmware, a mobile
application, a game and/or media console application, etc.

The display device 225 may comprise a device for displaying content to a
viewer. In some embodiments, the display device 225 may comprise one or more of a
monitor, a television, a head mounted display (HMD), a virtual reality display device,
a wearable device, a display screen, a mobile device, and the like. In some
embodiments, the display device 225 may comprise a stereoscopic display having one
Or more screens.

The sensor device 227 may comprise one or more sensors configured to track
the gaze of a viewer of the display device 225. In some embodiments, the sensor
device 227 may comprise one or more of an image sensor, an optical reflector sensor,
a range sensor, an electromyography (EMG) sensor, and an optical flow sensor for
detecting eye and/or head movement. In some embodiments, the sensor device 227
may comprise an IMU that measures and reports a body's specific force, angular rate,
and/or magnetic field surrounding the body, using a combination of accelerometers
and gyroscopes, sometimes also magnetometers. In some embodiments, the sensor
device 227 may be coupled to an HMD and/or a wearable device that allows the
sensor to detect the motion of the user’s head or eyes via the motion of the HMD
and/or wearable device. In some embodiments, the sensor device 227 may comprise a
camera for detecting one or more of a head motion and eye-motion of the user. In
some embodiments, the sensor device 227 may be coupled to an HMD and/or a
wearable device or be a relatively stationary device that captures data from the viewer
from a distance.

While the display device 225 is shown as part of the playback device 220, in

some embodiments, the display device 225 may comprise a separate device with or
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without a separate processor. In some embodiments, the display device 225 may be
coupled to the playback device 220 via a wired or wireless communication channel.
For example, the playback device 220 may comprise a PC or a game console and the
display device 225 may comprise an HMD configured to display content from the
playback device 220. In some embodiments, the sensor device 227 may be part of the
playback device 220, the display device 225, and/or may be a physically separated
device communicating with one or more of the playback device 220 and the display
device 225. In some embodiments, one or more of the display device 225 and the
sensor device 227 may be integrated with the playback device 220. In some
embodiments, the display device 225 may further comprise a processor and/or a
memory for at least partially storing the retrieved content and/or the viewer’s eye or
head movement detected by the sensor device 227.

In some embodiments, the playback device 220 may further include a
communication device such as a network adapter, a Wi-Fi transceiver, a mobile data
network transceiver, etc. for communicating with the server 210 and/or a capture
device. In some embodiments, the playback device 220 may further include one or
more user input/output devices such as a motion tracker, buttons, a controller, a
keyboard, a display screen, a touch screen and the like for the user to control the
selection and playback of content items. In some embodiments, the input devices may
further be used by the viewer to navigate in an immersive reality content.

Referring next to FIG. 3, there is shown an illustration of gaze paths in
accordance with some embodiments of the present invention. In FIG. 3, the content
area 300 represents the display area of a content and gaze paths 301, 303, and 302
represent gaze paths covering the same time period of the content playback and
associated with different viewer profiles. In FIG. 3, if a viewer’s tracked gaze path
corresponds to the gaze path 310, the system may match the viewer to the viewer
profile associated with the gaze path 302. The viewer’s future gaze locations may then
be predicted based on continuing to follow the gaze path 302 with time. In some
embodiments, the viewer may be associated with the gaze path 302 until a substantial
deviation from the gaze path 302 is detected.

The gaze paths shown in FIG. 3 are provided for illustration only and may not
necessarily represent actual gaze paths. While two-dimensional gaze paths are shown,

in some embodiments, the gaze paths associated with viewer profiles may comprise
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gaze paths in the three-dimension space. For example, the content may comprise
immersive content in which viewers may navigation through a three-dimension space.
In some embodiments, the gaze locations comprising the gaze path may then each
include x, y, and z coordinates from a point of reference in the virtual space and a
viewing direction. While the gaze paths in FIG. 3 are shown as thin lines, in some
embodiments, a gaze path may comprise a wide band of area and/or viewing
directions.

