; e3es(s$PWR@B. (6d(T(S] 5t 1 20 June 2002 Method for repr’eéé'enti ng
geonetric shapes and Qeonetric structures in conputer graphics 5 Background
‘of the Invention W“he | nvention The present invent2®duneR6dzs to
representation of]\ M“m\m\m apes and geonetric_structures in conputer
graphi cs. The |nvent| O fdyr ther relates toli0 rmdehng of three dinensional
obj ects and ani mati on o? such objects in cofputer systens, and nore
specifically to a method for describing such Obj ects and their anjimation

sthrough a gr Methedriosrapeesenting aeometyeshapes and gaometsic StRUGHHIRS ion, t he
i-nvention rekg #ltgpg%g on and editing of such 15 objects and ani mations
t hr ough bui | no d animations by creating and mani pul ati ng smal | er

pi eces of a nDdeI or animation in the graph. -2. Description of Related Art
There is a fast growi ng market for ani mated geonetry and its 20

di stribution_through the Internet and ot her nmeans. Rel evant applications

i ncl ude <CADI Bagkeraund of the uendios systens, conputer ganes, virtual reality
systens, el ectronic shopping, screensavers and visualization of conplex

i nformati on such as_weat her conditions, ocean currents, seisnographic data,
etc. ~5 The emrghﬁﬁéﬁ&é&l&ﬂ%t ernet-rel ated ani mat ed geonetry is the
so-called Virtual TE%?;JﬂeEéhtNBQ@hﬁBﬂ rbﬁ@&élﬁgf‘eéfryﬂ\aﬁhnoh'b e&n:es
3D-objects are eit rimtives (spheres ers, cones e resented
by pol ygons, Sg0metric ﬁBPCB#f%FI&ﬁam eeggan@é@md%p HyY eaitiod qurﬁ es to
order tj@ desgigdesing &ptmée ‘&%%ﬂs@hﬁp%fé%@s ﬁﬁ@'aﬁYxﬁaﬁbﬁL@ﬁs jee@ss at a
certain 30 resol ution, pi ca a hug Lfg'b ol y ons aré’ necessary
aad the node?omﬁuffirs%’lsfem& H Orﬁépcglﬁf@t ﬁ‘ﬁfg OBﬁﬁéﬁﬁlb’é’&Slﬁh VRML
can be defi ng¥jebys He@iheir A8imhtion ahfaigth 2RirSek straetm/elmraeyar 01'%?1@6“ _
(child) objects.depend, which in turn can have new child objects, resulting

in a sinple ¢S\l e this type of conposition allows defl nition of
separ alte novene?tﬁ} Qédﬁﬁ)lrlslﬂ@e ql:‘iﬁ%ﬁt 1dmr@1a€e@t@mresﬁon%@%d}ﬂﬁ?mulehlt n VRM
can on y consist o npl e . shifts at j.ons i near inpterpolation
bet weerJan | ARIECE anthanHAALARS hrguehbul Umanm&esanéqumaztpnﬁ U coeping |

, and manipulating smaller pieces of aodel or animatien in the ‘gr [E -
p05| tion. The present invention facilitates the definition of "3 Obj ect s
which are far nore conplicated in their topological structure. The
invention al so enabDescripgorif Redlated Aft such 3D-obj ects and thei r separate
parts in various hl.stl ed ways oW ng .snot h pat hs conplicated
accel eration effeﬁﬁ garsij b‘y%gmrkete%n%ﬂfrﬁl%g%&ﬁg? %a vBnents and
effici @it r ahs‘aslamm mmghfthbﬁammbhen@mﬁﬁrmdnenﬁewvannappmamms

. d f Whi d
Ui For m Rat 1B B AP REANE irEHictF BiABRU AR, Shmifiie e Snthd i ™"
triangul at i aealigndystenss, gbduteomc ghoppirgy scf‘crﬂnsaesrsaemcbvsuawzmopdfynom al s

are not incorpor in_VRVL e mal used in hi evel CAD/ CAM
applicati ons’ %‘Pﬁ&@é?“ﬂ%‘?%é&b@ﬁé %ar{gggco nﬁl’ 8?3?%8}’%3\“]‘ 3hape nmodel i ng
usi ng spli neeidmegtapdiic data,ietel out before in a nore limted context, see
Barghiel, Cristin, R chard Bartels and David Forsey, Pasting.Spline
Surfaces, in Mat hpg@biga %n%%th’ﬁ&ﬂ@ﬁarfﬁiergéf-‘féﬁtél‘ﬂn%ﬁﬂ‘eﬂ m@t&quﬂengs
of a conference heId Jun 94 1n Uvik itors:

Daehl en, T. Soyeaiéed Virtnal B@HU%MB‘P leling Language (X RAME i I V@Mertgl:ts?ap?%ss

Nashvi | I e, U‘ﬂ3lb’ﬁfﬁje@ds'ﬁ8 eMe%%»rnEﬁW’ess(fsbﬁéféér @?hﬁﬂ@rs

PreRbond Sl preséntedi N9
Java (Addi sqn- Ve 1 998 age 367, DI OVI des efinitjons_of the
Yy po ygons i.e. net planar facets boun ed by stralg t lines. In order to

describe a complicated shape and achieve visual smoothness at a certain

30 resolution, typically a huge number of polygons are necessary and the model
in itself is still not smooth. Composite 3D-objects in VRML can be defined
by beginning with a root object, on which several branch (child) objects
depend, which in turn can have new child objects, resulting in a simple tree.
While this type of composition allows definition of separate movements of

35 sub-trees in a 3D-object, such movements in VRML can only consist of
simple shifts, rotations, and linear interpolation between an initial and an end
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20 mat hemati cal concepts used in the follow ng specification: "A graph G =
(V, E) consists of a set of vertices, V, and a set of edges, E Each edge
‘is apair (v, w, where v, wE Y. Vertices are sonetines cal | 2bJursi2802 and
edges are sonetinmes call ed arcs. Directed graphs are-sonetines called a
digraphs. [...) Sonetimes an edge has a thbrd corrponent cal Ied 25=We+~ght
or a cost.” In the present invention, vertices,are referred 6o ases" s

t opol ogi cal nodes. Data associ at ed with each t opol ogi cal node descri be 3D

eonetric sh i G .
ntities lin t opo rs,
g BT of Tt B PRI itk the JpBhRIGEF AP BHIGLS it
aﬂd in Lhe prags dat nﬁﬁeldwmpllncamdmmet(ljanmpmlogwnlrse)pxoeamtTmeEtlrmrﬁﬁedges.
The anchors e S SsQC t he anchors
and otored | AOPRIHEpTARE P N0 BroRhR, 7 REENEN WAL Patrd Sp PR
(wei ght) asscophisttanéd ways, alowing dmrtlillpaﬂlshmd aoggdivated acsdlepmiamn be
anchored to %‘ff?ct?t her geometrl c shape. :;~;i~'" VDE~ SHEI?, 20 June 2002 -

. , r . ~70i17 nnn 3 : ~ ~ ~N~N ys
Invent| n It is the object of th |nvent|on

sew eaee ee ee Sugma y, of t

to provide a nethol CFQPI'F%B é;‘ﬁtSF‘H{:Pt ishapesp ﬁ%‘i"é‘ﬁ&Fn(SS@) sHieent and
ani mation of repedyebitRiiisSof thetn, WhY profired SMbbliABhtsof Wﬁ%nttﬂﬁl &l isede
requi renents for these represen%aatl ong| %ES applie free form
objects in p&SRINGFUrvEs and SHEACESsRhWINE saltnes and Y ifermp Ratpnal d
transferring Buseinel (RAUR BY)hra Rp BB cOPariidts! 86WSPas iﬂi'@n%muﬁahs QRd

f aci Iltfées the sharing of such 0Objects and aninations ween several_ .

