Met hod for representing geonetric shapes and geonetric structures in

conput er graphics 5 Background of the Invention 1.

Fi éld of the Invention The present invention relates to

repr esent at i mo s9fs4gonetri ¢ shapes and geonetric st rREHIPBLO0IN

conput er graphics. The invention further relates to 10 nodel i ng of

t hree di nensi onal objects and ani mati on of such objects in conput er

systems, and MONgethRAYof képtkiohting %dﬁétﬂ@%hﬁ%s 1P sedhethid sitftures in _

obj ects and theiT I mat | o] rough a graph structure of ordered geonetric
. entities. computer zraphicsqi tj on, the invention relates to creation and

editing of such 15 obj ects and ani mati ons through buil di ng nodel s aT
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~certain 30 r esatitigson, typically a huge nunber of polygons are necessary
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child objects, rgaihfaniifilatin@shbllet picté£6f a model or Whinh&idmirstHey@apR|
conposition aIIovvs definition of separate novenents of 35 sub- trees in a

animation in the graph. . 2. Description of
There is a fast Bgakgreupdef therinvemntiomi nat ed geonetry and
di stribution through the | nt ernet and ot her neans. Relev

3D obj ect, such novenents in VRML can only consist of sinple shifts,
r ot ations, and | i near2.iD¢seriptiontafdtel n an initial and an end

There is a fast growing market for animated geometry and its
20 distribution through the Internet and other means. Relevant applications
include CAD/CAM, medical diagnosis systems, 'computer games, virtual
reality systems, electronic shopping, screensavers and visualization of -
complex information such as weather conditions, ocean currents,
seismographic data, etc.

25 The emerging standard for Internet-related animated geometry is the
so-called Virtual Reality Modeling Language (VRML). In VRML, the shapes
of 3D-objects are either primitives (spheres, cylinders, cones) or represented
by polygons, i.e. a net of planar facets bounded by straight 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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position. The present invention facilitates the definition of 3D objects
whi ch are far nore conplicated in their topological structure. The

i nvention al so enabl es the ani mati on of such 3D-objects and their
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t opol ogi cal - g ﬁ%ﬁd@fh‘ilt@ﬁi@@fﬁ%?&s@%ﬁﬂm erand in the present 30
0

i nvention one or can represent nor e e The anchors have

wei ght s repre%nt §g igggtlﬁ Sﬁﬁom ated with the anchors and stored in the
geometric ent anchors. The data (weight) associated with
an anchor del¥cisithe objeshohthpsisvention tespegyidea membocg frhrspessenting one

ot her 20 99RFERIdimensSidARE(3D) objects and animation of such objects in a way that

significantly reduces the storage requirements for these representations. This
applies to 3D free-form objects in particular. Since the amount of data
necessary for storing and transferring such objects and animations is reduced,
the invention facilitates the sharing of such objects and animations between

25 several computers, several users etc. The invention will also simplify the
work necessary for creating such objects and animations by allowing 3D

“objects to be partitioned into several separate entities which may be
separately described and manipulated. The different entities can be combined
- in a number of ways, and various kinds of relationships between the entities

30 . may be defined, thus making it possible to combine parts into units in
varying ways, and to manipulate one or more parts as units depending on
what is most convenient at different stages of the modelmg and animation
work.

To achieve the above mentioned object of the present invention, a
35  method for modeling of three dimensional objects and their animated
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Summary of the Invention It is the object of the invention to
provide a nethod for representing t hree di nensional (3D) objects and
animation of such objects in a way that significantly reduces the
storage requiOSB#®BS for these representatiops. This 5 BORNQ003Y9 3D
free-formobjects in particular. Since the anount of data necessary
for storing and transferring such objects and animations is reduced,
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di fferent entltles can be nger (r)@ ) vari ous
kinds of reldati gefemredtaas (ks iand thareyuldag representatiopds erefﬂrﬁéao af Bus
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convenient at differ qﬂtthgt@_g rﬁ délhm’%géﬂtk Bee aggjzr;ywrggtgegqof eomeﬁ‘ﬁr K.
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and thel r ol mau YERPPRE AES RRieRE I e PRRibgl ol ERaSS, FFOSIHORS 14 on. 850 REBAH °
ani mati on can bea seychattheysforBeodireetgd gmpmwtmﬁumqerlmwﬁthrt h 5

referred to as
roterrec 10 as G\Eaghdl ARE t&ﬁsgfcwﬂodeem&aﬁa{dre& t %né%fr%&%qlﬁ&rﬁ efs

obj.ect s desc ed as
sets of geonetri and have an)éﬁpmeégfgﬁgqiaﬁgs BB?IPRI? tQ 6’?’\%@ A{Hég These
geonetric entiti ﬁﬁ:o&i@cal nodes ik idefiaed lmsﬁclpa)hmlnenthamhegewmtrg ofaamh

e e ey S

topologlcal ode?

forma directed g’ﬂlém @tﬁn;dtnglaél\@ly tmtherundgelyingitapelogical nodgsegeametries andy
topol ogi cal nodejCafs Yayad ehiigatmhde mngE};em& b'ﬂﬁi?hhdé’ﬂé}ﬁer will also 384 ftave

any nunber of overl ayer chored t,o | e _ancho of
t opol ogi cal nodedt PE‘yiﬂf&f?ﬁga gepmetries %}% ?’“5“?5? ﬁe@F‘Q"’cﬂmén 15

over | ayer dependgeametricentitiey dra\limkedaodhe hmtﬁfrs.rHenttnaﬂmﬁopbhagw&l geonetry
20 information about the model resides in the topological nodes and the anchors,
while the geometric information resides in the geometric entities that are
linked to the topological nodes and the anchors respectively.

