16 MARCH 2004 BackgrQM d_QWc Inyotion This invention relates generally to a
system and method for aninating a conputer image on a conpuigemakeEn! Fbsand
in particular to a systemand nmethod for generating realistic three-

di mensi onal ani mati on of an object over a | ow bandw dth conmuni cati ons
network. There are many different techniques for generating an animation of
a three dinensional object on a conputer display. Originally, the animted
figures | ooked very nmuch like stick fi'ghres or block figures since the
animation was not very good. In particular, the user would see a block
representing the 3 e relative to a bl ock representl ng the forearm The
pr obl em was t'hat - L .'l.:,l- [ONAT .ih"\ﬂ A 1CHN vd | ! ot the fi gure
| ooked unrealistic and not very life- |like. Mre recently, the fi gures for
ani mation have inproved so that a skin may cover the bones of the figure
to provi?@g@g@&@@&@w animated figure. Sone techniques and systens,
such as ose ate three dinensional animation for a novie,

are very high-end and expensive In addition, these high‘end t hree

di nensi onal i.mati ons may be viewed by a consumer on a novie scr een for
exanpl e, .but EHWH‘EH"“H%I& ch eencailydd aaystemiand methoddiyr. mﬁmatﬁ@ratdoﬁ}ﬂu&l; imb
consuner may view the three dinensional animations which tell st or such

as in a oRCWBIer dlmywdmupancmmaafsystém@ﬁdiﬁ{eﬁw&‘fé ns_in any
manner. These hi gh-end ani mati on systens are very u@g&&ﬁuf@e%m fe, but _

cannot bimegsichdl ¥nitifa€6n BFar el SNE LA &, Costs, of the
system 16 MARCH 2004 -2 Qther ani mtvgﬂdgg@%g "ﬂf@ onsnefEfkcat ed gane
playing systens or personal “conpute executing a software application,

permt the USHfed n i mtj.ons. These systens, however
require a lar ggraﬁgg{r%%ﬂa ﬁ%‘wn%e%gmhues 2 EFPFRAting #hanimation ofaheeadimensibnal

fairly €ss or graphi cs coprocessor in order to
pro duce%rbzetcﬁ 2 icom Ff SQ}? (ﬁg the ammated figures looked very much like stick

figures or block figures since the animation was not very good. In particular, the user would see
a block representing the arm move relative to a block representing the forearm. The problem was
that there was no skin covering the blocks so that the figure looked unrealistic and not very life-

like. More recently, the figures for animation have improved so that a skin may cover the bones

of the figure to provide a more realistic animated figure.

Some techniques and systems, such as those used to generate three dimensional
aeimation for a movie, are very high-end and ekpensive. In addition, these high-end three
dimensional animations may be viewed by a consumer on a movie screen, for example, but
cannot be interacted with in any way. In particular, the consumer may view the three

dimensional animations which tell a story such as in a movie but the consumer cannot interact

with the animations in any manner. These high-end animation systems are very useful fora

movie, but cannot be readily used by the general public due to the costs of the system. -




animation. The problemw th a dedi cated ganme playing systemis that it
cannot be used for other conputing related tasks and therefqf mai€H 2004
rel atively expensive due to the limted functions that they perform QPhe
probl em wi th nost personal -conputers is that the personal conputer is not
optim zed to produce the animations and therefore usually requires an
expensive graphics co- processor and a sound board. In the above
conventional aninmation systenms, the user.may interact wth the anination
during the gane play, but the entire game with the graphics and ani nation
are stored on a cartridge or on a hard disk or CD of the personal

conput er. Rec@&ikdr Mninthtioh §REsOf L 1 t have been introduced
whi ch harness the Intler%t of utcﬂgk%Jfa%%P@ﬁn%iyﬁtgm%wcqoé‘a'ﬁiﬁﬁgfﬁl‘%ate

t he ani i h ser. 1n articular, the user may use a personal
conput e?% &%’?gﬁg%@%%%@:ﬁﬁgmg’ BBuidhy usepiq inigrast with feiapimations. Thiese yysemsymy
direct the browser. application to a particular uniformresource | ocator
(URL) of MGG siies ﬁmgeﬁmpwetr?f RSO (o Istrains theanimation data andia faArl§ stagLdehe web
site. The problemis that the web site typically downl oads the entire
ani mat i ofhecRit progesserieagraphies eapoemessooin order toptddace Walistic BRMIHIRRAGShat S | ar g€.
An exanple of this type of animtion systemuses the wvirtual reality
mar kup | amigiszige. ThéPploblepirvittos @ddicatzr, oM ni_ cations
link, such as the Internet or the \ﬁéa%eﬁééﬁ% Etgtgﬁ]s&%ﬁgc%g%% F?g{-?ﬁf’ﬂﬁf
ani mati o | pad. . Th | ow.downl oadi ng time in
Flrn T eadoipitng ERCS e SaREX I aRNRAY SBsivE Yhe T Rkimviod Bipesamsdnatt | e
“before vi,ew t h ni mation, This |ong period_of waiting before the anim
ionis ngtE%Wp@%‘S%t 7‘3"”@%6‘8“‘&8%“’8‘3 GrrEPYers isthafithe pegsontlecomginter isquoper i od,
cancel the. apipation and thus never see the animation displayed. It is
desi r abl BPURERA {aRrodycs theagimationa andithersfate mamally omaires anripersive )ik 860 | N
whi ch the animation data which may be downl oaded rapidly over a very slow
comuni cRtacesssr dndrasoandibdatd. i n thoatioRé SorvaaltidraPanihMeonRyRSARE thd MUEHAL) Mierhdl
directed. Sunmmary of the Invention

with the animation during the game play, but the entire game with the graphics and animation are

stored on a cartridge or on a hard disk or CD of the personal computer.

Recently, a number of animation systems have been introduced which harness the
Internet or the World Wide Web (the Web) to communicate the animation data to the user. In
particular, the user may use a personal computer which is executing a browser software
application. The user may direct the browser épplication to a particular uniform resource locator
(URL) of a web site which thén may download the animation data from the web site. The
problem is that the web site typically downloads the entire animétion data so that the amount of
animation data downloaded is large. An example of this type of animation system uses the
virtual reality markup language (VRML) protocol. For a user with a slow mmmcations link,
such as the Internet or the Web and a modem, the large amount of animation data leads to a very

slow download. The slow downloading time in turn leads to the consumer waiting a long period



The invention provides a three dinensional animtion systemand nethod in
which the animation data may be downl oaded over a relative 4 R¥ARCH 2004
communi cations link, such as the Internet or Wb and a nodem to a | ocal
conputer in a relatively short anount of tinme. The local conputer may then
execute a downl oaded software application to animate the object. The user
of the local conputer nmay interact with the ani mated object (i.e., change
its behaviors or actions). In a prefercted enbodi nent, the main portion of
the systemmay reside as a plurality of .software applications on a web
server and a client conmputer may access the web server to downl oad the

ani mat i ong.¢ ey r wnl.oad.ti. the st em may
generate an Jﬁ%ﬁiﬁé&?ﬁg%}lﬁ%ﬁﬁ own Eog%%ﬁsggﬁgatéw%:gﬁg %‘?f&ﬁeﬁgg/?‘%a"ﬁﬁ‘tiaﬂ%out
the actu i . (e. 0., .the ersistent data) and a few basic actions of

t he obj e%ltCc e#bgg%mée&eg%béﬁc%bﬁ@ﬁds 8 e wifias perindncange)\thn apiniatibnotd dlats may
have an idl e behavi or associated with it which is executed any time that

t he obj ect®VFiSeRifie amumationdispianest Heis dsairable, bowevRngn provideadbict dimdaisioaglt i ons or
behaviors or sound tracks for the object are required, the system may
stream t Haimairmsysiemda wiic diweniratidnedath inivh meyoseUswiloaRal ABR1Y. dVer 254,00 1 S
required.so that the behaviors are asynchronously downl oaded (1.e., “the

behavi or sidwtomhmanichice litk BRI is8 lis & MRt G b irif§d to be
downl oaded at the 16 MARCH 2004 -4 sane tirmyéé%?ﬁém@ﬁwgg&ﬂw hsi ona

ani mat ed object is downl oaded). in this manner, the client conputer may
nore qui ckly begin the animation while other yet unneeded actions or

behavi or sumyparviofthednventigh oaded. For exanpl e, as the ani mated obj ect noves

through a | andscape, the object may cross a boundi ng box which causes an
action that will be needed shortly to be downloaded to the client conputer
so that the adihednvenfompraiidety thrastdimensimebehimdtien SsemGihd MMiRd iR WMANIRL OF
action files for a particular object may contain infornmati on about the

MoV enent sinihatidnalajaonat i downldadedBicea kelihVeidiow SShREMRMInt Auid sRAY Jslgs! ar
behavi or and any ot her data necessary to. execute the behavior. For

exanpl e, IfteARA6r WeH ahER Mbuah, tH%Xoéap(\!dﬁllﬁ{ﬁertiH 4 réthY\%Wasr%n %Inogrﬁ%f rtll(latﬁel.( The local
computer may then execute a downloaded software application to animate thcr object. The user
-of the local computer may interact with the animated object (i.e., change its behaviors or
actions). In a preferred embodiment, the main portion of the system may reside as a plurality of
software applications on a web server and a client computer may access the web server to
download the animations. To accomplish the shorter download time, the system may generate an
initial animation download package containing the data about the actual object (e.g., the
persistent data) and a few basic actions of the object (e.g., behavior dafa). For example, each
downloaded object may have an idlc behavior associated with it which is executed any time that
the object is not executed another behavior. Then, as additional actions or be:haviors or sound
tracks for the object are required, the system may stream the behavior data down to the client

computer before the action is required so that the behaviors are asynchronously downloaded (i.e.

the behaviors for the three dimensional animated object do not need to be downloaded at the



joint. As another exanple, a sound track for the object, such as saying
"Hello", may involve the novenent of the various pieces of 4 QARPY svad a
sound track synchroni zed to the novenent of the lips. In accordance with
the invention, the total size of each behavior downl oaded to the client.
conputer is also relatively small in size so that the downl oad tinme of the
behavi or, over a relatively slow communications link, is not too slow To
reduce the size of each behavior, the _initial object downl oaded to the
client computer nmay include an object tree containing data about each
portion of the object. For exanple, a person would include a | eg object.

Then, e L.ec skin on the.object. (e.g., . eac ol ygon) may include a
contri b%&g gﬁh;%hagrﬂ%eq“\tﬁe ic&ﬁm?qs?f%l aé‘%ar?é‘rgqjﬁ‘% 15 %‘W‘W?@“‘gbﬁ"‘eg‘ﬁ EHER thascliche knee
or ankle, and the contributions that the novement of each joint nakes to
nov ementCOBPUH Ay Jore guickly begin thesrimation véiilgipdice yetanpesdodjantionserbehireioksnee
joint would probably be nostly influenced by knee novenent while a pol ygon
m dway  [hee briegidewrdoddede Fommamalek isshevaniindteld @bjent o dtadughya lahdicapey ggent  of
both the ankle and the knee. Thus, when a 16 MARCH 2004 -5 behavior -

commandsobjdeemay afdes Hbotirkdmabok @fichi RuEB YR actioAlhdthiif B n&ABPLHHy easily
determ ne the novenent for each particul ar pol ygon based on 't he nodel of

the obj egtvnfdad i Qlat s f.or a downl oaded
bohavi ooV mifiled (AnEBHATEGho i sb dfs loQbilhtis aliliih i nffdée S BhE e

specified,in the do oaded hehaviqr file since the novenent of each piece
of ski nengha??{eor A eﬁ&ﬂ'fﬁé’ @F?RJ?%H‘%W?‘H@ R{ogettion abatt theme vementaafnent
of the joints. Thus, if the nodel has twelve joints and 6000 pol ygons, the
downl oadBtiomEnmthe pbiest whichgpriesnond tna partienlathshavietred anyvthamiata wdcedshy towel ve
j oi nts whereas the behavior may cause the 6000 pol ygons on the nodel to
nove. | rexeatoihddrliayion For examplanw beddi o behdviorayst iavoled $e maeembitSf the neck

downl oaded behavior to be streaned to the player application residing on

t he userjoisit. CASNGIR exdfiplp,ad SoufidHratk. forl thE oBjBAOMICcR bs saying “Hello”, may involve the

movement of the various pieces of the lips and a sound track synchronized to the movement of

the lips.

In accordance with the invention, the total size of each behavior downloaded to the client
computer is also relatively small in size so that the download time of the behavior, over a
relatively slow communications link, is not too slow. To reduce the size of each behavior, the
initial object downloaded to the client computcr may include an object tree containing data about
each portion of the object. For example, a person would include a leg object. Then, each picce
of skin én the object (e.g., each polygon) may include a contribution chart which lists each jbint
in the object, such as the knee or anklf_:, and the contributions that the movement of each joint
makes to movement of the particular polygon. For example, a polygon near the knee joint would
probably be mostly influenced by knee movement while a polygon midway between the knee

and ankle would be influenced by the movement of both the ankle and the knee. Thus, when a




may start playing on the player application before the entire behavior is

downl oaded. For exanple, if a behavior is five mnutes |on M}ﬁ; f
the player application is not likely to wait 5 mnutes forgwhe eﬁg\?{ograto

be downl oaded. Therefore, in accordance with the invention the system
downl oads a predeterm ned anount of the behavior(e.g., a two second portion
of the behavior data) at a tinme so that the behavior may start executing
the first predetermned portion of the _behavior data while the second and
subsequent portions of the behavior data are downl oaded. Thus, a long"
behavi or bei ng downl oaded to the player application does not prevent the

ani mat ed ' vipdr rom being started. The system may al so
ot e RF b EaRTHES or i S iR Bt et oy bttt o

ways usi n% actions and scripts which include one or nore actions or

behavi or sTOEGReNt & ek prriisular polygombased on theampdskef the phiees andithe e vemesmtaifitan or
behavi or associated with that 16 MARCH 2004 -6 interaction. For exanple,
when the less. Ehusclos amndawnlozsind beltagidr,dmby the ionemetits off thy Réhts B thd\6bjbd Gbed @
behavi or to open the door and show the door slowy opening with a creaking

soundt r acto beypedified aUOURIGMe4 Betalr fild Stk URIRPHLRNE S e @@%;bggﬁpﬁe L 2?

client conputer, the user nmay see the door slowly open an
- creak as j a8 e n@l{hg&E g{ép% t he user. dr. cursor over
an obj ect, sucﬁ ias a gray ﬁlh}egé a %ﬁ%l\sﬁg‘r@ r?oge?'ﬁ?tﬁfﬁ?égﬁfﬁ f “%é‘gfiquebe
downl oadeg anfrj execut ﬂ o that the knife turns red when the user places
the cursoP®dV& Vei’?“.lts\m‘g 0@??(955@?8?’ ﬂ“iﬂ%’@%‘”@ﬁ@’%ﬂ%ﬁlﬁ&aﬁ contapataaponethet he
knife returns to its idle_behavior which is having a gray color. To shade
the ani maP@veBg)t &€ theiwplygioints whereasthe hehawior man ease ther60D@ polygons o8 ehemodel
spherical environnmental map. In particular, the pixels resulting froma
particul atoheghting condition is determned for a half-sphere and then the
corresponding lighting for an object is determined based on the pixels in
the hal f-sphere. The lighting nodel for the half sphere may be
In accordance with the invention, the system also permits a downloaded behavior to be
streamed to the player application residing on the user’s computer. In particular, the behavior
may start playing on the player application before the entire behavior is downloaded. For
chample, if a behavior is five minutes long, the user of the player application is not likely to wait
5 minutes for the behavior to be dovmloaded. Therefore, in accordance with the invention the
system downloads a predetermined amount of the behavior(e.g., a two second portibn of the
behavior data) at a time so that the behavior may start executing the first predetermined portion
of the behavior data while the second and subsequent portions of the behavior data are

downloaded. Thus, a long behavior being downloaded to the player application does not prevent

the animated character’s behavior from being started.

The system may also permit the user to interact with the animated objects in various
different ways using actions and scripts which include one or more actions or behaviors. For

each interaction with the object, there may be an action or behavior associated with that




downl oaded to the client conputer so that, for each pixel of the object,
the client conputer nmay | ook up the correspondi ng point on -
sphere and apply the pixel value on that portion of the halﬁégﬁ{?ﬁg 2'.[0(?4t he
object. Thus, in accordance with the invention, the system does not

attenpt to calculate, in real-tine, the lighting for an object. The system
may al so provide a character cache in the client conputer that permts the
character data to be stored in the clignt conputer so that it does not
need to be constantly refreshed. In contrast, in a conventional Wb based
3-D system such as VRM,, the character may be stored in the cache of the
br owser . i ich i eriqdjically flushed. 16 MARCH 2004 -7 Thus,
in accor"a%%?:{e!&\?p‘vi %%?ﬁn\g“tqf”n“\'bfhecﬁ??eg Al S %%?*T“BF‘CQHPWW@I%@M@& afer, a
conputer, .is provided, conprising a first conputer and a second conputer
connect 'é’&h'iwd"‘{)tﬂ &rey ‘ﬁ% o shasy the dypreslqwly spenjugrpith ercraaking sbwiderackRaPhe NOT €
pi eces of data associated with a particular animted character. The pieces
of dat a denplazded tadke clicpbeamisiernnd datated.i Of tratieal Biipotest8e Ber ARY ?eeq&e a
geonetric nodel of the animated character, a texture associated wth the

i mat edioohsl amh I 1 i h . Th
ani mat edoohslowalytcpen aRthalr 006 SIS ek, Yd dholiRPARIIENAE, fLact er., The

pi eces of data may further conprise one or nore G &8itn
each beRgMbPsvdrhah EHie@NL Al toa.particul ar.behavjor of the

ani mat ed char act er ’%ﬁ’dﬁ%gﬁag‘%&?ﬁ‘?@%“"%‘bﬂe"é&%’h@#ﬁgﬂ’fﬁgwﬁwtbe@wm%da .
The secqp onput e initiall ownl oad the persistent data file from
the fi rgf]ggo%': f#é? Eﬁ%ﬂ‘&&?%rﬁé&gﬁ‘ the yaer placemihe swrserfovenis. Wicmitieader
character on the second conputer and then asynchronously download a
behavi omMa%es thercupar off of the kaife, thpufesetuing ta itpﬁdledrehaﬁoﬁ\luﬁcmmﬁuhg@;gr@f t he
behavi or of the animated character by the second conputer. Brie

Descri ptePlo of the Drawings Figure 1 is a block diagramillustrating the
t hree di nensional aninmation systemin accordance with the invention;

To shade the animated objeét using a lighting model, the invention may use a spherical
environmental map. In paﬁiculér, the pixels resulting from a particular lighting condition is
determined for a half-sphere and then the corresponding lighting for an object is determined
based on the pixels in the half-sphere. The lighting model for the half-sphere may be
downloaded to the client computer so that, for each pixel of the object, thelclient computer may
look up the corresponding point on the half- sphere and apply the pixel value on that portion of
the half-sphere to the object. Thus, in accordance with the invention, the system does not
attempt to calculate, in real-time, the lighting for an object. The system may also provide a
character cache in the client computer that permits the character data to be stored in the -client
computer so that it does not need to be constantly refreshed. In contrast, in a conventional Web
based 3-D system, such as VRML, the character may be stored in the cache of -the browser

' application which is periodically flushed.




Figure 2 is a flowhart illustrating a method for downl oadi ng three

di mensi onal character files in accordance with the inventiofg pa &0d4 S
a diagramillustrating an exanple of an object hierarchy in accordance wth
the invention; Figures 4A and 4B are diagrans illustrating an exanple of a
t hree di nensional object in accordance with the invention; 16 MARCH 2004
-8 Figure 5 is a diagramillustrating an articulation of a joint; Figure 6
is a diagramillustrating a norphlink iopaccordance with the invention;
Figure 7 is a diagramillustrating an exanple of the area of influence of a
joint in accordance with the invention; Figures 8A and 8B are di agrans

illustrati . Wi thi del | d ith th
i Ilustrating afhug,&ﬂgpégﬁ%ﬁgeo&glfgﬁgﬁﬁgtﬁ% tatlHl?rﬁ § ?ﬁgﬁ%@gﬁﬁﬁﬁﬁmﬂc%ﬁ%t%def

i nvention; Figures I agr ans
wi th the hones,and ol s in accordance with the invention; Figure 11 is
il agr ank P Bk iR s BEE AR e utipinate sprmgiedis i cashputer.

accordance with the invention, Figure 12 is a diagramillustrating an
exanpl e ofeliEGompuiss may SGFR Ane OFHAEt PiceesHf duir ehspaiated withfa paftieulanatdmbiean:;
Figure 13 is a diagramillustrating an exanple of an environnental map

| i ghti ng ehacketer.i The gicees pfdutcmairiclude Aefsiwatdatofite coi ok ok fofe gH20r am
illustrating an exanple of the rendered nodel shown in Figures 11 and 12;

Fi gures Lionfedichfodl 8f (b aSiFAME chihbit h xkRSadREatBPRRR tehnfndtSTHRAE! wl
accordance wth 7
a sound associated with the animated character. The pieces of data may further comprise one or
more behavior files wherein each behavior file contains data ai)out a particular behavior of the
animated character and each behavior specifies the movement of the model. The second
computer may initially download the persistent data file from the first computer in order to begin
the animation of the animated character on the second computer and then asynchronously

download a behavior file from the first computer just prior to the execution of the behavior of the

animated character by the second computer.

