WO 2006/ 118544 PCT/ SG20061000011 -1 A Surface
Par aneteri zati on Method Cross-reference to Rel ated
Pat ent Applications This application clains the right

w(g%}oglﬁsg ity under 35 U.S.C. 119 based on Ug#,}é,ggzyg ?00011

ates Provisional Patent Application No. 6
filed 2 May 2005, which is incorporated by reference
herein in its entirety as if fully set forth herein.
Field of the Invention The present invention relates
generally to geonetrical nodels. In particular, the
present invention relates to,a method and apparatus
for surface paraneterization, and to a conputer

program product ASerfadi ParandaipitioaMethadabl e nedi um
havi ng recorded thereon a conputer program for

surface par anetcibdsZabress to IBRgdagaupplidtiony f ace is a
t wo- di nensi onal manifold. The sinplest surface is the
spher e This apglinrtieeclaiivstan gt perriofd ByesHAESC. § 119 pasedndfpited

called a genus 0 surface. A nore conpl surface jS.
des Btates Reovizionah Fafepig ARRFATER Rio; ﬁ"’?"ﬁ?@%ﬁ&a@ 8&"%’ B’E‘cﬁq s
obt ai ned by addi ng, k. ."handl es". ere. For
exaﬁ‘t?P‘@?‘a“S}/tfyé%ffgm?gmé“%b %lgrg W 'tfﬁﬁ%%gf% aﬁ %{é, and a
double torus is a sph oMb Baviniien handl es. A sphere
has genus zero (0). Al genus-0 surfaces are

essent i gk iseshfhSorSiapegnerillytio BRenied! ynoildl, 0 gortielapfthe
deformity froma regular sphere. Surface

par preeheinveatihirdesitsa netliniand Wpone foraplappragkenzagin e to 2
three di nensional (3D) surface, such as fhe, Earth,

to spropvvE POBWE BIPIREnEFielng 2 compyies fradagle gedingp, favigg recorded
page of an atlas. Surfaces are.typically represented
by ﬁ%ﬁtﬁ?f"ﬁ?‘”ﬁﬁ?ﬁ@?"‘é |¥m|m§%52§§°|%'r able to nininze

di stortions, such. as angj qor area changes, when
mappi ng a first surface to a second surface. Surface

par amet gLk #ad i Qwadfhehbidndl in&@itbld. NTHEBENPISCHueRk|if he sl in
engi neering applications, including conputer
gr apitéecdmensionp (B3 spad. dBds al@sdalisdl, 2 ganub ¢ Frafgéen g more complex
sarface is described as having genus £ if that surface can be obtained by adding &k
“handies” to thcrsphc:e. For example, a torus is a sphere with one handie, and a double
torus is 2 sphere with two handles. A sphere has genus zero (0). All genus-{ surfaces are
essentially sphere-shaped, but may vary in degree of deformity from a regular sphere.
Sutface parameterization is 2 one to one mapping of a given thiree dimensional (3D)
smface, such as the Earth, to another two dimensional (2D) surface, such as a page of an
ailas, Surfaces are typically represented by triangular meshes and it is desirable to
minimize distortions, such as angle and/or area changes, when mapping a first surface to a
second surface.
Surface parameterizations are utilized in many scientific and engingering
applications, including compuier graphics, computer-sided design, and imaging

applications. Several parameterization methods are available. However, existing



appl i cations. Several paraneterization nmethods are
avai | abl e. However, existing -2 nethods exhibit
properties that restrict the applications to which

t hose nethods can be applied. First, surface
parameterization usually [eads to mathematica
problens with orders of copiplexities that are nuch
hi gher than the linear relationship to the nunber of
vertices or triangle faces. The hi gh conputation cost
is usually unbearable in practical applications.
Seownthdds swhibit peoptrtiesetbat distrish $ie gnplicatios Do whijelf Biews pahods can be
flattened to a two-di nensional (2D) paraneter space,
|taP§w6055|ble for a large nunber of points fromthe

3D surf ag t 2 begasnﬁ'?fi? biS5hE s 'Me&@@ap&oﬁl&st%

2D space sIn a rge egree o

| NGEI FCYmp M@M% RRh IFRY: Han HRARESr FoBtichePb @ tdulber of
generate a structured mesh. Summary Enbodi nents of

t heveflic® @ Niianghy €rbd. Ofhe Segk commputatien costeis Susts ty awtbeaibisy in
or at |east aneliorate, one or nore disadvantages of
exipadtipg) appiiciiisns According to a first aspect of the
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and second disks to form a sphere; and remeshing the

S p véerethepatamet@r space ¢ edngpladiirgeobratest

multi- resolution structured surface nDdeI for the

surf ace. Accordlng to a sHH¥Yaspect of the present

di scl os t here.i.s provi.ded. an ar.at.us

par anet e T%dﬂléen of et B et PR logﬁﬁegﬁgte EE6 r%l?s%mall or gt

d e\{éagt%n'fe% afd] e 9% ngre%léwahﬂge% dr BliQink nfeBlog@nd second
device for fl attening each of the first and

S e C 0 n d pgascbﬁimg@a § firksisdspeadud 8 @resntldisiosles there is provided a method

of parameterizing a surface, the method comprising the steps of:

dividing a surface into first and second parts;

flattening the first and second parts to first and second disks, respectively;

combining the first and second disks to form a sphere; and

- remeshing the sphere with a predetenmined resolution to provide a multi-

resolution structured surface model for fhe surface.

According to a second aspect of the présent disclosure, there is provided an
apparatus for parameterizing a surface, the apparatus comprising:

a device for dividing a surface into first and second parts;

a device for flattening each of the first and second parts to first and second disks,
respectively;

a device for combining the first and second disks to form a sphere; and



respectively; a device for conbining the first and
second disks to forma sphere; and WO 2006/ 118544
PCT/ S&G2006/ 000011 -3 a device for reneshing the
wé&fb@fif‘ssﬂi th a predeternined resol ution to ppeyikESedesonit
mul'ti-resolution structured surface nodel for the
surface. According to a third aspect of the present
di scl osure, there is provided a conputer program
product having a conputer readable nedi um having a
conmput er program recorded therein for paraneterizing
a surface, the conputer prog¢am product conpri sing:
conput er program ¢code neans for dividing a .
oot 1 oo i e R R M b it 13 o
mealsu Jc—rgsr01u¥i A G R 8RR ey dhd¥eeefed.r St and second
partstio Irst and second di sks, respectively;
COMPUL EfcchiindibARMRIQEIRCIE &8 $refent dicbe, tied @s frdviiled  petputer
and second disks to forma sphere; and conputer
pr ogF@mmCHckactnipEing of wmpwternesadable gredig ke £ CORPER RRoZAM
predeterm ned resolution to provide a o
mul trécopdedsthireit foomraetPirng 3 /U oS E*F PORPET SR Bt FpfRprising:
surface. According to a.fqurth nt
di scl osTHPRYST PR cfdg mGs far gﬁmﬁaggﬁ%ﬁ%%g&ﬁ%ggggﬁ or
par anet gf| Etér!}g)g@mscu&frﬁ&ﬁs fol Rt OQEAH 1R hSieBBd parts to

code for diviiding a surface into first and second

par tege aRiQeend @ks, fkpRtitvelpj ng each of the first and
second parts to first and second di sks,

I espect ¢ovwphty;prograch codecreeahsoior expyirining ithe dirst prd spqopdsdiskg fyform a
second di-sks to forma sphere; and code for remeshing
t he sgiskre8 With a predetermned resolution to provide

a multi- resolution structured surfac f o
sur f aceSOBRMEHTEAT ¢l At 1Kt femedtil t% %P FOUEL o scibiifned

er aspéc t he present

di S Gl QI o oSl rof ] SHRrBaHRO A 1Pt dutice
i mplenen |n5 any one of the aforenentioned nethods.
According to a fourth aspect of the present disclosure, there is provided a computer
program for parameterizing a surface, the program comprising:
code for dividing a surface into first and second parts;
code for flattening each of the first and second parts to first and second disks,
respectively; anﬁ
code for combining the first and second disks to form 2 sphere; and
code for remeshing the sphere with a predetermined resolution to provide a mnlti-
resolution structured surface model for the surface.
According to another aspect of the present disclosure, there is provided an apparatus
for implementing any one of the aforementioned methods. |
According to another aspeet of the present disclosure there is provided a computer
program product including a computer readable medium baving recorded thercor a

computer program for implementing any one of the methods described above.

Other aspects of the invention are also disclosed.