‘When the model is an animation, movement information will be found
as time dependent information in the geometric entities. Movement
25 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-
30 and underlayers.

Conversions define relationships between local entity and global
model occurrences, for instance with regard to time: conversion functions
define relationship between local time of a time dependent movement and
global time; with regard to the geometry of a topological node: conversion

35 matrices define relationships between the local coordinates of the topological
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will be defined relatively to the underlying topol ogi cal nodes' geonetries
and in this way a change nade to the geonetry of an underlayer w ||

also lead to an update of the geonetries of all the anchored

over | ayer s wossdsasonal geonetric entities are |inkaermMopsiotseo anchors.
Hence the topol ogical 20 i nformati on abdut the nodel resides in the

" topol ogi cal. nodes and t he anchors, whil e the geonetric information

resides in th tr ent. e |i,nk e.to oIogicaI.
nodes and the%3ﬁ§%g§§l¢'€aé °2’8f‘?‘9§ 30?%3 While scene of Fﬁgléerg’ﬂoﬂ %JF? ciple no
linitations taodkas apartd of georretrl es can be | i nked to the nodes
and anchors. Hence a topol ogi cal node can be anchored to 25 ot her

t opol ogi cal’ nodes Amyeseeofeogologicahmsdesi anchuirs grdioe geomenid entitiss ¢dn be
| nked 1.t hiigedt BhiBEY s el HIAR b BrLbe Rifbl Al b, LG oL 20

curve, curve When

the model 5i s &Rdiox |MQ§H° eptitiesrehset off topaingical nades, apshorsiand/or as
tine dependentgebﬂnfeﬁﬁﬂaﬁhﬁés Whidhhis deginebakéd 6AkHER 8%pro owidtride
descrlptlonln tric enthtles ef er rgd, ng focf’n& i cal, noe w |
descri be B4Rt PEHS gqnﬁ/qr“qee Hshianyiprmaton ; n of

poi nt's, curveslemnbe some geometrierclathatshipbstweentthe pmtogep@rmtdrﬂxe obj ect as
such, whi | e ”Wﬁiﬁef"al IlOdeSb aﬂ@ﬁ&ﬁ'aﬂh#ﬂdcﬁu&@ g%)met ric entities ref er_rl ng

to the anchors novenent of the
georretrlg rel § %géhlﬁ b&tﬁgﬁ ét}@ ﬁver- 35 and under| ayers. _

- .Conver si 8 en local entity and gl obal nodel

occurrences, for i Hig.dnshowd the GAGsrstructureiine: gensrebized fornt.unct i ons

define rel ati-onship between local tinme of a tine dependent novenment and

gl obal tine; wi'th Fégashiows anmexampleaifian afinmtédobjecyi cal node: conversion

5 matrices define rel ationshi ps between the | ocal coordi nates of the

t opol ogi cal 6Fig. 3 shows the0CGAGYHoddIuTal paro of dhodtinmted objest ywhe scene
of which the Loq.ol ogbcal node is a part

15 Description of the preferred embodiment

' The method according to the present invention can preferably be

ut111zed in order to create representations of three dimensional (3D) objects
and animation of such objects. Such a representation will be referred to as a
GAGs model. A GAGs model can be used in different contexts. Typically

20  GAGs models will be used in computer systems, either as part of a single
system or distributed on several collaborating computer systems. GAGs
models are also stored as one or more files and such files may be sent over
computer networks such as the Internet. The GAGs models will be efficient
representations of three dimensional free-form geometric models and their

25  animation including non-linear movements. File formats utilizing the
properties of the GAGs model will therefore provide a preferable alternative
to previous file formats such as VRML.

Referring to figure 1, a GAGs model consists of topological nodes that
- are anchored to other topological nodes. Each topological node and anchor is
30 - associated with one or more geometric entities. The topological nodes and
anchors define the topology of the model, while the geometric entities make
up the geometrical part of the model.
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Any set of topol ogical nodes, anchors and/or geonetric entities can be

used as prototypes when defining new sets of topol ogi cal nodes, anchors 5

and/ or geonetric entities. A set of topological nodes, anchors and/or

- geonetric enWQ998433ahi ch is defined based og such a protot yBET/NPBARYr r i de
any information in the prototype and/or defi"ne a transformation which

descri be sone geonetric rel ationship between the prototype and the

topol ogi cal nodes, angGfigh$heSeoplerie ihvetivn, it BSpossitle to ilﬁgi&ﬁexﬁecﬁi%” ption
of the draw ngs the GAGs structure,i