Referring next to FIG. 4, there is shown a process diagram in accordance with
some embodiments of the present invention. In some embodiments, the server in FIG.
4 may comprise the server 210 described with reference to FIG. 2 or a similar device.
The playback device in FIG. 4 may comprise the playback device 220 described with
reference to FIG. 2 or a similar device. In FIG. 4, the gaze tracker 410 of the playback
device first detects the user’s gaze locations and determine a gaze path 412. The gaze
path 412 is then provided to the server. In some embodiments, each gaze path data
point may be transmitted to the server as they are collected and the server may
aggregate the data points to form a gaze path. In step 416, the server selects a viewer
profile by matching the gaze path 412 with a plurality of viewer profiles 414. In step
420, the server predicts a further gaze location of the viewer based on the selected
viewer profile. In step 430, the system selects a content portion to provide to the
playback device based on the predicted gaze location. In some embodiments, the
content portion may be retrieved and/or extracted from the content file 432. In some
embodiments, the content portion may correspond to one or more video streams
comprising the content. In some embodiments, the content portion may comprise a
portion of a high bitrate version of the content. In step 434, the content portion is
buffered at the playback device. In step 436, the content, including with the content
portion, is displayed to the user.

In some embodiments, one or more of the steps 416, 420, and 430 may be
performed by the playback device. For example, a plurality of viewer profiles may be
preloaded on the playback device. The playback device may be configured to predict
gaze locations based on the detected gaze path 412 and the plurality of locally stored
viewer profiles. In some embodiments, the playback device may be configured send a
request to the server that specifies the content portion based on the predicted gaze

location. In some embodiments, instead of buffering retrieved content, the playback
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device may be configured to begin rendering the content based on the predicted gaze
location using locally stored and/or streamed content files.

Referring next to FIG. 5, a method for providing content is shown. The steps
in FIG. 5 may generally be performed by a processor-based device such as a one or
more of a head mounted display (“HMD”), an augmented reality device, a virtual
reality device, a wearable device, a portable user device, a smartphone, a personal
computer, a server device, a television, a tablet computer, a game console, etc. In
some embodiments, the steps in FIG. 5 may be performed by one or more of the
server 210 and the playback device 220 described with reference to FIG. 2, the server
described with reference to FIG. 4, and/or other similar devices.

In step 510, the system predicts a viewing direction of a user viewing a
content item. In some embodiments, the viewing direction of the user may comprise
one or more of a head direction and an eye direction. In some embodiments, the
viewing direction may comprise a predicted direction based the future gaze location
predicted in the method described with reference to FIG. 1 or a similar method. In
some embodiments, a viewer gaze path comprising a history of the viewer’s viewing
directions may be compared to a plurality of gaze paths in viewer profiles. If the
viewer’s gaze path matches a gaze path in a viewer profile, future viewing directions
of the viewer may be predicted based on the matching gaze path.

The content item may comprise a plurality of video streams captured by one or
more of a panoramic camera system, a surround view camera system, a 360-degree
camera system, an omnidirectional camera system, and the like. In some
embodiments, the content item may comprise a segmented content corresponding one
or more of a panorama video, an immersive video, and/or an omnidirectional video. In
some embodiments, each of the plurality of video streams may be captured by a
separate image sensor of a camera assembly. In some embodiments, the content item
may comprise pre-recorded or real-time streaming content. The content item may
comprise a plurality of individually encoded video streams hosted on a server
accessible to a playback device.

In some embodiments, after step 510, the system may determine whether one
or more video streams of the content item falls within the predicted view area of the
user viewing the content item. In some embodiments, the user’s predicted view area

may correspond to an area around a fixation point corresponding to the viewing
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direction predicted based on the selected viewer profile. In some embodiments, the
viewing direction may be based on a user’s input via one or more input devices. For
example, a user may use a joystick, a touchpad, a mouse, direction key, and the like to
change the viewing direction. The view area may then correspond to the display area
associated with the viewing direction. In some embodiments, if only one video stream
falls within the view area, the system may only retrieve and/or decode the select video
stream to display to the user. In some embodiments, the system may perform steps
520-540 only if two or more video streams fall within the view area of the user.

In step 520, the system selects two or more video streams of the content item.
The selection of the video streams may be based on the viewing direction of the user
predicted in step 510 and directional data associated with the plurality of video
streams of the content item. The directional data of the plurality of video streams may
be recorded by the capture system that records the content item and included as part
of the content item file. In some embodiments, the capture system may include one or
more IMUs for recording the orientation of the captured system during the recording
of the content item. The IMU data associated with the current section of the content
item may be compared with the predicted viewing direction of the user to determine
the video streams that corresponds to the predicted viewing direction of the user.

In some embodiments, selecting the two or more video streams comprises
loading the selected video streams to a buffer or cache to decode. In some
embodiments, selecting the two or more video streams comprises retrieving the
selected streams from a server that hosts the content item. In some embodiments,
steps 510 and 520 may be performed by the content server, the playback device,
and/or a third device.