According to another aspect of the present disclosure
there is provided a conmputer program product
i ncl udi ng a conputer readabl e medi um havi ng recorded
conmput er program for inplenmentin

W%B&]trﬁﬁgéggt hods descri bed above. O her aspec?g§)§¥§2®9@00011
i nvention are al so disclosed. WO 2006/ 118544
PCT/ S&G006/ 000011 4 Brief Description of the
Drawi ngs Sone aspects of one or nore enbodi nents of
the present invention will now be described with
reference to the draw ngs, iﬁ which: Fig. 1is a

schematic di agramrge sen tat) . Sk face
parameterization o angul ar nesh in accordance
with ang e Of msrg CrabddMRAk 0P e plekegt invdndich valh now be

i npl emen?‘atl on tlow diagram of a surface

par aERksA kifldancdhb@evibg, in ahiclor dance with. an

enbodi ment of the invention; Fig. 3Ais a schematic

di agr anfig.epises ederadtic gingoh mwmm &F ‘H@%E%mm“‘m of
illustrating edge directiaons; LS a schematic

di agramevlaelsshes asherdanregit 3 SBOPBEY OB iPhs: Fig. 4
S o Bl AP ROk, REPGES 6 i) ;rase@mmaz petod n

per for step of Fig. 2;

Fi g & Lmabmaﬁmqﬁmomocedure
mcﬁ%ﬁdﬁgﬁeeﬁaze that perforns the functionality of
step 23800 ikh Ghendiic ﬁ@m zﬁpresSntaaIOﬁ bfosianghitagyreshng ilifstajing edge
pr ocedure generatelnitial Partition that performs the

f uncdideaioas i ty of step 515 of Fig. 5 Fig. 7 is a flow

di agram of a procedure nmai nProcess .that perforns the
f unct i off&l 3Btig2 SC@F"‘?‘E‘{WI%T“‘”P &d%“g?fm 'E'% is a

fow di g t%éa%f’tﬁ%@og“% dUf%a@{ea&kﬂfa@;&latgaﬁﬁmttﬂ@mmmm

perf or iona step 540 of Fi ;
of step 220 of Fig. 2;

Fig. 5 is a flow diagram of a procedure DnCParumeterize that performs the

functionality of step 230 of Fig. 2;
Fig. 6 is a flow diagram of a procedure generatelnitialPartition that performs the

functionality of step 515 of Fig. 5;
Fig. 7 is a flow diagram of a procedure mainProcess that performs the fupctionality

of step 650 of Fig. 6;
Fig. 8 is a flow diagram of a procedure shouldPartition that performs the

fimctionality of step 540 of Fig. 5;

Fig. 9 is a flow diagram of a procedure Partition that performs the functionality of

step 545 of Fig. 5;
Figs 10A, 10B and 10C iliustrate the partitioning of a 3D surface and its

corresponding 2D parameter space;

Figs 114 and 11B are 3D computer image representations of the corpus caliosum of

2 human brain;



Fig. 9 is a flow diagramof a procedure Partition
that perforns the functionality of step 545 of Fig.
5; Figs 10A, 10B and 10C illustrate the partitioning
w&hoodigRsurface and its corresponding 2D pagagBidEnocor
space; Figs | to and 1111 are 3D conputer inmage
representations of the corpus callosumof a human
brai n; WD 2006/ 118544 PCT/ SG20061000011 -5 Figs 12A
to.12B illustrate the closed 3D surface of the corpus
cal l osum shown in Fig. 1113 cut into two open
surfaces; Figs 13A, 13B and k3C illustrate an open
surface_and its correspondin ar anet er spacelg&% .
"t o s utedRB dineerie clod 40 Fure of i Rk ARG o i
' to forma paraneter sphere

par aﬁgtl% cuq ;n'?ol&&o SI%HM&Q

and generate a geonetrical inmage; Figs 15A to 15D

i 11 ust r gie 192785 MdNec AfustaRan B BESId 5PABEQoding PhrSmeter
14F to produce nulti-resolution nodels of the corpus
cal | gsddrut@io dniad) pdicled; and Fig. 16 is a schematic

bl ock di agram of a general purpose conputer upon

whi ch By dyémidit Blugrais Ve prsapeies diskecoppiied fosfep 2 parameter
Detai | ed Description of the Invention Were reference
is nﬁf@”@ﬁmﬁﬁ?%%ﬂﬁ%ﬁ“ﬁ%?@%%f t he acconpanyi ng

dr aw ng . [ t.he.
et or ot SATbFET L8 clw b B ek Ao B 1P AR
for e rddifden 581 thk Birus B@SGRioPEL O1B; ki sane
function(s) or operation(s), unless the contrary

I Nt ent | Big. Bpip @ atiBmatSiek Piagrin: of s seadralipapos @s@puked Lipodwhich
which follows are explicitly or inplicitly presented
i n taepgemernts descjbrdicaiiepragiitel synbol i ¢ representati ons

of operations on data. within a_copputer nenory.

These al gorit hmi ¢ Heeilsdilsscriptinn of &PBsent at i ons

are th © Where reference is made in any one or more of the accompanying drawings to steps

and/or features that have the same reference numerals, those steps and/or features have
for the purposes of this description the same function(s) or operation(s), unless the
contrary intention appears. _

Some portions of the description which follows are explicitly or implicitly
presented in terms of algorithms and symbolic representations of operations on data
within a computer memory. These algorithiic descriptions and representations are the
means used by those skilied in the data processing arts to convey most effectively the
substance of their work to others skilled in the art. An algorithm is here, and generally,
conceived to be a self-consistent sequence of steps Jeading to a desired result. The steps
are those requiring physical manipulations of physical quantifies, Usnally, thongh not
necessarily, these quantities take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and otherwise manipulated. It has proven
convenient at times, principally for reasons of common usage, to refer to these signals as

bits, values, elements, symbols, characters, terms, numbers, or the Iike.



means used by those skilled in the data processing

arts to convey nost effectively the substance of

their work to others skilled in the art. An al gorithm
“K5§PE?&§M and generally, conceived t0 be a peygganosinonott
sel t-consi stent sequence of steps leading to a

desired result. The steps are those requiring

physi cal nmanipul ati ons of physical quantities.

Usual Iy, though not necessarily, these quantities

take the formof electrical or magnetic signals

capabl e of being stored, tr@ansferred, conbined,

conpared, and otherw se manipul ated. 1t has proven
convenilesmbuldbe boress migghs hoyierss-hat jerapyve ra’éda?i‘}ﬁ@ Q%'f’s aie to be

conmon _usage, . to refer to these.si beSont 1abol
Vel e i St g GRS 7 2 Spdly bl v

nunbers el dc K is Hatd fhérwise, and as apparent from the
PGP@@%‘B&%&%&%& ﬁ%lesl\!\geé%ou d be borne in mind, _
hoOWRYBkine liNdu dch@pRbavenantnghe hapreser seciteagon; distyesions
assocliated with the appropriate physical quantities
and y@liggMeded ysucto nase ffscamingT, afralowating o pi'delspmipias”t hEPEone
quantities. Unless specifically stated other .Sf&bssg%ga
as dppenpigt, “iitigizingh coutRE o%iﬁﬁé‘,k » FoEer {Ry ) 20fpg and p

appreciated that Lo O{Lé%hout det I?:g tHzIt%ﬁiﬁiBﬁlates and transforms data
S

SpecPPPEALTHR: oS EE gRES ‘U1 Zing terns such as
"scanni ng", "cal b quanti€lS twithif R irép@ters and memories of the
"¢ e pPAETRE P Phyg‘é%ﬁ%%%ﬁ%&"‘fm"i nitializing”,

" OUt QUL Nektem 16 dildEddd Kilarty GpREented ad fhgsial qriantiticnmighin the
processes of a conputer system or simlar .

el eClompitirGysaa\tieR@ricstoh aeisterm pr ofhet sehdrforABONSIOEAgS fIRASFRESIOn O
data represented as physical (electronic) quantities
Wi t hdisplay Benicesegi sters and nenories of the conputer
systeminto other_data . simlarly r EHquﬁQlﬁ ati £
physi calThepreiet Frepifeang] 448; ‘%h? Sr?seap\éaé%n%gérﬁ%? systtefrowper e
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storg‘ﬁgl,eth?dls‘a%"scrgna Si glgmgi eosgi spl ay devi ces. The

pres 86 § i.CRtd PRrpatk $OmSlinS @k emesdaippadetivily harated or
perf%rwmcﬁ% thegopergtl ons of the methods. Such .
app afeddnbigurddBY 2 benipembgink soretin g pappied Theygigeifs and displays
requi red purposes, or nmay conprise a general g%ragomsagm
C 0N pb@niederept dranot e relagnd 4y PRGHIALCOPIPRET B g Arparats:

reconfigured by a conputer program stored.i NE-e with th
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compFPEREFB ASFAppar at Us.
the required method steps may be appropriate. The structure of a conventional general

purpose computer will appear from the description below.

In addition, the present invention also implicitly discloses a computer prograim, in
that it would be apparent to the person skilied in the art that the individual steps of the
preferred method described herein may be put into effect by computer code. The
computer program is not intended to be Jimited to any particular programming language
and implementation thereof, It will be appreciated that a variety of programming

Janguages and coding thereof may be used to implement the teachings of the disclosure



Vari ous general purpose machines may be used with
prograns in accordance with the teachings herein.

Alternatively, the construction of nore specialized

‘V@Q&@ﬁﬂ%ﬂé to perform the required method SBER@G&ﬁﬁhmm11

€ appropriate. The structure of a conventiona

general purpose conputer will appear fromthe

description below. In addition, the present invention

also inplicitly discloses a conputer program in

that it would be apparent to the person skilled in

the art that the individual steps of the preferred
met hod described herein may be put into effect b
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di schatetere\ae 2006k bl &b 4dpPE TheSoRPRG/pRAM Inkay be Derformed in
cont ai ned herein. Mrreover, the conputer programis
not pamllelrefkertherpseqentallni t ed to any particular contro
flow There are many ot her variants of the conputer

pr ogr am®USkHi SRRPULSE BIRETHE dnay be FRIPRER 2% BRER ] regdpRlgygedium. The
W t hout de ting.fromthe spirit.or scope of t.he .
e npipt RRGGE il B i Bde o (AR iy gpial
the GQAPMLREy BERI5AMIBYafe s RRE QiR ol ReertRRE it gencral
rat her than sequentially. Such a conputer program nmay
be spepcedcpu@y TRORipier rehdbte alphi@m B 480 incld#e a hard-wired
comput er readabl e nedi um may i nclude storage devices

s uc hmediummaerh efs | csenapfifighin tha | Interglét siysiem, g rigjrelpssc meqin  saph as
ot her storage devices suitable for_interfacing with a
genefarPlifst @M Bl EePRone SEsteRo Bt t P F RaR RS When loaded
medi um na | so.include a hard-wr medi um such as
exert Tt o aoT Erter Cap et o R a8 B
medi Ptk indSeps S6EPRILA ftndgh the GSM nobi le

t el ephone system The conputer program when | oaded

and exeqhd gilcigis Fueprifer@ Rhed defiibdd 08 in GANF|RdeRE applicability
effectively results in an apparatus that inplenents