. Fi'g. sho n,.
general i zed f or ftructure in any numb%ppé way s!ﬁb%“éﬁ? %ﬁﬂe@t%P"aWeéjd&ﬁﬂ?’Ed
obj ect . units of the odal,1bpueldgidat nGAEs amoHets afd geqmetricadntities, adllnat ed
obj ect shown | s e 2« L0 § r
enbodi nent not neé_é;s;ﬂ}ﬁg; errlée[%}\{gaéggg'%g%lﬁ%gﬁélgst ) ItI ﬁgh %;:aes;egﬁ{n?{eﬁt@gn gg;r? can
preferably He modelis pragrammed inrancobject-oriented largnagedhe anitsmaybet hr ee

di mensi onal (3DyeAlk& Gk §e;f>arate oljBéts A3 vAElt b9 By @i mﬁmm]léets,wit%n
representation be re . GAGs can

11 erred’tQ as a . Gs npde nodel
be used i n di ff &%k Eeﬁﬂ'@;tte.cwbweawvalzwuts {reotee CRGEL For ipraneR e ene | 1
conput er syst engbjevttihcludas tppologival aode agiveell as its angisdrs andrangireleviahtit ed on
several coll abor%?'g_%gr.?c]oﬂp é r systems. GAGs nmodel s are al so stored
as one or nore M AhaTey files may be sent over conput er

net wor ks sych as the, lnternet. GAGs,models wll be efficgient, .
repr esent a#ﬁons of t éoa?r]lr‘?ﬁﬁﬁaﬁﬁf"‘?%eéés‘- gﬁ#ﬂ?‘g&%ﬂ'é?‘?’icﬁ”ﬁd’?é%dé’ﬁbcqlheir
25 ani mat i on node$ and agchens: Thissstructureadesotibes thel reldtinnships hetweez tlngy t he

properties of t @%oiﬁ?{ﬁc @Bﬂﬁks."):} :t{)pet;lpgic%pé&es géﬁ)!%égﬁilﬁ’eﬁh%ﬁ 3D Gbject. An

alternative previ ous X RNL.

Referring to fi quehondesgribashopodidferensparts of the 31) phicsty argirelnbed to eagh
are anchored to fjhéer topol ogi cal nodes. Each topol ogi cal node and anchor
is 30 associated with one or nore geonetric entities. The topol ogi cal

nodes and 15 anchqp G Aekiths dif’ﬁf}éxﬁ&%&gdf f?ol&ﬁ%cdﬂﬂﬂes apbidentifd,
§

geonetric entities nake up the geonetrl ¢al ,part of the node|.
~ Wthin the scopdgely ses-anchfebires: Bases %64 15?%8?@#%@%%@4@%

structure in anywherehe featiresays andhorad ¢o uaderlyingaopologidab notibe and definedt
k5 2 L1, ol 8 e AAHE RAOBERL ol TRAGIE e o'
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.
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5 nodel is programmed in an object-oriented | anguage the units may be
defined as separate objects as well as by any nunber of objects, and it

will al so be possible to conmbine several units in one object. For

I nstance CaMO QiRI335 obj ect include a topol ogi cal noderesNossido3ses its
anchors and any rel evant geonetricVentities. 10 The

topol ogy of the nodel is defined by a structure of topol ogical nodes -

and anchors. This r

geonetric entiti esﬁta[i\hl (F‘ro | cgﬁt (?i“e‘=I Irsllgrrr)lr gégﬁéﬂ???nﬁ?t R@F&ﬁ '@6 ect An
anchor descri [9¥ ¥&# o] 1¥1 E?@Fﬂ T;S'GFQ aregs aterﬁélbvﬁftélﬂfé@ anchass maaeﬁd to each
other. 15  influence, hiid efysalb¥@veriap.cr ent kinds of topol ogi cal nodes are

i dentifi ed, nanely bases and features. Bases are defined gl obal ly

and i ndependent by, Thg agg? %E%%e%@ﬁ’o#@& sﬁ&%aﬁ?%%ﬂgﬂé‘%&wﬁ%gaai(l

t opol ogi cg node Odg
t opol ogi cdl nFRERYC oqﬁrﬂptf‘B‘AY"u!"-’éa‘é‘éent F ] ﬁ’é)’% tOPOIOEIC*ﬂledﬁeWbF efor e
under | yi ng t oplynagic ahchvrdmtainb aovemehdiifoAigatied imotter ¢8Maie the have any

The topol ogi cetial r‘sﬁ%%ﬁ%?'ug??ﬂ%?ea???ﬁﬁﬁ Ldi rected gr aph. The
the o ' | Fapr ose VRS 415 DBpldsioal odss ard i ebers adschibgahe toholagy pbpal
el.ement whi | e the model,dhe eg;ebmetmeem&esedbsﬁube kiey gegmetng. Geombtrisedt@ddsur es.
s 2198 g B gt ot AUl of . ERep RUTHR: S 1,
‘under | ayers i {hafds al,qedttg artppelogigad node wdil rmmelly describe ilte shape®fal pagt cal
nodes anchor egfttRe BD éﬂ‘) kbt ﬂhﬁt fsefhﬁﬂéléd G@orﬁ@trict éntﬁi!é%rthﬁ’b’ @rreslmked to anchors

