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(57) Abstract: Avatars are animated using predetermined avatar images that are selected based on facial features of a user extracted
from video of the user. A user's facial features are tracked in a live video, facial feature parameters are determined from the tracked
features, and avatar images are selected based on the facial feature parameters. The selected images are then displayed are sent to an-
other device for display. Selecting and displaying different avatar images as a user's facial movements change animates the avatar.
An avatar image can be selected from a series of avatar images representing a particular facial movement, such as bunking. An avatar
image can also be generated from multiple avatar feature images selected from multiple avatar feature image series associated with
difterent regions of a user's face (eyes, mouth, nose, eyebrows), which allows different regions of the avatar to be animated inde -
pendently.
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FACTAL MOVEMENT BASED AVATAR ANINMATION

BACKGROUND

[0001]  Users canbe repesented in software apdications ard <anous platforms, such as

garning or social media platforms, by anavatar. Some of these avatars canbe anirnated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002]  FIG 1 1sa diagrarn of an exermplary ersarorenent in which fechnologies descnibed

heremn can be rnpermented

[003]  FIG 2 illustrates two exeraplary avatar images serles for anmating anavatar’s
face.

[000d4]  FIG 3 illustrates two exeraplary avatar feature imaze senes ard anavwvatar
backgzround.

[0005]  FIG. 4 shows a graph dlustrabng exemplarylime ar and nonlinear relationslaps
betweer a facial feature pararaeter and an index to an avatar tnage serles or anavatar featare

1IAZe S8T1es.

[0006]  FIG. 5i1sablock diasrara ofa first exeraplary corngmbng device for antrnating an

avatar.
[0007]  FIG 61sa flowchart ofa first exernplary avatar angmaton mwethod.
[000%]  FIG. 71sa flowchart of'a second exermplary avatar aromation method.

[0009]  FIG %1sablock diagrarn of a second exeraplary compabng device for aramahng

anavatar.

[0010] FIG Pisablock diasrarn of an exerplary processor core that can execute
instrichons as part of implermenting technologies described herein

DETAILED DESCRIPTION
[0011]  Thetechnologies described herem allow svatars to be aramatedin real ime baszed

ora user’s facial or head raovere s Chereirafler, collechvely referred toas “facial
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e rnents ). b user’s facial features are tracked in live video of the user, and facial feature
pararneters deterramed frorm the tracked features are mapped to predeterraned svatar images.
The disclosed avatar amimation technologie s consare less power thanapproaches that
compnse gererating or deformirg a compex 3D avatar model based ona user’s facial
movements and rendenng an avatar 1mage based on such a model. Accordingly, the battersy
life of mobile coraputivg devices emplotang the disclosed technologies can be extended
relabive to devices that use more computationally ntensive approaches.

[0012]  Reference is now made to the drawings, wherein like refererce mmrnerals are used
torefer tolike elements thronghout. In the following descnphor, for pueposes of expanation,
rrne rous specific detalls are set forth o order to provade a thorough ande rstanding thereot’

It maybe evident, howeswer, that the novwel erabodireents can be practiced without the s
specific detals. In other instance s, known stmehires and devaces are shown nblock diagram
forra in arder to facilitate a description thereof. The intention 15 fo cover all modifications,
eqivale nis, and alternatrees withan the scope of the clams.

[0013F] FIG 1 1sa diagrarn of an exermplary ensarorrned 100 mowhach technologies
described herein can be impdermented. The ervirorenent 100 comprises a first nser 110 nsing
a first cornpubing desace 120 to corgouracate witha second nser 130 using a second
compuing device 14012 a network (or clond) 15013 a wadeo call or videoconference. The
first and second compnting devices 120 and 140 can be any cormputing device, michasa
rachile device (e.g., smartphone, laptop or tablet coraputer), desktop cormputer or server; and
the network 150 can be any type of network such as a Local Area Network (LAM), Wide
Lrea Metwork (W AH) or the Intermet.

[0014] & userinterface 160 of avadeo call application runrung on the first comgmbng
desice 120 can cornprise an avatar 1rmage 170 of the second user 130 that occupies a majonty
of the userinterface 160, Optionally, the nserinterface 160 can also compnse an avatar
1roage 180 ofthe uzer 110 that occupies a smaller porhon of the mterface. The svatar images
170 and 120 are based on facial features of the users 110 and 130 extracted frorm hve video of
the users toallow for real e corarmmnication between the parbes. That1s, video frarmes are
made svallable forvideo avatar arimation processing as soon as theyare generated byra
video capture device. In some ewbodirnents, where real tirne corranrication be haeen nsers
15 not recuired, anavatar can be aramated based on stored video captared at any presaons

titre.
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[0015]  Video canbe povided fo a computing device by, for exaraple, a cameta
integrated into the coraputing device, such as a front-facing camera integrated into a
smartphone (e.g., cameras 190 and 195) or tablet compnter, or an externalvideo caphire
desice coreninicabvel v coupled with the corgubng device, suchas a wireless care arder
conped fo a laptop or a web camera coupled to a desktop computer.

[0016]  Ingeneral avatarsare aramated based on fcial feature pararneters deterroned
fromn facial features fracked inideo of a user. Exemplary facial featores melude the posihon
of the upper and lower hps, upper and lower eyelids, mouth comers, left and nglt evebrows
(msde end, riddle and cutsde end), chir, left and nght ears, nose tip and left and nght nose
wing. Exemplary facial fatare parare ters nclude the degree of head rotation, degree of
head tilt, distance between upperand lower lips, distance betwee n routh comers, distance
betweer upper Ip and nose hp, distance between nose wing and nose tip, distance behieen
uppet and lower evelids, distarce between eyebrow ips and distance between eyebrow tip
ard eyebrow raddle. Facial featores and facial feabure parameters can be tracked and
deterrmned m addibion to those listed abave.