conput e s SEsbInIq geometye Spiipes g @é@ﬁq%lﬁe\nqunmdsgrﬁmt ARCOIPOrakeddn

hecessary fOTVlQNﬂéltlblﬁlgar%kad}nml ﬁ§e§:l aﬂdlgaplermlc%e/@mld d%@mﬂ?vl'ﬁh
objects to be%? aned IEP vera&_A r.ate entltlg whi ¢

h na
separately d&§ nERoRE 1F4le?l'l@|ﬁe BRAcpgLsing, sggnes
conbi ned in %aﬁlllﬂé’@ﬁrca@fle&l@m bem inad trﬁ#é lishitdd contd-al sé¢ Bagbhies, Oeistraen

the entities def thu maki n passi bl conbin arts ipto
units in var ﬁﬁﬂz? %P‘%P ﬁﬁq%g’aghgg@‘fpsl S“Ey‘%ﬁ ﬁ:@atlcaf]
degendl I&t on Méthods tfor £uross AQﬂ?%@ﬁh@éE pabc@h%cﬁﬁgg gﬁﬂa @drﬁaﬁﬁ}dezhélﬂemmdmt-l ng
and animatio ve e ove i one resen
Mhventi on. o XedBS4 indIRkSOTHEY op oo M GDHERLSTo afiﬁeﬁaee&éﬁd&%ﬁr

ani mat ed n~t gfl B1=40,Vakderbilt Zﬁu%fk@typrb%s Nashvitle, TN. . .

novenments 1 s present ed. The method ufilizes the hi erarchl cal dupI i catl on

and mul t1resol Ut gl ANRH WSO DBV diFS: thabgmbsofwl?g UohiR IOt S

and their animation representing suc err

.ani mati on cabAgdispas¥Wesiex 1888 pagedpy, Nmﬁdcedowmﬁmylonh@fdéﬁort h 5
referreghto ﬁ?aﬂt?ﬁxﬁ%ncapéoﬁé@tg ﬁ§éﬁ§ Bk FAROG Eelzédlﬁ@agénr eferred to as a

GAGS nodel . jects are crib as sets of
geonetric entitieg,such,a t curyeszand, surfaces e

entities are |ink ‘égdzﬂhoé JE)]@QP OMéFéogé{(?ﬁ“?%spJ; di%g ﬁgﬁgdges
descri be song, paich elpeds asp"ﬂ? @Dw}),mvﬁéiev-rﬂaeet;oﬂ@éx@ﬁﬂe@@ﬂre REARTIAES caledor ed
to each other in such way G@rma dlreCttgfé graph structure of

under | ayers WPEES;ARS ¢ r3§e smy:ttraﬁ%p ed grendoested HAphs RS SRMSIHIGhe or
mor e under | aygNed atdighayis. ANY] SeHibEMmelfaOy®id RYSh ThAddthsshémm, chiledhe

anchori |,p59 of w%zght or a cost.”
In the present invention, vertices are referred to as topological nodes.

Data associated with each topological node describe 3D geometric shapes,
possibly time dependent, and is stored in geometric entities linked to the
topological nodes. Edges are referred to as anchors, and in the present

30 invention one anchor can represent one or more edges. The anchors have
weights represented as data associated with the anchors and stored in the
geometric entities linked to the anchors. The data (weight) associated with an
anchor describes how a geometric shape can be anchored to some other

geometric shape.
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t opol ogi cal nodes is defined in such a manner that the geonetry of an 15
overlayer depends on its underlayers and therefore the overlayers geonetry
‘Wi ll be defined relatively to the underlying topol ogi cal nodezd J@ao2802 i €S
and’in this way a change nade to the geonetry of an underlayer wi |l also

|l ead to an update of the geonetries of all_the anchored overlayersn‘nn

Addi tional geonetric entities are |inked t® the anchors. Hende-the-" ..

t opol ogi cal 20 information about the nodel resides in the t opol ogi cal nodes

.and the anchgrs, while th geonetric information resides in the geonetric
‘efhtities thagL%RQLl¥4ﬂaﬂﬁj§%2&QQQopologlcaI nodes and the anchors
respectively. Themelsatm objepf bﬂmdnirﬁzeﬂﬂohltmﬁr@wdm nétholefor lfbﬁﬁbs@ﬁtmg
geonetries c be,.l i nked to ige nodes d anchors nce. a topolo i call node
can be anc hoF erdimensinnal (30 Rselsan %H@équ’nagﬁ‘g”ﬁ'ﬂ@ﬁle%ﬁf 1 f Xlﬂiﬁf of
geonetric engj 1ﬂ§ahttly iredhéd g’ dtbra h‘éﬁuﬁ*ehféﬂt@goxet}ﬂ}set@ﬁr@@ﬁmmw THis
surface to sur §gh%ace to Cﬁéé curve nggr e and curge to curve.
Wien t he’ nod@PP 955‘?1 Tegr 05 OPASGEn I particular amoyat pE R as tine
depen?ent I nheémhnom?ﬂ storhig ?@@tmahsfstn@gtguhhega]eéﬁ\aeme%mna&miﬁsrswdahbe@ in
eonetric entities refegri o,to iC 0 escr [
gependent chHHgEY ﬁm’t(We{ éﬁ%ﬁ?sr the %@é’b‘%’q %Eﬁ'fﬁr}‘ 8}%‘36@4 ﬁ?@ anggp eas bF“é’G?‘F aces
t hat hconst i t séveraheoBpUNBs) severa] asérsagc STR inwdiitlarwillvds® 8im ny fth@tion
in the geone

tri entities.referrin e a ors
Hopenden:  mo e Recs s A fog coring SudiSphiesnard antedlions b alevimesbing
under | aMBC(F)S objes ﬂolhe ﬁonedtlﬁto sea/eral st;zparate enlhtlcsi?whi‘cth g{na be~ B |~~S
~e..S . nversi o el I onsni, ps we oca enti 0. a
rodel occurrmaégpeslmeespﬂgﬁa BRI ERdr The o Frerar nsfis G Re fotiaafs
define rel at immsinmmb@%ﬁmsrsl aedvatiot® kiddwof toletioesiaps detwaey elie ehtisied

global time;, wth re t he 0 f a topolo |caI ode:, conversi on
5 matrices dgl‘aiyn]%e Flﬁﬁ ‘B@kﬂﬁ {ﬁ)&qgﬁi@tq §8 IEBgraH‘isn‘ QUIYP e
t opol ogi cal yary a&ﬂ tdunengd2tetonooiemure pgh@tnl umwddpmdmg @f the

wnole Sgene ﬁ’“'C“ SEB%é’ﬁwni%ﬁi’ﬂfﬂe@ Siages D e o g bodmiBetRen

defini ng newwsgks of topol ogi cal nodes, anchors 5 and/or geonetric
entities. A set of topol ogi cal nodesr anchors and/ or geonetric entities

