*159159* METHOD OF DI RECTLY MANI PULATI NG GEOVETRI C
SHAPES BACKGROUND OF THE INVENTION 5 1. Field of the

| nvention. The present invention relates tmmm m m\mﬂ“
shapes and, nore particularly, to a conpu
met hod of directly mani pul ating geonetric shapgase«10

2. Description of the Related Art. Conputer-generated
3D npodel s can represent a geonetric shzé)e in a nunber
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mesh, 15 a set of control points on a spline surface,
or a set of high-resolution displacenents froma

| ow-resol uti on surggesRAYNDGRTHESINENTION: face is
a geonetric shape that can be represented by a set of

vertices, a set of control points, or a set of

di spl acenents._1In addition, conplex geonetric shapes
&an be rébreséﬂﬂédiﬂﬁﬂlgﬁgﬁﬂﬂbining t oget her a nunber
of gl obal geonetric shapes which have been

differently wei ghted. For exanple, a nunber of gl oba

geomnet r i CThe paident frvention Ireldtesatongesmetiricfshapes andamere
that represents a face with a neutral facia

I
exprparicdlarly atosaicompyter-graghics magthod pfdineslly sxnipWating
with a . smling facial expression, a surprised

face .
faci%?o'gﬂtélﬁeshﬁﬂﬁ% represents 25 a face with a

fgUrprised facial expression, and so on. To obtain a
conpl ex geonetric shape that represents a new faci al

expressi od, onPesgriptioneofdhe Relatgddwtil f aci al shapes

are assigned weights, and the shapes are bl ended
toget her. For exanple, an interface can provide a

di al suchlcéﬁ_ﬁkté/ﬁﬁ‘éhe?aféhojﬁh&%@ én RehrBSertS §8dRetrRShape

the di al
in a number of ways, such as with a set of vertices of a polygonal mesh,

15 a set of control points on a spline surface, or a set of high-resolution
displacements from a low-resolution surface. For example, a human
face is a geometric shape that can be represented by a set of vertices, a
set of control points, or a set of displacements.

In addition, complex geometric shapes can be represented by

20 combining together a number of global geometric shapes which have
been differently weighted. For example, a number of global geometric
shapes can include a neutral facial shape that represents a face with a
neutral facial expression, a smiling facial shape that represents a face
with a smiling facial expression, a surprised facial shape that represents

25 a face with a surprised facial expression, and so on.

To obtain a complex geometric shape that represents a new facial
expression, one or more of the global facial shapes are assigned weights,
and the shapes are blended together. For example, an interface can
provide a dial such that when a global facial shape is selected, the dial is
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~~~ nmoved to indicate a weighting that is to be

assigned to the global facial shape. As a result, to
obtain a |l ook that is half way between a neutral

facial shape with a neutral expression and a smling
facial shape with a 5 smling expression, the neutral
shape is given a 0.5 weighting, the smling shape is
given a 0. a%htl ng, the remaining shapes are (]ql ven

a zmomedm tidicatg a weighting teatdpde bsrassmn@dct@dhe global facial
together. Simlarly, to obtain a |look that is part way
bet Rea neutral facial shape, a smling facial

shape, angs g réwlpftb%@auﬁaacvoek tﬁéﬁ@%alft\hgy b@w@eﬁ : zhleutral

facial shape 1s given a 0.33 weighting, the
f acifatiab blagpe with a\;nmﬂalae@r&mmargﬂwausngllng fm:lai Lshﬁpe sneth a

facial sh t
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izing a arge nunber o | obal faci al

resul t
shapes anémlbrlyj toyobtiain adoqihthatds par .vgaVeIaetwe@neaaaﬂutral
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geonetric shape, such as the featureS of a faCe, can
al sogilen naemBamgbtnhg thesunpnigedr facial shapssis, giveread.3he

ot oGBS G0 Bale] S13pearare,esLa ZarEedEEng, Snd
exanm E%?ef) n%%H'the@fég wei ghti ng a nunber of

| ob | al apes, artist can select a | ocal
S hape S unhus;sthé figciaiaxphesstordof theresbitng! shapearepresents a

i ght a nunber of nouth shapes. Further, regio
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to each global facial shape, a large number of facial expressions can be
formed.
In addition to global geometric shapes, local regions of a global
20 geometric shape, such as the features of a face, can also be represented
by a number of shapes, where one or more of the shapes can be
selected and weighted to provide an even larger variety of expressions.
For example, after selecting and weighting a number of global facial
shapes, an artist can select a local shape, such as the mouth, and then
25 select and weight a number of mouth shapes.
Further, regions within the features, such as regions within the
mouth shapes, can also be represented by a number of shapes where
one or more of the shapes can be selected and weighted. For example,

after selecting and weighting a number of mouth shapes, an artist can




one or nore of the shapes can be sel ected and

wei ght ed. " For exanple, after selecting and wei ghting
a nunmber of nouth shapes, an artist can -2 select a
region of the nouth, and then select and weight a
nunber of regional shapes. Thus, regardl ess of

whet her the artist is working with global shapes,

| ocal shapes or regional shapes, the artist first

sel exelerta regigreof the: moutthand then eleck and vigightsa nyaber of

shape Vi ightings until the artist is satisfied
W t H'eQH)@%’ E@%ﬁq\greng overall geonetric shape, e.g., the

resul ti ngrac irgd;arﬁvegs F WhetherQhe SHistasdrkiig Wita global
above-descri bed approach where the artist nust adjust

wei gghiapesploaall dhapes os eegiohal shapas,t thesartistafirst selieststd afeape
and 10 | abor i ns:ensi ve, en, requiri n\g the artist .ttg1a

f
o ety hemRargesengShaRe VimBse weightiRgs intd
t BRE . i d
[ oo TSt BauSAaPERATe Relithb HefdlPoddménic'sBe Blg.

