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NON-VISUAL FEEDBACK OF VISUAL CHANGE IN A GAZE TRACKING
METHOD AND DEVICE

Field of the Invention

The present invention relates to a computing dewaeethod for using audio feedback to
alert a viewer of a display device that a visuaraje in the display device has been
triggered; a computing device for providing audtedback to alert a viewer of a display
device that a visual change in the display devalieen triggered; and a computing
device, a method for using non-visual feedbacKed a viewer of a display device that a

visual change in the display device has been traghe

Background of the Invention

Content creation and/or delivery devices may @itiaze tracking systems to enable a user
to interact with the devices via the user's gamesdme examples, a user may switch
between two or more different user interfaces ancidotent streams, delivered by a single

device or multiple devices, by changing a locatbthe user's gaze.

In one example, a user may be interested in twtb&dlogames and may display both
games on a single television. A first game may ibplayed in the entire television screen,
while the second game is displayed in a smalletingndow near one corner of the screen
(such as a "picture-in-picture” feature). The ssgdze location may determine which of
the two games occupies the entire screen. Accdsdimdnen the user looks at the second
game displayed in the inset window, that conterdgash may be enlarged to occupy the
entire screen. The content stream of the first gdlmaa may be displayed in the smaller

inset window.

Movement of a user's eyes, however, may not alwayespond to a user's intention to
control such a device. For example, a flash oftlmhother visual distraction in the game

displayed in the inset window may cause the usgtance at the window. The displays of
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the two football games may then be switched, desihié user having no intention to

perform such a switch.

It is generally desirable to overcome or ameliorate or more of the above described

difficulties, or to at least provide a useful altative.

Summary of the Invention

According to the present invention, there is predich computing device, a method for
using audio feedback to alert a viewer of a displayice that a visual change in the
display device has been triggered, the method asmgr

receiving gaze tracking data of the viewer fromaaggtracking system;

using the gaze tracking data, determining thatvibeer changes a gaze location
from a first gaze location to a second gaze looatio

based on determining that the viewer changes the Igaation to the second gaze
location, triggering the visual change;

based on determining that the viewer changes the Igaation to the second gaze
location, providing the audio feedback to the viewslicating that the visual change has
been triggered,;

if a cancel change input is not received withinradptermined timeframe, then
controlling the display device to display the visclaange; and

if the cancel change input is received within thredgtermined timeframe, then

controlling the display device to refrain from desying the visual change.

According to the present invention, there is alsovjgled a computing device for
providing audio feedback to alert a viewer of gpliig device that a visual change in the
display device has been triggered, the computinvgcdeomprising:

a context switching program executed by a procesktre computing device, the
context switching program configured to:

receive gaze tracking data of the viewer from adeacking system;

using the gaze tracking data, determine that tkeeet changes a gaze location
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from a first gaze location to a second gaze looatio

based on determining that the viewer changes the Igaation to the second gaze
location, trigger the visual change;

based on determining that the viewer changes the Igaation to the second gaze
location, provide the audio feedback to the viewelicating that the visual change has
been triggered;

if a cancel change input is not received withinradptermined timeframe, then
control the display device to display the visuamhe; and

if the cancel change input is received within thredgtermined timeframe, then

control the display device to refrain from displayithe visual change.

According to the present invention, there is alsavigled a computing device, a method
for using non-visual feedback to alert a vieweadlisplay device that a visual change in
the display device has been triggered, the metbotpasing:

receiving gaze tracking data of the viewer fromaaggtracking system;

using the gaze tracking data, determining thatvibeer changes a gaze location
from a first gaze location to a second gaze looatio

based on determining that the viewer changes the Igaation to the second gaze
location, triggering the visual change;

based on determining that the viewer changes the Igaation to the second gaze
location, providing the non-visual feedback to Wewer indicating that the visual change
has been triggered;

if a cancel change input is not received withinradptermined timeframe, then
controlling the display device to display the visclaange; and

if the cancel change input is received within thredetermined timeframe, then

controlling the display device to refrain from desyging the visual change.

Various embodiments are disclosed herein thateétatising non-visual feedback to alert
a viewer of a display device that a visual chamg#he display device has been triggered.
For example, one disclosed embodiment providesa inomputing device, a method

comprising receiving gaze tracking data of the \@efwom a gaze tracking system. Using



10

15

20

25

30

H:\tld\Interwoven\NRPortb\DCC\TLD\14109498_1.dock/@4/2017

-4 -

the gaze tracking data, it is determined that ibever changes a gaze location from a first

gaze location to a second gaze location.