whi ch is defined ﬁ%cgb@vé)ﬁ% ‘%Yl@& ge;q'% inveh&oERGLI on in
t he prototype and |neatraﬂ ormat|o Cribe sone géometric
rel at . ~onshi pebize thfﬂ@lp‘ltgoQ thy %dHnén?elﬁ@a}cQ tfg@%lt ¢is@atmatgtthor s and

geonetric entities. 10 In one aspect, the invention provides a nethod for
representing geonetric shapes and geonetric structures in conputer
“graphics, conprising the steps of describing geonetric objects as a set of
geonetric entities such as points, curves and surfaces, |inking each
geonetric entity to at | east one topol ogi cal node thus

a2 MNED CHFE"



defining a geonetric shape associated with the topol ogi cal node, defining
anchors 15 that each refer to one overlaying topol ogi cal node and one
-under | ayi ng topol ogi cal node so that a directed graph struct 20hofe 2002
overl ayers and underl ayers is created) where each tapol ogi cal node_can be
anchored to any nunber of underlayers and have any nunber :of overi-ayers
anchored to it) and so that the geonetry o?’an over | ayer 1°s-dependents on
its underl ayers) describing geonetric properties of the 20 anchors as

addi tional geonetric entities, l{nking, each. of these addi.tional geonetric
Bt U et o Hoveserits g aréssnes- The milhER i Zes BE Memechisol i Haon | des
a net hod fo_ran&rm@hiréélngidmhmpéeu@wdﬁmargemﬁrﬁé ﬂim&ﬁ@ﬂgﬁﬁ@@%@@ﬁb}&@
structures in uter gr.a S, C sing the steps, of:.describj.n
geonmetric obF’é&?gaé E‘Pg‘ohﬁ’ﬁ%ﬁﬂ}%torerﬁgquiegyng g‘cg‘&lﬁe%@ aﬁgfh}egr curves
ang SUL f acgs?pimﬂibm@aﬁ&ﬁﬂmj@imurdscaﬁhidtw Aﬁghb;ddﬁaéﬁnmg',tm@eﬂﬂitﬁm 4
node t efining a ge ric ape associ ate .h _t.he topo] ogi cal node,
defi ni nésanc #geaﬁgt%e@géf"eﬂéfmeowéﬁ I%E?Rfawwg{l%d%%%f%ﬁ 1848 and one
under | ayi ng GopGkagodell node so that a directed graph structure of
overlayers and underlayers is created, where each topol (igical node can be

hored t f . |

ey 1o oY DI CHGR e R Sl I ARE A MR s8baiat) o er
i ts under| ayenidtiesisuch apipointgeowriesiandosunfagasi dheod gebmedric leotisiesare

ddi ¢ | . o o &S .
a0 11 o0 SERRE foffldanadd has EshopbINEEm AN lana sOReTB 0
2002 6d0yeonef somectdiobjest, Thepopolpgianl modessargsansboredhto aach othermimysush
ti d d | ' il

I'me depen e&&aﬁﬁ%@‘ﬁﬂ? S0 S ﬁ?@&@ﬁ%&%ﬂhgﬁr&eﬁﬁfe dﬁylﬁ{(ﬁar?i}'e'ﬂ?%fﬁ ayers w

|l ead to tine ncy i n any over ored to a tiI'me dependent
under | ayer. ®Y¢mdayerssAnypopetogiral nedécanibsgnchorgdyto oneosweoxehandatayers
structure i # inzlfﬂé i M X I it ed
obj ect. Fi gnalgd gﬁg@v\rgﬁb’he b%géﬁrrg‘églg%? a pap?e(gib ?hgﬂgn@ﬁgﬁéﬁ%ﬁf{e}{g shown
in figure 2.topolegissl npdevis delinedippsuele arrmaneemibdt Hngeametrivee fhan

accordijgg to L i r [ I to
o1 eat e opr LATaTRIRAS HETS LARCRRTR B IER Rrp g oiCliEgers Beathely
such obj ect swilbberdefinadrelatinelst footheiinderbngdppelogical nadesagemstriesand A
GAGs nodel cgniyhe chén Ha‘%fe%tth‘é%o%éé{) ob¥Rl Wil drlayer Wil g oTRHE 1§

w Il be used in conputer systens, elther as part of a si'ngle_ ,system or

di st ri but ed ¥hupdateral theozgametriasi Hald dapanehoredveriany crpndddisipnad are al so
stfr ed as on%daﬁet{f%& exluﬁitiéﬁar?nﬁl%émd&ﬁé hﬁéhé‘i}'{%y}kﬁlcié@lgé t@;?(?l!bgf&ﬂpu'[ er

net wor Suc.n .as e ernet. . poael s w . er.T1 Cl en

onr oseRt at i BAaTBRtioR ABoTH i madsh arsifree (i ARMeRiSAl PEdRbARS he ARChARS 2
0 ani mati on whilkulE R@oRiriciineim e pEsiles iFtHeegdsthemiSentitibs thatmrehe
properties no rovi de ferabl e

f th Gs el.wll ,therefore a . pr
al ternati veqf%kﬁﬁfQ/F}lfu@m??%‘c\fﬂ)Pﬂﬂ?% ag&éﬁe égghﬁﬁﬁlrE?P%é?Vé?Yi ng to figure 1,
a GAGs nodel consists of topological nodes that are anchored to other
t opol ogi cal nodesThéscdretioguingplano honiations tmuthat kind of geometuies sandeni t h

one or nore j id t l.agj £al |

the topol ogy ek f5c e, FANdd RF pndits” SRRICEH (BLPErnAR I DR MRpERLA B

georet £Pcal qiher tafolpgisalnngdes indgeEniieat pé wiggkind of geometric(entities it;is | ~~

- ' linked to, thus allowing e.g. the anchoring of surface to surface, surface to
curve, curve to surface and curve to curve.

When the model is an animation, movement information will be found
as time dependent information in the geometric entities. Movement
30 description in geometric entities referring to topological nodes will describe
time dependent change in the geometric description of points, curves or
surfaces that constitute the geometric object as such, while movement
description in the geometric entities referring to the anchors will describe
time dependent movement of the geometric relationship between the over-
35 and underiayers.



Wthin the scope of the invention, it is possible to inplenment this
structure in any nunber of ways. In a given inplenentation the different
-units of the nodel, topol ogical nodes, anchors and geonetri c 20niurne 2002 wi | |
not ‘necessarily be realized as separate units. In the case where the GAGs 5
nodel is progranmed in an object-oriented Ianguage t.he. uni t’s "npy, be :def:i ned
as separate objects as well as by any nunbér of ; .0Bj-€Cts, ard .4, mnlh also
be possible to conbine several units in one object. For instance can one
object include a topological node as well as its anchors and any rel evant
;geonetric entiti e$ONNErIRAESIASIHICOpatbonships hotreen tocadmentiéy apd global uct ure
of topol 001 Clod RS uRCRICHAYifstaliRb Syith HEd B MZRCEDREESIGR functions

rel ati onshi ps hetween_ the geonetric ent|t|e ol ogi ca e represents
a part of a éeflamr@&atlormhlarb@ﬁ‘aﬁemé@@ahtb@g om/mmefcf nparavenaént argd 3D
obj ects are 0 5 e@éﬁ&c of

t opol ogi cal %g%}z%qg}% fﬁgﬁ?‘f%m? ﬂééﬁgb& ses an J@égilﬁggédé(lgggl?gpglon

defi ed gf obamafrigas defigegeietionshyps hpbyeanstiredgcal seondinatgs o dhe dopelogical
under | yi ng topol ogi cal nodes and defined relatively to the underlying