Brief Description of the Drawings
Figure 1 is a block diagram illustrating the three dimensional animation system in

accordance with the invention;

Figure 2 is a flowchart illustrating a method for downloading three dimensional character

files in accordance with the invention; -

Figure 3 is a diagram illustrating an example of an object hierarchy in accordance with

the invention;

Figures 4A and 4B are diagrams illustrating an example of a three dimensional object in

accordance with the invention;



the invention; Figure 17 is a diagramillustrating the I eg of Figures 15
and 16 showing the area of influence for each joint; FigureiglfIARCA 2004

diagramillustrating an exanple of a behavior in accordance with the
invention; 16 MARCH 2004 Figures 19A, 19B and 19C are diagrans illustrating
anot her exanpl e of a behavior in accordance wth the invention; Figure 20
is a flowhart illustrating a nethod for stream ng behaviors in accordance
with the invention; Figure 21 is a diagfamillustrating the details of the
streamni ng behaviors in accordance w th the invention; Figure 22 is a
diagramillustrating nore details of the stream ng behavior shown in Figure
21; Figure 23 ﬁis acdiagramillustrating a portion of a streamed behavior in
accor dance wi t 1" A& & Heamilsiratparragelaionof adgiat 25 are f1owchart s
illustrating the operation of the player in accordance wth the invention.
Det ai | ed Descrﬁl&ﬂ{r?g#ﬁ pi2gopma ildystreldngRntvodibiipk in Foerdemeevith thdinventival ti cul arly
applicabl e toﬂzlamgV‘éb- based three di nensional animation system and nethod
and it is in thguwse T dixgram idistatie dnese. ﬁ?idlfftﬁ\iir!:a nfitesed bRagd: will be
appreci ated, however, that the sdys%t em and et hod iélﬁaccore%gn gm\%nh{h t he

i nvent i onicévigar@e Qathehe inWnkibht Y, such as to other types of three di mensional
ani mati on systens including stand-al one conputer systens and the |iKke.

Figure 1 is aFl?é"Q j il]lustrating a three dinensional aninmation
system 40 in &J(Sﬁgﬁrﬁlgﬂﬁgpe diagrams 1ﬁusu~agnganexample of the bones within a model in

accordance with the invention;

. Figures 9 and 10 are diagrams illustrating an example of a model with the bones and

polygons in accordance with the invention:

Figure 11 is a diagram illustrating an example of a rendered, unlighted model in

accordance with the invention;

Figure 12 is a diagram illustrating an example of a rendered, lighted model in accordance

with the invention;

Figure 13 is a diagram illustrating an example of an environmental map lighting model in

accordance with the invention;

Figure 14 is a diagram illustrating an example of the rendered model shown in Figures 11

and 12;

Figures 15 and 16 are diagrams illustrating the bones in a leg model in accordance with

the invention;

Figure 17 is a diagram illlustrating the leg of Figures 15 and 16 showing the area of

influence for each joint;

Figure 18 is a diagram illustrating an example of a behavior in accordance with the

invention;




accordance with the invention. The system 40 may include a character
creator 42, a server 44 and one or nore client conputers (dg mARAH®004
CLIENT #N) 46. In this exanple, the client 16 MARCH 2004 conputers my be
connected to the server by a communi cations network 48 that nmay incl ude
vari ous conmuni cati on or conmputer networks such as the Internet, the Wrld
Wde Wb (the Wb), a |local area network, a wi de area network or ot her
sim lar comunications networks which gpnnect conputer systens together.
The creator 42 nmay be used to generate a three dinmensional animated
character.as described below In a preferred enbodi nent, the creator 42 may
be a software | @Al I i execut ed,.b conputer system The creator
42 may be st g?%gééon ’kllgﬁsa%ﬁ/éelgar 1252 9“%%3%% et gxaple oSebrinvioein
conput er s%/séem ashsgo.wn in Figure 1. The creator 42 nay generate one or
mor e web 2F§argance wath fheiavenigns pel ow, which may be downl oaded to the server
44 so that each client conputer may then download the web files from the
server. Each &ligusn20 sorffawchart itbigiratingra meth@t for stieatnlg: AN 36 8 oWR R W iieS
and generate a three dinensional animation based on the web files as
descri bedhd inverioa; det ai | bel ow. Now, each portion of the system40 will be
described in nore detail. The creator 42 nmay accept various information
fromeither u:;:%,r' ~fi.l.es in order to generate a
three di mensi onalé?gga}@{glr%ﬁgﬁ{sec tggglgg%t%{%sé’é &SSP G %ﬁ?’“ﬁ%‘ tneq
using th i@%tﬁ%enq} For exanple, the creator may receive three di nensional
nodel s 5 ref ﬁﬁ'gl/on’be, for exanple, wre franme nodels of an object
generated by a_.third party nodeling system The generation of a three

di mensi onal =~ witt&re £hife diggmam ilfustssting mare detaild ofghsiteamingdichedor showweh Figutenown
and therefore will not be described here. The creator 42 may al so receive
texture @&p information 52 which may be used to place a texture over the
pol ygons painted onto the three dinensional object. The texture may o
pr ovi de, for Ekquphis alidgeh iR iskl Qi UrAlcualfied G An oradBEVAY 1 Of
a human character or a realistic set of teeth. The creator may al so
recei ve #eSig¥éionSaARCH 2004

Figures 24 and 25 are flowcharts illustrating the operation of the player in accordance

with the invention.

Detailed Description of a Preferred Embodiment

The invention is particularly applicable to a Web-based three dimensional animation
system and method and it is in this context that the invention will be described. It will be
appreciated, however, that the system and method in accordance with the invention has greater

utility, such as to other types of three dimensional animation systems inctuding stand-alone

computer systems and the like.

Figure 1 is a block diagram illustrating a three dimensional animation system 40 in
accordance with the invention. The system 40 may include a character creator 42, a server 44

and one or more client computers (CLIENT f1 - CLIENT #IN) 46. In this example, the client




file 54 so that a sound track may be incorporated into a behavior file in
accordance with the invention. The sound file may be generaiEfiARcA %dy#rd
party system which receives a sound and generates a digital representation
of the sound which may be incorporated into a file. The creator nmay al so
receive a behavior file 56. The behavior file may be conbined with any
sound file to generate a behavior for a three dinensional animation in
accordance with the invention. The behat-or file may be generated by the
user using a separate software nodule of the creator 42. The creator 42
may conbine the three dinensional nodel information, the texture

i nf or mat i edmputelsenaythendnhdcted taf@ stlver BEH ORI j (0 r_nore web
files which are stored on the server.ﬁfn accg?g%ir?gseh%?%@ﬁgﬁi%féﬁf‘l}‘%, t he

cr eator 43art BRI RTOAE SniRnOBa LG GRCh, iSOt ect. 0

t
particular, the creator nmay generaie a € con &F chitthe 58

and then files containin ehavi or data 60. The persi stent
data fil e“ﬁ% a@é‘“{lﬁf"tﬁi“g MR FE?%B%@’OE Pr et simileg eoreronpioations nerwoelgi n t he

animation of the object and may include one or nore of the three
di mensi on¥PICBEPRRICt PRy terfysigms tngpther. Aih¢ cratoy 42 sy be ased th @¥iierdte 8 thrddy
mor phl i nks, as descri bed below, and an idle behavior for the three

di mensi onéimespioaditaninTited clokmeter bedmotited beky. 18 aprﬁerﬁﬁteh{%BgﬂﬁcEg?H

saent . of the
ani mat ed obj ect when no ot her behavior is being execute exa%'f , the

| de behamiapbe hesfrasreappRetionvaRSkBitedBY a Dnhlialeyblls FROSLEL JBY. breath

whi ch causes his chest to expa and con per Fl e may

al so incl |4 ociated with each polygon in the nodel
in accor d%ﬂ%celto\k}\nﬁltlh t e4!i4%\F/Iél%?iﬁ)gﬁ&%ﬁ‘ﬁéb%a@%?‘?mréﬁé"%ﬁ%s@ﬁvnrioﬁ@jr@l.nts

connecte her, by one or nore bones and a skin of polygons which cover
t he bonegr%eg%%mr i%?‘é’f gﬁ‘!ﬂﬁ%%“rf’fﬂ&f? J6h filss, aslesambedbelow hehinbbmppbenk dat a

| ol
permts t%}ewqcllie t conputer to easily 16 MARCH 2004 -12 deternine the
novenent - ﬂ@egé? %&ﬁ’é" ehisedharagindientosoomater moy thehdojvaicatl heafel filRs BBIECT -
in a conventional animation system the novenent of each pol ygon nust be

i ndependetfe B§rvera| Bagh glied computer may then interpret the downloaded web files and generate a

three dimensional animation based on the web files as described in more detail below. Now

each portion of the system 40 will be described in more detail.

The creator 42 may accept various information from either user input or other external
files in order to generate a three dimcnsic_)nal realistic object or character which may be animated
using the system. For example, the creator may receive three dimensional models 50 which may
be, for example, wire frame models of an object generated by a third party modeling system.
The generation of a three dimensional wire frame model from a three dimensional object in well
known and therefore will not be described here. The crea;tor 42 may also receive texture map
information 52 which may be used to place a texture over the polygons painted onto the three
dimensional object. The texture may provide, for example, a realistic flesh color and texture for

the skin of a human character or a realistic set of teeth. The creator 42 may also receive a sound




which is very slow Wen a nodel is generated, the user of the creator
defines the norphlinks so that the novenent of a particul arq@RIAECH Jpvsed
on the novenent of the joints is determ ned by the user. Thus, the
novenent of each pol ygon relative to novenent of the joints of the nodel is
defined in the persistent data. Therefore, when a behavior of the three

di mensi onal animation is executed, the behavior nmay contain only

i nformati on about the novenment of each 4qlé¢nt in the nodel and the client
conput er, based on the norphlinks, may determ ne the novenent of each

pol ygon on the nodel. Thus, the size of the behavior file downl oaded to

each cl i efiit 5¢@oTHat £5ound tradlERAY BOIRSSpYEatdd ihlde deﬁmalﬁlé’gl dotoriGAYCSH i ch
I [ $eed with

speeds up the downl oad speed of each behavi or. n addi tron, f

whi ch thenthies FhaeRsRk j ' be animated i.g increased since
the client conput er doeg%%ﬂrye%gyta%ﬁé’%u r%?%r@t%gtem‘ﬁ’e"ﬁ?ﬁw agge andl ygon
on the th i nensi onal ject. or character each tine a behavior occurs.
The persi ée’?l grﬁlfcg & g?% a’f HCP@S%'%?#%)‘?} the spundghich may be incarpemteriinte adile. - Brbumeatorhe
size of the persistent data As an exanple, due to the conpression and the
st ruct ur ¥ alghkeces & behawier filetS6r Ae behaviorifite may be ctamtdwedwithhanyheuidWIBRG | ON,
a' persistent storage file may be approximately 10 - 200 Kb dependi ng on

t he conplgsxetate adfehavier fot inthee dimemicriaDRnafot MALERMNORIE 85 iﬁ’vehﬁ&il.oﬂ#c
animation file may be approximately 1 My. The one or nore behavior Tiles 60

TRy Sach Whelial flo hulf e Rokitbrb IS WWONGRCAB AP S HAL EnoTREGH Y LRBLLDE -

novenment of each joint 1n the three dinensi
a behaviff, 206,99 h{i e.Which is associated with the particular .
behavi or. In accof é‘éﬁ%&ﬁ\% ehdle e fl%%h%agw?&%é‘gﬁméﬁ“ﬁoé?’etﬂm{%ﬁ@wwomf t he
t hree di nensi o ?{é anj ion, such as smling, 16 MARCH 2004 -13 tal king -
about a pr%? f‘?“&& ‘f‘“@t}g‘%‘ﬂ‘f“,’m‘s leiinig gne g more wigh filbxwhish argistoeed dnrthaseyeqrar at e
behavior file. In accordance with the invention, each behavior file may be
downl oaded to _the client conputer only when the behavior is required. For
exanpl e, a beHBIFErdapee Witk theinyeation Mhcareator 4Irmaygengntsumte fhan onafipdbEedehay er
may only be downl oaded when the gane player nears an object which may be
animated object. In particular, the creator may generate a file containing persisient data 58 and
then one or more files containing behavior data 60, The persistent data file may be initialty
downloaded to the client computer to begin the animation of the object and may include one or @
more of the three dimensional object (including joints and polygons), any textures, any
morphlinks as described below, and an idle behavior for the three dimensional object. The idle
behavior may be the action or movement of the animated object when no other behavior is being

executed. For example, the idle behavior for an animated monster may be that the monster may

breath which causes his chest to expand and contract.

The persistent data file may also include the morphlink data associated with each polygon
in the model in accordance with the invention. The model may include one or more joints
connected together by one or more bones and a skin of polygons which cover the bones and

joints. For cach polygon on the model, the morphlink data permits the client computer to easily




pi cked up. As anot her exanple, a behavior to say "Good-bye" is only

downl oaded to the client conputer when the user clicks on ag ®MS004
button on the user interface. Thus, the system nay downl oad the behavi or
files asynchronously with the persistent data file. Due to the norphlinks
in the persistent data, the size of the behavior files, as described above,
is very snall. It should 'be realized, however, that each behavior file is
associated only with a particul ar perstlgtent data file (since the
structure of the behavior and the persistent storage are-tied together) and
t herefore a wal ki ng behavior for two separate nodels will be slightly

di f f er endeterfdif: the Avve@éntlolf R Dol Y¥ns taSed SEME HIvaLiedY eglor 42 i
response to user input. The g)er%vriisor files may %gmcogrrtr% 8fshgse°3&lllen°bj‘?°ﬁafg‘at he

data for { e MnSm Y Lin redef.erm ned tinme during

t he beha(\;/(fi]lélﬁgnt%ogEl not g%gft%gﬂtggﬁ\og&\[{%'et %g Fad ﬂ%o yc% Hﬂﬂ‘ﬁ‘te'?e. ingependentiy cajelated or
and persj ﬁigﬁnt datla fiijles are genera{%‘g% t hey may be downl oaded to the
server 44VSAE HHHRY- iWhen ampodelisegpe the Hseh phthe steator gefings theqrorpiBlinkis s h
may be a persistent storage device such as a hard disk drive, a tape drive
or the |{hRithe moxementvép paticwiaypolizon based ondbe mavehany ef thejairte isitbtaMnined by
contains a player web file. The player web file is the software

appl i cat themseshThis, ktse mévmnd@m&wﬁgbntﬂaﬁmo%&&ﬂknwméﬁfoﬁ{ts 5fhd &3{1?1 the
as

client computer may then interprets the persistent data Tile as we

Lhe Denawdied i i porsilibPdaed "naStonelndla BBavidrof o HRBAMo LR S, BLAYCL

software application to the client conputer necess N Based

on 16 . nput into. a Wb user interface_ application 66,
downl o%@%ﬁ%‘? DS Ay, baHtin plY dnfoftalion ahaut the mavemegy °F@9€H’é‘§im-?h¢Then,
as behavi orﬂ o& the three dinensional animation are needed by the client
conput er @oi¢@nd theclient comppist,Ressd an theamagphlinks; may detsming themdvicinenttod el
executed by the player on the client conputer. Each client conputer 46 may
i ncl ude Beiggay wghe gofelndhys, g sizoref tiertichyviontle downivaded te efdhwiies copphicEat i On
to be executed by the CPU 68, a character cache 74 which may reside on a
accordance with the invention is reduced which speeds up.the download speed of each behavior.

In addition, the speed with which the three dimensional animation may be animated is increased
since the client computer does not need to calculate the movement of each polygon on the three
dimensional object or character each time a behavior occurs. The persistent data file 58 may also
be compressed to further reduce the size of the persistent data. As an example, due to the
compression and the structure of the persiétent storage file in accordance with the invention, a

' persistent storage file may be approximately 10 - 200 Kb depending on the complexity of fhe

three dimensional animation whereas a typical animation file may be approximately 1 Mb.

The one or more behavior files 60 may each contain a data structure which contains data
* specifying the movement of each joint in the three dimensional object or character during a
behavior and any sound file which is associated with the particular behavior. In accordance with

the invention, each different behavior of the three dimensional animation, such as smiling




persistent storage device of the client conputer and a display 76. The
character cache 74 may store the persistent data 58 when itqg giafayy/2aded
to the client conmputer the first time so that it may not be necessary to
downl oaded the persistent data again when the particular client conputer
again wants to view the sanme ani mation. Unlike conventional animation
systens in which the character data is stored in the cache of the browser
application so that the character datal3s periodically flushed, the system
has its own character cache. The nenory 70 nmay store a browser application
78 which pernmits the client conputer to interact with the server 44 by
speci f yi riakimguabbitor paticato sulgect) stcag, @fc., dple c@ﬁtafn@@irﬁe%eé@fateiﬂ%hwigreﬁl?. B

p er

receive the web files stored on the server using a hypertext trans

pr ot ocol actdkdiice withQhe [FRERI sof tware application
64 to inter pret “the pcer S| stO\eﬁh(tEmd{g?{fﬁr ﬁ%q{é‘ﬁ'dﬁ ehﬁ“%h%}eﬂ%% f Clfnt eqmpyicy only

generate i - Qhi ,-a character file 8 enerated fromthe

per si st erﬁﬂE a{tﬂ%ﬁ%@f@?ns&@#uﬁ%,{ F re%ﬁ'\l}f’%’rakﬁhwé'o'étﬁ R bigst fram theygreursbfeayi or
and a second bqhavi or fjle 86 that may contain a behavior that will be
execut ed *F5BIF P Wﬁg}ayf’ﬁ(é( berevatoaded whandhegame pleyer nears nehjeds ehinhimay e | es
are both stored in the nenory 70 while being executed by the player. As
new behawidked upr dspaeliokxanblssebdhebiarioans “Goml-BiaMy Qiyaswibadedfo HeicBLL
conput er and one of the 16 MARCH 2004 -15 ol d behaviors nay be deleted to

make roorofnpoter ivhen dRWsarliahs 6 a gobADyR bRt onGhe BEPAYABIE. THRICHED 4D, the

client conputer at any tinme depends on the anount of nenory Spacgm%g}ayabl e
for the RAnBHIITNbIYFLE ' [ ener.at ed. t | ayer 64 based
on the persistent data aﬁiﬁs Eﬁﬁ%ﬁ%@lﬁg‘%i“g@l tﬁ? F%rgslgtﬁ%eva%lﬁr}gﬁta%f“%ﬂ‘%
di spl ay ..a . nethod for downl oadi t hree, dinensional character
files inz[gglg Histchy ey ef‘ﬁ%"f‘ﬂ%ﬁ%ﬁ"ﬁhh&?’laﬁ gribedabovpdy verrisgal e ltahoud a
flowchart il Iigéérati ng a method 100 for downl oadi ng three di mensional
char act ePef§alized, higwavatqthat cach behawior flgds asepniniedoonly withapartitalae persisteht dakie
invention. The downl oading. nethod permts the aninmation to begin rapidly
since t hdlleioimse deaiitngturs oighé behaeiduamicheipresittenttsirage are fied together) and therefore

a walking behavior for two separate models will be slightly different. The behavior files may be

- generated by the creator 42 in response to user input. The behavior files may be compressed in

that the data for any joints which do not move during a predetermined time during the behavior is

not downloaded to the client computer.