[0017]  Deterrraned facial featire parameters are used to select predeterred avatar
1rmages for ammating an avatar. The avatar rmages are prede fermined in that the v bave been
senerated before a user's facial feature pararmeters are deferruned fom avidea, The

prede ferruned avatar rnages can corne pre-1nstalled onoa pmw hased computivg device or
installedat the device after purchase. Bvatarirmages canbe installed after parchase by, for
exaruple, downloading a cormrmmicaton application that saports avatar ammahon nang
techrirues described herein or by downloading avatar image s separately. In addition, avatar
1mages can be provided by anotler computing desace. For exampe, avatar nages can be
provided to a cornpubing desace by a rernote computing device with whach the comgmting
device 15 1n comprmrication. For instance, avatar images canbe pmovided by a remote

compubng device as part of sethng up a video call or during the video call

[0018]  Predeterraned avatar images can fake vanons forms. For example, theycanbe
sirape cartoon 1tnages or Bnages generated form soplisticated 30 mode 1z created nsing
professional rendering engines. The predetermined avatar images are also fypically stored
locallyat a computing device. Ths allows for the qmek provision of avatar irmages o other
resource s at the cormputing device and to other corguting devices, suchas rernote cormpiting
device s paricipating 1n a video call wath the compubne desice.
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[0019]  Insome erbodireents, an avatar 1z amrated by selec iing an avatar image from
ot or more series of avatar images basedat least in part on facial features parameters
deterrined fror video of a user. &g auser’s facial featires change 1na video dne fo tle
user’s changing facial racverments, differe nt svatar 1mages are selected and displagred,
remuliing in anammated avatar whose appearance corresponds fo the facial movements of the
user. The manners in which an avatar canbe anroated can be based on the series of avatar

1mages avallable to a commtng device.

[0020] FIG 2 illustates two exerplary svatar image seres 200 and 210 for ardrmating an
avatar. Serles 200 canbe used to aramate the operung and closing ofanavatar’s mouth ard
seres 210 can be nsed to anrnate anavatar bhnking. Series 200 and 210 each cormprise ten
avatar irnage s having corre sponding mdices 220 and 230, respectrvely. An avatar irnage
series (or avatar feature mage seres, as disonzsed below) can corprise any narber of
1tmages. The mmber of 1rmages in a senescanbe based on, for exampe, a desired lewel of
arirmation smoothress and a desired amount of memory that svatar image seres can occupy.
In general, the facial features tracked in a parbeoular iraplerne ntation of the disclosed
technologies can be based on the avatar images sernes available to the device. For example, if
a corpubng device ondy has access to the senes 200 and 210, the device may only track
farial features relating to the mouth and eves.

[0021]  Selechng anavatar 1knage n a serles cah cOmMprlse mapping ore o rmore facial
featore pararneters to an irnage index. For exargple, the distance betweena user’s upper and
lower lips can be mapped to one of the mdices 220 of series 200, Wanos mapping
approaches canbe used. One exerplary mappang comprises worrmalizing a ficial featore
pararmeter o a mnge of zero to one and then perforrang a inear mapping of the nommalized
pararneter 1o a series index . For exaraple, the distance be bareen a user’s upper and lower lips
canbe normmalized to a range of zero to one and then rounded up to the nearest tenth to
generate an ndex for the series 200, In sorme emboditee rts, an mdex can be generated based
on two or more facial features parameters. For exarnple, a cormbmation of the distance
betweer a user’s upper and lower lps and the distance betaeen the cormers of the user’s
routh can be mapped to an index of the series 200.

[0022]  Accordingly, anavatar canbe ammated to open and close 1ts raouth by
successrvely displaving adjace nt avatar itnag es inthe series 200 in e reasing order by index
value, and then successrrely in decreamng crder by ndex valne, Az uzed herein, the tern

“adjacent” as 1t refers to an avatar image moa series means anlmage that 15 the next or
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preceding 1mage i the anmahon secuence represented by the series. For exampde, with
reference fo avatar image series 200, avatar irmage 240 is adjacent to avatar 1rnages 250 and
260 . Howeser, 1t 13 not necessarythat adjacent avatar images be displayed 1n succession.

For exaraple, a dispayedavatar anmation could coraprise avatar irnage 260 (index =7) being
displaved immediately after avatar image 250 (ndex=>5] 13 displaved.

[0023]  Addihonal avatar rnages series can be used fo aramate anavatar with facial
movements other than blinking and operang and closing 1ts month. For exampe, avatar
1rmages serles canbe used to make an svatar wwown, srale, wind, ralse its eyebrows, frown, ete.

[0024]  Insome erbodireents, an avatar 15 aniroated using one avatar irnage seriesata
tirne. Forexarple, if a comgmbng device has access to avatar rnage series 200 and 210, the
avatar can be rade to blink or to open and close its month, but cannothbe made o do both
sirltarnecnsly. In other ermbodirnents, an svatar 1mag e serles canammate mulhple facial
raovernents. For exarple, the series 200 and 210 canbe combined to create anavatar rnage
seres cornprising 100 avatar images corre sponding to corbinatons of the ten mouth 1mag es
1nthe senes 200 with the ten eve 1mages m the series 2100 Suchan expanded svatarimagze
series can be nsed toarnimate an avatar that can blink and open and close its month at the

satne trne. Svatarimage seres can ararate rore than two facial expre ssions.

[0025]  Ifacompmbng device has access to more than one avatar images seres that
ardroate the same reglon of the face (e 2., two series that can aramate the mouth — one senes
that arirnates a sraile and one series that andrmates a frowm), the cormting device can select
which series to use to antnate the avatar based on deterrnimed facial feature parameters. For
exaruple, a vertical distance be taeen the mouth cormers and the lower ip canbe used to
deterrine 1f'the nser 1z smiling or fowmning.

[0026]  Insome erbodireents, roalbple seres of avatar feature wnages canbe used to
arirate warlons reglons of an avatar independe nily. Each avatar feature image series

corre sponds to one reglon of an avatar’s face (eyes, evebrows, nose, mouth, ete.). Insuch
ermboditnents, an avatar 1mage canbe generated by combirang the avatar feature mages
selected frorn the avatar feature 1rnage series. Anavatar feature 1mage canbe selected from a
series based on facial featire parameters associated with the facial region coresponding wath
the zeries. Insorne erbodiments, selected avatar feature images canbe combined withan
avatar backsround ez, anirage of a face ruissing one or more pars) to gererate an avatar

1mage. Thhzing roultple series of avatar feature images allows for independent antnation of

5.
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rolbple regions of an avatar’s face withont the need fora angle avatar rmage senes

containing a large nuraber of rnages.

[0027]  FIG 3 illustrates two exermplary svatar feature 1mage senes 300 and 310 and an
avatar backsround 320, The series 300 and 310 can be used to 1nde pende rdly andrnate the
ronth and eves of anavatar. The senes 300 canbe nsed to ammate an avatar’s month
opering and cloarg, and the series 310 canbe used to aramate an avatar’s eyes blinkang.