Th h be.t

The AmChor | 0 R RSP RL ke ncs Aot anvesaitE ARROB BRI eal 30
node to the unhenhdmymg\ﬂépohgicm node.[Such deseriptiens will itygicaliy freclode t he _
anchor s p%ramgfa?aheﬂ@ﬁ hﬁ&haefafatesésxﬁﬁ@m%ﬁgﬁg&w@x Enfiel | appi ng

areas of n exanmple 1's
fingers. The Mﬁseuse to dew}bﬁgmsrd@pamm;@% RS ERATRCTBC 4%9119@%% over
the conplete stri n%‘ but - t he ffghl ng between them depends on the

distances to the kAjeomsirigwestities are of different types, typically pRinds,cimsvescandi st s

- of one or norguaRAcERTHOGAGS m%élcib M{ﬁn&hﬁ'df how such g¥6metrReeriities are
i nfl uence. These areag re subpar t chor

i nfl uence, andCREFCRC 8V’§P’F‘éﬂ’smg spt ines £5 represenﬁ-ﬁ@eaﬁe%il})rp&)%%gbv&s a
per f or med@0st atdomepdcy represptiatiorcand the stnantbuéss of the geametryris doedepmtdenbve

‘relative to thg gRdfEhiEHohPIR) RGNSt OER gdthdiBicbject.

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 and geometric entities. Movement in anchors typically describe time
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dynam c anchor contains novenent information in order to nove the
overlayer relative to the underl ayer. Wil e the topol ogi ca
nodes and the anchors describe the topol ogy of t he nodel, the
geonetric enWPPMRB3Hescri be the geonetry. Geonetric entiti ECTMNOBIOBRN be

| i nked to topol ogical nodes as well as to anchors. A geonetric entity

that is Iinked to a topological node will normally describe the shape of a

part ép@n&&ﬁhbeéﬁ)ehﬁaéf ma g&aﬂf&ﬁd relgd6fgHipiof th@uhléeandhat are

l'i nked to ancho y ) X Sﬁ ggw t.he, anchors ?nchor an

over | ayl ng-t opdGele¥srs- FomRpaiple dn SREfimay 4Bt SR ROV RO VT TR, such
descri ptions widlbngaprackl 61y an nniderleydrs Movyemertcanfalsmbé oepresemed as tiaok s

these points w ddélgeBgléJ}]tggﬁe ﬁ?ﬁﬂtit&s%&d&h&ﬁ with a to?é‘{o"gu?ah 10dESELifnPle

describe tine geone I C

Geonetric énti te%aspleds aftopplogieal pode yyhish ﬁ?élsé%ﬁﬂ‘@ paties everdimees and
surfaces. The GAGs nodel is independent of how such geonetric entities are
represented. Howeverlf adiangedphiadedotonertepologisal nbdecthiowill 3brmblly affecyi ves

a 20  conpact 6tﬁ9f ﬁﬁﬁ&t ? well. Qmeu@D Qéthg W%;ﬁ‘e?éntui‘ %y%e&%ghf&f severaPt

dependent | sfance _from t Vi e onetrigc
obj ect . objects, mash ﬁbquFSCWélMlm sevesalovariayeps These owsr avars yall all

c;)n\éelr sio 3 f unché €dasures whxchpl@s‘ alpeady d&b?bb@F@'E'dbﬁ&dtrme![ta(iﬁénrent ity and
gl oba no occu nce e

Somvar i onf L ocEHdgRE Rorolbbisal mpey, THRARRGrs MRrbE MG tnd Serd®Fy ofihe, ¢
to the gl obal toverlyihgttbpologicalmode defendscon the undexbmgt@cdqgmhnodmns are

typically one dijgRbsh@Rgh &%X%fvenmﬁoi Eél'rﬁﬂ‘éma lead t0RorRRpbhdfngr » but
ot her shapes are al so, posSi é&k?‘fﬁ{ga SCr acccﬁf ration in a

movenent . . changes in apy0f °$1ﬁé1b%<t°3r Bgeayse B SeMey
geonetry and t hforifd of arghmition af3objectdiwithrmphy partacen beopedy st by

can'be r epbheentiditint ¥ Untertying iobofodicHl RIS 'ahd the overlaying opa kG
georret ri c entithedes will ehange iIlr\ancdﬂﬂcg wighpf llnqﬁrl;ﬁé’st-rl be tine

dependent novenents of the geonetric relationship of the under-

and over | ayerAnimatior xamplse tendeseribed bydypdiegical medbocharginger | ayer
MOVES al gihoidg ﬁf&g@(’fh@ﬂa&’&‘&ﬁ | ¥ e aMQH&”@P# el &iftith s not
represented as tine netric . entitres, associatéd wth a

t opol ogi cal nodﬁha%eér hptigse @"t “E%Fﬁﬂog"glﬁa Lohigeis|os snehorsipax bakpenedn a
size that 2@ri eand9€f. For Ris purpose time intervals can be associated with each anchor,

topological node and geometric entity describing the parts of the animation
sequence where the anchor, topological node or geometric entity is active.
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 geomeiric 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 referring to such an anchor is time dependent and changes over time:
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If a change is nade to one topol ogical node, this will normally affect

ot her nodes as well. Since a 3D object is represented by a graph of several
obj ects, nost objects will have several overlayers. These overlayers wll

al | we9od/massur es which, as al ready descri bed, are defit/neskoosdpati ve to
their 10 under|yi ng topol ogi cal nodes. Phe anchors describe how the
geonetry of the overlying topol ogi cal node depends on the underlying.

