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WD 2004/ 081878 PCT/ SG2004/ 000051 -1 METHOD AND

APPARATUS FOR GENERATI NG MORPHI NG SEQUENCE FI ELD OF
WA RIE408ENTI ON The presented invention rel at eSPCT/SG2004/000051

generally to conputer graphics, and nore

particularly, to nmethods and_.apparatuses for

i nteractive user control in generating 5 norphing
MEHODCARDCAPPARATYSFOR GENERATRICIHDRPKING-SEGHJENCE

[ NVENTI ON Mor phi ng (or netanor phosis) of pol ygonal

rreshes i nvol ves the creation of a snooth transition

m a source nesh to a target nesh. For two neshes,

FlE!t-!H@ETH'ﬁ INYENEI@Ys ways to transformone to the

other. Algorithms for norphing are 10 nmainly eval uat ed
Theb rééérﬂ&&'iﬂvéﬁﬂ@{ e@lét@stgén@@ﬂy &f déﬁu%ul@ﬂ"\‘% phic@ndand more

e visual quali mor phi ng sequence rphing is
partlmdaﬂyamo aesthhes .andmparemseaafor frw@napuvwsgﬁﬁ@méol R generating

et all esdsthat arise in all

{ hods cannot th
morggmg, EHeHRES of gﬁé?%?’%?réal 'TS% interaction is
i mportant and unavoi dabl e. A nesh norphing process
basically consists of two steps: establishing the 15
BACEGRSUNIaFEHBEIRVERON vert ex of a source nesh is
mapped to a vertex of a target mesh, and cal culating

t h%:ﬁhﬁ{g@@@hé@ﬂqdpﬁﬁéﬁsy bRpekbehbEeseshes trefdlveadieorreation of
correspondi ng verti ces. rrent nor f}l— ng, wor ks
a smsoﬁi trgns:lbwaérmrm atouee m%swmrﬁdﬁéaqtdﬂ%ﬁ Qo mgshes, there

are %@f\%}@%‘é \}vagse:t@tt%%%rlny B’ ¢ gﬁer @rft”ﬂn%gfoff‘rlﬁorphmg are

requirenents there is

maiflyl bl/aluat@pb SitbeaTctateditbethes easé rif eusert ¢antrol and the visual
intuitive exi bl e an ficient. For

quaihi Pt arBHner SeAURRGR. RN by SuPh & AFFBEGEPragiem that full
aut r?l'é’c’lgsrrﬁ%ﬂﬁd%gcaHﬁ@tr ?n&@cnﬁfl ey n'é@hi@ et eXESs AU Epplications.

equi rermen erms of many | ow [ evel vertex
Th@@fme&mdrﬂnmﬁwn&a impartaatand usaeaddalleng
correspondence is usually neither intuitive nor

natAlhddsh Bfopeising! prycedebasivally cogsissl of @ a@hees’@béshmg the
very different |n shapes. There is therefore a, nee

corfsisppEenee HEEHD §a8R d/eEiRk ¥t FOK G MR P AP (X .anbe’?ex of a

Ny OGRS TN 0T Rl s o

corre3pondimgowerticesce with a first aspect of the present
invention there is provided a nethod of generating a
morEbirest ArApeIngewdiis! isially coruemprateon thee comphitational issues

and overlook the interactive process of specifying and modifying user
requirements. To date, there is still no good scheme to make user interaction
intuitive, flexible and efficient. For example, to pair a leg of a duck with a leg of a
dinosaur as corresponding, users generally have to express such a requirement in
terms of many low-level vertex correspondences. Such a way of specifying
correspondence is usually neither intuitive nor natural, especially when two original

meshes are very different in shapes.

There is therefore a need to provide a method and system for generating

morphing sequences, which can facilitate a more intuitive user interaction.

SUMMARY
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conprising the step of user-defining respective
conponents in a source object and a target object

w0 e®pegIsis/el y, wherein each conponent conpri SeBCEHSG2004/000051
plurality of local 5 features of respective source and
target nmeshes representing.phe source and target
obj ects, and user-defining correspondi ng conponents
betnassbriiBAcs AithcefirspBspstt afille hesdriigeentiob tete isTirevided a
nmet hod may conprise the step of conputer-deducin

methed rafspeneratiogsa HetRiRG %&ﬁ@ﬁ@n‘t‘ S £h 0B thegmethod
com%@%?@tthgbéé&g 5% UQ%Ségé#irﬁHg ?%‘ﬁ)ééﬁ@é 'c%?rﬂdd?’%%ts ﬂl;ﬁa source ot%ject and

spondénces ween” ot Her conporents. e step o
a tap@TRBiR! rdaskatively, therain reaehmomisorted coayprises plieality ef local

featiish GhreSpAQYEnFHIES P1H GPiviet DRSS dEEBAELN | BRe e and
targgﬁgﬁ afhecéﬁd’ Eééﬁéeﬁ?ﬁﬁ ﬂ‘e%BHF@iﬂ@rl‘éécﬁ‘n' Bnd i beIRBERGhe source

rget objects respectively. e met hod may

objecbapditse tardget ebjepl.of mai ntai ning data representing the

_def j.ned | -
corberario ey oRrRRe e SrerrE BB RS R fortgbbndences

bet\ﬁﬁéﬂ) tbA kAL frethetdoieaRIHdETargedolsicbis adeensih ehs user-defined
the constraint tree structure to a point where each

correepdnadgnadsdoetwienstatgingornperendsy uct ure conpri ses data
regresentin ' i i ,
CorsBn ehes B2 i etSediba dhe, creRUdRRRERS! Ay comprise the

ste UFT GRRGBMIMY £ Qe cétruntsre In tahelataustoeagen dnedingetrepresenting
nmeshes respectively. One or nore .o e . single

infogmation p@swma@sia@?ﬁ;anér%%me%ﬁetés W&eﬂgcomgg'i‘énsts in the
soue?%ngﬁ&%és’@gfoﬁ%}egtsp%igp.g& nul | -el enents as one of the

enen he''met hod may further conprise
t ha'tet epethdd pney eoniprisecthedsidpt of nEdntabine Wata sepresenting the

useg-gr@{‘jg;@%gg%gﬁgrsxqg{gzsq%gﬁ@gtegﬁo al r@gﬁéﬁ%%ﬁéﬁ’@ﬂfr@@ structure.
Strid Uﬁfetl?&i t hfayUSFtherm NEorMBHSEJ thay sfepr tdTercongputer-deducing

the step of conputer-generating data representing a
extermioms) toothee constraipt gregpBtroeiure He gopeipk Veirret aagetleal of the

opj ect .pair , based an ai of r ngj ng: ;
Conég'hﬁgnégﬁes siictEre 88@%’2@8&&{33% rrgﬁ%{seggﬂgo‘%negltn%enspalr of
corfd3pbR8irge @6aspdtientd earid nan r aésuiciatede siviglelpair eof Icormesponding

common “connectivity graph, each node nag represent a
congientiors paithe gpures pad garaat iges DY Iyanﬁn@a%rhmore of the

anGE S AR TR b R oniions may
corhprisdeull-elsments astdre oftthp edémentmpoit te-padr i vi ng

f ﬁéﬁiéf ;%'é?rg}f S%@ﬁ{ fqi'g\sé{?rhlgg%p?igel ﬂ“n:eal stzzsatojfl rr?rsésgﬁt?ﬁgd SAhdidate

components correspondences based on the pairs of corresponding components in

the leaves of the constraint tree structure to the user.

The method may further comprise the step of computer-generating data
representing a common connectivity graph for the source and target object pair
based on the pairs of corresponding components and the associated pairs of
connections in the leaves of the constraint tree structure. In the common
connectivity graph, each node may represent a single pair of corresponding

components, and each edge may represent a single pair of connections.
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common connectivity graph. The nmethod nmay conprise the

step of user-defining a section of the source 5
wWoR)0e08182% corresponding to a section of the tBCTEG2004/000051

obj ect, wherein the respective sections extend over

at | east portions of two orsznore conponents of the

source and target objects respectively. The nethod

Mayhé Urh&BbdCanBY | Sertivdre sdraprisd tmrrptapereﬂecmmpu@r-denvmg
correspondences of the conponents in %aihsouice an

correencgeienceﬁ job@ Seréeﬁoethcabf%atW%éQﬁ%ﬁ’ & S8k FefPaenting the
the sections of 10 the source and
Comf'}érgg @fg?r espectively. The local features may
COTrhelrﬁ@thodemey congiseftha stgmopusanpefininng zedtesiof the source
vertex, a mesh |jine, and a _nes Io,..T,e t ep.of ;
obiops siTareeaebing sl S TR T Bl BBl recpective
secﬁéiﬁn%ktemrlﬂ/ r%%géleﬁlﬁohé‘ di ot & BRfre Qiéin%dnérﬂ@fof the source

fbstantia simlar connectivity to
andabhgst cljepisnesspsciively. heTh@rrwhOdU‘n@MthClbﬁb&Og@prtS@ th@es’iep of

comPYRTIRMIE FATERBORURIRES SoifieccomBRERs LR, porte8 i tercet
obje%?H‘%ﬁfécﬁ%@%aé@o@@hé’%@ér—é@ﬁ netﬁdoﬁésm’fd@ﬁ:@ertﬁlthg settions of

I'ity of conponents of the target object, and
the smm‘ee\aeﬂ%targ@m&SW@@@WWnents in the source and

et, obj e
t ndTedafRserh oS BRIy of MAtERH GiauBRoialiing B mesn
verteﬁcemwltneoeﬁdcémdsh logpir ce and target neshes can be
obt ai ned automatically via deconposing, tools

merllel Sigp PRGN sendgelciUnBRa Ay RARse identifying
confp%??%?ngée i 1 £dp @t § eij fifht RhATHRe a%‘?)b%t?édtiég%/té' irAROt&Td@ivity to

new. co passing triangles
othé\ﬁmh;bcmemg wctfrqotarmttquartobonmajed do s usemnselecied component in

Onent S | nto one. rOCGS | n constr al nts
the SRURRODBRD heh CaPrahalt fa s SoGHEE Ohid  Poe

o { -§&finexs aoBeiragpondi
to'tgﬁ’écglr)]l‘?@rogl@ﬁ’%ﬁtﬁ’ﬁsseﬁfr% gﬁ%@ﬂpr:n% Hfé u)@r@ G(YQ o r ?(pon ing

to acpIUEalltyYof:cOﬁﬁpOIEerdS@fﬂamtarge'tOtHEFCt,, ap@lr\/d(FGt V&§aeach (P;,
8 gR%ﬁp&!thge c?c’>cr)’ra§§:0ur;er :flge[ Irggﬁpc%n%qgctgrgseef Hedat &1 %c'oHpnse a

grofip of pblygBhs #thdespeRlive s@rcelahdtthﬁgatmeshﬁs const r ai nt
processing may conprise the steps of, whenev

parkhe compegedt depompasifiong qﬁéheo?%ae @a%wﬂ%‘t Meshes can be

obt%%%ﬁ éﬁéﬁ\ﬁ g%%&@adgﬁ%g ﬁg rt@{%fét or ﬁg@%ﬁﬁ{\ﬁ? I%rgcéﬁac’uve system
toofst cﬁﬂkﬂlttllrﬁg? chynporeat Wi a cuttig plankd saledting tiighgles o ferm a new

con];;:?c;ne}nte passing triangles to a neighboring component, and merging
connected components into one.

A rule of processing constraints in the constraint tree structure may
comprise conducting the steps of:

Given a (P, @) corresponding to a constraint (X, Y), where P=G(X, E),
0=G(Y, F), X< Vs, Y < Vr, E c Es and F c Er, partition each (P, @) of the
current correspondence set O into (P/, @) and (P, @), where P/=P P, Q=
ONQ, Pr=F-P/and Q= @;-0y.

In the step of constraint processing may comprise the steps of, whenever a

partitioning of (P, Q) is performed upon the specification of a new constraint,
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node representing (Pi, Q), which correspond to the
new correspondences (Pi |, Q ) and (Pi", Q")
w0 e®pegsis/el y. The net hod may further conpri sePORBGTNN4/000051
nmore of a group of nodification 5 steps to the
constraint tree structure canprising: undoing a
specific constraint with all other constraints
updateathbehethains skt struduieop oreating aliefi chjld aed pr dgidsshildffor the

speci f t d
nodgﬁw'@ﬁéhﬁr% R Ogsvﬂn?@ SRsspodp Badiaw SPisSeumen P!, QN

10, _ The step of undoing a specific,
andﬂ(& d Eﬁ%‘ ‘rray conprise nmerging the two

res ﬁé%éﬂ%d' ﬁlfa%/ fOﬁh@hbon’(p@%@e@ie velnyoresoibh rgresp aff modification
every pair of two nodes at level i wth the sane

stepsdpdhe coosipant tige ﬁérwcttﬁetcomﬂrwg respecti vel y)
S\lf\@%ﬁ,ﬁ%g %ﬁ‘g ific. E nsﬁ}aq Qi $ ldﬂ’t\éir‘ &g‘nsﬂgﬁﬂgﬁﬂaﬁéfneﬂm 0

'se he s e S 0 t he Teaf
t h@ﬁhtﬁﬁ@t ajompddmtsomnngnttheo precssd i of sppcl&cmg]g component
two new conponents; and updating connections
CO"@@@@F@"T@ﬁya“d'he step of merging two connected

vvh| g Fﬁa Sg dl‘ﬂé S?,g}ga ik r@o"@{é S§rokBss Te%e@fyméo component

re e traint” that cause th
corr&epamdﬁncms of the two corrponents | ocate the Ieaves

CpviRecstep R e 1 sorstral fey REfprEdERing the two

resr?éHWBrleﬁ"(ﬁgﬁf %specﬁﬂ/@lﬁ%d‘tﬁfé@éeoﬁ Beergopit bRitWL iduls atlevel i
represente | evel bel ow this comopn ancestor

W|th/l1ha geinge pat&mtm@ bgttbp nemelsftdight, resrastiyelys sHBres obhap-

RIS B AR by oo
' dqmﬂiﬁ@/ﬂhégeéﬁhdt gantams e dopeponaf te beespligd sect i ons

conprising the steps of: within each | eaf of the
corfgpllaémtltthbéwod}%ﬁ@fi‘@oﬂﬁﬁtscéﬁﬁonents i nto groups

e e T AN R
200PHDSER W nRETirsCRAD 46008E8d contponents into one may comprise the
steps of:
while there exists a constraint that cause the separation of the two
components
locate the leaves containing the two components to be merged;
search upward from the leaf level to find their nearest common ancestor;
and
remove the constraint that is represented by the level below this common
ancestor via the undoing step;
replace the components to be merged with the new component and update
connections accordingly.
The method may comprise the step of identifying candidates for user-
selected sections comprising the steps of:
within each leaf of the constraint tree, organize its components into groups
of maximally connected components;

for each user-selected component in one connectivity graph
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| ocate the | eaf containing this conponent; within the

| eaf, find the group of maximally connected conponents
WO b@u/08s78 sim | ar in connectivity to the groupPCT/SG2004/000051

cont ai ni ng the conponent; and add all conponents in

the found group into the list- of candidates. 5 The

met hod may further conprise the steps of:

us ¢dcap eite faaf eoniabming this\empurrengspondences for a pair
of correspondi ng. conponents fromthe conputed said

comfiihén éhe ieaioHasthe creeR i maxieeally CRIORERLS that is

i Al A€, 4 j nt pair;
S B .10 2 e i R et 1 o
as soidi @it eonponededn tfe found graud imedhedist @f earslidaiay.

speci f i fferent kinds of |gcal, features including
f .eglﬁ'@r%'eﬁip@{ W?%E‘éﬁlh?re%qmﬁ)résﬁ ﬁ]’?"é%legﬁaﬁ'f eature | oops
W td%'eﬂ-fsﬁgg ihg AbcA0ET&S BOREEREdHRBRORE NS Spait SofTRErresponding

step o uctng local feature pairs may conprise the
compranentefrom itledienpiged iaid eemplsiaicomapngnkCREpsROMIaNSE;

pareieriodfgg bl e L SRR ] = bt peic
and ocal feature pairs may further conprise: deducing

| ocal feature pairs fromconplete conponent = _
orqospdingeiescomplole vaTtmoFOIRIRANTEHCE b2 asspegie yatices of the

c
. pai pon user specification of |ocal feature pairs.
Sa'#ﬁ{eersz]fagp of deducing |local feature pairs fromthe

conpl @éer amypepecify differens pkindencofe lovsy featyes simcluding feature

pairing up two co nent boyndari es, Whenever hey are .
verhs o detig BIPS \RIh oIS dREDT nVinKr 1 6BFn dEncRTesbonding
conﬁﬁ&%ﬂté‘ M 25 The step of deducing | ocal feature pairs

po

n user specification of local feature pairs may
corfhe sepfpleduainigrigcaheatuse piirs saayicemprige the steps of:

di ng. [ h ' 4 NQ .
oAt ried JPARIRSRHE palts 1R PEaPHREndHon: and .
t heyddiRingPasdunhedictaefeadlie Pl whsrcapprogriate.
boundaries and the two neighbors at these two

bouHtsiepfsglesugingomplieddegr) ierive Pais May Rirtbsr gpmprise:
S B TR s RIS I Wiesponcences
andleéduci ng pairs of tip vertices; deducing feature
vertex pairs at correspondi ng feature |.oops; a .
200}3@@1@@0ﬁﬁﬁﬁ§@mqsmgser specmca{lon of Ioca??ea\{ge pairs.

The step of deducing local feature pairs from the complete component
correspondence may comprise pairing up two component boundaries whenever
they are represented by two connections in a correspondence edge in M.

The step of deducing local feature pairs upon user specification of local
feature pairs may comprise duplicating two local features in two corresponding
components in the neighboring components to form another local feature pair
when the two local features are both specified at boundaries and the two
neighbors at these two boundaries are also corresponding.

The step of deducing assumed local feature pairs may further comprise one
or more steps of a group comprising:

deducing pairs of tip vertices;

deducing feature vertex pairs at corresponding feature loops; and
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-6 deducing feature | oop pairs at conponent

boundaries. The step of deducing pairs of tip vertices
woreop4/08m8p8 | se | ocating and pairing the tip vertT/8€¥0¢H00051

two correspondi ng conponents when the two conponents

each have only one boundary. 5 The step of deducing

feature vertex pairs at corresponding feature | oops

MY e GRERE FE&&tUrd o ARRETMpdrRint bousdades., for each
two corresponding feature loops Is and It having at .
no$he shep pbdeduaing pirsof HRiverises %@mcwr'aesw@r?%?ed pairing

the {8 o ulo X aspSTHI e P S v tich M 1S pdeofiEnts eoch

hav®enhhene bonfdéspondi ng | ocal feature of Is, on ct, and

vt _be the vertex
e SCpabas) s e TR 5 borBb e Tobre oops
mayvc,ed'rﬁéﬁgea. on the boundaries farthest away from (or
opposite 15 to) vs and vt respectively. The step of
dethuaicom et pairl (o9 w:)p o rreacix tweoapsespandirg fepdviedsops /s and
rise, if there is nore than one connection

MRy Co ,
le hayia@igno W%Eﬁ%ﬁrﬁe &W'ﬁonﬁﬁ%’ and the sanme between
mgéhrf/f,qeéét%%&%reﬁ I6eameakns $ bA dhe other mesh, and

he user specifies correspondences between sone
of |¢thei bebthundariersef R20oasthenshgrieste patir frespdndended’ be the
for the renmmi ni ng boundari es by re-conputing .t

correspemding daerlcieattre of g 9/ cmanthi Be dRe yerteymy J; Sﬂgﬂ‘? Henortest

C | et e, vertex correspondence nmay conprise the steps
pat%&gﬁhgi%hati cal ly partitioning two corresponding P
co

e vSahdip ag@npati bl IeI 25 patch | ayouts when
nei'ther component is a null-conponent; autonatjcal .
harpdiiri g ther dve vegticgiscore the berpdaies fasthast @mayaﬂr?m 38¥ opposite

null: co : and establishing the common nesh
to) &mgttﬁen?%@w%ﬁy'the said two i nput neshes by
parpHeisip of dbdutiy éeataralilogp tpairshet cosgiohenbrjpandaries may

atch | ts. 30 Th [ h i,.tioni .
cortmisas of TRTBoRTRES COAp s CanRagHoT: BRpTSSD thRcbufitpiéits in a

el g8 BN Sefldol 5 b Ring boRaghepaTREnE Gther mosh
and when the user specifies correspondences between some of their boundaries,
assuming the correspondences for the remaining boundaries by re-computing the
common connectivity graph M.

The step of computing the complete vertex correspondence may comprise
the steps of:

automatically partitioning two corresponding components into compatible
patch layouts when neither component is a null-component;

automatically handling the case where a component pair contains a null-
component; and

establishing the common mesh connectivity of the said two input meshes by
parameterizing them according to their said compatible patch layouts.