t opol ogi cal node(s). Any feature can be anchored to one or nore underlying
t opol ogi cal nodes. Al so, a topol ogical node can 20 have any nunber of

overl ayi ng topol ogi cal nodes anchored to it. In this way the topol ogi cal
node and anchor structure forns a directed graph. The nunber of levels in
the graph reflects the conplexity of the geonetry of the represented 3D

obj ect(s), where a base is in general a global elenent while details are

pl aced fizrther up the graph as features. The topol ogi cal node or 25 nodes
to which a given topol ogi cal node is anchored (including its geonetric
entities), wll be referred to as underlayers in respect to this

t opol ogi cal node, while topol ogi cal nodes anchored to it will be referred
to as its overlayers. The anchoring between 2 topol ogi cal nodes are
performed by one or nore anchors. Each anchor connects a part of the
over |l ayi ng topol ogi cal 30 node to the underlayer. We call this part the
area of influence of the anchor on the topol ogi cal node. Several anchors
may have overl appi ng areas of influence. An exanple is a rubber string knit
between 2 fingers. The 2 knit points are anchors with areas of influence
over the conplete string, but the weighing between them depends on the

di stances to the knit points. ~~~~rfU a~;~r.. 20 June 2002 .. . . . .
., a, ,nh, 8. . n. "~~~ AVin, ..., .-~ AA Each anchor consists
of one or nore anchor points, which have their own area of influence. These
areas are subparts of the anchors area of influence, and may al so overl ap.
"The anchoring can be perforned statically or dynamcally. A static 5 anchor
does not nove relative to the underlying topol ogi cal node, while a dynam c
anchor contains novenent information in order to nove the overl ayer
relative to the underlayer. While the topol ogi cal nodes and the anchors
descri be the topology of the nodel, the geonetric entities describe the
geonetry. Geonetric entities 10 can be linked to topol ogi cal nodes as well
as to anchors. A geonetaric entity that is linked to a topol ogical node
will normally describe the shape of a part of the 3D object that is

nodel ed. Geonetric entities that are linked to anchors typically describe
how t he anchors anchor an overl ayi ng t opol ogi cal node to the underlying

- topol ogi cal node. Such descriptions will .typically include 15 points of
anchoring and tracks these points will follow Geonetric entities are also
used to describe tine dependencies of these geonetric descriptions.
Geonetric entities are of different types, typically points, curves and
surfaces. The GAGs nodel is. independent of how such geonetric entities are
represented. However, using splines to represent free-form 3D objects gives
a 20 conpact representation and the snoot hness of the geonetry is not
dependent on the distance fromthe viewoint to the geonetric object.
Geonetric entities can al so be used to define conversion functions defining
rel ati onshi ps between [ ocal entity and gl obal nodel -occurrences, for
instancé with respect to tinme. A conversion function will convert fromthe
25 local time of the nmovenents to the global tine of the animation. These

- DUEFT



conversion functions are typically one dinensional curves. The functions
may be |inear, but other shapes are also possible, e.g., to descri be
accel eration in a novenent. Conversions between the | ocal ;?ro‘éfhg itﬁﬁ of a
geonetry and the 30 gl obal geonetry description are represe %/
conversion matrices, typicaly a 4 x 4 matri x. Movenent can be represented
as time dependent topologlcal nodes, anchors apd geonetric entities.
l\/bverrent |n anchors typically descri be &i ne 20 June 2002 - . ., i

, " dependent novenents of the geonetric rel atlonshl p of the
under- and ﬁu&é |amleﬁ1§baF0001&kﬁmebe>faheaavlccﬂerscen@! ofevelcichithetopobogioaler | ayer
noves al ong a track an underlayer. Myvenment can also be represented as
time dependBHfle(ﬁ\B ic entities associated with a topological node: A
sinple 5 exanple is a topol ogi cal node which has a size that varies over
time. If a changdryss opolegisal npdess gnchorsnantl or geomeatriclentisiesatdn/be
af fect othe t aph of
several obj éﬁ?‘gg?@ﬁg@%ﬁ&e&hs% hvﬁlﬁﬂg%e%bgg\%eorfa ch‘xﬁéﬁﬁ'&?gs %Cﬁog‘{
overl ay®rs andAoregdonMIfcemtml% Anseteof tqwlegmehnyddamqhmsi andfar defi ned

relative to 8 be ho
the geonet r §eaelsid Soiffes atlcRls (PRl el S o PGt %?%éﬁlﬁ‘%zﬁf“;. e
t opol ogi cal amy)mforamtum in teaprptotypeaangl/oedefinp @ fé@ll-‘tfé)rm%l@él which ead to
correspondi %3? Because
of thlg so?rgs#orms o @%‘fﬁ‘n @B%%%&?%%ﬁ*%ﬁpgﬁ??ﬁ%an be done
by just 1 Stapedagicaynodes, msyndgzepmrl@gﬁlﬁmesnodes and the overlaying

t opol ogi cal nodes will change in accordance with the underlayer. Animation

can al é@ be descin erajaspect. Hiphventionl prendrssa memvgufwgeawemtmr@omcgeonet ric
tity, oft ffect
entity eshéﬂé@ A metic &gﬁgﬁéé inccoﬁfﬁuiérbré d&oﬁorﬁﬂ?}%:lﬂg % S errec

upon topol ngl cal objects or ors ?/ ed on For this
pur pose ti esqﬁlbmmomtﬁmnomectaggeeehewomemp entiies ayphiasypointa @S cal node

and geonet r gy emcfex Iﬂf&ﬁﬁréé&h%oh@ﬁno‘&ﬁ&fto%ﬁ @Q&mwab@eél noaemu%nce wher e

t he anchor, topol ogical node or geonetaric entity is active. Alternatively
condi ti ons definingea gpemetinshape assaciated ith m@rtomlegl%pe%gieﬂang aeehors anchor

Or QgeoqBtIi fhaeBhdH Mfdrio BRE bVé‘riaymg taéoué%éasﬁds%nd 8hé Mn&@lﬁﬂb%&&bn&l letting
a georret ric entit assocl ated wt epen dent. "Afeature can be

ani mat ed | nnedRse,fhaka diseeted graphrsuCt AlPuREgYers and undesigiersds ereated t v

associ at ed Whér'% ddtf t6pUISYics inead c&?géah&éréd% bf @RériaeaRg over
time 30 2. A geonetric entity of one of the underlavers of a topol ogical

node changeB@&aM numRer f ovgrlaysrs ansheregrto ftnandsathat the geomaley oabl ogi cal

node or an%\ﬂ#@?@ﬁ i& idep&ident ¥n Et@hﬁﬂérlaﬂ@rst Qe&!ﬁﬁﬁg@éoﬁ\@ﬁi&gfroée%éé éfhélepe nde nt
and changes oV June 2002 ~ : ww

1-f
~— T?'Pﬁ!‘°ﬁ%%%g§4'§'ﬂ’@' georpetric Sf‘t'tlelﬁe"'tki"}ﬁieealcﬁ@éﬂ\?é? additional geemetict h t he

entities to at least one anchor.

