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Rel ated Application This application clains priority under 35 USC 119 from
U S. Provweicnai2ofPat ent  Application Serial No. 60/ 312, 384cfrivses2o83 August
14, 2001 and entitled "Automatic 3D Mbdeling System And Met hod" which is

i ncorporated herein by reference. 5 Field of the Invention The present
invention is related to 3D nodeling systens and net hods and nore
particularly, to a systemand nethod that nerges automatic inage-based

model generati on tgeh@mmcw(' Mdnmqwm?gwghogpm}f@ﬁf act er
orientation techniques to provide rapid creatlo | 3D
personalities. 10 Background O The Invention There are many different

t echni digdated Appligationat i ng an ani mati on of a three dinensional object on a
conputer display. Oiginally, the animated figures (for exanple, the faces)

| ooked ver ynF 1 . C i Si h nLmat i on s .not very
good. I n" par bt ARBEHOARLRE 75 Bt PO et SRR P REe. et
its fea%pplilesticﬁrsbregblroﬁéw021384/\ﬁltﬁd>ngﬁlmg&ital4i, QOOPﬁfd’b’iﬂf 'slpdfsAhtomaﬁeB_Dh woul dOI
open an ose, and the eyes mi ght  blink, t the facial expressions, an

t he aﬂwﬂ%tlméﬁyﬁtﬁmg%ﬂ%%ﬂﬂ}o‘f@% Sé‘&F"&"\KHﬁgﬂﬁﬁﬁﬁéﬂefe}‘%epr obl em was t hat
these animtions were typically created fromscratch as draw ngs, and were
not sr engghediHéIhéhidn underlying 3D nodel to capture a nore realistic
appearance, so that the aninmation | ooked unrealistic and not very life-

i ke. More recently, the animtions have inproved so that a skin nmay cover
t he bones ofThetpeesent nvention is telgiedio Jemedekngesysienisiand imetlods and awreé i gur e.

R TN TR A R A N et

to capture a appeara i
ani mat iteshdiquesewithiihteractivelmsab tme charpsteof arichitaidaltedhaiguadiogsrodide rapedieshtionust ed
to users. Wiile this .results in high-quality animations, it is limted in

that t &ty éP reswnalies- have the capability to custonize a particul ar
ani mation, for 25 exanple, of himor herself, for use as a virtual

pengonadck yrould OF ThEEnRaYienRce features of the Internet or the Wrld Wde
Web, these virtual personas wll extend the capabilities and

There are many different techniques for generating an animation of a three dimensional
object on a computer display. Originally, the animated figures (for example, the faces) looked
very much like wooden characters, since the animation was not very good. In particular, the user
would typically see an animated face, yet its features and expressions would be static. Perhaps

15  the mouth would open and close, and the eyes might blink, but the facial expressions, and the
animation in general, resembled a wood puppet. The problem was that these animations were
typically created from scratch as drawings, and were not rendered using an underlying 3D model
to capture a more realistic appearance, so that the animation looked unrealistic and not very life-
like. More recently, the animations have improved so that a skin may cover the bones of the

20  figure to provide a more realistic animated figure.

While such animations are now rendered over one or more deformation grids to capture a
more realistic appearance for the animation, often the animations are still rendered by
professional companies and redistributed to users. While this results in high-quality animations,
it is limited in that the user does not have the capability to customize a particular animation, for

25  example, of him or herself, for use as a virtual personality. With the advance features of the

Internet or the World Wide Web, these virtual personas will extend the capabilities and



WO 03/ 017206 PCT/ US02/25933 2 interaction between users. It would thus be
desirable to provide a 3D nodeling systemand nethod which enabl es the
typi cal uwero3tor2n@pi dly and easily create a 3D nodel frompam/usorg®33 such
as a photograph, that is useful as a ®irtual personality. Typical systens
al so required that, once a nodel was created by the skilled animtor, the
5 sane animator was required to animate the various gestures that you m ght

want t gnisrastipr betigen useie Trvvbald thEgbe dssirapledo provedeani Dratadelingsystncandat e t he
a0t 0l RG4S P A B e

I ncor pora \ Wi

gest ur essch dhephstograpls, that igesefilaka vidaal belkanalioy./ gesture data is sl ow and
expensive and requires a skilled animator. It is desirable to provide an

automatic hani sm f or enerat'qg %esturea and 10 behavi ors for nodels
without the DPLGALEYSIRIRS Ffo required thaty OReR #amedel Wasicreated: by the skilled arimatargthe ¢ he

pr esentsam@ViaHhatenwhSredhr &CfoSRimay Wa}‘io% gebAfed MYERH xﬁ{glhggﬁﬁgh éfovticﬂ:efor

invention utilizes inage processing technfques, statis ysis and 3D
geonet rthe mwdel: Fier example, the huimatérovarld emhieshé anidBriowad smidd, adbpéwase osuch as

t he human .f.ace,.to be.,aut onaticall ene ed froman i or, from
rtt 1 oS Stich Spasf gaf bR ACHRH 6 isd HESERF Lo BB ol e Beatred
f eat ur egesiatadl IThe prcvgstoieaéad the BeHadlor/aestine Hahifis BloGt AArXPEfslve ARl Pequires a

identified and used to generate an appropriate 3D nodel. |mage processing

and t exéilled aniragpn. lgisideetishle traproxids gn eptomatio eerbanisoh forenerstinmpisiusys and used
as jget adehﬁﬂors%xoﬁﬂ?élg ?)nhg]ﬁt' the adsffdndL & Il %llécrﬁmig‘)gtogoﬂ% to t?lgsel cAdfrsP gance

wi th anot her aspect o e I'nvention, a gesture o he "person nay Dbé

capt ur gaesentinabsiondstirectad that it can be applied to any ot her nodel. For
exanple, the animated smle of a particular person may be captured. The

smle t he onverted into feature space to provide an abstraction
of the : action of the gesture (e.g., the novenents of the
different portions of the nodel) are captured as a gesture. The gesture may