The automatic patch partitioning for two corresponding components may
comprise the steps of:

organizing all local features of each component into maximally connected

groups of local features;
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WO 2004/ 081878 PCT/ SG2004/ 000051 -7 constructing a

m ni mum spanning tree (MST) to connect all the feature
wW@r@4ps18781 one component; constructing anot herP@BIG1004/000051

connect all the feature groups in the |eaf nodes of

the MST, 5 partitioning thejconponent with two MSTs

into patches; and partitioning the other conponent

| NEONSAIEINGS ademafilind Gpanirgc kel @AST) ¢o connect all the feature
correspondences. The automatic handling of each

QFOLmﬂﬁcﬂlf@rﬂorﬂQWelﬁont aining a null- conponent patch may
ﬁ%@f@éfr\% taﬁéﬁfé? RisT éc? dopheb &)1 CHEP RENe @%Lﬁpé &$ the leaf

| 0Ss generality, assune cS#~v,
nodét afthe MiSTeconnects cs at boundary /s, cs # v and (cS

S t d
a{s)@a'awo%mcggmogcfrga@ b vith i BTl PO or par
l(;[ﬁrgn {%@ dthér %Bﬁfboﬁ%ﬂf‘%b' Hétbﬁe@facﬂ:o?&ﬁg to local feature

by copying the topology 15 of cs; for
correapdmdm“rdesx pa| r (vs, vt) vvhere vs is fromcs and vt

romc i S,.at | I :
ey ﬁyét‘om%lgz Sh?ltnsdihagsgf' %%oi} hcgorﬁ%ér?«%q ﬁ)%gf %oh%rgﬁé a null-
nﬁdbne\ﬁl Paﬁ;hw%b%r@euhe@mbstbﬁs the boundary vertex
| osest to vs epl ace ct with c; otherw se ner

cs fomthe componiest g1aip(af coswaels WinAY 1088 eberpRak hassume

e SRVt B COMBEL 6oL HOCL DG 165, 168 Bbmponent i

t opo Qg\/céﬁd B L8E sy gﬁ PRCHCRRreC) &Pt Be tHE counterpart of
multr-resolution re-nmeshing. 25 The nethod may further

Is, comprise the step of |nterpol ating vertices of the

o R RSB0 TSl BB v

oféﬁ the said conponents by operating on each conponent
das a whole;, user-editing trajectories of vertices by

chdogeach veréex ppivgivs, ivorveherand is Bomcesnmgnd viig froRec

uscf Vg T BRUERL DB OT 2 component may

COghb&Rsd NG is SEEBStHY position of v where (u, v) is a vertex pair and u is
the boundary vertex closest to v,

replace ¢; with ¢;

otherwise merge ¢s into ¢s'.

The step of establishing the common mesh connectivity may comprise
plugging into several available parameterization methods, for example, topological
merging via barycentric mapping, or multi-resolution re-meshing.

The method may further comprise the step of interpolating vertices of the
source and target meshes. The step of interpolation may comprise the steps of:

user-editing trajectories of the said components by operating on each
component as a whole;

user-editing trajectories of vertices by changing their positions; and

computing the interpolation for mesh veriices.

The step of user-editing the trajectory of a component may comprise the
steps of:

a user assigning a bone for each said component, either automatically or
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a user assigning a bone for each said conponent,

ei ther automatically or WO 2004/ 081878
weQnAB88ERM4/ 000051 -8 manual |y, and t he bonesPof/SG@to4/000051

conponents in each nmesh forma skeleton; establishing

the conmon skel eton for the gkel eton of one said input

mesh and that of the other said i nput nesh according
mafhallyhene anarbones bhak toripoyentsdnteach, mésit fomputishgletd g

nmor ph between the two skel etons; bindjn sh venéLces

of &astrblishingotheneommanekaleien &ty ngv‘t?f“?% Egmev%a' daput mesh

Cia . . . o

anciigh BFYE,ofEy AR pBPckh StB Rl 1o A8 o SERREES araph
i, on the position of the bone at an internedi ate frane;

d 0 [ h j i keyf f th
corFoGHRHCANE TOpE NS BETT 1S SBEISTRIER. ver t1 ces in-
t h%iiﬁ@ﬁgl?nn%%hg%ﬁibéé’ oPtheedihbhReii 1B tRE bohkaskivd arc-length values

vertice nprise first saving a user- specifie
andveglative positioherofdheavertioes withdiespect iaikeipsHearegivpoints on the

vertex keyframe containing the said arc-length val ue
bongng rel ative position and then interpolating the 15

ar ghk €Ret Bp¥altingoriie pelitiin yethpasird sinsn ede=dlate frame; and
keyframes. In accordance with a second aspect of the

pr e3s¥ing ithe erew oprsilien @5 @ kpylsanaeal dheyearapengnt and update

rati ] Al nce, the system conprising
posgt?({}ﬁsog‘rrbgﬁ% 2?4@{8% g%’ ﬁ@gﬁdef i ning respective
C O IR stesofi atliing trajettoridy efcterticel mayt ecorgptisefifstshving a user-
respectively, wherein each c mgor]fent conprises a
SPaSHIALaNRHEX GIOStiRTh At 280 HBEIPAE o TaTBE bRt 17 VIPW friex keyframe
cor B S B ol PABE ] (bt S I Endven IéigBlating the
arcdengtbhnahies &ed velative pesitisnsibebvasj keyfraanes.t he t ar get

o L W S SEaeeF E TeLTbblr or
proviietine g?ﬁém%r%ééﬁr@b ABiRhG sBaaestethe Aystdit comprising a

user-defined correspondences between ot her conponents.
useTtptepiace dor isetrdifiningyrespagtiMe: comp@neats: ifea source object and a

tarh SRR RSRRER RN n ] RbA Ofuflriell oMt d B of local
featurb8rdfaidspactive dourriesidt targset alsbhes mpresetting thesource and

bet ween conponents in the source and target object
targeis pbiecisyeayd 190 usar-dafming corresrphdingy CREIAANSN Befween the

soJrSQroBﬁe%@%hHQhétﬂe’ﬁ’ %?85'(3@{3“ ned correspondences between
conponhents g I Vi

and connectivities in a constraint tree
The system may comprise a processor unit for computer-deducing

correspondences between components in the source and target objects based on
the user-defined correspondences between other components.

The processor unit may computer-deduce the correspondences by
maintaining a data structure in a data storage medium of the system representing
information on decompositions and on connectivities between components in the
source and target objects respectively.

The processor unit may maintain data representing the user-defined
correspondences between components and connectivities in a constraint tree

structure.
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structure. WO 2004/ 081878 PCT/ SG2004/ 000051 -9 The
processor unit may further deducing extensions to the

W@oeNs®isit tree structure to a point where eRChSGERE/000051
of the constraint tree structure conprises data
representing a single pair of. corresponding conponents
and an associated single pair of corresponding

COﬂfhéofirb@é@sdrmmhme@Omm@r amﬂubmggextenemhesto the constralnt tree
respectively. 5 e t he . si

struetore ésfacnwtn@h%r@r@ﬁﬁk&%% Osﬁlfo%faﬁt'@é'w%‘? ﬁﬁﬁgture cBmprises data
repr8$ ﬂf# é%qu ?ﬁ}élpﬁ%ﬁ%dﬁ‘dm 8o Héﬁtsae?ncpﬁﬁ égsoblé?ed single

e process unit may f
pawmfe@ﬁrﬁsp@admdemme:mlmpsna rnhe sccwce @smddamicm@sb@s eesmﬁtlvely

OneoE BB 5460 il SoPSLS I SORARGLS S AE 45K Responcing
conﬁéﬁﬁﬁ%ﬁﬁé B n%@xhlﬂl%léh@’ntéaggéhétcﬁ1@@émm@ﬂseﬁ¢iﬁé bB.

common ~ connectivity graph for the source and target
obJTehet peicesbasednin may phlrtherof present espodigialyy components

corgREbTdETes Bk A8 1S FRisyeofRisiohdy EOMRBRENER IR teaves
ofu#‘é)e@ﬁélraqmr@ééﬂrud;ﬁmeﬂ:rm@us@ach node may represent a

S|n e pair of correspondi ng conponents, and each ed
e1Braagsees it may dgitern apneste A FIRrBRENTINEL @ ¢ommon

con@é&?vi@sgﬂ;apﬁnfo l‘ﬁ%y%é%%hgﬁ qg!éd(?‘f tﬁ?ﬂr S%lp%%%ﬂ%ﬁ #k Bairs of

res

correepo eging tdongpdrients anatthecassoeizted ipairs g)f aqmlmneﬂms in the leaves
user-interface rra@further be arran

of 18 PCSIEAINT it SHUGKEE BriNGreoMHEN SGUNBE Yl Wephy gach node may
repfﬁ%%h??%?ﬁ%l@g Béf? 8f S¥rid<Pondin g: Renigureets, OEhGCbach edge may

erein : réspective sections extend over at
repﬁeseata[smgzlepasocﬁfconmectmnsrmre conmponents of the source

dqtar'%&"éﬁrg e&r% My:‘@%@ﬁhlg\éﬁlg Cg}_r%lgﬂgn@%ﬁcze x f%r%\’ariﬁs of local
featpﬁ% BSEE 6n el db@ I%We%t?\gtthé%%ﬂﬂﬁbh\c@hhectm@@aph

user -defined corres ences of the sections
t he'hso us@remmr&acet meg/efurg}qrebg arieagpd der w@pyde@gmgh% section of

el BBV 55 AP, 25 BB T8 iy P nari e

resp&stive s‘@ﬂ:ﬂoﬁé @vadﬂattleam)pomlms dfetv\tdl@r marel cdmpenents of the
counterparts by identifying onent s |nthet?ﬁ
souses eand ttaggeteRhiasts reSRAGOhAt i %ey REPeRYser may Turther derive

corl%%ﬁgﬁﬁéhc%st X{ Lf% O % %”moﬂ\%néﬁerQ ér{betéréétgébjegpk%ﬁectlvely

ar ed use ected conponent I n
baseduon ethebjissrtddfimedt d:@nresnnmiameas ofi thet hectmr ofs the source and

object. One c onent in the source object nmay be
targpgg,bn%?f f?%l?cﬁgglbfor r espondi ng

The local features may comprise one or more of a group comprising a mesh
vertex, a mesh line, and a mesh loop.

The processor unit may provide the candidate counterparts by identifying
components in the target object that exhibit a substantially similar connectivity to
other components in the target object compared to the user-selected component in
the source object to other components in the source object.

One component in the source object may be user-defined as corresponding
to a plurality of components of the target object, and vice versa.

Respective components in the source and target objects may comprise a
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to a plurality of components of the target object, and
vi ce versa. Respective conponents in the source and

W0 200908180hj ect s nmay conprise a WO 2004/ 081878 PCT/SG2004/000051
PCT/ SG2004/ 000051 -10 group of polygons in the
respecti ve source and targejohreshes. The
user-interface nmay conprise interactive systemtools

grOLE?f oﬁ%lygé}ﬂs m%ﬁﬁ@é}@étitlvwmr@e and tanget pleshes. sel ecting
rian

toTaena%EﬁB%eﬁ%emc%aQ?@V@%?p%ﬂSr?ifeﬁa i ol 6 cuting
com%%ﬁgﬁg?fv% &tﬂn anéAE L8t téj tﬁénﬁ@%@%bnﬂ)rﬁpﬁsné\ﬁ' &iponent,

tral n ree s ruc

passingduabhggst he st epsighborikd ve;onqac(n@,nt Q)amrbr mesrgingdi eennected
to a constraint (X Y), where P=@ X, E), Q& Y, F), X

compopgntsyinfo 9. E ¢ Es and F ¢ ET , partition each (P;,

8 %&\ gﬁﬁ ?Jg; p.?o%gg%’@ee n&%lhfssﬁ’ﬁn%n%%@ﬁ%n@ ﬂré%oslﬁc%ﬂure may

ere Pi P;,
coniﬁrisedanducmwgm&ist@pS:on - Ql1. The step of constraint

pr%igri'fan ﬁ?@}tee&w KRS (P G hE BRI R By he® P=G(X, E)
Q—@(g?éal?f rﬁ? @\’77, ?‘?%r e%%td' PG a aﬂ:ﬁiﬁ‘ncéé@{ "(P,', ) of the

t‘raln structure ycreatln
curreft boﬁés;bcﬂwomif@easel@ rihi@ht/s i/ dnbiqe/ Iy ynatiere P/= P NB, Q=

representing & whi ch correspond to the new
QﬁO@H%@DFﬂdﬁC&E@ @J’-”F —QQ} and (P;', Q') respectively.

o GRS et Ghay B SRR oo e

step%I 61“ Wrtérn‘évépm?v’a'rt&ldﬂﬂag éf‘ ) Qp Is?l siferhé&d tpoANnse spedification of a
ot her constraints unaf ected 20 splitting

new:oopstrmnt wptiate the coestpaiottree sifuctyrechy yreajingoaefhshild and a

corres ences: and nerging,,co one e
righ,  Gildls Orogh%ﬁ&qq‘ J?H@St?aﬁ‘ﬁ%ng%’t ﬁé@b%ﬁb@%ggég i, dhe new
con%%ﬁ%n&éné&d ?aﬁ luf t|9él straint may
rise me éfné espective left (right,
reslpg:_tpmeés@orsubltrmay ﬁjrtlmrepyrfpzmrooé omonoreded at group of
| evel i e the new | eft

moqiipgian steps gadhd Gerspaialies SEuGHIe FomBrS G ep of
S pI dnto;o: nr’]%la%g%eﬁ’e %ﬁ@frain’ﬂ WRht AP tABY c6RSTRIihBaUAdTRCBSEPS

' eaf that contains the conponent to
be splitting, ceppacéemig iduridg hthewopieegss oo rfdeciyingndgcomponent

30 updatin nn
correspoﬁgencesg,’ Lgnnections accordingly.

merging components during the process of specifying component
correspondences.

The step of undoing a specific, i constraint may comprise merging the two
respective left (right, respectively) subtrees of every pair of two nodes at level i
with the same parent to be the new left (right, respectively) subtree of np.

The step of splitting a component into two may comprise the steps of:

finding the leaf that contains the component to be split;

replacing it with fwo new components; and

updating connections accordingly.

The step of merging two connected components into one may comprise the
steps of:

while there exists a constraint that cause the separation of the two
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The step of nerging two connected conponents into one
may conprise the steps of: while there exists a
w@osNsmisit t hat cause the separation of the tmOT/¥&2004/000051
2004/ 081878 PCT/ SG2004/ 000051 -11- conponents | ocate
the | eaves contai ning the two conponents to be merged;
search upward fromthe |leaf level to find their
compefealt common ancestor; and 5 renove the constraint
that is represented by the |l evel below this co n
aniséte the/legves sopiriing §he (ep COMPONSRES BB ent s
t osggrc'ﬁ%%\ﬁgrd""ﬁro?n b Iébﬁ"l’%ﬁé?%oﬁ‘rﬂ“théf‘ thedRAt®mmon ancestor;
connecti ons accordingly. e processor unit may
andi dePtif_y cangi dates for user-selected sections by 10
performng the ste of. within each |leaf of, the ,.
oFRTPYP e conetrol il @J@P{%S%%@@M&h@?ev% BeIg g common
anc@kiorBisl Rl NG g@g)t,ed conmponents; for each
user - sel ect ed conponent in one connectivity graph
| (r)]cemlece liee ceafponentsaionbe arged vébnibenee compagienhpnd update
the. leaf, find the group of maximally connected
CO”E%W&R‘?@HQ{YW s simlar in conne%:/t ivity to the
or gy pRIYEALHH DEittgy GesmTn eRindicinds d0d uskf-seleateansattions by
in the found group into the Iist of candidates. The
perfggsing theestepeef:nay be arranged for user-specifying

| ocal = [0 or i F _—
oMb SHEN G BENENREa dreef orda2e itsipraponnts o groups
of nfXimbRY eoAneTted wdimpurenésspondence; and the processor
unit may be arranged for conputer-deducin Iocr’ﬁll
; and

f odoTPaaN PPTRER e ROBRPANTTI I OBE SORRERIAY g5ap

COpULh MG i1 c%ﬂfa%hmpqhﬁ%% tf espondence to
assocl ate vertices of the sal nmeshes. The
us avithimttee fleafe fimdytheegraupasfgmaxinuallyusenneagied icopipegents that is

Cdifferent kinds of 25 local .features incluydi
simifarip foamogtyheRsheasdipienainiad T EoTeeiEh 35 s
Wi tRjdaifcoPbhefls i WhE WO ifeNPeNenbscarkigates.
processor may deduce |ocal tfeature pairs by performng
t helhst epsersinterfaned umiayg benpanr@%cgqr fesardPeckyng s local-level

corksBPHERLes PE% R 3 LR sAupd MG AS AP B6Fbutcd sed
complete component correspondence; and the processor unit may be arranged for
computer-deducing local feature correspondences within a component pair; and
computing the complete vertex correspondence to associate vertices of the said
meshes.

The user-interface may be arranged for user-specifying different kinds of
local features including feature vertices, feature lines and feature loops within a
pair of corresponding components.

The processor may deduce local feature pairs by performing the steps of:

deducing implied local feature pairs from user specification; and

deducing assumed local feature pairs where appropriate.

The step of deducing implied local feature pairs may further comprise:

deducing local feature pairs from complete component correspondences;
and/or

deducing local feature pairs upon user specification of local feature pairs.
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30 The step of deducing inplied |local feature pairs
may further conprise: deducing local feature pairs
w0 e@a0gBnpl et e conponent correspondences;  andPOF/SG2004/000051
deduci ng | ocal feature pairs upon user specification
of local feature pairs. WD.2904/081878
PCT/ S&004/ 000051 -12 The step of deducing | ocal

f eqther etapaiof ddueing ot deplued ahiemfronerthe complete component
correspondence may conpri se pairing up tm? conmponent
COrMSNARRRNGSs MidYe ARVBFISE tRAING P W\%Pgw&n@@ punggries whenever

the)‘ég%r%‘bﬁ'é%%g :Byacw‘éq{c{n%%gﬂ&qse?ﬁ% c6H8&nbMMceleySineh. of

ci'ng fleatUre palirs upon user specification
of Thecelep 6f tieduiting lpaal featme painpripee degl speatifieajicnwof local

o P S B R i fBUREL B, L Do
conﬁtﬂir{;)egaéé\’g&z thé hﬁeiggﬂo#i% onf Rt 3o Foembahbthep Gtéi\';:%li Réiture pair

ries and the two neighbors at these t
whepthel atvice doaale featsresc are elsgibnapagifiedhat fiosindafies and the two

.deduci ng assuned | ocal feature Lrs further

ne@‘g}%? !agg’\qﬁ%tw %O‘-H?Of%@ﬁea"géi scﬁ?ééood@i(% conpri si ng:
dediyd SigpRFidesiueingt Adsunedd loeabfeatigdyaiirgmbgdutingr comprise one
vertex pairs at corresponding feature | oops; and

or rdesieng Of adiravie CPoWiSPWl rs at conponent boundari es.

The of _.deduei naiLrs of tip vertices nma
corﬂ?ﬁu?@‘q %%'g% %@5 g%ﬁlegg’i ring 15 the tip ver%/i ces of
t vvcdhemﬁ:h r@mn?b%mbmms?tmrm;ﬁnnu ing feature dogusn@ntds
eac ave only one boundary. The, step, of deducin

f elagusingsfepdiaejapp Haip at6p §B6ﬂh??1ﬂg)qaéfﬁsur e | oogs

TEATIROSRE Sl i BATONSP oSt iy comphe Lt pfng
thedip vartite okt abrresparding copwoneots whemthedwol gomponents each
te its nearest |local feature /,' on c,,; let vs be

| oc
ha"l"r@"%@l‘“?@?‘%‘paﬂ‘s on the shortest path from/Sto IS,
I{ A% i of Yeubepgnfbiafste! RfRIx Eéﬁlé Wit ecdifeSpondihgC feature loops

and vt be the vertex of It on the shortest path from
maytcotmprise: ; 25 pair up vs and vt; and pair up the two

e SamBBgbACRSE R ES 2 h L ShyR Bl A Efe loovs 1 and
I h&\aey et Rbst eabyestuUr@ 9BrteRpas odtthearyponent boundari es
rrayfor Is, locate its nearest local feature /s’ on cs;

let v be the vertex of /s on the shortest péth from /s to I, I be the
corresponding local feature of Is' on ¢;, and v; be the vertex of J; on the shortest
path from /¢ to If; |

pair up vs and v and

pair up the two vertices on the boundaries farthest away from (or opposite
to) vs and v; respectively.