In another aspect, the invention provides a method for representing time
dependent geometric shapes and geometric structures in computer graphics,
corr;prising the steps of:describing geometric objects as a set of geometric entities

25  such as points, curves and surfaces, linking each geometric entity to at least one
topological node thus defining a geometric shape associated with the topological
node, defining anchors that each refer to one overlaying topological node and one
underlaying topological node so that a directed graph structure of overlayers and
underlayers is created, where each topoldgical node can be anchored to any number

30  of underlayers and have any nubmer of overlayers anchored to it, and so that the
geometry of an overlayer is dependent on its underlayers, describing geometric
properties of the anchors as additional geometric entities, linking each of these
additional geometric entities to at least one anchor, where any information describing



t opol ogi cal node itself, one or nore anchors associated with the

t opol ogi cal node, or one or nore geonetric entities associated with the
-topol ogi cal node. 5. A defined condition is fulfilled, such 20 June 2002
presence, absence or 5 10 15 20 proximty of an other part of .the 3D
object or an input froma user interface or any other event froma source
external to the GAGS structure. The GA® nodel will typically contain all
t opol ogi cal nodes and anchors that are defined at the 'tinme, but the
rendered part of the GAGS npdel will vary as the animation tinme changes,

nmovi ng i n ad8oEliceNtiiase tapolagica Bedes as welkascanchets mipYy be time depemdang and

t opol ogi cal whefethe d@Péﬁthn‘éY BNGveIRPERIdN thdBRAYdrs il lead'd tive 85EHdbhG TR
associated with topol ogi cal nodes, anchors and geonetric entities  are or

are not ful PNY P¥Rrlayesanchessl ta s timg depandentyndedayeind geonetric entity can be

used as a prototype when defining new topol ogi cal nodes, anchors and
geonetric eﬂdéﬂ@e%c#iﬁﬁ%%fﬂﬁ'dfravﬁﬂg& her, a prototype may al so consist of a
set of any nunber_o opol ogi cal _nodes, anchors and/or geonetric entities.
A topol &gi cal nolig. hakaws the GAGsatructurenin 2 ygeneralized To@ni ned based on a
prototype can override any information in the prototype and/or define a
transformation. Fig.chshewsranbexample sfedrnbnionsiedobjettieen the prototype and
t he topol ogi cal node, anchor or geonetric entity. The sane is true for a
‘part of a geonet g ' LAt i .§fkﬂ ' 8Ssh a’
more conpl ex pr oF%y%%%%éﬁ??@GéﬁgggaaM%&&?a arﬁsan[gﬁie%ggg)é};t ur e,&t&ﬁe
ghost sl ug Bpfigere Be 25 30 has spi kes protruding fromhis back, four eyes,
two anchored directly to the body and two anchored to antennae. The eyes
‘consi st1® of Deperiptiopwrahe weefrodibembodimsat ore nore | enses. I n addition,
Spi ke has a convepient collar wt hoop tq .secupe a chain. nal yzi ng
the GAGs nodel, f8cash9 W‘ﬁé’@%ﬁ% H%E?ﬁﬁdf“’?ﬂé%&ﬂf‘sm eﬁﬂﬁiy %B obj ect s
arg quite ﬁﬁﬁﬂi{zé% i1|1 bidert ﬂrilﬁcmla'tdm:presenfwdiﬁm' %f;\ H(Bﬁ@k dgrrfmﬁﬁmeﬂé(BD) @lﬂ'@btsgi cal
nodes in the global..graph structyreqof,. the el ....However, they are
A1 def | necansd panaidh 2 Yughiabitdts talon b Sfprsenral R R R tred 19745 4

prot ot ype, GGt dedr A GAdBe chaaied canlbecubed inf differehy canttxin By pidally

Gescr! Bong DRt BREIEGE P U S Bl Compt G D RlenlS, ener PR S WhafE o' 0

a pr ot ot ypesygtemudrr distrénttet yon seviertictp1bilferating cotnpubee sg8@my. IGAGs- , ~ . ~

. - PR A ] of i n

ar  angerrent 808Fls drethls) sfPrad et b RTe 118 bl SupHTRE I Bp bERSRT over .
the sets carorhputer astarorks jucdt asithd IntemetgTbé GAGsanbdels Wil bekeffttient
symetry i b8 i tauat i on a j . i qul.ar sour
oxanpl ¢ 5 ARG B el dilch tonal Bocdorl] EppACIaPMOAaY W BT |
Spi ke @Bperanivitioneinchagingatorslinesr pavements Fids farnats wiilizing Yedy noves,
all the otNgbpShfdesf (iRl GAGs ARl will GRraR:EBRERIdAY preferiifledItdilbfife °Y
will show a& stmlar waving. ., Figure 3 shows“how theSe relationships are
nodel ed by t@ pravousddle formats sueh Ay VIRMHaph of t opol ogi cal nodes and
anchprs with associ ated geonetri’c entities. The floor is the base

,tT ﬁpol ogihcal bn?daefdtfdihgft?mgmbqahf%ﬁ%§gﬁﬁe%@h§ﬁ@b_f t&pslol i/@lt@ddsegatf oor .
e ancnor et wegen e oor a S a am, C ,ancjor | C 211 nes
T ool apfaprhomd Doothen topologiehl codgh: Esclaéogﬁagmlﬁﬁxle&fl ApeRof

progr esses asSodiafed Withsenkos nivre geoeldiriecertitidsh T Heop obygishhhbdesandors, a

novenent of the body will also lead to t spi.kes noving by the sa

mrount ¢ haschSrgetng e ey o the faodel Mhileherpeanury adfel Hike o

al ready desgprtheegborsetiival phet ofihicanodeke all equal in shape, one spike 20 is
used as a prototype and the ot her spi ke topol ogical nodes (or their

associ ated geonetric entities) refer to the spi ke prototype and add or
override information about where the spike is positioned on the body and in
which direction it is pointing. Depending on choice of anchoring, a spike
may al ways point in the sane direction relative to the body or change
direction 25 i ndependent of the body's novenents. This will typically be
nodel ed by tinme dependencies in the anchors. In the exanple the antennae
are built by anchoring a surface to a spine. The spine curve defines the
curving of the antennae and is anchored to the body. The curving of the
spine may change over tine. This is nodeled by 30 letting the topol ogical
node representing the spine refer to a geonetric entity which is a tine
dependent spline. There are several ways to |let the speed of




t he novi ng antennae change. Either this can be nodeled directly on the tine
dependent spline. Another alternative is to let the tinme progression in the
spli.ne be rat her constant, but associate an additional geonet rigcyufidoly

wth . .~ .... rrT 20 June 2002 12 . ; - .. ~ T, nL,o0van,
7 ~, .~, pnn 0 .nll ~s ~s the spi ne topol ogi cal node, THi s2 new gednetric
entity wll deflne a ,; conversion fromlocal tinme to globBal time*In-such a
way that the speed of the spine's novenents is varied over tine. - |If one

of Spike's ant ennagifhtn tRe 5 e}?eﬂfﬂ{é)f eEﬁEﬁeﬁflsrﬂ?ﬁsi‘?ﬂé‘% impiéhe f‘ﬁﬁs this

can be efficiently represent one antennae
prot ot ype whiSHMCHER; igi Qﬂ}bhu@fbef Q& ViRiseln arﬁlﬁm a@pﬂ@nsa@émrbthe dirféer@nt y

addi tional | RiQfE th@nbAek, WS?QItog‘i‘éaleﬂbtd% nﬂgcﬁo?s AP cERei DI t he

mrroring. In this case t ype w consi sting df several
t opol ogi cal MeYascesHAEHY DS r&ﬁhzgdz@ﬁéppar@t@nmtm Icnsthwasr: where theaGAGs 20