25 then be usddilyOthe aenfbh afilizER@Rhge prbsising FecBAfgRES RGRIM ddalysind 3D
I nvention, the systempermts the generation of a gesture nodel that may

be usedopiey defeamationiie alow phose-estistinla madels of Rbieptsiadinh pothe hamandarsdtof or
genar atﬂe%tcﬁn&tlyaﬁ}g gg{e%gé frgﬂla'«ln 1%@8 korq{'om multiple images). For example, for the

human face, facial proportions and feature details from a photograph (or series of photographs)
are identified and used to generate an appropriate 3D model. Image processing and texture
mapping techniques also optimize how the photograph(s) is used as detailed, photo-realistic

texture for the 3D model.

20 In accordance with another aspect of the invention, a gesture of the person may be
captured and abstracted so that it can be applied to any other model. For example, the animated
smile of a particular person may be captured. The smile may then be converted into feature
space to provide an abstraction of the gesture. The abstraction of the gesture (e.g., the
movements of the different portions of the model) are captured as a gesture. The gesture may

25  then be used for any other model. Thus, in accordance with the invention, the system permits the

generation of a gesture model that may be used with other models.

In accordance with the invention, a method for generating a three dimensional model of
an object from an image is provided. The method comprises determining the boundary of the

object to be modeled and determining the location of one or more landmarks on the object to be



an object froman imge is provided. The nethod conprises determ ning the
boundary of the object to be nodel ed and determ ning the | ocati on of one
or nore |wodsmiksson the object to be WO 03/017206 PCT/ USPZTAB9%35933

nodel ed. The nethod further conprises3determ ning the scale and orientation
of the object in the inage based on the |ocation of the |andmarks,
aligning the inmage of the object with the |andmarks with a deformation
grid, dpefelpdndigmethodifuthenenmenrises detpraniningdhs soglesand osigntatien ofithpobjegt inf t he
I mage L&c ' orkd. 5. C a wi.t.h.anot her
aspect q%? I’{%g%?%\e\%/leérﬁt?lg %%cggorgg%%g%@n%r éh ﬁrfgetgeé% eeo%{tg%%gﬁé"ﬂg]rtgf ing a

t hr ee damdemskowithadeformhatiamgridiage geserptinpvd 312 thodEhef thy bjecs bassdsr es a t hree

di mensi onal nodel . generatiqn nmodul e further conprising instructions that
recei vén%l’ﬁu}grﬁége ageé’rfaﬂbeo‘}%é%ctt toaﬁ’GdF atieh 8¥hs t hat automatical |y generate

a three dinensional nodel of the object. The systemfurther conprises a
gesPure gendRacsasdaned dithanpther papectalthy in¥eniion; yeempiten igpdementedigysiganter at i ng

a feat i : ' . r '

cor  ossreRaE § LREP A El SddpIVE i AnaE R BHURR. Pheitel SoblsbE fres o 1y

be appldimensienahmoiiblegenamten moldukerfunhéreomprising istactichanka redeive andmaganof her

aspect of the invention, a nethod aIqor autonatéljég%l |y generaé(_hn? an automatic
o

gest ur ENARIfSt andinsirugiions that gyfamatgally Bepesats 2; paensfopaligo thsgdiecht an

obj ect MRI{QEM M8h& BRIprisEH SsnBE pldkicRHodRd mmm&sh@gﬁaﬁﬁﬁsﬂé fr
associated”with the 15 gesture fromthe novenent of the object to generate
a dést gencrabinpe fealwre sprica andhinstyuetians doragshensting a gestere objeeedrssgomingtioar at i on

B R R B e Lo
surface t ha occur dur.ing t he gesture _nd a t.hree dj Psional.cq nge
vari abl e st gRieREPTEINEe ¥ éa’b?th‘fqﬁépvé?f&é%venﬁ%ﬁdﬁ‘ﬁi‘g hpmagealyhi ect

during dehgaG88hthRomafic b&nae HYIEPR prowiiddd THRImARGE SetpriePRetivify dnfiage
i nvention, a gesture object data structure that stores data associ afled

wi t h a ofeswobjest pesformmngrbpast culprsgestues anfedeterMiring detmowemehfseassoctadepvits 8 a

godtur @SR BG Lol by FOBRRh o RS Bhishee AL Y0,

t he nodatthélwohipfistédecddeBtion Changd dafablestblinethe cAABRYE cylordtdaltRat Stalridiing
changes in the vertices of the nodel during the gesture wherein the 25

t ext ur ¢he Eestiiye. a/kivq dipleasiona) shangervariablasiora theghaggs ofdbe eurface thahecqper ti ces
change ciﬁ?ﬁlh?l?el Eesﬂﬁé Bid a three dimensional change variable storing the change of the vertices

associated with the object during the gesture.

20 In accordance with yet another aspect of the invention, a gesture object data structure that
stores data associated with a gesture for an object is provided. The gesture object comprises a
texture change variable storing changes in coloration of a model during a gesture, a texture map
change variable storing changes in the surface of the model during the gesture, and a vertices
change variable storing changes in the vertices of the model during the gesture wherein the

25  texture change variable, the texture map change variable and the vertices change variable permit
the gesture to be applied to another model having a texture and vertices. The gesture object data
structure stored its data in a vector space where coloration, surface motion and 3D motion may

be used by many individual instances of the model.