The step of deducing feature loop pairs at component boundaries may
comprise, if there is more than one connection between two components in a
mesh and the same between their corresponding components in the other mesh,
and when the user specifies correspondences between some of their boundaries,
assuming the correspondences for the remaining boundaries by re-computing the

common connectivity graph M.



conprise, if there is nore than one connection between
two conponents in a 30 nesh and the sane between
W0 b@it081808 r espondi ng conponents in the ot her nESIISGZNE000051
when the user specifies correspondences between sone
of their boundaries, assuming the correspondences for
the remai ni ng boundaries by re-conputing the commobn
comnec proddsgogmpl dbmidite2GRd/ 66mPkie PESGAIEpOD0BACE by
-13. The processor may conpute the conpl ete vertex
perfegningsheriiRptel: by performing the steps of:

au‘aﬁf@rﬁé@cﬂll&y?éﬁ%hh OR vk)cf‘g:o?r‘ggggﬁalhﬁsﬁ&ﬂﬂbﬂgnts into compatible

component's 0 CO t | ayout s when neit her
patctolapoviznthers naitinerd ¢ompcmpmmésla nLel- mpm@rntc ally

handl i n e cas e conponent I I nta
5 nula‘lumreg“ﬁ?g'ﬂemmﬁﬁ\gdﬁ@sf’%ﬁ "Ag R p(? g%ntgms a null-
getdnd ty of the said two input neshes by
araneteri zing themaccording to their said conpatible
patesl:ahhapmtthe chnemantoesh cennrativity phthg $3igiwvadnpdrmeshes by

pardgisa e TR SRR G T el 2l Bronp S Bl
C oMHeNaGfonh ki paEek @ahithbnﬁ@ﬂftﬁcmﬁﬁ cogesppading ¢amponents may

features; constructing a mnimum spanning tree (MST)
10 Commls@dhﬁéé@psa@fthe feature groups in one conponent; 15

Qﬁéérlﬁ%tn'gtn e?c{b%ﬁ gétu Tof% H%Wr{t lﬁf?)err{a%%éﬂgﬁ?%gnected

gr oups eS o6F 't he partitionin
grogpspbloeal featurbst wo I\/STS into patches; and partitioning

t he ot her conmponent into at ches to |
f eOMEHUCtNG gwam‘éncéea ?ﬁ%e g&fﬁa q %Onﬁﬁaoﬁﬂéh%ffeature
gmﬁggh fatalygatotat Z)Bhﬁﬁt’il r containing a null- conponent patch

conpris e steps of: for the conponent pair (cs
15 ct )comstruetmg temodien BAST db cemmachlalt yhe festuie greups in, the leaf

onnects cs at boundary Is, ¢S # v and (cS ,
nodC&s (3“'? R/its-@onponent pair; if ct # v, and the user

as Sdé}ﬁtléhlh@ﬂ?é chRPbHEA With o MISTS mtbfbaitdflﬁes; aungt er par t
I's, create the nesh connectivity of

comarhb;cmln@ the etbeyiaegnponent dpta Bgichest aggor?jm% to local feature
correspondences.
20 The automatic handling of each component pair containing a null-
component patch may comprise the steps of:
for the component pair (cs, ¢;) where without loss of generality, assume
cs2ly, G=Ly, G5 connects cs at boundary Is, ¢s'#4y and (¢S, ¢f') is a component pair;

if /=y, and the user assign a local feature /s in ¢/ to be the counterpart of

25 s,
create the mesh connectivity of a new component ¢ by copying the topology
of cs;
for each vertex pair (vs, Vi) where v is from ¢s and v; is from ¢
if vsis at Is, v¢ is already a vertex of /;;
30 otherwise, v is set at the position of v where (u, v) is a vertex pair and u is

the boundary vertex closest to vg;
replace c¢; with ¢;

otherwise merge ¢;s into ¢s'.
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for each vertex pair (vs, vt) where vs is fromcs and

vt is fromc if vsis at /s, vt is already a vertex
wW@R0okn818780 ot herwi se, vt is set at the positiPCI/eGE2004/000051

where (u, v) is a vertex pair and u is the boundary

vertex closest to vs; replagge-ct with c; otherw se

merge c¢cs into c. |I. WO 2004/081878 PCT/ S&004/ 000051

- 14 hEhpragess@sa@y estpblst did icommbe mestmwonmestivity by plugging

S o o T
via H&Wéﬁﬁic Méﬁqjﬁg,r MFﬁmpitf-ié‘so'ﬂ?:?ﬂ ROme8hingu! 1 -resol ution

re-nmeshi ng. system may further be~arranged for
i nifdepslsiemmgay énithardse afranped faintsrpolting overtieegeef the source

shes. Th f lati ' t h
andd5is rarsheeyd br ser of MiPRLBb Ry B Rethe Sld S
CORRERLAIMoLHaRRESRId 9 B8 8RN coRPERRARNhyaBparadiel @n each
user-editing trajectories of vertices by changi ng

comporient pesi wheles; and conputing the interpolation for

nmesh vertices.. 10 . f, -edi fiF ] .

tr 3ebeo e riacens or ThitRsR 3oL et oy

a LeRipaRy tBBiimersolateidronesiaoditisasd conmponent,

ei ther automatically or manually, and the bones of )

al IThsopisenehvserrediiag ﬁhﬁé@ieﬁ‘?t@%\oﬁasﬁ%m@?ﬁﬁ?t may comprise the
ste;?ss&abl i shing the common skel eton for the skel eton of

one’'said i nput mesh 15 and that of the other said

iMn U Userabsigningr alibopet for tdaehcsaidmonepoment) eithery agtoapdtically or

co ting the ph between the two el et ons;

maali, RGOS AODES of B EOBPONRBIL BrGHAHESE dohe eieton

us'é@a@fsﬂir{fﬁ%‘ BofldieSkelefthh fo?!tAé ISkBIIOS ioF igPleSs&il ihP&t mesh

vertices W respect to their nearest points on the
and2ihabohthe other saist inppt meeshnaccondingdo gbe icomsnon fconnectivity graph

" bone at an internediate frame; and saving the new
»position as a keyfranme of the conponent and update

PosddrhMitihgthefRSIbhVISsthicephe iwblkelBiomd). The step of
editing trajectories of vertices ma nprise first

sawinging raedr vertises péthe pempoeeRice t @ﬁq%rnedaﬁirag aggrlength values
and, FETEPogtBne EaFs e BorE it et % theF Grearosiopoints on the
borig@si tion and then interpolating the

the user operating on the position of the bone at an intermediate frame; and

saving the new position as a keyframe of the component and update
positions of mesh vertices in the morph.

The step of editing trajectories of vertices may comprise first saving a user-
specified vertex position at an intermediate frame as a new vertex keyframe
containing the said arc-length value and relative position and then interpolating the
arc-length values and relative positions between keyframes.

In accordance with a third aspect of the present invention there is provided
a data storage medium having stored thereon computer readable code means for
instructing a computer to execute a method of generating a morphing sequence,
the method comprising the step of user-defining respective components in a
source object and a target object respectively, wherein each component

comprises a plurality of local features of respective source and target meshes
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arc-length values and rel ative positions between
keyfranmes. In accordance with a third aspect of the
wQe@gesus7s nvention there is provided a data SPCI/&GE04/000051
medi um havi ng stored thereon conmputer readable code
means for 30 instructing ajsconputer to execute a
nmet hod of generating a norphing sequence, the nethod
repré@é?ﬁfrigs ithe $dircstamd ahrgeteobidets, nang ussradsfining corresponding

onponents in a source object and a target object
compespref@tbatwe9n th spuics auest ashihedardet 0@&% i ses a

plurality of |ocal features of respective source and
target nmeshes WD 2004/081878 PCT/ S&004/ 000051 -15
representing the source and target objects, and
user-defining correspondi ng conponents between the
BRISBUDESCEIPEIDN i THR DRAYE!G8bj ect . BRI EF DESCRI PTI ON
OF THE DRAW NGS 5 The presented invention will becone

f ul t I
The [BSehlil Y 3FE M A0 RS, ipBRCEOR, 68 et
des&ﬁﬂlo&' ¥i98n BereinditeOhind lthel Sictatipenyivgl gravings twnich are glven by
l[imtative of the present invention,

WaywaG"u&tra@raOBIYO@t‘idd’ﬂ’&@r%{m aet bmitatansl 4 W%%%lﬂh invention, and
h raphics system 10 FIG 2 is a sinplified di agram of
whe e'Br aphi cs processing systemaccording to an
enbodi ment of the invention; FIG 3 is an exanple of
FIGU$6s amwmbgiambhan@xbmblammsta‘r graphicasgsieinin; Fl G

Fleoe' SandITHBIE Flacpes 51,8 SraBhisschrobPey rapiet SRling to an
ifRef O‘EEh%”H‘}’T%“ .n steps in a typical workflow of
e e

e exanp ment; FIG 6 is shows user-specified
FIGcﬁmpan@mep:be oésﬁmmﬂmém ther emh@quﬁmféh@mventlon

FIG:: gb%fépatgggwgg) fswc(c? cblf g%thg thgl @ra%t%QSé?W l)(%wnog Fhénh Eeaﬁpective

Conﬁ@@mﬁtt g Raisunance of 0 after appl y| ng two 20
constral nPs to Sand Tin FIG

4: ?
FIGc brahoms main steps dbadypigaliwerkflew qfﬁae @%ﬁfﬁﬂ @ embogiment;.

17 e Mo O PBEER oo eaTse e samo o

tricsthagrswomanahorphng the constrai nt tree in conmputing M

FIG 12 illustrates those assume 0 Meevel
FIGe dris agryaimnle &f thesommgn gannectiyily ?acfﬂb of conponent

PGSR, FEARONA ]S i rnihart dfalcpoiving two
constraints to S and Tin FIG. 4;

FIG. 9 is a constraint tree constructed for the example in FIG. 8;

FIG. 10 is the analysis of similarity in connectivity for the example in FIG. 9;

FIG. 11 illustrates the stages of refining the constraint tree in computing M;

FIG. 12 illustrates those assumed local-level correspondences;

FIG. 13 is an example of component keyframe editing; and

FIG. 14 is a flowchart that depicts the operation of the method of the example
embodiment. {

FIG. 15 is a flowchart depicting the operation of the method of another example

embodiment.

DESCRIPTION
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enmbodinent. FIG 15 is a flowhart depicting the
operation of the nethod of another exanple

wepdvamssesit . 30 DESCRI PTI ON WD 2004/ 081878 PCT/SG2004/000051
PCT/ SG2004/ 000051 -16 FIG 1 illustrates an exenplary
raster graphics systemthat-ismcludes a main (Host)
processor unit 100 and a graphics subsystem 200. The
HosFl1Gur bilestrates1 @0 exemdaryerasmn gapphics aystem fhrabdncdudes a main

(HERERGicBBIR 0T 19h ER Bt oSy slkm b T beatprogessor 100
exéﬂlﬁ@é aw §b&f®ﬁ@n%ﬁg%ﬁ’n a'?meg%p‘éﬂfﬂé%cél%hﬁd%efa@@ toTt’h% graphics

00 includes a pipeline of sever

cS subsystem
Suttﬁyﬁ&mémos ‘ﬁh@a@rapbmsr ghaysisen éaqompu@c@sa wh%plawslorage device

|c entities for display on a raster
30@ §ﬁ%%§?§?@$%%é devi ce 300. For the purposes of
descrlblng the invention, a nodel of the graphics

subsle geapiiics eopdyeyed 2006ihclodat ai pipelimeof sdvaral e@mponents that
functional units. 10 It should be realized that this

PerfRm p@@f@&\onﬁﬂm%ﬁ@ryﬁ@tpr@eafﬁeg@%@t%@@ltm ar display ag a raster
dls@%gcesrlsé?r%rhé\ﬁ?e g?g.cf: ﬁooﬁuﬂp%eé Y SRELA fohc a model

uni eonetric angg per spec
of meegrapblcsmumystenemhpkﬂyepnhalgccmtamslthetfoﬂcamnggancta:tnal units.

it sBHECParaied el RSl pRsishic.aofi he thepeed ig a timiting

serR@ ibén théﬁra'ch@@éftﬁerlh@@lﬁﬂlcﬁ'ﬁ etc., are deSC“ bed in
screen space (integral) coordinat es A Scan Conver si on

(Rast erizati onz? unit 220 recei ves the graphics
prifi Gepsetricr Breaassogadiietd1i0c periocmss geomsitiic 2amd  perspective

eSO AL 5, e d B9 e L o BB rogprcs

as afeldias plightingc ce@dputations] Thehadsulting gryshies pﬁlfmﬁm e.g. points,
graphics primtives. 20 A Gaphics Buffer unit 230

2
llnqsear@naégs af¢.o PER deggribagh ip sstren space (integral) soeidinatee
Scan Conversion unit 220. The graphics buffer unit 230

i : f - o
TEA S SRR G200 REBEIG g Simives
frometbei geangiriceprocessom urie2 ®.aptarc soBuéitar unih i220 486akaddwn the
oraphRS bRt Tp dpsiity tamdigns & " irBapligR 5t GptY screen

pix&lertBgNardddwerdd by the grapticd pashitliedgr am of a graphl cs
processi ng system according to the invention. An

I nput_device_10 inputs graphics data to be processed
by AxaraphifseRuffenunitr@80 apeeives. gptrse sHWsprogessefptie pixels from

thed¥@n 'EMIIBKh IR 98B, 1Ph8Y graphics buffer unit 230 may utilize

conventional image buffers and a z-buffer to store this information.

A Display Driver unit 240 receives pixels from the Graphics Buffer unit 230
and transforms these pixels into information displayed on the output display device

300, typically a raster screen.

FIG. 2 is a simplified diagram of a graphics processing system according to
the invention. An input device 10 inputs graphics data to be processed by the
invention. The CPU 100 processes the input data from input devices 10 by
executing an application program. CPU 100 also dispatches graphics tasks to the

graphics subsystem 200 connected thereto. The output results (morphing
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executing an application program CPU 100 al so

di spatches graphics tasks to the 30 graphics subsystem
wQod4oemsmect ed thereto. The output results (noPEIBGZPINVED00ST

2004/ 081878 PCT/ SG2004/ 000051 -17 sequences or

nor phs) may then be stored -and/ or displayed by

di spl ay/ storage devices 300. Having described an
seqeAtPds Brymorphy)imay phee dxs isttged ysriddor displayes! byi dishibg/storage

for use in practicing the invention, a description is
devit®® $¥®vi ded of a nethod of 5 generating norphing

sequence froma pair of polygon neshes. This is

ext I ; ' ' that i i

e s B B oL R PG Sy SRy that Is sultable
for desdniranticing éhe ribeatitimente désdripiient is omw iprovided sy amsaethod of

that objects are described in | vgonal d : ,
cerdgind Birar g e P re o wlePEPSHERR radida i ispugndele
to RIRrafRPRIrGing segu_@ncéaﬁfdm! tARdedr Miokd pply@Barmeshes.

triangles. This 10 is to facilitate display as well as

other operations that will be described in the |

f ol F@uihegruwese sideserieingsthe smbpPped ¢f WeBliN.ukdy assumed

r n 1YY’ [ )
e LR AR ROty SRR Ratig oens), Models
withrleGrved( @)ﬂadé@ganes?sfselmed,sioaca'a;ﬁgrommated puitid plases tfiangles. This
. conmponents, a nodi his specificatigns; the 1 . .
s 19y oA e isDYNaS tHll a5 <bel Pneitaliss DAL, wY Be described in the
fo”(g\;gm?tg(gﬁ%stree. FIG 3(b) shows that the user only

pal I's conponents of interest; the system deduces the

conpl ete conponent correspondence. The user can
chool§e 3 dlustretsist flexille alser eantrokinptier veptien ugtigetheogxample of

ek i T S 5 ) SRS B ST e con
spediify tofabpbiindes Rsti CBmpdenty sdrein RABdifp nmist epedifieations; the
co

npl ete vertex correspondence for two neshes thr ough
sysiemdnaintains faaserspriicatidsiusio awspasirainkiieask|G. 3(b) Shows that
C ' t j
e R RS S BNy By 3hflos TP Compict
corppofentnesirespbrideacenTheivser ceevokoose i speoifydechl featare pairs

3(e) shows .an obj ec t an jnte diate frame. The
(bubgre%neszwﬁmﬁe%x% @les:rﬁleeéefa I deduicesRlisst apgnassumed local
feaflfad) aé%ig"rg@ﬂ%cﬁin Efts. ?Q/b")t BHSEP ohhan el vesare/ %Fﬁ@,xt&g]a system

traj ector accordi ng and produces a new nor ph. ]
corpjitestthatcanheleteavartdx eonsesporidenseor Bye mesheshbirauighmautomatic

Fl G f). In this fjgure rrespondin .
patch fasfitsniog pibiedealsd SHioRAidp AR E Yol agishguy in FIG. 3(0)
Th&OMREENTEHoA BEtwBeR dathSpaif of v_@ﬂldegqtg;mf fnePOAN® &S morphing
and contains no E&QI icitly defined 30 high-Ievel
sequensenist producad i He) shews areohieot i an gheesdiate frame. The
useerxglgre[)éif?es the trajectory of a component (the head) as a whole; the system
then deduces vertex trajectories accordingly and produces a new morph. An
object at the same frame as in FIG. 3(e) is shown in FIG. 3(f). In this figure,

corresponding components/patches are shown with the same shades.

COMPONENTS

A mesh exists as a collection of polygons and contains no explicitly defined
high-level information. To manipulate a mesh at a high level, the example

embodiment decompose it into a collection of primitives, each of which comprises
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enbodi nent deconpose it into a collection of

primtives, each of which conprises WO 2004/ 081878
wWOODABEBA4/ 000051 -18 a group of pol ygons. SeCiiS@2004/000051

primtive is terned a conponent. A conponent does not

necessarily have to be semapgi cally neani ngful. Wen a

user wants to nanipul ate sone pol ygons as a whole, he

a gr@ap o Py drize Sruchod pgotidvenis termedraooompbnehbe!ﬁr somnnent does
deconpose each original nesh accordi

not mﬁqgﬁsa@ysha\é@mor bie Rewantigal ys\ygeeé}wé}?ibv. e saorlr@er wants to
maH Igfeacsto' $ eﬁcﬁ}?%&%é Ss( %u%oi’es RULESR roBbaﬂ%seaBGIygons as a

gon-'se n tools) for 'interactTve conponent
corrﬁJ@@@n‘pmmsmn deBome aaet @it orginel hess acaording to ﬁi@ll‘ morphmg

r@qtﬁgﬁﬁn@ni@dwé&g@gﬂﬁré\%@g econfgasmg@@n r@@ (li% (%8(':]1 as cutting-
plarfepnﬁl%‘ gélggéﬂ—%re SFiBAeiRAYE foraifleiriilE CesmpvAERN ddeomposition.

oundary. A conponent can have a nunber of
Sonhe mdamiatis, meﬂ’mdsmcammlech be ajseds tcompuie ninidied idasomposition,

nei ghb hort
Wh'%%eﬁ@'ﬂ%@rmpg?ﬁg jﬁg’ %’%{esleﬂtsi ?; co?rponents
and_t he connecgt h
e e SonmestLons, Bl veen e COMIGNROL 3 AR g ca
a bbﬁH&’g@ﬁ% SbmASnéntNese haARd 2 CAGIMbEP BTEBbUIRTBRRY V&R of which

onents as an edge connecting 15 the two nodes
repmsentseaammmtmn wittra@eighbaorings compesenh orahoshort, a neighbor).

ForCE' Rkt PEPHaBaf i< BSBRRBRI Shi Ry, BghBEaingdbefiéen e
compbrichts ab 'a%tfrﬁle%ﬂdltysgl%ﬁq Wettis Hrapi, @achtdoenmaremnt ¢ recmesented

of connectivit s are shown explicitly as whit
as ao0ds, aod e@@b@oasmep ipruHetreHivo mnéntﬂr@:ée@@@e ‘mnecﬂng

thewhﬁ%ﬁs\%@% oy ?ﬁ&tg B >4 ﬁh&%té%ﬁwﬂb&véﬁ%ﬁﬁltlbﬁs sing a

our” 1 nvent1on I nvent

souftd ebRct Oaxhhhget obfect @yandlthair raspecslvemormeohﬂty graphs S and
re-visit any previous _ ste

T. g rgl@lg,ﬂgpg%@ngr%lbsmu%rgcﬂgqr thﬁ é’OBH%ﬁ/Q{bSe%If cqupegﬂ\élg{ gggphs are
sho(/\npé’)‘fpe cftEP%éeWﬂHE%ﬂegffoﬂ é‘é{é StillustPtdrt he system can

remai ni-ng wor hrough deductions. 25 In

1PEE EMBRIDIM flely decompose

h.into.conponent s and
§ﬂq’lf oy 2 st BT 9, BBl RIRARE G ol [ FRRton. The
mv@lﬂﬁﬂﬂ@lﬂﬂlé fIéﬂﬁl@usérft%rmfoll—giaﬂahy stEs eas@eesh revisieany previous
onpatible in the sense of having the sanme nunmber of

stendnpmmnwsh@napeﬁﬁc@m dBneddition hy amynpeeds to specify those
T
ool EREPEChEmiet 98,06 st SRE BORe A g v

dediggibsspeci ficati ons.