Once the t;ehavior and persistent data files are generated, they may be downloaded to the
server 44 and stored in a character and behavior storage device 62 which may be a persistent
~ storage device such as a hard disk drive, a tape drive or the like. The server 44 may also include
a player store 64 which contains a player web file. The player web file is the éoﬂware
application which is ﬁrst downloaded to the client computer so that the client computér may then
interprets the persistent data file as well as the behavior files. Thus, the server 44 may first

download the player sofiware application to the client computer (if necessary) and then, based on



asynchronous downl oad of the behavior files and the persistent data file.
In step 102, the server may determne if the player applicafg IVI?\ 2004
previ ously been downl oaded to the client conputer and nay downl oads the
pl ayer software in step 104 if it has not already been downl oaded. Once
t he player is downl oaded to the client conputer, the server may downl oad
the persistent data fil-e (that nay include the character file and an idle
behavior file) to the client conputer impy.step 106. The client conputer may
then create a character cache if one does not exist and store the
character file and the idle behavior file in the character cache. Next, the
pl ayer i A i . ient, c uter and the player
Dol i cats o ek WS uSERRLRRS aptichltfn 64 oBUhioRE IR R B Bk
execut e j- dl havigr in.step 108, In accordance with the invention,
al | of %‘ﬁ‘g‘a‘{‘f’g‘h‘g?ﬁe £ o1t ba?h? Qgﬂﬁﬁfs‘&%&%ﬂﬂw apjgagion gremsededibyitad | v
downl oaded so that the download tine for the persistent data is reduced
and t he HiPheAmRierily seEcimaydovalendithsanpropriasetbehaviar filptoehessxeanal byc@bi on may
determine if a new behavior for the animated object is needed in step 110
and cont playee ondhesstientdoeputee. i dl e behavior in step 112 if no new behavior is
needed. If a new 16 MARCH 2004 -16 behavior is needed, then the server may
downl oad the new behavior in step 114 in response to a request by the
pl ayer appl i cBich@lient Eh@piteayemadiieluds ald em,sp mine if the new
behavi or has finished go‘wnl oading in SPEJSG%? an g‘gﬁfﬁf?%ﬂ?gﬁt%ge X2t e the
prior behgw i i ks downl.oaded._ ) f. the new_ behavi or
is downl oade:% a#ﬁrédr? °f tﬁgs% ayetrea B ;a/l\ée(%e% E?’ea ct?l eCtCW&ﬁﬂ%—é‘{%{b'icEP‘aV fesideapa 18
and return.. ste 8. |Ip.accordance with fhe invention, the behaviors
are do ecr)sa{ofg%f SEOCI)P gteﬁv‘(?? ?gtllﬁ’ cﬁﬁﬁﬁﬂ?“@‘?te’é@dﬂ‘i{éif’?a&rr"é- ribe gharaater cathet T4tthay st ar t
time of the animation is reduced. In addition, since the size of the
behavi orSt¢e|tRspersistentdpeta S§nehendt is Hawnlgpdsdite Hieslicntisemputenthe fignvindeaadhadtiitne f or
any behavior file is also short. Now, an exanple of the object hierarchy in
the thraay sdtnesrricessaty tadowelpaded thysdrsistentidata absin deee HiehReiculir g 3 IS a
diagramillustrating an exanple of an object hierarchy 130 in accordance
computer again wants to view the same animation. Unlike conventional animation systems in

which the character data is stored in the cache of the browser application so that the character

data is periodically flushed, the system has its own character cache.

The memory 70 may store a browser application 78 which permits the client computer to
interact with the server 44 by specifying ra uniform resource locator (URL) of the server in order
to receive the web files stored on the server using a hypertext transfer protocol (HTTP). The
memory may also store the player software application 64 to interpret the persistent data file and
the behavior files and generate the animated object, a character file 82 generated from the
persistent data file, a first behavior file 84 containing the idle behavior and a second behavior file
86 that may contain a behavior that will be executed soon. Thus, the character file and the
current be_havior files are both stored in the memory 70 while being executed by the player. As

new behaviors are needed, those behaviors are downloaded to the client computer and one of the




with the invention. As shown, the object hierarchy may include a tree of
obj ects organi zed underneath a root node 132. The objects q%ﬂ“AqQSH&%O4

t hree di nensional aninmation system may include a texture object 4, a
sound object 136, a geonetry object 138 and a behavi or object 140. Each of
t hese objects may then include sub-objects as shown for the geonetry and
behavi or objects. In particular, the geonetry object 138 may include 'a

pol ygon obj ect 142 containing the polygons associated with a particul ar
nodel , a norphlinks object 144 containing the norphlinks associated with
each polygon in the nodel, a particle system object 146 for storing smaller

obj ect s i R.e ust d canera agbject 148 for storing

i nf or mat ?Wg%g%‘% Rf“ﬁ’r" dgigkngrt%égg%foto% o l}f%é?%awéf ﬁﬁ‘rﬂé’é! greibahaviigs nodel .
The geonetry. . 4%urther include additional information about the nodel as
shown i nStPF%ld?r‘Tg% ent comppler-ai 20y fime. depengs on thapmaust ofgpgraty spage aymilpbledied ude a
transform object 150 containing novenent information for the joints of an
obj ect t thetanimatfopsysterhe Tobhjrdwntiomganesetadrby the pleyer 66 pasetl of B peesivtdrd dith Agd an
animated texture of a nodel, a sound object 154 containing a sound track

associ at ek bshiviorfileehaybodisfaitddnke difflapPs. eéw, DRENER UM ABadins fiience of
behavi ors conbined together to forma new behavior. For exanple, a script

may be f @iy drdfoRiIRkiabier méﬁa}tﬁtﬁdgﬁg i Gfe in aﬁ{oﬁa%ﬁgée g%%{iﬂ%yui-ncl ude a

behavi or for each response that aracter ser in
response to user input. Each ani mated object may include one or nore of the

enaract or / roalisety 7 o RATREcfinea ieRol o pfodbihashiy pmiona

illustratjng an..exanpl e, of a character object and a three dinmensional

obj ect agé,%gﬁtea’tﬁéﬁs QiamArticnlss 3&ﬂ5‘f ERIRPYLeT 18 acordanasrowitinfhe invention. (RherdoaladiBg gur e
4A is a diagramillustrating a geonetry object 160 for a human character

i n whi chmetwdgsinaits theprimation tedeginoapily suicetiralovminading dime iFesduexdadiipt@thet he
obj ect shown includes a head, a neck, two el bows, two wists, hips, two
knees andsymnshroacus dawintuad of the Ashalgsidilesdd thdstrdisterit Agta FY RAD 103, Re stz act er

i's
may determine if the player application has previously been downloaded to the client computer
and may downloads the player software in step 104 if it has not already been downloaded. Once -
the player is downloaded to the client computer, the server may download the; persistent data file ~

(that may include the character file and an idle behavior 'ﬁle) to the client computer in step 106.

The client computer may then create a character cache if one does not exist and store the

character file and the idle behavior file in the character cache. Next, the player application is

executed by tﬁc client computer and the player application may use the persistent data to animate

the character and execute the idle behavior in step 108. In accordance with the invention, al] of

the behaviors for an animated object do not need to be ini-tially downloaded so that the download

time for the persistent data is reduced and the animation may begin more quickly. Next, the

player application may determine if 2 new behavior for the animated object is needed in step 110

and continue to execute the idie behavior in step 112 if no new behavior is needed. If a new




specified by the novenent of the joints of the character which may then be
turned into novenent of the polygons on the nodel based on tfie eh Jg8ss -
A three dinensional object tree 162, as shown in Figure 4B, I ch nodel s
this human character has a simlar structure. In particular, the object
tree 162 may include a WORLD node connected to a CAMERA node and a BODY
node. The BODY node may further include various objects nodeling the
various joints in the body. As shown, _{yie BODY node may include a H P

JO NT node, a LFT KNEE object and a RT KNEE object connected to the H P
JO NT node and a LFT ANKLE and RT ANKLE node connected to the appropriate
knee nod q j i gbject .tr that is. connected to 16 MARCH
2004 - 186?3"%%}%& i Blon R bV ) S asbdd e b betovic itpiten | Win esspodsethe

obj ect apove. it. For exanple, any . novenent of the LFT KNEE obj ect may
cause t hge%\fﬁ'b%\mpgayc? [,f@g?attog- il Afelayer applicatignmay thenaieterhine THths néwi Baavloance
of the k eef_ movenent by the ankle provides a good nodel of the hunman body.
Si i | ar | §3s fimishef dowplpadim fpteptjlé@nd puntizse (ehedebutoihelpfoLoMaliBF b HichaPt N Of
the ankle objects inherit the novenent of the HI P JO NT object. erefore,

once t hebshevienirtowaloadédidf tie Revt Gehilisthi 8sdmlbseI NS dib S8vi 1,8 Rehavior, the
movenents of the knees and ankl es caused by the ﬂt&bﬁ%’%ﬁna fithedo not

need to hayv BERGIcE ilfdep NN ' tion of a joint in accordance with
the invention will ba desc??{o@% %ﬂﬁﬁggg@eﬁg@%daéwﬁ@bﬁ%ﬁﬂ‘?"?‘l“%,tthﬁb?hwloﬁn

exanpl e | Jon of joints of a character. In particular, an arm
170 of a&% ﬁ?ggl°g§ér‘rfe‘§§+"8%tr‘1‘§ ‘%WSPJ&E?% ey are aaeisA so Bt the Stag timetafdle pumptomds .

The arm i.nclude.a shoulder joint 172, an el bow joint 174, a wist joint
176, an {T?g%cé*f‘ i‘? Pf?‘%%‘s sigeq éize of the bemvion fles itoumadt du8 2o thSintorpldinkk QhStolhy BN
arm each joint has six degrees of freedom since each joint may nove in a

posi t i veldynleaskfime (o axy bihawiot filoris also shosi Nore apexanGIET thE odfectBidBEhT B
. o ] ] \ )] e .
and/or in a positive or negative Z direction. For each predeterm ried period
of time thresfdememsibriabardmationkgsternerill 06 deR@6EH.J O Nt may nove in each of the
six directions. The key period ' : '
Figure 3 is a diagram illustrating an example of an object hierarchy 130 in accordance

with the invention. As shown, the object hierarchy may include a tree of objects organized

underneath a root node 132. The objects used in the three dimensional animation system may

include a texture object 134, a sound object 136, a geometry object 138 and a behavior object

140. Each of these objects may then include sub-objects as shown for the geometry and behavior

objects. In particular, the geometry object 138 may include a polygon object 142 cont#ining the

polygons associated with a particular model, a morphlinks object 144 cdntaining the morphlinks

associated with each polygon in the model, a particle system object 146 for storing smailer

objects such as rocket ship exhaust and a camera object 148 for storing information about the

camera position and angle with respect to the model. The geometry may further include

additional information about the model as shown in Figure 4B.




may preferably be 1/10th of a second and the player may interpolate the

nmoverment of the joint in each direction in between the key 4pefia
ensure that the notion of the joint is snmooth. The key peri%?“ngﬁﬂb%oggt

by the user. As each joint noves, the part of the body near that joint may
al so nove. In a three dinensional aninmation character in accordance with
the invention, the synchronization of the novenent of the body part and
t he pol ygons whi ch make up the "skin" of.,16 MARCH 2004 -19 the body part
with the joints of the character are acconplished by the norphlinks in
accordance wth the irnvention that will now be described in nore detail.
Figure 6 is a,[?li gghram iLiI ustrat i ng a norphlink in accordance with the

i nvention for CRESIAVIEEPICSH P May 1gluda R traisforg ebiect! S0jcantaiing reoncempie, t he
pol ygons coverjng the upper armmay be influenced by both the shoul der -
j oi nt 172nfgrpationdorthe inint of #n obicut to trmsforinitle ehjetpl texturehack oijv@nsnt of a
pol ygon 184 on the outside of the upper arm based on the novenent of the
shoul der cputhiningamdniiatod:leomye jfai mbdetia soulBotdas ¢54 Bfhinihf 2 LG QYEMENt  Of
the polygon 184 is influenced only by the shoulder joint's novenent, the

Pol ygon Aottt wIbiehd@viBPaldd Riptobiset § 56 {LAAGHTRY gg&ﬂg%ﬁofﬁfg‘%%g{g% co |8

i nfluenced only by the novenent of the elbow o Ne¥ove

to positi r WSt cal nodel the.nove t .of the polygon,

however , k%g?&t? oet;gggfa %%heb%é%' ?/r'elFéf)%’famp(B‘?@sF%PtM @l’gg‘?fén@ﬁé}t'%ﬂltmm@@nb@m@i ved
by the usgr view,n t_h% ani mat.ed character as an aberration. Therefore,
the pol y§iracterAndmay include 3 behpvienfos gadkyrespenss that the chmoticchmrkes a6 the uaerdnt he

el bow joint so that the polygon 184 noves to position x, when the

i nf | uenc&spensgde nser input. sEagh enigrsmta objest may arcilds ore vy m&ebhmeiaﬂamﬂg&&. the

rel ati onship of each polygon on the character to the joints in the

char act eiNowg yn beamgile bfuie bbjetttor AparidilarYhatlabAn¥ii] G b FesShimyged Wi th the
persistent data file. The norphlink data permts a behavior file to only
specify the novenent of the joints in the character (a small anount of

L “SIMES PSSR 0 SRR Bl L
dimensional object associated with that object in accordance with the invention. Figure 4A isa
diagram illustrating a geometry object 160 for a human character in which the object models the
joints of the character. For example, the object shown includes a head, a neck, two elbows, .two
wrists, hips, two knees aﬁd two ankle joints. As described above, the movement of a character is
specified by the movement of the joints of the character which ﬁay then be turned into
movement of the polygons on the model based on the morphlinks. A three dimensional object -
tree 162, as shown in Figure 4B, which models this human character has a similar structure. In
particular, the object tree 162 may include a WORLD node connected to a CAMERA node and a
BODY node. The BODY node may further include various objects modeling the vaﬁous joints
in the body. Ag shown, the BODY node may include a HIP JOINT node, a LFT KNEE object

and a RT KNEE object connected to the HIP JOINT node and a LFT ANKLE and RT ANKILE

node connected to the appropriate knee nodes. Each object in the object trec that is connected to




based on the norphlink data. The actual influence areas of each joint on
particular polygons on the three dinensional object is contygolagsboolte
user during the creation of the three dinensional character so that once
the character is created, each polygon on-the character has a fixed 16
MARCH 2004 -20 novenent relationship with respect to the joints of the
character. Now, an exanple of the area of influence of a joint wll be
provided. Figure 7 is a diagramillustrating an exanple of the area of
influence of a joint in accordance with the invention. In this exanple, a
joint 190 may have an inner area of influence .192 and an outer area of

i nfl uenc 4 hody. part 196 . roundi ng_the joint 190 is shown by the
dotted | ?“r‘?é‘%?“ﬁg?‘“’ﬁgﬁ 1?@'«3"&5‘3"6%3{1??3{‘%%}8@“&&%{ thgjoblsrt bkt Rerexampleaanyf

i nfluence 192, the joint 190 contributes 100% of its novenent to the
movenent TAveRsRl thidh i KAEE qbject mpy caie tsILé'T ANKLEmbjeette iheit thpahnigons A
and B have 100% contribution fromthe joint 190 so that, for exanple, if
j oi nt 19@avomest. This inherancp ofiht kuee nloctinteRChY B anklBPidvINes ¥ GEUMSmANABELB al SO
nove 1" in the positive X direction. Then, if another jornt noves 1" in

the Y di hembhb6dRBlmkag, @D HLP b@mobjé&%h/&vbg b IRYSIRALs B g@ﬂ@f@%‘s A

and B, polygons A and B also nove 1" in the direction” 1n a to the

t 4 di j in.th t finfl
o, 2l SHReS bRz ARl oM MASRONIARE 3H8hn i Bamescmart ohe

pol ygon i,s farther . fromthe joint. Thus, at the periphery

bet ween t eﬁﬁﬁ@ﬁﬁw&w&w@%ﬁg bghaviqrs ‘ﬁaél%é‘}wft‘-h@f the lgrees Nblﬂfi%mcil@e@ti |l
100% whil e the contribution for a polygon at the outside edge of the outer
area of PHtrUAHCIOINT moyenmrlido nat aeedtoibg gpesifedi Now the aricalntidreof atjbiat jnoi nt
contributes 50%to the novenent of polygon C so that if the joint noves 1"
i n the pesiordanee XitHitheioyéntion wilbby destribed. noves 1/2" in the positive X
direction. For polygons D and E in this exanple, the joint 190 contributes
0% novenent so that the novenent of the joint does not affect those

- polygons.  Thisguré Sis Hdiagranallyseatingah cainhleQ i RRATORBE jofid SBY @lracter.

character, the contributions for each
In particular, an arm 170 of a three dimensional character is shown for illustration purposes. The
arm may include a shoulder joint 172, an elbow joint 174, a wrist joint 176, an upper arm 178, .a
lower anm 180 and a hand 182. Similar to a human arm, each joint has six degrees of freedom
since each joint may move in a positive or negativé X dkmﬁon, a positive or negative Y
direction and/or iq a positive or negative Z direction. For cach predetermined period of time
referred to as a key period, each joint may move in each of the six directions. The key ﬁcriod
may preferably be 1/10th of a second and the player may interpolate the movement of the joint in
each directioq in between the key period to ensure that the r.notion of the joint is smooth. The
key period may be set by the user. As each joint moves, the part of the body néar that joint may

also move. In a three dimensional animation character in accordance with the invention, the

synchronization of the movement of the body part and the polygons which make up the “skin” of




joint in the nodel is set by the user using the creator user interface and
then stored in the 16 MARCH 2004 -21 norphlinks by the syst efg ARSI 2p@ance
with the invention. Now, an exanple of the process for creating a three

di rensi onal ani mated character in accordance with the invention using the
creator will be described. Figures 8A and 8B are diagrans illustrating an
exanmpl e of the bones within a nodel in accordance with the invention. The
bones in the nodel are generated using _gguser interface 200 in the creat or
application. The user interface 200 nmay 1nclude an object w ndow 202 whi ch
lists the objects, such as the geonetry and materials (textures)
associated with the parti cul t hree dinensional character being

gener at ed® SR Pa &ty tﬁ? i eldho ehnractsy a5 aceomplshetly the gwertdinksin apeordanee 204
which lists all of the geonetry associated with the particular three :

di mensi ondih the inyeafiandhatsvil mowdednserihetin medethidf t shoul der ( Shoul dL), the

| eft upper leg (UpLegL) and the like. To help the person creating the
character, the geonetry is listed in object order so that the associations
of objects wi Figuot6éva dibjreatiBusaathg h@omphlink DlictRamcovith e ialhatiBs tGhst i €S
(such as the association of the upper left armwth the | eft shoulder) may

e vi evedpyt atihang bishiRin e SORPIR!lmblolo Boy IR SROTEMunthndON ] 50

permts the user to nake certain portio RVT 81 Bfe® i f
desired. ; ' rface. 200 a% 0 i.ncl.ud tEre . di mensi onal
char act erle\)ll%g&v{\?iﬁ)r %ﬁ% oW ?ﬁ%ﬂ\’lﬁ%‘lucqﬁ)égﬁ %f eh?év jﬂ‘é’g}%’t h °rctﬁ¥"l°é?ff‘l’lﬁi By of the
character. Int hifs H‘?anrrpl e, aQnly one or nore bones of the character 208
and one &OVHBERE 9L3iRME0B184 gp HreSHtsitls of the upperaanbasedion theppovsmantoftht ocat i ons
in the geormetry window. The bones and joints of the three dinensional
nodel nayhoyddeyaeiat anddhc efpow limintoviddic descaibpd. i If teinprvementnf tie pudygdonksewn third
party piece of software. Once the bones of the character have been |aid
out and swfluchyed dnty b e shdvider JEnNAROH 2B 4he pblygon 184 may move to position x,. If

the movement of the polygon 184 is influenced only by the movement of the elbow joint, the

polygon may move to position X,. To realistically model the movement of the polygon, however,

neither of the above positions is accurate and would be perceived by the user viewing the

animated character as an aberration. Therefore, the polygon 184 should be influenced by both

the shoulder joint and the elbow joint so that the polygon 184 moves to position x, when the

influence of both joints are used. In accordance with the invention, the relationship of each

polygon on the charactgr to the joints in the character may be stored in the morphlink data which

is stored with the persistent data file. The morphlink data permits a behavior file to only specify

the movement of the joints in the character (a small amount of data) and then the player

application on the client computer may determine the movement of each polygon of the character

based on the morphlink data. The actual influence areas of each joint on pazticulér polygons on

the three dimensional object is controlled by the user during the creation of the three dimensional

character so that once the character is created, each polygon on the character has a fixed




user may place a "skin" of polygons over the bones as will now be descri bed
with reference to Figure 9. Figures 9 and 10 are di agrans ifdhﬁﬂ$§§ﬂ2ﬂ64an
exanpl e of a nodel with the bones and polygons in accordance wth the
invention and an exanple of a character displayed with only the polygons,
respectively. Once again, the user nmay create the three di nensiona

ani mated character using the user interface 200 of the creator. In this
figure, the user has selected to have _%&e bones 208 and joints 210 shown
in w ndow 206 with a polygon skin 212 placed over the bones and joints.
The pol ygon skin may be generated by the creator application or by a third

party pi f frware. .The pol ygon skin 212 forms the actual surface seen
by a per Z‘goﬁle xgﬁraav?ngié\%)warﬁ@%ﬁ# Jainksfdhorheractani Nowcah cxtmpla of te spachrany

texture rr%i) ed onto these polygons. Figure 10 shows the character w th]
ust the P L&ﬁ%ﬁfﬁ“‘ﬂ‘?‘ﬂ@ﬁf@’%ﬂ@?ﬂ-ayed to the user in the user interface
200. The character shown in Figure 10 accurately depicts what the three

di mensi onal ani mated character may | ook |ike with the exception, of a
texture bei ngFiueckis aclingrime ilpotrytiers. exadpletif ¢ diaornivendalof &gk ed :
character with a texture placed on the polygons will now be "described with

ref er encectonddncguite thelntentiodl thahis EkAHI8, aljdink $9Pme) REL AT k] Mot W%&\%ﬁ _%n

exanpl e of a rendered, unlighted charactér 220 in accordancé
 nvent i on omik ikl aesd P ishndl BAOK 205 NI10E (E1Quse T2 s, A di agr am
illustrating an exanple of a rendefe Ql?’lpl\ﬁ%r} @a fling r-‘°‘2§3®0i1ﬁ315%‘€th36ance
w th theg f: tFAs shown in Figure 1 t he three di nensi onal character
t : i ] i joi
has been %%d@é@%gﬂ% R pU¥§em 88 %‘1098%% wdigin the; pner grey of dnflnented 921 the joint
char act erlﬂﬁas I.gn%nlgsg r, .eyebrows, a nose, a nouth with |lips and eyes. The
fext ur es L& §onsEDY & Ydtispgovemeny tp thasaeyemant eftbossipolygbrsdt thisdxdmbRehe
positioned onto the 16 MARCH 2004 -23 ani mated character by the user using
the creafmnvempp|of pelybens. A aiveB bave 106%cuntrifution fiohatheypir 19@8 thatl for SRaife] N
Figure 14. ' ,
if joint 190 moves 1” in the positive X direction, then polygons A and B also move 1” in the
positive X direction. Then, if another joint moves 1” in the Y direction and also contributes
100% to the movement of polygons A and B, polygons A aund B also move 1” in the Y direction
in addition to the movement in the X direction. For polygons in the outer area of influence 194,
the amount of influence on the particular polygon decreases as the polygon is located farther
away from the joint. Thus, at the periphery between the inner and outer areas of influence, the
contribution is still 100% while the contribution for a polygon at the outside edge of the outer
area of influence is 0%. Thus, for potygon C in this example, the joint contributes 50% to the
movement of polygon C so that if the joint moves 1” in the positive X direction, polygdn C
moves 1/2” in the positive X direction. For polygons D and E in this example, the joint 190
contributes 0% movement so that the movement of the joint does not affect those polygons.