t he sicepeiripinotdse Howeskn far ede ofekiiadion. Trotepy of the ippfeasd oéthod

the preferred nmethod descri bed herein have general
appl frg Aleserihed ywith refersnce to0 surface parameterization of a 3D genus-0 surface

represented by a triangle mesh. However, it is not intended that the present invention be
limited to the described method. For example, the invention may have application to
computer-aided design, computer gaming, and medical applications. Such medical
applications include, but are not limited to, applications related to newrology.
Three-dimensional (3D) surfaces that belong {o genus-0 are topologically
equivalent fo spheres. In one embodiment, a2 3D genus-0 surface is represented by a
iriangle mesh. The sorface is divided asbifrarily into two parts. Tn 2 prefemed
embodiment, a balanced cutting of the surface is utilized to provide two parts that are
approximately equal, as determined by the number of wriangles in each part. Each of the

parts is then flattened separately into a triangular region in 2 parameter space. Each part



to geonetric nodels. However, for ease of
expl anation, the steps of the preferred nethod are
described with reference to surface paraneterization
enus-0 surface represented by a tp
W%@E{I%goﬂever it 1s not intended that the pir:g@&ﬁo%smooon
invention be limted, to the described nethod. For
exanpl e, the invention may have application to
conput er - ai ded desi gn, conputer gam ng, and nedica
applications. Such nedical applications include, but
are not limted to, applicatigons related to
neurol ogy. Three-dinmensional (3D) surfaces that
beIoﬁng%Wﬁ@ﬁw§dGMEWE“F@ﬁﬁﬁ%@?éﬁ$¢whm%ﬁﬁ?vﬁk§ﬁwm?6“mﬂ&
nus.- 0 ace

sphe @?8{?{1 Ié%m’%?}ie 'Jeen'% may l!%l{&e for & sxaﬁ‘tp erthat each R Bis a f an equal number

repr rra ace

di vi Abbd rfu{a%abﬂ phtch BlsQqdal Bralith { %ed tee B OF &faﬂg%g within
embodi ment, a bal anced cutting of the surface is

uti|d gl ié RsP@VA Sledeteingg aifaber,t shdhbpe GiieBerved HRAIDY iy TRTtiRddYto
equal , as determ ned by the nunber of triangles in

eac hflgyer the pah iite dargnieter sppear Eechipaiclt ¢onstitufcs a triapgiedith a curved
separately into_a triangular region in a paraneter
spacdige, E&W@éﬁ%ﬂ%ﬁﬂmﬁ%@w&e PEFFREPe6/ 000011 - 8

iS recu 5| Vld éklnto t mal.l e at ches.
E Y scqle cr IOPef surFacJJ ;raﬁ'ame atmn of a

accor dahte” W h pre ria.
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each patch has an equal nunber of triangles, or that

eac hwifod GRbdiasenesfRl indettion] TRY tRagniMbnesh 100 @epfosdiiRar3Dofosface
triangles within a patch is less than a

pr edmeichran pedeleserhiyelold Hack hegpdarpedasse (The tiangaiah mekhi 180 of this
utilized to flatten the patch into a paraneter

spac@am IBp%tee'ﬁl VRS OF ihﬁw%dﬂa ofigep- é’ﬁ*@l‘“é‘%ﬁ‘et?ﬁ tacmdcr the

d d
o Ve g eBRR R HiteRed Tt Rl
rep r@l%ﬁ&it %ﬂt:grﬁ?’r] CH;I-I ) rgoﬁaﬂg?r,p afqa E@&ﬁ r éné 81511':@ Qerﬁées av'z and V;,

triangul ar riangl e 150 using a divide

and eQRGW, aftl REQOY, thhNhad 6O EiRAGRaEMAI n@h verices on the
enbodi nent of the invention. The triangular nesh 100

r epresehtdgea Vb @drvde evhexpazt islthe apdnumderegfctegsedontpe bold
bol d bl ack bopndaré es. The triangul ar_nmesh 100 of
t hi sbwféf%‘éﬂﬁl’@mﬁ’&‘@? 3" & %é?wé*ﬂw\ﬁe&r? 6an%éVsmseiected

bound The ini |aI onS|d t h
e SR T TR eh B e, e G cdge
ver t‘#&?, S@m&/ §' vert\llcgs onvgie cd%'etl 'e&gﬁ t\fz‘yg.e r’Ithgs),( thyihrée %erﬂoes Vi, Vo, and V3
defining the big curved triangle are approximately equally spaced around the boundary of
the triangular mesh 100. A fourth vertex V4 is Jocated on the curved edge VaVs, and a
fifth vertex Vs is located on the corved edge ViVa. Sixth and seventh vertices Vs and Vo,
respectively, are located within thertriangular mesh 100. The vertices at each end of the
curved edges are counted as vertices of the curve. For example, there are 6 vertices on

the curved path VyVa, by connting V; and V, and the vertices located therebetween.
The first, second and third verfices V;, V3, and V3 are mapped fo first, sccond and

third points Py, Po, and Ps, respectively, on the triangle 150. Py P, and P; are the vertices



sel ected arbitrarily on the boundary, and second and
third vertices V2 and V3, respectively, are selected
so that there are approxinmately [n/3] nesh vertices

wé RokMfasyCUr ved edges VIV2 and V1V3, where nNpids&iBenoonit
total nunber of vertices on the bold boundary. In

this exanple, n = 13, so [nl3] is approxinmately 4. V2
and V3 are selected such that there are 4 vertices
on the curved edge VIV2, 3 vertices on the curved
edge V1V3, and 3 vertices on the curved edge V2V3.
Thus, the three vertices V1;2V2, and V3 defining the

bi d trj | i mat ey, |

ot 3 afte ¥y drragh o SRblefal TRk eI, e SRAEE e

fourth, ver %‘ﬁggce\e{p%@%m tng?s @ﬁo&d&em & Wb Qe Q6 B cn¥Y 3dges
| F Vv e

and egna}'f rtex Vs is [ocat on the curved edge

V1VZ; v 8, %51, v8n8d 98N enhd @ik nsis 1000nta el livdkdges PPz, P2Ps, and
respectively, are located within the triangular nmesh.
100 ;P he teatidnple d50. aForemdthcueswed tishely prich, gy grmbpr of fisagles is

are counted as vertices of the curve. For. exanple,

£ hedetoamied. 6 6 PEise o EHECY I ESEER7R A PSSR mogsyF curved
counting V1 and V2 and the .vert] onede patch i
t herﬁ%e"?‘%é'écn'?“ﬁ"é“ }'e?' S g?‘l;é agdc?i a%‘ﬁ@?éﬁgde Tt
V1, M2 HABOPRTed & thibd Sive cdzBGANAnARGe méshkdrx
poi nt%egblﬁ@,&)dmﬂg?urgaﬁ ,B%g;pect i vel ; on the triangle

150. yuRber, oRPof tidBstvdd2d@k B sdidtRd weddorces WO 2006/ 118544
PCTI SG2006/ 000011 -9 of the triangle 150 that has

edges Ofor expunale, delertghdcusviih iriangle prichSH(ERR43 1 rappesenfigeriie et
Pi P3 [. Th f terizati

i frossh1), ot e SHVGRAPIE BV LR REpRRL® NyEgB s and
V2V4V3 d V3Vt of t j

VA3 S VR B 800, e
150. o O v, aﬁ%g é?%gcﬂﬁf} ohb kARELS AP Gl PRI¥e, BUEDEANgRI150.

triangfds® s rmned. |f the nunber of triangles
i S OF, Qe hidaR i ofive desRfit B, e (VeRlseslrthe @t palr VEUY-Vs map

edge wi th the maxi num vertex nunber is detentined,
and dnltambumniedide PP abpkieingahic projedure, ot epicl WS4 1) info gtches
curved triangle patches. If_three curve edﬂﬁsﬁ %ﬁve o
t he V@AwdTaioatd G0y supiel+V 8netist TR P LB
is selected at r g Fo I el {th\ﬂe GYYEE,
tri ok V[Slgt”{?ﬁ“‘*/?% %23‘15“,“{ ?aglpxﬁl’rlsgg enti“h a‘?‘i e \Whote > ¢ F
mesh 100, a q-ﬂc £ %%@égvél WROOh SRtk huidie 226 It line
i nt o“ﬂt“]f\i'r/z[)ni YSArChes %%%%467 61) an%
segments PP, and P;P.. The resulting four small patches are sufficiently small and need
not be cut further. The resulting four small patches of the triangular mesh 100 map mto
friangular regions PoP4Ps, PsP4Ps, P4PsPg, and PsP (P, respectively, of the triangle 150 by
using a shape preserved method. In this example, a patch is deemed to be sufficiently
small when the number of triangles contained therein is less than 2 predetermined
number,

For a genus-0 surface, once its two parts have been flatiened imto respective

triangular regions, the two parameterized regions are corbined info a sphere to obtain the



V(167431). The two patches V(1524761) and V(167431)
are divided by the cut path V1V6V/V4, and nap
respectively onto triangles P1P2P4Pt and P1P3P4Pt of
kangle 150. P4 is the mddle point o i
Wég@ﬁgﬁt&ﬂPZPS. Vertices on the cut path V1V6%(7:J{//§,6§r’3%0000n
uniformy onto |ine PkP4. Continuing this procedure,
cut patch V(1524761) into patches V(1574761) and
V(52475) by cut path V4V7V5. Then, cut patch
V(167431) into two patches V(1631) and V(36743) by
cut path V3V6. The cut pat hgeV4V7V5 and V3V6 map
uniformy onto |lines P4P5_and. P3P6, respect i
whe prsarpigsiggsien B sibele e & TR T8 SEphgt %ﬁ%ﬁ%“?‘“