The gvatar background 320 compnses an 1mage of an avatar face withont the eves and mouth.
Ln avatar image to be presented n an argmaton canbe generated by selechng an avatar
feature 1mage finm senes 310based o, for example, the distance between a user’s upper and
lower eyelids, selecting an avatar featare rnage froro series 300 based on, forexarmple, the
distance between the upper ard lower lips, and corbiring the selected avatar fatre irnages
with the avatar backgronnd 320, For mmstance, if, at a particular moment 1n e 10 avadeo,
the deterrmred distance between a user’s upper and lower hips is rapped to index s of tle
series 300 and the deterraned distance between the user’ s upper and lower eyelids 13 mapped
toindex ten of the series 310, selected avatar fatore 1mages 330 and 340 can be co mbined
with the avatar background 320 to generate the avatar 1mage 350.

[0028]  Insome erdbodireents, separate avatar featore mage series canbe usedto

1ncke pende rdly arrmate the left and nght eyebrows and the left and nght eves. Worecwver, a
single Irnage serles can compuse Bnages usd to anumate different facial move merts fora
facial region. Forexamgle, a single avatar feature image series for ammating an avatar’s
raouth can be used fo making the avatar yawn, staile, gnn, fown, or make the mouth
raovements associated with a langnage’s phonemes. Such a more cormplex awvatar featare

lmmage serles can correspond to a plurahity of facial features parameters.

[0029] FIG. 4 shows a graph 400 illustrahrg exernpdary linear and nonlinear relationshays,
via curves 410 and 420, respecirvely, between a facial featare parameter (or a combinabon of
rolbple facial feature pararneters) and an index to anavatar tnage serles or an avatar Batore
lmage series. Insome ernbodime nts, the mapping can be nonlinear to emphasize moverment
of avatar featares. For example, consider the avatar feature image series 300 used for
arirmating the opening ard closing of anavatar’'s month. &lthough the 1mages range floma
closed month (1mage 360) 1o a full y opened month (1rmag e 370), donng typical corrersaton a
user’s month moverne its may not vary over this entive range . Thus, a linear mapping can
remilt i the user’s month mosve rents being mapped to a relatvely rarrow range of mdices,
such as two throng b six, 10 senes 300, Using a non-hnear mapping, such as the mappins

_h-
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representedbyourve 420, the routh moserne nts made byra nzer dunng a typical
conversation can be made to map to a wider rarge of indices (e.2. one through eizht in sries
2007 to ernphasize month movernent in the avatar.

[0030]  Awvatar mage mfbrrnation sent by one compubtng device to another cormpubng
desrice for the purposes of anrmating an avatar can take vanous forms. For exampe, in some
ernbodirnents, avatar rnage indorrmation can coraprise an avatar irmage for each farme man
avatar armation sequence. The avatar images canbe sent in a known mmage file format
(e, Jpg, bff, brop) or other format. In some erbodirments, if the recemang compiting
device has access fo an avatar mage serles agsociated with the avatar to be amirmated, the
avatar irnage nformation can compmse an index nto an svatar 1mage senes. The recerving
device can then ®tieve the appropriate avatar image from the seres for display at the
recerving device. Lovatar inage mforrmation can also comprise wWentifiers of avatarimage

SETiES.

[0031] Inotheremwboditnents, avatar image midrmaton can comprise one or more
inchees to ome or more avatar feature mage senes, and the recelving corputing device can
combine the avatar fature 1mages associated with the mdices mto an avatar image for
displatrat a recermang computing device display, Lvatar 1mage mftrmation can also
compnse an 1ndicator for an avatarbackground o be combined with avatar feature 1mages.
Inwanous ernbodirnents, avatar 1mage inforrmation can corapnse facial featare pararneters
deterrnined frorn video and the receming coraputing device can map the recerved pararneters

toan avatar Bnage or one o more avatar feature nages.

[0032]  Insome erbodireents, svatar image inforeation canbe sent to a second
compuiing device via anintermediate computng device, suchasa clond-baged server. For
exaruple, a clond-based server that 1s part of a videocordere neing service can recerve avatar
1mage 1ntormation from a computing desvice being nsed by a first parbeipant to the
videoconferenice, and distribute the avatar itnage indormation o other parheipants o the

wideoconference.

[0033]  Insome erbodireents, a nser’s svatar 1s aramated at a dsplayofthe compnbng
desrice that tracked the user’s facial features video andior deteruned facial feature
pararneters frorm the tracked facial featares. For examgple, with reference fo FIG. 1, the first
computing device 120 generates video of the user 110 with carnera 190, tracks the nset’s
farial features, deterrune s facial feature pararneters based on the tracked feabires and
presents ananirnated avatar 150 of the nser 110 in the user interface 160 of the first device.

_7-
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In some ewbodirnents, svatar image information 1s not sent to another compnting desace. For
exaruple, a garning console may andmate a user’s garme avatar based on a nser’s facial
movements captared by a depth carnera conrected to the ganung console. The garung
console can presert the anirnated garne avatarin a display connected to the garung console,

guch as a television.

[0034] FIG 51zablock diagrarn of a first exeraplary corgmbng desace 500 for
arirmating an avatar The compmbng desvace 500 cormprises a display 510, a corrmurication
roodule 520 to send avatarimage inddrimaton fo another corputing desace, a facial feahure
trackirg module 530 to track facial features in video of'a nser, a facial feature parameter
roodule 540 to determine facial feature pararneters frorn tracked facial features, anavatar
1mage generation module 550, and anavatar image senes store 560 to store avatar image

seres andlor avatar featare rmages senes.

[0035]  Theavatar rmage generahon module 550 can select avatar images or avatar
feature 1mages form 1mage senes based on deterrmaned facial featire parameters. The avatar
1mmage generation module 550 can also select mulbpe avatar feature rnages from maltide
avatar featire rmage series and combine the selected awvatar feature 1mage s with an avatar
background to generate an avatar irmage. The avatarimage seneration module 550 can
further provade the selected ar generated avvatar image for display, at, for ezample, the
compubing device 500 or another corapubing devace. Ophorally, the computing device can
compnse avideo carera 570 to capture video of a user. In sorme ermbodiments, the
compubing device 500 wcerves video frorn an external video source 520, mch asaweh

carera or a cloud-hased video source.