Thus, for each polygon on a thrcc_ dimensional animated character, the contributions for each

joint in the model is set by the user using the creator user interface and then stored in the




In Figure 12, the same character has a chronme texture and has been |ighted
wth a particular lighting nodel. To texture the character 44 HOne
surface, a material w ndow 232 nay be displayed which pernf%gm?ﬁgﬁﬁé§?4to
select a material/texture. In this exanple shown, the chrone nmaterial was
selected. The material w ndow may include a palette 234 of materials which
may cover the polygons, such as a body material, a bottomteeth material, a
chrome material, a hair material and gfop teeth material. The |ighting
may be applied to the character by specifying a lighting nodel for the
character. An exanple of a lighting nodel will now be described with

ref erenc i 13., Figure 13 is.a diagramillustrating an exanpl e of
an envir g?]%l}ll@é(? H@ﬁ SP’?%"HP??F@"WB%IW‘%B “}"%“té?(‘,‘c AR EX3iR % of the piopese firi on
whi ch may be applied to a three dinensional character such as the one
shown i n°F52H08 gﬁt{%ﬁ dimgesienl aimaed phasicterdm agaslance witinbe atventidmusimghag t he
selected lighting choice illumnate a surface of a sphere. Thus, as shown
i n Fi gur erea®r withge gesctibesiul ar | i ghting nodel causes the sphere's surface to
have a particul ar appearance made up of individual pixels having different
intensities. To transfer the |lighting nodel onto a three di nmensional

character, thEiQaeH 2B ot dabns MAisRatA) mikadpR i sha g ahiodl 1S the
sanme as the appearance of the sphere at the sane |ocation. For exanpl e,

the | eft a8iqd ; ; | nd .the character, shown
in Figure 12ffanglé ggﬁ ﬁlaeéﬂg&%rs?'g t @Bg{ ﬁlg{ﬁm%@%%g%%ﬁ%r%ﬁm%? Yt Gterfagg 200~
char acter. imlarl .t he.spher.e has | i ght shadow 246 _near the top of

t he spheruéth(g%r rgprgﬁcgy%{&?lgﬁp b o 112 2@%‘3‘?’% RgioRiget VisHew 302 whish dias
Thus, in accqrdance with the invention, the lighting Mdel for 16 MARCH
2004 -24 J%F‘!fgtaé the; geometmnngh ragienials (ledwmes)gssopiated avitythepartioudar trke t he

| ighting nodel on a particular |ocation on a sphere and then mapping the
spher e' s dimefstanakrharacienbeipmganerteda The osaintenfzce ROMMEAN also preludg @ @sodimt he

ani mated character at the sanme particular |ocation. In accordance with the
i nvent i onwinddw R&4 which liste @ 88thy et BscRke Willethk psibhIROLRUiS SRl X! of
the character. In a typical '

character such as the neck, the left shoulder (ShouldL), the left upper leg (UpLegL) and the like.

To help the person creating the character, the geometry is listed in object order so that the
associations of objects with ather objects and the attributions of the characteristics (such as the
association of the upper left arm with the left shoulder) may be viewed by glancing at the
geometry window. The geometry window also permits the user to make certain portions of the
character invisible, if desired. The user interface 200 may also include a three dimensional
character viewing window 206 which shows the user the current view of the character. In this
example, only one or more bones of the character 208 and one or more joints 210 are shown by
clicking the appropriate locations in the geometry window. The bones and Joints of the three
dimensional model may be generated by the creator application or by a well known third party

piece of software. Once the bones of the character have been laid out and set by the user, the




t hree di nensional animation system the |ighting nodel may be transferred
onto the character by calculating the lighting of each pixeg|

character which is a slow process. Now, an exanple of a nore‘ghlﬁ?‘rﬁ?ﬁzom
associated with the leg of a character will be described. Figures 15 and 16
are diagrans illustrating an exanple of the bones in a leg and the

nor phl i nk associated with the leg in accordance with the invention. In
particular, Figure 16 shows the display yy ndow 206 of the creator with a
bottom hal f 250 of a character. In this ““éxanple, a hip joint 252, a knee
joint 254 and an ankle joint 256 are shown inside of the character. Each
pi xel of R f-ormng the "skin" of the character may then have its
mot i on det% %&%B&?ﬁ cg;‘,} A %Prpt?g'th?s et thgdonesas adt apwibp desoribediwith heferaidentl! | NKS
that associate a particular pixel's novenent with the contributions from
each join I§Ue he character. Fi gure 16 illustrates the user interface 200
with the main wi ndow 202, the geonetry w ndow 204 and the di splay w ndow
206. \When viewi ng the norphlinks in the character, .the user interface may
al so i nclude aFtesrepfiand kO eienittgranGiBusthtiogac @RRRHINGE Anbddt wifinSails po Yoon
in the character along wwth the contributions of each joint's novenent to

t he novenpolygafs ih habrdape Wigohe idvnddy rjght. | as, noved
upwar ds and a pol ygon 260 lhasctl)ee[rll seﬁ?lg%ggﬁhﬁ?ﬁgb%Da#pcﬁ?ridﬁﬁﬁafcﬂﬂwfﬂ%h%y

then hi ghpbighénst Repes t8, v g6 Body Geo Vert 188 in this exanple)

al ong wi th ?Eée coﬁ% rﬁ) t'i(g%efgg%l%{ﬁgtﬁﬁe ﬁ‘é’%"f%ﬁeﬁ{wmﬂ&m%ﬂmﬂmﬁeﬁ this
exanpl e. 2004 -25 Thus, if the knee noves 10" in the positive X
direction, 't ke sel %glcé’c§°f;}8‘ﬁ§ﬁh§%ﬂs¥°ﬂa\§@§cwa%2inﬁhwﬁm, theasser hiag seldctet toa@té on.
As descriﬁﬁ?J abovg, ach £O| ygon may be-influenced by one or nore joints
and the cHIFPPREIADS SRS IoMtts eklbshoppiimwindow 206 ceith # mdgtonekint T12@iced Bidignd he
nmovenent of -that polygon. The norphlink permts a downl oaded behavior files

to speci fyorsspryd jors. iheaotygon dfin neg b ghmirtéd Bgie ChaR: b ic%&%&rbggﬂhflﬁ'e

client computer nmay determ ne the novenent of each polygon bas on the
movenent  prtytpiecejofisoftvearaind'hé Boty EaH RH 2 KB rmMNAYacth i Sudi &g Al 4 0f | uence of

Y & person when
viewing the three dimensional animated character and any texture mapped onto these polygons.
Figure 10 shows the character with Just the polygoﬁs 212 being displayed to the user iﬂ the user
interface 200. The character shown iﬁ Figure 10 accurately depicts what the three dimensional

animated character may look like with the exception of a texture being placed on the polygons. |

A three dimensional animated character with a texture placed on the polygons will now be

described with reference to Figures 11 and 12,

Figure 11 is a diagram illustrating an example of a rendered, unlighted character 220 in
accordance with the invention within the vic;wing' window 206 while Figure 12 is adiagram
illustrating an example of a rendered, lighted character 230 in accordance with the iﬁvention. As
shown in Figure 11, the three dimensional character has been covered with textured polygons so
that, for example, the character has long hair, eyebrows, a nose, a mouth with lips and eyes. The

textures may be generated by a third party piece of software and then positioned onto the

R




ajoint will be described in nore detail using the character shown in
Figures 15 and 16. Figure 17 is a diagramillustrating the cligag ¢¥%H
Figures 15 and 16 showing the area of influence for each joint. e area
of influence for each joint may include an inner region 270 and an outer
region 272. During the creation of a character, the user of the creator may
adj ust these inner and outer regions which adjusts the influence of ‘that
joint. In this exanple, the areas of igpfluence for the hip joint 252, the
knee joint 254 and the ankle joint 256 are shown. The details about the
areas of influence are described above and will not be described here. Now,
exa P or will, described. Figqure 18 is a diagram
i I | ust rg'tml1 IﬁbPJalr?%aelggl@np b e uﬁle"‘ﬁg%ﬂ Bratorggplicy "%%%ﬁ??éﬂwgbwdpmctemﬁentl on
whi ch nagvge domnjoaded to a client conputer. As shown, the structure of
the behBABVIARYIEE t%ow the structure of the objects within a character.
In particular, the behavior nmay include a root node 282, a dance hi ps node
284 speC|fy|n t he novenent of the hips of the char act er during the dance
behavi or, gh]ilﬁuﬁetl?- ton sameichiration bes 4 Eltroka ertunost@iha? Béen 12HGd Wi £h
specify the novenent of the knees during the dance behavior, etc. Thus, the

obj ects partitiler ligheing viodel. MRtektQre the claRicRs Withithe dHiging St
objects in the behavior specify the 16 MARCH 2004 - Z%E%%§gﬁéﬁ€ﬁﬂ %

bj-ect t beh
a5 Spacy 18 SEARPRLSEICh BoRfE b B b e b R SRR 1 bl shown

behaV|or h. occur, over, ti ehayi or nay_ be broken down into one
e %e;%%?e. S S e e o The foRiErs] S toveen gy 8 otiotio R et miteral

behaV|or e at each new key period and the system may interpolate
bet ween 'iﬁ’gf’"i theBolygons. Behast b@dmyclaﬂlsmbdﬁemgwtbnmd aichrdoiat , i f an
obj ect, such as the head, is not -noving or the object is not changlng its
movenent Mstarizhg heisanatesishendon toptiteth mbfesielt The tightingandyetrchpihad 0ahd g{a;-acggﬁ,y of

t he behavior file since the player will assunme that any joint not in

behavi or sfecifgingjallighting inbee] Sorthe HhatotdrNAb ekdmMBSF SRk IR §iti v BET t er
under st and t he behavi or,

described with reference to Figure 13.

Figure 13 is a diagram illustrating an example of an environmental map lighting model
240 in accordance with the invention which may be applied to a three dimensional character such
as the one shown in Figure 12. The environmental map 240 is generated by having the selected
lighting choice illuminate a surface of a sphere. Thus, as shown in Figure 13, the particular
lighting model causes the sphere’s surface to have a particular appearance made up of individual
pixels having different intensities. Tortransfer the lighting model onto a three dimensional
character, the appearance of the character at a particular location is the same as the appearance of
the sphere at the same location. For example, the left side of the sphere has a bright spot 242 and
the character, shown in Figure 12, also has a bright spot 244 along the left side of the character.
Similarly, the sphere has a light shadow 246 near the top of the sphere and the character 230 has

a corresponding light shadow 248. Thus, in accordance with the invention, the lighting model for




an exanpl e of an object within the behavior will be described in nore
detail. For purposes of illustration, the dance-hips object j
described in nore detail, although each object in the behaJ%@?Aﬁgyhﬁggg a
simlar data structure even if each object noves in a different manner.
Thus, for each key period (shown in Figure 18 as 0.1 second intervals),
the object 284 may specify the novenent of the object in the three

di mensions (X,Y,Z). As shown, the novenmgpt .in each dinmension nmay change
during each key period. Between the key periods, the player may use .
interpolation to ensure a snoot.h novenent. Another exanple of a behavior

wll now I; Laures. 19A . 19B and 1 re.diagrans illustrating
anot her etgg?rp e%(gf1 ?%QB%E%\% ?(%O(ra&lm# uphe ApRsarpee ?%l(a?%‘;bﬁﬂg F’rg?gar?é’i drertiquiart hij s
exanpl e, 1t he. behavior is having.a character's nouth form the syllable "Ah"
and a cor PELSBRERBCHIINE B ingthe sphsresy ighting at the ppdicwlar Ineationantothe r
speaking the syllable "Ah". Figure 19A shows a structure 290 for the

behavi or RESRS e animeted gharaqter ab thersame paiticelaf locatios. RoR cordaesvitthe
synchroni zati on of the character with the behavior 16 MARCH 2004 -27 at

each key ipemitiod, it Eabt moksgyeacdcdlitthelTphlRg Fot chdh iJEEFBPth@@HH:‘% tdh ghe nt
of each object in the character during thgét keyq)peri od inc cuci-i(rifglg t SAZF

posi ti on haddfeRionS3minMidh 8¢dem HIE A [ nge of each object and
the scal e change of each obj gc%[{l’ ?é@?ﬂgg?@%}#ﬁ%ﬁc&%%}s%g ° tgﬁlg‘?/"i’wcw&g}’ect
294 for the 1 AhC gbehauior.includi ng |inks to each object (joint) in the
nmout h- t hat 1 lsﬁ{apl VHS lg%ﬁﬁg pEeaCH pige B’é‘%ﬂ?ﬁl&f‘%"qui“@?filés 3 loWiprocgss: r Npwsarsexampled
track 296 assocjated with the "Ah" behavior. |In accordance with the-
i nventi orPf anesehlink associaied wathste lagaf g sharacter willhei degeribbd.behavi or s whi ch  may
be sel ected based on various factors including a user's actions. Thus, the
invention permts a class of behaviors to be downl oaded to the player at
one time. NowFiguraethewd toire diegmmsiiliestratinhan exempld of tedonediandeg sd the t he
invention will be described. In accordance with the invention, it is
desi r abl en¢rphligk asgodidied with thetlégnin acforddiee aithA®d it¢ention. In particular, Figure 16

shows the display window 206 of the creator with a bottom half 250 of a character. In this

example, a hip joint 252, a knee joint 254 and an ankle joint 256 are shown inside of the

character. Each pixel of each polygon forming the “skin” of the character may then have its

motion determined by the credtor of the character by setting the morphlinks that associate a

particular pixel’s movement with the contributions from each joint in the character.

Figure 16 illustrates the user interface 200 with the main window 202, the geometry
window 204 and the display window 206. When viewing the morphlinks in the charﬁcter, the
user interface may also include a morphlink ﬁindow 258 which contains a list of each polyéon in
the character along with the contn'butiéns of each joint’s movement to the movement of that
polygon. In this example, the right leg has moved upwards and a polygon 260 has been selected.

The morphlink window 258 may then highlight the selected polygon (BodyH_G'eo Vert 188 in

' this example) along with the contribution from the knee joint which is 77.62% in this example.




character including its behaviors as soon as possible so that the user of
the player application my begin view ng the animation as

possi bl e. When a | arge behavior file needs to be dommloadeéﬂ?gpﬁﬁg4&Q%ﬁﬂ
application, it is possible with conventional animation systens that the
animation of the animated character is delayed which is not acceptable. For
exanple, if a behavior contains a sound track, the sound data may be | arge
enough that the behavior takes as |ong,t0 download as it does to play. On
a nodemthat transmts 28,800 bit per second, even conpressed sound data
requires 13,000 bit per second to downl oad the sound data and the behavior

key fra 1N L.of the.b width. It is not reasonable to nmake
a user V\n/gllshtuléﬁ? P{\?el&ﬁ% ﬂﬁ’%‘gﬁ’f (’)nr&% H%Sltf‘fe\?}ggﬁ%l?ﬁethF Bﬂﬁ’tﬁ"gﬂ?ém% MAVEs G0k ioals
before it ig.gb§¥ed. I n accordance wth the invention, the animation

syst em aPSTHN® Satiraction- s deseriged sheve. eashpplysen miay hainfivenged by enowRabte36iag - 28
pl ayi ng a behavior while the behavior is still being downl oaded to the

pl ayer apipditeegangibufipnscef eachdpinbarciaddadriogathdremdateratinesthe amvtment oFitgur e 20 i s
a flowhart illustrating a nethod 300 for stream ng behaviors in accordance
wi th the polygent /The motphliak ppmBA 3 dowiRalEESchEFIYr S8 RGhed b AovaRg

(o]
start the execution of a behavior by,. for exanple, clicKing on-a L?tfton

't The bonguar e MeRE bl of HERS borb B B A b Re pr G ebEi o

if the behavior is a stream ng avi or*since eac ted

wi th an I har.act er ma identified -as_a stream ng behavi or or
not | A bR e B SlerkY otBedoSE B LS Eaerig i o g e mifvgncs of
behavi or requir, re than a predetermned download time, such as when

t he behaAl8 ti“ﬂﬁ’agg%ﬂwdﬂal% eiail ysing: the chasaeserishewn in Riguresal S siriéani ng
behavi or, the nethod is conpleted. If the behavior is a stream ng behavi or,
the player application may downl oad the behavi or objects, as described

bel ow, i n st e 806 1Ak dampmddusyatingtbe thargter368 dEFignms b8 dndsi b winghwek of

t he-behavior data. in step 308_ In a preferred enbodi nent, the chunk of
behavi or ade of inflyenbe fos eddhljcine rithedadag of DflutRe fraeidt Afay iftud2 el AP egiothe

rest of the : ‘
270 and an outer region 272. During the creation of a character, the user of the creator may
adjust these inner and outer regions which adjusts the influence of that joint. In this example, the

areas of influence for the hip joint 252, the knee joint 254 and the ankle joint 256 are shown. The

details about the areas of influence are described above and will not be described here. Now, an

example of a behavior will be described.