| 6ad o corr espondindime movesdnh LENYT bR singntFrvel SEReTHed i ogi ca
nodes. Becausdopélogital nodeitself, one or morerancliorsassuriadted with 8 topphgicalwi t h
many parts camdye ﬁPBﬁe BY rﬂdxlé?eaﬁietr &@xﬁ‘“@ésn&sﬁﬁes A ﬁrdl% 't&r*ﬂ) g bgRal geasal

nodes and the oveflayl ng topolFo n accordance
wi th the underl ayer, be des r| bed by

t opol ogi cal nodes cshgn%e%%ed condltm%ﬁgc]ﬁﬁﬂ 168 u%gqi&a%%rﬁf?ﬁegc% trEyse Pf e
anchor or SgeorpseXimity of an pther past of the 3D Ob hoeen input from shserdntenfase

t opol ogi cal  okjrGySotRér SRR Fon ARGURR éﬂéﬁaﬂt@méﬁmmﬁm@ﬁﬁe For this
purpose tinme intefvals can be associated wth each anchor -

~topol ogi cal node a'ﬁeﬁgaﬁt@b&el%frg:lbq @gy &?@gédrmlﬁgalfﬁ)g) it rFJdtetsQﬁgam mat i on

t he

sequence where the "anc active.

Al ternatively asrshmﬁhémreaké'méfat tlmbuathﬁr&négremmh@f ﬂler@Aﬁspubdgiu cal
node, anchor agilpeai¥aisthe afithation tlﬁxeadﬁahges mé¥ing in and out ofth@fifecan only

be ani mat,ed by. letiin e i t ocCl wthit be tine
| dependentﬁ) intcFvals gsoc‘% 83‘3‘%‘&#‘? ‘g% edé M“@&npﬂesoﬁ@"l&?rsr?ﬂ‘ﬁe of the
foll owi ng waysgeometric entities, andlas dengitionst assecieted with daepalogiabdodés, h t he
topol ogi cal- nagenbss dddBeometric gﬁﬁgq%‘ngr ?ﬁdﬂ&t}g gy over tinme 30

2. A geonetric entity of one of the underlayers of a topological node

e oo AT PRSIt R, R Sl PSS BT, 1o
is time dependzmtotqu“djt;grdgﬁgmg/mwttpp@ogxcal nodes, anchors and geometric Ti me
-~ noves. i ntyg or é?ﬂitle@freiﬂ&t&bl%Fh%Qf %ro@c&? 6 nifyeals Vb Rsist6Y a set of any

E 353: o0 e pobiraTbolt oA o ST LA, e o
t he t opol ogi cabpuhr@cal node, anchor or geometnc entity which is defined based on a :
B ' 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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5. A defined condition is fulfilled, such as the presence, absence or 5
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. WO99/34335 The GAGs nodel will typically conP@I/NO%/0390
t opol ogi cal nodes and anchors that arfe defined at the tine, but the
rendered part of the GAGs nodel wll vary as the animation tine

changes, nmoving in afdyiitils@betdeRiced That the eye alli n¥etinhe AsfGeRlcnts st h the
di fferent topolo entities, and as

gi cal, nodes,. apchor,s and onetri
~ condi tions assoﬂg‘éﬂtﬁﬁ SWW‘PF‘{!&S@Y&&Q% siisgaf the bdd » ong ek thesethean b et ri ¢
entities are orviswedas justhimirtorihg of the other. This kitwdyoft symomnetriydala qoite,
anchor and geo L c entlfy..C Latype when defining
new t opol ogi cargsr’l%lgg%n, &g‘:"l 10 ZIQEI%S agfé@?r‘éﬁiﬁ‘%“l% to oélﬁ{:%?‘ é’gé/‘r espectively.
Further, a prototype,may al.so cansist of t,of . an nunber, qf
t opol ogi cal ® nodes, aﬁﬂﬁﬁ?% 15eR% Oég&éFPaéﬁa}PFFP&els of some parts 8§§P§§ﬁ cal
node, anchor or dgpemion ithe shepetof othexparis Fibefexampldydf de bodyamoves, all the
prot otype can o [ Pal o) t | [ Y '
transformation \%ﬁ][ %ﬁﬂgggggﬁl dé',&s' éﬁg’ ir%}’a%ﬁgfrl\ﬂ;% ‘gaﬁéest?v%gﬁn%gé% r Xg g{ly pnsgl ogvnd
20 the topol ogisimilap®@¥inginchor or geonetric entity. The sane is true for
a part of a geonetric object and/or animation which is defined based
on a nore conpligure 3rshowsyley these relationships aF¢ modelel by avBA&Gst mpdelal