Brief Description Of The Drawings

30 Figure 1 is a flowchart describing a method for generating a 3D model of a human face;



the gesture to be applied to another nodel having a texture and vertices.
The gesture object data structure stored its data in a vector space where
col orati owp swnf2ace noti on and 3D notion may be used by mamyusomeless dual

i nstances of the nodel. Brief Descrip#ion O The Drawings 30 Figure 1 is a
fl omchart describing a nmethod for generating a 3D nodel of a human face; WO
03/017206 PCT/ USQ2/ 25933 4 Figure 2 is a diagramillustrating an exanple
of a conput dH8Wy3tigadiggrann iltating ansexgmpls of agempntsisystens vaixhmapbé nspditet hod
in acc f .t o\ Lon  Fi " I diagramillustrating
nor e dgﬁgﬁﬁgﬁémetj%hggelﬁ#&g&ggﬁg}cﬁ I?%{l\ges‘ggﬂt' gnr%qm%rﬂﬂg}écor dance with the
invention; 5 Figure 4 is an exenplary inmage of a person's head that may be
| oaded i nt o Rigpee Fasro blockidiageans dinstrating mlore detpikof iesie madeluicattationsyBtadc ess;

Figure.5 illustrates, the exenplary i mage of Figure 4 with an opaque

backgr dﬁﬁﬁcoé#%?Wlﬁé@?ﬁ’é’elﬂﬂo&essed the image with a "seed fill" operation;
Figure 6 illustrates the exenplary inage of Figure 5 having dashed |ines

i ndscati ng Hgurparit b etediplgundg @b LapersdiCsheddBat s d 10aFedQhtotthemENSSy of
Figure 7 illustrates the exenplary imge of Figure 6 with the high contrast
| uni narfic®@mpRTdUEAg 8 image asquisitiog Prrdess;ed by dashed |ines; Figure 8 is an
exenpl ary diagramillustrating various |landmark |ocation points for a

human head; g IsOHhGraBsithd Ushd Sm el in
accordance vvi?ﬁgt he fan\ﬁentlé%n; 'gu?%s ?g%ﬂ%%@ﬁ%ﬁtﬁi&?g;@ soﬁggtaﬁgrg

def or médtavimg pyodedsedithaimagawibiea (seedifitld oparatiorgt e a 3D nodel of a human head;
Figure 1 OCE illustrates the defornmation grids overlaid upon one another; 20

Fi 11 is.a fl t jllustrating the.autQqnati t behayi
Genorat i on ensa il e eRbLR MR ol Bifs STav sk SRy ings BIRANE 108
i 1119st mpakeudd busdreas 3boREHhe deatibftcofitRé eyegf f or M ng the image

Figure 7 illustrates the exemplary image of Figure 6 with the high contrast luminance
portion of the eyes identified by dashed lines;

Figure 8 is an exemplary diagram illustrating various landmark location points for a

human head;

15 Figure 9 illustrates an example of a human face 3D model in accordance with the

invention;

Figures 10A-10D illustrate respective deformation grids that can be used to generate a 3D

model of a human head;
Figure 10E illustrates the deformation grids overlaid upon one another;

20 Figure 11 is a flowchart illustrating the automatic gesture behavior generation method in

accordance with the invention;

Figure 12A and 12B illustrate an exemplary psuedo-code for performing the image

processing techniques of the invention;

Figures 13A and 13B illustrate an exemplary work flow process for automatically

25  generating a 3D model in accordance with the invention;



processi ng techni ques of the invention; Figures 13A and 13B illustrate an
exenpl ary work flow process for automatically 25 generating a 3D nodel in
accor dancwovaston7zobie i nvention; WO 03/017206 PCT/ US02/ 25933®cTAUSoe/gismses 14A
and 14B il lustrate an exenplary pseudé-code for perform ng the automatic
gesture behavior nodel in accordance with the invention; Figure 15
illustrates an exanple of a base 3D nodel for a first nodel, Kristen;
Figure 16 i IHigmes g{f@gn@mgxlmp@ apfexemplasepseiaoreefis| for perfamingthn dutooast ,
Ellie; i LS . of irst nodel in a neutral gesture;
Fi guregféuﬁsﬁgéﬁgi%ﬁ%@éﬁg?&ﬁ%% ?’rltgtth%r%g% tlo|nr‘1 a smle gesture; Figure 19 is
an exanple of a smle gesture map generated fromthe neutral gesture and
the smil e g&gwe éS diustiates bin esample déh badei 3 umed@or & fieso nxdalyElrieteaf t he
feature space with both the nodels overlaid over each 10 other; Figure 21

is an exanple of .a.neutral gesture.for t second nodel ; d_Figure 22 is
an exanpl e fglfrﬁégélﬁfsl?ré{eaéggﬁ?’gﬁe85%@?%92%’“95%5&‘h%ecf’f“%l gpgglbag}e? bei ng
applied to the second nodel to generate a snile gesture in the second
nodgl . Det aifigge D2 scan elanle 6f thd hiest BiodbEihrafukabediuveent 15 Wile the
invention has a greater utility, it wll be described in the context of
generating a. 3D _npdel of the human face and gestures associated with the
human fact . Fissds ki px@gnleof the first modelip aiilee2osMEs; any ot her 3D rnodel s
and gestures can be generated using the principles and techniques
described he:girB193sh &HDApIL B dild QMROmap BRESEY ﬁ%mﬁphéﬁtyal%éstere_and
particul ar application of the invention and the inventionis not limted to
t he fadheasmibpghsiue détherfirbigdodedrein. 20 To generate a 3D nodel of the human
face, the invention preferably perforns a series of conplex inmage
processing t nihLAY ] t_of..| rk ints..10 which serve
as guides f@énagﬁgsre%l %M%gf%?eﬁaon%%?&c&%%bz& H}%sm%d)e?ﬁ%’\?v ghartt %aggcri bi ng
a poef exttieed al gorithm for generating a 3D nodel of a human face. Wth
reference to Figure 1, an inage acquisition process (Step 1) is used to

| oad a phot ogr aph or other im of human face (for. exanple, a
P %gigurgz Sls) arg example o{ atlleutr%%esture ?or tlllje secon(? mode(:l; and xanp