P1P2_and. P1P4. The re ' B fioppat ches are
suf ff W“%V'"?ﬁea “eg%r%égnbtgégggn%o be cut further. The

resul tigg ofOHr i SERLdaibRh 6N @8erdi oft dkesuttide pRGHEIzation Shthod

100 map into triangular regions P2P4P5, P1P4P5,

PA P38 a@0@arESMiinG emb@iysacdf the ddvynsion f The krethed beginyft a BESH

by using a shape preserved nethod. In this_exanEIe

2’ patp b0 md geendsdo siep 336 et fsi2 FmBp EoRPs-OSPHEFT M{RHRR ORep B2

nunber of triangles contained thereinp_i$al

pr e defaess i ARG Bgre 2 pagpooR SRR Ee"'ogﬂg ?}Pafgge?is g’E?Feb Gen

its. t arts.h 188 Ghdl B LBpct BB EBAch ¥Bhe disks
é\ﬂé%)ﬁrgﬁps ?1 5205k bim Q)?I%ém{d\lﬁg% kel3p Iy SEdc ©

tri EQgi ons, paraneteri zed regi ons are
conmbi, N4 4.Al.fnA SPhere to obtain the WO 2006/ 118544
PCT@%@OO@%OB%H -10 paraneterization of the whole
surface. |If required, sngbotfied and nmul ti-resol utiomn-

meshes of the original surface are generated based
on twherepandyrst be poopiitatghof dej 2 paampter spage- Fﬁ‘ﬁ%@’r‘?&”ﬁ’f %is fgpped
flow di agram of the surface paraneterization nmethod
200 % the gisdece@gd®e with an-embodi ment of the

invention. The nethod begipz at a BEGN step 210 ang)
proceeds to step 220 that cuts an input genus-0

sur f i Ro d3lofi0, whid doRBREs 1 diskad], 4220 fomini Ch
shar%ggolgggsn%oﬁjﬁm%gﬁardﬁb. Step 230 flattens the two

opensphdadefing®y:f aces sl, s2 to form correspondi ng
di sks dl and d2 respectively. Zggcih of the disks dl,

d2 is defined by: x2+y2 F+D0¥ __ @)
where z is a coordinate of 3D space obtained by extending the 2D parameter space.
The first disk &1 is mapped to:
2= J&+ YD) . @
and the second disk 42 is mapped to
=T )
where X + }fz <Ll

Control passes to step 250 to remesh the sphere with a given resolution to obtain a related
surface model. The remeshing is performed, for exampie, psing the spherical remeshing

method described in “Spherical Parameterization and Remeshing”, Praun E. and Hoppe



where x and y are the coordi nates of the 2D paraneter
space. The boundary b is nmapped to the circle
defined by: xz+ yz =1 ... (2) Control passes from
to step 240, which conbi nes the di
‘V§%&$%§§%% sphere defined by: x2 + yz + zz Ebﬁsé#??g§MI
where z is a coordinate of 3D space obtai ned by
extendi ng the 2D paraneter space. The first disk d
is mapped to: z= (x:+y2) (4) and the second disk d2
Is mapped to z (x!-+Yz) ... (5} where x' + y' <1.
Control passes to step 250 {wo- renesh the sphere with

a given resolution to obtain a rel d, syrf d
Q@ AP IPRATE Ay PTG felh ERDy B A, e, Do
t he sohg&ical remeshi ng nethod described in
"Sph&PTCal Parameterization and Remeshing “, Praun E

“and HoRp & \QuRdahk 1k Rt Sl $G20 062 GaRAhted viidg ddmputer
ACM S| GRAPH 2003. Control passes to an END step 260

and piog@mnid 0shich teanpwien glogrem chdy @M ée exvburdi oreh genetplpurpose
met hod 200 of Fig. 2 is inplenented using conputer .
pr ogemuwiee oie HiSy oh POEHP A er e TN l’aeatﬁlkyéng as input

executed on a general_ purpose onputer ar. the r4 ce
A PP Gaet v JECHH Srie (e oy Sbipl sl e
as I'Iﬂ??atéer pat e.lé‘eg‘% Sifigy the !ﬂﬁlﬁtﬁpl%f MeS b e rdtoned WhERBE @ be

par ane €S an original genus-0 surface. The

Si 26;, Pt ANRL BloeraR §ahdiSBedB0 BRG] rebfivel & filohdde parieter to
t he remeshed surface to be size*size. The program
par amih &k klBGRemesia oftde orodd! brpduceichs stoeBP0 3 16 bd sevsdime
parameter to which the related renmeshed surfacg

rodel P Gdkimeliminjation, epp 228 0f ig: 2ippegiamed bypgyprocedure CurSurface,

and step 230 of Fig. 2 is performed by a procedure DnCParameterize, which adopts

divide and conguer strategy to flatten each open 3D surface into the unit disk X+y*< 1 in
the 2D éarametcr space. The two procedures CutSurface and DrCParameterize will be
described later.

The surface is represented by standard directional triangle meshes, as shown in Fig.
3A, which is a schematic diagram representation of a triangular mesh 300 having vertices
Vi V;, Vaand V,. The triangular mesh 300 consists of two triangles ViV,V; and V,V:Vy
which share a common boundary VVs. The edge directions of a triangular mesh are
indicated by arrows. The direction of each edge is specified so that the normal of each
triangle of the surface points to the same side of the surface.

Fig. 3B is a schematic representation of a closed path 350 having vertices
ViV, VaV, VsV The cioscxi path of Fig. 3B will now be utilized in defining the cut of a
surface. For two vertices v1 and v2, if there is a triangle edge from v1 to v2, then it is
said that there is a directional path = v1v2 from vl to v2. If there is a pathl from vl to
¥2, and a path2 from v2 to v3, then it is said v and v3 have a path pazhipath2 from vl to

v3. When a closed surface is cut into two open surfaces, there are two directional closed



In this inplenentation, step 220 of Fig. 2 is

perfornmed by a procedure Cut Surface, and step 230 of

Fig. 2 is performed by a procedure DnCParaneterize,

lnG/ opts divide and conquer strategy t :

w%gdgﬁ’q%sg%n 3D surface into the unit disk x2+§5{/§§&)‘1}§§bﬁon

the 2D paraneter space. The two procedures Cut Surface

and DnCPar aneterize will be described |ater. The

surface is represented by standard directional

triangle nmeshes, as shown in-Fig. 3A whichis a

schemati ¢ di agram represent-dti on of a triangular nesh

300 having vertjces VI V2, V3 and V4. The trj an
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ar r gSirechifi@l k@Bt V. Ov.9fv,eaRk Rl gem % t5 Ve tichiie ddgoV,Vs,

that the normal of each triangle of the surface

POi W%, ahdViVRavhiamepat frhen \Gifto Viiechslerefiges ¥sVeFVdY1 2881V a

schemati c representation of a cl osed gat h 350 havi N9

verti cdis 4 yafipydigagngbibe Gt sy A¥Gropreadge oasp
will now be utiljzed in.defini t he,.cut . of
su_rf’%@’é‘.z‘lfg}‘ e’g’f) PR &7 %gﬁ% %?,41!81@5 4 r%‘_:rcgdsit%s? 420,
£ 3RAL CaGHAClE QB KL, ob G B o Ul dich inSnllpt Bibponent
therei1s a directional path = vliv2 fromvi to v2. 'If

t e b uysi® mmtPdebibneddli® M Vidorklon M@icipd Wdmpongiad Andlydis”Olindsay 1
to v3, then it is said vl and v3 have a path

pat Ishopmt | t@h:fuvomswiagd.a.nz/eadeds WWnelent aotorfalspanripsl pdmpokents.gdl.
cut into two open surfaces, there are two directional

¢l oSenrolBs2oBer SuBR e METPEEMSD ST (s Lorosiag soqpifapsystem
| th t _that the b [ t.he. t

o 08k Bty Sl B RS LB e bl P

al ongy LG sylisin SCUGGLER B 1nRPURABices ROLHUA] Bllch

to Fi g. ‘the directional boundary
VIV2Y3VAYSY6o, $1h82, RatAd £, el 2re iR MRiniupCdnt deGmen gates of
V2V3, V3V4 and V4V5, while the path fromVs to Vz

i NClebisi@itatee dgead WaMpectiNGV Thusafioticath teXp, of i qurfazp, fhe cogrdinates
fl ow di agram of the Cut Surface procedure 400

cor fespontibngrecaistiep 226 a20bl Fy§ b2and e srFeedur e

" 400 begins at a BEGQ N st. 410,  an roceeds t.o ste
920, R T AP ¢ s I A e o 158 5 g ot
the fgrudreIegﬁEmgu 4 Q&t éurt]% c@gchﬂeﬁ'bgll)\@, b%pm%pmaatcd by a person

skilled in the art that other methods of selecting the best cut inay equally be whilized. For

example, the method presented in “Geometry Images”, X. Gu, et. al, SIGGRAPH 2002
Proceedings may equally be uﬁﬁmd.