Tromni s badk,  Fevtnis SR ofiolBioaRed ade and anghory RS IsERutld GLEHENRD

anchored to ant 8AHHES- The eyes consists of one or nore eye gl obes

and one ore nore |lenses. In addition, Spike has a convenient collar

with a hoop to secur dha flongiis theshasertapglogicnl mede nizile Hpiks’s biodydamnbe

noticed that napyeflayéhRlANd fo At fidte. The ahbks fetween thE 1605 bill kiR body is 4 he
rod

3B oS Pactir o BRI o gheh Selises BonovkEy SRRt Soby e ek
structure . ) | i
reference 16 as the hnimatiia; timeqirogresats. iSiniee thiei spikessare aachoretdabythe bodpd -
LheY B 20T 1 Nlatic anohard! 4 EbVARICHERERIA oyt 5RIEA 10 ol 4IEEE Mo
describing the tyfhesgmeameuntethusalwags being attashed, tojthe same peingfonaSpike's

pr=

]

reference to a agkotype geonetric entity. It wll

al so be noticed that the eye and antennae arrangenents are situated
symretrically on bot Iy SjifetiviestfiBed QNce MRS the af &P ike -
vi ened as j§st amr osfé'lr;)g gf etshe e‘g’{;terce Thi,gﬁieisn 8?12 t(ﬁl{i{’ﬁ:eé-ogeamktee
common sit 89t i ofS Used ag ?WX%FC‘!“"S qthex spike tonnlegica & (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

S
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5 Further, it can also be noticed that the shapes of sone parts

of Spi ke depend on the shape of other parts. For exanple, if the
body noves, all the ot her shapes follow. Al'so, if an antennae waves, -
t he anchor adogy;mgy Il show a simlar waving. PCT/NO98/003% Fi gure 3

shows how these rel ationships are nodel edt®y a GAGs npdel 10 creating a
graph of topol ogi cal nodes and anchors with associ ated geonetric -

entities. s the base top a ode whi | e
S ket & body itbe sine topolokical nolS Thi3 renC pc/ieisicr ity Ml e it e hor
bet ween the floaversich fioem by tinge  global timdmancke a avayhtinat tie sjeedeffithes a
novenent whi cl‘g 1;1};@8%%:% dté lsgpartiéa' q as the anination tine

es

progr esses. ce t es are anchored to the body by static

anchor a nD enen n '
by thessarre a\r/munt tlf?ﬁ §?§p§ged§’a%¥ghﬁagﬁ§?§ggﬁﬁgnﬁ%ﬁ% %@;06 ;“ og Spi ke's
back. 5 antennaemxapambgpfﬁe@aﬂytmresmmen 64Gs py ettingraneadntennagal i n
shape, one spige, 3£btoty wm%ﬂ dRFirdtioN efaieyc&ﬁelameﬁﬁee RWMEA BRI The only

t opol ogi cal no OC|ated tric entit|es
the spike pr ot@ﬂb&‘@iﬂﬁ OAH{}UGP ig\the Pﬁ'lfé antennae 5] ‘i‘l wahan ‘g"r?cﬁb ere the
spi ke is posi tmirredngrintthis ¢usdtheprototypetwitlbe a graph ebnsistingosf several

n Che a1 ECiORAH pBRY s Rbr RO srie BoeEC QY ot on 25 PO

i ndependent of the body's novenents. This will typically be nodel ed by

ti me dependencies in the anchors. ~ln the exanpl e the antennae
are built by anchoring a surface to a spine. curve defines
the curving of the antennae and is anchored to. tms body curving

of the spine may change over tinme. This is nodel e g t he

t opol ogi cal node representing the spine refer to EV

which is a tine dependent spline. There are sever the speed
of -t he novi ng antennae change. Either this can be nD dlrectly on
the tine dependent spline. Another alternative is to Iet the tine
progression in the spline be rather constant, but associate an
additional geometric.entity with

AMVENDED SHEET, _ 12

- the spi ne topol ogi cal node. This new geometric entity will define a

conversion fromlocal tine to global time in such a way that the speed of
t he o



- spine's novenents is varied over tine. I f one of Spike's

. antennas is to be a mirror inmage of the other 5 antennae, this can be
~efficiently represented in GAGs by letting one antennae—-___ _be a prototype
whi ch defi ni womeeBst he ot her antennae is based on. Tgmﬂ T

~additional information in the other antennat is a fun B”Eﬂ' i”ﬂ,”ﬂlt/he
mrroring. In this case the prototype will be a graph eonsi i er al

. topol ogi cal nodes, aﬁﬁ_ﬂ S R nmetric entities.
- 13 What |grlstszfa| ng?IQ,S: 1. Method for

graphice,  compri st ngbt MEVRIE Fu tgPrelBAARS bbombhle Gdtel g pegmertif sSHRCRHHEL, <
as a set of geonecompu'emtgr_apmsmmngfshe steps of s, curves and surfaces, )
| i nking each geometry Eibing Yebiec bbjRets dgrhesétme@ﬂie@ﬁblemﬁgse SBdtPas

- defining a geonetric shape a§socj ated"wth the topol ogi cal node,
def i ni ng an®hor BoiM&cur%ehand F¥Efa¢es, one overl ayi ng t opol ogi cal node