In the process of establishing global-level correspondences (502), the user
can freely decompose each mesh into components and pair components of one
mesh with those of the other (504). The component decompositions of the original
meshes need not be compatible in the sense of having the same number of
components and the same connectivity among the components. The use of a
proposed constraint tree assists user interaction and supports modification to

users specifications.
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WO 2004/ 081878 PCT/ SG2004/ 000051 -19 In the process

of establishing |ocal-Ilevel correspondences (506), the
wais@r/0882h speci fy and pair several Kkinds of |PBPCEBG2004/000051

features (508). The system deduces inplied |ocal

features according to user gpecifications (510) and

adds assuned ones where appropriate. 5 In the process

of lhnthergrokbass of estalilishing( lbta)-leveheomsgponderaeso®08), the user

not aonl o .nodif rajectorie f 1 ndividual
Car\n%ﬁ’%‘?'@eéné ) S%Ye%hk'ﬂ%léc%ﬁ Iop@\,iqa?um &Q%o!ﬁ%@ system deduces
. i j K f : . a |
I B g g o RS 00 2 oBsumed
ondsraherct appreprifilecom conponent traj ectories (518).
GLOBAL- LEVEL CORRESPONDENCE 10 G ven OS and O, users
caringhegrbyesoof ies@poitinaeo ot (512eitie usenizoalkowsd not only to

th [.obal -1 | d . Th | f
mo@'&ﬁyeﬁgajgfetgs@%ggf?@ ﬁ@aégf%ﬁi@egcfﬁi@p)f:)%hﬁesﬁ%t '@Cgbrﬁe\@xs e&ﬂ-"? also to
" | Coob
ma@@ﬂaﬁ% ﬁ’%ﬁ?ﬁgﬁ?% | rcoﬁﬁp@d@mtﬁ? dPas RGN0l 3t ‘i‘hé‘b%t%al Igvel. The

OW Ng I SS are addressed: First,
systevacasimadudebertx trajedoties fpat coypooentkpientteissd518).
bet ween groups 15 of conponents, rather than only
bet ween one conponent from OGS and one from O. An

oL AR R o RR RPN S et "or oups. - For t he

trigeratoRs-wo nor phi ng, three.user-specified .
corfIBRBNtOr o Pds RinaURESe ik SRellowgpTereongefigey over their

corhPéiRentdi idt i SgloBaBeler Sbrre8sondeénde0 phdtdss heThé ORdsult of this
part of the triceratops with the upper part of the

progessis; totastabiishsthe aeimpaier eormpenentidoggseondenee faii@gand Or. To
) . CAf eci fi , ’
ol bl bt BMb YR pRlsEind BfdRegiect [ callons,
o G Aapt mapHlT b B VetE oty SRirasBPhaSefe PrbbeEh groups
of &drhpEhait8PratBELHERPBARN hétwdsh! of® BBATPRINERL fidpn WO iohe from
the right picture. In"addition, users can start with

O:.vAguexarsple irenfeltd.sGulliuaates ter redligienele mfesomespansiences over

oo Hnb RIS DA AR BB 08 i dpecirec
corfpéiditndrgpogtentesvarcas shbive inchedeR tiickf picturés.€bhé first one
encapsul ati ng and nai ntai ni ng user -specified

is togpaik the gahpast alithe Hiaaratops it Ahe Apiespart obthe wainan; the

secz;ﬁggi(ﬁdir%atthgiﬁ;mia_alelsovt‘%cqm?dtE?ﬁ§btﬁé?te %ﬁagfgil\?es. After these

nment | crtly records ossl bl'e
spanifigatiorst thei rsysterd ti® kblep tor asicubtet hiheevadmpleten cdmponent

corf a8 e aut s LR AR b whie
the 28R HRBAGAS STthe IR happed to null-components, as shown in
the right picture. In addition, users can start with vague requirements using
correspondences between groups of components and then iteratively refine their
requirements while they are experimenting with morphing design. However, this
causes difficulties in  encapsulatihg and maintaining user-specified
correspondences due to the inherent ambiguity of such specifications. To
overcome these, the example embodiment implicitly records all possible
component pairs and to keep track of the evolution of user specifications. The

example embodiment further organizes all recorded correspondences to keep the
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-20 history of user specifications. This nethod

provides great flexibility to users, from undoi ng
w@oronespedence specifications to nodi fying cor@DBEIN4/000051

deconpositions, wthout the need of restarting this

process. Next, when a user .gelects a group of

conponents, he should be assisted in 5 locating the

histpryobiabder smia:iﬂoetlpast'ﬁhlefmemos! rovides @eah flembnut)etq)ase& from
are those conponents, which have

undeme%&rewqryiem@et%R@Q&f&ﬂyeﬂgﬁprﬂﬁwﬂ% Qerranent degogappsitions,
wulh%tﬂ%ﬁeécﬁ‘@f és@ﬁtlﬂgttﬁi%ﬂoreée@”a' yzing the connectivity

I 'ndi V|dua onents Is may not be feasible when

Cog\éegé’ﬁ}é%ﬁgﬁ% &‘%r %]ﬁérﬁg %a@’ggé Sﬁ%ﬂﬁ%%&ﬁéﬁo@& %e assisted in

locegtipectifey pesthablé f@mﬂemslaooﬁ@ms&ﬁoub SunhecesmLergamﬂs are those

t hen t
Conmr@mhe Con‘gég%gurgliqrﬁg?peqrﬁ@m %ﬁ\?}@f fobt dgc?pc%gpﬁgr?llél in tge selected
grotﬁée'Wé|O|"?65’ﬂe‘c e B RERRA@RCHTaI ilﬁ§pﬁfé Q@nnbBtivity at individual
chleV|ng this, our 1nvention des a range of
congaremis iiomsay fobrbe feasibleywhan Lmjrre(stpnedaee@s méw@@h egoups of
detail ed corres dences for every conmponent) 15 to
CO%%QHQ%?%%WF%% user specifies only inportant

correspondences and the system conputes the ot
¢ o ALy - teehaheud, baaliyedeia ERFY + a8 A cotrespottiences of

re n

e

autcmatiealtyi dietiycen dph the asysterdOwitb palésmar@@eaéledh eotregpondences

restbdBarinareieund . cuimtRnoy aisSREs A mife o AR BaSns: from

totaql? rﬁ@ﬁh%qmé)%er ﬁbcﬁﬂ@‘ﬁﬂé@ll@a coﬁe@E@nJeh@esSm\We component)
4, where Vs = {a 1,2,3 and

to agmi=autppiaded (e uepr seeelfups omly; nsmppd]ant m@fr@spﬁafﬂeweénand the

f
sysfhub oEgPEliy dBfn ol CmaR:pvEhated “lndn e, ( Phputes al
corws@bhdeﬁceiﬁxtn@mwuwdn @glat ed accordingly. Gven S
nd T, a user can specify a global-Ievel

TERMIN@HM?*G”CG by associating a group of conponents
or Owth a group of conponents of . Such a _
[
el B8 B AR RIS e e AT SoRasalng! glon T re
repmmbssd asitimetwo graphsyGavd £d) anttG(\4, &) respectively, Bbere Vs and

Vr disgils S GPMEAPeOts RS (i lih b6 SBagBE Of U BEUANS p AN geample of
S Rld FAE' SRRGH FIGC ATRERSBE ¥ & (b, c,de@rfpoagat{meuﬁm and Vi =
and pairs of correspondi nﬁ connections (i.e

{o,x08het Eor {6ad,85) 1 Q)oNzﬂezt aBwheB aPuTeSERYFigsoteodacomposition,

for example, by merging two connected components, the connectivity graph is

changed and updated accordingly.

Given S and T, a user can specify a global-level correspondence by
associating a group of components of Q¢ with a group of components of O Such
a user-specified correspondence is termed a constraint. The final product of this
correspondence process is a comimon connectivity graph M. It is defined as a
graph whose nodes, called coirespondence nodes, and edges, called
correspondence edges, represent pairs of corresponding components (i.e.

component pairs) and pairs of corresponding connections (i.e. connection pairs)
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-21 respectively. In the case where a conponent of one

obj ect has no counterpart in the other object, we
waele®isgsre a nul | - conponent, denoted as ;v, asPCT/SG2004/000051

counterpart. The notation ;E, terned the

nul | -connection, is simlarhy.used when a connection

has no counterpart. 5 Specifically, M=Q(VM EM where
respédtive ?ﬁ hip et cadle Wherees r@@nﬂﬁm@nt obdae object Had ne obhaterpart in

set of correspondence edlg A correspondence node has
the piersibjecthwedesignate a(ud! cqmponws deqaytedss (v, 89, |tqu,c)unterpart

i hetey G e LE T SaE R, o yoBRBRGHP g Bmcion

hasGfl E&gMensence edge has one of these forms: (es, et),
(es, CE) 'or (CE, et) where ese-Es, etc=ET and 10 every

es (!
%% rcﬁl?%afw W@%\{)ﬂﬁnn%@t \I‘R/bib%’ey‘?@/fgsgﬁié ?%P%F%ﬂ‘é%p@ﬁ@@néﬁ nodes
anqoﬁg,ss he et ofrermesporedence aégwo%cqmespm}ieﬁce N@de has one of

that the co ent_c of _the source, h ed
theg RS niifs Y ’o&fqog%w €y ¥ M uer%r‘/aﬁ é: I%/SF \Ié%r very ve or v
oA 8RB RIS e 8 SRR dreponcenc
ed BERSEGNe CONRENERTrSRQeb e J  esf £ adri (Ge) §:) dpre r@eﬁsl ecEr and

constraints wthout i osing a syst em caused
everysrPicft BRPEHS WeBtPd Qe%pfm%w@m 8996s8f Bf-eFor the two

con%%%fl\ﬁgp@%gﬁg(?ﬁ?l@vfr ESQQB%W%SW%@I' i5 dé%?ﬁimm B FIG. 7. Note
correspondences over tonnectl ons ort unat el
thahthevedmporentr ¢ ohtheasourtbewhiohois pdirdd witks nell germ)oabhy Sy, will

inefficient i_nterrrso st orage 20 d ut at
gragyaliy aarink\durieg she TRl Ingh e ersRY; theaFom Bhetd £t dhe target

will 57441 é'ﬁ/ MRy as descri bed bel ow. Perm ssibility and
ll‘ e%ess A perm ssibl e conmponent pair is defined

él@b@pgear in the

orrpomnent palrs i's

?fieffj YGE}WEPW Febdlai TS i, Y oavsec

resﬁflc\fiBMS wessickbe té hRée@ ﬁ@ﬁk’oﬁﬁnéll l Fo@éibl@bjdbﬁiﬁesbaﬁdénces over
counterpart in the other object. In addition

conpenestp itk al @oseible 6RTEARORINGSS dFer eUssHERss Yafortunately,

et it dhe VRSERGE RSl rlffiont i gprs o storage
anm@bn?}ﬁumaﬂc?(ﬁllﬁ%tead,owpq*@eotd aad rupdate tiedrh iR iBpligiealyd concise
X e Vs - and Y E VT -Y. W say (X, Y) is conplete
way gs dgsgribed Pelow. vxvy, (x, y)ERv. WD 2004/ 081878
PCT/ SG2004/ 000051 - 22
Permissibility and Completeness

-

CORRES

A permissible component pair is defined as a component pair that can
possibly appear in the final M. The set of all permissible component pairs is
denoted as Ry. Note that {(vs, ¢v) | vse Vs} and {(4v, vi) | vie V7} are always subsets
of Ry, as it is always possible that a component in an object has no counterpart in
the other object. In addition, a correspondence between two groups of

components is denoted as (X, ¥) where X < Vs and Y < V7. Specifically, (X, Y)
means that (%,7) and (¥,¥) are not permissible component pairs for all xeX,
yeY, X€Vs—X and Y€V, —Y. We say (X, Y) is complete if, and only if, VxVy, (x,

y)e/?m
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The perm ssibility and conpl eteness of a
correspondence over connections can be defined in a
wapibsas7ay. The set of all perm ssibl e conneRCT/BG2004/000051
pairs is denoted as RE. A conbined notation for
correspondences over both cgnponents and 5
connections has the form (P, Q, in which P = X, E),
WhEhe perfidébility shdESompltlenddsofH Morréispomﬂm‘roe cWe:r ddhnections
F c ET. Note that in P, _X may not contalnf\
can rhaidefinedtinta GimtRfewayn Tlléea?’%t phail desimisgp eTﬁ%'?'%ﬁ‘%’P@ pairs s
pot be a usual graph and |likewise for Q The
dengtree qsenﬁt ed as graphs here for the convenience of Y

de cr| B% %C@é}e g % E%SR%W%S'@?%?%‘?% if‘;cr?m;z%"rents and

con@ctlo?rsmr@@rmf(ij @r} dirorhi¢hi # = G¥X, 5), lvamerml:et/g, BrdEs, and
F) conpl et e. Throughout t he process of

Q ‘86(% Fyl Wbem dbal Vi eV Eor Nete timateinc8s X &lay nefueqndain all the

nodC ISR SEISEE £ 0T & SoESER  LEh8  m ra
and! ilkeV;I%é er Q N}THEE BPs (a%nol& )as' Qr%ﬂ@h@ﬁeﬁf@nﬁre%@n\%lehce of

a partition of S an Q
despmtiom d'meoﬂeﬂh|t|QetofFQor&plgenessga cgrm@s;@nder@@sr is exfended fo

d RE | [ ecor
1h|s{qg§p€@n{&,y@§]’s gow Fainc{//opiy}r ( (%?sé'coh‘}%}lﬁe archg{E Fis
compldel (Bi u {"y ~E )X (Fu (4, M- 1(;,,,;J i In
c% er words, a conponent pair (vs vt) is perm ssr bl e
| t d
47 17 BrdBU ot ikl GRiog JeveL iepzhitnces, all
curneht e&oaNpondemes folun8® wandi T aa(ePl enqapsuiat@df oin sanecurrent
25 Processin nstraints When a user is specifyin
Coréseeﬁg%%ﬁ ﬁ?fs ﬁn‘?%aﬁore intuitive for himt oppal ry °
conmponents than to pair connections. Therefore, in the
curg (PpQéLerlrzed n}en‘oodi ment, a constraint is a
corresponde ce over conponents (X Y), vvhere X C Vs,

Fro h . .
WheXRdPhc) I8HraRlshreh £5. B> 20 4/@@1@@‘/&*8 &°a;, ... Qs
4 5
TR RRE D P e
recétded as:

R =l vl @ ol =660

i

=UlE vl Dx(F Ll {666

In other words, a component pair (vs, v¢) is permissible if vs and v; are found within
a (P, Q) eO for some i. Similarly a connection pair (es, ) is permissible if es and

et are found within a (P;, Q) €00 for some j.

Processing Constrainis

When a user is specifying a constraint, it is more intuitive for him to pair
components than to pair connections. Therefore, in the current preferred
embodiment, a constraint is a correspondence over components (X, Y), where X c

Vs, Y c Vy. From such a constraint, the system induces another correspondence
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connections incident to conponents in Y, denoted as
the set F. Both correspondences are jointly

wo epreserm ed as (P, Q where P=G X, E) and Q=CG¢¢T/SGE6p4/000051
5 1Initially, we have D= { (S, ) where every conponent
(connection, respectively)29f S can be possibly
paired with every conponent (connection,

betwesiy all iconakliors inCidebt tteeompéﬁ’ent@)m Xyelepatdd s tne seich, and all
D into (Pi |, Q1) and

conf:eﬁtlcpns ipcidenty fp ggomponents. in S(P gﬁag@c? ’_as\(/\?h ﬁ{eeé%t F. Both

cobighife Yoy tétm 8 e gy

F).. It can be shown that the new O still retains the

properties of conpleteness. Thus, Rv and RE

' ”ﬁhﬂtl‘él@' Wer ¢e0edad- '{{‘(Sh%n?\’\fviﬁér@t 'ebérf%h%dhe@ﬁ'(]cbhﬁectlon

perm ssi'b conponent pairs and all the perm ssib
respmtwelyt)l cmfn Saa:rans banpbgdiely paisgsk etithaldvenusompgretit f (ceanection,

reshRRIVEN) PTF-CoveR, & B CEY el RTTGR ERb R an ey 5F 5t @) and
il Dt | d | (| _—
P SO RREE BT reoohddticss Bt o e ln Sondd i pirarel 1 siter

(P, QW\@r Py tdhe) isrthehtiviebtadd of UGE8,9),| B(FP)G, iiBEam) betrbmoved from

first constraint i ch 1 nduces the

dtoﬂmm oo thals { a@\ﬁcé wlﬁr%amsﬂf@} properiies of pompleteness.

i rgl h
' rg?\b%q? ?q Hﬁﬂﬁﬂl mtéc%ﬁ&e uces % gﬂigﬁlﬁgg?fé‘ﬂ{‘% "tAL Hermissible
comﬁmmﬁ&@ﬁd al( {ie DePinidsivl®, ddhnectioa paurs:laad they respect all

useEowATeH TEaHUEmSGHS MLStYESe! 1 RISt Coe G EAr Srandelein FIG.
4, Fs, " EhBES hBRbAd Lol B usAChId CERLIANS, NI WREf and FIG.

ory or constral nts I nary

8(b¥, em@donmkhalmrdspeﬁdemm afteacdaohPcon@re)mt raréé) sh;)wn in the
represented as

ighseos! BicbHoRg I FIGPE(C) e A6 HORSIENDE B dbr athigh inguces the

corb R SSFEAIRL B %A 8 0, SO R nes v
the GRCHbAG %ﬂgﬁﬁﬁ\?g}v@ {s’t B, winesl iddftices tRe'connection correspondence

respecti vel ousl y '‘the current correspondence set
{1 I3}§{8;:9;1(D|}aj isy ctrbledslay sotidniraisniTig abhtenheof| Bairehisfexample is
t he, constra tree E@e content of a parent node is

shoyymiay §a¥%ﬁ18 r@éﬁg\ oh of the contents of its
children; thus, it is not necessary to 30 explicitly

CONSTRAINKWIRERt ent of all internal nodes in the

constraint tree. WO 2004/081878 PCT/ SG2004/ 000051 -24
ForTe Rertherdapilitate wser spedficationse mr&c&irduthe h@éowgtf@onstramt&
IS sho const ral

Héape%?@a':t'm% R, Sansrah i | vhefERHCTOKPL @) In O s
repf%’ét%zﬁ%g:éét é@e (Vé/h@nég% %ﬁg\ tPaRfNRY Of Qf’,, td?,? upon the
specification of a new constraint, we create a left child and a right child for this
leaf, which correspond to the new correspondences (P/, Q/) and (P/, Q/)
respectively. Obviously the current correspondence set 0 is actually the set
containing all the leaves of the constraint tree. The content of a parent node is
always equal to the union of the contents of its children; thus, it is not necessary to

explicitly record the content of all internal nodes in the constraint tree.
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constraint tree are labeled only for clarity as they
can be inferred recursively fromb5 the contents of

wo b@iunosisis | dren (e.g. 904, 906). Such a tree SPCTUSGLOE000051
makes it easy to undo any constraint specification
whi | e ot her constraints are-unaffected, as stated
next. Fl exi ble Undoi ng Upon a user requirenent of
undbonihesexapeaplefin E1Gt B, thensanstiaimt,tree (9810) és sHOwvn in FIG. 9. Note

e R ohich b SR RERA S del AL 2E158 ¥t of the
corislimtt tred. hlﬁ ﬂﬁﬁs‘efu e, 'thé QfteHS o?hﬁé@nt@ﬂﬁhﬂtﬁcﬁié%tfe.g.h@@Q ) of the
are specified after the ith constraint. Using the

consdipdnirisgenare labeled hhly fox slasite 9sdhby dandrs inferradirecursiyely from

el 55 B R B0 0, e B ARALR oy 1 ooy

to undé ednyniohstraineispepricantn WiilaTerigs thesiiaipts arpembifeeied, as
Ieft (right, 15 respectively) subtrees of nj and nr to

AP new left (ri ght, respectively) subtree of no.
Nbrgl ng of subtrees is done by using the follow ng
Fleyibie: biideid we superinpose them and conbine the
contents of the superinposed nodes to obtain a new
subt/per davdargraduiresamst of nundoing .a 'Elpesﬁlcpé*i ainetraint, a naive

apiTaR ot TofRe e BRI dR TETSE ATRH TP gRerRest recent one (o the

i ety Ak é F@ﬁ:lt A Maet Wm RSe CINPREEHonGa D AFatidranspecified
A use| is allowed to nodify the conponent

afterdbenp sonsiraint Wsingghesansirainhtree Hbipexaoplesgmbodiment is able

o RS0 SIFGIRBISNTES b 1 oM ATE o BB roos

ny e&id nuaglel/elct, ast 6,oD&th6Ir PagentSVEd nfer @Ctﬁeftmaﬁdsﬁécw left (right,
al ways be expressed as one of the tvvo ki nds of

resss@m\eﬁlybwtr% &fghiandi mdo Hecbrpmve rft (right respectivally) subtree of

e TG Rfof SRERRNC ot 7 TBARTAE Toldiflg oo TR bldirimpose
thehhéarr]]dconlmmes thé heontemisook itite tsgprﬁnmdsled nodgd aoeobthin a new

th t updat c ctions
subftohayngIipe sAReE Staire: Shisr Shetatien fecty el Tomayesdhe nodes
at tA8lew fr@ﬁr‘e%@ntlﬁ@ﬂ% 08w ﬁte‘&ioécﬁis?r%fﬂ%lftlcﬁﬁttﬁ% Sbtﬁﬂféélg’% trrr%e.

conponent s be ner ged are not wt

Mohf&ha Gdin b'ﬁéhtab 14 GypBEance, the structure of the
updat ed. Fi rst, we | ocate

the, |l eaves i,ni_n he two co n s to.be .

norALERY R fREa ' ity et ciaS SN o hriebitihs o O gnd O¢in

the&brﬁdeésmf §p étﬁg'h?boﬁé P8ORS hL 8 Case, we need to update S,
CT/ SG2004/ 0 1 -25 ancestor. The constraint that

nd tepreansieitt pet while swrepepim il Hnaffedatpeonstraints. Such a

r t_ separ
e e
spIT;tI_tih@(a bbmp\rm@ﬁt frgo dive Carss ﬁﬂargifngtth@ doredctscapeasits iito one.

ese

Splitting can be easily handled. We only need to find the leaf that contains
the component to be split, replace it with two new components and update

connections accordingly. The structure of the constraint tree is not affected.