shapesukingtfabial exprasdion. bal anced against the effect
of gl obal shapes, which can lead to inconsistent

15
ani mat i orPngdiRWbackoftheahova=described anprosch vhare the @rtist

r notiatadiuBEReRE aral TS s BERAS that s meei

19 al aBér in@@iﬁér\'yé;t@tem@mrfgl tHedsHBsERab troughirhasy) riany
result. 20 SUMVARY OF THE 1 NVENTI ON The present

i nvelterationpwrerel the weights ofi the vanietsishapes @e adivisked one at a

shapes th IS te intuitive for novices, requires
I esst'mﬁﬁfg‘,%ﬁ ad’ﬁamgl'%'fﬁ%bgd'nor e natural results than

prior artpARRSG&aS -ef@&gﬁ%dé?& erggklgB’@ﬁwéH“ I b8Rinced

of determ ning Wiet her a shape type een chosen

f r onagaindtutheleffect of glihapshdpgse svhickheareleaddb istomsistentpe
has a  plurality of shapes. en a sel ected shaﬁs &%pe
1has #iBlatioRosENIS, there Is a need for an apparatus and method

manipulating geometric shapes that is less time and labor intensive, and
more direct than dialing individual weights independently to reach a

result.

20 SUMMARY OF THE INVENTION

The present invention provides a method of manipulating
geometric shapes that is more intuitive for novices, requires less time,
and produces more natural results than prior art approaches. The

25 method includes the step of determining whether a shape type has been
chosen from a plurality of shape types, where each shape type has a
plurality of shapes. When a selected shape type has been chosen, the
method includes the step of assigning a plurality of weights to the
plurality of shapes associated with the selected shape type. In addition,



met hod includes the step of assigning a plurality of

weights to the plurality of shapes associated with

the sel ected shape type. In addition, -3 the nethod

i ncludes the step of blending the shapes based on the

plurality of weights to generate an initial surface.

The present invention also includes an apparatus that
ni pul at es shapes The appar at us |ncludes nmeans for

det Rimethgdsnclkdesthe stepraflendipg the sharesbasedsunthe

typd albhbruelghe? b BE085H BRTBte RRannar atus. ol so
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart illustrating an example of a method 100 of
20 manipulating geometric shapes in accordance with the present invention.
FIG. 2 is a block diagram illustrating an example of a computer
200 in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION
25
FIG. 1 shows a flow chart that illustrates an example of a method
100 of manipulating geometric shapes in accordance with the present
invention. As described in greater detail below, the method of the

present invention gives an artist the ability to push surface points on a



present invention gives an artist the ability to push
surface points on a -4 geonetric shape around as

t hough the artist were scul pting the geonetric shape.
As shown in FIG 1, nethod 100 begins at step 110 by
determ ning whether an artist has chosen a shape type
to manipulate 5 froma |arge nunber of shape types.
For exanpl e, when aninmating a humanoid creature, the

ar t igaometnic sbape arounchas theughdithesartipewergsqulpting them

shape type, torso shape type, and the like. In
addiQQQﬁ@ingéﬁﬂpghape type includes a nunber of shapes.

For exanpd énovin IRFI@! 1, 5hefRd! MEbERRAs ab st fuﬁbgunber
h a | shape, a

of gl obal facial 10 shapes such as neutr
s | detgrminimpwhetiweransantist has dhadempe shapenbipertopmaniputate

a neutral expression, smling expression, and a .
§|ur Ffm@éj'a&% neghes of Sﬁae?;&\@ltqsv 16y exETRReMheR apfinating a
Ihan e e IR thE st G it Frdb HhiaP Sha®eflpe an

as tditn shifso typeyhhtorsdnshapertypeaghd ke, nunber  of

regi onal 15 shapes that represent regions within the

f Ieatb ulr esI.Inl at?dim,magbeﬁhtapeﬁvmincmdes,aa puaber ofvalapas: For
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0 boreremne 8 facidlshelE Hand Bon indlydt ni s e BTt Pidfa
1'(9:: ne%g ! sgeeﬂ%fa%élﬂrél QhEDE, &SI SRR, aﬁélfahs@lféri?eéﬁﬁape,

I ces of a polygonal nesh, "a set of contro
poi rihat ceprasantia neutsalréxpressi@t) asmiingetxpoéssion, and a

PR OGRS cor
ele “iﬁﬁlhae tafﬁt'imﬂ@f gf‘%cﬁlr%a?%t% tR&EreppERINE thé Rlatf FEYBY the face,
the el'enents can e the vertices 'n a set of vertilces,

t he suehtdstthersyies) moutls edndbforelaedd, @nde@ homber of rédienal
di spl acenents in a set of displacenents. 25 Wen an

13 t | shapea shatvepeesent segipRS Within the faswes10, net hod 100
moves to gl plrégﬂgﬁn@éﬁﬁo% Y SuHethd GoBR2RES, or

(gl obal, Totalk
regional, is defined to mean any geometric representation of a surface

which can be linearly combined to form a new surface, such as a set of
vertices of a polygonal mesh, a set of control points on a spline surface,

20 or a set of high-resolution displacements from a low-resolution surface.
As a result, each shape has a set of elements that define the surface
where, for example, the elements can be the vertices in a set of vertices,
the control points a set of control points, or the displacements in a set of
displacements.