[003 6] It 15 to be understood that FIG. 5 illustrates one exarple of a et of modules that
can be ncluded moa compating desdace. In other erabodiments, a cornpnbing device can have
more or fewer rmodules than those shown m FIG. 5. Farther, modnles shown as separate 1n
FIG. 5 canbe corabined into a airgle rodale, or a airgle rodule shown i FIG. 5 can be spht
into mlbiple modules. MWoreosrer, anyy of the modules shownin FIG. 5 canbe part of the
operating systern of the cormgmbng device 500, one or more software apdications

inde pendert of the operting systerny, or operate at another software laser. The modules
shown 1n FIG. 5 can be implemented 1n software, hard ware, fivrosare or comblrations
thereof. & corapter dewice referred to as beings prograrened to perform a method can be

prograrned to perform the method wia software, hardweare, finvware or combinations
thereot.
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[0037]  FIG 615a flowchart ofa first exeraplary avatar aramation method 600, The
raethod G00 canbe performmed by, for exaraple, a smartphone mrring avideo call appication
inwhichthe nser 1z represented byran avatar on the display ofa remote compnting device
being used byranotker party to the call. The avatar tracks the user’s facial moverne rts and the
smartphone stores mnltple avatar feature 1mage senes toarmate the avatar’s eyebrows, left
ard right eves and month independerdly. At a process act 610, one or more pedeterraned
avatar feature rnages are selected from one or more pluraliies of predetermined avatar
featore 1mages using a fivst coraputing device based at least in part on one or more facial
feature parameters deterrmned from video of'a user. In the example, the smariphone selects
anavatar feature 1rage for the eyebrows, the left eve, the nght eve and the outh, based on
farial featore pararneters deterrained fiorm video of the user captared by the srnartphone’s
1ntegrated camera. Ata processact 620, an avatar 1mage 15 generated based at leastin part on
the one more selected predetermired avatar featore irnages. In the exarmple, the sraartphone
combines the selected eyebrow, left eve, nzht eve and mouth avatar featare 1mag es with an
avatar backzround 1mage associated with the user to generate anavatar rmage. Ata process
act 630, svatar 1mage miormaton 1s provided for display. In the example, the avatar tnage 15
provided to sroartphone displasy resources for display of the avatar n a portion of the
startphone’s display so that the user can see how has svatar 15 ammated for other parhes to
the call. The sartphone also provides the avatar 1rnage to the cormpubng device of the other
party to the call.

[0038]  FIG 71sa flowchart ofa second exerplary avatar aramaton method 700, The
raethod 700 canbe performned by, for exarape, a tablet compnter executing a video call
application in which the user 15 represented byran avvatar on the displayrofa remote
compubng device operated by the other party to the video call. The avatar tracks the user’s
farial movements and the smartphore stores mulhple avatar 1mage series nsed to armate the
avatar. The warlons avatar 1mag e series ararate warions facial moeee ments of the nser, such
as sriling, frowring and bhnking. Ata pocessact 710, a predeterruned avatar 1image 13
selected fror a plurality of prede terroined avatarimages at a first computing device basedat
least i part on one or more faclal feature parameters deterraned from video of a nser. In the
exaruple, an avatar 1mage 18 selected from an avatar rmage senes usedto make the avatar
strale, based on facial features parameters deterrained by video of the user caphire d byrthe
tablet corgmter’s ntegrated carera. &ta process act 720, the selected avatar mage 12
displayed at a display of the first comgmting device or avatar irnag e information 1s sentfo a
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second cormpubng device. In the example, the tablet sends the selected svatarimage to the

second cormputing device.

[0039]  Thetechnologies described herein have at least the following exermplary
advantazes. The use of predeterraned avatar rnages fo aramate an avatar ovides a lower
power avatar aramation option relative to anirnation apyroaches that gernerate or deform a 3D
avatar model on the flybaszed on tracked facial featares or that use a soplisheated 3D
rerdenng engine fo geremte the avatar image to be presented at a display. Byrawouding such
corn patabonal by expensive appeoaches, the technologies descnbed herein can also generate
avatar anmation more gquickly, Although avatar armahon hasbeen discussed pnmanlyin
the context of video call applicatons, the descrbed technologies canbe nsedinarny scenanos
where avatars are or can be ardmated, sich as in garning applications (e.g., console based

application or wasavely mulhpayer online wle-plagng zames).

[0040]  Thetechnologies described herein can be performed by any ofa vanety of
compuiing devices, melnding mobile devices (suchas smariphones, hardheld compaters,
tablet corgmters, lapto p corapute s, media players, portable sarune consoles, carmeras and
video recorders), non-rnobile devices (suchas deskiop computers, servers, stabonary gaming
consoles, smart felevimons) and erbedded desaces (suchas devices incorporated 1nto a
wehicle). &5 used herein, the term “computing devices™ mcludes computing systems and
inclndes devices cornprising mnltiple discrete physical components.

[0041] FIG & isablock diagrara of'a second exemplary corguting device £00 for
arirnating ah avatar. Grenerally, corapornents shown inFIG. & can corprnicate with other
showm cormponents, although rot all cormections are shown, for ease of dllustration. The
desice 200 15 a multiproce ssor syste o comprising a first processor 202 anda second
processor 804 and 15 1llustrated as campnsimg poird-to-point (P-F) infercormects. For
example, a point-to-point (P-F) interface 206 of the mocessor 202 15 coupled to a point-io-
point ntertace 207 of the processor 304 +ia a point-to-point mterconne chion 505, Itis to ke
understood that anyror all of the pomt-to-point mterconmects lustrated m FIG. 5 can be
alternatrvely raplemented as a roalb-drop bus, and that anyror all buses dlustrated m FIG. &
comld be replaced by point-to-point interc onnects.

[0042]  Aszshown m Figure %, the processors B0 and =04 are mnlticore processors.
Processor 02 cormprises processor cores 208 and 209, and processor 204 comprises
processor cores 2l 0and 211, Processor cores 805211 can execute compmter-executable
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instuctions ina manner sirailar to that discussed belowr in connection with FIG. 9, or in other

INAnmers.

[0043]  Processors 302 and 204 farther coraprise at least one shared cache memorny 512
ard 814, respectvely. The shared caches 512 and 814 can store data (e g, instactons)
utihzed by one or more comporents of the ocessor, such as the proce ssor cores =0%-=09
ard 10-211. The sharedcaches 212 and 514 canbe part of a mernory laeram by for the
desrice 200, For example, the shared cache 512 canlocally store data that 15 also stored ina
roeraory 16 to allow for fasteraccess fo the data by components of the processor 502, In
sore erbodiments, the shared caches 5124 and 214 can comprise multiple cache layers, sach
aglewel 1 (L1), lewel 2 (L2Y, lewel 3 (L350, levrel 4 (L), andlor other cache s or cache layers,
such as a last lewel cache (LLC).