For an index & ranging from 3l to a2, and with a given step Ak, perform the
following steps:

1)  All triangles within the triangle mesh of the given surface that have vertices
with v-coordinates less than k are allocated to part 51,

2) Al triangles within the triangle mesh of the given surface that are not in part

51 are allocated to part 52, This partition is denoted as eut(s1, s2).



anal ysis nmethod presented in "A tutorial on Principa
Conponents Anal ysis", Lindsay I Smth,
http://ww. cs. ot ago. ae. nzt cosc453/ studenttutori al s/ Pr
arel] nponents. pdf. Control passes fro
‘N?g&éﬁé%gﬁso, whi ch rotates the Cartesian ng?g?ﬁgﬁégmuu
system of the surface to align with the three main
axes nl, n2, and u3 identified in step 420. The new
coordi nate systemis denoted as u-v-w. Control then
passes to step 440, which calculates al, a2, bl, b2,
cl, and c2, which are the maxi nrum and m ni nrum val ues
of coordinates u, .v an respectiv Thus, of
each veéyt & Abagas “’s,ﬁral“‘g S fcﬁ'gectce%oafugllh%g e'rsl]t cugst ‘&\5/ has 2
W) of fheever 3 . s i ' ‘(1 2s2) as
and“¢1 < ?fvs‘%{ &Z“}a.m %:%%'!t"b)réré |“-§1%1| %ﬁéﬂtﬂ’gﬂ ??%E’pi“ré‘éf“ ‘%i ch)
sel gehst &he best cut along the is axis. One nethod
for determ ning the best cut is described bel ow, but
it Wi | |Cobeol prsps Boi sitreldo ipytepdqfewisdhsoloatsidhe bogs gut plang thpey axis,
art that other nethods of selecting the best cut gay
equaibea firnilag progeps g Hat dexpibed aRoYp 8y fespect pfdhe iy Gstep 450, Step
presented |n "Geonetry | es". X. . ,
G PR 250 ey HLAE R Tl i e £l o e
FOr ;8B %ﬁf‘klh rds ARG BY L0 sBb 430 R Be exfBimbhilaBscAbed, steps
gi ven step , performthe followi ng steps: 1) All
t 1 i aggu&s andistdtird bréshfediséguaiiglye HoRshr, Hivillibh eppgriciutediby a person
surface that have vertices wth u-coordinates |ess
t hanrkiltedan @e at o datcedpstomy papdrfosded inpy owidr, apd ¢ng pfn@s of these
within the triangle nmesh of the given surface that
ar e sprmay e peefprmed ypagiet g) | ocated to part s2. This

partition i.s denote S cut(s S2) . 4
PCT/ SCAG08P Bt LI qi@“’ ée)qe‘”’{ ‘é‘& éfr”’ﬁ c"“‘t%r’i NG %%Q‘?‘/r‘]&%ﬁg%%hf“
32 UK SHUARHEE , A0f] bhfoiiMh pRAL wGH By £2) has 2
smaller fererice o triangl e nunbers in sl and s2,

t hen kegp stihenshlfiki@at 5006k (S dontrsidlowds a plobr@urd DELPaRtteterize,
Control passes fromstep 450 to step 460, which

sel egid pehendbstmaiotalia bbby 28hef Rg. axThe DnCharmgerige procedurs
simlar process to that described above in respect of
t he rgosivepen gpen rqur@xfxeﬁp\d Amggsocigjed Buecuonal bonndary, and uses the divide and

conquer strategy to fiatien the surface into the disk x*+y* < L. The DnCParameterize

b

procedure 500 starts at a BEGIN step 510 and proceeds to step 515, which receives the
parameters surface, boundary, disk, partl, and pari2 to generate an ipitial partition part!
and part2. The generation of the inifial partition will be described below as the procedure
generatelnitialPartition with reference to Fig. 6. Control proceeds to step 520 that places
initial partitions part! and part2 into a partition queue g. Each element of the partition
queue g is awaiting fusther partitioning. Control passes o a decision siep 530 that
determines whether the partition queue g is empty. If the partition queue ¢ is empty, Yes,
~ control passes to an END step 570 and the procedure terminates. If, however, at step 330

the partition queue ¢ is not empty, No, control passes to step 535 that retrieves a partition



470 then selects the best cut along the w axis, again
using a simlar process to that described above in
respect of the u axis in step 450. In the enbodi nent
W(‘}jﬁo%gfﬂs?ﬁd’ steps 450, 460, and 470 are pr eﬁ@ﬂ%@iﬁomooou
sequentially. However, it will be appreciated by a
person skilled in the art that these steps may be
performed in any order, and one or nore of these
steps may be perforned in parallel. Control passes to
step 480 to select the best cut for the surface from
the best cut for each respagtive axis is, v, and w.
Control then passes to an END step 495. Fi 5.s L
f | owertifreny tha PR OG> Grevetd @B Pedsies e dRigem 15‘”%?"8%%‘% gre o
DnCPar anet eri ze, which perforns the functionality of
steff*8%b of Fig. 2. The DnCParaneterize procedure
recel VeSnhl pBRed} o skRe &fg@% t@&t&%ﬁﬁ@ﬁh@ﬁﬁe retrieved partition
di rectional "boundary, and uses the divide and
CONGLISE 1ok Fukth@ gyttidioded! [THE dehinibdion Sty Wiaher of mi oparition ditshe
X2+52 5 1. The DnCParaneterize procedure 500 starts
at arBEGRitgted pvib 19 desrdbasy brleve @5 te presedfs SpgdPafifiop it
receives the paraneters surface, boupdar

€ X di sk
par faferengife Figa$-t 1 the gartiinn & of I bg parfitignes 3p: © ‘é‘:"{qafsfsbﬁﬁom SEp
par and part?2. The generation.of Ltk
par%%yfgﬁgﬁﬁﬁﬁm ae g?é%? %%%%3 o%ﬁ 53?%5&%%%ce &?gmm%r
enelal, g jslﬁ!)egﬁés&ivédi R8n0M Tolbwn 85 Qo@ \Eflied & i @, sfich as the
Cont ol proceeds to step 520 that places initia
par tyjethbOREerbalit Fsuond PR@mberdaiinoe Tepal didSiregy”.GlregeMy 2nd
Each el ement of the partition queue q is_awaiting,
f ur tHoewanp ZX20D4)] Atamgs nCyitiiresdlutign do dleoperic; Madedling; Springer-
step 530 that determ nes whether the partiti eye
o+ Sedmpgoniee 100 ST LoT-oIFoq Haa! Tome R e, 20 e
control. passes t n. .END st . A ocedure
terﬁ?ﬁﬁpgggw ,e%%§k§%ﬁﬁm%¥$§?%ég§%%gnkﬁgmgértition
queue OgdSidQb sE A0V thNBartitfoR Bk Rlio REBERSpatti@onBl, Sfes, 2ol
t hat rg§r|eveésa pa¥tit|on M% 2006/ 118544
PCT/h22 008410080 bikp S4slphriinistthe paphtint hret ipapbtites pme goépes.
g, and then deletes the partition pan fromthe
par tTit iiopemegaiduef ghe Boitioning ispicessbaddsio ovidherefespsrio Jike -
540 to determ ne whether the retrieyed partition an
R e Y

wh etpgretzr rf:honrnec{1 %m satepgig tto lthtsza ie:?d’] of ithsé pgrgﬁota %ueue g. Conirol then passes from

step 550 to decision step 530, and the procedure continues uniil the queue ¢ is erqpty.

Fig. G is a flow diagram 600 of a procedure generate[niﬁdll’artitiou corresponding
to the functionality of step 515 of Fig. 5. The generatelnitialPartition procedure 600
seceives an open surface, an associated directiopal boundary, and an initial disk x4y <
1), and generates the initial partition of both the surface and the disk. The results are
stored ‘in parameters part/ and part2. ‘'The generatelnitialPartition procedure 600
commences at a BEGIN step 610 and proceeds to step 620, which selects two vertices vz
and v; having the longest Euclidean distances from the received parameter boundary.

Control passes to step 630, which selects a vertex vy on the path vsvz o minimize the



further partitioned will be described bel ow as the
procedure shoul dPartition with reference to Fig. S.
If the partition is not to be partitioned, No,
W(ggdgglggls_4passes fromstep 540 to step 560, phiehBRS011
e surtrace of the partition part to a corresponéﬁng
paraneter region using shape preserved net hods known
to those skilled in the art, such as the nethod
described in "Surface Paraneterization: a Tutoria
and Survey", Floater M5 and Hermann K(2004),
Advances in Multiresolutionifor Geonetric Mdelling,
Springer- Verlag, Heidel ber

, . 2004 157-186.
oo iRk & i SER B aH 115 Sisa Ly Sepa EEg o

to determ ne whet her .there. add ORS sl
t e BREnE REHPR Raraoer 36 KE ¢ Ruialnid PSSkt
Par tad smals®s RSy feUifeliblRbd Ranf blabDREE pardBE . FulRdR kgl is provided
passes to step 545. Step 545 partitions the partition

par beibwivih pRfsBOsFiPasA.] and part2. The
i npl emrentation of the partitioni n? is described bel ow

Wit h r efoswad pasess from FegG35 %o stepGaphtvish mppedicarerticss ghipsauprlary

545 to step 550, which appen ach of th t ches .

|t0ﬁr f mﬁ?’&:feﬁ%ﬁt‘? ?“F‘@f%ﬂ“’rﬁ‘éﬁp E’r‘%ﬁ‘\ g’tp c'gﬂi’é}’et%vtg & ’éﬁ’a:%f’ t
e partition qu . . _ .