Merging is more complicated if the components to be merged are not within
the same leaf. In such a circumstance, the structure of the constraint tree has to
be updated. First, we locate the leaves containing the two components to be

merged. Next, we search upward from the leaf level to find their nearest common
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three steps are repeated until all the constraints
that cause the separation of the 5 two conponents are
w0 eomwed’s Fi nal |y, the conponents to be ner gedPEr/8G2004/000051
replaced wth the new conponent and the connections
are updated accordingly. [|DBNTIFYI NG CANDI DATES The
constraint tree keeps track of all the perm ssible
anassigronere coastraint ithpl iisirepresefitest diyothe Iéval elbwathig Rzommon

andss i e i of SR S ARt SRR SO herbelis constraint
is réhffvedeVis ahe Hl@x%l@@hﬁbbngh&eéuﬁed ) ﬂh&%reQWL!%rs?st\éctlon These

expects the connectivity ano nponents be kept as
threm@wp@sareo@@lem@ upigralel r@s ralmtsﬂhet FECER 1 seheratlon of the

e Y AL RISl O A oce

Wlllﬁ dgandwtdoenguorons anll theeohnéeitrat rpumitgdadcordingly.
counterparts for a leg of the cow 15 al though they are

IDENTIFYeNSaORNDBRTERher ef ore, the user usually expects
a good counterpart to be simlar in connectivity to

th I af I r A
TR OB NSRS, 1M 8.4 e USSR Loty peis
implidigiyt iTherefoea dicstat deaf K BN @heal dheofomppeserisein 2 are naturally

nt er par need to anal yze the onnectivity

pos§ﬂﬂ Qfgﬁ%f a%"‘Y drarapRNetoinydin A aleanerS?hén a morph,
o

hoWéVBIO8 €3k @ﬁ@ra‘ﬂg@?@c%% &fm‘éll%ﬁwg{ e@?ég ana;?(onents b1e kept as

connect e onpon ysi s
mush red possilplei rIFoa:m)mmIewftthef lbead tind dneabpdiye of ra EbG. h&ve been
ents.of, S and T are shown
paiteg with Hhe hbag A1 fabG8Y pe 2LtiReriod rEesiVel the waer may not
regEkﬁth@ hob§€ o'f'tﬁ’e tli@erétbﬁé eeé §oéd5¢dlﬁ1t§rpa9t%0fb‘? é’fleg dfthe cow
he | eaf 11 whi cont al ns u connected
altreugm theyyare| l@aﬁhe| sameeeab nﬂmrﬁﬁnreng uae@ysuallyrexmmtsra good

ool R, o0 PRI L PR B UPtfs TR oo o

coupterpatti thfaebantmé@taéudmRmdc@ml@em@(;iecﬁa?twetctanwdate To identify
i ncident to any coggonent within the group, or

candigates ofiemi Hae aSeloRpaPRSfibIenePWRIRIPATES, aWe PRfetq | Bhalyze the
con‘NeEﬂ*/g/rérlﬁSn neHESSE IR Y, we define the

|ty connectivity as follows: a group in 30 S

oL 2t B8 SBadiiches o, MRAR ifiel drhubR g, Tamany

cormbetetiamqseneme FEG ghd dfusheitd anelysis sfesimil&ritylia. cdrfhectlwty for

| eaf t he group containi ein Sis simlar
the mRRIE I I B0 FBb BIaTTRcig: ehenis dlod Arsk Teare shown separately

and” géo%@t‘ﬂ%@a@ﬁ@%% e%F/ LA g2Rdelfes . qf()oWPere is a single

containing r 1n ave the same set
groupiaf Hbior thedeafelwerich {:d)lhﬂa]ns Qand! vecartrizetechend 0. t Sienilarly, leaf IV

con?arlgls”?wg %rr‘éd"és”é#" ? V(\:lhIICH contalns q andS } rrgslpg{:tn?equm erpart in

For such a group within a leaf, we define a neighboring leaf of this group to
be a different leaf that contains a connection incident to any component within the
group, or one that contains a component incident to any connection within the
group. Consequently, we define the similarity in connectivity as follows: a group in
& is similar in connectivity to a group in T if they are from the same leaf of the
constraint tree and have the same set of neighboring leaves. See FIG. 10. In leaf

IV, the group containing e in S is similar in connectivity to both the group
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The above definition can al so be extended to provide a
range of 5 internedi ate degrees of simlarity in
W@ o0vaegIsTs/i ty by considering how nuch the two PGESG200§/000051
nei ghboring | eaves overlap instead of sinply using an
equal ity check. CONSTRUCTI NG6FHE COMMON CONNETI VI TY
CGRAPH The constraint tree effectively encapsul ates all
confaining & and thedgraup loeataisingcorin al nasltheypdravies thelsame set of

oG R EREEES . GRInBRubEr resl, e S Sontia anin S has no

S"ngr b@ﬁﬂ@ﬂ%—pﬁﬁj‘ the system constructs Mas fol |l ows.
First, we refine the constraint tree until each | eaf

conﬂ% Nghdle NBSNIRIE cAPRONERE hiRRACqs @ﬂ)\ﬁ(ﬁe S;a0hge of
at nobst one conponent or connection of T. en we
interpresiiataclegrees ebpimilddhcia mumyj bg m:onelsian ndémeemuch the two
eaves.

Set%f?%amq?ebﬂfmgJ%veﬁeq\*%'@ﬁéﬂ% ”59@5 <EBHG: i B Sebighty check

maxi mal |y connect ed
Q’Qﬁ .r!rmaﬁ/refl ne the

constral nt tree by treatl ng these new pairs as
conbli¢ gonskaintiiies pHecliwely encapaulpiesl gll ganslraisie Bndeitg leaves

coHtQm%]?g%ﬁﬂ%%@ﬁép%m@ %npé‘%]r?%cu% gal%ﬂj@%g%ﬁ% (?6@ yser finishes

all hrsmwittatugnetmuarcerrﬂﬁmeat icefregpondesrefes ted &9 sietn Goviettucts M
{Qi t hose tgrous are simlar in connectivity

as {dlows R Eﬁﬂr@i eqnstrainy, treg uptil %@qw@éwme@%%g@st one

corhﬁor'fér{%l &ﬁcoﬁ%lohvofcgr’ér?ds% mbLt &fe %Bﬁ’ab?ﬁeﬁa g?%n?i@%ﬂgn of T.

connect ed conponents in I'n parti
Theromgocemstaicy compspdrderaednddés @ad dmrespontence legiges of M from
aired th the conmponent groups {q} and {r} as they
all %@ﬁ"?ﬂi%ﬁ‘@af 111 as their only nei ghboring Ieaf The
gtent of 25 the rest of the | eaves are unchang

AU eabrdireant, g refinemescsten eresisisiof tyvqa@ﬁ@ges The first is
to ﬁeﬁlshﬂemair ﬁ'%llllgi%gﬁg ct%%i Bu g§ o r&%n{ He'ﬁWh r"séeg@w !fr%éta‘?wd refine

pair up i nts I'n eac
therecbmsteamhdereeobyt traating tthege amrplalrsglqs cBhsiraiats. tT]hlisms done

. t t | d, but ljed to t
rorffflv oot sdon, Bafporibet CBRSEIhARA SRS 2k 895 sis sannected
corﬁ&oﬁ@itg{rﬁgbq‘r&ﬁ $ BRI GRNMBSE BHe FRIMRONEVhel! &RpbReiti§roups are

first . Firstly, preference is given to those
paikeshppn ereferancec isngeni inthaseagreuns Hati arer similar in connectivity.

Usnﬁ@%% ?g%%ﬁ%fiﬁsis %/\e\/@;%g E%l%{%ggfﬁrﬁ&c‘ﬁ 1. Leaqllvecontams

thrdCldr6GB9 067 PRAAMbIlY - 20nistiae CEdbmpenéhtat irprS. dllhephhwmar the

connected to sone conp onents or connections in ot her
COMRRRRIYS INPHRS {63 ageré Qarbb%uarwaylymﬁlrad wiifz the samprAsnt groups

{q} ghdrﬁ)}sneﬂﬂaf}l BWEF%P I 28freif %'ﬁ!}f?ﬁ%.lgﬂﬁ?{nég Bat. #A Fhtent of

nost r-connection
the rest of the Ieaves are unchanged because each leaf has only one connected

group inside.

The second stage of the refinement step is to pair up individual components
within each leaf and refine the constraint tree accordingly. Similarity in connectivity
is still employed, but applied to the neighbors of a component or connection, as
opposed to neighbors of the connected component group in the first stage. Firstly,
preference is given to those components or connections that are similar in

connectivity. Secondly, additional preference is given to those components or
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further refinenment in the second stage, in leaf df in

FIG 11, there are one 5 conponent of S and two of T.
w@200g/08i8mal |y paired with t because they are nPCESG2004/000051

simlar in connectivity and both are directly

connected to leaf 1. Subsequently, both 10 and u of T

have no counterparts in S. Wien the refinenent step is
confAl@ttiunst et sorst diredtiyecorradoted 4 evnd eotgponamts b connections in

connectivity graph R4 fromthe curr nt correggondence

otheydeayesasThiglis é\me ieratively uetﬂr%':tqhde@ hag gt RE&eEyonent or

one%&’ﬁwé&f?lont St YTBAGCA nfRt To HenCSH‘ﬁ)'b}‘neﬁP or c%r%ecué!n'cﬁ T. After
every conponent that Khas no counterpart

furtH'@Tereflmnemtr m:ttha semmnde siameddnc eaé difenf 6IG1 Hd, there are one

t P; ) i |
ComPREGR! 5 -0 by b ¥ Pty Selet onfin g Pestisp oy are more
simi%t ﬁ\%&%ﬁ%déiﬁ/@g rﬁh%bﬁ‘y afe AMécily ePRBERD AN IddfaM Subsequently,

corresp e Is 1ncident to any conponent from
botla’iOcamdrteeM'r’rwawdm oodrderpmstsdetS.t hi s correspondence

edge to be incident to this correspondence node. For

the exanple in FIG 11, a possible Mconputed is

shdWhen ihereinemeniostepisndonevine mgh@wml@@tasﬂhe common

conngélimt&ogpa%&@% f&?}értagomgfféﬁ?:%gr %h?%?gt?gﬁigﬁ tfoﬁ s. First,
conbﬁ@ct”ﬁrdlﬂrés%@ﬁdéﬁéé IrkdeOfdr Ltﬁ@%oﬁﬁiﬁﬁdﬁt Edair hO@OéfyLE/EQD Ly is

SPONDENCE). In addition to user-specified
pamedcazvnth eSAery c@mp@@pohdéﬁtze@asm@ ConriatRash J@@Gce@onstruct a

oG STl SO i Y Pk e
Wf E(%Drﬂﬂ@ﬁbﬁlzﬁwa@nﬁa@% GSFHERArO"herever any

e approprlate to inprove the norphing (see
consiectiommrfram AISUMSPohdeAte BEQELISCMR@PGQD&WE}OITIWGM from a

oo ORGSR R8s A€ ol t i

corfdspBhBeRGIPREEDFBr B eRahpyiH FIC§01$UQWM I cofiraed is as
patches are then used to establish the conplete vertex

showdr inddfwridence for the conponent pair. For any
conmponent pair containing a null WD 2004/081878
PCT/ SG2004/ 000051 -28 conponent, the invention can
automatically construct its conplete vertex

LOGALEI%WEDMRRE@E@NWN@@ on HANDLI NG
ULL- COVPONENTS) . USER- SPECI FI ED LOCAL- LEVEL

fy and
sgpgegci"Eﬁg. IRy Lontdng XRRIRSABBHLAEIhe LRCHEAR HRBITY an

paic dogainéeatures fteacanteol vihet @xoriph ésemsdeotd@nt@n BSER-SPECIFIED

Q@éﬁ%&@@éﬁ_&g@% a i §8§ﬂ§$ er—gﬁgﬁﬁg& e]gcal level

correspondences, the invention deduces implied Iocal level correspondences

according to user specifications (see section on [IMPLIED LOCAL-LEVEL

CORRESPONDENCE) and adds assumed ones where appropriate to improve the
morphing (see section on ASSUMED LOCAL-LEVEL CORRESPONDENCE). An
automatic patch-partitioning method (see section on AUTOMATIC PATCH
PARTITIONING) is proposed here to create compatible paich layouts

subsequently. These paiches are then used to establish the complete vertex

correspondence for the component pair. For any component pair containing a null-
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| oop of nmesh edges. Then, the user can pair a | ocal
feature in one conponent with one inits
w@ororesedi ng conponent; the two | ocal featurBSI/8GEN4/000051
forma local 10 feature pair. The two end-vertices
that a user uses to define asf-eature line are al so
treated as feature vertices. Note that after obtaining
coraponemth, the uissentbam cawvi automadtivadly stepstructadis womplete vertex
)

nodi fy | ocal feature

congsnantencyioeepreismed HANDLIGHIHGOMR
that a boundary between two connected conponents is
shared by both of them Thus, fromthose

-specified gl obal -1 evel and | ocal -1 evel

okaital Abd VN § PREESIOMBENGR | nvention is

or-pEstanadeid td s A ,
able to deduce inplied |I|ocal-level correspondences to
savim tlserexehige tembodbtenic ar uesp@adespedsfyogeveral types of local

R TR Y—
focBAErIRBNL RO RREIT dofindkicteRESS 80hEs AnBNRALIIBoPH & closed

and each boundary of a conponent represents a _
loopmimeesh edges hithen, the nsét catepaina ldealuesture diw onefcomponent with

Qrr.es in ndar i boundary _j s then
on dh, 5 B8 SRTnAREr RS st ifE i KA eplted Wi dom a focal
fedagransiar, Whef twersh@neficed thand estl S RBemanh féatans lihdare also

boundary of 25 conponent p connecting conponent r form
treafied; apfeatdre yediceseMole éhaaafteraebtainitm Gemarplanatuser can revisit
i Hep 30 RARKIEI06AR 8% Reatcplfe i BEintdBle i irdpon

at boundaries in the conponent pair f and r. Second,

ELL WO e Siaists 5 Sse—t0 boundaries are WO
2004/ 081878 PCT/ SG2004/ 000051 -29 al so correspondi nm%
t heRegall éatqpaupdaps betnaan twe coppgrtedegempagents isrdared by

eigh t r r '
ook P PR R Ve s R GoBllevel S Beatevel
corsgepaindgntes devolvingl bberdaries, fhe rinveritiomisabid to Tdexluck implied
i{;vention i s then a?le to add inplied | ocal feature
locglslevel GaEssROREenses th83ve Hakls - his specification - so
far. In the event that he subsequently specifies new
f eafifigte COH&ﬁP@“@‘P'@QﬁS oMar seRpRRENt Satlrades canabalerived from

e, S8R RPN M IS ot STBIRARROREY oo in
represdrisv angonnectiat pair and teach ebduaidsee roft avcongpdnernt sepeesents a
cor%qr%tihggﬁ%gg,g&@r% SMEJIQ’E‘? ?éggég&tgap \%tegﬁtbg m%?r%st;)gﬁg?ngl 88l9ndaries
(each boundary is then a feature loop). For the example of M in FIG. 7, the
boundary of component d connecting component f and the boundary of
component p connecting component r form an implied local feature pair as
deduced from the correspondence edge (5,7). At the same time, this
correspondence edge implies another local feature pair at boundaries in the

component pair fand r.

Second, within a pair of components, if two corresponding local features are

both specified at boundaries and the two neighbors at these two boundaries are
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| ocal features as the m ni mum di stance between their

vertices. First, consider two correspondi ng conponents
we@2wh/08ve only one boundary. To better ali gnP€TieG20M000051

conmponents, the invention adds one nore feature

vertex pair at their tips. -2n-one enbodi nent the tip

vertex of such a 15 conponent is defined as foll ows.
alsd\nmrgesﬂdndtd@e they tsystamotiupleatesnihesentwot leeal vieaters in the

away fromi oundary is first |ocated and
neigaro s Earbatabier Jacal oAt ARAIEY. | For exanpl 6. the 1
tails of a cow and a triceratops each have only one
Ryl LOCALA BV SQRBESEQNDENGE 1 of feature vertex
at their tlps as highlighted in FIG 12(b), Suc
asshimsdr can cbopen de ey Bptsibdhost fosalfepibes Pels Qienleresi The

5 2R, AR ) A R RER 2 e g e

his &lpekRiaatiorh w0 1apCH tlf@%wmema@fﬁ@su!@ééqmwmdiﬁds new feature
vertex pairs are nput ed. Second, faor

pal@oaﬁ@sﬁwasﬁgﬂeéé@m@es @fﬁ@d@dadbeu@ﬂ%ifn@a a§%%@ﬁefﬁﬁlures are
f
renfRled arffRew Bnks a{r%‘%ﬁnﬁﬁ%ﬁ v?n%?ﬁ ﬁbﬁ%&%&é two teature

vertex pairs on emso t st em knows how

o P T BB B bR IRBRRS P b R RHE 08368 notn of

the\hlot@xst paihrset@@ehhafdalohgahe niedH edges, Bt gereicel between two
i dea to decide the allénmsnt is to exanmine /s and It,

localdgatures as fhe minisadn didapes bstwras Bl vegtientai n a
relative orientation. This is an attenpt to 30 avoid
unriatsiy a¢ortsvdem itwg d:@rnensgoadlngr ghmpementss, eggh | bag eonly one

l{;@'ﬂ{@e? Ioc:ﬁ% J@j{\rlq cg?ﬂ Q{}eﬁﬁs‘f ﬁ% Inérc'etnggp dii Qne more

feature beertdie paf-‘roéf Qﬁ@iertqjsngnl @ﬁ@lerﬁaadummotfhel 5p0VePt‘éx of such a
and let vt be the vertex of It on the shortest

comporidsgiiinedrasdobous.obowsg all tue yatticesr ehihe prmqnent the

vorgn BB AT, oS BoRAaR TR LR oy BEh et Bl o 1o

verlex. thor éxampley theiedaits of lze cowusntthiai ’arfcerétapsrmjh hwaq only one
from (or p05| te etxcﬂ%vs and. vt  respectiy

boyndary. 3 § %l’%’ﬁ't A Rair offggtyre %teésﬁﬁ?f'hé{r ‘qp@ §§1hlghllghted
in F16. St 229 %g:ﬁhass%?ﬁe%%r éﬁ@i’ﬁ’d&de”bé’_ﬂ/\@en]{ﬁ( dertic¥s tdandbe helpful

correspondences at oun aries for the a cow
to amoidt et “tif-shrinkage’r ataipem m&ﬂt1099dtlﬂ§m{@3ﬂ98} wi pddﬂ@n each

corgbah g i ot Bk 8o A o Srbifeb b ek Hair are

corhput@dr € than one connection betvveen two conponents in

a mesh and the sane between their correspondi ng

ConpEasHY h ¢Uobps 1C8hd @PQ%&%

bet ween tifglf ?N%oun%'splgeg ?ﬂeéaﬁuort anllbquse 'y d‘Zfl ned an ent pair
(csacg, there should be at least two feature vertex pairs on them so that the

system knows how they are aligned during morphing. When the user does not
provide this, the system will add assumed feature vertex pairs on /s and /; as

follows.