In step 530, the system decodes the two more video streams selected in step
520 to form two or more decoded video streams. In some embodiments, the decoding
may be performed by an image or video decoder hardware and/or software module on
the playback device.

In step 540, the system stitches the two or more decoded video streams to
form a combined image. In some embodiments, the video streams may be stitched
according to known stitching methods such as methods comprising one or more of
aligning, warping, and blending of the video streams. In some embodiments, the

aligning of the images may be performed at the playback device via feature and/or
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keypoint detection.

In some embodiments, the system may further be configured to selectively
stitch portions of the video streams based on the predicted view area of the user. For
example, if only a portion of the overlapping area of the two video streams falls
within the predicted view area of the user, the system may only blend the portion of
the overlaying area that is estimated to be visible to the user based on the prediction.
In some embodiments, the degree of blending may further depend on the area’s
position in the field of view. For example, a rough (e.g. less computationally
demanding) blending may be performed if the overlapping area falls in the peripheral
area of the user’s field of view and a more extensive blending may be performed if the
overlapping area falls near the expected fixation point of the user. In some
embodiments, the stitching of the two or more decoded video streams further
comprises combining images based on warp and distortions associated with a
playback device.

In step 550, the system causes the combined image generated in step 540 to be
displayed to the user. In some embodiments, the image may be displayed on a flat
screen display device or a head mounted display. In some embodiments, prior to step
550, the system further adjusts the combined image based on the parameters
associated with the display device. In some embodiments, the system may generate
stereoscope images for a 3D and/or virtual reality display device. In some
embodiments, the system may adjust the resolution of the combined image based on
the display resolution of the display device. In some embodiments, the system may
adjust the images based on warp and distortion associated with the display device.

In some embodiments, steps 510-550 may be continuously repeated as the user
changes his/her viewing direction while viewing the content item. In some
embodiments, the viewer profiles selected to predict user’s viewing direction in step
510 may change any number of times during a viewing of the content item. In some
embodiments, depending on the viewing direction predicted in step 510, the video
streams selected, decoded, and stitched in steps 520-540 may change over time.

Referring next to FIG. 6, a method for providing content is shown. The steps
in FIG. 6 may generally be performed by a processor-based device such as one or
more of a computer system, a server, a cloud-based server, a content host, a streaming

service host, a media server, and the like. In some embodiments, the steps in FIG. 6
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may be performed by one or more of the server 210 and the playback device 220
described with reference to FIG. 2, the server described with reference to FIG. 4,
and/or other similar devices.

In step 610, the system predicts a future gaze location a viewer of a content
item. In some embodiments, the gaze location of the user may comprise one or more
of a head direction and an eye direction. In some embodiments, the future gaze
location may be predicted based the method described with reference to FIG. 1 or
similar methods. In some embodiments, a gaze path comprising a history of the
viewer’s gaze locations may be compared to a plurality of gaze paths in viewer
profiles. If the viewer’s gaze path matches a viewer profile gaze a path, future gaze
locations the viewer may be predicted based on the matching gaze path. In some
embodiments, steps 610 may be performed by the content server, the playback device,
and/or a third device.

In step 620, the playback device retrieves a low bit rate version of a content
item. In some embodiments, a playback device sends a content request to a server
hosting the content item in step 620 to retrieve the content item. The low bit rate
version of the content item may comprise a reduced bit rate version of the content
item generated by a content provider and/or the hosting service. In some
embodiments, step 620 may occur prior to step 610 and the low bit rate version of the
content item may begin to be downloaded, buffered, and/or viewed prior to the focal
area of the viewer being determined or predicted.

In step 630, the playback device retrieves a portion of a high bit rate version of
the content item. In some embodiments, the playback device sends a content request
identifying the focal area of the viewer predicted in step 610 to a server to retrieve the
portion of the high bit rate version of the content item. In some embodiments, the
server may be configured to predict a focal area and send the corresponding portion of
the high bit rate version of the content item to the playback device. Generally, the
retrieved portion may comprise a spatial portion of the content selected based on the
predicted focal area of the viewer. In some embodiments, the retrieved portion may
comprise a short temporal segment of an area of the content item (e.g. milliseconds,
seconds, frames, etc.). In some embodiments, the portion of the high bit rate version
of the content item may be retrieved in a video stream separately encoded from the

low bit rate version of the content item retrieved in step 620. In some embodiments,
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the low bit rate version of the content item may buffer ahead of the retrieval of the
high bit rate version of the content item.