25 When an artist has chosen a shape type in step 110, method 100
moves to step 112 to assign weights to the shapes (global, local, and
regional) that are associated with the chosen shape type, and then
blend the shapes together based on the assigned weights to generate
an initial surface.



regional) that are associated with the chosen shape
type,” and then blend the shapes together based on the
assigned weights to generate an initial surface.

Al 't hough the initial surface is a conbination of the
shapes, the initial surface can represent only one of
the gl obal shapes. For exanple, an initial facial

surface can be fornmed by setting the neutral shape to
have a weAlthaugbithe.ioitiat sirfaceniaiancombinatioa of §ma§bapeso the
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ways.
chosen a selected surface point to manipulate, method 100 moves to

step 116 to determine whether a target location for the selected surface
point has been defined. The target location represents an artist-

20 requested new location for the selected surface point. For example,
when the selected surface point represents a vertex on the surface of a
polygonal mesh, the target location represents an artist-requested new
location for the vertex.

A target location for the selected surface point can be defined in

25 a number of conventional ways. For example, in a graphical
environment, a selected surface point can be dragged from a source
location on the initial surface to a target location using a mouse.
Alternately, the coordinates of the target location could be specified
directly as a set of numbers, provided by a motion capture system, or

30 tracked or even picked manually in 2D images.



envi ronnent, a selected surface point can be dragged
froma source |location on the initial surface to a
target location using a nouse. Alternately, the
coordi nates of the target |ocation could be specified
directly as a set of nunbers, provided by a notion
capture system or 30 tracked or even picked manually

in 2D||ﬂ¥§ When a target |ocation for the selected
surface pbihen a target logatipn for thesplectes] surface poigkis defined in

spo e otB e BrbECiakaiar Cal bl Jos Rined Wi FRTRG Bgrees of
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poi n a target OC& I on rrus projec

speci fi c Rternatalyitan &dist exaibelless specific, bt lﬁ@icate that the
position a selected surface point, suc 10 t he

c or rirfase paiet atcatarget ocatien Must projeck ba%tmspm@@m

pec it R el i sttty SRStaR. AR R, such
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Furt her, when an arti st ‘utilizes sel ected surface

poi rEhisds aotsqmteala& stmega ctdmstramtubecauwtmmametelocatm can
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15he fACEaTER (5 tocbe Plasedin apggiane ekorRamplguan artisigan

" ocadoBR R eR = od e Oh FRinSy oyt BEF i Grou of
shapssintsrup'esé spggﬂ§3g),t¢|gqbrnot actually be weighted to

produce, for exanple, an expression that has a 8roup
of eyebr dhgBiasurfasel area isiplaced in a region, method 10

subsequently adjusts the weights of the shapes to get the desired

20 expression, but does not require that every element of the surface area
be at a specific location within the 3D region. This is because the
shapes in most cases could not actually be weighted to produce, for
example, an expression that has a group of eyebrow points pulled up.

The level of specificity can be provided in any mix. Some

25 methods can utilize only 3D space, some methods can utilize only 2D
projections, some methods can utilize only surface areas, while other
methods can utilize any mix in between. As a result, an artist could
actually utilize all three if desired. For example, an artist could pick one

surface point and move it in 3D space, take a 2D projection point and



The [ evel of specificity can be provided in any m x.
Sone ‘25 nethods can utilize only 3D space, sone

nmet hods can utilize only 2D projections, sone nethods
can utilize only surface areas, while other nethods
can utilize any mx in between. As a result, an arti st
could actually utilize all three if desired. For
exanple, an artist could Bi ck one surface point and
nmov empve that3 Bnd @éssegrougieebundpobpaintstagethesane mewe them as
nove that, and al so group a bunch of points together
and qrﬁ‘&%a‘;%@'fﬁaas a surface area. Followi ng this, when
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nunmber of shapes that are available. For exanple, if
10 only tA®ageshithe size0f thagesmissitie sange ablogatiensis a
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| ocation of the Ilocations that lie within

per nweuldoiesult firage the targetitacatien carsotddereaalized by altering the
weights assigned to the different shapes), the target location is
20 redefined to lie within the permissible range of locations.

For example, method 100 can determine which location of the
locations that lie within the permissible range of locations lies closest to
the originally desired target location, and then assign this location to be
the target location. Thus, in the present embodiment, the target

25 location for the selected surface point can not lie outside of the
permissible range of locations.

On the other hand, if the target location for the selected surface
point lies within the permissible range of locations (e.g., where the facial
expression that results from the target location can be realized by



the originally desired target |ocation, and then
assign this location to be the target |ocation. Thus,
in the present enbodi ment, the target 25 | ocation for
the sel ected surface point can not |ie outside of the
perm ssi bl e range of |ocations. On the other hand, if
the target | ocation for the selected surface point
lies within the ﬁern133|ble raﬂge of locations (e
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location that it cannot reach, but in the process produce a more extreme
20 result.

For example, the artist can create a character with an expression
where the lips jut way out. In this case, the artist can pull the target
location of the selected surface point way out beyond the permissible
range of locations so that method 100 attempts to solve against a target

25 location sticking way out versus a target location on the lip. The shapes
may not be able to curl up and get there exactly right because all these
things are combining all across the face, but method 100 can still
produce an effect that the artist is trying to achieve.