50 ey 8o LS onBP b (pORIBATAER) SaNasE BB

unt igle 5AGenGH G v od e BIREYs, afd Ois e TesfizthAof ke Polnidhri] FaiHer
600 of a procedure generatelnitialPartition

COr RASPRNEbvivgd bilew Witk sdfdined tooFigl I0BY A hexs step EWBrtigipus the
Fig. 5. The generatelnitial Partition procedure 600

I eC @infiesand disb parmesiy e puchenrersd aabrarat 'Ei fopcionglity efidigp 650
boundary, and an injtial digsk + 5 a
gen&ithbeclescribpd belpy Py ferepRse; ?‘P’o'é )8(5’1“}/“3 BER® {}%{%ﬁ? 35:;? fp &g Bnd

and t he di The r ts.ar &l i.n paraneters
pan]Ste%ﬁeg aﬁ‘g (hd r‘f‘ﬁ@%"%ﬁ%ﬁ% gﬂ it ai Patést ition

pr oceduEEijg BRQ 10 B Rla lﬁucaﬁg Mhitr8dRss Gbiesponbing to the
proceeds to step 620, which selects two vertices v2

and fm3tidaandy B0stdpheso lod Riges t TiRugbdedheanaiatredarvo@ sonfmegeps at a
the received paranmeter boundary. Control passes to

st eBEGBO stemiillcind potasdst g sigp 7l tbieh getermings § Fratep b et ey e
to minimze the WO 2006/ 118544 PCT/ SG20Q6/ 000011 . -1
di f fleneesh geodesic fistinRe e Mg g gD tﬁ@“’%a‘lﬂ % §£?F19%‘rl%‘°“’ i

ou B iy ST RO radalecl ko el 3eB o
t he RgLNSY B¥esHkidhAN Sn TrdlnBiS- Meshes”, Novotni M and Kisin R (2002),
in Proceeding of The 10-th Intemational Conference in Central Europe on Computer
Graphics, Visualization and Computer Vision (WSCG), pages 341--347, 2002, is used to
determine the vertex vs.
Control passes from step 720 to step 730, which utilizes the Dijkstra algorithm to
determine the shortest path from vertex vy through the vertex vs to v4 on the surface,
A next step 740 maps the vertices of path vivsvs to a line segment pips in the

proportion of length. Control passes from step 740 to step 750, which generates the

patches partl and part2. The surface of paril, called partl.swiface, is set to be the



630 and 635 may be perforned in any order, or in
parallel. Further detail is provided below wth
reference to Fig. 10A. Control passes fromstep 635
1540, whi ch maps the vertices of the,

Wé?‘"’?ée *§urface to the boundary point of the g?@é%f%mm
particular, the ith vertex (xi, yi, z) of the
boundary is mapped to the boundary poi nt
(cos(2rLi/l), sin(27rLklL)) of the disk. 1, is the
path length fromvt to the ith vertex, and L is the
| ength of the boundary. Furtiker detail is provided
below with reference to Fig. | OB. A next steg 650 4
par tinyidgriangle vev2vasiy ik is dicpiggs Skibe 6“"3%‘51%‘? Y e ourve
pat ches part] and 2, The.functio i. f a
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that has the eo di st.an
bour&ay e Bt {hﬁé)[;uglae?r c?lpmg’f aﬁz anaex%se%%? 59 ale"Grved riangle

a ow Wi t
refere % %@%mt rodelit®e br@Sbrocess
%f‘f‘sg]%ﬁrre?ﬁg%ggg%%ﬁ?baggjiﬁ ECon‘putl ng Geodesi c
D| StaRmass. on Triangul ar Meshes”, Novotni Mand Klein
R (2002), in Proceeding of The 10-di International
Conf er efg & i i ficde diagrah SM@p@cwe@mwwﬁon Epresperdisg to the

Vi sual i zati on and Conputer Vision afr?rf %%
341 fargdopalitp pfogep SF%oflE?eé F%?Pf%é?“é‘v‘rﬁ‘r?%@’ @ PR pBRengps at a

Cont.r.ol 20. 7
B R e T S
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v4 on & surtace. A next step 740 maps the vertices

f RadaBenblis Wdbsion 2 I hREEE GRS tid fd ﬁtsfprédb:&mined threshold,
proportr on of length. Control passes fromstep 740 to
st eNo7 Efitrol whisesho g enex sitdriontsiap 830shat dﬁe@mpﬁawht?}heramumbﬂ of
part2. The surface of part], called partl surface

Set intbiobericnes 1 tmop e gdePEY) B BysGImbe of fyrir

vertices is not less than the second predetermined threshold, No, control passes to step

840 which sets a return valne to TRUE. Control passes from step 840 to an END step
860, and the process texminates.

Returning to step 830, if the number of interior vertices is less than the second
predetermined threshold, Yes, control passes to a step 850 that sets the return value to
FALSE; Conirol passes from step 850 to the End step 860.

Returping to step 820, if the ratio is less than the first predetermined threshold, Yes,

control passes from step 820 to the step 850 to set the remurn value to FALSE and the

process terminates at the END step 860.



curved triangle vlv2v4v5vl, which is the piece of the
surface encl osed by three curved edges vjv2, v2v4,

and v4vsv1 The three vertices of the curved triangle

and v4. The paraneter space of
W&E(F]F[Y% partl para, is set to be the curved F?lﬂg&o oot

pi p2p4p5, which is the region enclosed by the three
curved edges pl p2, p2p4, and pdpsp;. The three

vertices of the curved triangle are pl, p2, and p4.
Simlarly, the surface of part2, part2.surface, is

set to be the curved triangl-&- viv5v4v3vl, and the

Parvea. B it diovimtn 88, 8 e s et
step &?ﬁ%ﬁég%@&%@ Ufi,€ 6’3&*“?&% Seceibes b WhellHhel Bar that

Fig. w di agram 8 a procedure
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of step 540 of Fig. S. The procedure shoul dPartition
800 giakpasederapacaper8iatd Nhs preqed8d Dartirel pputitene balls pdrosugluce
first decisioh step 820 that determ nes whether a

r at | @4 PeFPIR PR VS wiell ipatsPatth %ﬁaaffye patefyre eyt K0
gi ven surface

pr e dBTEFIFH zaBgﬁ]ﬁ\’t Sgeﬁg Jg“? con{‘“?cl P?Sﬁeé X s%? ?%) tﬁag dﬁ%t?ntn?sgssgortest
t ha N, g@wg\@fﬂo ﬁ.ﬁma%%gc?&i s Hi Mrv%&%% 8111‘2 sug‘al-ﬂo ﬁaﬁ@'}fe{e%ned

passeS t0 a second decCi sion step that determ nes

whet @€ mokdddiiRClontedd pasichiotich 930 tvCtelebt€ € Serie v TR elifpaty,
a second predeterm ned threshold n. If the nunber of

I Nt equitothat theedifféranes ini wmithrielgthl egsandivan it npicged o Mdnext step 940
predeterm ned threshold, No, control passes to step

840 Willizes thepepaiug magPracess Gﬂavq!r@ bgverryretemsice folie Fde g?é%uon
fromste 40 to an END s he proce

o TR e R P B e B0 PRFL B BT s o
inte 0. the second
pred&#g§n¥ﬁgﬁbﬁﬁﬁg§%1%%E§Yes control passes to a

step 85@ist had, Al Snd NEC iRk thy PaktBonle of FABDEsurface and its
Control passes fromstep 850 to the End step 860.

Ret wronespgpding pstoaster 80, Difectioheofreddes ae dichtebiy drban Tihd0A

first predeterm ned threshold, Yes, control passes
f r onshewsesp odgiunl B sufses noick i YD 2ppinisie hasilisdongest sﬁﬂﬁpsv Histgeee

A TR T REWIETE R NS
inap the boundary of the swrface shown in Fig. 10A to the boundary of a comesponding
parameter space. In an initial step of the procedure, corresponding to procedure
generatelnitial Partition of Fig. 6 described above, the parameter space is a unit disk, as
shown in Fig. 10B. In the middle of the partitioning procedure, comesponding to
procedure Partition of Fg. 9 described above, the parameter space is a curved triangle
region, as shown in Fig. 10C. The cut paths vyvsvs and pypsps cut the surface into two
parts, respectively.

Figs 11A and 11B are 3D computer image representations of the corpus callosum,

which is a broad, thick band running from one side of the human brain to another and



17 Fig. 9 is a flow diagram 900 of a procedure
Partition corresponding to the functionality of step

545 of Fig. 5. The procedure Partition receives a

‘VQQ&QHE%E{ part that specifies a piece of apchEued.noo1

riangle surface partsuface and a correspondi ng

curved triangle paraneter space partpara. The
procedure Partition partitions both part.surface and
partpara to formtwo small parts part] and part2. The
procedure Partition 900 commences at a BEG N step

910 and control passes to st-ep 920 that determ nes a

shortest edge v2v3 fromthree curved edges of the

cur veusising ghesre st Soese Bages PRmETHEed @?‘%%ﬁ"i Trlaifach{Tgmoux

hor t est 3, |
ol ched st A LA 3 wif Fon BB RRRE Jud e SHER « il e
differe e,GSﬂAMtopth!s gdﬁglts ba?los)égn\ﬁ%m%‘ihd 14V &t bno two open surfaces

m nim zed. next step 940 wutilizes the procedure

Mai NRek 83808 8GR DRdreglanay, wittin FRf RAGRSE thedeffiag and/Fig.
to partition the part.surface and partpara to

genelzit eows\he pightclags Tharight ramds fsaker Partit@pet intg] S praadispatches
to step 950 and the procedure Partition term nates.

Fi gsindoed astigp8 apthihoviom Fig- (13t FhgPartiiqRedt 5, ¢arpipPasine perapete
a 3D surface a i ts orrespandi.ng. par t.er .s
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s 2 OWoBfliaid. Pl e RS fe Aol fnsiinel Rt bHlof ShrfBeeRRYwRlin Fig.

v5 has 't ongest geodesic distance to the boundary
VI V2BV ks cofBiPorRRR gt Bick wow ifl Big SBC ak @gy palBowibetho
above is used to nmap the boundary of the surface
showpatthes Fiagl C, 5 Avhicl Ctibvdndercratebia iz 3¢f and Foigelndss paehal 1¢7.8-
paraneter space. In an initial step of the _procedure
cor r Baigio i ey petipned e () B nclyding | 2% And (b F enginding £ gid 4
of Fig. .6 descrihed ove,. i he par er. s e

i ¢ Pt eGonegtitn 8 g MR R bR e B .
the partg ki o0i NeiRe6HE Walihe GR faRRPANG N Gre lBmbined to form 2
pr ocedur Fl’artltl on of Fig. 9 described above, the

par apBirRker SHhoe Gnd & Enefdt ¥ GdmicidaBiR@EC Fif @A Gibws @R parameter
shown in Fig. 10C. The cut paths vlv5v4 and pl p5p4

cut tideofsisridfiges of Fig.d24WHig. 13Bistows 2 meppe of theefapeteirigiof Fig.
11A and 11B are 3D conputer inmage representations of

the &% piesnapper Bastigberewiee HIG sgovi thernatspeter; ik of the, Zighy part of
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hemi-sphere. The opper and lower hemi-spheres of Figs. 14B and 14D are combined to
form a single sphere, as shown in Fig. 14E. A geometrical image is then derived from the
parameter sphere of Fig. 14E, as shown in Fig. 14F.