Figure 22 is an example of the smile gesture, generated from the first model, being

applied to the second model to generate a smile gesture in the second model.

Detailed Description Of The Preferred Embodiment

15 While the invention has a greater utility, it will be described in the context of generating a
3D model of the human face and gestures associated with the human fact. Those skilled in the
art recognize that any other 3D models and gestures can be generated using the principles and
techniques described herein, and that the following is merely exemplary of a particular

application of the invention and the invention is not limited to the facial models described herein.

20 To generate a 3D model of the human face, the invention preferably performs a series of
complex image processing techniques to determine a set of landmark points 10 which serve as
guides for generating the 3D model. Figure 1 is a flow chart describing a preferred algorithm for
generating a 3D model of a human face. With reference to Figure 1, an image acquisition
process (Step 1) is used to load a photograph(s) (or other image) of a human face (for example, a

25  “head shot”) into the memory of a computer. Preferably, images may be loaded as JPEG images,

however, other image type formats may be used without departing from the invention. Images



25 "head shot") into the nenory of a conputer. Preferably, inmges nay be

| oaded as JPEG i mages, however, other image type formats may be used

wi t hout dwpaswitegs from the i nvention. |nmages WO 03/ 017206 PRCUSBERE25933 6
can be | oaded froma diskette, downl oaded fromthe Internet, or otherw se

| oaded into nenory using known techni ques so that the inage processing
techni ques of the invention can be frperformed on the image in order to

gener atc@n §e 2q3dsd frem 2 dskette, dpwnleadsdiframthedstemmsy, aipthervise feadedinto memory
Dol SRS ' » 4 be determ ned
by 1 ocar e EctRee o Bl B AbE o0 s e high B O S IRl g e

i mge @erferthed orotheamagenm aderao gemeratk ia¥D modelnder i ng of the i mage onto the
deformation grids. Locating the appropriate |andmark points 10 will now be

descri bed in,.detapl. ferring.to Figure 1, to |locate |andmark pqints 10 on
an i nage, arhag%ee(gkéﬁﬁepﬁfm%ﬁ%WQ? PaYe ‘ﬁ#aﬁﬁnb?%‘?"é?t%?ﬂwﬁﬁﬁmﬁgr‘?rbernF?é‘Gn %fh?p 2) on
t hesi magRgd shodld Bé detértrihEFbyREARIY MdRREdaE Mhchbidte fah@markGoidffB@6 so that the
boundary of the head (in the case of a face) can be isolated on the inmage.

Fi gur e Reteranining dheevirigs oyientadepealivsor mareyeplistia rendgring of thaimageortie theoaded
into t t . [ I I Siti . (St
1" 2 o B PRIRO aflk, % PR Bl BB R BT SRRy BR R o

recursive paintfill operation that is acconplished by identifying one or
nmor e poi nt s ReferringttdEignackgo tacatd 12ddnodrk pbints Iagrear?ihdgasetseedfill? operatianypl e,
color and 15_.1 ym posi of, the point(s) 22 and expand a paintfill_ zone 26
out war diqY HrF@HL{’g}I © Boh %T‘(eg)(gtf'? 25)%3?%"{338%3%1&1&%@ YW%@P‘E?OM%"@?‘% | ar.
Pr aber alaye sd ht the 866nday b the REAAGHA 2 AMESESHEYIchY be | tBageP! Or and
| um nesc_g%%sb_ackgr oundag.%f of the@(ltlrrage W th anagpaqaeﬁgdgﬁ(gﬁggﬂga%g t hat ,
t he bouhgurey 19n exemplerydmegn2®ef apereordabeddythatanayr bd lnadkd iRefthe mengraghtha t o

exampt SOy BN iR Bl adolfietiiitock 618 £ RGe T e Stad L EpsyiignSlep *°
i nt egr &, FRgir& Ly i0 2Svéll- iz @Biidive painefll Sferhticithht1e a6RRpBEhdd 8 ident{fyisd@e a

non-fill operation) to determne the width of the head 30, ‘and by locating
t he hordr #ie Bpi iarthe)backeroundgd f thejimags ey bassd onnfoe gramplpgolrepds a

; ; L : 2l . ‘
tot S wnHoSRy pEheicb) PF o lrhd  BRncfl S0l MO AR i ni¥ifGp g™
di r ect echdré theaoldranhé duminosity aé sianifar.ePebfahblyj the Fseedtitld @peratioe sucdedsfidly based

[ZJgr ]9 (r;r F{;g a erpﬁﬁég Clgr ;g{qld%rz}lilfeg e%%gac?(lérgugs ZQ ro?%h%r}?n%gg zvitﬁ ag%(}:)léc%{eob%glggrlognd so

that, the boundary of the head can be more easily determined.