June 2002 _ whedel is pro zfmmed in ct-otiented 1 age the units ma =~ n
non c-~ - ~~ nn e W? grs cl ai rreaém%,% ]Me% (fnfgurgrepresentrlnn bgeomatrlc

shapes and géghiaedias W@M@Ctﬁrﬂs&bﬁ%@ﬁ&y gryapumber of ohjestsi ad thwilt eps
of _ . descrigpjgdge %%Qﬁ%lé {6 cORbREE §e’»€b"‘raﬁu§ﬁ§ iPbnd th F%r‘fﬂ:@t'ahb@%aﬁ% as

5 points, curyes and surf aces I'1nking each geonetric entity to_at [east
one topol ogi @g’ eqtdaelude i topal Pﬁicﬁbnadﬁéél’ﬂé‘?u F‘-& 1@%"&%3@@@&6’@& §YarK t he
topol ogi cal pedmetdefenfiticg. anchors that each refer to one overlaying

t opol ogi cal node and one underlaylng topologlcal node so that a dlrected

graph stxucture of. 10 overl a ) S is create

t opol ogi node quﬁ 9Ro ?@héfg-be ﬁﬁﬁﬁ%‘ﬁ’&a WF%QEFQI\’A&?@% e any
nunber of ovabﬂas/and amchbry. hib @tﬁutturar&ésenbéh&te tdiatigeshipt betweeanhe

overl ayer is _dependent s, under. descri.bin e i G .properties
of the ancho£§°§‘§‘%mﬁ?&?ﬁa té’é)((ﬁ%glf;flpc/ ref?rétéaﬁ"ﬂl??ﬁg’t]éa@gfﬁ Hese

addi ti onal genoker desoritestlicos differdnt Ipeamstofam«e Hdobdects Are btabatit@each di ng

toclaiml, ere one or nore anchor points are associated with each

anchoring of Pover | ayer to an underlayer. 20 3. Method according to claim
1, Wnere a geonetric entlty fri]ked to any_ topol qgi cal  node can be either a

curve ofd a surfacén §FAGsgndifiergat Kindseoliopsirgisal ’é%ﬂlesn%e‘déaﬁﬁffél’anchored
to other topﬁhﬁfbﬂf%hs&oﬂﬁféd’tdﬂe%% afd d&\ﬁﬁéd sl owhiBf aﬂ@%@éﬂdxﬁie‘?ﬂl ties

it is linked to allow ng t anchoring of “surface to_surf rface
to curve, cuMheress Tes @a Achereddo wndaiyiag topologisal pasiss eﬁﬁsg

(s::o?: ;lnei Whefﬁaﬁﬂrebﬁﬁﬁihesﬂiﬁérﬁmgh@pgﬁfgif@élrﬂcfde‘%g IAneSedife 655 bel éi‘ftﬁ’lo@éd
to one or more underlying topological nodes. Also, a topological node can

20 have any number of overlaying topological nodes anchored to it. In this way
the topological node and anchor structure forms a directed graph. The
number of levels in the graph reflects the complexity of the geometry of the
represented 3D object(s), where a base is in general a global element while
details are placed further up the graph as features. The topological node or

25 nodes to which a given topological node is anchored (including its geometric
entities), will be referred to as underlayers in respect to this topological node,

while topological nodes anchored to it will be referred to as its overlayers.-

The anchoring between 2 topological nodes are performed by one or
more anchors. Each anchor connects a part of the overlaying topological
30  node to the underlayer. We call this part the area of influence of the anchor
on the topological node. Several anchors may have overlapping areas of
influence. An example is a rubber string knit between 2 fingers. The 2 knit
points are anchors with areas of influence over the complete string, but the
weighing between them depends on the distances to the knit points.

AMENDED sher



5. Method according to claim1l, where at |east sone of the geonetric
entities are described as Non-Uniform Rational B-splines (NURBS). G Method
‘according to claim 1, where at |east sone of the geonetric 302@duné 2062 ar e
described as B-splines. 7. Method according to-claim1l, where at.least sone
of the geometric entities are described by polygens. ™ ~~',t' Jc4 -0
20 June 2002 14 ; ., , nann~nn~ao~n -~~e Anna 8." MéiTod dccHrdi ng
to claim1, where at |east sonme of the geonetric entities are described by
al.gebrai c equati : ' lai r < t of
‘t He topol ogi cal ?\ggghépggﬁf g?‘?ﬁ%‘%ﬁ‘?ﬁ@ﬁ%f@&?ﬁg‘cglé‘éﬁgmste’é‘@?fs‘ggtﬁ)‘?@ used
as a prot ot ypnfaseadianflusnadelbhese arees aresicepartsof thranchas areaoff
occurrence iﬁ‘lfﬂf‘éﬁ%i Qﬁ‘@nl?é(y Hgon(gvé}lzﬁ)eference_to the prototype. 10. Met hod
claimy, r

according to where any occurrence that refer to a prototype may
override one or''npre of t.he properties of the q{ototﬁ_)‘e. '1a]ll gﬁthod
according to cl ai 'S 2DGREFBE: perfpEned statigal bepr dypgmically - g Stalis pe

al so i ngl udearcHoraitelsAdtehb08 réftiverto tHeindeflyifg topaloldIRiddeN wHikit he
prototype to,the referring instance. 12.,|\£ethod, according to clagimi1, where
the geonet ri $yRaBifcaRthor RNfRNSTBABFHGNE HIORBALOBAR EleE KA RRYE e any of

the fol | ow ngverdasrer reldtive hafd meddrigyegeonetric entity |inked to the
t opol ogi cal node,” 15 - by changi ng the anchors between the topol ogi cal node

and its underl ayi . | Qi . - ' t i Nt sein
any of the anchgrgqgieﬁoaegeﬁbﬁozgéﬂcggp_ %%Si for:) ¥lﬁ%§§&g6nr§q}etsgggggg??é§%§%’ of

t opol ](c)gi (r:]al theduedel, thg g@bmﬂgtanMﬁEsM?rIbayhngebummdﬁc@netrwentitihs ough
any o e r eSERL t e t
Geomet A0c s KATERE Lindes spolkicaiddiytes ReN'SROHHOS0A (ARREIR. o
the steps ofthaé'ﬁcﬁnhetggoget@peicrgicaldm@wéllamrmasl descrifeothet shapeeof @ pards
such as poi V. l.pkd coretif ti at
east one t ofoect R Iel haF i bERed BeonBC ST SRAIELIGLR pchdsS, |
t he topol ogityaicallydesardie howdgtharagichoss amehoremr hveraying topohegicabnbdg tmg

t opol ogi cal : : | | oqi.calk: - . .riect ed
or aph_ st r oot HeangRgoBaRGI A, KR AFBLiASIAIER iEALy Indig

t opol odbcal paidts ebaneleordng andiimckd theseapginisimtitl fadlowindepmeyre ensitteshave
any nunber. Qe S LEVPLS qBRGHE Bthd fobdnd iRt sk JchmnARRTRYiptond!
overl ayer is glepen ent on its under ers, describing geonetric prpopertles

of the anchors as.addi ti.onal. geonetr.i ntities, ~lr<=lnrn ~~ ~rrr
Geometric en{m%s are of different types, typ}calfy pgints, curves and

surfaces. The GAGs model is independent of how such geometric entities are
represented. However, using splines to represent free-form 3D objects gives a

20 compact representation and tlie smoothness of the geometry is not dependent
on the distance from the viewpoint to the geometric object.