The general idea to decide the alignment is to examine /s and [, together
with local features nearby, to obtain a relative orientation. This is an attempt to
avoid unnatural twisting during a morph. For /s, we locate its nearest local feature

I on cs. Let vs be the vertex of Is on the shortest path from /s to /. Let ¥ be the

corresponding local feature of I on ¢, and let v; be the vertex of /s on the shortest
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assigned in the conputation of M Wen the user
speci fies correspondences between sone boundari es,
wWao b@4fosmsesit i on assunes the correspondences f orP€Ti8G2004/000051
remai ni ng boundaries by re-conputing M FIG 12(c)
illustrates this in the nmorphing froma nug to a
donut. The user pairs a boundary of the nug's body 15
pattviftdma; toauindie yawd (tshey) denarie ashurhéd fediars ystiexnpaireand obtain
pairs the remaining boundaries, AUTOVATI C PATCH .
an@hﬁwaﬁwm@%vﬁnt%a@wwmﬁ By #a¢ fwo vRriiaRs on the boundaries
r ,
fart b B o SRR e g Baciahl, Gt RER e froatment
for thend /i |emymrﬂémbelatlhrseapmaashaSe@nlhe exaEmaplecinmiblts. 12(a). With

coBRRL AL L Bl KR SES S50 05% A £ PkFeops, o

sy Ghdds RUE diofeatiRaclieriedd, A h?‘hﬂl@ﬁ@éﬂ iP@RSfigure, for every
GSL98, KSK I'n the exanpl e enmbo

twoagaresssaneing howsdasiessi sh conpati bl e patch |ayouts for
two correspondi ng conponents. Users can choose to
rde fiyd, iR hearstialrhoshdinpane ltohagdidrs batvesem bege soanponents in a

meBh e torns HANPaR g GaBESPOMS Gt ity &t 16 Ofer mesh,
the%ké%ﬂdnﬂené@é‘ﬁ@ﬁ&@& P Bolhdamsabrd pat ﬁh%ﬁtely Eeflnebd and are

Secon Y, asannlngtreels constructed to
assigned lie ’[hEaG}QmBU’@ITIOUp@f ) w\ﬁmmcbln@mantspemﬁeajlcgarrespondences

oo hy S PRLNRRES LA iverBR il A0S SPRERESr figes for the

rendéinihiga bouRbafiéS by AreL¢drhp@mig/\BMn FI® f2ed)UlRisEa®EPhisS in the
defined as a path over nesh edges of nmesh surfaces

mofphing Jeain tas Mg B Aedanyte Therusex nairsoaaussaty ef ghe umpug's body
. t i E 1 ..
with 19, pOURIR! of 82 UMAG ¢ G LI SBRBE 2l o romaining

bou{dEr8e2004/ 000051 -31 processed is partitioned into
pat ches according to links in these two spanning

AUTOMATIC PAAIGH PARTITIORINGhe net forned by the two
spanning trees as a coarse nodel to guide the

par &ivdnOHday f@‘étutr@epéﬁé‘% HRITRIMRBbohBing @oﬁ%ﬁ@ht@' fhere are
patch |ayout. During the construction of
vargpsnwaysg) te ee@hsh Hee @omrdeta/\merpemboﬁaspcmﬂeme wnth all their local
onsi dere as _we abserv

feafiJANAIR Sfiondd, e ofhuttfh SRS s TS} BEFRRL fé meshes into
palf@&)ﬁ&&hpaﬁblblﬁﬁcﬁw andl thsh pBgosh el mgﬁblr@a?ﬂiu hﬁr@@@pmcess for

the two feature vertices often cannot fill such a
eagiepar obpaishas [PE98pesd-9p KHD0lconput ati on of 1inks,
we nmake use of existing nesh edges to formlinks.

Howkevthe, examplenemboedimant, iwek abéameticallywestgblisin coswiatibte patch

laygt?trst 'f8|ge Swo yconr(r)ésp%)ﬁdls'r{g 'gongsgﬁegntshaUsers can choose to modify

established patch layouts when necessary. Firstly, we group all local features in
each component into a set of feafure groups, each of which is a maximally
connected group of local features. Secondly, a spanning tree is constructed to link
up all the feature groups in one component. Thirdly, another spanning tree is
constructed o connect all the features that are in the leaf nodes of the first
spanning tree. A link between two feature groups is defined as a path over mesh
edges of mesh surfaces that starts at a feature vertex in one feature group and

ends at a feature vertex in another feature group. Then, the component being
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the original mesh is not tessellated enough. In one
enbodi nent, the above two problens are addressed as
w0 odooses78 Duri ng the constructi on of spanni ng PCESG2004/000051
Dijkstra's Algorithm[AHU83] is first chosen because
it is fast and can be inplenented easily. During the
15 inplenmentation of this algorithm we add a
pracessed ds i partitonguhirto cpatphéstdcoordingl tooliikisyin Hessobvo spanning
functiqgn used to evaluate th i ght of each edge
trocihy Pl WeolaRbiic meb oracaimy) T e ity SEesoas q coarse
moliR$ 16 Y rdkhé 'E)‘“a'rlﬁ’cﬁﬁﬁn%/ oF tth& &sthéN dofip@neRfifo EREIpAble patch
i ncident edges. Wen trying to relax an incident edge
layeut.we defined a new cost function for e as bel ow,
instead of sinply using its length: 20 Cost(e) =1 x
(a Pl@nhguwhercensiridionhef tdiongehralingirgke, et bex twdnproblems to be

corfsifiiede TSty At MR GEANER RPERGE Palch Royhdss,psually result i
be&é’rﬁ%&bélfj reeRiItR! AbReEA Iirﬂ@ﬂﬁﬁe‘a%yf‘%h%“éﬁcﬁf&%t %%%Fgéivgéén the two

obser as salient 'features on e surface.

feattinek vpdisisngftenr oagiott fldll ssush, aa ngsdr S@&®napuiod spiekd up the
to see it al ong_t hese protuberant, edges.ip order

oot Bhs Wi Gekn g8 AF SREURE ens SRS 0 TreBhfifts. However

soMétieshg [IRRWeBRSEN fHBCHilen festued vkiR@sOhadaf exidtSn cases that
nore |likely to be chosen. This is because the dihedral

theapoivabeesels nofetesapllatad)enasiah. dn ey pebogimenicihe above two

prqg)q&ﬁé e{réa%?%@s%ﬂﬁ%&%ﬁo%@?n Is Furthernore, we need to

rea ri-angles an original mesh when the nmesh 30

L o g S AT
firsef clicydpU beBaustifSs Rigchams dah [HESHBPleméiteaY ebsily. WDeing the
trlangl es are broken on the fly, a lot of tiny or

implpaentatiqreftkis alegrithen, Wee Zutsh 2oBeRgristion on path computation and
moiy’ tﬁ@zg{géil AMYBA usetf tBré’\gél{iE@ W&Qgﬁt ??lésa%hngaée during a
potential "hunerrc errors in later conputatl on of
relgpeatmmepecedureg Fot edurs verfex ay,at thaswsavepaldhtident veicesyand the
to preserve the inpit;al sh triangul tion_as,rru?h as
Sa'ﬁ&sgﬁl%‘ gr ofjeFident £d9ge- R, tRig 1t IFP%?&' Ag incident edge e, we
de i%}léa new ti)fwﬁal n argrbcsggrr%gn’ent, %Bf:ﬂeﬁlb gﬂﬁ@tlﬁ‘g@ngth.
vertices along the |inkKostta) =tIxdor+surroundi ng area to
find triangles that have to be broken, and then break

‘ \ : \ ;
whERE afi g deéo‘f‘é‘llgé@Ze 'tsrrﬁllég]ﬂfé}f ?"n(lt(h-@?'éﬁ)ré’ré’ﬁﬁ§%l\lv§ﬁs sm(?ller than

Iteratively appli s of the constructe
onewd repeaanisithetierngib oditlee edgpiet ed. Bot h t he deducti on
of local feature pairs and the automatic patch 10

par tri pragticegearisecafiVe pratoberahbicsiges dpes sufacened witen®bserved
conponent boundari es, ) . .
as salient features on the surface. For a link passing through this area, a user
would like to see it go along these protuberant edges in order to avoid serious
twisting effects in the final morph. With the new cost function, such kind of edges
is more likely to be chosen. This is because the dihedral angle between the two

adjacent triangles of such edges is much smaller than 7z

Furthermore, we need to break triangles of an original mesh when the mesh
is not tessellated enough. One possible embodiment is to break triangles where
necessary at the same time of computing paths, such as in [KSK00]. However,

when triangles are broken on the fly, a lot of tiny or sharp triangles may be
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conmponent connectivity and di stances between vertices

of local features (over nesh edges) does not involve
we@z@ensisve conputations. Wth conpati bl e pat chpCT/8Gm0¥/800051

for each pair of conponents, there are several nethods

for topological nerging thagx-can be used to create

the conplete vertex correspondence for each 15 pair of
progatetiesnd frus exasp hreanybpotendialk numeaxndemmsmniad:emppntatlon of

However tabl i shing the mat a- me
pa‘I@?‘%@?'Paﬁb@tﬁ $-hEO @glcgfpriqmﬁrn%s gstryite IRW&@F]VQ the initial

meBR FRHJUAtA &9 t'a%n oBYipIOT | ngaf&'é CREPIBER! $he following
ea E} ol e I'n our

I nst t he hes, suc nmput ati o
precau’ema@nmeﬂﬂcs:berem ambo@nneh’e th’ieeaverhwmfmdha new link in a

comﬁ%ﬁ&%ﬂ, g\geoqr; I%%lfﬂ%\sl’ge@%tﬁg%ﬁg% qth@elﬁ gnﬁqé@é sbnfroungmg area 1o
find ARShQES CRlat TRV Y Heh bediesrENBadi BAt bredANPld H‘Simd triangles in
NULL ONENTS For a conponent pai r ﬁcs ct) where

advances Bl preesss i3 {teratiyely-apalied dilleall links exfplet corstyycted two
e C A : g
searlEiE ks arg fofwihiie mor phi sappearing (or, ofowng.
corabribe arEdpdir | oy RIS il il . aiomatie pateh

par‘ﬁﬂaﬁﬁgt afe t &ffieRnft ThROHQdBéMadus% 'éhaﬁﬁny‘dcdrﬁﬁoneﬁtt 'boundaries,
be a conponent pair. The invention handles this in

)compomw@mnmlmtﬁMr distgnaes bebyeamyetticesnot lnsca ifegtures (over

R R T A N I —

laycats fRpsédh pair fatorhpeiatite, therenare tévdral fithods for topological
counterpart 30 of |I. Then, the s%stem IS responsible

mefging thaluean hemsedHovkente the gemplege yadax Icorigspapgenge for each
pail 8f Batchios i A £ty BERR arEAROAIE Tndibing f1KS{Q0, ZSHOO]
Howkee mstdldishiagt thef meta- rriéshstbyj overlapr?rag dse t*da)mmg)of t»g(y meshes
i.e. the V\D 004/ 0818 PCI/ S&004/ 000051 -33
‘é’lﬂ%é‘? B €98tlyoip @%9”@389%@{ WRING 08I SyPPeRents. '"N@?Q of the
whbi@:aFne‘éﬁbé' §6éh %rrﬁﬂ&éihorf?m%?‘?méwt%t 4" §hdadddPUB! On the other
vertex pairs, eac whi ch conprise t
hangh rthespeentiongcare etsocese iothersefficignt methads stioh asamhlti-resolution
vertex .pair (vs, vt if vs is at |s, vt S already a
re-JESHEY Bihe platd artibelpbleal TrergioBlin phe erhedifdits fon of
HANDHMRIGENOLL-GDMBORENTSrtex pair and u is the
boundary vertex closest to vs. By replacing ct with c,

t he t X -
cor T2 BRI g @3, 67 fters ROE dhd BELR (qr o5 gng O
res]?estNeAy\)h gferegmll Um/ea cbammxﬁht alpgeadgg ¢or g=wingerespectively) in
or the boundar n he continyed Into,the process
thegmnogeiing S&&IP?PF%/ onW@U?t'qﬁé ok geperaliey, myn%ggggsghe case of
b
cohﬁ&ﬁeﬁ%d%%gg?oglécr(?rggfg?_% raarl\gtegétg&pb%&% ‘E{)H?wé‘&gd % c, at
bouridarydy igi 0gand (68, ¢MNtbe &Tohiporeno pair. The invention handles this in

different ways according fo user input.

In the first case, when the user specifies local-level correspondence for the
component pair (¢, ¢f), he can assign a local feature i in ¢ to be the counterpart
of Is. Then, the system is responsible to produce a morph where ¢ will gradually
disappear into /;. The following method is applied to automatically construct a new

component ¢ at /; to be the counterpart of cs. First, it creates the topology (i.e. the
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appl i ed. | NTERPCLATI ON CONTRCOL From the conplete

vertex correspondence for every conponent pair, the
wex@aps7enbodi ment perforns interpol ati on bet MEERGEALN0051

vertex in one nmesh 15 and its corresponding vertex in

the other. Various vertex ingerpol ati on nmethods can be

applied in this step, for exanple, |inear
meélﬁ”c%hﬁ@bﬁ\hﬂy?rd)ffb" boplBigdthestopefsyytbecs. INGterteat skires of both

[ ACLOT . his 1nvention, the use of conponents
corapeiigis m@élu@ll]!oforml tveriex’ thaif%ctasichesofof Whickonpemerise  two

ole at the g e C f |
Cor{egspggﬁh 'ﬁﬁ% In %%%@(f a 3)(%3& e%h U?rlﬁ%ﬁga? ?fédl s % at ls, v
is difealdocd QeHEs off) ,Mhemsw QIM@set%ﬂtlh@%srt@mC@f v Wehere (u v)is a
trajectory of a conponent is known, the traj ectorl
vers Daif angey 1§ Hies beundary \rstRicaRsaRicor G Ryl KEP @Q\n%ﬁewﬂh ¢, the

sys éﬁ%‘iﬁéﬂjﬂ’%%{qﬁbnéﬁ&s H&rﬁ%leﬁ?ﬂ/eﬂ& _P%ﬂeégén&&&;é 16? L REAIpchent pair.

one nes

B alspr 8, RO Bislod ] EofBohdhos for

theab@@ﬁo%'yelg Wid® heS contisiad ligbl iz Eﬁd@@%noﬁ beidh parlltlonlng, the
skel etons. In our invention, the bone of a co

t
sysigm ively @mergesstaipite cye&o et &ae covntesoart pb /s ig o'gt'errr:ineo! by the
opl B e Nl SfE I A2, b 0P 1136 697 aio

applidger pol ation and it is not required that the bone
must accurately represent the conponent's shape.
BeS| des sone interactive toolkits in our GJI, there
re various autonmatic 30 nmethods [VL99, LV\7I'01] t hat
INT@ﬁP@éM@N@@N TRG@Lr invention to produce skel etons.
WD 2004/ 081878 PCT/ SG2004/ 000051 -34 To bind nesh
verfFiopeghe conplete yerigx isomesppndencmiqmevaniesamperent pair, the

oDt 3, DERFIE BN b B Bgl F ome mesh

and®PRE WBRBsPESINY YEkHbR & tiNdther NEaseTRstex mferpblmbh)mémod s can
bones. For each nesh vertex, we find the point on it

be wapmlied yinnthis 60,1 Iestexampleariagar ﬂr&emqlwr\/@rt%%zﬂglén%ﬁ possible
mtecrﬁ{ﬂé‘rﬁ%ﬁl[AtﬁO%ﬁ Ol ﬁ‘{? ffverBbHE e Liee % téb‘?n&?{%ts Bables users to

Ing-arc engt hval ues an rel
ediptise triaferiortds U’éafbompcbm@ﬁsas/vat\hholesateme globahkeivel. Such kind of

near est oi nts on the bones, eac nres vertex in the .
ed 'mrléeum@h/ g&wfb@aﬂe&nglﬁ%rweaetlepu' %ﬁ%ﬁr%ctones of
ind Wit ekl %h@nb@rtgg%razé'&&g/défrtgcéﬁllpbhénﬂ@rﬁﬁbw tl*(@{ﬁaj@&tones of
correspon ence re seve chal | enges wh
its gértices can ber dedudedi amedrdinglyor phi ng. The npst obvi ous

one is that the skeletons of two original nmeshes are
usuld drye eabpdiment, the user can assign for each component a bone, which

is a polyline. The bones of all components in a mesh form its skeleton.
Interpolation between the source and target meshes can thus be abstracted into
interpolation between their skeletons. In our invention, the bone of a component is
used as a simple yet effective tool for users’ manipulation of the component. Note
that the user can assign a bone according to his requirements in the interpolation
and it is not required that the bone must accurately represent the component’'s
shape. Besides some interactive toolkits in our GUI, there are various automatic
methods [VL99, LWTO01] that can be adapted in our invention to produce

skeletons.
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different in structure. Moreover, it usually happens

that sonme conponents in one nesh have no counterparts
WO pootlg18eg her. Due to the one-to-one rel ati onsPEPSG2004/000051

bet ween a conponent and its bone, the common skel eton

of the source and the 15 tanget skel etons can be

directly constructed fromthe comon correspondence

gr aph biid Fiesh, vedichs enenderiyime boinelseinoa merglai thede are many
with a bone in the_other skeleton,

pos@qlq,rl,mgle‘ﬁntﬁsntamoqq%tls i q@aptéaﬁ%@gg@ \r}grlt!@%gggtﬁod to blend
the H¥sBBI5A ns Be é\ﬁ%&{l ?ﬁ@éﬁv&ﬁﬁeg%r&oﬁm%%gn@h s of u erlgmg bones.

interpo et ween every two correSpondi ng
For%admmest] \xdrrm;\l owe Tiroonbhe abindroad ite ostiedfing Kedret thad is nearest to
. _horphing,of skeletons, can rve users as ast
the 18rga« A GRREE Tr G6 ST YRiEEIPTa e RERShERmETTagie arc-
Ien%th"\%hﬁé_%érﬁfréfaﬁve HaRitldFe ofGRABs H SeHitR s WIRHh 'ﬁéépéc@ t160HER Yrearest
1S ¢ l'evel “specifications before t
poumiermutrwt bmea;feafchnneshrwectax in {irg U ma@in cmarb;e transformed to

cos As for user. contr er,
s (haresbapOln epled 1 e, Bugrl ) aroraBbe 80 BRTHIR: vertex
cor@spangens@nent by editing the bone of the conponent .

ACCOTdI ngly, the systemis able to deduce the

afiRGh vk %%V%Fal ichalldifgdsd \ﬁ/ﬁén %ﬁé%@or%‘a@@hlizédeih%bﬂgﬁung The

p03|t|ons wth respect-to that bone. See the exanple
mosinoIchms 1)316 Isnthalhltbe rﬁkletﬂ‘iona of dwof ottiginak m@h@Sn@“@ usually very

et shOE0ed Hehed: EShaRRBeHehR G 2l Snens n one

me§IP TTRARE Rb 560(6’(@%@1% |r3Qh6Ud5th%YStlBuf@ &bsmea|dn@\ft© éhdigelationship
to specify the trajectory of individual vertices.

bet@eesra gompeneshand fischone thexcqmerirn; Yieleipn f the source and the
tar%e?tsq{eﬁgbgt%af h& e Octtlp/hcgﬁs"‘t{&%d %’H?%gl cdriifho on gprrespondence

ue an e relatrve pos ons O

graphrMeXI’rlwsd dachnbdi %@fiﬂd&&%&é&)lri:’@' hafE2a04itin D Bohe i3the other
Interpolates its arc-length va rel ative
skelpignt @mgumomdfrpﬁba oAl tomRgReRy in TH ESn3eaisntiotng morehing

of érl{étl&F)H’Qlct%heﬁé‘ e ?%férb@l tl@{;/e sop ‘évbﬂ‘?t\}\/é’%%'rrespondmg

evel's hen ac i sticated
bormas: phi ng traj ect ories efficiently. OPERATION OF THE
METHOD OF THE EXAMPLE EMBODIMENT 5 FIG 14 is a

fl ?%Qgéw;thé hlcﬁ/@@_))ntmmét_icdﬁb!oos‘sgt bleelemisatgiarphmg ofhskeletons can
nmet hod of the invention in obtajning object ,
serye lsgFLAs adfastmeans t@rg@tsf\/g%wfltsfé@sgf R o fipel ol will look
ne 0 S eg Wi ( 0
like Snﬁéggd?%mst b Léggt aQHst%Pgi?teurmes }SA{EE hfbggr%bdlf\}: hisea@Bbal-level
spemfmaﬁohs ‘blefqreghapbmp(lﬂat(én df firml enayphe ahiet) i$ bageh) moTdeostly.

i nput nodels and all the necessary data structures are
Fl G

oot A et E5alBI e HempI Rt S i et fiad iy the postion
or &HiSRhAYN of @S&dfpPombiitibyRelfifl-the bone of the component. Accordingly,
the system is able to deduce the trajectories of its vertices based on their relative
positions with respect to that bone. See the example in FIG. 13. In this morph, a
calf is transformed into a cow, then into a triceratops during its walking. This is

conveniently achieved by adding four component keyframes.