Referring again to Figure 1, the boundary of the head 30 can be determined (Step 3), for
20  example, by locating the vertical center of the image (line 32) and integrating across a horizontal
area 34 from the centerline 32 (using a non-fill operation) to determine the width of the head 30,
and by locating the horizontal center of the image (line 36) and integrating across a vertical area
38 from the centerline 36 (using a non-fill operation) to determine the height of the head 30. In
other words, statistically directed linear integration of a field of pixels whose values differ based
25  onthe presence of an object or the presence of a background is performed. This is shown in

Figure 5 which shows the exemplary image 20 of Figure 4 with an opaque background 24.

Returning again to Figure 1, upon determining the width and height of the head 30, the
bounds of the head 30 can be determined by using statistical properties of the height of the head
30 and the known properties of the integrated horizontal area 34 and top of the head 30.
30  Typically, the height of the head will be approximately 2/3 of the image height and the width of



Figure 5 which shows the exenplary imge 20 of Figure 4 with an opaque
background 24. Returning again to Figure 1, upon determ ning the width and
hei ght ofwole/oime2ael 30, the bounds of the head 30 can be detarusozrewdsby using
statistical properties of the height 6f the head 30 and the known
properties of the integrated horizontal area 34 and top of the head 30. 30
Typically, the height of the head wll be apgroxi mately 2/ 3 of the imge
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hei ght th#beadvllliedParaximetelyoldp of theamageoTidisoPhobugs of the rad msacilseitiel 1. He
appr oxi t i rm% i, ot i .of the head may al so be
1.5 tit{rfrﬂgésﬁ%%‘gidvfnﬁgﬁheot%g? he gg e\‘?\lha?grﬁ%}gapggigg;ng%o%a first approximtion.
Once the bounds of the head 30 are determ ned, the | ocation of the eyes 40
can be det édnviertlecibquBide pf the.he&i 3@ erctdetermined, thé lamation yihe alésyd0l caadeed on t he

hal f of .t .30 5 tist.i | | | ati b d dth
e plrmied (a5 Sinde the svBs a e BiefiDHofRedn Hecrpmer haotdthabaad 0aa t o
| solsat etdtiifcyachate ca Based 8ad tHt®Rad TiimdyPREke Bidlded @ﬁm%ﬁ%%@?%&%ﬁé% 42

can be further divided into right and | eft portions 46a, to isolate
t he | eflowarhplir44 tatisalgie shereng bonod areas 4Gapdeh.i The yppeThalf of the dhadwounds d2t&i | i n

Fi gure | chy. t e LY | e, 20 of .Fi gur 4 W dashe i nes
| ndi catrAy &R HEn TR Finoh AT et to bt Gaahagia e i atbe 1
the centspeomiwdy. Eigs (shoivneiadbtatlie Fiiee 6 #BIthaBowb thel exembRely intape 2P oF Figlire

i denti fqyi gg a_circular, region 48 of high contrast |um nance within the

r espectq Yeh dysbed jigesindicanng the particylar Bowdereasi on can be recursivel y
performed outwardly fromthe centernost point 48 over the bounded area

463 46b anddligink Setidath ANgRE 19&1%‘3@&&190@%?61{‘3%%1’1 B mlg%@cfcan%%% edff

the eyes 40a, 40b. "Figure 7 Shows the exenplary image of Figure 6 wt he
hi gh 15Stepr$) bpsdenkifyrng agueulporegionst8ef highecontrast lirdmanéd witliinltye rdsyslotive ¢yenes.

Referrin in, o FEi.gure once the .eyves 40a, 40b have.be identified,
The sopindiaabe FrdBhdaten S ke 45 betitied BlvarlX 08 Pesditopthy
anal yzigaghtagloveethe BotRibdaséd 463, H6LarMBS restidPcanYebridedde Ustething tHe Poprgul ar
offset of the line 50 froma horizontal axis of the screen. The 'scale of

t he hedwusds efghe pyes$Opi 4bd Higwm/ishewsihgenemplaphianage of 8izvse ¢ vithithghigh t he

f ol lcow / - WM f i f | . After determ ning the
abolée i%ﬁgé@g@ﬁ*@%eﬁ?ﬂpwggfﬁ%ﬁ@éﬁwg‘ﬁ%ﬁﬁpﬁ&gg{fﬁgi 10 on the head 30 can
be properly identified. Preferred | andmark points 10 include a) outer head
bounds Referring again to Figure 1, once the eyes 40a, 40b have been identified, the scale and

orientation of the head 30 can be determined (Step 6) by analyzing a line 50 connecting the eyes
40a, 40b to determine the angular offset of the line 50 from a horizontal axis of the screen. The
scale of the head 30 can be derived from the width of the bounds according to the following

20  formula: width of bound/width of model.

After determining the above information, the approximate landmark points 10 on the
head 30 can be properly identified. Preferred landmark points 10 include a) outer head bounds
60a, 60b, 60c; b) inner head bounds 62a, 62b, 62c¢, 62d; c) right and left eye bounds 64a-d, 64w-
z, respectively; d) corners of nose 66a, 66b; and €) corners of mouth 68a, 68b (mouth line),

25 however, those skilled in the art recognize that other landmark points may be used without
departing from the invention. Figure 8 is an exemplary representation of the above landmark

points shown for the image of Figure 4.