Based on determining that the viewer changes tlm dacation to the second gaze
location, a visual change is triggered and nonaligaedback indicating that the visual
change has been triggered is provided to the vieliver cancel change input is received
within a predetermined timeframe, then the visuednge is not displayed via the display
device. If a cancel change input is not receivethiwithe predetermined timeframe, then

the visual change is displayed via the display d®vi

This Summary is provided to introduce a selectiboomcepts in a simplified form that are

further described below in the Detailed Descriptidinis Summary is not intended to

identify key features or essential features ofdla@med subject matter, nor is it intended to
be used to limit the scope of the claimed subjeatten. Furthermore, the claimed subject
matter is not limited to implementations that soarey or all disadvantages noted in any
part of this disclosure.

Brief Description of the Drawings

Preferred embodiments of the present inventionhareafter described, by way of non-

limiting example only, with reference to the acca@nying drawings, in which:

FIG. 1 is a schematic view of computing devices tie®e non- visual feedback to alert a
viewer of a display device that a visual changeldesn triggered according to examples of
the present disclosure.

FIG. 2 is a schematic illustration of several viesvin a room interacting with computing
devices and displays that use non-visual feedbmelkett a viewer that a visual change has
been triggered according to examples of the prefisalosure.

FIGS. 3 and 4 are schematic illustrations of aldisplevice displaying a visual change
triggered by a viewer changing a gaze location g to an example of the present

disclosure.
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FIG. 5 is a schematic illustration of two chat womg displayed on a computing device
display.

FIGS. 6A and 6B are a flow chart of a method fangsion- visual feedback to alert a
viewer of a display device that a visual change¢hm display device has been triggered
according to an example of the present disclosure.

FIG. 7 is a simplified schematic illustration of example of a computing device.

Detailed Description of Preferred Embodiments &f livention

FIG. 1 shows a schematic view of example implentemta of a computing device for

providing non-visual feedback to alert a vieweraddisplay device that a visual change in
the display device has been triggered. As descrilvadore detail below, the computing

device uses gaze tracking data to determine thaatvibwer changes his or her gaze
location. A visual change is triggered and non-aideedback is provided to the viewer
indicating that the change has been triggeredhelfiewer provides a cancel change input
within a predetermined timeframe, then the visdwnge is not displayed. If the viewer
does not provide a cancel change input within theeframe, then the visual change is

displayed.

In various examples, the computing device may lieeeiphysically separated from or
integrated into a display device with which a vieweay interact. Fig. 1 schematically
shows an example of a computing device 10 thahisipally separated from a display
device 14. In this example, the computing devicanBHy comprise or be integrated into a
separate device, such as a set-top box, gamingleonseb camera, wearable device,
head-mounted computing device or other wearablegpating device, keyboard, dedicated

peripheral, or other like device that does notudel an integrated display.

The computing device 10 may be operatively conmkewati¢h the display device 14 using a
wired connection, or may employ a wireless conwoactia WiFi, Bluetooth, or any other
suitable wireless communication protocol. For exi@nghe computing device 10 may be

communicatively coupled to a network 16. The nelwb8 may take the form of a local
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area network (LAN), wide area network (WAN), wiretetwork, wireless network,
personal area network, or a combination thereaf,raay include the Internet. Additional
details regarding the components and computingcésd the computing device 10 are
described in more detail below with reference tG.Fi.

FIG. 1 also shows an example of a computing del&éntegrated into a head-mounted
display (HMD) device 18. The HMD device 18 may ¢teeand display to a first viewer 22
a virtual reality environment or a mixed realitywvgnnment. In these examples, the HMD
device 18 may include a display program 26 that gererate the virtual environment or
mixed reality environment for display via HMD degicThe virtual environment may
include one or more visual elements in the formvofual images, such as three-
dimensional (3D) holographic objects and two-dinemal (2D) virtual images, that are
generated and displayed via HMD device 18. In aechixeality environment, the HMD

device 18 may enable the viewer to view such \rtnaages within the physical

environment surrounding the viewer.

In some examples, the HMD device 18 may compris@msparent, semi-transparent or
non-transparent display that is supported in froint viewer's eye or eyes. The HMD
device 18 may include various sensors and relaislems that receive physical
environment data from a physical environment. Bangple, the HMD device 18 may
include a depth sensor system 30 that includesoomeore depth cameras that generate

depth image data.

In some examples the HMD device 18 may include piical sensor system 32 that
utilizes at least one outward facing sensor, sscaraRGB camera or other optical sensor.
The outward facing sensor may capture two-dimemgiamage information from the
physical environment. The HMD device 18 may alsdude a position sensor system 34
comprising one or more accelerometers, gyroscdpees] tracking systems, and/or other

sensors for determining a position or orientatiba aser.

Additionally, the example illustrated in FIG. 1 st®the computing device 12 integrated
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into the HMD device 18. It will be appreciated thatother examples the computing
device 12 may be a separate component from the HMiice 18. Many types and

configurations of HMD devices 18 having variousnfioiactors may be used and are within
the scope of the present disclosure.