Our sysiem also allows a user to specify the frajectory of individual vertices.
Given a user-specified vertex position at an intermediate frame, the system

computes the arc-length value and the relative positions of the vertex and then
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A user can issue conmands (1406) to, for exanple,
di spl ay conponents, patches or skel etons and specify
wo cwaloswml gl obal correspondences (FIG 5). Al BOI/SG00€000051
user can interactively nodify conponents, patches,
skel etons, 15 correspondences, and the system accesses
the menory to obtain the suitable data structures
intefnale®s, itp eart-demgtt echlue i ands relative didsjtions! durdng thatraorph. Being

s i e
uses eaAehef Eb@evé)sogﬁl?sﬁc@l@@ &g Bhjdcisid®eéhedntly. a

nor ph sequence etween two i nput meshes (1414)° The
user can choose to issue commands 20 (return | oop
o_adjust the norph through trial and error.

orgr e e TR WESRONA/r THBOR BRI RMERDIBIINE | on

of a nethod in another exanple enbodi nent. It

comE. §8Ss howd Unslictdghl , INN
_ co_n‘ponentg In alﬁégtuglg@%g@?aelct éﬂ’gqéé{& Eggae‘[d?‘z‘@?@%t"“&h‘)d of the
invengiopeotabiaining dlbjest Biprdrsbiés. Faret, rtles pysidi ¢paziznimansdDt solygonal

el 38 s S R, Wb P4 B Rl b Fhces osres, deta
struefuras "RICPNEE Gh& eCtHrREAvity %ﬁﬁé‘?ﬂ%ﬁ’.uﬁf%ré’gggﬁa&%ﬁt(t1|3®4). The

. target object is perforrned. The exanple e
inpidvedelseanthelidha nacessaivedatpheirudtuiasaaicostored in ke memory as

i ar rks o.facil.itat ser _contral . .
shoffy B AR, S5 30h 50501k YELEy U5 8p0RBE Rbractve aiopiey
sessionitleatusenf objects to achi eve such a goal and even

an amateur can 30 use it to design a norph with ease.

In this invention, norphing of polygon neshes WO
2064 H58A 688 19/t BooAoP) togEoreenanled dispipb semponents,

s ENILNY ) SIS ISR SIS ). o

f our 1nvention er con
the t husgrgh cane iteraritivelynponedifys, comdpondrdsdegiatthes) askeletons,

corBEBuRIEHER, AT SStE BRPeSsas, B Tinmaio o oniain hssuitable
datd stribtubs t(1408) Perfeht G8A0OTIHCH %Hiffyoffell%%dgﬂ%?aé[ee('1410), and

conponents, users can directly specify g
pasg dhemslodhgegrapbics subsyspiess &t displayrofithg data siuctures (1412) on

I S i tho res i the. nore tedi ous
the FRUY SERRIEI, 10K holGRP A%l i MBS B heFigho soquence
betwesnlitwedinpus ensstean (5D fhd 068t dafvehoose to issue commands
rrespondences, over feature vertices, feature |lines

(ret"ﬁ'??doﬁ‘)%éflﬁﬁétq 3dpst thermaphibrougihsisd pRg es@iponent s.

Thus, users can enjoy the convenience of dealing wth

FeRprE s SR80 o Biing 1 LHBIAERUTL ARGy gotner
exatipéex iehlzodisent.c olitomhprises the step 1502 of user-defining respective
components in a source object and a target object respectively. At step 1504,
corresponding components are user-defined between the source object and the
target object. At step 1506, a computerize generation of a morphing sequence

from the source object to the target object is performed.

The example embodiment described herein overcomes the limitations of the
prior works and seeks fo facilitate user confrol throughout the morphing process. It
utilizes components of objects to achieve such a goal and even an amateur can

use it to design a morph with ease. In this invention, morphing of polygon meshes
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Users usually adopt a trial-and-error procedure to
obtai n desirable norphs. To 15 flexibly support such
w@edswssres at the global level, we utilize a POWEE2004/000051
constraint tree to provide probable counterparts for
user-sel ected conponents, naiétai n user
specifications after nodifications to conponents and
carm der dewnﬂesmrdamtoandrﬁhimgildf )commmﬂms c'ﬁlne dsgronick nadqueness of

ouflFeplian 18aB MaReeveaye uti Sshbbnibes et coaapents, and
the;bldjédw%m eshdPYasef@inctO 1§ PRaké | Gadr @Bﬁtrol' %a@?d'Sple‘éﬁrcaW major
ds assunmed correspondences where appropriate
contﬂ’pubﬁmss ehibhisinvgntion e asnliows: evel | nterpol ati on
control Users can edit trajectories by operating on
(1)dmkiblent soaespontizinee dommjelt ori es over individual
vertices can be deduced accordingly. This allows users

Using com;:rcmlents%wérs ¢ant elireethatdperifgt @pbadletkl Yoatsgpondences to
ily at the global |evel. \Wen |ocal-level control

ren@S%sihe@dﬂglw%ﬁegéwifeé%eraﬁ, viBevi erpartingefa fheemogafedious low-
| .
o] SEHPrPERRGL B e fine BHERLIIS Reckatt] UsBlE ool SPELRPRCaliovel
cormwmm;mesSwer veaiumt i verdicas e feallure olimes raghrigatirasloops for
artyure from the irit and scope of the inventio
coRERPAIAE SRR c Db sSIS St th HyFBEEcE oY dealing
witR %n%dérﬁéj at the @Sbélr IEevé’ir @\nthBh?G&ﬁBr&rﬁls% flr'ilé"rJ HRDI at the local
hi'n the scope of | owm ng cl ai ns.

IGVQDO4/081878 PCT/SG2004/000051 -37 REFERENCES [ ACLOO]

M Al exa, D. Cohen-Or and D. Levin,
(2)'MkarabtjirelmmlﬂensibldohseﬁbaptrolI nt er pol ati on",

Sl GGRAPH 00, 157-164, 2000. [AHU33] A.V. Aho, J.E.
Usélfspcleoélly addpt) abtriaklahtegrror” pricadGid tv@tdbt@lﬁ @élsdratﬂe morphs. To

gorithnms", Addison-Wesley, 1983. D. DeCarlo
ﬂe>shla.f SHPPEET UG aCt'WWUQP(Qi‘Pb@\)QYQH W@nUtB'tzeSh np%le@nstramt tree

o GO o 45t 5 AP 2R8 LERAAR i s

spddificatipmsafier rhﬁélﬁd:aumr}suasc&ﬂnﬁuméras enfecamgepindieanes,caind finally

de&q@p E’%ggﬁn 5 q%ggmg'\{%r in et)‘l‘f %@Pol ;\e\clléggﬁg? invention
derH/esSLthBEé ﬂﬁ‘él EzveK' r@sgon%hé@@r%?sé@tééf bﬂtb'lhgﬁfd’ by user
Triangul ar Meshes", | EEE C&A, , 2000.

specifications. tn Wdltmr@,nlt aq‘dsassumedmr@swondﬁmegs where appropriate to
Pol ygon Meshes for Interactive

me&?ﬁﬁﬁ"’i@ﬁ? R@S | 3DG 01, 35-42, 2001.

(3) Multi-level interpolation control

Users can edit trajectories by operating on components as a whole. Trajectories
over individual vertices can be deduced accordingly. This allows users to control
the interpolation step quickly and easily at the global level. When local-level
control is desired, trajectories of individual vertices can also be specified.

The invention being thus described, it will be obvious that the same may be
varied in many ways. Such variations are not to be regarded as departure from
the spirit and scope of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included within the scope of the

following claims.
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15

15 [VL99] A. Verroust and F. Lazarus, "Extracting

Skel etal Curves from 3D Scattered Data", Shape
wOoL@elos818gs | Nt er nati onal ' 99, v16, 194-201, 1999PCT/Z&H00P00051

M Z6ckler, D. Stalling and H Hege, "Fast and-

Intuitive Generation of GCegwetric Shape Transitions",

Vi sual Conmputer, v16, 241-253, 2000. WO 2004/081878
REPEREMRES®4/ 000051 -38- CLAIMS 1. A nethod of

generating a norphing sequence utilising a computer,

[ACheoehdex®mD.i Sohenidie aideD.ofLevier “Aksfigidiagpossible Shape
respective c%ggonents in a source object and a target

Inteypp @nr’e%lﬁ?é% 90, et @428k h conmponent 5
[AHIPER 1565 ﬂpBl uj. l'HlS Bifoﬁ, agdl Jeat uigsnof “[5&%"%9}06(@‘@8 and

source ‘and tafge representing the source an
Algbdtigas”, @mdmﬁwmny GQBB defl ni ng correspondi ng

conmponent s between the source object and the target
[DE@@CID DéCafloearietihcailrs, faioi@gicalrEedlaiion df Surfaces”, Graphics

npr|3|ng the S of conputer- deduci ng
|n1@fﬁ@%@@) Qﬁﬁpvveen conponents in the source and

target obj ects 10 based on the user-defined

[GSbBBbsﬁaoﬁieg@refs AetSialen gt Gelinokpolienpsha 3andHd.A. Livingston,
A CHANERE, bReBaE B, B E b Rinib i ohog Morpting

bethleed PROlyR8d Rt ACOMpatet Alffatiohiogs Byurel, 1998a dat a
st or age msdl um representing information on

[KIROB[PPS Ikdris HRNSu20ki SPANECT Kirhlif£'s “NetaMeéiphosis of Arbitrary
components in the source and target objects

TriangiylacMesbey’, |E_EE£CG&Heﬁﬁelenc?@OQs claimed in any one
of the preceding clains, conprising the step of
[LEMT Ot ]aX Al g, 4V aWapr, s8N angnd&. siduangf Dreedmposing Polygon

Me%ﬁr r ?iﬂBE%SEﬁv%SAESﬁ%EHﬁE?ﬁ@&”CEQts% AR 2 m s,
her conprising the ste t er -deduci n

[Vb%]e?\s\/%rﬁ@u%t@"tqw’é A Y ratcﬁie@ qlat GHeesdr ca%&é? Rreattered
DaYé’heéﬁa cg?éh'ﬂgllﬁ%frné’tfor{ahggc%tf@% D1 H{gyy Sstructure

ohpr ta“representing a e palr of

[Zﬁ-?d@el@lp%%k@ f)o@tgﬁﬂﬁténc?w ﬁgﬁé oLl Gfl Irﬁhﬁ%leeGBﬁé{atlon of
0 or f espondi Ng ~ confecti ons he 'source an

Geonastds Shepparhnsitibns”, ¥isual Genauutens/ 16, 24153, 2000ai m
5, wherein one or nore of the single pairs of
correspondi ng conponents and correspondi ng connecti ons
conprise null- 25 elenents as one of the el enents of
the pair. 7. The nethod as clainmed in clains 5 or 6,
further conprising the step of presenting candi date
conmponents correspondences based on the pairs of
correspondi ng conponents in the | eaves of the
constraint tree structure to the
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user. 30 8. The nethod as clained in any one of the
preceding clainms, further conprising the step of
W@ vpl88rs generati ng data representi ng a comDPCT/SG2004/000051
connectivity graph for the source and target object
pair based on the pairs of V¥#®-2004/081878
PCT/ S&004/ 000051 -39 correspondi ng conponents and
CLAMSassoci at ed pairs of connectl ons in the | eaves of
the cConskr free str cture The net
el 2l ea P Ragthp S Defiebatiioh Frohine Safiusnce ufitsing a computer,

theC guiRed | sdrhprighgPihe SRGN oﬂQ%%rfd%ﬁhﬁ@eﬂé@e%tl% N&biRpBALHis in a
of corresponding 5 conponents, and each

SOW@@r@?@QtsaﬁdsﬁndE@%ap jest W@é&‘f@lmng/vhqr@m Téach component

corﬁﬁﬁ%% aBIu‘r“#lﬂg r@fdlotogl %cegfrjlféf% %fg ?%%;}ecgg% %g@% 331'83 ar§e{1 Theshes

repsmemzmgolhé csmlrcé eatdirtesydtasijdcn) ame uskrtdefining corresponding
resentlng%the common connectivity graph. 11. The

C’O"ﬁ% RS hetwean Sy sewrcgppieni@ngrthedar @@@ﬁl .ng cl ai ns,
10 sonpr t Hef | f .
eSSy TR TR0 el e LB 460, fcomputer
deduning aogeSp@mmmes bmween reotpEo ek @t thev soweetarmhtarget objects
ortlons of two or

baqBit S entersffined STRBe ARoTS PtEeoEE pamponents.

respect i vieb Ymethdd d4214REROA ééwﬁ'?'\ﬁﬁgrélr‘i‘ thé %té% bt computer-
further conprising the step of 5 comput er-deriving

dediging ¥ polsesandsncen sommprsesdhe §tem of hwistaining asdata structure

n 585 e PR XM 5 B9, HESARPELABSS an on

corireictigitico bicBrédn coempenthisththe §8urcEgnhdeir§eotsiecte! réeﬁ@é’hvely
i n any one of the preceding clains, wherein "the | ocal

f eat-ur esTROnethed e daimask dnofiny gheupf ctbﬁprpmae@nga claims,
corﬁ@?ﬂo%ertﬁ&x'st@p gﬁ) rFﬁélF\tellhlﬂ g Fe %enlt thé4 usdiefined

as clarned in ¢ ere|
corpspondenges betwemncbrdpbnemie umeeiqmtmmt ctmtrme

dentif nent in the target j ect that
' eh"?b: ¢ T mmeiad: ?%I%‘}m@ﬂrﬁnl alﬁ'reo‘hn%%emcgm@reﬁm e step of
corﬁﬁ’u‘f@%@ﬂhémgneit@ﬁsbﬁé ggt th%bbﬁgtralﬁtoﬁeér idiQrel B 2 paint where

user - sel ect conponent in ft source object to ot
eac:_l’ﬂeefmf)theeW@tnamtttm stouctoee obinpdses ata ﬂétpareamtmgja aingle pair

cl aj med WnShe th recedi.
of gye SRbiiarts <N eB BosasinersS ol Pal phaarasponding
corﬁh@bfl@ﬁ@ﬁmﬂier&)dr@e angltagak hiééhe@fre@%&i%ﬁm s of the

tar6get obj ect, and vice versa.

A’method as claimed in claim 5, wherein one or more of the single
pairs of corresponding components and corresponding connections comprise null-
elements as one of the elements of the pair.

7. The method as claimed in claims 5 or 6, further comprising the step
of presenting candidate components correspondences based on the pairs of
corresponding components in the leaves of the constraint tree structure to the
user.

8. The method as claimed in any one of the preceding claims, further
comprising the step of computer-generating data representing a common

connectivity graph for the source and target object pair based on the pairs of
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16. The nmethod as clainmed in any one of the preceding

clains, wherein 30 respective conponents in the
w@ouwnog18ad target objects conprise a group ofPCT/SG2004/000051

pol ygons in the respective source and target mneshes.

17. The method as cl ai ned iJ+soany one of the preceding

clains, wherein the conponent deconpositions of the
corszspondingndormpogentsnarshéie assodditedi pais Y- @QEbtioas8d 8he leaves

/ SG2004/ 00005 -40 automatically via deconposi ng
OftFS (%?'nﬁﬁﬁﬁeﬁ?"&?qma interactive systemtools of

Cutd i Ng TREPRRAMD Wad Ncidinked LN GIAMANS, vARdrBIr '|H9the Lcommon
triangles to forma new conponent, passing triangle
conneckivifiei griapby i agchonpdeemmea@msm gingle @mlhe@ft eli)rrespondmg
0 ents,into gne. 5 18. The. nethod as clained in
corfPdisHIS 2id, e L eos rpRiesehie pr ok BrngT Ceangeiine < i n
t hej@onsthi@imdthbe e @lhrnh@d m €laifpy scONP! furhed VodsHdimP the step
the steps of: given a (P, correspondln% to a
of @Qjﬁ@uﬁe&d@ﬂvmg conesp;qm}e@ce&@(f R s@jes okdyopl Tegtures bageg] on the
on each (Pi, Q) of
datg ppé;:gﬁp ‘E‘% tﬂjr;egg(?ﬁlg%d;noﬁo neécélvsgp%‘éﬂ nto (Pi, Q) and

(P;11. Q"IIi)e Wwﬂc&i Pas: cEI’ai’né?j ,inQany ohe Qh @e preceding claims,
Pi -P; and . The nmet hod as claimed in
corpprging 1 ghe wﬁ‘@Pele t‘ﬁ@@@@ﬁ'f@f g orRatien; A the oseYGeEyphiect as

rF%&' gﬁfgst& Qes trSoPthe Yﬁlﬁ@?%ﬁfec@ L Félﬁ'tﬂ@'lrégp%tlve sections
'S per ormsd upofl the” speci |cat|on of a new
extendlslveaahteasu podianst dfetwooois moae contporenés pfithtauseursg and target
bcreatln(ig eft child and a right child for the node
obIEEiSTESREFUVEY- (P:, @), which 15 correspond to the new
COT {2S POTHE MFEFIOLPas clditnkdaRdclaif 11, %rtP)er’ éélﬁh%%i geih\é step of
20. The nethod as claimed in any one of the preceding
corppulierslerivingt wresmmncgs i thaecaynporgnis dn the gasipe @nd target

orBBEIsbhERAIA) ASEH b L1 LA RenBbd K Sotons o

theGidUete 60 $4rgat bbfectnrfdpectivsly. 20 splitting conponents
during the process of specifying conponent

cor F&spohlae fretbod aﬁ$d0|ﬁrt§'ﬂ%d Hgaﬁbﬁﬁérfécﬁh§ RIgeedigItgkims, wherein
oSSR R U SRR S -

meshdnen@]dia désisfomp.fic, i constraint conprises

n respective, | eft spect i ve
CubThoosthe g SRodaned t%'aﬁa(eﬁzﬁrelrb{r@ {Ehghaoviting the
cardiate &¥®in ﬁﬂ% do?nprlﬁfest |B§nf"l?lﬁd &hpbh&Rtin the target object that

respective subtree of
exhibit a substantlally similar connectlwty to other components in the target object

compared to the user-selected component in the source object to other
components in the source object.

15. The method as claimed in any one of the preceding claims, wherein
one component in the source object is user-defined as corresponding to a plurality
of components of the target object, and vice versa.

16. The method as claimed in any one of the preceding claims, wherein
respective components in the source and farget objects comprise a group of
paolygons in the respective source and target meshes.

17. The method as claimed in any one of the preceding claims, wherein the

component decompositions of the source and target meshes are obtained
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22. The nethod as clainmed in claim20, wherein the

step of splitting a conponent into two conprises the
wee@pssefs 30 finding the | eaf that contains tPEr/SG2004/000051

conmponent to be split; replacing it with two new

conmponents; and updating convecti ons accordingly. 23.

The nmethod as clainmed in claim20, wherein the step of
automaiically tvigo dACOPOSINGS IS oPCTAREARO¥ILOMDaGELtive 4lstem tools of

cutffg T EThRBRERERIEY & coufid Mane: st HalBerdhe © Jorm a new
corfigoRém! | pAsihg t Mariges &P MROMRYHbIrREAt @ érﬁ,avgli merging

contai ni ng the two conponents to be ierged; 5 sear
connsedicempanenis iniga®ng.evel to find their nearest

co n est af.; I, \Y he constraint that | .
reg?g;‘seﬁlﬂged @ﬁ?%eaaﬁng{?éﬁggeﬁoé\lﬂﬁﬂi o 1 aaﬁ@lgs?prrocessmg

constiairith én theded mdrasitietise sRBEIBESTdVCOrAIMENEMEudiiAgRe steps of:
merged with the new conponent and update 10

condi¥en i drE, & 6PHERRPRHJINg 40 Fheonaitaiid(as Yol whesel FRG(X, E),

im 23, I Si h t [ tifyi. i
=BT Phates Tor Vs ert Lo iietb dori bis WATHIT Se6h (reh of the
curfdrRDrdspollit it s8RE Nk 3B/ oy L AR @ﬂ@,"ﬁ'%er&rﬁ% PP, Q=

d p of ‘maxi mall'y

organi ze Its conponents into drou
Q e @pnf¢edy -dohpoh €t=s(; 1 ®/f or each user-sel ect ed

conpone in one connectivity graph |ocate the | eaf )
coﬁ i nilhg Method ggpeaiEned 'r\‘/\/iclq“\rl“n%h@’hleé%iﬂ,thﬁi $igpt gfeconstraint

o B TRELIh 1 GRT0E S P GEPBIBFAAYTE (2 Q) pertons

uparotiheoseatification efcll nald comstizome pdaienthieheorisitinet @&® siructure by
into the list of candjdates. 20 25. The nethod as

cregiing edeff ghithyarshe Beht rBilp ferthy mgdel réapf_%ervtm éPn Qp, which
corts&poRB 18065 hEH AsHOREDERS u5r R 5B ER & respectivaly

of Zmr r FRROREIRE as VIBANRNIS ahy U BE tHO PRGNS Rldims, further
conpl ete conponent correspondence; conputer-deduci ng

compyising faiex QF éneier Pk apaiaddnet sadificationasiepapionther cpastraint tree

str&%ur%%rﬁﬁ’rﬁg?@é'i ng the conplete vertex correspondence to
assocl at'e vertices of the

undoing a specific constraint with all other constraints unaffected:;

splitting components during the process of specifying component
correspondences; and

merging components during the process of specifying component
correspondences.