Having determined the appropriate landmark locations 10 on the head 30, the image can

be properly aligned with one or more deformation grids (described below) that define the 3D



60a, 60b, 60c; b) inner head bounds 62a, 62b, 62c, 62d; c) right and |eft
eye bounds 64a-d, 64w 2z, respectively; d) corners of nose 66a, 66b; and e)
corners owomswit2o68a, 68b (nouth line), 25 however, those pskiudomesosn t he
art recogni ze that other |andmark poi Ats may be used w thout departing
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| andmar k £0|nts shown for the image of Figure 4. Having determn ned the
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For exanple, the user may, enter data or conmands into the

implementation on any patticular computer system. The illustrated computer system may
include a display device 72, such as a cathode ray tube or LCD, a chassis 74 and one or more
input/output devices, such as a keyboard 76 and a mouse 78 as shown, which permit the user to

20  interact with the computer system. For example, the user may enter data or commands into the
computer system using the keyboard or mouse and may receive output data from the computer
system using the display device (visual data) or a printer (not shown), etc. The chassis 74 may
house the computing resources of the computer system and may include one or more central
processing units (CPU) 80 which control the operation of the computer system as is well known,

25  apersistent storage device 82, such as a hard disk drive, an optical disk drive, a tape drive and
the like, that stores the data and instructions executed by the CPU even when the computer
system is not supplied with power and a memory 84, such as DRAM, which temporarily stores
data and instructions currently being executed by the CPU and loses its data when the computer
system is not being powered as is well known. To implement the 3D model generation and

30 gesture generation methods in accordance with the invention, the memory may store a 3D

modeler 86 which is a series of instructions and data being executed by the CPU 80 to implement



conput er system using the keyboard or nouse and may receive output data
fromthe conputer systemusing the display device (visual data) or a
printer (woto3shmes), etc. The chassis 74 may house the cEEUISODESIBESOUr CES
of the computer system and nmay includ@ one or nore central processing
units (CPU) 80 which control the operation of the conputer systemas is
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model. The gesture generator also eliminates the need for a skilled animator to implement a

gesture. Now, the deformation grids for the 3D model generation will be described.

20 Figures 10A-10D illustrate exemplary deformation grids that may be used to define a 3D
model 70 of a human head. Figure 10A illustrates a bounds space deformation grid 72 which is
preferably the innermost deformation grid. Overlaying the bounds space deformation grid 72 is
a feature space deformation grid 74 (shown in Figure 10B). An edge space deformation grid 76
(show in Figure 10C) preferably overlays the feature space deformation grid 74. Figure 10D

25  illustrates a detail deformation grid 7D that is preferably the outermost deformation grid.

The grids are preferably aligned in accordance with the landmark locations 10 (shown in
Figure 10E) such that the head image 30 will be appropriately aligned with the deformation grids
when its landmark locations 10 are aligned with the landmark locations 10 of the deformation
grids. To properly align the head image 30 with the deformation grids, a user may manually

30 refine the landmark location precision on the head image (Step 8), for example by using the



advant age of the gesture generator is that the gesture nodels may then be
applied to any 3D nodel. The gesture generator also elimnates the need
for a skiwboad/oaroeat or to i nplenent a gesture. Now, the deffarsomksoen gri ds
for the 3D nodel generation will be d®scribed. 20 Figures 10A-10D

Il lustrate exenpl ary def ormati on grids that may be used to define a 3D
model 70 of a human head. Figure QA illustrates a_bounds space
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space and the feature space that permits transformation of motion and geometry data. The

20  automatic gesture generation method involves using a particular image of an object, such as a
face, to generate an abstraction of a gesture of the object, such as a smile, which is then stored as

a gesture object so that the gesture object may then be applied to any 3D model.

Returning to Figure 11, in step 104, the method determines the correlation between the
feature space and the image space to determine the texture map changes which represent changes
25  to the surface movements of the image during the gesture. In step 106, the method updates the
texture map from the image (to check the correlation) and applies the resultant texture map to the
feature space and generates a variable “stDeltaChange” as shown in the exemplary pseudo-code
shown in Figures 14A and 14B which stores the texture map changes. In step 108, the method
determines the changes in the 3D vertices of the image model during the gesture which captures
30 the 3D movement that occurs during the gesture. In step 110, the vertex changes are applied to

the feature space and are captured in the gesture object in a variable “VertDeltaChange” as



order to make the gesture nore realistic. The nethod begins is step 102 in
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determined by analyzmg visual flow of typical facial gestures. The above method is shown in

20  greater detail in the pseudo-code shown in Figure 14A and 14B.

Figures 12A- B and Figures 13A and B, respectively, contain a sample pseudo code
algorithm and exemplary work flow process for automatically generating a 3D model in

accordance with the invention.

The automatically generated model can incorporate built-in behavior animation and
25 interactivity. For example, for the human face, such expressions include gestures, mouth
positions for lip syncing (visemes), and head movements. Such behaviors can be integrated with
technologies such as automatic lip syncing, text-to-speech, natural language processing, and
speech recognition and can trigger or be triggered by user or data driven events. For example,
real-time lip syncing of automatically generated models may be associated with audio tracks. In

30 addition, real-time analysis of the audio spoken by an intelligent agent can be provided and
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chat, imedehnt themesadgyedgs desadbet abave.. Fidow 19 illustrates an example of the smile gesture
map (the graphical version of the gesture object described above) that is generated from the first
model based on the neutral gesture and the smile gesture. As described above, the gesture map
abstracts the gesture behavior of the first model into a series of coloration changes, texture map

20  changes and 3D vertices changes which can then be applied to any other 3D model that has

texture maps and 3D vertices. Then, using this gesture map (which includes the variables
described above), the gesture object may be applied to another model in accordance with the

invention. In this manner, the automatic gesture generation process permits various gestures for

a 3D model to be abstracted and then applied to other 3D models.