. ?gd one ulnderl ayi ng Iiﬁlgﬁig;ﬂchaéedm_ fic eatityas ateledst st dolrgiedl I_ﬁid'ellthtml& e of

. overl ayers ,apd. under k cr.eat. I p cal node can
- be anc hoflg g %Wo%ﬁb%ﬁa}fe ﬁgtgéégﬁlgy%ﬁg tlgeng@qﬁogo l(agfr)\{‘/&?\éd mber of
over| ayers ~anencharing theitopological aodpsto each ofbenby Wayoef ancherein ayer

i s dependent ong{¢[® a way that th&iefdray £ dfrected gra;tnh structuré 88 evERAYs @g@Met ri C
properties ﬁf t he g’gchors s addition I.‘%iomﬁ ric,15 hentdtles,

i nking eadfl of UAAEdaYeradMASHHEAChHOB ngfe cap s anghoged toany gymber of

- anchor. underlayéls abfdtHave aaganmiberpftoveclagers dnchobest o itywhere ther e

" anchor points ar s | ] ' | ayer to
. an under| ayer. agehormg 15 &.&?é)g{. %d%%ﬁhc%‘g@gﬁ%gﬁ{ég‘wcﬁ?ﬁié’@%ﬁﬁé a
geometric entit yepgndem oncitsupderlayers, t opol ogi cal node can be either a - -

curve or a surface ogescritihBlgeofittritbes s of the arichBf &04dditioNI0geciRétrize
anchor ed tgﬁot her t.opol ogi cal” nodes i ndependent of what ki nd of

geonetric titi®B8tess i s | inked to, thus all owi ng the anchoring of
surface to surface, $inkimgeadlooftheseadditional geometriccanditiosdoatdeast pbnecur ve,
25 : 4, al}{gp d according to claim1, where at |east sone of the
geonetric entities are described as splines.. i

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 the 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.

d
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5. Met hod accordin ere at | east sonme of the geonetric
entities are descri m Rati onal B-splines (NURBS).

6. Met hod accordi ngm L“N e at |east sonme of the geonetric 30
entities awpo9epHssi Ipl i*nes. - 7. Merbotioagienasedi ng to
claim1l1, where at |east sone of the geomekZ i ¢ entities are described
by pol ygons. 8. Method according to -
claim1l, where at S s are described
by al gebraic equat gﬁﬁetthofaccorcfhng% °%I?W%#W8§téﬁa}§5?‘atpﬁgoﬁge EFAMFHEC  where
any sub-part efititibeateogescribed by algebraic eguations.aph structure, including :
geonetric entities, is used as a prototype for 5 any nunber of
occurrences, soO thaI Mevisod/acooedingao wiaiant ewheredmycsubbszatt bf the topologiealng a

wher e any_occlPpEReabt 1ftip, fpelpging seomertC enllfEIGRE SRR T

nore of the paonmnbas of foccwireses: 0 (hat every such OCCWGHOGLIE degerihed biccor di ng

to claim?9, wWagle 4 RFeftnet ko BCHrok refer to a 10 prototype al so
i nclude a transftdrmation matrlx deft ni ng a transformation fromthe

prototype to the rﬂleMe't %&BEQO cla1m9 whcre any Jc%urﬂgﬁ{:@ﬂﬁtq kdiang to
claim.l1l, where the eome |c S g ogl ca node can
be changed i npmptme g WMW‘P@OK/\H‘%E Offhe properties of t ﬁ?r‘éﬂ%)fﬂﬁ ng the

georetric entity linked to the topol ogi cal node, 15 - by changi ng
the anchors ‘betweeilt Methathatcogding/torcdaim Qnwheneghe occurrengeithat asfvahg» a

topol ogi qgl . gﬂ iso include atran@forﬁﬁ?i'&ﬂ'rﬁ&trflxhﬁeﬁﬁﬂgq traféfokmatignany of
t he anchors b ?I gfo node and its underl ayi ng

t opol ogi cal n E@gt °P1'°t°typet°th°r 59'“?51 § t he underl ayi ng topol ogi cal
nodes "t hrough any of t he 20 previ ous, way 13. Method for

representing time dépbeseed agvasmgrtpcclenabewhm&he geome’ua@ghg{ertpﬁ;a given
structures in5p5Rgic nede i b8 chs@gaarinsanygoﬁﬂhe fellewingways:
descri bing geonetri g]}o ggipsg tgg georsne ic entqﬁrolgiﬁed o tﬁg%ﬁélggﬂa?f]ﬁod

poi nts, curves and’ éntity to
at | east 16ne topol ediyocHangigethetsnchors betweiess thtntngmgg@émdmae dtsape

associ ated w tlfh(fepﬁyf&éoﬁbgﬂig?@il 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 geometric objects as a set of geometric 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,
anchoring the topological nodes to each other by way of anchors in
such a way that they form a directed graph structure of overlayers and
underlayers, where each topological node can be anchored to any number of
30 underlayers and have any number of overlayers anchored to it, where the
anchoring is done in such a way that the geometry of an overlayer is
dependent on its underlayers,
describing geometric properties of the anchors as additional geometric