As a result, the alternate embodiment provides the artist with the

30 option of having the target location of the selected surface point snap

-9



where the lips jut way out. In this case, the artist
can pull the target |ocation of the selected surface
poi nt way out beyond the perm ssible range of

| ocations so that nethod 100 attenpts to sol ve agai nst
a target 25 location sticking way out versus a target
| ocation on the |ip. The shapes nay not be able to
curl up and get there exactly ri because all these

t hi nRckdioavieredihg shgpas ﬁoulélra%@al tft@csa thetitherartist does

tryi 1G5 5 P BeRin o f bty ey 2BnTiebe? be'rBached,

enbogt prEeflfowihg thé &frgeb R Catibh $6 révhbih ?lht@,ide%? the fde?ﬁ‘ué%fble

having the target |dcation of the selected surface
poi ntangaaf lecationso where the shapes coul d actual ly get

Bocati ondrollaniog bl nebinc 100 s ta st hehso Feddarieg the
al | WLt 6r {rd §éitof'e?§1ﬁ g&n&f’dé@ﬁ@trﬁ f?\‘:t‘ia‘-‘l'sﬂffﬁeé the

per m ssi range of i ons. oW ng

met hReguldizing vethet prosewoﬂaihttcﬂingﬁwnbathd rest o€ a geometric
eIenEnts of the set of elenents that define the

i ni t$haregdpesaxlaen itrig got heingi manipylated ty thereby keep the

°°”¥%*¢Qﬁﬁ£€3%$ﬂﬁb%@#8 1o PRl f ool ribe

niYotess éﬁ]@agelamidg |B<thé\p$6cesls fbﬂcbﬁtr@[ﬁhb%at%efré% & the

shapes t he process of regularizing i$§ e process

of clane does whenvibig nothizeing snanipulates to tk@eehsobeemﬂmface well
0 ei,ng mani pul ated to thereby keep the face well

behgygﬁ Or exanple, if the definition of a target

| ocati on |

W th & moseyengie it e BnRoR TH BRAElotiorREcR Bty

t o rmeeingtdhselectedasurfaegipoint withha moese)ruaeked Hﬂe left ¢dTaer of
nmout h, such as . the 03|t|ons of the eyebrows, shou

130t thRIRUthioariss .ta@fag»a regionsitbat are unrelatesto the mouth

Ut S BRSBTS RPN s Yoy

r egut@Irisairé thatesohit dhidterkia reeuliidoes #€ cause the position of the
eyebrows to, for example, shoot up unnaturally, a regularizing technique
can be utilized.

20 One approach to regularizing is to randomly lock and/or dampen
a different group of elements of the set of elements that define the
geometric shape each time step 120 is executed. For example, a
different group of vertices of the set of vertices that define a polygonal
mesh can be randomly locked or dampened each time step 120 is

25 executed.

By including locked and/or dampened elements within the set,
method 100 insures that no unnatural motion can take place, such as
the eyebrows shooting up, as a result of defining the target location. In
addition, by utilizing different randomly-selected locked and/or

30 dampened elements in the set each time method 100 is performed,



20 One approach to regularizing is to randomy | ock
and/ or danpen a different group of elenents of the
set of elenents that define the geonetric shape each
tinme step 120 is executed. For exanple, a different
group of vertices of the set of vertices that define a
pol ygonal nesh can be randomy | ocked or danpened

each time step 120 is 25 executed. By including | ocked
and/ BethnshHRh isueescihah 8dockadomndampened elemantivwhich oeally

e NS ehle (ERbbGysERne %Eerﬁé’"rﬂéé%h%f%?ﬁéisp%
s SPERE (514 . Ibesp
i 1 1 ST RE R O relde U OO REaOD'or 50 dampene

el ement s Thus, fire stept 1203 ahetthodel 00etdrodetePdinesthespdsitioredf a
-10 netg&ﬂ 100 insures that a | ocked or danpened
&l en4Mboelcreguiasizing elgments (@ J0 NG the sgt of elemants that

| 0° SHrTEe derfeiE Snafle 17 2BBIERy, et 0B R0 ),
et hetedfidecthe ststusrofithe rédilﬂaﬂﬂﬁ%tg;é?ﬁemfs Pe., Whath&ethe

of regularizing elenents (e, of the set of
el erfegularizing: elementsare In@keg:bgsaat natdesmayed), ar whether the

addi i t hod 100 n_al so determ ne the status of
Fhe qlelitnts a1 Grmeenerd o be ovea HuE st mauement):

egul ari z i i it
ot h R EQUAE leeits coR R InckAl ihenS WRUSS positions,
but based<n prercknowledgd,GarBdimited ag amgsudt efibeing refated to the

I i ncl ude. el ts. whose positions, based on prior
knowastins of s nelanbaring.slements, and glemsatswhose yelgities,

1 1615 Kl T A0yt e

ar e positionscfdts reighisoring efentenitsily rel ated to the
positions_ of its neiﬁhbor|ng el enents. 15 Fol | owi ng

18t ep 120,Foewingistep veethod 100smovesta stepet 2 ta determine
;Pfi gsﬂgghﬁﬁé"rﬂggﬁgﬁ é’fZ@ ﬁﬁﬂﬁeﬁtuo ’al@tristf)cfontrolled surface points,
such as surface points the artist has specified as locked or dampened.
For example, after an artist has chosen a first selected surface point and
defined a first target location for the selected surface point, the artist
20 can lock the first selected surface point at the first target location to
keep the surface at that point from moving when the artist chooses a
subsequent selected surface point and moves it to a target location.
After this, method 100 moves to step 124 to determine the new
weights that need to be assigned to the shapes to obtain a blended
25 shape, such as a new facial expression, that reflects the definition of the
target location, the regularizing elements (the elements which can not
be changed or changed only slightly), and the artist-controlled surface
points (the surface points which have no or limited movement).
Method 100 can determine the new weights that need to be
30 assigned to the shapes, i.e., can determine the new mix of shapes, by