25 Figure 20 is an example of the feature space with both the models overlaid over each
other to illustrate that the feature space of the first and second models are consistent with each
other. Now, the application of the gesture map (and therefore the gesture object) to another
model will be described in more detail. In particular, Figure 21 illustrates the neutral gesture of
the second model. Figure 22 illustrates the smile gesture (from the gesture map generated by



exanpl es of a gesture being generated froman inage of a 3D nodel and then
applied to another nodel in accordance with the invention will now

descri bedwokisgur2es 15 i | | ustrates an exanple of a base 3D modaisot/es93a fir st
nodel , Kristen. The 3D 10 nodel shownidin Figure 15 has been previously
generated as described above using the 3D nodel generation process. Figure
16 illustrates a second 3D nodel generated as descri bed above. These two

nodel s figm thefirstraadel) apnlied te; the second meodglitomravide a geile i2astimsrio dat second heodel
gest ur esture object and then the
appli c%t %%‘? % elﬁg(}eétqg%edoéé@ﬁ gnﬁbj ecfﬁa}ltléJ anot her 3D nodel . Figure
17 show an exarrple of the first nodel in a neutral gesture while 15 Figure
18 shows an Whidefhieabove hatsebeéil describatielth 'resfemneer@l@agmmanmethd‘d’lﬁr $otaligg the

est ur rst is then ca tu ed scri bed above. Figure 19
O et darmart focalih hontEim the image il 2 RBIeE g 1ot a@e@ﬁ@grﬁewesm% on of
t he sgeskilfeg n‘i)ﬂie%ttwﬂpx%% héttlﬁl’{e@)tedhﬁfilheé ﬁags@ﬁgéat@ﬁwﬂﬁ a8 bhshe Mmodel

based on the neutral gesture and the snile gesture. descri above, the
gest ur énveapon apdefinedtby thereppsaded elaimse Fay example, teﬁm@ues s:chragqbetamxdt 0 a

20 ,ch d 3D
Changed FPERE Bl Ref < RRSRRRy b S el o B Rl R IR R85, v o

maps aradal?yangelﬁd frequencyl Bigferendsd a1@adtlesel@as b usedraniditidtiall, dthé tedipsguel e
vari abl es described abqve), the l%ntsture obj ect may be applied to another

nodel iSHChhacHdGsARing;apd 1 Hflh&ﬁ Py echaguep ﬁaqbﬁgseﬁé%a@cessﬂh@r%aaeonau c

gesihur i Seqf to be
apary oy AqeakaL: RAARRSESY By TRk MohADadal UE B Ginrtisg RIEll L0 o e
of the strelaagth loétlﬁrfaciel fnhmtesbmdkfuzi)elogiodmmWenﬂaybd usadeto identilfiy tlmtolverrallt o]
|IIustra t .the feature the fifst adseco dels are

cons: sUBHHONAT A fiskc T negatien R Tarthmariypey 56 bE ACRAAG oy A EOVE CREET (and
t her ef qiRidd @esipfifur e object) to another nodel will be descrl bed in nore
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second nodel . Figure 22 illustrates the smle gesture (fromthe gesture map
generated by WO 03/017206 PCT/ US02/ 25933 13 fromthe first nodel) applied
to the second nodel to provide a snmle gesture to that second nodel even
when the second nodel does not actually show a snmle. Wile the above has
been described wth reference to a particular nethod for |ocating the

| andmark | ocati on points on the inage and a particul ar nethod for
generating gestures, those



5 skilled in the art will recognize that other techni ques may be used

w t hout departing fromthe invention as defined by the appended cl ai ns.
For exanpwe,osterhéi ques such as pyram d transforns whi chpazasoa2fsequency
anal ysis of the imge by down sanpling each |evel and analyzing the
frequency differences at each |evel can be used. Additionally, other
techni ques such as side sanpling and i mage pyram d techni ques can be used

to process the inpge. 10 Furthernore, quadrature (low pass) filtering
t echni ques used to increase the signal strength of the facial

features, and fuzzy |logic technjiques nmay be used to identify the overall

| ocation of la fae‘émeﬁﬂ% frpeanerating gfthre dimensihnal medehey an pbisctizoren émagemed by
a knomhﬁ&r&%ﬁco di;pg algorithm WO 03/017206 PCT/US02/25933 14 CLAIMS:
1. A net or g ener gt | ng a three dinmensional nodel of an object from an

i mge, the thod c ris et oundary of the object to be
nodel ed; 5 StEPTh %%H%‘iar'g%ﬁﬁ“@%}%o‘ﬁg“%m??ﬁre | andmar ks on the obj ect
to ge nodel e(% dete n| nﬂ ?e scal e nd or ent%ie n of .the object in the
i made based FF”t“Pang dpsatipn 8f ong grampre aptm Sonaﬁ QRISEGiothsane of t he
object with the | andnarks w hadeformatlon ari and generating a 3D
model of t helelmmanne hsserle apd erentalgnyRtibe e}ﬂecttwathem@se based pa thepeationtod 10

t he deftgéfgggfngfksgrl d. 2. The nethod of Claim1l, wherein the boundary
determ ni ng furt er corrprl ses statistically directed linear integration of

o " ELdp?:ejsé’ffA e NP SRR RS R B RRER T off) Tt
diroct et e et %@rrsﬁfﬂfﬁﬁ%ea Fed S Bl i arcusee (ne

i mage ahe déformitjomcdrid. 4. The nethod of Caim 3, wherein determning the
| andmar ks further conprises identifying features found by procedural

correlation 0r baryk Raksd bf Clahi1NEhaRh thhbes#ahddniifing further comprises
statistically directed linear integration of a field of pixels whose values differ based on the

presence of an object or the presence of a background.