Figure 18 is a diagram illustrating an example of a behavior 280 in accordance with the
invention which may be downloaded to a client computer. As shown, the structure of the
behavior may follow the structure of the objects within a character. In particular, the behavior
may include a root node 282, a dance hips.node 284 specifying the movement of the hips of the
character during the dance behavior, a dance-rt. knee and dance-1ft knee nodes 286, 288 which
specify the movement of the knees during the dance behavior, etc. Thus, the objects in the

behavior map to the objects in the character since the objects in the behavior specify the




behavi or data may be downl oaded asynchronously as the player application is

executing the previously downl oaded chunk of the behavi or , diﬂﬁ
behavior that lasts a total of five mnutes, the stream ngd@telﬁéw or zggiétngs

playing after only ten seconds and the rest of the behavior data may be
downl oaded as the behavior is being executed. In accordance with the

i nvention, the chunk being downl oaded to the player application nay al ways
be a predeterm ned nunber of seconds (ten seconds in a preferred

enbodi ment) ahead of the currently playisag portion of the behavior. In a
preferred enbodi nent, the predeterm ned chunk of behavior data downl oaded
before starting the behavior may be ten seconds of behavior ‘tinme. The

downl oadimmyementtdfeherobfdotsah tHeltBark&tedRGHAIEAS thezlﬂovs&ﬁc‘ﬁt”}rﬁl) hggof}?ﬁ/%'gz{[%dat a
e : :

may al so be ten seconds ahead of the currently playlng avi o The

Congest | o ana L RereF arenSa SN The Schiof KB b Yol Shork Yl st B ver e, 1 ¢

congestion and therefore i1s del aye
st ream ng behavi or as soon as

t he pl ay | i started.playing th

it was d?&%g‘hg‘gﬂ‘t‘* %2"‘8‘%"& °P’?%)Ht8>? %Pﬁg@ﬂf& ey Rerds 5p tabie mowemeng of eachmat i on.
Thus, the_ren second interval provides a buffer of data so that the system
has sone °PKH; 9uring thebehrioranayahangest eashaaw kg perindand dhe systela anydattalatd-or t he
stream ng of the behavior data to work, the behavior data nust be

conpr ess &etwsen tiiedey berfralvi Bhe bhheionmyy dlso bosvrippasatiniiadTF arl dfecl, BLET Rehe At
| east as fast as the player application plays the behavior data. For

exanpl e, hiedd, i1t nov R ob §R bR A6 BhaL SdhenDEurP 8 MR Rhvist S oblelE
behavi or data is highly con%fessed so that 1t requl gﬁcqegé%&?ﬁgr?b{?ﬁte

dt iar.data. Returning to the.
FF onenar (o B aolt Gl he it SR Moyl A sosti Al it et natie

pl ayer appli i xecute. the. behavioy jnstep 310. While the initial
chunk of Qg)g %@‘lgrofﬁg?v@i cbglf‘ ﬁ*’d“%‘i%‘&&ﬁlﬂg'a wag &‘éﬂ%{"ﬁj?@r Tobstteramdersand thy behavior,mi ne
if the downl oaded _behavior data is nore than a predeterm ned nunber of

seconds (PREHTR/C SEEbICt Wifhia thy ehaviprwillheisenrivedm merh deteilof

For purposes of illustration, the dance-hips object 284 will be described in more detail,
although each object in the behavior may have a similar data structure even if each object moves
in a different manner. Thus, for each key period (shown in F igure 18 as 0.1 second intervals),

- the obj ect 284 may specify the movement of the object in the three dimensions (X,Y,Z). As
shown, the movement in each dimension may change during each key period. Between the key

periods, the player may use interpolation to ensure a smooth movement. Another example of a

behavior will now be described.

Figures 19A, 19B and 19C are diagrams illustrating aﬂothcr example of a behavior iﬁ
accordance with the invention. In this example, the bchavio; is having a character’s mox.lth form
the syllable “Ah” and a corresponding sound track being played to simulate the character
speaking the syllable “Ah”. Figure 19A shows a structure 290 for the behavior which may

include one or more time frames 292 to ensure synchronization of the character with the behavior




t he behavior data currently being played in step 312. If the downl oaded
behavior data is nore than twenty seconds ahead of the curq%ﬂhhxa %Mﬁﬂ
behavi or data, the player application nmay stop further downloads 1n“step
314 until the new behavior data is less than a predetermned tinme (ten
seconds in a preferred enbodi ment) ahead of the currently playing behavior
data. Then, in step 316, the player application nay downl oad the next
chunk of behavior data. In step 318, the player application may determ ne
if there is nore behavior data to downl-mad and either |oop back to step
308 to downl oad a next chunk of behavior data or conplete the nethod if
there is no nore 16 MARCH 2004 -30 behavior data to be downl oaded. Now, the

st r eam nait &Rh&ey péridd. [FRHoWihgReSOHHARSRe Wi thd) ' LR WLl Be.
described. Figure 21 is 2 dﬁggranliIIugt#at?%gﬁguggggg&§$§F§f§§BOﬁﬁm““

accor danggs MMatddtel RGrid LD 4 icul.ar, the creatqr, described above,
may generate speci al wﬂ%&ﬁ (g)rrl °dsltla (r:heuﬁa%ﬁé E\HS %ﬁ‘é‘ﬁ%?‘}?ﬂ’? ﬁ?&%}gﬂg"ts‘{"? eEgntationes .
The stre files 330. i.ncl ude, behayi or objects 332 and one or nore
chunks - ofbeg o Fach pi i BE e e 26oech phisb iy 98 Hlpestean brtgvibrcl ude
all of the data that describes the conponents of the behavior, such as the
geonet ry °QIF8t $3OR6 e fhbn behavios insludingilinks torpacihebject (oimbtie theahatia tabis nsived NY

t he behavi or. The behavi or objects does not contain any key franes of

behavi or dysnathedghiviers FiguntoCidlsiratdsacsouef trdck @96 B€oeiated it thd " AHSeRfvior
behavi or data 334 may contain a predeterm ned amount of behavior data

(such as Invwocaréanaebthahe DEbaiohol beldkior sy Aso MERAES gﬁ&@l{m%b&ﬁ%é )whé(c or

exanple, the first chunk of behavi or data may contain frames

fromal! iy denieichel Bl on Va6l Tadtlt Sl BEE Wusl dolithd! Bl Wil BBt St oril ned

time interval along with the sound data“tha tipp permits

det er 1 o Of behavi or. Each chunk of behavior dat
Ciarts ot PheobidibEblBoyRondedo eBR R e Newe Husiod Rmsrewniae | nat

the initi aﬂe chunk starts at the start of the behavior. Now, an exanple of
the strQ&Rayfes S Re pveniion 301l e depstibedni | | be descri bed.

In accordance with the invention, it is desirable to being the animation of the animated
character including its behaviors as soon as possibie so that the user of the player application
o
may begin viewing the animation as soon as possible. When a large behavior file needs to be

downloaded to the player application, it is possible with conventional animation systems that the

animation of the animated character is delayed which is not acceptable. For example, if a
behavior contains a sound track, the sound data may be large enough that the behavior takes as
long to download as it does to play. On a modem that traﬁémits 28,800 bit per second, even
compressed sound data requires 13,000 bit per second to download the sound data and the
behavior key ﬁ;ames require the rest of the bandwidth. It is not reasonrable to make a user wait
five minutes for the five minute long behavior to download before it is played. In accorda.nce

with the invention, the animation system and in particular the player application may start




Figure 22 is a diagramillustrating an exanple of the structure of each
chunk of behavior data 334. Each chunk 334 may be divided i re
tracks 336 wherein each track contains data about a particJﬁg?Agggég@gﬁgf
the ani mated character. In this exanple, there is a head track 338, a
torso track 340 and a knee track 342 as shown in Figure 22 which are
respectively associated with the head, torso and knee of the ani mated
character geonetry. As shown, the chunk al so include the sound data 344
for that particular portion of the bebgyvior data. 1 6 MARCH 2004 -31 Figure
23 is a diagramillustrating nore details of the chunk 334 of behavi or '
data, in particular, the chunk of behavior data includes the tracks 338,

340 and : | i ; indi e the ti of the chunk
Wi t hin tp(t’{lag;l lt)éeﬁaw orf@gectﬁgggmf {?gig% ?1 Hg%ﬁgg‘énl%d\%?@&cﬂw aPp{'I‘g‘“PP Weich+2
seconds of the behagiorﬂ ﬁgch.traek 338, 340 may include an identifier 352
that i ddWt} i Ke¥h s befiakior § P %H ect with which the particular track is
associ at ed, a,Iength of data_ field 354 (len) indicating that |ength of the
data in the FigEkZbisa towehuhiliusisiting 33@:thod 304 foristiepmihg betmylorsimecandhnbehavi or
data for that track. Each chunk 334 may end with a track identification of
zero (i awigthe irdentioni iy step302; tiee wabr thineseleat 4 bebbwiad andlod Btart @e dxefdich af 4 dat a.

Now, the operation of the player will be described. Figures 24 and 25 are
f I owc hartieRavidr bys for axdniifle, (cliekiRP R @bt of hin 1cBE oRh e pabd r i.th the
invention. Figure 24 is a flgé)wchart i1l ust ra?i ng tﬁggop]ggge?i%%’qﬁggh t he

pl ayer f,8hiS860 detbhAh® iPhhel i0Ed g Al L Ot user of .the client
corrputera.%lln step 402 glbp ayerlpfngay ﬁgg%agﬁsglﬁge?acgﬁmrﬁﬂc‘?t@ict
accordin 0 those,user inputs. t, the player, nay determni ne_  any
geonet r y‘&(t:li%{ln%'éllslgtf’%alaﬁﬁge& H%y;f l‘%eygﬁﬁ{ ?Péﬂeﬁ'ﬂﬂg ﬁﬂ?@&¥%ﬂ%n9 behygvieripaybe
executin bﬁggvi ors. ,Next, .the player may generate the pol ygons of the
char act éfientified asa,strgminghehaviorwhendhehshudor regiires morrtiarctipiedesermiined: he
geonetry and the norphlinks as described above. Once the polygons are
- “gener at e@Wniasd tigme; suchppwhen the bplwiviog inebides souhbdath dif thetbehavianyis bt ascan
converted in step 408 so

streaming behavior, the method is completed. If the behavior is a streaming behavior, the player

application may download the behavior objécts, as described below, in step 306 and downloads
the first predetermined sized chunk of the behavior data.in step 308. Ina pre;fcrred embodiment,
the chunk of behavior data may be sufficient data for ten seconds of the behavior. The rest of the
behavior data may Be downloaded asynchronously as the player application is executing the
previously downloaded chunk of the behavior data. For a behavior that fasts a total of five
minutes, the streaming behavior beings playing after only ten seconds and the rest of the
behavior data may be downloaded as the behavior is being executed. In accordance with the.
invention, the chunk being downloaded to the player application may always beé a predetermined
number of seconds (ten seconds in a preferred embodiment) ahead of the currently playing
portion of the behavior.

ina prefe.rrcd embodiment, the predetermined chunk of behavior data downloaded before

starting the behavior may be ten seconds of behavior time. The downloading of the rest of the




that the character and the polygons may be di splayed on a di splay screen.

In step 410, the character may be transferred to the displ MR 2064Ch
as by using a well known BLTBLK routine, so that it may beqﬁispﬁgieg to

the user. Now, the details about determ ning the geonetry changes will be
descri bed. 16 MARCH 2004 -32 Figure 25 is a flowhart illustrating a nethod
420 for determ ning geonetry changes in accordance with the invention. In
step 422, the player may call any update scripts which may include
commands about the current behavior belfg executed. |f there are no other
behavi ors " bei ng executed, the player may execute the idle behavior. In
step 424, the player may determne if the update scripts contain any new

behavi of g RANAGdata iy KB U alscRbnds iU URARAYS pliyg ShERoAGE T T @

new behavi or i's needed. Next, in step 428, the player détermnes t

GOt 1 Yy, ¢ARRGRRA Rk chPinkNBEARH Har ABTEHmO Lok EHLBRUL Yo SHSE NO

behavi or. or egol ng een W erence particul ar
enbodi nent qf the inyentjon, . it w.ll,6 be reciated hy those skilled in
Uhe art teetorsfrdeired i deliverios Biahshrtien il BB alaverdepige frosiertcilaies ty fr om
the principles and spirit of the invention, the scope of which is defined
by the sipppeEneElrhayiaassoon s iwmclewningded theyser mey experignes iptaraiptionsrin thei mat i ng
a character on a conputer, conprising a first conputer for storing one or

nor e pi eewmatién. dBiug, the o sécané thtevvalipravidea ntbuffed ofidatazo thunthe dystéin hagbae, t he
pi eces of data including a persistent data file containing one or nore of

a geonet ghifity'@E6mpetsatt it vlieh ERIIBR IR CBAESd. PortRedtbRing ST Ak Rh/Gortatah t he
ani mated character and a sound associated with the ani mated character, the
pi eces Ofo_ work, the behavior data must be compressed so that behavior data may be downloaded from
* the Internet at least as fast as the player application plays the behavior data. For example, if the
user uses a modem to download the behavior data, the behavior data is highly compressed so that
it requires less than one second to-download one second worth of behavior data.
Retuming to the ﬂchth after the initial chunk of behavior data is downloaded, the
player application may execute the behavior in step 310, While the initial chunk of behavior is
being executed, the player application may determine if the downloaded behavior data is more
than a predetermined number of seconds (twenty seconds in a preferred embodiment) ahead of
the behavior data currently being played in step 312. If the downloaded behavior data is more
than twenty'scconds ahead of the currently played behavior data, the player application may stop
further downloads in step 314 until the new behavior data is less than a predetermined time (ten
seconds in a preferred embodiment) ahead of the currently playing behavior data. Then, in step
316, the player application may download the next chunk of behavior data. In step 318, _tl_le

player application may determine if there is more behavior data to download and either loop back

to step 308 to download a next chunk of behavior data or complete the method if there is no more




data further conprising one or nore behavior files, each behavior file
containing data about a particul ar behavior of the aninate f

each behavi or specifying the novenent of the nodel; and a g%ﬁ@ﬁﬁﬂgﬂﬁ%ﬁﬁér
connected to the first conputer by a comruni cations network, the second
computer further conprising nmeans for initially dowl oadi ng the persistent
data file fromthe server conputer in order to begin the aninmation of the
ani mat ed character and neans for asynchronously downl oadi ng a behavi-or
file fromthe first conputer just prid?ato t he execution of the behavior
of the animated character by the second conputer. 2. The systemof claim]1,
wherein the initially dowl paded persistent data further conprises an idle
behavi or ‘%egf‘"?‘h i SedeEnloadedr Newe the strbmming behabiehfiles it acoerdaige wakagUt ed when
there is no other behavi or being executed by the second conputer for the
ani mat ed 18Yraiae @l be described. system of claim 1, wherein the second tonputer’
further conprises a persistent storage device that includes a character

cache that st diigse 2hés Ditsgrins (18BkatHRlA0200 Wie 370N b BN ABL.e4. character so
that the persistent data is stillﬂ%Esident on tﬁg seggﬁawqy:ﬁBUF@Wmaﬁter

t he ani nmgfattaida b ste f claiml, wherein the
geometric nodel’ 1Ei E%ﬁgrr&ég‘gﬂrype?l ses’ lﬁ%g%rgmr?%slpgclﬁ}ﬁg‘?srf?%s“ief“HWéd’c’B%Yw kownby

one or a | yr,alJ of. polygons formng a skin over the
joints an ‘ég%%g gi;cg'n ggt\"l\ﬁnee%é‘i cst%h%é’r‘%‘ﬁ%ﬁe&‘ﬂ’avd‘?ft%efi% 13821 and @emop noseshuaks
mor phl i nk for .each pol ygaon on the ani mated character, each norphlink
conpri si °§ k&h frame ap ?%‘Pg gife 894. 1 he bebardormbiecitsimaylisshptelajlafthet datat the demgsgent
of one or nore joints in the geonetric nodel so that the novenment of the
pol ygon ithe ermpangnta efithy achastion sucthes thEgduhia a?OMBé mddement of each joint in the

animated character during the behavior. The behavior objects does not contain any key frames of

" behavior data, such as sound data. VEach of the one or more chunks of behavior data 334 may
contain a predetermined amount of behavior data (such as two seconds of behavior data in a
prefcrren% embodiment). . For example, the first chunk of behavior data may contain all of the
keyframes from all of the behavior tracks which occur during the first predetermined time
interval along with the sound data that plays during the first predetermined time interval of the
behavior. Each chunk of behavior data starts at the same time as the corresponding time in the
behavior so that the tnitial chunk starts at the start of the behavior. Now, an example of the
étructurc for each chunk of behavior data will be described.

Figure 22 is a diagram illustrating an example of the structure of each chunk of behavior
data 334. Each chunk 334 may be divided into one or more tracks 336 wherein each track
contains data about a particular portion of the animated character. In this example, there is a
head track 338, a torso track 340 and a knee track 342 as shown in Figure 22 which are |
respectively associated with the head, torso and knee of the animated Vcharactcr geometry, As

shown, the chunk aiso include the sound data 344 for that particular portion of the behavior data.

£
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novenent of the one or nore joints. 5. The systemof claim4, wherein the

nmor phl i nk further conprises a contribution value for each j,Qi
affects the pol ygon wherein the contribution values for all 1%“5%%&]?209#

that affect the polygon are added together to determ ne the novenent of the
pol ygon. 6. The system of claim5, wherein each joint in the geonetric
nodel further conprises an inner area of influence surrounding the joint
and an outer area of influence surrounding the inner area of influence
wherein the novement of the pol ygons writhin the inner area of influence is
simlar to the novenent of the joint, the novenent of the polygons outside
of the inner area of influence but inside the outer area of influence is

| ess than t he fBYedbista difsranh Blupioiting nemelddtiik ommwmmfomal.a»gﬂ;& oyt si de of
the outer area of influence is not affected by the novenent o ?he joint.

7. The syetiisnianftheshainkoShehutier data inFlodes B0 Fock B8 S4PMS tiAlsBinOfsol Gl uence
are affected increasingly l'ess by the novenent of the joint "as t pol ygon

i s | ocat emhdsniphRdy ialtdte tHetRP Jeiic Jhgmgit?iﬁa%eg&ﬁaﬁgfstsuecw ragh’raréh?&m ,_Wherein

t he persistent data further conprises a env Vedr t he

ani mat ed ahar g Gl e, [ Lng. envir onme conprising a lightin
nmodel ilfuniggﬁg%tg%%%ggkégr g%%“% 'gmggﬁﬁgégééqsﬁﬁwl%ﬂ@hwpgk%ﬁﬁgssgn eagh

pol ygon i ticul gr location on the ani mated character is |ooked up
from th eﬂ&é g"ﬁ@é%ﬁ%i’%@&é"dﬁ‘ ¥t yvhighihe pastieas tragk ismsrocigied; wlength of tiah m 4,
mhereinngg eonmetric nodel conprises an object representing each joint of
t he ani wdicating{hat lpnstteefithe dnta indhatrickrand b dsts ﬁem@wrcbmn%rth@bj ect’
for eachgioint c%géﬁjning data about the novenent of each joint uring a
par ti cul keyfuneadobehavioedgtofoy gansackf Badtechank B34 @aly ddawiacs 64 i sed on
t he behavior file and the norphlinks. 10. The ;§§¥en1of clé%ﬁ?%#@@ﬁggein

the behavf garo(idi0) ifidicating the@AADS the BEtIONS RInKBHRIARY data. Now, the operation of

the player will be described.

Figures 24 and 25 are flowcharis illustrating the operation of the player in accordance
with the invention. Figure 24 is a flowchart illustrating the operation 400 of the player for each
frame of images being displayed to the user of the client computer. In step 402, the player may
read any user inputs and react according to those user inputs. Next, the player may determine
any geometry changes in the character in step 404 based on any currently execut.ing behaviors.
Next, the player ma} generate the polygons of the character in step 406 based on the above
determined changes in the geometry and the morphlinks as described above. Once the polygons
are generated, the data about the polygons of the character may be scan converted in step 408 so
that the character and the polygons may be displayed on a display screen. In step 410, the
character may be transferred to the display memory, such as by using a well known BLTBLK

routine, so that it may be displayed to the user. Now, the details about determining the geometry

changes will be described.

[
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periods during the behavior wherein each joint is able to nove during each
key period. 11. The system of claim 10, wherein the behavi or, .fJ.l . r
conprises a sound track associated with the behavior, the ggdﬂﬁﬁvﬁggbﬂﬁ
bei ng synchronized to the one or nore 16 MARCH 2004 35 key periods. 12. The
systemof claim9, wherein the behavior file further conprises a plurality
of individual behaviors associated with the ani mated character and neans,
based on predeternm ned input, for sel et ng one of the individual
behaviors to be executed for the animated character. 13. The system of
claim1l1, wherein each behavior file further conprises a streamfile

cont ai ni ng behBigieR5des oS Musiatitad AR 250 Hﬁ-@&e&ﬁiﬁfﬁg%ﬁﬁé crﬁiaggqe's in
an

behavi or, and wherein the second conputer further conpri’ses

t ' [ : il St t that th ehavi ‘
sco o o nee e RN ig Ib0%2 P IRY b R B 111 o

is downl o the sec [of0) ter.. 14, The system of claim 13, wherein
the str egl?}ilglﬁgc %r%néiﬁl%n #&S?ﬁg‘?e %!‘6%5‘?{1"5%%“#63‘&5&*%#@ dbtharecurmarsher bshaviersor

- obj ect aqg,a predeterm ned portion of the streamfile when the behavior is
sel ect ed, PRggrrecutihitheplpyes maxwageuisrthe idlediebaxion. g step 424, disvplhyengisp deRAfing "
nore ot her predeterm ned portions of the streamfile. 15. The system of

cl ai m 14, ifthenpdate tchiptssbntemning gewrbetaviotd undeducsanPdd viRSad Braksneks haﬁﬁ% i N9
t he downl oadi ng of the streamfile when the behavi or data being é%mn oaded

| O & ABADGS PRGA LR RPSkeMATIRG O 1SRRI R AYRAG, St ik 42

bei ng executed. 16. A nethod for animating a e# onac

conpri si NGhansdsGhe ¢ r ' dat a associated with a particular
el nl- hagéasct e‘fﬂg gﬁd}&t& badkd'ofi thd c%ﬁ%ﬁti)%xeclﬁmg beRavior.