In step 640, the system combines the portion of the high bit rate version of the
content item with the low bit rate version of the content item to generate a combined
image. In some embodiments, in step 640, the system first decodes the portion of the
high bit rate version of the content item retrieved in step 630 and the low bit rate
version of the content item retrieved in step 620. In some embodiments, if the
resolution and/or framerate of the low and high bit rate versions of the content item
are different, the system may first adjust the resolution and/or framerate of at least one
of the versions prior to combining the images.

In step 650, the combined image is displayed on a display device. In some
embodiments, the display device may comprise one or more of a monitor, a television
set, a projector, a head mounted display (HMD), a virtual reality display device, a
wearable device, a display screen, a mobile device, and the like. In some
embodiments, prior to step 650, the system may further adjust the combined image
based on the display device’s specifications. For example, for virtual reality display
devices, the system may adjust for the warp and distortions associated with the
device.

In some embodiments, steps 610 to 650 may be repeated continuously as a
viewer views a content item. In some embodiments, the viewer profiles selected to
predict user’s focal area in step 610 may change any number of times during a
viewing of the content item. In some embodiments, based on the focal area predicted
in step 610, different portions of the high bit rate version of the content item may be
retrieved in step 630 and combined with the low bit rate version in step 640 over time.
In some embodiments, step 620 may occur independently of steps 610 and 630.

In some embodiments, the system may further be configured to predict a view
area of the viewer and retrieve only a portion of the low bit rate content based on a
view area of the viewer in step 620. The view area of the viewer may be predicted
based on matching the viewer to a viewer profile similar to the prediction of the focal
area in step 610. The view area of the viewer may generally refer to the area of the
content that is visible to the user but may or may not be in focus in the viewer’s field
of vision.

In some embodiments, one or more of the embodiments, methods, approaches,
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and/or techniques described above may be implemented in one or more computer
programs or software applications executable by a processor based apparatus or
system. By way of example, such processor based apparatus or systems may comprise
a computer, entertainment system, game console, workstation, graphics workstation,
server, client, portable device, pad-like device, etc. Such computer program(s) may be
used for executing various steps and/or features of the above-described methods
and/or techniques. That is, the computer program(s) may be adapted to cause or
configure a processor based apparatus or system to execute and achieve the functions
described above. For example, such computer program(s) may be used for
implementing any embodiment of the above-described methods, steps, techniques, or
features. As another example, such computer program(s) may be used for
implementing any type of tool or similar utility that uses any one or more of the above
described embodiments, methods, approaches, and/or techniques. In some
embodiments, program code macros, modules, loops, subroutines, calls, etc., within or
without the computer program(s) may be used for executing various steps and/or
features of the above-described methods and/or techniques. In some embodiments, the
computer program(s) may be stored or embodied on a computer readable storage or
recording medium or media, such as any of the computer readable storage or
recording medium or media described herein.

Therefore, in some embodiments the present invention provides a computer
program product comprising a medium for embodying a computer program for input
to a computer and a computer program embodied in the medium for causing the
computer to perform or execute steps comprising any one or more of the steps
involved in any one or more of the embodiments, methods, approaches, and/or
techniques described herein. For example, in some embodiments the present invention
provides one or more non-transitory computer readable storage mediums storing one
or more computer programs adapted or configured to cause a processor based
apparatus or system to execute steps comprising: presenting a content to a viewer via
a playback device, tracking a gaze path of the viewer with a gaze tracker coupled to
the playback device, selecting a viewer profile from a plurality of viewer profiles
stored in a viewer profile database based on the gaze path of the viewer, and
predicting a future gaze location of the viewer based on the viewer profile.

While the invention herein disclosed has been described by means of specific
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embodiments and applications thereof, numerous modifications and variations could
be made thereto by those skilled in the art without departing from the scope of the

invention set forth in the claims.
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CLAIMS

What is claimed is:

1. A method for gaze tracking, comprising:

presenting a content to a viewer via a playback device;

tracking a gaze path of the viewer with a gaze tracker coupled to the playback
device;

selecting a viewer profile from a plurality of viewer profiles stored in a viewer
profile database based on the gaze path of the viewer; and

predicting a future gaze location of the viewer based on the viewer profile.

2. The method of claim 1, wherein the viewer profile comprises an expected

gaze path associated with the content.

3. The method of claim 1, wherein the plurality of viewer profiles comprises
one or more viewer profiles generated based on gaze paths of a plurality of users who

viewed the content.