3. The method of Claim 1, wherein the boundary determining further comprises
15  performing a statistically directed seed fill operation in order to remove the background around

the image of the object.

4, The method of Claim 3, wherein determining the landmarks further comprises
identifying features found by procedural correlation or band pass filtering and thresholding in

statistically characteristic zones as determined during the boundary determination.

20 5. The method of Claim 4, wherein determining the landmarks further comprises

determining additional landmarks based on a refinement of the boundary areas.

6. The method of Claim 5, wherein determining the landmarks further comprises

adjusting the landmarks by the user.

7. A computer implemented system for generating a three dimension model of an

25  image, the computer implemented system comprising:

a three dimensional model generation module further comprising instructions that receive
an image of an object and instructions that automatically generate a three dimensional model of

the object; and



statistically characteristic zones as determ ned during the boundary
determ nation. 20 5. The nethod of Caim4, wherein determ ning the

| andmar kswusioleoe conpri ses determ ni ng addi tional | andnedksudoas®ds on a
refinenment of the boundary areas. 6. TBhe nethod of Claimb5, wherein

determ ning the | andmarks further conprises adjusting the |andmarks by the
user. 7. A conputer inplenented systemfor generating a three di mension
nodel of an 2 285MrerggRerationanedigsfyrer comprisinginsiauctipny %ﬂ\gm&n’gsﬁ fegtura t hree
di nensi L ner Sl i nstructd o hat
recei vesgggénar{a?rggg{tucg ﬁiﬁ?gﬁ%&g?@}ﬂ%ﬁ%ﬁ%%’g@f?ﬁﬁb {%‘E‘F Q(%ﬁ{ggs teiog%}fel Oy?egciﬁoer ate
a t hr eghdithegestwna dkhaviatehayoe applied ahiretlicr naudd] MAnAd1.7206 PCT/ US02/ 25933
15 a gesture generation nodule further conprising instructions for

generating a&.f eatAneth®E sutamatid¢allyideteratingsn H1R6mBENEsairé DS, BRThhE]
obj ect corresponding to a gesture of the object so that the gesture

behavi SOMPEYINBe applied to another nodel of an object. 8. A nethod for
automatically generating an automatic gesture nodel, the nethod 5

conpri si ng: Teedwngipndmage ofrangbiast perforobnge partienlpogestungy aadpar ti cul ar

gesture; and determ ning the novenents associated with the gesture fromthe
movement of deteemaingthe movempntsaassaciated wib the gesting fom thdrmoeement hod thpastjeet e

obj ect further conprises.a.colopation chan vari abl.e storing the change
of col dP %?edﬁt_etatﬁf{% ec@ﬂ?CtheHb{h[etg@St&Ees{lﬂ?%?‘“g‘ef \‘i\?)mm‘sr?éﬁﬁ’[ﬂﬁ%&’ aMgfe 10
var i ablvarigbleistothgttheckangd 6£c¥ratiie that'6dcae Burikithe @efure, AlHd aiglehﬁﬁnﬂ%ﬁh&gee
and a three dinensional change variable storing the change of the vertices

asdfci atapgblgistasingiike ehinge of tha sunferettha ogewrrdwriag theogestpreandes thees dimemienan 8
further j i i lch .t ture i s
mpped GERERARAR ARG A el of SR M PAGRAA ML GHecdIfnB 17 e,
Claim?9, wheyein the ter phnin novement s further. comprise  15.

det er ni ni nge% cortheel Iﬁ?‘ﬁ%ﬁio&{%%ﬁ?ﬁg “Pgﬁ’{‘ﬁ?segeélﬁ%?@ag 2 fcf rggpqcﬁé@% ‘@F"‘} he
obj ect .thd gestirb és Mepprddiveing Bedutdrbatidgdsties g&RMoh prét@sd. r ansforning the
geonetric vectors and notion vectors to and froma feature space.

10.  The method of Claim 9, wherein the determining the movements further comprise

15  determining a correlation between the feature space and the image of the object.

11.  The method of Claim 9 further comprising transforming the geometric vectors

and motion vectors to and from a feature space.

12.  The method of Claim 9 further comprising applying changes in the coloration.

texture motion and geometric motion from one model to another model using the feature space.

20 13. A gesture object data structure that stores data associated with a gesture for an

object, comprising:

a scaler field variable storing the mapping between a feature space of the gesture and a

model space of a model to permit transformation of the geometry and motion data;
a texture change variable storing changes in coloration of a model during a gesture;

25 a texture map change variable storing changes in the surface of the model during the

gesture; and



12. The method of Caim9 further conprising applying changes in the
coloration. texture notion and geonetric notion fromone nodel to another
nodel usiwQ oBher2deat ure space. 20 13. A gesture object datausvresosure that
stores data associated with a gesturetéfor an object, conprising: a scaler
field variable storing the mappi ng between a feature space of the gesture
and a nodel space of a nodel to permt transformation of the geonetry and
not i on dat a;a ¥ertiessiohargecasiable staaingabprges iothe vgrtichaofhe modekdiringdhé gestwé a

nodel i . . Ll ab storing changes
't he. SherP e GEAkYEfnes oaiL B Mo Tl E0RDO% (B BY §oTootanc?

PCT/ USO&riabR3érmit theagesturd todtesapplied@eansttier aloldel iving agxtabfoddesr tides.t he
vertices of the nodel during the gesture wherein the texture change

vari able, the texture map change variable and the vertices change variable
permt the gesture to be applied to another nodel having a texture and
vertices.