entities,
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defining anchors that each refer to one oveklaying t opol ogi cal node

and one underl ayi ng t opel-egical—noede—so—that a directed graph structure of

ovérl ayers and underl aye ere each topol ogi cal node can be
30° anchor wb 934338y nu Illmﬂ'"mﬂi nd have any nuRGEHNOBE00390

over |l ayers anchore *tocity am SSO*tha} the geonetry of an overl ayer

| s-dependent on its underlayers descri bi ng geonetric
properties of the anghgigy b BakitORAIBEdrhEtric entiticdtp!dtlIEist one 15
| i nki ng each of these a tlona geonetrlc tres to |'east one

anchor, anchor,yhere any information descrlblng geonetrlc entities,

topol ogi cal nodes  where aﬁywdmmloﬁmabmmn@gemmcrmumb 1 1cﬂrh?bdcs

Gopendency | n- as okt ggeffors 4°be B Sodkhapht ShuEdeE Bk deped®nck ayer
14. Met hod &ccora¥enigyers anl underlayerswil deashto tmerdependendtyon gy nvsrlayer
are associ at ed V&n‘bﬁofea% &aﬁﬁ.}wégg ﬁ,fglﬁmeﬁm ket ayer to an under | ayer and

where a change in the position anc points relative to each ot her
or 10 relative toq4th r C "1
I nfl uence t he lgegdnééﬁ ?&%Eé%d%eg {‘Fg‘[ #Hqngegggbgg’gktg& ath? Pg§ (I}M
rules in the defdrpiassasiated with eagh m@lomgﬂﬁan overlayer to an undsslaymambd

accordi ng to cl ayhered chin@edn dhé boEitioRl cTtHe landRor ﬁtﬁnts relatived®y éd%ﬁcbtf)&r o2Ny
t opol ogi cal, \node, ancgor or georret rtléﬁent | t%/in sai erval

defi ni ng \A,h‘é)n t Helaty5 3P e esPmey L %‘QBHQE‘{’T{} Wt"?ﬁt’é‘ fluence
active. the geomefric Meapeoct thecovediayer accordimgriothe rulesria the definitionon
may be defi ned the ankRSr. @8Ny topol ogi cal node, anchor or geometric entity,
said condition dpefl ni-ng whet her the topol og| cal node, anchor or

geonetric entity shoyl tive, Method according to
claim 16, where the ?gd &??etpgﬁ aﬁgg,rdb%g ?%galm 13, "H}eégéﬁ%!ae I%tﬁg\éaﬁéga%t’

proxi mty of anydefirtedrfopany topologicaleodetarichor or geomepriceentityasaidrtime t he
presence ofjsa dehidiofl détiihg WiRn @w%%?éld a 'mb@6 CaritthoR BY geometn@%ﬁﬁf is

defined event froma source externa e geonetric representatio
18. Method accor¥f¥§-to claim 13, where a geometric entity |linked to 25
any topol ogi cal node can be either_a curve or a surface or a point, and

wher e a t opol odi6: Methed aceanding to alais, L where pironditignmayi bedefinate s

i ndependent of 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 the 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, surface 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).
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what ki nd of geonetric entities it is linked to, thus allow ng the
anchoring o surface to surface, surface to curve, curve to surface
and curve to curve. Ul!ll,”"'"lj"um, . Method according to claim 13, where
at |east sqgyoRhsskh entities are descri edmovsmsEbé nes.

20. Met hod accord| ng to cl'ai f 153, there al4|east sone of the
georret ric entities are described as Non-Uniform Rati onal B-splines

NURB S) . . .
,(AI\/ENDED) SHEET 21. Method according to claim 13,cwhere at least some ‘Qflt.heI\/Et hod
accordi ng to qledin®trid entities ereadescribed asBrsplifest he  geonetric entities are
descri bed as B-splines. _ 22. Method according to claim 13,

where at Ieast sone20Méthed accordn@el.@fmiliﬂ 3 ewherel ftdesstsofirssfftheed by
pol ygons claim 13, where at |east

. r.di
sone of the geom%g%ﬁ?p%%&?ﬁﬂlgg&ﬁ O?P&O ! bed by al gebrai ¢ equati ons.
24. Method according to claim1l wher. e, aﬂ Eb pa (% t he
t opol ogi c@ node grdpMethed acearding o glaim éﬁ tlpastsome okt i 5 ysed as
a pr ot otgeendieit eafities urddesceibed by migebraiesequationfiat every such -
occurrence is 10 described by using a reference to the prototype.

25. Method accordi ng i\@etﬁbé“a&&ﬂmg/‘tﬁlﬁnﬁim Wﬁewwgﬂa-pmtofrmé er to a
pr ot ot ype may ove{rl dciémge or .nore operti

{
D62 Wit hod asopalagical gods srmbstrostiis, chpEngeearieic sntiet. S ubhy by B,
prot ot ype al sqprotstlypel forcarty mmnber afwiourrenets; isa thatefvieny ﬁgc}aocwrmcon&at i on

15 fromg he RIQliBLY B usthd & Fefefdnte th Be protbi3BES:

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