[0044]  Although the device 200 13 shown with two proce ssors, the desice 200 can

oo pnse only one processor or more than two processors. Further, a processor can cormpnse
One OF More processor cores. & processor can take vanons forms such asa central ppocesang
urat, a controller, a graphlics jrocessor, an accelerator [such as a graphics accelerator or
dimtal sigral processor (DEF)) or a fleld pogramemable gate array (FPG L), & processorina
desice can be the same as or different from other processors inthe device. [n sorae
ermbodirnents, the device S00 can cormprise one or more processors that are heferogeneons or
asyraretic o a first processor, accelerator, FPGA, or anyy other processor. There canbe a
varety of differences betaeen the processing elements in a systern in terms of'a spectnurn of
retnes of ment including archotectural, rocroarchitectural, thermal, power consraption
charactenstics and the like. These differences can effectively marafest themselves as
asyrrretry and heterogeneity armo ngst the processors ina systemn. In some embodiments, the
processors B0 and 204 resde 1n the sarne die package.

[0045]  Processors 502 and 204 farther comprise memory controller logie (WIC) 220 and
a2, Asshown m FIG. &, WCs 220 and 522 control e taories 516 and 212 coupled to the
processors 202 and 204, respectrvely. The memones 216 and 215 can comprise vanoms types
of tnernories, such asvolatile mernory (e 2., dyparae random access e mories (DEAN,
static randorm access mermory (53 FANMD) or ron-volatile memoryie.g., flash memory). While
LT 520 and 224 are 1llnstrated asbeing ntegrated mito the proce ssors 202 and =04, 1n
alternatrve erabodirments, the W2 s canbe logic external to a processor, and can comgrise one

or rnore laters of a mernory lerarchey.
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[0048]  Processors 202 and 204 ave coupled to an Inpat/Chtpat (L0 subeyste 2302 P-
P mntercormec ions 532 and 234, The point-to-point inde reonnec ion 232 connects a point-to-
point mtertace =36 of the processor 302 watha pomnt-to-pomt mierface =3% ofthe /O
subyste rn 230, and the point-to-point imntercormec tion 234 connects a point-to-point interface
ad] of the rocessor 204 wath a point-to-point mterface 242 of the 1O subsystem 230
Inpnat/Chatyant subayste rn 230 further includes an ntertace 250 to couple 100 subsystern 230 to
a graphics engine 252, which canbe a ligh-performance graplucsengine. The 1D subsystem
230 and the graplacs engine 852 are conpled via abus 254, Alterrately, the bus 244 could be

a point-to-point interconne chon

[0047]  InpmtCutpot sobsystern 530 1 further coupled o a fivst bus 260 v1a an inderface
a2, The firstbus 260 can be a Periphenl Comporert Interconmect (PCL) bus, a PCI Exqress
bus, another thard gererabon O miercorme chon bus or any other type of bus.

[0048]  Varnous O devices 864 canbe coupled to the firstbus 860, & busbridgze 570 can
conpe the firstbus 260 to a second bns 220, In some embodiments, the second bus 550 can
be a low pin count (LPC) bus. Varons devices canbe coupled to the second bus 850
including, for example, a kevhoardimonse 222, audio [0 devices 552 and a storage desice
2P0, such as a hard disk drmve, solid-state duwve or other storage device for stonng compter-
executable instuctions (code) 292, The code 592 comprises computer-executable
instchons for performing technologies described heremn. Addibional corgonents that can
be coupled to the secord bus 520 include corermrication deviced s) 884, which can provide
for corrammcation between the device 200 and one or moe wired or wireless networks 556
(e.z. Wi-FL, cellular or satellite networks) +ia one or raore wired or wireless corarimrication
lirks (e g, wire, cable, Ethernet connec ion, radio-frequency (BF) channel, inftared charmel,
Wi-Fi chanrel) nsing one or raore corgriricabon standards ez, IEEE 80211 standard ard
1tz supplements).

[0049]  The device 200 can coraprize rermovable mermory such flash wemory cards (e g,
D Gecure Dhgital) cards), memory sticks, Subscriber Identity Iodule (S0 cards). The
roeraory in device 200 (including caches 814 ard 21 4, memones 216 and 515 arnd storage
desrice 590) can store data andior cormter-executable mstmctions for executing an
operating systern 294 and application programs 296, Exaraple data includes web pages, text
ressaze s, images, sound files, video data, avatar image senes, avatar featare mages seres,
avatar backsrounds or other data sets to be sent fo andior recerve d fromm one or more network

servers or other devices by the device 200 v1a one or more wired or wireless nebaorks, or for
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use by the devace 800, The desace 00 canalso have access to external e mory (ot showwmy)
such as external kard dimves or clond-based storaze.

[0050]  The operating system 294 can control the allocation and nsage of the compore nis
1ustrated 1n FIG . 8 and support one or more application prograras 596, The applcation
programs 596 can melude cormmon mobile compuiing device applications (e.g ., ernail
applications, calendars, contact managers, web browsers, messaging applications) az well as
other compmtmg apphcations, such as a video call appication 297 that anirate s user avatars

based ona user’s facial features.

[0051]  The device 800 can support varous mput devices, suchasa touch screen,
ricrophone, camera, phoysical kevboard, proxiraty sensor and trackball and one or more
outpt devices, such as a speaker anda display. Ctler posable input ard output devices
inclnde prezoelectrie and other haphc IO devaces. Lnrof the npmt or outpat desaces canbe
1rternal to, external to or removably attackable with the desice 800, such as an external depth
carera o a connected television. External mput and outpnt devices can cormmuracate with

the devace 500 w1a wired or wireless cormechons.

[0052] Inaddition, the compatimg device 200 can provide one or more nataral nser
1rterfaces (MUIs). For example, the operating systerm 892 or applicabons 824 can cora prise
speechrecognition logic as part of'a woice user mterface that allows a user to operate the
desice 500 viavolwe corgnands. Further, the device 200 can compse gt device s and
logic that allows a user to interact with the devace 800+1a abody, hand ar face gestures. For
exaruple, a uger’s hand gestures can be detected and mierpeeted to provide 1rgmt 1o a garung

application.