It also will be appreciated that the computing devi2 may comprise or be integrated into
any other suitable type or form of display devisech as a tablet, notebook, smartphone,
or other mobile computing device, desktop computiegice, standalone monitor, wall-

mounted display, interactive whiteboard, or otliee Hevice having an integrated display.

Both computing device 10 and computing device 1% mm&lude a context switching
program 38 that may be stored in mass storage [ cdntext switching program 38 may
be loaded into memory 42 and executed by a procd$€sto perform one or more of the

methods and processes described in more detaiwbelo

Computing device 10 and computing device 12 magivecgaze tracking data 50 from a
gaze tracking system 54. In various examples tle gracking system 54 may be located
in display device 14, HMD device 18, or in a comnemrtlosure with any other suitable
type or form of display device, including but nohited to those example devices having
an integrated display discussed above. In othempbes, the gaze tracking system 54 and
computing device 10 may be integrated into a comemaiosure that does not include an
integrated display, such as a head-mounted or atlearable device, or in any other
suitable type or form of computing device that does$ include an integrated display,
including but not limited to those example devieathout an integrated display discussed

above.

With continued reference to Fig. 1, the examplgldis device 14 may include a display
system 58 for presenting one or more visual elesnen& second viewer 62. As described
in more detail below, the context switching progra@may utilize gaze tracking data 50
from a gaze tracking system 54 to trigger a visttelnge in the one or more visual

elements displayed to the second viewer 62 viadibplay device 14. Similarly, in the
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example HMD device 18 the context switching prog@8rmmay utilize gaze tracking data
from gaze tracking system 54 in the HMD devicerigger a visual change in one or more

visual elements displayed to the first viewer 22 the HMD device.

The display 14 and HMD device 18 may also includeaasducer system 62 comprising
one or more actuators that convert an electrigaadiinto another form of energy. In some
examples, the transducer system 62 may includ@on®re speakers for generating audio
feedback to a viewer. In other examples, the onmane speakers may take the form of
headphones or in-ear ear buds worn by the viewasther examples the transducer system
62 may include one or more tactile transducersgemerating haptic feedback to the

viewer, such as vibrations.

The display 14 and HMD device 18 may also includeierophone system 66 and one or
more microphones for receiving audio input from tblgysical environment. In some
examples, a microphone array that includes a piyraf microphones may be provided.
The microphones may comprise omnidirectional mibmes and/or unidirectional
microphones that are configured to receive speexh the viewer and other audio inputs

from the physical environment.

With reference now to FIGS. 2-4, descriptions adreple use cases will now be provided.
FIG. 2 is a schematic illustration of several viesvén a room 200 interacting with
computing and display devices that use non-viseeditback to alert a viewer that a visual
change has been triggered. In one example, viewbr2®2 is watching movie A that is
displayed in a viewing format covering substangidhe entire screen of wall-mounted
display 206. Movie A comprises a content strean ithe@udes Movie A audio which is

broadcast through speakers 210 of the display 206.

Viewer Bob 202 is also interested in baseball g&rtbat is being broadcast on another
channel. Baseball game B comprises another costeam that includes baseball game B
audio. To keep his eye on the game, viewer Bobez@fages the picture-in-picture feature

of display 206 to also display the baseball gamiea B smaller inset window 218 near a
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bottom right corner of the screen. As the basepthe B is selected for display in the
smaller inset window 218, the baseball game B aisdimt broadcast via speakers 210. A
set-top box 214 that is communicatively coupledht® display 206 includes a computing
device 10, context switching program 38 and a deaeking system 54 that tracks the

location of the gaze of viewer Bob 202 and gensrateresponding gaze tracking data.

At an initial time and as determined by the gazeking system 54, the gaze of viewer
Bob 202 is located at a first location 220 on tbeeen of display 206 that corresponds to
tank 222 in the Movie A. Curious about baseball gdn viewer Bob 202 shifts his gaze
to a second location 224 on the screen that canelspto a baseball 228 in flight in the

baseball game B displayed in the smaller inset axwn@18.

Using gaze tracking data from the gaze trackingesy$4, the context switching program
38 determines that viewer Bob 202 has changeddds {pcation to the second location
224 in the inset window 218. Based on this changegaze location to a location
corresponding to the baseball game B, the conteittlsing program 38 triggers a visual
change in the content being displayed by the wallimted display 206. For purposes of
this disclosure, triggering a visual change meaitsiing a predetermined timeframe and
at the expiration of the timeframe either displgyior not displaying the visual change,
depending upon whether a cancel change input isived from the viewer. The
predetermined timeframe may have any suitable teahpength. Non-limiting examples
of the predetermined timeframe include 0.5 secohdkssecond, 2.0 seconds, 3.0 seconds,

5.0 seconds, 10.0 seconds, or any other suitabiframe.