While the foregoing has been with reference to a particulaf embodiment of the invention,
it will be appreciated by those skilled in the art that changes'in this ernbodithent may be made

without departing from the principles and spirit of the invention, the scope of which is defined by |

the appended claims.




a first conputer, the pieces of data including a persistent data file

containing one or nore of a geonetric nodel of the aninat eqI g@mﬁt@r&o a
texture associated with the animated character and a sound 12 di t h

the ani mated character, the pieces of _, data further conprising one or nore
behavior files, each behavior file coft ai ni ng data about a particular
behavi or of the ani mat ed character, each behavi or specifying the novenent
of the nod@MS:initially downl oading the persistent data file fromthe first
conputer to a second conputer over a conmmunications network so that the
ani ITB.tIOI’l of the aninmated 16 MARCH 2004 36 character begins on the second
conput er; %Wsm%éﬁpmﬁglvh&ﬁﬁﬁr@&cﬁ ?fﬁ“l%%'t?feﬁ%{vﬁ’r&mgfl le fromthe first
conputer to the second conputer jUSt prior to the execution of the

behavi or o %he ani mat ed .character by the second conputer. 17. The net hod

of cl ai ma @St GHRRUESTTOF ${aringong aore p(h%?@é of ﬁ?t?ﬁé?ocd%ﬁ‘bl"’lt% adagiue  behavi or

for the 8é]1wﬁ§ﬁed@h§ﬁé@fe@&h@bbecé§16fdéﬂé Rclhaihg\d ;sarrs@t@hn@at@ﬁ@t%ﬂ&: nd fere is
t he second nput er e ani nat ed

no other behgvi or bein rgie)i ﬁlTI] é‘?%{
char act erM3KP! AGEEMENTE PR PhiNg FRRAIGH Sharpder. @d@ét”'éi’ Q%Q‘éﬁ?ﬁt"‘” hige The
met hog of arthaietlch8rakier bheh s@@rﬁ@éés@bi&ﬁad&hlﬂfm@@ntnli&edp@rﬁﬁbéhtéleﬂ‘teh;ﬂé‘ée% dfn the
secon t usin ersi stent stor Y% so_t hat the persistent
Gatai's SR frfELs R Gae T B Bo R o e DATTUR! FIRGORIANR G9R has. been
conpl et edaboliPa pameulaabérm;o@bfmbahma‘téd chidracier, atihBelgRrepsdifgingasel furt her
conprises_one or @D d&?l nt.s |inked toget her by one or nore bones and a
pl ural i t y"3TS ghbRam g a skin over the joints and bones and wherein
t he persistent data further corrpri ses a ~morphlink for each polygon on the
ani mat ed Chee}:%% E:glrnbutee?ggnnec{eQQO he |rstc ?ér%? aac%mmunications network, the

second computer further comprising means for initially downloading the persistent data

file from the server computer in order to begin the animation of the animated character

and means for asynchronously downloading a behavior file from the first computer just

prior to the execution of the behavior of the animated character by the second

computer.

2. The system of claim 1, wherein the initially downloaded persistent data further
comprises an idle behavior for the animated character, the idle behavior being
executed when there is no other behavior being executed by the second computer for

the animated character.

3. The system of claim 1, wherein the second computer further comprises a persistent
storage device that includes a character cache that stores the persistent data about
that animated character so that the persistent data is still resident on the second

computer after the animation has been completed.

4. The system of claim 1, wherein the geometric model further comprises one or more
joints linked together by one or more bones and a plurality of polygons forming a skin
over the joints and bones and wherein the persistent data further comprises a
morphlink for each polygon on the animated character, each morphlink comprising an
association of the movement of the polygon to the movement of one or more joints in

the geometric model so that the movement of the polygon is determined based on the




associ ati on of the novenent of the polygon to the novenent of one or nore
joints in the geonetric nodel so that the novenent of the plcaz

determ ned based on the novenent of the one or nore joints W%%?Qgﬁhod
of claim 19, wherein the norphlink furiher conprises a contribution value

for each joint that affects the pol ygon wherein the contribution values for
all of the hat af fect .the pol ygon are added together to determ ne

t he noven‘é'ﬂYérB?n € NG QF GARNC IDAS: The met hod of clai m 20, wherein each

joint in the geonetric nodel further conprises an inner area of influence

surroundl the and an out re f, influence surrqunding the inner

area of 8&?“‘/\#&' f"’l'?@rer'ﬂ)@‘gr% ﬁB‘% f?W@rCBWPQWCWt'?Wt'H”‘Nﬂ’Hel nner

area of |fof émﬂemtmt éﬂfdﬁtd e polygbh whemitEIRe ton@ibufidheval@isTbr all diendeignent  of
i nfluence but inside the outer

t he poly i de. of the rea of

area of ?ﬁ?f?fgeﬁt@ @[VQQEEr%%gE{ﬂ%e J%Hﬁ%{mﬁﬁ%@oywmt%m RIMIORoVenent
of pol ygons outS| de of the outer area of influence is not affected by the
novemnent 37. 22. The of claim 21, wherein

t. .1 RCH 2004

e vaons 1ThesBl Grclaih s, WhEra #4adibin 46 00atps B Model TR SOMRERSE | eog. by
t he erverm'n”_rIl_Reff arbblﬁf ﬁmme@rrb@?iér@ﬂmg@m ar@tdthﬁﬂér%ﬂiea Bﬁﬁif[idégh? avv?y I Lom t he
joint. 23 od o erei e per en ata further
chlmr;rl ses u.ﬁrol"'(ﬁﬁ'ﬁgh?gmngrﬂy?? #n' e WII?EFF'? T%‘@%‘i‘?ﬂé‘i‘%@°@ﬂ%ﬁ%‘ﬂ@? t he
| i ghting tfaemneoﬁlmrﬁfaiﬂuaﬁ@ |s@trr]nmar tcsm@gncareheﬂhéﬂtﬁgjdmdﬁé mdvbmléhﬂ@fttﬁ? onlt 0 a

f a sphere t hat t he tin n_a particul ar
P oeat T on RaoRS Sefsfiec b Bheratge of Mient bl e Bk S PoE obiBitsBRina: g
| ocati on less mbatlmahevemerﬁéf théheinnaridthd nafvesleni 6N pblgondieuitsids of the desmet ric

model corg?,creé (S)F %fl@enncg ki’é r%:ttaﬁected by the movement of the joint.

7. The system of claim 6, wherein polygons in the outer area of influence are affected
increasingly less by the movement of the joint as the polygon is located farther away
from the joint.

8. The system of claim 1, wherein the persistent data further comprises a lighting
environmental map for the animated character, the lighting environmental map
comprising a lighting model illuminated onto a surface of a sphere so that the lighting
on each polygon in a particular location on the animated character is looked up from

the corresponding location on the sphere.

9. The system of claim 4, wherein the geometric model comprises an object
representing each joint of the animated character and wherein the behavior files
comprises an object for each joint containing data about the movement of each joint
during a particular behavior, the polygons of the animated character moving based on
the behavior file and the morphlinks.

10. The system of claim 9, wherein the behavior file further comprises one or more key
periods during the behavior wherein each joint is able to move during each key period.

11. The system of claim 10, wherein the behavior file further comprises a sound track
associated with the behavior, the sound track being synchronized to the one or more




representing each joint of the ani mated character and wherein the behavior

files conprises an object for each joint containing data a %
novenent of each joint during a particular behavior, the pgll 6\%&3]20{)%

ani mat ed character noving based on t? behavi or file and the norphlinks.
25. The nethod of claim 24, wherein the behavior file further conprises one
or nore key periods during the behavior wherein each joint is able to nove
during ed H?é'?ds'peri od. 26. The nethod of claim 25, wherein the behavior
file further conprises a sound track associated with the behavior, the

sound tra ei ng synchroni zed to, the one or re ke eriods. 27. The

syst em offilﬁfeﬁygﬁf”y%?g’l"@i n% W@'rbtgﬁé’@h%‘ﬂorffﬁq @p@ﬁrr?qwéegﬁﬂq@'ﬁ%oh plurality

gf iOI ndi thuiagalb%hawb@aé‘ssaé@t@ﬂivfthﬁﬁb %imbiad%a%&@a??]@dmg,r@a@bggnard neans,
ased on redeterm ned_ 1 nput, for selectijng one o i ndi vi dua

behavi or PTEAEEMERL ERYk PrRBECtng el i nalyathehaviors to 28 SeieRiRThod of

cl ai m 16, thalaaineiteéd eeghctbehavi or file further conprises a streamfile

cont ai ni ng behavior data and sound data associated with a streamng
behavi or and further conprising streaming the streamfile fromthe first

conput er 13 TheeysteRwidiais ANwHéreln sxehtbaphvibr e Rehavédhprites actab@digd th the
streamfile.is eéecuted ef ore ta%é entire t“htgamfl le is downl oaded to the
f

second coRBIAIIEPY befravigy ugg dap asppgia ¢ $feapiing bgheyion.\andy ei n t he
st r eam ngwifiereinhies semi com@ated IMMEDEsHPe8 mda@b fotistieaPligehé siékh @le
pr edet er r’g

ne rtion of the . streamfile when, the behavior |js selected,
et TSt et colthur st M i BetRylor Afsad M e st e s et e
pr edet er rhefiere tioetiro ssea filshie dswnieadad folthe second computer.

14. The system of claim 13, wherein the streaming means further comprises means for
downioading a behavior object and a predetermined portion of the stream file when the
behavior is selected, means, while the behavior is executing, for downloading one or

more other predetermined portions of the stream file.

15. The system of claim 14, wherein the streaming means further comprises means for
halting the downloading of the stream file when the behavior data being downloaded is
more than a predetermined number of seconds ahead of the behavior data being
executed.

16. A method for animating a character on a computer, comprising:

storing one or more pieces of data associated with a particular animated character on
a first computer, the pieces of data including a persistent data file containing one or
more of a geometric model of the animated character, a texture associated with the
animated character and a sound associated with the animated character, the pieces of
data further comprising one or more behavior files, each behavior file containing data
about a particular behavior of the animated character, each behavior specifying the
movement of the model;

initially downloading the persistent data file from the first computer to a second

computer over a communications network so that the animation of the animated




30. The nethod of claim 29, wherein the stream ng further conprises halting
the downl oading of the streamfile when the behavi or data b‘%i@%WIoggded

is more than a predeterm ned nunber of seconds ahead of the™b ta
bei ng executed. 31. An apparatus for i mating a character on a conputer
based on animation data contained on another renote conputer, the

appar at us_.conpri si ng: ans for communicating with the renote conputer in
order to %\%ﬁ%ﬁ?gf &N 108 SEANA SNBSS 3% m the renote conputer, the

animation data conprising a persistent data file containing one or nore of
a geonetric del of the apnimated ch cter, a texture associated with the
ani mat ed WQ&B?%‘S?%W 033%%%%{@’5’6?'% Eﬂnwetfl‘iﬂtor?@?u?ﬁﬁit . SgCeMhr act er, the
ani mat i oncon@iuterfjust iphier todReTPxdcaitiorgoftne befavialof tHeedrviated chalae®r b%mc h
behavior file contﬂi ni ng data about a particul ar behavior of the animated

char act ers¢c83& FOBRYEYi or speci fyi ng the novenent of the nodel; neans for
initially downl oadi ng the persistent data file fromthe renote conputer in

order to in the i mation for the aninmated character on the conputer;
ond reanst 4he st oy whStei O et e e OTPESToR o r oot ¢
cgrrput er beinstrio;} for 'thyarﬁIﬂaﬁeH&thQet_?ln,tth@ RilePbeHavRr b?ihg;é'b(_éusegfwﬁemh@r@!iéfﬁé ﬁd
character t he conput er . . e _apparatus, o aim 31, erein the
per si st encltft‘)%aﬁega\"ﬁ? ﬁ@q e’é‘??H%di tyetEe aﬁgqpr@‘:é?mpﬁ?ﬁé?fﬁ?ﬁ azplmag'e[q@a ?‘?Fﬁngd

char act erwhdréia thelidie hehagior cludes amevepent.ed when there is no other
behavi or bei ng executed by the second conputer for the ani mated character
and wherein the idle behavior includes a notion. 33. The apparatus of

cl ai m 31,18MTae eiethddef ctaimmiGtfethdr eoinpeising etoping Srespasipenisdata fithe sa¢ddidage
device th cludes a characgter ¢ st ent . dat a

. f e )
Chous St RmpR BRG % RrlRh AR Bhe FRTES st IR tRLRE T bt Sl B Tl ettt P dent
on t he caonphesecaldtemplitss 2iARGR apDRatiodhas been completed.

19. The method of claim 16, wherein the geometric model further comprises one or
more joints linked together by one or more bones and a plurality of polygons forming a
skin over the joints and bones and wherein the persistent data further comprises a
morphlink for each polygon on the animated character, each morphlink comprising an
association of the movement of the polygon to the movement of one or more joints in
the geometric model so that the movement of the polygon is determined based on the

movement of the one or more joints.

20. The method of claim 19, wherein the morphlink further comprises a contribution
value for each joint that affects the polygon wherein the contribution values for all of
the joint that affect the polygon are added together to determine the movement of the

polygon.

21. The method of claim 20, wherein each joint in the geometric model further
comprises an inner area of influence surrounding the joint and an outer area of
influence surrounding the inner area of influence wherein the movement of the
polygons within the inner area of influence is similar to the movement of the joint, the
movement of the polygons outside of the inner area of influence but inside the outer
area of influence is less than the movement of the joint and the movement of polygons

outside of the outer area of influence is not affected by the movement of the joint.




the ani mati on has been conpl eted. 34. The apparatus of claim 31, wherein
the geonetric nodel further conprises one or nore joints |i r
by one or nore bones and a plurality of polygons formng a 1%%%%%ﬁe
joints and bones and wherein the persistent data further conprises a
nor phl i nk for each polygon on the ani mated character, each norphlink

conprising an association of the novenent of the polygon to the novenent
of one or nore joints in the geonetric nodel so that the novenment of the

pol ygon i 22.dekendthoeor draimed Whet&epoly@h@ﬁﬂ?me dftertdiga @ﬂﬁfld@ncérﬁFee joints. 35.
The appar her co I ses a

rein th hI|nk fur
contri but"f?fﬁﬁ??ewa‘lzrﬁgs"ﬁé]} Feéﬁ@%%mﬂi’erf' %8‘!9{%3‘?'??690 gPY dACcaifdr ei n t he
cont ri butfaaghenswayesori the jeint. of the jOI nt that affect the pol ygon are added
together to determ ne the novenent of the polygon. 36. The apparatus of
claim 35, wherein each joint in the geonetric nodel further conprises an
i nner ar e28. TheinndtheofataisuIs; wua;@.mmetd@eslst@mtmataamdh@fbomﬁr@és aligiirgf

i nfl uence_surrou I nner |nfluence wherei n the novenent of
the pol ygbHe" W&ﬁ' WgPﬁPﬁh%%m%ﬁ%@aW ST JjBRNg SrWIrnmeNtakmER, t he novenent
of the j otomtprisiraes |1gmu@maaé| inimib&ted poatoy/g snface wr aisPRerefsottha thégtingr ea of

i nfl uence_but ut.er t han _t he novenent

e.the ce is S
of the jol'ht®% Qrﬁ?ﬁgﬁa '%QQ@EWW lgea f?&l%&ﬁ?n'"ﬁﬁ?g?%a?f?r ”P?Pé’kﬁguf'glfmﬁ‘r ea of
i nf | uencethe somedpoatiihg tdcatiodyn tHesspiereerent of the joint. 37. The apparatus
of claim 36, wherein polygons in the outer area of influence are affected
I ncreasingly |less by the novenent of the joint as the polygon is |ocated
fart her a2ayhé nwthdchef glakinritd, wh&reinithe gapmarr:etmmeoéorﬁﬂa@emaabbjeaherei n the

perS|sten further CONDIl Ses ightin nvi.ron for the
ani mat ed H'%gé@ ngre;acp Ijloént ?%’Batgﬁ\?}‘?%ﬁ%éﬁﬁgf"’%ﬁ?ﬁ' e ?Y’%”ﬂ%;)a li ghting
model i | leompmigeedn object far sachfjeiokcataining phiarabosttht Inadvetriaet bfi egiah jogt

during a particular behavior, the polygons of the animated character moving based on

the behavior file and the morphlinks.

25. The method of claim 24, wherein the behavior file further comprises one or more
key periods during the behavior wherein each joint is able to move during each key
period.

26. The method of claim 25, wherein the behavior file further comprises a sound track
associated with the behavior, the sound track being synchronized to the one or more
key periods.

27. The system of claim 24, wherein the behavior file further comprises a plurality of
individual behaviors associated with the animated character and means, based on
predetermined input, for selecting one of the individual behaviors to be executed for
the animated character.

28. The method of claim 16, wherein each behavior file further comprises a stream file
containing behavior data and sound data associated with a streaming behavior and
further comprising streaming the stream file from the first computer to the second
computer so that the behavior associated with the stream file is executed before the

- entire stream file is downloaded to the second computer.




on each polygon in a particular location on the ani mated character is

| ooked up from the corresponding |ocation on the sphere. 3 tus
of clai mp34, wherein the geonetric nodel conprises an obj ec'?| Iﬁﬁ&r‘e@@to?ng
each joint of the animated character d wherein the behavior files 16
MARCH 2004 40 conprises an object for each joint containing data about the
novenment of each joint during a particular behavior, the polygons of the
ani mat ed character novi ng based on the behavior file and the norphlinks.

40. The amwhatmah@d oﬂdlamm&%thehﬁ’lﬂ'r@lsﬂeéﬂﬁﬁngﬁ&ﬁt&’éﬁc@hpﬁééeﬂddﬂdﬂdd&ﬁ{ £0Npri ses
eriods d t he behayj or  whe int is able to

one or rin rein ea
nove dur|*ﬁeg’%?&ﬁbJEESF“dpae‘?fﬁaﬁe"g@ed?ﬂ %Bféfgﬁéffﬁémﬁe %ﬂﬁle)f{?f%a‘(l\ﬂéﬁel n the
behavi or $dldated, whtihelilethaPehs65 iBetutith, dowakdiAg 986 iof iRk ¥hth t he

behavi or, tht sound track Hg @aﬁﬁfhrom zed to the one or nore key

peri ods. Pfsdetpfuned gartions,af e sgalfi filesg  wherein the behavior file further
conprises a plurality of indivi dual behavi ors associated with the ani mated
character means sed,.on rmne f.or lec i ng one of

t he i ndi V%@f]ﬁp "P)‘%ﬁ?ﬂ/?%? M 25 yaeE @ﬁts 83%‘19%'#?% CQWPH’%&SEIEPW&E%C'[ er. 43.
The apparcmwrsoanilng:cbfahmtﬁ’éam Wba-rr@nnheaéﬂiavhﬁlalaw b’d’ng‘ ddvinidatietiemofma hlhses a
stream file ntal Vi or a 0 ta assomate wth a
strean ng® B@ﬁl 'Bpeg "Hﬁ‘&ehﬂa ?stt gé’?&ﬁ} g'BWB" A beNP EXEFUI D npr i ses
means for streamng the stream file fromthe first conputer so that the

behavi i th the st file i t bef. t
e o 8 PO b oL B e BB O o e B o 858t et € i
43, wher edomtdifes] ot acshérmgmoteacesnfutart the rappamdinrsi coarisbgns

means for communicating with the remote computer in order to download the
animation data from the remote computer, the animation data comprising a persistent
data file containing one or more of a geometric model of the animated character, a
texture associated with the animated character and a sound associated with the
animated character, the animation data further comprising one or more behavior files,
each behavior file containing data about a particular behavior of the animated

character, each behavior specifying the movement of the model;

means for initially downloading the persistent data file from the remote computer in

order to begin the animation for the animated character on the computer; and

means for asynchronously downioading a behavior file for the remote computer just

prior to the execution of the behavior of the animated character by the computer.