[0053]  The device 200 can firther cormpnse one or more wireless moderns (wlich conld
compnse cormronmcation devices BE4) conpled o one or ruore antennas to support
comrmrication betaee n the system 200 and external devaces. The wireless modems can
support varions wireless corrnnrication protocols and technologies mchas Mear Field
Cormrmmcaton (MEZ), Wi-Fi, Bluetooth, 43 Long Termn Evolution (LTE), Code Drimon
Llndbplexing Locess (CDIVIA), Taversal Mobile Telecormrauracation Systermn (UWTS) and
Flobal Systern for Ivobile Telecomrmracahon (G50, Inadditon, the wireless modems can
support corarmumcation with one or rore cellular networks for data and wolce
commraurications within a single cellular retaork, between cellular networks, or betwee nthe
rachile cormpubng desace and a public switched telephore reboork (P TH).
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[0054]  The device =00 can firther include at least one inputioutpat port {wlach can be,
for exarple, a USE port, IEEE 994 (FireWire) port, andfor R5-2532 port) comprising physical
conhectors, a power supply, a satellite ravigation system recerver such asa GFS recerver, a
gyroscope, anaccelerometer and a corapass. & GF5 recerver can be coupled toa GFS
artenna. The device 00 can furtherinclude one or more additional antermas coupled to one
ot rore additional recervers, transratters andior transcerrers to enable additional finctons.

[0055]  Itistobe understood that FIG. & illustmtes orly one exemplary computing device
atclatectore . Corputivg devices based on alternattve arclate chares can be uged to iraplerent
technologies described herein. For example, instead of the processors 202 ard 204, and the
sraphics engine 52 being located on discrete mitegrated ciromts, a computing device can
compnse a 300 (systern-on-a-chip) integrated cireuit incorporating rulbipe proce ssors, a
sraphics engine ahd additional components. Farther, a compting desace can cormect
elernerts viabus confizurations different fiorm that shown m FIG. 8. Wloreowver, the
1llustrated components i FIG. & are not reqpured orall-melusive, as shown components can

be reroved and other comgponents added m altermatnee erbodirnents.

[0058]  FIG. P1sa block diagrarm of an exemplaryprocessor core 900 to execute
cornpnter-executable instuchons for implermenting technologies descrbed herein The
processor core P00 canbe a core for any type of processor, such as a microprocessor, an
ernbedded processor, a digital signal processor (DEF) or a network processor. The processor
core 900 can be a single-threaded core ora roultithreaded core in that it mayinclude more
than one hardweare thread context (or “logical pocesso™) per core.

[0057]  FIG 2 alsollustrtes a meraory 910 conpled o the processor 900, The mermory
P10 can be any memory de scribed herein or arey other me mory known to those of skill 1n the
art. The rermory P10 can store corgter-executable mstuction P15 {code) executable by the
processor core SO0,

[0058]  The processor core coraprises front-end logic 920 that recetves mstictions from
the memory?P10. Ln instructon can be processed by one or more decoders 930, The
decoder 30 can gererate as 1ts output a rmicro operation suchasa fived width ricro
operation ina predefined format, or generate other instmehons, microinstuchons, or control
siznals, whichreflect the ongmmal code mstmction. The fiont-end logic 920 firther

oo pnses register renarming logic 935 and scheduling logic 240, which g enerally allocate

resorces ahd quenes operations correspondirg to correrting an mstc hon for execubon.
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[0059]  The processor core 900 farther cornprises e xecution logic 950, which compnzes
ore ot more execntonurits (Els) 965-1 fheough 985-H. Some processor core ermboditnetts
can melude a rornber of executon urits dedicated o specific functions or sets of fanctions.
Other erabodiraents can incluode only one execubon nmt or ore execution unit that can
periomm a particular function. The execution logic 950 perfomnns the operatons specified by
code nstractons. After completon of execution of the operations specified by the code
instchons, back-end logic 970 refires instic hions wsing refirement logic 975, In some
ernbodirnents, the processor core 900 allows out of order execution but requmes in-order

retirernent of instruchons. Retirement logic 970 can take a vanetsy of forms as known to
thoze of skill i the art(e.g ., re-order bmfters or the hike).

[0060]  The rocessor core 900 1s ransforined daring execution of instuctions, at leastin
terrns of the output zenerated brr the decoder P30, hardware registers and tables nhlized by
the register renarmng logic 935, and anyregisters (not shown) modified by the execution
logic 950, Although not 1llnstrated 1n Figure 9, a processor can include other elements on an
1ntegrated chip with the jrocessor core P00, For exaraple, a processor may 1nclode addibornal
elemnerts mchas memory control logic, one or more graplocs engines, IO control logic

arcl/or one or raore caches.

[0061] Refernng back 1o FIG. 1, the network or cloud 150 can provade sarons clond-
based services that can be uzed to maplement technologie s descrbed herein. For example,
avatar lrnage series or gvatar feature 1roages series or applications that erploy avatar

araraation techragne s descrbed hevein can be peovaded by clond-based servaces.

[0062]  Anyofthe disclosed methods canbe irplernented as compnter-executable
1nstmchons or a compnter program product. Such mstrmctions can cause a compter to
perform any of the disclosed methods. Gernerally, as used herein, the terrn “cornputer”™ refers
toany computing device or system described or mentioned herein, or any other computing
desvice. Thns, the terr “coraputer-exe cutable metmction”™ refers to mstctions that can be
executed byany compmbng device descnbed or mentioned herein, or any other compating
derrice.

[0063]  The compmter-executable instuctions or computer ogram products as well as
arer data created and nsed during 1xmple rentation of the disclosed technologies canbe stored
or one or mote tanghle computer-reachble storage media, suchas optical media discs ez,
DV Dg, Chiz), wolatile memory components (e.g., DELAN, 5B AN, or non-volatle mernory
cormponents (g2, flash mernory, disk diives). Coraputer-readible storage media canbe
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contained i cormpter-readable storag e desaces such as sohid-state dime s, 5B flash dimves,
ard mernory rmodnles. Alterratively, the coraputer-executable instroctons maybe pefornmed
by specific hardware components that contain hardwired logic for performing all or a portion
of disclosed methods, or by any corabina tion of corgmter-readable storage media and
hardwrare components.

[0064]  The cornputer-executable insbuctons can be part of, for exarape, a dedicated
software apdication or a software application that 1saccessed wia a web browser or other
softeare apdication (muchas a remote compuing apgdicatior). Such softwar canbe
executed, for exampe, on a single corgmbng device orin a network ersironrme nt using one
or rnore network computers. Further, it 15 to be uanderstood that the disclosed technolog vis
niot hredted to argy specific computer language or program. For instance, the disclosed
technolozies can be implemented by sofbware wiitten in C4H, Java, Perl, Javabernipt, Sdobe
Flash, or ary other suitable prograroning langnage. Likewise, the disclosed technologies are
niot hrated to arny particular cormpnter or type of hardware. Certain details of smtahle
coropters and hardware are known and need notbe set forth 1n detal in this disclosure.