-11



such as surface points the artist has specified as

| ocked or danpened. For exanple, after an artist has
chosen a first selected surface point and defined a
first target location for the selected surface point,
the artist 20 can lock the first selected surface
point at the first target |location to keep the

surface at that point from noving when the artist
choosidng a Ingss epshsauaresaguation wsing-hepgiobal, local, andes

to JRabneb§fidies, BEsuMe 10%Rh, i firoBhblstion thedBhSFaints
be asgveathy thel fegufd? lementd, Andl theloPSEShtS Brovided by
feQuiRREe G

shape, such ‘as a new I al” expr'ession, ects

t he aryf anist-controlled siefadespaints. | (Gt speifictdgriation used to
regul ari zj ngﬂel enent s r!(thhe el ements whi ch can not Dbe
grinecthe ey WeigES & nethpary pf the invention, and is well

o HREOBEHEBRy SHIRR B3R Rl RSBl sor e
det efresberst ihh@nm wei ghts that need to be 30 assigned

to the shapes, i.e., can determ ne the new m x of
shapes, bl solving §he lingaralepstnsquares aquation, dhe slergentsiafithe

sour 2% of SR ot féthe yRbeorhEF|CitRre BB cbfpined so
107 Otheledn '¥erhB6t FREUESEI0SE RS the SERBEY sitfitelptint has more
constraints provided by any artist-controlled surface

poi rfreedqiie chprge than au element thaklies faravebyt feomi the sefected

S il Sk P 5 48 F S
gl V%n%ﬂ%ﬁeﬁ%bﬂ% 4 Ef&é‘ﬁm 1§ 2hE Selel ’%@dﬁe)pdi&. In
solving the |1near | east-squares equation,  the

el eraddittoryfelérnentssibiat afe aéamnelaenthwhidhetidvechddrelocked or
1geometri c shape are also constrained so 10 that an

| erfianapenest are Also gppstained mure dbar elasaents whichk lig furtber

has e (ﬂ%@: h el enment that |ies
far %f’%‘oﬁy Hg)élcdé%etdsﬂg?%gg poi nt. Thus, an

el ement thgthdrssineé sbiekshipes affeepaieehtird faké While other
constrai ned based on its proximty to the selected

sur fshapep affect omly small portions of the face, and some shapes are more
repetitive than others, method 100 can first try to solve the linear

20 equation and determine the new weights using fewer than all of the
available shapes.

For example, method 100 can attempt to solve the linear
equation and determine the new weights using only a few of the global
facial shapes, or only the global shapes that have been frequently

25 utilized. If a good solution can not be obtained using a limited set of
shapes, method 100 can add additional shapes until a good solution is
reached.

In addition, an equation with non-linear terms can alternately be
solved to determine the new weights that need to be assigned. The

30 nonlinear terms apply to other regularization types where, for example,
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addition, elenents that are near el enents which have
been 'l ocked or 15 danpened are al so constrai ned nore
than el enents which lie further away froma | ocked or
danmpened el enent. Further, since sonme shapes affect
the entire face while other shapes affect only small
portions of the face, and sone shapes are nore
repetitive than others, method 100 can first try to
sol Viderghangerie survagurecenaritbe fagriisavinémizeddotlimit Bewinkly

[ [ e . all of the .available shapes.
For Bl hlsy REEphe3he Tl ffopd Bgu8s Byriesr term
| i negRichemH&irh Cleadsd to QWin&?s IG§omew wei ght's using
only a few of the gl obal aci al shapes, or only the

gl obal shAfpersweights hawesbeer assigeep tnthe/differenti shapesin step
f a tPOd olu%ion can, not be obt fned using a limted
]of Al 6 e

'§et 5100, moNes ta stepc1ep tiblend dheishages ysingdbe

unt i s ; [ | Lt ien, .

ot e Sfaanlate e te 4 Pl 9 mfipuice
sol vaifdce thet msuitpds tdpresentedblydhhewisedof BRSferite (Which can
assigned. The = 30 nonlinear terns apply to other

r egudeaptiored as differpacesinsuch as asebebmertises,-a sett ofecontrol

"1 nitintsy of HiséS b HERREEntS viRER, sotnd'hb sl e, Pments
1$Jnoqiéver@mnbéa$rcﬁnrm@|pir§ﬁaﬁs§éﬁm which, in turn,

| eads to a nonlinear solution. After weights have been
assi gned Eaghtofdheichboged elephents sepresentspa cémbination of

e ek PEngR LB 58 B GaSed 56 A, Sha
Sur fifeea cﬁg@laf@i“loEHﬂiéﬁ fiht r?éﬁﬁl}s’j‘ﬁSn{ E@firm? he Ee?rﬁbf location.
represented by a new set of elenents ch ca €

st or@nk ef thi thangadosiementaicdrresponds stithpthevsulédted Surface
or a set of displacenents,

et of control Qi nts, € )
1 er@"%#etﬁ'ﬁrtaw& lggatione apd diasia calqwateshlecaticmihad is aber
the QUFthe¥Srgdflocation. (The calculated location almost never matches
the target location exactly.)
Returning again to FIG. 1, if at step 116 method 100 determines
that a target location for the selected surface point has not been defined,
20 method 100 moves to step 126 to determine if the artist has selected a
new shape type. When a new shape type has been selected, method
100 again returns to step 112. On the other hand, when a new shape
type has not been selected, method 100 returns to step 114,
In a graphical interface example, an artist can define a target
25 location for the selected surface point by moving the selected surface
point from the source location to the target location using a mouse. In
this example, a repositioning period is required for the artist to move the
selected surface point from the source location to the target location. In
this example, method 100 periodically takes the current location of the
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Each of the changed el enents represents a conbi nation
of corresponding el enents fromthe shapes based on
the weighting, and has a calculated |ocation that
results fromdefining the target |ocation. One of the
changed el enents corresponds with the sel ected surface
15 point at the target |ocation, and has a cal cul ated

location that is at or near the target |ocation. (The
cal onbHseas the largehloghtion so tbatemetiindc HeS is iteratively performed