In the present example and with reference now ©S-13 and 4, the visual change
comprises swapping the viewing formats of the bakebgame B and Movie A.

Alternatively expressed and as shown in FIG. 4,uiseal change comprises displaying
the baseball game B on substantially the entireescof display 206 and displaying Movie

A in the smaller inset window 218.

When viewer Bob 202 changes his gaze location éosttond location 224, he may or
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may not desire to swap the viewing formats of thedball game B and Movie A. For
example, viewer Bob 202 may want to simply seestt@e of the game and then continue
watching Movie A. Accordingly, and based on detenmy that viewer Bob 202 changes
his gaze location to the second location 224, ateidback 230 is provided to viewer Bob
via speakers 210, with the audio feedback indigatimat the visual change has been
triggered. Advantageously, the audio feedback 28@saviewer Bob 202 that the viewing
formats of the baseball game B and Movie A will dveapped at the expiration of the

predetermined timeframe, unless viewer Bob provaleancel change input.

As described in more detail below, if viewer Bol22afbes not want to swap the viewing
formats of the baseball game B and Movie A, hemavide a cancel change input. If he
provides a cancel change input before the expiraifdhe predetermined timeframe, then
the context switching program 38 controls the @ig@06 to maintain the current viewing
formats of the baseball game B and Movie A, andespondingly refrain from swapping

the viewing formats.

In some examples, the audio feedback 230 may cempiecreasing the volume of the
Movie A audio over the predetermined timeframe. tAé end of the predetermined
timeframe, the Movie A audio volume may be completeuted or may be simply lower

than at the beginning of the predetermined time#raim other examples, the audio
feedback may comprise increasing the volume oflthgeball game B audio over the
predetermined timeframe. In some examples, the &Avaudio volume may be decreased
and the baseball game B audio volume may be inedeaser the predetermined

timeframe.

In other examples, the audio feedback may comprisearcon. The earcon may comprise
one or more distinctive sounds including, but mwoited to, a beeping sound, a multi-tone
melody, a sound pattern, a recorded sound fromr&atu other suitable sound. In some
examples the audio feedback may comprise a humige pooviding a verbal alert. For
example, the human voice may provide a countdowthéodisplay of the visual change,

such as "Content swapping in 3, 2, 1."
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As noted above, if viewer Bob 202 does not wardv@ap the current viewing formats of
the baseball game B and Movie A, he can providearecel change input before the
predetermined timeframe expires. In some exampkesancel change input may comprise
audio input provided by the viewer. Examples offsaadio input may include, but are not
limited to, one or more spoken words, sounds di@n spoken words that are voiced by
the viewer, and non-vocal sounds made or genelgtdte viewer such as, for example,
clapping hands, snapping fingers, and generatingdsavith a mechanical, electronic, or

other device.

In the example of FIG. 2, viewer Bob 202 may prevalcancel change input in the form
of the spoken words "No change" before the predeted timeframe expires. The spoken
words are received by a microphone 66 on the dispd&. Accordingly and in response to
receiving the cancel change input from viewer BdiR Zbefore the predetermined
timeframe expires, the context switching programc8étrols the display device 206 to
refrain from swapping the viewing formats of thesdéaall game B and Movie A, and

therefore maintain the viewing formats shown in 1@ and 3.

On the other hand, if viewer Bob 202 desires topstie viewing formats, then he may
simply refrain from providing the cancel changeunpn this example, at the expiration of
the predetermined timeframe the context switchirgggam 38 controls the display 206 to
swap the viewing formats of the baseball game BMadie A, as shown in FIG. 4. It will
be appreciated that in some examples the visuahgeh@f swapping of the viewing
formats may comprise a single, substantially instagous switch of the formats at the
expiration of the predetermined timeframe. In ote@amples the visual change may
comprise, at the expiration of the predeterminetetrame, displaying the baseball game
B on substantially the entire screen of display 208 displaying Movie A in the smaller
inset window 218. In these examples the visual ghanay be preceded by an animated
transition in which the display format of the baasiélgame B is enlarged while the display

format of the movie A is shrunken.
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In another example, the cancel change input maypdsmviewer Bob 202 changing his
gaze location from the second location 224 cornedp to the baseball game B to a third
gaze location that does not correspond to the bdsgdme B. For example, the third gaze
location may comprise any location outside of teet window 218 in which the baseball

game B is displayed.

In other examples, the cancel change input may demp plurality of eye blinks from the
viewer. For example and with reference to FIGSn@ %, viewer Ann 240 may be chatting
with two friends via her tablet 244. Displayed be screen 248 of the tablet 244 are a first
chat window 252 and a second chat window 256. Ae deacking system 54 of the tablet
244 may determine that Ann is gazing at a locawithin the first chat window 252, such
as the first text entry box 260. A blinking cursz84 may be displayed in the first text
entry box 260, indicating that this box has focuml anay receive text input. Upon
determining that viewer Ann 240 changes her gazation to a location within the second
chat window 256, a visual change may be triggened @on-visual feedback may be
provided via the tablet 244 to viewer Ann 240 iradicg that the visual change has been

triggered.