4. The method of claim 1, wherein the plurality of viewer profiles comprises
one or more default viewer profile created during a post-production process of the

content.

5. The method of claim 1, wherein the plurality of viewer profiles comprises
one or more viewer profiles generated based on tracking a movement of one or more

objects in the content.
6. The method of any one of claims 1-5, further comprising:
selecting a portion of the content based on the future gaze location; and

buffering the portion of the content at the playback device.

7. The method of claim 6, wherein the portion of the content corresponds to a

focal area associated with the future gaze location.
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8. The method of claim 6, wherein the portion of the content corresponds to a

video stream selected from a plurality of video streams comprising the content.

9. The method of any one of claims 1-5, further comprising:
determining an insertion location for added content based on the future gaze

location.

10. The method of any one of claims 1-5, further comprising:

tracking a subsequent gaze path of the viewer after selecting the viewer
profile; and

selecting a different one of the plurality of viewer profiles based on the

subsequent gaze path.

11. A system for gaze tracking, comprising:
a viewer profile database;
a communication device; and
a processor coupled to the viewer profile database and the communication
device, the processor being configured to:

present a content to a viewer via a playback device coupled to the
communication device;

track a gaze path of the viewer with a gaze tracker coupled to the
playback device;

select a viewer profile from a plurality of viewer profiles stored in the
viewer profile database based on the gaze path of the viewer; and

predict a future gaze location of the viewer based on the viewer profile.

12. The system of claim 11, wherein the viewer profile comprises an expected

gaze path associated with the content.
13. The system of claim 11, wherein the plurality of viewer profiles comprises

one or more viewer profiles generated based on gaze paths of a plurality of users who

viewed the content.
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14. The system of claim 11, wherein the plurality of viewer profiles comprises
one or more default viewer profile created during a post-production process of the

content.

15. The system of claim 11, wherein the plurality of viewer profiles comprises
one or more viewer profiles generated based on tracking a movement of one or more

objects in the content.

16. The system of any one of claims 11-15, wherein the processor is further
configured to:
select a portion of the content based on the future gaze location; and

buffer the portion of the content at the playback device.

17. The system of claim 16, wherein the portion of the content corresponds to

a focal area associated with the future gaze location.

18. The system of claim 16, wherein the portion of the content corresponds to

a video stream selected from a plurality of video streams comprising the content.

19. The system of any one of claims 11-15, wherein the processor is further
configured to:
determine an insertion location for added content based on the future gaze

location.

20. The system of any one of claims 11-15, wherein the processor is further
configured to:

track a subsequent gaze path of the viewer after selecting the viewer profile;
and

select a different one of the plurality of viewer profiles based on the

subsequent gaze path.

21. A non-transitory computer readable storage medium storing one or more

computer programs configured to cause a processor based system to execute steps
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comprising:

presenting a content to a viewer via a playback device;

tracking a gaze path of the viewer with a gaze tracker coupled to the playback
device;

selecting a viewer profile from a plurality of viewer profiles stored in a viewer
profile database based on the gaze path of the viewer; and

predicting a future gaze location of the viewer based on the viewer profile.

22. A system for gaze tracking, comprising:
a display device;
a gaze tracker;
a communication device; and
a processor coupled to the display device, the gaze tracker, and the
communication device, the processor being configured to:
present a content to a viewer via the display device;
track a gaze path of the viewer with the gaze tracker;
select a viewer profile from a plurality of viewer profiles stored in a
viewer profile database based on the gaze path of the viewer;
predict a future gaze location of the viewer based on the viewer profile;
and
retrieve, with the communication device, a portion of the content from

a content server based on the future gaze location.

23. The system of claim 22, wherein the plurality of viewer profiles comprises
one or more viewer profiles generated based on gaze paths of a plurality of users who

viewed the content.

24. The system of claim 22, wherein the plurality of viewer profiles comprises
one or more default viewer profile created during a post-production process of the

content.

25. The system of claim 22, wherein the plurality of viewer profiles comprises

one or more viewer profiles generated based on tracking a movement of one or more
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objects in the content.

26. The system of any one of claims 22-25, wherein the processor is further
configured to:
5 buffer a portion of the content that is selected based on the future gaze

location.

27. The system of any one of claims 22-25, wherein the processor is further
configured to:
10 track a subsequent gaze path of the viewer after selecting the viewer profile;
and
select a different one of the plurality of viewer profiles based on the

subsequent gaze path.

15
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