[065]  Furthermore, anyof the sofheare bazed ermbodiments (compnsing, for example,
cornpnter-executable instuchons for causing a corpter to perforrn angy of the disclosed
methods) can be upoaded, downloaded or remotel v accessed through a smtable
comrmirication means, Such smitable coraranmcaton means melude, for example, the
Internet, the World Wide Web, an intraret, cable (incloding fiber optic cable), magnetic
comrmirications, electromagre e corermmicahons (includime BF, microwase, and infiared

comtmnications), electronic corumunications, or other such corarrmrication reans.

[0066]  Asusedintlos application and in the clames, a hist of 1tems joined by the term
“andfor” can mean any corbination of the hstediterns. For example, the phmse “& B
ardfor CPcanrean &, By Co b and B Aard O Bard C; or & B and T, s used in this
application and in the clairs, a list ofiferns joired byrthe terras “at least one of " or “one or
more of” can mean any combnation of the listed terms. For example, the phrases “at least
one of & B or C7 or “one or more of & Bor CF canmean & B, C;, Land B; B and C, B and
Coor s Band C.

[0067]  The disclosed methods, apparatises and systemms are not to be constmed as
lirniting in any way Instead the present disclosure is divected toward all nowel and
nionobraons featares and aspects of the vanous disclosed erbodirents, alone and 1nvarions
corbinations and sabcorabirations with one another. The disclosed methods, apparatuses,
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ard systerns are not lirated to any specific aspect or feature or combination the reof, nor do

the disclosed erbodiraents require that any one or more specific advantagesbe esent or
problems be sobved.

[0068]  Theoresof operation, scienbfic principles or other the arebical descrphons
presented herein i reference o the apparatuzes or methods of this disclosure have been
provided for the parposes of better understanding and ae not intended to be hrating m
scope. The apparatses and methods i the appended claims are not hroted o those
apparatises and rethods that fonconin the rarmer described by such theones of operabon.

[0069]  Although the operations of some of the disclosed methods are describedina
particular, sequential order for cormvrenient presextation, it 15 to be nnderstood that this rarmer
of descriphion e ncompasses rearrangernerd, unless a particnlar ordenng is required by specific
langmage set forth herein. For example, operahons described sequenbally mayin sore cases
be rearrang ed or performed concurrently. Woreorver, for the sake of aimplicity, the attached
figures may not show the vanons ways in whach the disclosed methods canbe nsedin
conjunchon with other methods.

[0070]  The following examples pertan to further embodiments.

[0071] Exarple 1. An avatararimation method, comprarg : selechng one or more

prede ferruned avatar fatare irmages from one or more pluralities of prede terraned avatar
featore 1mages using a fivst coraputing device based at least in part on one or more facial
featore pararneters deterrmined fror video of'a user; geremting an avatar irmage based at least
inpart on the one more selected predeterrmned avatar feature images; and oviding avatar
1rmage inforration for display.

[0072] Example 2. The method of Exaraple 1, futher corprising displasnng the avatar
1mmage ata displayof the first computing device.

[0073] Example 3. The method of Example 1, wheremn the providing comprises sending
avatar irnage wdormation to a second corgmting device .

[0074] Example 4. The method ofExample 1, wherein the seleching compses, for
respecttve ones of the one or more facial feature pararneters, mapping the respective facial
feature parameter to the selected predeterrined avatar featare 1mage belorging to the
plurality of pedetermined avatar featared 1mage s associated with the respective facial featore

pararmeter.
[0075] Example 5. The method of Exaraple 4, wherein the mapping 13 a nonlinear mapping.
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[007&] Example 6. The method of Exaraple 1, wherein the avatar image 15 further bazed at
least i part on an avatar background.

[0077] Example 7. The method of Exarple 1, farther cormprising displasing the avatar
1mmage ata display of the second computing device.

[0078] Example 2. Ln avataranmation method, compmang: seleching one or more

prede ferruned avatar fatare rnages fromw one or more pluralibes of predeterraned svatar
feature 1mages using the computing device based at least in part on one or more facial featore
pararneters deterramed from video of'a user; genemhne anavatar rnage based at least 1n part

on the one more selected predetermined avatar featire nages; and providing avatar 1mage
information for display,

[0079] Exarple 9. The method of Exaraple &, further cornprising displayire the avatar
1mage ata displayof the first computing device.

[0080] Exarople 10, The method of Exaraple B, wherein the providing cornprises sending
avatar irmage mformation toa second comgmting device.

[008 1] Exaraple 11, The raethod of Exarple 10, forther cormpnarg displaying the avatar
1mage ata display of the second computing device.

[0082] Exarple 12, The raethod of Exargple 2, wherein the selecting coraprises, for
respecttve ones of the one or more facial featare parame ters, mapung the respecitre facial
featore pararneter to the selected predeterruined avatar featare 1tnage belorging to the
plurality of predeterrained avatar featored 1mage s associated with the respective facial featore
parameter.

[008 3] Exarple 13, The method of Exaraple &, whe rein the mapping 15 a nonlinear mapping.
[008 4] Example 14, The method of Example %, wherein the avatar image 15 further baszed at
least i part on an avatar background.

[0085] Example 15, The method of Example 2, forther compnang disgaying the avatar
1rmage ata display of the second coraputing device.

[0086] Example 16, & method of distibuting compnter-executable instchons for causing a
compubing device to perform an avatar andraation reethod, the method cormprising: sending
cormpnter-readable mstuchons to a computing device for cansng the compmbing device o a
periomm an avatar aromation method, the method compnang: selechng one or rmore

prede terrined avatar fatare irnages from one or more pluralies of predeterraned avatar
feature 1mages using a fivst cormpting device based at least in part on one or more facial
featore pararneters deterrmned fror video of'a user; geremting an avatar image based at least
inpart on the one more selected predeterrmned avatar feature images; and poviding avatar
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1mage 1ntormation for display, and stonng the compater-readable instmchons at the
computing device.

[0087] Example 17. One or more compnter-readable storage media stormg cornpmter-
executable inshuctons for cansng a computing device o performm argy one of the avatar
arirmation me thods of clamms 1-16.

[008 8] Exarple 15, At least one cornmting device progrararmed to perform any one of the
avatar ammation methods of clanns 1-16.

[0089] Exaruple 19, At least one cornmting device comprising a means to perforrn ansy one
of the methods of clams 1-16.

[0090] Example 20, Ln avataranirnation ethod, compnang: tracking one or more facial
features invideo of a user; and sending avatar image mformation to a second corputing
desrice,

[0091] Exarople 21, The method of Exaraple 20, wherein the avatarimage mfbrmaton
comprses one or more 1ndice s to one or more avatar feature 1mage serles or one or more
inchees toone or more avatar image senes.