If viewer Ann 240 does not provide a cancel chamgaut within a predetermined
timeframe, then the tablet 244 may display thealishange, such as moving the blinking
cursor 264 from the first text entry box 260 to #eeond text entry box 270 in the second
chat window 256. If viewer Ann 240 does not desoreswitch the blinking cursor to the
second text entry box 270, she may provide a cari@@ige input comprising a plurality of
eye blinks within predetermined timeframe. In omaraple, the cancel change input may
comprise three eye blinks within 0.5 seconds. il v appreciated that any suitable
number of eye blinks coupled with any suitable ptednined timeframe may be used for

a cancel change input.

In other examples, the cancel change input may demm@ gesture performed by the
viewer. For example and with reference again to. 2GQviewer Del 280 may be wearing

an HMD device in the form factor of glasses 284ewér Del 280 may be playing a game
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involving the display of a holographic wizard 28§ the HMD glasses 284. The
holographic wizard 286 is displayed at Del's curgaze location 288, as determined by a
gaze tracking system 54 in the HMD glasses 284 nUgeiermining that viewer Del 280
changes his gaze location to an arm 290 of thelhc@92, a visual change may be
triggered and non- visual feedback may be providadhe HMD glasses 284 to viewer

Del 280 indicating that the visual change has ligggered.

If viewer Del 280 does not provide a cancel chamgeut within a predetermined
timeframe, then the HMD glasses 284 may move thplaly of the wizard 286 to the arm
290 of the couch 292. If viewer Del 280 does ndlirgeto move the location of the wizard
286, he may provide a cancel change input comprigigesture. As shown in FIG. 2, in
one example, the cancel change input may compieseey Del 280 pointing at the current
location of the wizard 286. It will be appreciatédt any suitable gesture, including but
not limited to movement by a viewer's head, faces or more hands, fingers, arms, legs,

and/or feet, or any other bodily movement, maytileed as a cancel change input.

In other examples, other forms of non-visual fee#banay be provided to a viewer to
indicate that a visual change has been triggenedsoime examples, haptic feedback
provided by a wearable device worn by a vieweraadhheld device held by a viewer,
and/or furniture or other objects with which a veswinteracts may be utilized. With
reference again to FIG. 2, for example, haptic lbeet may be provided to viewer Del 280
via vibrations generated by HMD glasses 284 and/awatch 294. Similarly, haptic
feedback may be provided to viewer Bob 202 viaatibns generated by necklace 246, or
to viewer Ann via vibrations generated by tablet. 24 will be appreciated that many other
examples and form factors of wearable devices dapalproviding haptic feedback may

be utilized and are within the scope of the predestiosure.

FIGS. 6A and 6B illustrate a flow chart of a mett&D for using non-visual feedback to
alert a viewer of a display device that a visuahrgfe in the display device has been
triggered according to an implementation of thespme disclosure. The following

description of method 600 is provided with referno the software and hardware
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components described above and shown in FIGS.Itlvéll be appreciated that method
600 may also be performed in other contexts usthgrosuitable hardware and software

components.

With reference to FIG. 6 A, at 604 the method 60fynmclude receiving gaze tracking
data of the viewer from a gaze tracking system6@8 the method 600 may include, using
the gaze tracking data, determining that the viesb@mnges a gaze location from a first
gaze location to a second gaze location. At 612ntkeéhod 600 may include, based on
determining that the viewer changes the gaze lmtato the second gaze location,
triggering the visual change. At 616 the method 6@y include, based on determining
that the viewer changes the gaze location to thengegaze location, providing the audio
feedback to the viewer indicating that the visuamge has been triggered.

At 620 the method 600 may include, if a cancel geamput is not received within a
predetermined timeframe, controlling the displayide to display the visual change. At
624 the method 600 may include, if the cancel chamgut is received within the
predetermined timeframe, controlling the displayide to refrain from displaying the
visual change. At 628 the visual change may corapsiwitching from a first content
stream comprising first content audio to a secamtent stream, and providing the audio
feedback may comprise decreasing a volume of th& ftontent audio over the

predetermined timeframe.