32. The apparatus of claim 31, wherein the persistent data further comprises an idle
behavior for the animated character, the idle behavior being executed when there is no
other behavior being executed by the second computer for the animated character and

wherein the idle behavior includes a motion.

33. The apparatus of claim 31, wherein the computer further comprises a persistent
. storage device that includes a character cache that stores the persistent data about
the animated character so that the persistent data is still resident on the computer after




for downl oadi ng a behavi or object and a predeterm ned portion of the stream
file when the behavior is selected, neans, while the behavi i

executing, for downl oading one or nore other predeterm ned1 o'Y'ﬁ%)‘F-E 2(9104t he
streamfile. 45. The apparatus of cl a'?q 44, wherein the stream ng neans
further conprises nmeans for halting e downl oadi ng of the streamfile
when t he eha\éﬁr g%‘tg) bei nrg gownl oaded is nore than a predeterm ned
nunber of NEAPBRAONIRERaeRFOTRES ehavi or data being executed. 46. A server
conput er for downl oading animation files to a renote conputer connected to

t he serve nputer to_.apl.mate a character on the renote conputer, the 16
NARCH 2003 4 1 GBPRBISCRS G ot niberREARE SpeiPeldf siachLfuBREr SOMARSPRORE Boes of
ani mat i Onmgﬁat jeingsimred &igethenby bné opmbtd méiearan? _aalrrilmntsadf pipdaretieming e f
ani mation_data conprising a persistent data file coptaining .one or nore o
2 geomet AT HRIHE Bints HE baieRard herah e Revsistant dale (P BeReRtiRisaR &d wi th ¢ he
ani mat edfmgmham?ier eadithaygonlntha apiaeited ﬁﬁrdﬂtéﬂﬂgéﬂﬂn@fﬁhﬁf?@?ﬁnﬁhﬁgﬁi}i gr,h the
pi eces of data. further conprisin ne qr nore behavior files, each behavior
P Pe cormSEPHAIRY oibe merB TS i pditindp “EOHEUTGLGY St BRI
char act erthe g@cthetiemaaticdso Ll'ﬁpﬂﬁilf]wgnganl bﬁtha@%@g&mtsfdb‘cerhﬁﬁdrﬁhléléb 'ogmdl rregns,
I n response to uest the renote conputer, for initially downl oadi ng
it gL 7S 1o e 9

the persT&Y<EHt % Srenpte conputer in order to begin the
animation of the animated character on the renote conputer; and neans, in

response reguest t he remote conputer, .for asynchronously..
Gownt oadi $ TReBHAGS ot it Seovhie B BRIk piies SRRes ARgRTPYtahe
execut i onvahfe foheacHjeinathabaffexts thb@olygomahedircinarcantrieutidmyvdles forestindgfe
conput er "the joint that affect the polygon are added together to determine the movement of the

polygon.

36. The apparatus of claim 35, wherein each joint in the geometric model further
comprises an inner area of influence surrounding the joint and an outer area of
influence surrounding the inner area of influence wherein the movement of the
polygons within the inner area of influence is similar to the movement of the joint, the
movement of the polygons outside of the inner area of influence but inside the outer
area of influence is less than the movement of the joint and the movement of polygons

. outside of the outer area of influence is not affected by the movement of the joint.

37. The apparatus of claim 36, wherein polygons in the outer area of influence are
affected increasingly less by the movement of the joint as the polygon is located
farther away from the joint.

38. The apparatus of claim 31, wherein the persistent data further comprises a lighting
environmental map for the animated character, the lighting environmental map
comprising a lighting model illuminated onto a surface of a sphere so that the lighting
on each polygon in a particular focation on the animated character is looked up from
the corresponding location on the sphere.

39. The apparatus of claim 34, wherein the geometric model comprises an object

representing each joint of the animated character and wherein the behavior files



47. The server of claim46, wherein the persistent data further conprises

an idle behavior for the ani mated character, the idle behay '
executed when there is no other behavior being executed byﬂ%@%%gm

conputer for the ani mated character aggl wherein the idle behavior includes
a notion. 48. The server of claim46, Wwherein the second conputer further
conprises a Eersi st en storag.e device that includes a character. cache that

stores th&HEPEP 8P 8 tec{ faafachyBint ont#iaing dalashosbthemeventest okeachiRipt  he
per si st endurihgtzepdricuidridehaviers tHieidlygens bhe spRca8d ceRERLE Rbviad besed &ie

ani mat i Onthh gﬁﬁ&&ﬁﬁg&){@ﬁphlﬁé The server of claim46, erein the

geonetric one or nore joints |inked together by
one or nore bones and a plurality of polygons formng a skin over the

joints an nes_an erein_the persistent ta further. conprises a
o pht i et PO GRRANI g G o BB e oAy o Dusbelrcomadass o i ok
conpr i si ngyarriods 8@ririgathé behortir@rdid eacrepint i abid mely@aimgteach Rey novenent
of one or_more joints in the geonetric nodel so that the novenent of the

pol ygon iR€"88t ermi ned based on the novement of the one or nore joints. 16
MARCH 2004 42 50. The server of claim49, wherein the norphlink further

conpri ses ontributiaqn .value for ea | o tjqat affects the pol ygon
wherei i cHe TE8APPIlE S At Alctna g 167 Pohhidr tledtiin BrpRises aprand 1 ho

pol ygon arskadeedated géth ey bdhavidetirs sdurel tidok bamgasyreHrosited foehe pad ygon. 51.
The server | ai.m, 50, wherein each joint in the geonetric nodel further

of ¢
conpri ses g Iﬁeﬁrﬁ’gpc’%ﬁ'ea of influence surrounding the joint and an outer
area of influence surrounding the inner area of influence wherein the

m)verrentng h Q ns. W.t hi,n the_inner.ar. f influence js similar to

the novertn gﬁ%feapPﬁrgll%g)? ﬁ%!rh'\%%,ewherem?he Qé}wawor leeafuﬁ)her compfrises a pllurali?y ép
individual behaviors associated with the animated character and means, based on
predetermined input, for selecting one of the individual behaviors to be executed for

the animated character.

43. The apparatus of claim 31, wherein each behavior file further comprises a stream
file containing behavior data and sound data associated with a streaming behavior,
and wherein the second computer further comprises means for streaming the stream
file from the first computer so that the behavior associated with the stream file is

executed before the entire steam file is downloaded to the second computer.

44. The apparatus of claim 43, wherein the streaming means further comprises means
for downloading a behavior object and a predetermined portion of the stream file when
the behavior is selected, means, while the behavior is executing, for downloading one

or more other predetermined portions of the stream file.

45. The apparatus of claim 44, wherein the streaming means further comprises means
for halting the downloading of the stream file when the behavior data being
downloaded is more than a predetermined number of seconds ahead of the behavior
data being executed.

46. A server computer for downloading animation files to a remote computer

connected to the server computer to animate a character on the remote computer, the




novenent of the polygons outside of the inner area of influence but inside
the outer area of influence is | ess than the novenent of t el t he
novenent of polygons outside of the outer area of infl uencglpel @WH%&‘
affected by the novenment of the joint,,52. The server of claimb51, wherein
pol ygons in the outer area of influence are affected increasingly |ess by
the novenent of the joint as the polygon is |ocated farther away fromthe
j oi nt. Exfean§°EEW§@b‘of claim46, wherein the persistent data further
conprises a lighting environnmental map for the animated character, the

l'i ghting environmental map conprising a lighting nodel .illuninated onto a
su?f acegomegnssfgﬁatroﬂn% 8% ﬂ'ﬁ?oﬁerpéngqe\sd)ﬁ?ﬁ'ﬁ'&'t'%ﬁat@a?@go‘ﬂ%tﬁgé"éth 3 Q?F':';Fu%’ért i cul ar

| ocat i on animtied chniactr ettle ahiataioh eatal omMppislngt pepsistentdats File coptaimspondi ng

| ocation gn the sphere. 5 Rnetric

4. The sgrver. of c¢laim49, erein the ge
model confi Ltod i Blgearmalc ML BERY BhtRed iy = Piine dnraiat &4
char act erthamdindied efiarat¢tbeartichaninarastodigted with s asiesitedinchakjotart thkor  each |
j oi nt cont.ai ni about the novenent, of each joint  duri a particular
behavi or Paiea Baplbind SBMerking o ef Fare peliavr BBl Srehnsnadindon e
behavi or dantaniagdataledonba pirticuilsbenabior dittee afimated cHaradted, Badivbehaltierei n t he
behavior file. th conpri,ses one or nore Kkey periods during the
behavi or %ﬂ?gfyérﬁ:{hgﬁ%vemﬁrﬁﬁ?ftﬁg nhogpgapg nove during each key period. 56.
The server of claimb55, wherein the behavior file further conprises a sound
track 1 6 (o] with the behavior. the sound rrack being
synchr oninfge%ﬁﬁg %%gé%%go %?S%Pgﬂfﬁgﬁrﬁagtrei C(?HE”?%'? or yﬁi@llgg?\wjpacﬁ?g ai m 54,
wher ei n tpeesitehtadatafilefto tre reootéhermpudendn iosdes tabgyiu thel ariatai of the

animated character on the remote computer; and

means, in response to a request by the remote computer, for asynchronously
downloading a behavior file to the remote computer just prior to the execution of the

behavior of the animated character by the remote computer.

47. The server of claim 46, wherein the persistent data further comprises an idle

,
i

behavior for the animated character, the idle behavior being executed when there is no
other behavior being executed by the second computer for the animated character and

wherein the idle behavior includes a motion.

48. The server of claim 46, wherein the second computer further comprises a
persistent storage device that includes a character cache that stores the persistent
data about that animated character so that the persistent data is stiil resident on the
second computer after the animation has been completed.

49. The server of claim 46, wherein the geometric model further comprises one or
more joints linked together by one or more bones and a plurality of polygons forming a
skin over the joints and bones and wherein the persistent data further comprises a
morphlink for each polygon on the animated character, each morphlink comprising an
association of the movement of the polygon to the movement of one or more joints in
the geometric model so that the movement of the polygon is determined based on the

movement of the one or more joints.




I ndi vi dual behavi ors associated with the ani mated character and neans,
based on predeterm ned input, for selecting one of the indiyu

behaviors to be executed for the animated character. 58. A1\(§lo|qn|%u Ce]?l 2004

i npl ement ed system for generating a agé mat ed character using anination
data, the aninmation data conprising: a persistent data file containing a
geonetric nodel of the animated character conprising one or nore joints

| i nked toget her by one or nore bones, a plurality of polygons formng a
ski n overs(. Taejseivet sf @aith 4 Rd@red tHehRo@hlinkeliekkradfipAséLd cortslitian mor phl i nk

for each | ygon qn t nimat ed character, each porphlink co I.,sing an
associati‘gaﬂu% r 3 Jﬁ’ﬁ'\gﬁ'ﬁgﬂ#er%ﬁﬁ?@t}%?%@ﬁ'q St3RatrRHY esder or nore
j 0i nt's i nthefdiet tasaiffetirthe popden astaddba todelier usariihe @fe bRt vomR | S
determ ned based on the novenent of the one or nore joints; and one or

more behadA¥P | es, each behavior file containing data about a particul ar
- behavi or of the animated character and specifying the novenent of one or

nore joi in the I ed character. durjng the behavjor wherein the
novement n%ﬁ ThR&esl 9@‘3?1‘?&00?’1"}1?%” 3?1‘%“\4@'(‘8’8 thﬁ&?%‘?@? ”Hﬁfe‘ fﬁﬁh%f behavi or are
det er m nesbnipyristd an rmkasicarof irfluenaslimouRgingevelbint Bt an bSer dlea osyst em of
cIaim58,.H\,hereint I nk further conp i a contrihution value for

he.. nor phl r s%
sach | of rPM4a0E SreuliEind thR dnsp Area it Inlfienes WherRi The MoVPBERt Y& al ves for al
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sur r oundiarga bhiefljiericatis lessithan tiineremestaf tie joinhahdiheceovetienooisbiyigns he | nner
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52. The server of claim 51, wherein polygons in the outer area of influence are affected
increasingly less by the movement of the joint as the polygon is located farther away
from the joint.

53. The server of claim 46, wherein the persistent data further comprises a lighting
environmental map for the animated character, the lighting environmental map
comprising a lighting model illuminated onto a surface of a sphere so that the lighting
on each polygon in a particular location on the animated character is looked up from

the corresponding location on the sphere.

54. The server of claim 49, wherein the geometric model comprises an object
representing each joint of the animated character and wherein the behavior files
comprises an object for each joint containing data about the movement of each joint
during a particular behavior, the polygons of the animated character moving based on
the behavior file and the morphlinks.

55. The server of claim 54, wherein the behavior file further comprises one or more
key periods during the behavior wherein each joint is able to move during each key

period.

96. The server of claim 55, wherein the behavior file further comprises a sound track

2Ty
|




novenent of the polygons outside of the inner area of influence but inside
the outer 16 MARCH 2004 44 area of influence is |less than t Iﬁﬂﬁﬂﬁﬁ@boﬁf
the joint and the novenent of polygons outside of the outer "area of

i nfluence is not affected by the novepent of the joint. 61. The system of
cl aim 60, wherein polygons in the outer area of influence are affected

Increasingly |ess . t he nmpvenent of the joint as the polygon is |ocated
farther a%a%m@few{?%ee jpghaor. f@?.ﬁ%ﬂ%ﬂ%&ﬁ 9 SyRSNEORIERE é‘gth?ﬂ‘?é%"?%?

gener at i ngeygpetinigat ed character using animation data, the animati on data
conprising: a persistent data file containing a geonetric nodel of the

ani mat ed character conprising one or nore joints |inked together by one or

lrjnor e bo]pesz. Ta;ers_bwreabid ¢Ia1g054, mefa‘ngman&evm mgmt;h%ti:?mm& a#h@’aliit?ioﬂt S anflh
ones of the animated character, and a por i nk faor each polygon on the
oo ot ol RS R AR hARBH AR ol igraster 208 g, rROGH « ho
movenent wredétbemiped nGar foreelebinddnecsrand indfvidkBEbeNaviohRy 10 Hedx@bded For t he
geonetric, model so that the nmovenent of the polygon is determ ned based on
t he mvetﬂﬁﬁp'“bqteé)ﬁréaraﬂ%r'or nore joints; and one or nore behavior files,
each behavior file containing data about a particular behavior of the

ani mat ed ract er and, speci fyi he nmovenent of o or .nore joints in
the an meiba IR BPER TSR EHE LS Hah eR BFHF EARAIGRERL of ¢ he
pol ygons animafidredsia thabeichatibataatodmpiisihgng a behavi or are determ ned by the
behavior file and the norphlinks. 63. A conputer inplenmented systemfor
generating a animated character using animtion data, the animation data
conpri si ngperaiseat datatfiEndontiiting higeometiatraddsl othe mhifated tieactbout t he
ani mat ed go%ﬂr%%tgeornelo?%ol#g }lori] S hrhkeed together by one or more bones, a plurality of

polygons forming a skin over the joints and bones of the animated character, and a

morphlink for each polygon on the animated character, each morphlink comprising an

association of the movement of the polygon to the movement of one or more joints in

the geometric model so that the movement of the polygon is determined based on the

movement of the one or more joints; and

one or more behavior files, each behavior file containing data about a particular
behavior of the animated character and specifying the movement of one or more joints
in the animated character during the behavior wherein the movement of the polygons
on the animated character during a behavior are determined by the behavior file and
the morphlinks.

59. The system of claim 58, wherein the morphlink further comprises a contribution
value for each joint that affects the polygon wherein the contribution values for all of

the joint that affect the polygon are added together to determine the movement of the
polygon.

60. The system of claim 59, wherein each joint in the geometric model further
comprises an inner area of influence surrounding the joint and an outer area of
influence surrounding the inner area of influence wherein the movement of the
polygons within the inner area of influence is similar to the movement of the joint, the

movement of the polygons outside of the inner area of influence but inside the outer




joints in the animated character; and one or nore behavior files, each
behavior file containing data about a particular behavior of i ed
character and specifying the novenent of the animated char glcst“enru&ﬂﬁiir@ht he
behavi or, each behavior file conprisi Js) behavi or objects containing data
about the novenent of the ani mated character and one or nore chunks of
dat a associ at ?_d wth $redeterm’ ned portions of the behavior, each chunk 16

MARCH 200#e25" PHreIGeds I55s 5170 1By Moypweptofdhiaiombapding meyasamt of Rrvapsea

associ at egltyitié bf ©e it fardz0dfMifRiend istrde afdttdtpbethe Ghovep@ne bt théfbintA system for
animating a character on a conputer, conprising: a first conputer for
storing one or nore pieces of data associated with a particular aninmated

char act erg1.t7ihe spstemesF cliim @al whérapl potligags m A8 baied bRt of ddfuandéd &re and one or

nore behayior tiles, each _behavior file caontaining data, gbout a particular
behavi or Seciasdncransiialy (s b P me s e dPRGALBR ROVERN Upeted and one. or
mor e chuniggh@favibatfeom feSeiai.at ed with predeterm ned portions of the

behavi or; and a second conputer connected to the first conputer by a
communi cations network, the second conputer further conprising neans for

i ni tiall yszl evetngatem@plehrenprr SsRhet gotdrating 4 heinbtsdatahgtdieikingr conputer in
order to be i{] tqu}aj atEI mat iag.n (F)’f t he ani mated character and neans for
downl oadi?ﬂj’ﬂﬁ’% i 187 apiMalion ARk CAWTFNIst conputer just prior to the
execution of the behavior of the aninmated character by the second conputer,
t he behavior. dowl oadi ng further copprisin ans for initially
ownl oad: HBIERETARE I Fote 8 GeoRen el 0 HE ROMESH chdflectBihari or data i n
order to ®xgeising dieerediajsiras linkeddogatratsy, onetur intoré bendxe hamirality of execut i ng,
for asynchronou§lx].dovml.oadi g t he ot hgr ct}lthnks .of , the behavi or dat a.

polygons forming a skin over the joints and bones of the animated character, and a

morphlink for each polygon on the animated character, each morphlink comprising an

association of the movement of the polygon to the movement of one or more joints in

the geometric model so that the movement of the polygon is determined based on the

movement of the one or more joints; and

one or more behavior files, each behavior file containing data about a particular
behavior of the animated character and specifying the movement of one or more joints
in the animated character during the behavior wherein the movement of the polygons
on the animated character during a behavior are determined by the behavior file and

the morphlinks.

63. A computer implemented system for generating a animated character using
animation data, the animation data comprising:

a persistent data file containing information about the animated character including the

joints in the animated character; and

one or more behavior files, each behavior file containing data about a particular
behavior of the animated character and specifying the movement of the animated
character during the behavior, each behavior file comprising behavior objects
containing data about the movement of the animated character and one or more

chunks of data associated with predetermined portions of the behavior, each chunk




65. The systemof claim1l, the second conputer further conprising: a data
storage for storing the downl oaded data; and an instruction 1}0@ ﬁﬁtj@
data that are less likely to be reused than a newly downl oa a’lift the
deleting is necessary to make roomto,store the newy downloaded data. 66.
The nethod of claim 16, wherein the downl oaded behavior file is a new

behavior file, further ris orin he new behavior file in a data
storage: SHPHNGSNSHY néqre?rgglﬁ %H%n'ﬁ%hﬁ@?vdfg d{an BSPHgtedwthgacB of jalls y t o be
reused t hefrthé Beimatad cHaedda or 16 MARCH 2004 46 file if the deleting is

necessary to store the new behavior file. 67. The apparatus of claim 31,
further conprising: a data storage for storing the downl oaded behavi or
files; anéh ansystesii fon@hingning @rchdedcririong doneeert bahprairgy: | ess i kely to be
reused than a newly downloaded file if the deleting is necessary to nake
roomto store the newy downl oaded file. 68. A systemfor animating a

char act era fist eommnfeubestormy)@fpﬁ d)lSrhﬂr@ pigcekiof Géta(’e@miétédi witha Jj‘a&ﬁb’uidﬁg one or
nore pi eces Q ddﬁ sspci at ed %NI ¢ IuElartlcu atr %%q rtrﬁ character t he
pi eces of "HRFRYHART 'nfgea'eﬁ%?g %El%fﬂo oA pETRIgtephoRta il Y VR RO nor e of
a geonet rhehanodiies afach behavidrtid e@‘htmh@g&l@tﬂbouaabﬁﬁtﬂbﬁb@&ﬁ@ﬁbﬁm@d with the

t he ani mat ed._character, the
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behavi or ddsbeiatedmithi medgeddtead partiens ofahegpbetiavior| smd behavi or of the ani mat ed

character, each behavior specifying the novenent of the nodel; and
a second computer connected to the first computer by a communications network, the
second computer further comprising means for initially downloading the persistent data
file from the server computer in order fo begin the animation of the animated character
and means for downloading a behavior file from the first computer just prior to the
execution of the behavior of the animated character by the second computer, the
behavior downloading further comprising means for initially downloading the behavior
objects and a first chunk of the behavior data in order to execute the behavior, and
means, while the behavior is executing, for asynchronously downloading the other

chunks of the behavior data.
- 65. The system of claim 1, the second computer further comprising:
a data storage for storing the downloaded data; and
an instruction for deleting data that are less likely to be reused than a newly
downloaded data if the deleting is necessary to make room to store the newly

downloaded data.