Figs 15A to 15D illustrate the remeshing of the parameter sphere of Fig. 14F to
produce multi-resolution models of the corpus callosum of Fig 11B. Fig. 15A is a 30x30
model, Fig. 15B is a 40x40 model, Fig. 15C is a 50x50 model, and Fig. 15D is a 100x100
model.

The aforementioned preferred method(s) comprise a particntar control flow. There

are many other variants of the preferred method(s) which use different control fiows
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fibres. These imges are generated fromthe

Tal ai rach- Tourroux brain atlas. Fig. 11Ais a solid

ng&gua[ﬁ:pr esentation, and Fig. 11B is a W rgfia%, 6[000011

e 3D surface of the corpus callosumifrom

11Bis cut into two open surfaces shown in Figs. 12A

and 12B, respectively, wherein Fig. 12A shows the

left part and Fig. 12B shows the right part. The

right part is further partitioned into 8 small

patches indexed as 1 to 8 dhd shown in Fig. 13A. The

partition of |ts ondi 6 hermtiRAnE of Sore of
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surfac eI‘h§ l?&m:l bfNsuffheg parath@dizativd i4 prefeny Paeipoeingg general-
paraneter disk shown in Fig. 13C are first
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par anmed @i malulsd cash for praforneing ong afr‘t“’f"bl’mFP‘@r tasis, Ahe poftyyare may
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afor% oned preferred nmethod(s) conprise a )
parti Culf! coaRRbd Dtent lisDis fois@Hdy a computer module 1601, input devices

such as a keyboard 1602 and mouse 1603, output devices including a printer 1615, a
dispiay device 1614 and loudspeakers 1617. A Modula;tobDemodulator (Modem)
transeeiver device 1616 is used by the computer medule 1601 for communicating to and
from a communications network 1620, for example connectable via a telephone line 1621
of other functional medinm. The modem 1616 can be used to obtain access to the
Internet, and other network systems, such as a Local Area Network (LAN) or a Wide
Area Network (WAN), and may be incorporated into the computer module 1601 in some

implementations.



are many other variants of the preferred nethod(s)
whi ch use different control flows WO 2006/ 118544
PCT/ S&G2006/ 000011 19 without departing fromthe
[.rl1._or scope of the invention. Furtherno
W(?rgdrogeﬂfg?& the steps of -the preferred net hod(g /?rcgﬁ;)o@@oon
performed in parallel rather than sequentially. The
nmet hod of surface paraneterization is preferably
practi sed using a general purpose conputer system
1600, such as that shown in Fig. 16 wherein the
processes of Figs. 2 to 10 -nmy be inplenented as
software, such as an agpl i cation program executi.n

Wit hi n Thecompripimadyle 104 prpisplly aestydes|ahieLeme PrREASIE ?mttlﬁ%‘-"’ and

steps of the d of surfac E. rd ?dg\; LA mem
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t he uter. The i1 nstructions may be forned as one
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nmore particul ar tasks. The software nmay al so be

di vi igeb displep 1G19vendsieysispeakiers 1pHy ans/O |npsrfagh Le1F fer the koghoard 1602

part perforns the surface parapeterjzation t

PG akdgue 10380 optnEii § 49 ieE Bob ATy PPN for
the first art and e .user., .

st or é‘ﬂdﬁ%lﬁé?@%n% érlggr%'ea asﬁrﬁ%lm}tﬁékgrﬁgn{&‘%% mglg)ﬁtlﬁa be
stor %&g&ﬁéﬁ'vﬁtﬁﬁ RS S BaREs6MVeor Efnpl ¥ARP 6 intcl A 1608. A
software 1s | oaded into the conputer fromthe
CONPuhRke deaddadob @ podded nhd gpidally Heidexe b disk BrivetliE) and a
computer. A conputer readabl e nmedi um having such

sof t vieppe digk drive i it & magretiopperrivecoe ilipsigted) ngytalsp Be yged. A CD-
conput er program product. The use of the conputer

pr ogREM $10 bfici% s tymealbpRroidsh A1 4 1P Vol PR A1 dﬁ“‘eﬁfeé’g?‘%"“mts

U e -
module. 480154 i AR ind Wi SSulesSi GleoRRntondi 6409 8F Eherh20f the

and nouse 1603, output devices including a printer

1615 coputetliyibth ayoodewic & ddd & antickat s pRakgkse bohiuterson

Modul at or - Denodul at or (Mbden) transceiver device

1616 wihigh tis dekcribpd tageomnp cindhe pregiibed cla@@JBMfRSfs and compatibles,

communi cating to and froma conmuni cations néetwork

1620 Surf Sparcxiatignper alike empuet sy eplved el phone | i ne

1621 or_other functional nediu The em. 1 C

be used Wc%lﬁ’t% "’r‘?P‘éfE“c"é gxs?gxiaxg 1% iﬁ%épnt onl;he hglla%ls@duvg]lglﬂ aﬁcﬁlmad
and controlled in its execution by the processor 1605. Intermediate storage of the

program and any data fetched from the network 1620 may be accomplished using the
semicondnctor memory 1606, possibly in concert with the hard disk drive 1610. In some
instances, the application program may be supplied to the nser encoded on a CD-ROM or
floppy disk and read via the corresponding drive 1612 or 1611, or alternatively may be
read by the user from the network 1620 via the modem device 1616. Still further, the
software can also be loaded into the computer system 1600 from other computer readable
media. The term “computer readable medinm" as used herein refers to any storage or

transmission medium that participates in providing iostructions apdfor data to the



Internet, and other network systens, such as a Local
Area Network (LAN) or a Wde Area Network (WAN), and
may be incorporated into the conputer nodule 1601 in
Lpl ement ati ons. WD 2006/ 118544
WW%‘%}SG/ 000011 -20 The conputer nodul e Ii%T(S (F2006/000011

typically includes at |east one processor unit 1605,
and a nenory unit 1606, for exanple fornmed from

sem conduct or random-access nenory (RAM and mad
only menory (ROM). The nodul e 1601 al so i ncl udes an
nunmber of input/output (I/@-interfaces including an
audi o-video interface 1607 that co.ugl ﬁs t t?et \éi[g%qa
di s pbrogptet 6WEmaFE0 fo5 GHSHORRRYE PIBTF E: o RSP ft EPFECE

1613 for _the keyboard. 16 . + inteeTd
opt iR5HAEs 8PPy d’fiﬂ%{fg’igfwgﬁ “HH %ﬁz ’Sasit{%}g(tﬁ%dd)h,@ggr%ﬂg% fograted
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In sone’ | enentations, the nodem 1616 may be :

| NC Qe 1R EheMdrtnbi sict dbeicacrpintesl aresierha of 86 Tomguyr module
exanple within the interface 1608. A storage device
160961s Hxaoplésché dansmigsionymsilie iicluge fagie PrAgsred Migpigsiqg; clggnels
drive 1610 and a floppy disk drive 1611. A net i.C

t apas ovellvee 2(Rer] PRSP 2 fohESPRIFL B PR g e
ROM drive 1612 i ically bravidet ased eeorded on Websites
non-@&‘PﬁPﬂ}“@m%’ﬁé%‘@é%‘f&ggP%fu&%%\é c:orrf')onentmsmlr 1605 to
1613 of.fhe conputer nmodule 1601, typically

conmuni cate via an interconnected bus 1604 and in a_
manner yi ghhdies Wnlfse ipiradeteiaimion sy calerhatingyl e d@plemented in
operation of the conputer system 1600 known to those
i N tdedicanel| lonmmt swgh bs onErmppit dttested cEURCEPEMS the RpRY O
the described arrangenents can be practised. i.nc|

| BM soicfusctigavjof dfdig: FaaseEns, W@&&%%a@?‘%n@??“%ﬁ%ﬁ
conput er systens evol ved ther. Yok &ok¥micrbiboess
appl‘?"l‘?’d’[“i‘“&%g"ﬂq‘iﬁé’f"gﬁﬁ"lm SS “édgsﬁ%g?tgc%nmﬁ’ Ere éﬁard drsk oo
drive.l £ad and controlled in its execution

y t ga%%gaéeggug:gé 1605. Internedi ate storage of the
program and any data fmiadaedspsizanilithe net work 1620

may be acconplished using the sem conductor nenory
1606, pUBSidahgméns Goloed bereipjate pppislea thy coppiingjinguyiges. In

1610. In sonme instances, the aeegl [ Qaetémﬂﬁd%% %:ggu%gﬁon .
be seagishlare dmpodimenfe ofthe IVEEH B *of2 4
multi-xésolution 3D model represented by 2 geometric image that facilitates the storage
and transmission of a large. model with high accwracy. Such a model may be transmified
over a communications metwork, including the Internet. Arrangements can also be
utilized to improve the speed of surface model manipulation software.

Further, an embodiment of the invention may be utilized to provide a deformabie
geometric model with controllable resolution and the required properties for model-based
image scgmentation and registration, automatic or se_;mi—automat'[c cortical surface
Iabelling.

Alternate embodiments may be utilized in the constuction of solid and surface

meshes for brain iissue finite element method (FEM) analysis.



fl oppy disk and read via the corresponding drive 1612

or 1611, or alternatively may be read by the user

fromthe network 1620 via the nodem devi ce 1616.