With reference now to FIG. 6B, at 632 a second exnstream may comprise second
content audio, and providing the audio feedback fueier comprise increasing a volume
of the second content audio over the predeterniineeframe. At 636 the audio feedback
may comprise an earcon. At 640 the first gaze loganhay correspond to a first content
stream and the second gaze location may corresjpoadsecond content stream. At 644
the cancel change input may comprise the viewengihg the gaze location from the
second gaze location to a third gaze location. 48 éhe cancel change input may be
selected from the group consisting of a verbal camifrom the viewer, a plurality of eye

blinks by the viewer, and a viewer gesture.
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At 652 the method 600 may include, based on detengithat the viewer changes the
gaze location to the second gaze location, progidmaptic feedback to the viewer
indicating that the visual change has been trigjef¢ 656 the haptic feedback may be

provided via a wearable computing device worn len\tewer.

It will be appreciated that method 600 is providgdway of example and is not meant to
be limiting. Therefore, it is to be understood tma¢thod 600 may include additional
and/or alternative steps than those illustratedrli@S. 6A and 6B. Further, it is to be
understood that method 600 may be performed insaitgble order. Further still, it is to
be understood that one or more steps may be onfiitied method 600 without departing

from the scope of this disclosure.

FIG. 7 schematically shows a nonlimiting exampleaofomputing system 700 that may
perform one or more of the above described methadsprocesses. Computing device 10
and computing device 12 may take the form of orude one or more aspects of
computing system 700. Computing system 700 is shiowsimplified form. It is to be

understood that virtually any computer architecton@y be used without departing from
the scope of this disclosure. In different emboditeecomputing system 700 may take the
form of a mainframe computer, server computer, tigskomputer, tablet computer, home
entertainment computer, network computing deviablet, notebook, smartphone, or other

mobile computing device, mobile communication deygaming device, etc.

As shown in FIG. 7, computing system 700 includésgec subsystem 704 and a storage
subsystem 708. Computing system 700 may optioniatljyde a sensor subsystem 712,
display subsystem 716, communication subsystem irip0t subsystem 722 and/or other
subsystems and components not shown in FIG. 7. Gongpsystem 700 may also include
computer readable media, with the computer readakldia including computer readable
storage media and computer readable communicatemhanComputing system 700 may
also optionally include other user input deviceshsas keyboards, mice, game controllers,

and/or touch screens, for example. Further, in samdodiments the methods and
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processes described herein may be implemented @smauter application, computer
service, computer API, computer library, and/oreoticomputer program product in a

computing system that includes one or more comguter

Logic subsystem 704 may include one or more phiydiegces configured to execute one
or more instructions. For example, the logic sutesys704 may be configured to execute
one or more instructions that are part of one oremapplications, services, programs,
routines, libraries, objects, components, datactiras, or other logical constructs. Such
instructions may be implemented to perform a tasklement a data type, transform the

state of one or more devices, or otherwise arriveedesired result.

The logic subsystem 704 may include one or moreqasors that are configured to
execute software instructions. Additionally or atiively, the logic subsystem may
include one or more hardware or firmware logic niiae$s configured to execute hardware
or firmware instructions. Processors of the logubsystem may be single core or
multicore, and the programs executed thereon maybggured for parallel or distributed
processing. The logic subsystem may optionallyudel individual components that are
distributed throughout two or more devices, whiclaymbe remotely located and/or
configured for coordinated processing. One or nageects of the logic subsystem may be
virtualized and executed by remotely accessiblevadted computing devices configured

in a cloud computing configuration.

Storage subsystem 708 may include one or more gdlygiersistent devices configured to
hold data and/or instructions executable by theclagibsystem 704 to implement the
herein described methods and processes. When swthodas and processes are
implemented, the state of storage subsystem 708 Imeayransformed (e.g., to hold
different data).

Storage subsystem 708 may include removable medifombuilt-in devices. Storage
subsystem 708 may include optical memory devices,(ED, DVD, HD-DVD, Blu-Ray
Disc, etc.), semiconductor memory devices (e.g.MREPROM, EEPROM, etc.) and/or



10

15

20

25

30

H:\tld\Interwoven\NRPortb\DCC\TLD\14109498_1.dock/@4/2017

217 -

magnetic memory devices (e.g., hard disk drivepdlodisk drive, tape drive, MRAM,

etc.), among others. Storage subsystem 708 mayd@alevices with one or more of the
following characteristics: volatile, nonvolatile yrthmic, static, read/write, read-only,
random access, sequential access, location adbiesdde addressable, and content

addressable.

In some examples, aspects of logic subsystem 7@4strage subsystem 708 may be
integrated into one or more common devices throwgich the functionally described
herein may be enacted, at least in part. Such feaedi@gic components may include field-
programmable gate arrays (FPGAS), program- andcgioin-specific integrated circuits
(PASIC / ASICs), program- and application-specgtandard products (PSSP / ASSPs),
system-on-a-chip (SOC) systems, and complex promeste logic devices (CPLDs), for

example.