Geometric entities can also be used to define conversion functions
defining relationships between local entity and global model-occurrences, for
instance with respect to time. A conversion function will convert from the

25 local time of the movements to the global time of the animation. These
conversion functions are typically one dimensional curves. The functions
may be linear, but other shapes are also possible, e.g., to describe
acceleration in a movement.

Conversions between the local description of a geometry and the
30 global geometry description are represented by conversion matrices, typicaly
a 4 X 4 matrix.

Movement can be represented as time dependent topological nodes,
anchors apd geometric entities. Movement in anchors typically describe time

i D



20 June 2002 .. . ~, . . 15" -, . ., ~. ~. " . ~~n>>n-~a-~aa
"l n,Z,n we enne ee ef linking each of these additional geonetric
-entities to at | east one anchor, where any information descridfiJine92etric
entities, topological nodes as well as anchors nay- be ti me dependent, and
where the dependency of 5 overlayers on urgleil ayers-Wwi Il Fead t'o fine.
dependency in any overlayer anchored to a tine dependent "Undef| ayér.”"14.

Met hod according to claim 13, where one or nore anchor points are

, associ at ed WiépeRdilt Mo¢EAentsf e %e!brﬁ&t?{c' &Yﬁioﬁﬁi?@f‘%ﬁé@dd@yﬂﬁn@”d wher e
a change in the position of“;pge anc I

gr points relatlive to each other or 10
rel ative to PHela¥efetpy c¥ample a0 aehry ey do5s81Rsghew| ameverdaysn Moves| uence

t he geometri glonpaderaek dih&n QlYlﬂEflﬁz@f. M69emeéhnean a1 be kepreSentedtdietime
definition of the,anchor. 15. Method according to claim'13, where. a ltlms

i nterval maydgReRflant geeMGFicHHtSATeagiated Withia topplogisal glodey &b gimnple

entity, 5ai detdmplelfs 4 edpological elodeivlichie: 4 Sieettheovagks svenfigfs. anchor or
geonetric entity is active. 16. Method according to claim 13, where a

entity. Csard condlth Shifies ROk thaRR SPoRGie B de AE Vi HorRER RS
\g/g\zomet [ |hg g(r;oﬂt_ey.rmldneﬂlad Wellaﬂm"ceea 3Dootject M:tepgm:kea::&:rblr)giaing_a}[ph (f:)ﬂ]: m;mrab, er
part of "t he. ookt R o Bels iR S Eferah BV ETerd TR o Vitiky Bl S 501

f Lgm 2 ustei i bofeatiacewhiclaras adrdeely «di&sfc':"rbed, emedmﬁfmbnelatis'legpcthehxt er nal ;o
geonet e erird Y LRRIO80a1 noddh, THE SRS ARCHBERkS, Bl dhley i,
?Os ch)Ir 1; a;:galor o*aerﬂmm:g top@ﬂmtgmb.neda deperdsogn ¢l undckdynrgiﬂd;mla_gmc!ab n.e_deI ioS ot her
| hkedt o (HEHEE A AERREERbiye WSlodibAhRs A9 RN LS PHlesbblfidd %,
curve, curvechangegrihzany emnall avevlaying tapolegicad noles.Becanse mfdhisy some! ai m

13 wh ; o et ’
13, vher e ot el s afRuRly LISTBLASRIRAR RghtleosuPhe UFSRY iR 20

geonet rlisc enchariging soeaiendenlpiag tapobegicumoédrsrrrhtliconvériayiagl topetogineRBS) :
AMFNNnFn C~ur1'iodees %méggﬁggqggcc?rd%ﬁ'cgkimt~é ﬁndm’ﬂ’f{ﬁ?l' Met hod according to

claim 13, where a Sonme o e geonetri¢c en es are described as
B-splines. 22. Method accordi where .at. | east .sone of the

o ¢lai. ,
geonetric entiti eSPHPAUGBLED; %gﬂtbﬁﬁfeﬁﬁp%éi’é'. togogqglc ROCF ShangiBeng to
claim 13, whaichozing 88digednivtriofentitg, e attanchor bt igebafetét entiggdsinoed by
al gebrai c eqyati oas 64. (f:}lg%ﬁlgod accordi ng tq?.clﬁi m 13, where gnyt subs 8art
_of the topol > RBLus UpOR FOPRQSICALORIGETS R YLAEE MaY BRI, On; o
used ag0a prandofiH & or chisapyrposatimme ditepwais carbeesssosiatedatitteeacly aachéor,
occurrence i descri be Y Usi a reference. to,t he ;
Vet hod accorGPAIPHIEEEROPE A eclplsde 2ty e Bing it Bf B PRimation
pr ot ot ype nmeeqaerce wlerethe anchor, ¢opbldgiealprodesstt gemmetric brtifyr ot attype.
Alternatively conditions are defined that dictates whether the topological
node, anchor or geometric entity is active.

25 A base can only be animated by letting a geometric entity associated
with it be time dependent.

A feature can be animated in one or more of the following ways:

1. A geometric entity associated with the topological node is time
dependent and changes over time

30 2. A geometric entity of one of the underlayers of a topological node
changes over time

3. One or more of the anchors of the topological node or any geometric
entity reférring to such an anchor is time dependent and changes over time

| ——
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26. Method according to claim24, where the occurrence that refer to a
prototype also include a transformation matrix, defining a transformation

15 fromthe prototype to the referring instance. 20 June 2002
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r Hrr f ssst t vvwillpkdrg\asiihle] andinasionafine) dm]mga]s,cm}walg u] end oa} ofthakmag<a] ca] ca

Jcallc 19 intervals associated with the different topological nodes, anchors and
geometric entities, and as conditions associated with topological nodes,

anchors and geometric entities are or are not fulfilled.

Any topological node, anchor and geometric entity can be used as a

prototype when defining new topological ncdes, anchors and geometric

15 entities respectively. Further, a prototype may also consist of a set of any
number of topological nodes, anchors and/or geometric entities. A
topological node, anchor or geometric entity which is defined based on a
prototype can override any information in the prototype and/or define a
transformation. which describes the relationship between the prototype and

20 the topological node, anchor or geometric entity. The same is true for a part
of a geometric object and/or animation which is defined based on a more
complex prototype.

Figure 2 shows a typical animated creature, the ghost-slug Spike. He
has spikes protruding from his back, four eyes, two anchored directly to the
25 body and two anchored to antennae. The eyes consists of one or more eye
globes and one ore more lenses. In addition, Spike has a convenient collar
with a hoop to secure a chain. By analyzing the GAGs model, it can be
noticed that many of the parts of the 3D objects are quite similar. All the
-spikes on Spike’s back are separate topological nodes in the global graph
30 structure of the GAGs model. However, they are all defined by reference to
the same topological node which is the prototype, and they are zoomed and
tilted differently and located in different positions on Spike's back.
Alternatively, the geometric entities describing the topological nodes can be
defined by means of a reference to a prototype geometric entity.
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entities.
The floor is the base topological node, while Spike’s body is an

overlayer relative to the floor. The anchor between the floor and the body is a
dynamic anchor which defines a movement which the body will go through

15 as the animation time progresses. Since the spikes are anchored to the body

by static anchors, a movement of the body will also lead to the spikes moving

by the same amount, thus always being attached to the same point on Spike's

back.