I i I y..). i in. FIG (1, if
ot off Erge s O v g FheEhoRioning Bs7d: | oot i on
for the fﬁlggéﬁﬂt,%Urfn@%e%b?%@@@ggﬁioaeﬁ{étﬂﬁ '1pﬁgjeﬁnesa

20 net ho nmoves t4 step ermne |

ar t i seriesaf target docations fiemthe sahectéd sarfatthpoind. Mhe sefiep of
%¥pe has been selected, nethod 100 again returns to
e

ganget loegtiongengisivdherntheiselogted surface poitksemasytoarest, as

' dgeafiet bl phefithBiino B Al PN Hbeblietidhabb fn o
a t ajraphicalfpdispretidurfaee, slth setiRfiged is thé agsreBSioAtof a

by nDV|n%Bthe sel'ected surface tEOint fromthe source
| ocdarerthab oceiy assa frault ofcamoving theiselpctedeurgace point with a

t he THPUSE Brpeprig TRt UELadt BifelBmE e pai nt 1 rom
1ghe sour cpnd ﬁf)egbh?mvbﬁtiél'i‘ gaﬁ %ﬁbﬁéﬁ ggeggﬁd ﬁfégnbﬂe tﬁégé\?anabne

exanpl e, net 100 periodica the“curren
| oc eget ofi shapes eForexample, if methadddl0 isarableoto slstairhan

met hod 100 is iterativel ?rforneq_ a | arge nunber of

1 meniessionythasen arbss hed siptgdnapdianalshapes aieadto added
duri iy : .

or | BEnERARBERAE! rhas, INHRRIdPEy ol Rdnod doBfor Rt

poi MhethBael G care alsofbebudert toedvalgetatthe shapesithatee nebaed.
sel ected surface ggint cones to rest, as indicated by

Lahen t he Incadditien gpsculptinggnd diagnosingu methed 18G«ani aisabe
3 SRR A AR SHAe i S S SR 1P it Wits to
”DV'dh%nPE ?ro?ﬁ'aeﬁélﬂ%lifb'éiélaélﬁggftbﬁ rpg'niﬂhléted FRHSFsIHPRARGL is

to occuf to the artist Inr
a blend of other facial shapes, such as a blended facial shape that

shows the corners of the mouth pulled up, the artist can push the face
20 around as described above with respect to the present invention until
the desired expression has been achieved.
Similarly, in an animation setting, an animator can set up, for
example, key frame 1 to have the neutral facial shape and key frame 10
to have the blended facial shape that shows the corners of the mouth
25 pulled up. The result on key frame 10 is exactly the same as if the
corners of the mouth had been pulled up on key frame 1 in a static
setting. There is no difference.
Once the key frames have been defined, linear interpolation can
then be used to generate the in-between frames. To prevent the
30 interpolation process from generating in-between frames which have
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10 The present invention can al so be used to di agnose
the available set of shapes. For exanple, if nethod

100 is unable to obtain an expression that an arti st
has scul pted, additional shapes need to added to the
shape set. Thus, in addition to using nethod 100 to

scul pt, nethod 100 can al so be used to evaluate the
shapes that are needed. 15 In addition to sculptin

and shapgaadtman unsatiwal look, thersame comstrainkseatefapplied to the
ani mation. ..For exanpl e, in atic settin i f _an

2 t Do BRiRHGR pebe s e abaled WAL mithed 8P neheriipe 3 pew
a i d facial shape that is a blend of other
fagﬁgﬁﬁgﬁﬂggs, such as a bl ended facial shape that

shows t heFaraxampie,df oneof the facigidhapds igthet demimant shape in

o e b O B o o S S e
ot AR e O drdiiNetn b ike T iates Wpdf the same
exangnetralfty afe appliet. t Ih tiRvévenitehacan uphaturali sMapehépeesent

and key frame 10 to have the bl ended facial sha

e
t hatingioiRsbetweendrarse sthef artinkcamadiusbkey framai1Q, §ﬁghtheto

cor o the e o f.1e% STt hed e TS oot an
100 dnPetiveen fAfhé, sith a8 RaMeiS thQ KBy frafence. Once the
key franmes have been defined, '|inear interpolation can

t hen be uA%a resuly¢he wiiole sequenceaftoperatidnsoofcthe present
ent the 30 interpol.ati on prqQcess from.generatin
P s JBYGRISN sanhe Uil eithes Pocrating pa sumatioh, of someonie
nn ks | . i i
t o Srtifig o of fust! b6 e FRRIAEF R Corfer 8 b shfle. Thus,
met hthe présariavaitiondcan bewsed for settihg a. pdserorefiopgatiting up an

i f one of the facial shapes is the dom nant shape in
1§ bAMMREONS ranes 1 and 10, then the sane facial shape

fﬂ?g'efmggﬂb? ?aﬂg)% gﬁ;‘@g@gﬂ;{ema% Wilikersted 8% example of a

computer 200 in accordance with the present invention. Computer 200,
which can be implemented with, for example, a Pentium4 3.4 GHz or
comparable machine, executes software that implements method 100 of
20 the present invention.
As shown in FIG. 2, computer 200 includes a memory 210 and a
central processing unit (CPU) 212 that is connected to memory 210.
Memory 210 stores data, an operating system, and a set of program
instructions. The operating system can be implemented with, for
25 example, the Linux operating system, although other operating systems
can alternately be used. The program instructions can be written in, for
example, C++ although other languages can alternately be used.
CPU 212, which can be implemented with, for example, a 32-bit
processor, operates on the data in response to the program instructions.
30 Although only one processor is described, the present invention can be