FIG. 7 also shows an aspect of the storage sulbsys@S in the form of removable
computer readable storage media 724, which mayséee to store data and/or instructions
executable to implement the methods and processssribed herein. Removable
computer-readable storage media 724 may take the 6 CDs, DVDs, HD-DVDs, Blu-
Ray Discs, EEPROMSs, and/or floppy disks, amongrsthe

It is to be appreciated that storage subsystemnéd@des one or more physical, persistent
devices. In contrast, in some implementations dspacthe instructions described herein
may be propagated in a transitory fashion by a pigneal (e.g., an electromagnetic signal,
an optical signal, etc.) that is not held by a ptaisdevice for at least a finite duration.

Furthermore, data and/or other forms of informat@ntaining to the present disclosure

may be propagated by a pure signal via computetalda communication media.

When included, sensor subsystem 712 may includeoonmore sensors configured to
sense different physical phenomenon (e.qg., vidighd, infrared light, sound, acceleration,
orientation, position, etc.) as described abovas&esubsystem 712 may be configured to

provide sensor data to logic subsystem 704, fomgk& Such data may include gaze
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tracking information, image information, ambierghiing information, depth information,
audio information, position information, motion @mmation, user location information,
and/or any other suitable sensor data that may deel ®o perform the methods and
processes described above.

When included, display subsystem 716 may be usguie®ent a visual representation of
data held by storage subsystem 708. As the ab®ezilded methods and processes change
the data held by the storage subsystem 708, argdttAnsform the state of the storage
subsystem, the state of the display subsystem &l6likewise be transformed to visually
represent changes in the underlying data. Thealisplbsystem 716 may include one or
more display devices utilizing virtually any typétechnology. Such display devices may
be combined with logic subsystem 704 and/or storagkesystem 708 in a shared

enclosure, or such display devices may be peripdesplay devices.

When included, communication subsystem 720 maydmdigured to communicatively
couple computing system 700 with one or more nétev@and/or one or more other
computing devices. Communication subsystem 720 melpde wired and/or wireless
communication devices compatible with one or mafer@nt communication protocols.
As nonlimiting examples, the communication subsysté20 may be configured for
communication via a wireless telephone network,ir@less local area network, a wired
local area network, a wireless wide area netwomkjrad wide area network, etc. In some
embodiments, the communication subsystem may atlomputing system 700 to send

and/or receive messages to and/or from other devieea network such as the Internet.

When included, input subsystem 722 may comprisaterface with one or more sensors
or user-input devices such as a game controllestuge input detection device, voice
recognizer, inertial measurement unit, keyboard,usep or touch screen. In some
embodiments, the input subsystem 722 may comprisaterface with selected natural
user input (NUI) componentry. Such componentry tp@yntegrated or peripheral, and the
transduction and/or processing of input actions t&ayandled on- or off-board. Example

NUI componentry may include a microphone for speaak/or voice recognition; an
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infrared, color, stereoscopic, and/or depth canferamachine vision and/or gesture
recognition; a head tracker, eye tracker, acceletem and/or gyroscope for motion
detection and/or intent recognition; as well ascteie-field sensing componentry for

assessing brain activity.

The term "program” may be used to describe an asglecomputing device 10 and
computing device 12 that is implemented to perfame or more particular functions. In
some cases, such a program may be instantiatedogia subsystem 704 executing
instructions held by storage subsystem 708. b ibet understood that different programs
may be instantiated from the same application,isereode block, object, library, routine,
API, function, etc. Likewise, the same program mbag instantiated by different
applications, services, code blocks, objects, nasti APIs, functions, etc. The term
"program” is meant to encompass individual or geowb executable files, data files,

libraries, drivers, scripts, database records, etc.

It is to be understood that the configurations andipproaches described herein are
exemplary in nature, and that these specific enmbedis or examples are not to be
considered in a limiting sense, because numerotatioas are possible. The specific
routines or methods described herein may represeat or more of any number of
processing strategies. As such, various acts nidtest may be performed in the sequence
illustrated, in other sequences, in parallel, csame cases omitted. Likewise, the order of

the above-described processes may be changed.

The subject matter of the present disclosure ireducll novel and nonobvious
combinations and subcombinations of the variousgsses, systems and configurations,
and other features, functions, acts, and/or prgsedisclosed herein, as well as any and all

equivalents thereof.

Throughout this specification and the claims whiolow, unless the context requires
otherwise, the word “comprise”, and variations sash“comprises” and “comprising”,

will be understood to imply the inclusion of a sthinteger or step or group of integers or
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steps but not the exclusion of any other integestep or group of integers or steps.