21.  The method as claimed in claim 20, wherein the step of undoing a

" constraint comprises merging the two respective left (right,

specific, i
respectively) subtrees of every pair of two nodes at level i with the same parent to
be the new left (right, respectively) subtree of n,.

22.  The method as claimed in claim 20, wherein the step of splitting a
component into two comprises the steps of:

finding the leaf that contains the component to be split;

replacing it with two new components; and

updating connections accordingly.

23. The method as claimed in claim 20, wherein the step of merging two
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sai d nmeshes. 26. The nethod as clainmed in claim 25,
wherein a user specifies different Kkinds of |ocal
w0 e@i081838 | ncl udi ng feature vertices, feature PCHBG200H000051
feature loops 30 within a pair of corresponding
conmponents: 27. The method asl -clained in claim?25,
wherein the step of deducing |ocal feature pairs
corrmugbed semppbhentstinfusond conpdaeiting stapslafed | ocal feature

irs.f . i fication: d WO 2004/ 081878
pCTIVBHS CRFTD DRSS 8. £ONGERIE; gt ASuSRedT GERATUOR e the two

Co,ﬁﬁbﬁémxghere appropriate. 28. The nethod as clainmed in
claim27, wherein the step of deducing inplied |ocal
f ealogate thei leaveiceniainingihs iveesomgedsaiisiig begwgroed;

5 ot B el R BREReT Al PERR e GG RREPARRG Sncestor,

angpecification of local feature pairs. 29. The nethod
as claimed in claim28, wherein the step of deducing
| ocE@MoYe g pangaipk that dmrepresesias by dhe dewsd hetew this common

an%&%&ﬁﬂgﬁaﬁgi@%{@ﬁj ses pairing up two conponent

ndaries ver they are represented by two
conreptacotie compdierts do beaspayeewith thd gew cofdpoRent dine update
nmethod as clainmed in clains 28 or 29, wherein the step
Cora?ectleaa@&%@ﬁlmgqga| feature pairs upon user

Spefz‘h.f 1R hridthed alsgg@h}efoemt Hhfn P LS mPTRIAY tRestep %f identifying

duplicating two | o eatures in two correspondin
candidptesdat ysérsaléeied sectime comgrisiogpbaetess oo f orm

anot Bﬁr o al Eeﬁ;[ure qu r, %A{jen the two. |l ocal 15 ts i

f eaiPsCATL 85 OF 1l ERTTHAR! WS LAI9REAS s CampOPRBts: (e groups
of makBhaIRF SorfectdtPé6mpvRentdoundari es are al so

corresponding. 30. The nethod as clainmed in claim 27,

whefasieachisesselecidd aempenant inpnaeannactvity gfapdx ur e

pai upt b ; e steps of a group
Conisrrts s et SARRRE S BFrBogBRE 7 °\ et Ces:
dedwithimgtHeeliaf|r find/ thid groupabf snaximally iceapeciedneprhpaihelite that is

. l.oops; and _ deducing feature | oop pairs at conponent
siniigy iyapnractivily to thearespantaising therempanentand 30,

LRl B SRR ASUBI BRSSP MRS
25 25r r eShemiéethgdcaplaimed $n ehgronehef thegrecepiogeriaisns, wherein
theeﬁalgmo%?thgp lcgm%rrllges the steps of:

user-specifying local-level correspondences for a pair of corresponding
components from the computed said complete component correspondence;

computer-deducing local feature correspondences within a component pair;
and

computing the complete vertex correspondence to associate vertices of the
said meshes.

26. The method as claimed in claim 25, wherein a user specifies different
kinds of local features including feature vertices, feature lines and feature loops
within a pair of corresponding components:

27. The method as claimed in claim 25, wherein the step of deducing
local feature pairs comprises the steps of:

deducing implied local feature pairs from user specification; and
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boundary. 32. A systemfor generating a norphing

sequence, the system conprising a user-interface for
W@ e@r8ks78 Ni Ng respective conponents in a sourBEr/SG2004/000051

obj ect and a target object respectively, wherein each

conmponent conprises a 30 plupality of |ocal features

of respective source and target neshes representing

t hededuming assurded docp featbieepaiss whiete Bippropsiate.def i ni ng

cortespondi n onponent.s bet n the source object

andé§'hg ﬁlg?dgfzﬁp@}) g%tc?alq@dzlgogvﬁgg 7avherein the step of deducing
impRE/IS6AQ041PO AR furtiet BdnprieR: System as claimed in

claim 32, conprising a processor unit for

c ongrAusing defeat i fagtuce radsplinde norpldie t wrepoeTtparersp®ndences;
and/&rthe source and target objects based on the

user - defi ned correspondences between ot her

c Omlémﬁzﬁﬁ%loc%l RAurERiVEieMas sHRiBHoh Bf ﬁcﬁlf@eﬁ@ﬁe pairs.

wherein_the processor unit conputer-deduce

cor4%s pdifiestad gy clainge dn slaiy 28,aeherein thecstep of idedacing local

(St ! i 0] S [ ti . -
feafifh Balrs PR TR o h B SN R ORUEARE o fhriseg pairing up
twobeimpenesidnpuznies wineridver sioey afe sejshetanigdibyolyeebanections in

respectjvely. 35. 'Iq_'he systemas clainmed in clains 33
a cgrespen 998 Rdpr ocessor 10 unit maintains data

r eSS et gnéiBquss ISfidd Y FAR<S8B0gHBRC ﬁ:?h%i?féw‘gﬂ?@ step of

conponents and connectivities In a const raf
dedscing-tloeal. feadturahgaiss supem asser| apedficatiorc|afi toc3d, feature pairs

B D R e
neidesriref cbipoReRts fRIfm tdrREh&t Idéal lfé@tu?é”ﬁégﬂ ﬁ/gn%ndﬁ‘féatwo local

representing a single pair of 15 correspondin
fealpsep e eethaskpdifieth ot hwuadadesiangl éhedwo oeighbors at these two

bmﬁn@éﬁgé%@%@%?r@%#&% '?ns in the source and target

respec The systemas clainmed in

cl 80N 3Ghewhetitdch agnelaipiednin eldin e wheirsigll #hePsiebSoPHeducing

corre?&%ngg n? conponent s and correspondi ng connecti ons
assppigsh lecal fgpfwe | RaleshfWther eprapgses Hine OsnBAte SBPS 19E a group
confding:20 38. The system as clained in any one of

cl al ngs 33 to 37, wherein the processor unit further

pr elsshicihgpaids dibtieverticpsinent s cor r espondences based on
t he e@@i rs ]pf corresgondi ng conponents in the | eaves of

t h&EHFEN Tafre viedleX Rars 7 cariespanding fealare lonps; 2nRd

Sy HeRicitRy felafirBBeop Paffs 8t BdRBonBREsGIM a8, Processor

unit 25 further generates data representing a common

codiect i Uhe ynefhegdras olaimae is alaioe 30, wherein the step of deducing
pairs of tip vertices comprises locating and pairing the tip vertices of two
corresponding components when the two components each have only one
boundary.

32. A system for generating a morphing sequence, the system
comprising a user-interface for user-defining respective components in a source
object and a target object respectively, wherein each component comprises a
plurality of local features of respective source and target meshes representing the
source and target objects, and for user-defining corresponding components

between the source object and the target object.



10

15

20

25

30

and target object pair based on the pairs of

correspondi ng conponents and the associated pairs of
w@ovaegs7onNs in the | eaves of the constraint tPEESG2004/000051

structure. 40. The systemas clainmed in claim 39,

wherein in the conmon connegt-ivity graph, each node

represents a single pair of corresponding 30

conpdnenThe systbreashclagsd imaglaira@2; ssomgriging iangfosepaor unit for

f t .41, T lai med in.
corgpuEfRRkiong araBPORRIEE eSS SRRty e’ Source and
taréétr tdﬂﬁéctgebbggé BR RS POREEITRRAOTcofrexPbh8SN&ls | BGidleen other

eat ures base on the data representing the conmon
coropaneatsi vi ty graph. WO 2004/ 081878 PCT/ SG2004/ 000051

-44_42. e system as cl ai i,n. a one of. c) ai 32 .
to B whi estrieacC uar e el Y "Rhefsiar i Plorgdgor uni

cohpitetsRiudelihal digredpdREEN&E BY rhAiRifiamECcS dolh ealictuds in a data
corresponding to a section of the target object, .

stoyipag lediumef the sesteny epsesenthesinfarmatinn avdecempegitigns and on

f; re.C ' :

coff RS SR cBpBREA TR S0 Bl LABCERUEER @8flectivly

cl agsed Thedystem4 clsaediin dlbienpBaces 34 wheréinethe processor

derives correspondences of the conponents in the
uni gnpidaing  dets Jepressptiog t%éﬁ@&ﬂ%ﬁ@@ sRrsetPUKlenges between

coﬁéé&ﬁéﬁ%@rﬁﬁé’orﬁ%&ti@fﬁ%@WS%ﬁ%ternt ir!é%ﬁ@;ﬁﬁir%ﬂs of the

urce and target objects respectiv 44. The
sys8@ém athel systenh Ba aaiynahédn oflaivh a34ys Wh2rein #@, processor unit
ures .co se. .o

furlfEg s A R Iredie GaTataT bofatniotyrd o2 Rt ytfbre each
Ieag%$ hhé Q@APstramt tree sYSbEcBiprisas Rflai reprelenBing #kingle pair of

l'aims 32 to 44, wherein the processor unit provides _
coreéspanglint depropeneniseapdr a8 bgsociaied fojiglg paipohesareesponding

coryfbeibs it Sudeb A e e RSB RGN ot he tar got
obj 87! CURpaglleiOas aibrel irs elatet 86, adrareinedheior ioge of the

_~source object to other conponents in the source i
singlsj eRArs 4¢f cmee_swgtim é@"&@%%ﬁi ?‘Hdarﬁ’?r r@ﬁ_@"'@‘f"ngl &PRyections
corﬁé{igé’ nfiftelERR! &5 &l?@or{sn%r e?leh'l%trﬂ% bRfHR SAFPri ses

I Ateractive systemtools of cutting conponent with a
cut 88ng TRE gystemn,assabieedd irgahy icaregbeslaims 33 to B87hevherein the
onen

ProceRBonant Tl HHERg 5288 ebs COEROBRBRERT ST AisN6RE based on
e FarEy B SUHARGRA) SRS, 98° iSO WeRabioint oo
striicdturautoethesedect ed sections by perfornmng the steps

of : 39. The system as claimed in claim 38, wherein the processor unit
further generates data representing a common connectivity graph for the source
and target object pair based on the pairs of corresponding components and the
associated pairs of connections in the leaves of the constraint tree structure.

40. The system as claimed in claim 39, wherein in the common
connectivity graph, each node represents a single pair of corresponding
components, and each edge may represents a single pair of connections.

41. The system as claimed in any one of claims 33 to 40, wherein the
processor unit further derives correspondences of a series of local features based

on the data representing the common connectivity graph.
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25 within each leaf of the constraint tree, organize

its conponents into groups of maximally connected
w@eosposksmg s; for each user-sel ected conponent PCIT/SGE04/000051

connectivity graph locate the leaf containing this

conponent; within the |eaf,.-44.nd the group of

mexi mal |y connected conponents that is 30 simlar in

codigct i The yysten s glaimigd timrahyiasrimgf fctﬁmsdm)(tmdﬂt wherein the

and add all_conponents in the found ou |nt t he .
usqiigtengceqa fuitast aganged f%esgsv%fmm@ ' Spdiarear e apyroe object
as BBﬁeé"éorgﬁ ﬁ%‘i@ asediBnbfih % BbH&? \H@%{em {Hét RIhRERve Sections

arrange user-specify
extend oyep ah teast pertiars af tpm or Uformoam@@mavme source and target
b'P%/ SG&20 4/ 00051 -45 correspondi ng conponents from
ORIFH r@@‘?r% 'sai d conpl ete conponent correspondence;

andqg he Phé’%ﬁ/@fé?ﬁ 3N echifBY iRecidid angsthdRin the progessor further
conput er -deduci ng I ocal feature correspondences w thi

derivesoppaaepengeiaes ahdhe cerppenenist tie the rpsiusece amttesget object

resfEkHERP Y580 B RRIENED (e R oBhy 00 B “Saclopg of the
soutée bad48rgeMopicitd rédpclisgly: i nterface may be arranged
for user- speC|fy|ng di fferent kinds of |ocal features

i nctdi nfhe systame agedlpinged In paxtQnie of ickd@sadrl 19 da yherein the
Iocéﬂﬁaﬁur% %B r%epc% oPfnoré 8\" 52@@9@‘#@%%?@8%@%&, a mesh

sys m-as cl al ned
Ime49md%meshﬂob|h.e processor deduces | ocal feature pai rs

P AR e S L T A g v
pro%é§é6?3&’m{ ‘E)? |dé§3|‘nlé‘£<]:%n8ﬁfa’ié cWﬂﬁfe‘?péﬂQrﬂilp’ﬂ'eﬁh ééom}iﬁﬁents in

system as al ne wherel n’t he ocesso
thecdmgﬁtesbjers thad exhqbitetae SLEhStQNIaHW rsenﬂmndmmmectmty to other

corfion R iadns b SBiB SnalEey i he isbeBRladed flpfinent in the
souray ot W 6thet hﬁﬁfnmpth@rgowée abjéiet.] - component ;
automatically handling the case where a conponent pair

cord@i e aystem as @lﬂm@ﬁermanym QfoclaiseaBRite H15n@/heh@m the user-
mtegrf’aﬂ%o rﬁﬁ@?ﬁ I(?rgtﬂﬁééét é@@otfpgfsnéﬁt g {n}g‘)céxﬂg%%ﬁie\%ﬁﬁ a cutting

planenm@leduhg fridrgfled atyowrm B hew vompshait) gassirg fitshgles to a
claim5l, wherein the automatic patch artltlonlng

ne'QB?OW%C‘Q@PPB@% ﬁ(ﬂ‘ﬂﬁ“@e@mﬂaé‘h@@ﬁ@e‘é &ﬁﬁ’rﬂ%‘@@ § 10 9beps
of147. The system as claimed in any one of claims 33 to 46, wherein the

processor unit identifies candidates for user-selected sections by performing the
steps of:

within each leaf of the constraint tree, organize its components into groups
of maximally connected components;

for each user-selected component in one connectivity graph

locate the leaf containing this component;

within the leaf, find the group of maximally connected components that is
similar in connectivity to the group containing the component; and

add all components in the found group into the list of candidates.

48. The system as claimed in any one of claims 32 to 47, wherein the user-

interface is arranged for user-specifying local-level correspondences for a pair of
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organi zing all local features of each conponent into

maxi mal |y connected 25 groups of |ocal features;
W@o08M0818C8 i Ng a m ni mum spanni ng tree (MST) toPCDBGEO¥/000051

al the feature groups in one conponent; constructing

anot her MST to connect all t4se feature groups in the

| eaf nodes of the MST; 30 partitioning the conponent
corvgsponding MSTimponestspdtarhedhe acdmpaited t saidi neprpleteot bemponent

conponent i nt atches accqrding to |ocal feature
CO%%%%QQ&BH@EW&@ 1€ BRCEFH W@y DearkangerPrin cl ai m

; . , . . e | |

CO@%%%GZO%E’P O'S%gﬁméig%t gg%ﬁ%ﬁpég%ggtwmfgcom ai n?ﬁ&alr, and
corapwiing e epowete ysatexhcarmaspoindencs e assepistoierticesrof the said

E conmponent pair (C5, ct) where w thout |oss of
meé %%rality, assune ccv, ct=~lv, cs connects cs at

bounglaTiye kgstefibh# tlaimabdn Gey.oneCdi) clhFnd 32 RSN &Merein the user-
. pair; if c{# ;v, and the user assign a |ocal feature
intarfagenmay e Baapged deumsersaeeingng different ddiada ©ftlpeal features
: t ) of - y Vi.pg. t h .
incff) FSRRAET Witobs o fedu BT MERTRIRE Thafiy g YIoBRR) Wi &F pair of
cormsspondinngoomponentsvt is fromc if vsis at Is, vt is

a vertex of |t ; 10 otherwi se, vt is set

al rg g | vt . at .

cheShober sitent 5 Slakied (i 2r0) ON6 & GEAIMEXSHdpr Aanuherein the
prok8ssdritfe RRLIIGEN fé@chF@Fai?é Bg?%ﬁogrﬂi 'hersqgéé‘ﬁﬁ ct with

c; otherw se nerge cs into . 54.The system’as

cl adedittingimphedloeabfeaturaipairs3orm wises spetification; ahd 15

progcessor establi he? a_.conmon n%sh connectivity by

bl RS AStTed JoG oty bRty Whpth SREREIFIS | on

et S dhe fsbteit HOLRIMEP MO IRANCBD, TBeBIRANYE! Srocessor computes

barycentri ¢ mapping, or nmulti-resolution re-neshing.
themmmpiete ¥sriarepqraesnandiense by pesioymingthsf stepaiofis 32 to

=% s BETRER} ey RS Wb e 4R SRARER! igpcompatit
patol setits dhen etthey sbeipoaentisa RBiflcompehaht 55, wherein
! heaustgﬁ*l%tiggllyi/ ?fa%& ir?gl; ?Igei %gse Cv?ﬁé)r%' geczsorﬁggnsgtega?ir %ghtains a null-
component; and
establishing the common mesh connectivity of the said two input meshes by
parameterizing them according to their said compatible patch layouts.
52. The system as claimed in claim 51, wherein the automatic patch
partitioning for two corresponding components comprises the steps of:
organizing all local features of each component into maximally connected
groups of local features;
constructing a minimum spanning tree (MST) to connect al the feature
groups in one component;
constructing another MST fo connect all the feature groups in the leaf
nodes of the MST;
partitioning the component with two MSTs into patches; and
partitioning the other component into patches according to local feature
correspondences.

53. The system as claimed in claim 51, wherein the automatic handling of
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user-editing trajectories of the said conponents by
operating on each conponent as a whole; 25
wais@nogdrg i Nng trajectories of vertices by chanptTi§G2004/000051
their positions; and conputing the interpolation for
mesh vertices. 57. A data steg-age nedi um havi ng stored
t hereon conputer readable code neans for instructing
each component pair exetairtieg a nuiitdordpoferggatcatompriaes the steps of:

hi , th t ising the ste f
LocH B, SRRESRER Bt on b hsmonbL Pes s Goaally, assume
i t i S i ' +.ej . P
o9 S51, bl Sl 98558 6 by ) e o
r esip eg£iw ersoinecesarradsicr gddcal fesies /e py 66 & inagedrterpart of

source and target objects, and user-defining
@’corresponding conponents between the source object and

t hecleafdfle MR Yonnectivity of a new component ¢ by copying the topology
of cs;

for each vertex pair (vs, Vi) where vs is from ¢s and v; is from ¢

if vsis at I, v;is already a vertex of J;;

otherwise, v; is set at the position of v where (u, v) is a vertex pair and u is
the boundary vertex closest to vs;

replace ¢; with ¢; '

otherwise merge c;s into ¢y'.

54.The system as claimed in any one of claims 33 to 53, wherein the
processor establishes a common mesh connectivity by plugging into several
available parameterization methods, for example, topological merging via
barycentric mapping, or multi-resolution re-meshing.

55. The system as claimed in any one of claims 32 to 54, wherein the
system is further arranged for interpolating vertices of the source and target
meshes.

56. The system as claimed in claim 55, wherein the step of interpolation
comprises the steps of:

user-editing trajectories of the said components by operating on each
component as a whole;

user-editing trajectories of vertices by changing their positioné; and

computing the interpolation for mesh vertices.

57. A data storage medium having stored thereon computer readable
code means for instructing a computer fo execute a method of generating a
morphing sequence, the method comprising the step of user-defining respective
components in a source object and a target object respectively, wherein each
component comprises a plurality of local features of respective source and target
meshes representing the source and target objects, and user-defining

corresponding components between the source object and the target object.