-15



constraints are applied. In the event that an

unnat'ural "shape is present in an in-between frane,

the artist can adjust key frame 10 slightly to force

t he generation of a new set of in-between franes, or
convert an 10 in-between frame, such as frame 5, to a
key frane. As a result, the whol e sequence of
operations of the present invention can be useful

ei t HEPleneptashwith gnultiplepreaessens it parateldedncrease tie capacity
of jus £y face jnto the configuration of a
sm ﬁéﬁrgﬁ%{s Ibp&né“@f"@%eﬁtdqr}%Venti on can be used for
setting i ' ] ' j ;
PG 2 s, KipRet D0 cHirs diEplay Bk 214 that i
examginaestedato CRMRIRerDigglay isysteot 21 4lawhiehwianibe temotely
resent. i,nvention. Co i ch can, be

t 00, _
Pl TR mag%t%ﬁ{épéyeq t@ﬁﬂ% UserwhICh atgpnegessary

T s RS W By a B AP es
FI G us2r-isputisystem 206 which islesnriectedrts £PO 10 2anthpait system
central processing unit (CPU) 212 that is connected to

menoddp, Miich cam berrpmptelydocated, allaws thenusepdoe interart with the

systig,gp d a set of program instructions. The
oper F]%H'system can be inplenmented with, for 25

1exanpl e, Rueheri BoRSpORSIT0 iREIUBES hafemdhy Beteds deviarais,
operating systenms can alternately be used. The
pr ogiugmasra diskelriveras anetwarkingi card,which is connectedd e,

cru DR AR andpu 219, e aeriss drvice st allonsitae o
32- Hirbcediel RtS Blom ﬁflﬁﬁ@rﬁfeﬂéfaﬂﬁfﬁ 2‘1"’2}1@ Bef‘tr'éﬁ%%ﬁecoté?\

t he ‘program i nstructions. ougn only one

pr ocademal medilencsudiest atdisk ¢ @ setworked €otviputers alh &édition,
i mpl enented with nmultiple processors i nﬂparal | el

1@5ési 18418 alipws Higprogramyipstsueiansdo) be ansfegedtte raemory
dat a210' gg@%téﬁ@@a?%iﬁrﬁr 200 i ncludes a display
at 'l )

syst’ém

It should be understood that the above descriptions are examples
of the present invention, and that various alternatives of the invention
described herein may be employed in practicing the invention. For

20 example, although the present invention has often used examples of
facial shapes, the present invention is not limited to facial shapes, but
applies equally to any other geometric shape. Thus, it is intended that
the following claims define the scope of the invention and that
structures and methods within the scope of these claims and their

25 equivalents be covered thereby.
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connected to CPU 212. Display system 214, which can be
renmotely 5 located, allows inmges to be displayed to
the user which are necessary for the user to interact
with the program Conputer 200 al so includes a
user-input system 216 which is connected to CPU 212.

| nput system 216, which can be renotely | ocated,
allows the user to interact with the program 10

Fur t WHAT EoabAlMED 390 i ncl udes a nenory access device
218, such as a disk drive or a networking card, which
is connected to nenory 210 and CPU 212. Menory access
devi ce 218 all -
or ' CPU 213 1o ahOf of BAIANAER SRAGes HHEEARA tombRising
suchthestepslofk or a networked conputer. In addition,

#5 devi ce, 218 all 0\/\?19t he programinstructions tqQ be

r ansf er rdg¥eEMiNiRgWwhethes goshansntypadas,beenrchoser diamne

It : o) v LRt .
ar o WS BEshEERES Factiiork 1ad PRk o LRl Y of Shapes;
various akhen adelecesd shapeyperhasrideprchadeAcassigiting a
herein may be enployed in practicing the invention.

For ploralinaabweights ththeyplurality of sbapes associatedwithabe
ofte | es of facial shapes, the present
inve%{' %éjﬁﬁé(%qei'ﬁﬁped to facial shapes, but

pplies i Wot ; ek
B enaecy 4 P the spEpeCh e tf BRF bl of Rlotfs ¢3 gehrate
scohn imitiadd Isarfaoent i on and that structures and net hods

Wi thin the scope of these clains and their 25
equi val ents be covered thereby. WHAT IS CLAIMED | S: 1.

PhaeL poc 21 e eRddsr 8RR and ARUIEAAMuRG THE|hdor:

the steps o determ ni ng ra shape
been chosdgtefminingawhether @ pdint oh thé aifBaltstpfRe HRDeen

shape type having a plurality of shapes; when a
15¢| &hosen am @p‘@'@‘%ﬁ@ sHeface peint ciessalected suface goiat having a
source location; and
when a selected surface point has been chosen, determining
whether a target location for the selected surface point has been
defined, the target location representing a requested new position of the

20 selected surface point.

3. The method of claim 2 wherein the target location for the
selected surface point is defined by graphically moving the selected
source point from the source location to the target location.