The reference in this specification to any prioblpzation (or information derived from it),
or to any matter which is known, is not, and shawt be taken as an acknowledgment or
admission or any form of suggestion that that ppablication (or information derived
from it) or known matter forms part of the commoengral knowledge in the field of

endeavour to which this specification relates.
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Claims Defining the Invention

1. In a computing device, a method for using addexdback to alert a viewer of a
display device that a visual change in the displayice has been triggered, the method
comprising:

receiving gaze tracking data of the viewer fromaaeggtracking system;

using the gaze tracking data, determining thatvibeer changes a gaze location
from a first gaze location to a second gaze looatio

based on determining that the viewer changes the Igaation to the second gaze
location, triggering the visual change;

based on determining that the viewer changes the Igaation to the second gaze
location, providing the audio feedback to the viewslicating that the visual change has
been triggered;

if a cancel change input is not received withinradptermined timeframe, then
controlling the display device to display the visclaange; and

if the cancel change input is received within thhedgtermined timeframe, then

controlling the display device to refrain from desyging the visual change.

2. The method of claim 1, wherein the visual chacg@prises switching from a first
content stream comprising first content audio s@eond content stream, and providing the
audio feedback comprises decreasing a volume offitee content audio over the

predetermined timeframe.

3. The method of claim 1, wherein a second corggeam comprises second content
audio, and providing the audio feedback further poses increasing a volume of the
second content audio over the predetermined timmefra

4, The method of claim 1, wherein the audio feellzaenprises an earcon.

5. The method of claim 1, wherein the first gaamtmon corresponds to a first content

stream and the second gaze location corresporads@oond content stream.
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6. The method of claim 1, wherein the cancel changet comprises the viewer

changing the gaze location from the second gazgitwcto a third gaze location.

7. The method of claim 1, wherein the cancel chanpget is selected from the group
consisting of a verbal command from the viewer]uaghity of eye blinks by the viewer,

and a viewer gesture.

8. The method of claim 1, further comprising, baseddetermining that the viewer
changes the gaze location to the second gaze dacairoviding haptic feedback to the

viewer indicating that the visual change has beggdred.

9. The method of claim 8, wherein the haptic fee#lbia provided via a wearable

computing device worn by the viewer.

10. A computing device for providing audio feedbdokalert a viewer of a display
device that a visual change in the display devee lteen triggered, the computing device
comprising:

a context switching program executed by a procesktre computing device, the
context switching program configured to:

receive gaze tracking data of the viewer from adeacking system;

using the gaze tracking data, determine that tkeeet changes a gaze location
from a first gaze location to a second gaze looatio

based on determining that the viewer changes the Igaation to the second gaze
location, trigger the visual change;

based on determining that the viewer changes the Igaation to the second gaze
location, provide the audio feedback to the viewelicating that the visual change has
been triggered,;

if a cancel change input is not received withinradptermined timeframe, then
control the display device to display the visuamhe; and

if the cancel change input is received within thredgtermined timeframe, then
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control the display device to refrain from displayithe visual change.

11. The computing device of claim 10, wherein tisu& change comprises switching
from a first content stream comprising first contandio to a second content stream, and
providing the audio feedback comprises decreasivjuane of the first content audio over

the predetermined timeframe.

12.  The computing device of claim 11, wherein teeofid content stream comprises
second content audio, and providing the audio faekildurther comprises increasing a

volume of the second content audio over the preaéted timeframe.

13.  The computing device of claim 10, wherein thelia feedback comprises an

earcon.

14.  The computing device of claim 10, wherein tingt gaze location corresponds to a
first content stream and the second gaze locataesgponds to a second content stream.

15.  The computing device of claim 10 wherein theceh change input comprises the

viewer changing the gaze location from the secam docation to a third gaze location.

16 The computing device of claim 10, wherein thaceh change input is selected
from the group consisting of a verbal command fittwn viewer, a plurality of eye blinks

by the viewer, and a viewer gesture.

17.  The computing device of claim 10, wherein tlomtext switching program is
further configured to, based on determining that tlewer changes the gaze location to
the second gaze location, provide haptic feedbadké viewer indicating that the visual

change has been triggered.

18.  The computing device of claim 17, wherein tlaptit feedback is provided via a

wearable computing device worn by the viewer.
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19. In a computing device, a method for using nsad feedback to alert a viewer of
a display device that a visual change in the dysdievice has been triggered, the method
comprising:

receiving gaze tracking data of the viewer fromaaeggtracking system;

using the gaze tracking data, determining thatvibeer changes a gaze location
from a first gaze location to a second gaze looatio

based on determining that the viewer changes the Igaation to the second gaze
location, triggering the visual change;

based on determining that the viewer changes the Igaation to the second gaze
location, providing the non-visual feedback to Wewer indicating that the visual change
has been triggered,;

if a cancel change input is not received withinradptermined timeframe, then
controlling the display device to display the visclaange; and

if the cancel change input is received within thhedgtermined timeframe, then
controlling the display device to refrain from desying the visual change.

20. The method of claim 19, wherein the non-viste#dback comprises haptic
feedback.