[0092] Example 22. The method of Exarple 20, where the avatar image information further
compnses an avatar backeround mmage or an mdicator of anavatar background 1mage.
[0093] Example 23, One or more compnter-readable storage media stormg corapmter-

executable inshuctons for cauang a computing device fo performm ary one of the avatar
ariration methods of claims 20-22.

[0094] Exarmple 24, At least one cormtng device prograramed to perform any one of the
avatar armation methods of clairs 20-22.

[0095] Example 25, & computing device, comprising: a facial feature fracking module to
track one or more facial featores invideo ofa user; a ficial feabire pararmeter module to
deterrine one or more facial fatire parameters form the one or more racked facial features;
ard anavatar rmage generation module fo select anavatar image frorm one or more avatar
1mage serles based on the deterraned one or more facial feature parameters and provade the
selected avatar 1rnage for display.

[009&] Example 26, & computing device, comprising: a facial feature fracking module to
track one or more facial featmesinideo ofa nser; a fcial feature pararme ter module to
deterraine one or more facial fatire parareters fora the one or more tracked facial features;
ard anavatar nage generation module to select one or more svatar Batore wnages from one

or rnore avatar featore 1mages senes based on the deterraaned one or more facial featore
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pararneters, generate an avatar 1image baged on the ore or more slected avatar featare 1rages,

ard provide the generated avatar image for display.
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CLAIMS

We ¢ lain:

1. Ln avatar amirnation method, compisimg:

selecting one or rore predeternrained avatar featare roages fom one or more
pluralities of predetermuned avatar featare mages using a first computing device basedat
least in part on one or rmore faclal feabure parameters deterraned formvideo of a user,

generaling an avatar image basedat least in part on the one more selected
prede ferruned avatar feahre 1rmages; and

providing avatar nage inforration for display.

2. The method of clair 1, farther corprising disgaying the avatar imageata
digplayof the first cornputing device.

A The method of claim 1, wherein the proading cormprise s sending avatarimage
information to a second cormgmubng device.

4. The method of clatr 1, wherein the selecting cormprises, for respectve ones of
the one or more facial feature pararneters, mapping the respective facial feature pararneter to
the selected predete rrraned avatar feature 1rmage belonging to the plorality of predeterroned
avatar featored irnages associated with the respectve facial feature parameter.

5. The method of clairm 4, wherein the mapping 15 a nonlinear mapping.

é. The method of clatr 1, wherein the avatar rnage 13 further based at least in
part on an avatar background.

T The method of clanm 1, further comprising displatang the avatar image at a
dhsplasyof the second corpubng dewace.

a. Ln avatar amirnation rethod, compizimg:

- -
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selecting one or rore predete rained avatar featore 1mage s from ore or more
pluralities of predeterrained avatar featore rages wsing the corpnting device basedat least
inpart on one or more facial featur parameters determined from video of a user,

seneraling an avatar image basedat least in part on the one mor selected

prede ferruned avatar fatare mages; and
providing avatar rnage inforrmation for display.

9. The method of clawn 2, farther comprising displatang the avatar mmage ata
displayof the first corputing dewvice.

10, The mmethod of claim &, wherein the providing comprises sending avatar image
information to a second cormgmbng device.

11, The method of clamm 10, firther commisimg displaying the avatarimage ata
display of the second corapubing desace.

12, The method of claim &, wherein the selecting corgrises, for respective ones of
the one or more facial feature parameters, mapping the respecitve facial feature parameter to
the selected predeterraned avatar feature mage belonging to the plurabty of predeterrianed
avatar featired irnages associated with the respectve facial feahure parameter.

13, The method of claim &, wherein the mapping 15 a nonlinear mapping.

14, The method of claim &, wherein the avatar rnage 15 frther based at least in
part on an avatar backsround.

15, The method of claim =, further comprising displatang the avatar mage at a
digplay of the second corpubing desace.

1. & method of dishibubng corapmiter-executable mstictions 1or cansing a
computing device to perform an avatar ardreation method, the method comprising :

sending computer-readable instictions to a cormpmting desice for cansing the
compubng device to perform an avatar araration method, the method compnsmg:

S
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selecting one or rore predete rained avatar featore 1mage s from ore or more
pluralities of prede terrained avatar fatore images using a first coraputing device based at
least i part on one or rmore faclal featire parameters deterraned fomvideo of a user,
seneraling an avatar image basedat least in part on the one mor selected
prede ferruned avatar fatare mages; and
provding avatar nage mitrration for displasy, and
storing the commter-readable mstructions at the computing device .

17, Orne or more computer-readable storage media storing compnter-e xecutable
1nstchons for cansing a corgmting desvace to perforn any one of the avatar aromation
methods of clams 1-16.

15, Atleast one cornpubng desice prograrnrmed to perform any one of the avatar

arirnation methods of clairs 1-16.

19, Atleast one compubng desvice comrising a means to perform arnsy one of the
methods of clams 1-16.

20, Anoavatar amireation reethod, compising:
trackirg one or more facial features invideo of a user, and

sending avatar image mformatonto a second computing desace.

21, The method of clanm 20, wherein the awatar irnage information comprises one
of rnore Indices to one or raore avatar featore 1rmage series or one or more indices to one or

more avatar 1rnage series.

22, The method of clanm 20, where the avatar image mformaton firther
compnses an avatar backeround mwage or an indicator of an avatar background 1mage.

23, Omne or raore computer-readable storage media storing corputer-executable

instichons for causing a corguting device to perform any one of the avatar ardration
rnethods of clarms 20-22

S5
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24, Atleast one corputing device pograrnmmed to periorrn any one of the avatar
arirnation methods of claims 20-22.

22 b computing device, cornprising:

a facial feature tracking module to track one or more facial featires 1nvideo of a nser,

a fhcial feature paramme ter module to deterrane one or more facial feature pammeters
from the one or roore tracked facial features; ard

anavatar rnage seneration module to select an avatar image fromm one or more avatar
1mage serles based on the deterrmined one or more facial feature parameters and prosvade the
selected avatar 1rnage for display.

26, L computing device, corprising:
a fhcial feature trackirg module to track one or more facial featores 1nvideo of a user,
a facial feature parameter module fo deterrune one or more facial feature pammeters fom
the one or more tracked facial features; and

anavatar rnage generation module to select one or more avatar featare 1mages fom
ore or more avatar feature 1mages series based on the deterrined one or more facial featore
pararneters, generate an avatar image based on the ore or more slected avatar featire rnages,

ard provade the generated avatar 1mage for display.
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