25

4. The method of claim 3 wherein the selected surface point

includes a surface area.
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plurality of weights to the plurality of shapes
associated with the selected shape type; and 10

bl endi ng t he shapes based on the plurality of weights

to generate an initial surface. 2. The nethod of
claiml and further including the steps of:

determ ning whether a point on the initial surface has
been 15 chosen as a sel ected surface point, the

sel ect ed ur f abhe psithed phdaing 2sand further doowprisingntheastep of

dot ARG i HaroRE fockigh for Be.okicrted Shitars point ies
sel agigR $peimissibROanbe HFlodRRAs, defi ned, the target

| ocation representing a requested new position of the
20 selected surface point. 3. The nethod of claim2

erein the t et location for the selected surface
,‘évﬂi nt is Qefin Wt@QCgBtF@HFISyW Reim WheRethe dprget decation is
sour [ ; [ the t
oo R sl Ykhd pefiflis s HAfeRl of cdgbriefn Bt
sel dotatibrewithimcthenserntissible ¢hnge of RcatibhgRassighed t:be the
The method of claim2 and further conprisingthe step
of toegesdegationg if the target location for the

sel ected surface point lies wthin a perm ssible
range of locations. 5 6. The nethod of claim5 wherein

1ohen the z.ar gefhd REEMAPEF Eifim @ahvh&ih (e %égﬁuﬁ lok&on

perm ssi bl e range of |ocations, an assigne cation
wi t withinitbe permissiblé rangeaofjlecationsoliest dloses to thasaigeb éatation

to the target locatijon, 10 7.. The nmethod of claim
6 WHERRARY RBECBcAURE AHB the Bertisaibi ANGR Y Iocations
perm ssi bl e range of locations lies closer to the
target location than any other location within the

perm ssi I8.e r artgemethdd>efitlainm$. and further comprising the step of
15 determining a position and status of a plurality of regularizing elements
of a set of regularizing elements that define the initial surface.

9. The method of claim 8 and further comprising the step of
determining a position and status of a plurality of user-controlled surface
20 points on the initial surface.

10. The method of claim 11 and further comprising the step of
determining the plurality of weights to be assigned to the plurality of
shapes to obtain a look that reflects a definition of the target location,

25 the plurality of weights being assigned to the plurality of shapes after
the plurality of weights have been determined.

11.  The method of claim 10 and further comprising the step of
blending the plurality of shapes using the plurality of weights to
30 generate a manipulated surface.



8. The method of claim5 and further conprising the
step of 15 determ ning a position and status of a
plurality of regularizing elenents of a set of

regul arizing elenents that define the initial surface.
9. The method of claim@8 and further conprising the
step of determning a position and status of a
plurality of user-controlled surface 20 points on the
initial surface. 10. The method of claim1l and

e RPN B EBE  AERIR BBt
1 ot il el periants o)

bei neprakinatior of corresponding elements fron dpe shagdseasetitoh the
uraljbk/mof wei ghts have been determ ned. 11. The

t h8I99HN81 ai m 10 and further conprising the step of
bl ending the plurality of shapes using the plurality
of weights to 30 generate a mani pul ated surface. -18

12. The nt3.hodTted mdthodrofl dlaih @ sndh firtifereompHsing ek step of
surface is defined by a plurality of elenents,” each

el erftermiaiig thamplurality of mahta 40 |b@rassignedrto¢bpquim1ahg/ of

T35 05 AR5 SBERR ARG Peblon S BPeP it

1@t ephefpluidfityesmviights béiﬁgﬁisﬁfgﬁbﬁtt?é tAé tp‘(f)\:ﬁ'ggt?t@f %p?? after

assngnedtothe plrurality of apes aln a

t hatthegruralitysofaweightshaveoheeri deterntimedyet | ocation, 10
the plurality of weights being assigned to the
plurality of shapes after the plurality of weights

have bee et
f u\r/t her cr:]104jn'pr ?Q?Eng%ﬁﬁ%dlé‘; Ce%mgfl ﬁ%ﬁ"ﬁé%b ﬁ"ém sfrﬁg{%d?tep of
of dlemding the plurblity of shapes Usingf thleﬁjllm*allﬁy dfowd hts to

generate a mani pul ated surface. 15. The netho
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15.  The method of claim 14 wherein the initial surface is
formed in a first key frame, and the manipulated surface is formed in a
subsequent key frame, the first key frame and the subsequent key
20 frame being spaced apart.

16. The method of claim 14 wherein additional shapes are
added to the plurality of shapes if the manipulated surface can not
produce a desired surface.

25

17.  An apparatus that manipulates shapes, the apparatus
comprising:

means for determining whether a shape type has been chosen
from a plurality of shape types, each shape type having a plurality of

30 shapes;



formed in a first key frame, and the mani pul at ed
surface i's forned in a subsequent key frame, the
first key frame and the subsequent key 20 frame being
spaced apart. 16. The nmethod of claim 14 wherein
addi ti onal shapes are added to the plurality of
shapes if the mani pul ated surface can not produce a
desired surface. 25 17. An apparatus that nmani pul ates

shapes, twhempselested shapsiypediasdeansehosenpmeans for
det ] Nni whet h h t has. . .
a plaag dorelSRr woBE to R pIURT e Of Yripas S Ragete Win
pl urtﬁEi }@bc@éd Sﬁ*ﬁ)es ?%hd'lg when a sel ect ed shape
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type een chosen, neans for assigning a plurality
of wei ghtraeans foreblendinglthé ghapessbasedsoratheopliusality ofimtdights
the sel ected shape type; and neans for blending the

Shageganssale aminital sPrfaced i ty of weights 5 to

generate an initial surface.