As already described, since the spikes are all equal in shape, one spike
20 is used as a prototype and the other spike topological nodes (or their
associated geometric entities) refer to the spike prototype and add or override
information ‘about where the spike is positioned on the body and in which
direction it is pointing. Depending on choice of anchoring, a spike may
always point in the same direction relative to the body or change direction
25 independent of the body’s movements. This will typically be modeled by
time dependencies in the anchors.

In the example the antennae are built by anchoring a surface to a spine.

The spine curve defines the curving of the antennae and is anchored to the
body. The curving of the spine may change over time. This is modeled by

30 letting the topological node representing the spine refer to a geometric entity
which is a time dependent spline. There are several ways to let the speed of
the moving antennae change. Either this can be modeled directly on the time
dependent spline. Another alternative is to let the time progression in the
spline be rather constant, but associate an additional geometric entity with
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5 antennae, this can be efficiently represented in GAGs by letting one antennae
be a prototype which definition of the other antennae is based on. The only

additional information in the other antennae is a function describing the
mirroring. In this case the prototype will be a graph consisting of several
topological nodes, anchors and geometric entities.
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de 1nmg a geometric shape assocmted with the topological node,
defining anchors that each refer to one overlaying topological node
and one underlaying topological node so that a directed graph structure of
10 overlayers and underlayers is created, where each topological node can be
anchored to any number of underlayers and have any number of overlayers
anchored to it, and so that the geometry of an overlayer is dependent on its

underlayers, ‘
describing geometric properties of the anchors as additional geometric

15 entities,
linking each of these additional geometric entities to at least one

anchor.

2. Method according to claim 1, where one or more anchor points are
associated with each anchoring of an overlayer to an underlayer.

20 3. Method according to claim 1, where a geometric entity linked to any
topological node can be either a curve or a surface or a point, and where a
topological node can be anchored to other topological nodes independent of
what kind of geometric entities it is linked to, thus allowing the anchoring of
surface to surface, surface to curve, curve to surface and curve to curve.

25 4. Method according to claim 1, where at least some of the geometric

entities are described as splines.

5. Method according to claim 1, where at least some of the geometric
entities are described as Non-Uniform Rational B-splines (NURBS).

6. Method according to claim 1, where at least some of the geometric
30 entities are described as B-splines.

7. Method according to claim 1, where at least some of the geometric

entities are described by polygons.
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using a reference to the prototype.

10. Method according to claim 9, where any occurrence that refer to a
prototype may override one or'more of the properties of the prototype.

11. Method according to claim 9, where the occurrence that refer to a
10 prototype also include a transformation matrix, defining a transformation
from the prototype to the referring instance.

12. Method according to claim 1, where the geometric shape of a given
topological node can be changed in any of the following ways:
- by changing the geometric entity linked to the topological node,
15 - by changing the anchors between the topological node and its
underlaying topological nodes,
- by changing the anchor points in any of the anchors between the
topological node and its underlaying topological nodes,
- by changing the underlaying topological nodes through any of the
20 previous ways.

13. Method for representing time dependent geometric shapes and
geometric structures in computer graphics, comprising the steps of
describing geomeétric objects as a set of geometrié entities such as
points, curves and surfaces,
25 linking each geometric entity to at least one topological node thus
defining a geometric shape associated with the topological node,
defining anchors that each refer to one overlaying topological node
and one underlaying topological node so that a directed graph structure of
overlayers and underlayers is created, where each topological node can be
30 anchored to any number of underlayers and have any number of overlayers
anchored to it, and so that the geometry of an overlayer is dependent on its
underlayers,
describing geometric properties of the anchors as additional geometric

e

entities,
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where any information describing geometric entities, topological nodes
as well as anchors may be time dependent, and where the dependency of
5 overlayers on underlayers will lead to time dependency in any overlayer

anchored to a time dependent underlayer.

14. Method according to claim 13, where one or more anchor points
are associated with each anchoring of an overlayer to an underlayer and
where a change in the position of the anchor points relative to each other or

10 relative to the geometry of the underlying topological nodes will influence
the geometric shape of the overlayer according to the rules in the definition

of the anchor.

15. Method according to claim 13, where a time interval may be
defined for any topological node, anchor or geometric entity, said time
15 interval defining when the topological node, anchor or geometric entity is

active.

16. Method according to claim 13, where a condition may be defined
for any topological node, anchor or geometric entity, said condition defining
whether the topological node, anchor or geometric entity should be active.

20 17. Method according to claim 16, where the condition may be the
presence, absence or proximity of any other part of the geometric
representation or the presence of a defined input from a user interface or any
other defined event from a source external to the geometric representation.

~ 18. Method according to claim 13, where a geometric entity linked to
25 any topological node can be either a curve or a surface or a point, and where
a topological node can be anchored to other topological nodes independent of
what kind of geometric entities it is linked to, thus allowing the anchoring of
surface to surface, surfa(;c to curve, curve to surface and curve to curve.

19. Method according to claim 13, where at least some of the
30 geometric entities are described as splines.

20. Method according to claim 13, where at least some of the
geometric entities are described as Non-Uniform Rational B-splines
(NURBS).

AMFNDEN currr



10 1#10%& ()- @~ "10%>& ()-! "10%& ()-f109%& ()- MLO%& ()-y 10%& ()-

y@z{{|}wx9b@ 1

'10S*s! 109&' () - S& "10%& ()-z! f1 110%& ()-! y #10%& ()-,!y #1020 e 2002 #10%
& ()-@}~Ez[<1@1 10, #210%& ()- @ 10%&' ()-910%&' ()-! @y .. . *. ... .
109 ()-! @S$109% ()-! T@$109%& ()-9a?@1 1@ 109&; ()=1"- * 1 .° = >z ==
yZ#10%&' () - ! yz#10%&' ()- ! & 10%: & ()- ! & 109%& ()- 10 10%#BY¥2[ a?@ 1°*

10! 109& " f$10% & ()-!f$1096s& ()-! S 109& () -yl SH109%& ()-z!yl S#10%0& () -z

Nor mal " " Headi ng

18] Methbdadicogdiaglte claideadi Rthesdhe leastieagiendf thil c”

"Headi ng 53] c" "Heading 63]c" "He 3] c.. "Headi 83] c" "Headi 93] c"A
" Def a:JItg Pa]r&@@Eﬁlﬁéﬁ?‘ws%ﬁfﬁﬁﬁﬁﬁ%%@\géé(lphnes- ading 83l ading 93¢

t]s{e)+=d | v#sST

UVWKYZ[ \ cr c! w#6% &*, / 056: : ?@EG MPMQRoWZ] Kad: eg@)] Rmqo

r>tvowy}s]” " abcd22gMgthbdracpqrdingworolziin 136 Whees alNbaasReose o f. tieCour i er

22 pCDEr AT TRPERR O bt dsp s e By RLY 8% i rmopar ot wvweyz( 1) -

5

23. Method according to claim 13, where at least some of the

geometric entities are described by algebraic equations.

24. Method according tq claim 13, where any sub-part of the

topological node graph structure, including geometric entities, is used as a

prototype for any number of occurrences, so that every'such occurrence is
10 described by using a reference to the prototype.

25. Method according to claim 24, where any occurrence that refer to a

prototype may override one or more of the properties of the prototype.

26. Method according to claim 24, where the occurrence that refer to a

prototype also include a transformation matrix, defining a transformation

15 from

the prototype to the referring instance.