66. The method of claim 16, wherein the downloaded behavior file is a new behavior

file, further comprising:
storing the new behavior file in a data storage; and

deleting at least one behavior file that is less likely to be reused than the new behavior




a second conputer connected to the first conputer by a communicati ons
network, the second conputer further conprising an instruct,‘i(ﬂmf H 2004
asynchronously downl oading one or nore pieces of data fromt

conputer. 69. The system of claim 68, erein the asynchronously downl oaded
pi ece of data includes a persistent data file. 70. A nethod for animating

a charact conput er, risi storin ne or nore pieces of data
associ at efﬁewg'i%ge& elngis Pﬁﬁﬁsé?WgEFWé?@%Wal?%f"gF a first conputer, the
pi eces of data includi ng a persistent data file cont ai ning one or nore of
a geonetrj del o d character, a texture associated with the
ani- mat ed %Jﬂg@f’@ ragﬁ &'a%aﬂ? gg%rcﬁ?fr}ﬁ”é'&gwth the ani mated character, the
pi eces of data further conprising one or nore behavior files, each

behavi or f ont aj dat artl ul ar behavi or of the ani mated
char act er? d%taé r%%%{ﬂ/ t(S’ﬂ”% cq%?‘ﬁ’éef’ﬁ@ Mﬁ%@ﬁﬂ‘éom 47 novenent of the
nodel ; and asynchronousl y downl oadi ng pieces of data fromthe first
corrputer to _a second ter ove ommuni cati o network. 71. The
system ofarb'f’%‘fﬁ%%?ormgﬂgy ﬁ'eﬁﬁéa? 'ﬁﬁ%ﬁﬁ%@&eﬁﬁﬁd}f‘@aaé‘ﬁw i eces of data
incl ude adoweiicidet @ikt if thataeldting & netdssafy fohbN@ErodNDIbGtIe thd Bewl@ani mati ng a
character_ on, a cqu uter based on aninmation data contained on anot her

renot e coqwc@d e apparatus conprising: an instruction for conmunicating
with the rermte corrputer in order to download the anination data fromthe

Cont ai i g Brig 5P R ABMAG 2 BaRELS P8 OENAST<THESER nat od char act er . a
texture associated with the ani mated character and a sound associated with
the a first computer for storing one or more pieces of data associated with a particular
animated character, the pieces of data including a persistent data file containing one or
more of a geometric model of the animated character, a texture associated with the
animated character and a sound associated with the animated character, the pieces of
data further comprising one or more behavior files, each behavior file containing data
about a particular behavior of the animated character, each behavior specifying the

movement of the model; and

a second computer connected {o the first computer by a communications network, the
second computer further comprising an instruction for asynchronously downloading

one or more pieces of data from the first computer.

69. The system of claim 68, wherein the asynchronously downloaded piece of data

includes a persistent data file.
70. A methed for animating a character on a computer, comprising:

storing one or more pieces of data associated with a particular animated character on
a first computer, the pieces of data including a persistent data file containing one or
more of a geometric model of the animated character, a texture associated with the
animated character and a sound associated with the animated character, the pieces of
data further comprising one or more behavior files, each behavior file containing data
about a particular behavior of the animated character, each behavior specifying the




ani mated character, the aninmation data further conprising one or nore

behavior files, each behavior file containing data about a IR
behavi or of the animated character, each behavi or specifyi r?ga‘?lﬁe no?gr%nt

of the nodel; and an instruction for asynchronously downl oadi ng the
animation data fromthe renote conputer onto a storage device. 73. The
sof tware product g{ cl ac;m 75, wherein the asynchronously downl oaded

ani mat i orMGWRBEN R &rsistent data file. 74. The systemof claim1,
wherein the geonetric nodel farther conprises one or nore joints |inked

together b ne or re bopes .and ral ity. of pol ns formng a skin
over the ?%P%f@”%&’%ﬂ'&adgﬂﬂf'%ﬁgidﬁ{aﬁ%“ Mfg?tsftog'fﬂ“}/eggq 8 Sf¢her conpri ses
a nor phl ¢gonkpLit@rovens bopaluyigetioremeank&kani mat ed character such that each
nmorphlink is associated with at | east one pol ygon, each norphlink
conprising a coordinate system and wei ghted contributions defining the

nmovement of. ThBsystemyd elzsm 70, Whetreinabe déynah@noddlp iewnlodded piteesdiidared of claim
16, vvhereiél (ﬁ'he geon%érdi‘cafnodel further conprises one or nore joints
li nked t JBEHRR PEGISEHE 9812 Br e bones and a plurality of polygons forning a
16 MARCH 2004 48 skin over the joints and bones and wherein the persistent
datafurt;b(ser C rise nor phl i nk for each pol ygon on the ani mated
char act er” % (PR PEdes] roTIPing Feracteiis Eormdote) baved on agitatioh
pol ygon, dxe bontainpdh bh akotheniemiotse ogmpute) thetappatRusyaheisinggand wei ght ed
contributions defining the novenent of the polygons in the coordinate
system 76. The apparatus of claim 31, wherein the geonetric nodel further
conpr i sesaminstrumtion fayrcemirainitating Witk ek renped tEnpuisr inloedento d@udodtbibes and a
plural it yan?r];*lalpo%l ey Prgmft ¢ Rrhcte %omputer, the animation data comprising a persistent

data file containing one or more of a geometric model of the animated character, a

texture associated with the animated character and a sound associated with the

animated character, the animation data further comprising one or more behavior files,

each behavior file containing data about a particular behavior of the animated

character, each behavior specifying the movement of the model; and

an instruction for asynchronously downloading the animation data from the remote

computer onto a storage device.

73. The software product of claim 72, wherein the asynchronously downioaded

animation data includes a persistent data file.

74. The system of claim 1, wherein the geometric model farther comprises one or
more joints linked together by one or more bones and a plurality of polygons forming a
skin over the joints and bones and wherein the persistent data further comprises a
morphlink for each polygon on the animated character such that each morphlink is
associated with at least one polygon, each morphlink cpmprising a coordinate system
and weighted contributions defining the movement of the polygons in the coordinate

system.

75. The method of claim 16, wherein the geometric model further comprises one or
more joints linked together by one or more bones and a plurality of polygons forming a




skin over the joints and bones and wherein the persistent data further
conprises a nmorphlink for each polygon on the ani mated chargciair (ﬁq%ohhat
each norphlink is associated with at |east one polygon, each nor phl'ink
conprising a coordi nate system and ghted contributions defining the
novenent of the polygons in the coordi nate system 77. The server of claim
46, wherein the eonetric nodel further rr%rlses one or nore joints

li nked t oY&t Pe&T JOB‘F?eaQﬂbQ?GF@nBM@?'%m? $ERtAata {HriGer SRINRISERE forming a

skin overmb&pﬁnmmroﬂéﬁctﬁmyg}mmh@ad.mm SHahadtérasupR tiedt ShemnotbMidk fsur t her
conprises_a .nmorphlink for eachtf1 %81 n on the anj mated character such that

each nor p?ﬁsPﬂRteFjé""thaPéé‘%?éF eRPlvg ey '”‘b‘?%“&ﬂ?frggg%‘?f’m@%tﬁ SRR i nk

conpri si nghdwaigRted icomktiButoys deftingthé relahdnt 8f the polybre inahs cstelihgieng t he
novenent of the polygons in the coordinate system 78. The systemof claim

1, wherei W3 pieces of data further conprise update scripts including
commnds about a behavior. 79. The rret hod of claim 16, wherein the pieces

of data f e u te scri i ncl udi ng commands, about a
behavi or T0NS PRBBAR SIS Sar e S e aeomids BIoHEHE SR Por Sk ea
conpr i sesmoiRedaihs livkéd Rigéthel BE bh@bﬂﬂo%ﬁﬂ%@dﬁd &Wﬁ!ltﬁl obgdivyone fornidg a The
server conputer of claim46, V\/n |n .the anl d%ﬁ@g&ba conpri ses update

scripts T O HF el ”§56‘U 9‘?(5'5 EeRMSIECEAi mating a
char act erma@hmkcmﬂ@ammolyg@armrthé ammatdcﬁcﬁwmri s200 that 8ach fﬁqulmlc.@rrput er for
storing at I stent data file sociated wt ani mat ed
char aceerSERGaEH YDA s SThao paon e PRI T st tap e ZHPARR ed

char act erandateighted contributions defining the movement of the polygons in the coordinate

system.

77. The server of claim 46, wherein the geometric model further comprises one or
more joints linked together by one or more bones and a plurality of polygons forming a
skin over the joints and bones and wherein the persistent data further comprises a
morphlink for each polygon on the animated character such that each morphlink is
associated with at least one polygon, each morphiink comprising a coordinate system
and weighted confributions defining the movement of the polygons in the coordinate

system.

78. The system of claim 1, wherein the pieces of data further comprise update scripts

including commands about a behavior.

79. The method of claim 16, wherein the pieces of data further comprise update scripts

including commands about a behavior.

80. The apparatus of claim 31, wherein the animation data comprises update scripts

including commands about a behavior.

81. The server computer of claim 46, wherein the animation data comprises update

scripts including commands about a behavior.

82. A system for animating a character on a computer, comprising:




| east one of the persistent data file and the behavior file containing data
about a particul ar behavior of the ani mated character; and 13 ﬁl?\‘l‘“ﬂﬂq 2004
conput er connected to the first conputer by a comruni cations network, the
second conmputer conprising an inst rucaé on for initially downl oadi ng the
persistent data file fromthe server Conputer in order to begin the

ani mati on of the animated character and an instruction for asynchronously
downl oadi ng a behavior file fromthe first conputer in anticipation of the

execut i ona fifst Ed1BplREHTRY stBfindht 1E4IR 0RB }Zae@@éht bRy A h&ochied Willears 8GRRAkd
conput er. wherein the persistent data file

83. The system of claj m 82, ) f )
cont ai ns FaAEErAN %Tﬁ’rﬁb?”e ?ﬁ%aﬂ@g]ﬂlﬁieéﬁo%%tﬁﬁin‘é’ﬁf‘éhed meled oharaiaraat il e
cont ai NS jgaETBABGS tHe(episient dat@filelapd sie BelRviopiletdoatanppYAtaabsQGTENt S. 84, A

met hod for animating a character on a co ter, conprising: storing one or
more pi ec@t'wa%ﬁ‘%%%fg'&‘?@f'@&t%? faé’t%ag'? cul ar ani mated character on a

first conputer, the pieces of data including a persistent data file and
behavior files, at | east one of tthe ersistent data file and the behavi or
files corfl EFGMAGOTRIET SPHFCIS PG ek ACTPUSIRA SmTBATisafions AFierte dhe

char act ersecbid toraplitgér emigHstrainigstrtBo & sigdllg dbwHRhaiIng theEpdriigRnt daf i r st
corrputerrftlo a second co ter oveipra CO{n"runLcatlo?s network so that the
ani mat i orf"®fOTHRS SHVAREARPUIRTR Pl i Pegining anipationef snimated fhatster and
asyncgr OIh?ldisdr)ﬁnéiﬂ_wﬁb@&ﬂ!a@@oﬁr&ﬁh@y}d@ﬁmfohﬂiﬁgfarbaﬁbflibﬁ?ilé ifrﬁﬁithéﬁfﬁt)!lt er ]E 0 th he
secon conputer. In.ant.lcipation t xecution, of t avior. of the
ot ed SRR PRsJPRtoR of B e ton p iedienaus! SHnS TR oC R 84
wher ei n tthe spesrsli @hpiterdat a file contains a. certain nunber of behavior
segnents and the behavior file contains commands to execute at |east one

of the behavi or segnents.
83. The system of claim 82, wherein the persistent data file contains a certain number

- of behavior segments and the behavior file contains commands to execute at least one
of the behavior segments.

84. A method for animating a character on a computer, comprising: .

storing one or more pieces of data associated with a particular animated character on
a first computer, the pieces of data including a persistent data file and behavior files, at
least one of the persistent data file and the behavior files containing data about a

pariicular behavior of the animated character;

initially downloading the persistent data file from the first computer to a second
computer over a communications network so that the animation of the animated

character begins on the second computer; and

asynchronously downloading a behavior file from the first computer to the second
computer in anticipation of the execution of the behavior of the animated character by

the second computer.

85. The method of claim 84, wherein the persistent data file contains a certain number
of behavior segments and the behavior file contains commands to execute at least one

of the behavior segments.




16 MARCH 2004 50 86. A software product for animating a character on a
conputer based on ani mati on data contai ned on anot her remtﬁmrﬁbﬁqomtt he
apparatus conprising: an instruction for conmunicating with the renote
conputer in order to downl oad the anisgation data fromthe renote conputer,
the ani mation data conprising a persistent data file and at | east one
behavior file, at |east one of the persistent data file and the behavi or
files containing data about a particul ar behavior of an ani mated character;
an i nstr uga.ifosoffaae produttabl aniclatwy ®alkiraget drea pempiet Basedditt ahithiatich from t he
renote copputer, .in order to begin th&e nimation of the animated character
on the co EPS’Pt?'“gﬁ(?"é'Ho{hﬁgfquﬁ%FB’HP‘F §F MR SRRAFHH EBPYS BNl oadi ng a
behavi or file fromthe renote conputer in anticipation of the execution of
t he behavj or gf thcg0 ani mat ed char.tﬁgt er b conput er 7. sof tware

. i t he . .8 Th
product of" RFEYGHCB T GRAKPEYIGRtipg w1 W%rieﬂoi%‘forﬂ%lftﬁr Ipjorer do Apwhinad §‘ecertai n
nunber ofart@htion data ﬁ'egﬂ?é??n@tgd:ﬁhipﬁtebﬁha‘ahiﬁfatibh Hgtgct@zipﬁbihg aqsunEIstens t Of
execute a east e t ehavi or _seqment s. . server c uter for
downl oadi‘fsf'éa hﬁiar?&ta\?ger?s??qee%e‘??ﬁ'oé '?e%???gﬁﬁﬁtésrper%%ﬁﬂé&%@e ?B‘?W‘?e server
conput er Wehagior filrs eostaibingraatd afouda paktzulae bolhavict @ab bAmatédéraragér er .
conprising: an instruction for storing one or nore pieces of animation data

associated with a particular ani mated character, the animation data
conpri si ran iastpetisn $drémitiallg alownfoabieganelperakstenedsth fitefeorh eeareirote farhguterat | east

one of t rsi nt, data fil nd .t h havior fjle containing data
about a Bﬁrofalee&?ﬁ é%ﬁﬁgﬁa%\'%?tioﬁﬁtt e 23R arﬁ?ﬁ%{r%é%%F?ma‘Haf’ é‘ﬁgi nstruction
for initially downloading the persistent data file to the rennte conputer
gﬂi n;teisggé}ﬁ‘ st&mﬁcggn ?o?%%?r?c%rc?%u%i@%o(mﬁ%%&%g%Qorg%%;[/iglt file 'fr%mothg%mtgt% begin the
computer in anticipation of the execution of the behavior of the animated character by

the computer.

87. The software product of claim 86, wherein the persistent data file contains a certain
number of behavior segments and the behavior file contains commands to execute at

least one of the behavior segments.

88. A server computer for downloading animation files to a remote computer
- connected to the server computer to animate a character on the remote computer, the
server comprising:

an instruction for storing one or more pieces of animation data associated with a
particular animated character, the animation data comprising a persistent data file and
at least one behavior file, at least one of the persistent data file and the behavior file

containing data about a particular behavior of the animated character; and

an instruction for initially downloading the persistent data file to the remote computer in
response to a request by the remote computer, in order to begin the animation of the
animated character on the remote computer; and

an instruction for asynchronously downloading a behavior file to the remote computer
in anticipation of the execution of the behavior of the animated character by the remote




ani mated character on the renote conputer; and an instruction for
asynchronously downl oading a behavior file to the renpte co RCH™®004
anticipation of the execution of the behavior of the ani nated character by
the renpte 16 MARCH 2004 51 conputer, gin response to a request by the
remote conputer. 89. The server of claim88, wherein the persistent data
file contains a certain nunber f)]é\é@ghavi or segments and the behavior file

contai ns CONPHIA D EIPURELQ B &S rBREt WAL behavi or segnents. 90.
The system of claim4, wherein the behavior file contains joint novenent
data abo he movepent ach jpoint int del, so that . the second
conput er 0 Ier,?ggverf)ﬂ%aa é’dpﬁ\ﬁe[:mnh? R%%Stﬁgﬁ'%?%tﬁgﬁ?"@%ﬂsf YA AYRPST o nt
novenent afdtshavior xgecuntsearal thbdbhsviarfile Sdntaitd eomnahemoadxeslitaiatlchst adeer-ei n
t he persi %téﬁg%‘%fg l e further contains program commands in the form of

scripts. IE%%?F%’WB "claim15, wherein the persistent data file
further contains program commands in the formof scripts. 93. The

appar at us claim 31, wherein t ersi.stent data file further contains

pr ogr am c%mﬁ&ﬁ?w quﬁ?"'f' gr Wh%’ie'rgtg?i ﬁE‘%“f‘oréﬁ? CGfﬁ@”%@Wé'}OVST“eE{]‘%‘?n 46,

wher ei n témupthieshoteerdnt dbdachijbihiein i tbdel soahdtahdseqond Gomputet 06MBIAES | N t he
n _sonme of the pieces of

form of i , he syst.em of . cl.ai.m wher ei
data ar eStﬁérqﬁoiﬁwvgi%@%ﬁeﬁ%ﬁm d%a Wi &1%?'8?31?‘%%{?%‘3 a4k OPXBCYR Ahod of cl ai m
18, wher evatagione of the pieces of data are manually identified as
persi stent data.
91. The system of claim 1, wherein the persistent file further contains program

commands in the form of scripts.

92. The system of claim 15, wherein the persistent data file further contains program
commands in the form of scripts.

93. The apparatus of claim 31, wherein the persistent data file further contains

program commands in the form of scripts.

94. The server of claim 46, wherein the persistent data file further contains program
commands in the form of scripts.

95. The system of claim 3, wherein some of the pieces of data are manually identified
as persistent data.

96. The method of claim 18, wherein some of the pieces of data are manually
‘identified as persistent data.

97. The apparatus of claim 31, wherein some of the animation data are manually
identified as persistent data.

98. The server computer of claim 46, wherein some of the pieces of data are manually
identified as persistent data.




97. The apparatus of claim 31, wherein sone of the animation data are

manual |y identified as persistent data. 98. The server co am
46, wherein some of the pieces of data are nmanual ly |dentmg@AR&H(\é0®!4
persistent data. 16 MARCH 2004 - 52 - ABSTRACT THREE DI MENSI ONAL AN MATI ON
SYSTEM AND METHOD A system and nethod for three dinensional character

ani mation provides a rapid download of the animated character since the
persi stent data of the ani mated charagé/ may be downloaded initially to
begin the animation.. One or nore behaVior files may t-hen be downl oaded as

needed whi ch reduces the initial nfﬁg%ad time of a character. The system
may store the persi stent data i Leter cache. To reduce the size of

t he behavior files, i hcl ude norphlinks, for each
pol ygon on the character tﬁ%igig&thﬁﬁiﬁg TEMht3Y DU ons that the
novenent of each joint in the chanac tgfryrake on each pol ygon of the
character. Figure 1

A system and method for three dimensional character animation provides a rapld
download of the animated character since the persistent data of the animated character may be
downloaded initially to begin the animation. One or more behavior files may then be
dovmloaded as needed which reduces the initial download time of a character. The system may

- store the p;tslstcnt data in a character cache. To reduce the size of the behavior files, the
persistent data may include morphlinks, for each polygon on the character, that determine the
confributions that the movement of each joint in the character make on each polygon of the

character.

Figure 1
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