[ ther, the software can also be lo '

‘W§%%m%g%%éter system 1600 from ot her conpute?éﬁggég%QQM1

nmedi a. The term "conputer readabl e nedi unf as used

herein refers to any storage or transm ssion nmedi um

that participates in providing instructions and/or

data to the WD 2006/ 118544 PCT/ SG2006/ 000011 -21

conputer system 1600 for exeeption and/ or processing.

Exanpl es of storage nedia include floppy disks,

magnet i ©ne apreore BheRaNjodigeiEnt fhe fiveronpiybe ttiligedieiie or

integrated circujt, a magneto-aqgptical disk, or a
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transm ssion channels as well as a network

connect i'ma féregotp Gkdasires odyrpeneesmindimpgt Wothk grisedieipveption, and

and the |Internet or Intranets including e-nai

t r ansviliieations andker thanges 67uPa rRdhTherde BithpaiHeBTing £19%; theggope and

and the like. The nethod of surface paraneterization
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har dware such as one or nore integrated circuits

performng the functions or sub functions of

di vi di ng, conquering, and paraneterization. Such

dedi cated hardware may include graphic processors,

digital signal processors, or one or nore

m croprocessors and associated nenories. Industria

Applicability The arrangenents discl osed herein are

applicable to the conmputing industries. In

particul ar, enbodi nments of the invention may be

practi sed upon the construction of a

mul ti-resolution 3D nodel represented by a geonetric

imge that facilitates the storage and transm ssion

of a large nodel with high accuracy. Such a nodel my

be transmtted over a conmmunications network,

including the Internet. Arrangenents can al so be



utilized to inprove the speed of surface nodel
mani pul ati on software. Further, an enbodi ment of the
invention may be utilized to provide a defornable

w@g&%ggc nodel with controll able resol uti Opcﬂgkgzowtﬁoun

required properties for nodel -based inmage
segnmentation and regi stration, automatic or

sem -automatic cortical surface labelling. Alternate
enbodi mrents may be utilized in the construction of
solid and surface neshes for brain tissue finite

el emrent nethod (FEM anal ysi®- WO 2006/ 118544

PCTI S&2006/ 000011 -22 02 or nore further enbodi nents
of tHed# ¥ ention may be utilized in the construction
of an application programm ng interface (APlI), plugin
conponent, or mddleware for fast nulti-resolution
3D npdeh mg@AEd: phrbBiterizibyic frtap kil mabidenmpraing the pppiot al | y
associ ated with 3D gane and conput er-ai ded desi gn.
The f or égdinguysudes dntd fpsgndsadoyd wBte enbodi nents of the

present invention, and nodifjcatjons $$%/or changes
can be faieringspié et B Heed e HEP ALPRE THOMTHY *Krope

and spirit. of .the invention, odi:ment s bei ng
1 ust r S %%E’F%{‘&F‘é"é‘é ‘?ﬂ&é% éfg‘% S@%Ez%ge/ 118544
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paraneteri zing a surface, said nethod conprising the

St ePrudfred suicyintien@r Ridsuthfaace into first and second
parts; flattening said first and second parts to
first and second di sks, respectively; conbining said

first and second disks to form a, sphere; an

el g SRS © ST bR BUSRBS e ML on
to provide a nulti-resolution structured surface
nodel for said surface. 2. The nethod according to

cl ai n Ly whar 8 Romdk & Bh { 368cih SidRivaRRA Ubnld sSibd if&Sirary.

4. 'The method according to claim I, wherein said division of said surface produces

substantially equal first and second parts.

5. The method according to ciatm }, wherein said flattening step utilizes a shape

preserved method.

6. The method according to claim 1, wherein each of said first and second disks is

defined by the equation ® +y* < 1.

7. The method according to claim 1, wherein 2 boundary of said first and second parts

is mapped in said flattening step to a circle defined by the equation x* +y* = 1.



3. The nmethod according to claim1, wherein said
division of said surface is arbitrary. 4. The nethod
according to claim1, wherein said division of said

f produces substantially equal first
‘wég%%ﬁggﬁ%rts. 5. The nmethod according to clg?ﬁgﬁﬁmMMMM1
wherein said flattening step utilizes a shape
preserved nmethod. 6. The nethod according to claim1l,
wherein each of said first and second disks is
defined by the equation x2 + y2 <i. 7. The nethod
according to claim1, whereit®-a boundary of said

first d second parts, .| [ ' taend

St e ¢ R Lot i by TERR s PR ol B Naflon
WO %@Qg{;}§§44 PCT/ SG2006/ 000011 -24 8. The net hod
according to claiml, wherein said sphere is defined
by the equation xZ+y2+zZ=1. 9. The nethod accordi ng
to claim8, wherein said first disk is mapped to z=

( x2-8y 2} The 1 @ethofthaccerding del chaire G% oWhierpint &7 | Bast itk isvpared P
said second disk is mapped to z=- (x2+ Y2) 11. The
neth@dﬁ§5553ding to claiml, wherein said surface is
presented as a triangular nesh. 12. The net hod
according to claim1, wherein said dividing step
conprises the further steps of: calcul atjng fast
secdfid, Thenwethor; 1oePreg # Q%@S&oFmFW%S§%PVﬁ% is mapped to
determ urface coordinate system rotating a

Car teesiéi+¢0or di nate systemto align with said
surface coordinate system translating an origin
poi nt of said surface coordinate systemto the

ce ntlrl.o ! 'gheonieth%f? chordhsagu t%fc?agme 1. W%Qrg'm said sarface is presenied as a triangular

mesh.

12. The method according to claim 1, wherein said dividing step comprises the forther
steps of:

calcalating first, second, and third main axes of the surface to determine 2 surface
coordinate systent;

rotating a Cartesian coordinate system to align with said surface coordinate system;

translating an origin point of said surface coordinate system to the centroid of said
surface; and

selecting a best cut of said surface along at least one of said first, second, and third

axes to determnine said first and second paris.

13. The method according to claim 12, wherein said translating siep establishes a

boonding box of the surface for first, second, and third axes u, v, and w of said surface



sel ecting a best cut of said surface along at | east
one of said first, second, and third axes to
determine said first and second parts. 13. The nethod
j to claim12, wherein said transla
‘ngﬁgéﬁ%gﬂes a boundi ng box of the surface g?@§%@§@?0u
second, and third axes is, v, and w of said surface
WO 2006/ 118544 PCT/ S&006/ 000011 25 coordi nate
system sai d boundi ng box defined by: al < u < a2, bl
< VvV <Db2 cl < w <02 wherein: al and a2 are
respective mni mum and maxi n¥m val ues of coordinate
u, bi d b2 are.respecti Ml L QUM of <
val 8¢ tc?@%?&?ﬁé gggﬁmﬁﬁgmg%ﬂ'gﬁghégqgggﬂ%espe%f%Véw
m ni and maxi mum val ues of coordinate w. 14. The
met hod according to claim 12, wherein said step of
sel ect i Rgerdn:best cut of said surface along an axis
conprises the steps of., for an_index k ranging from
a m ni melrmoed e arcepertive MRPTERA TREYE Blvesf eeBiEt Hat e

of said axis, for a predeterm ned st k: allocating
Do ot | Pamd By PR o AP BT e S0P d e
MESh { N RO eabllibd fiiBulfabd bt Alkor CRRMAL AT €5

| ess than &; a F%catlng to a second portion al
triangles within said triangle nesh that are not in
said first portion; and defining said first and

secold Py hdtRg sccadingitololrBd 12 whergih salbstegt ofiselesting i bespduf of said
triangles in said first and second portions are

c onreedftce dlongn dxisepmgisty thes¥ePs®fd second portions have a
smal l er difference of triangle nunbers.than

] an .
exi st i nfr BeREex nging 5om ¢ MR FAE S BRI ST S
12, comprising the flul el,. step of: selecting a
resﬁ%@%?%%&c%s]ﬂ%u aﬁ%ﬂﬁﬁéach of said first, second,
and third %@cﬁﬁngataq fir® %ﬁ@ﬂt bl @iaBeidd OFithinCAl triafiglcO fife <& &hetl have

respective best cuts along said first, second, and
third verices with said axis coordinates less than k;

allocating to 2 second portion 2ll triangles within said triangle mesh that are
pot in said {irst portion; and

defining said first and second portions as a best cut of said axis, if all ﬁiangles
in said ﬁrét and second portions are connected, and said first and second portions

have a smaller difference of triangle numbers than an existing best cut.

15. The method according to claim 12, comprising the further step of:
selecting a respective best cut along each of said first, second, and third axes; and
selecting a best cut from said respective best cuts along said first, second, and thixd

axes.



axes. WD 2006/ 118544 PCT/ S&006/ 000011 -26 16. The
nmet hod according to claim1, wherein said flattening
step conprises the steps of: generating first and
artitions; placing said first and s
vw%%ﬁ@?@?%ns into a queue of elenents; and mﬁ?ﬁgg?ﬁgmmul
gueue is not enpty: retrieving an elenent from said
queue; determ ning whether said retrieved elenent is
to be further partitioned; nmapping the surface of
the retrieved el enent to a correspondi ng paraneter
regi on using a shape preservweg net hod, when said
retrieved elenent is not to be further partitioned;
and par ¢ Pefvdrgeoedinedo Pamh BRFETP RiddkEshine stp ePmprifes the steps
and gecond patches and appending said first and
second patches to said queue, when said retrieved
el ement gedefiiddFirh Gnd sbtohd ki@ t i tioned. 17. The net hod
according to claim16, wherein said step of
gener at iphgnsaiddir ad sécoipektitidenondugya bi dicens Snd
conprises the steps of: selecting second and third
vert i ce&hileihe queup)is tohgmatty | ongest FEucl i dean di st ances
from a boundary of said surface; selecting a first
vertex (vl) B EeRRFarHPta%H>sai d third and second
vertices A hat . | | .
| engt hs be%%een §§?§&Ef%ggkgﬁﬁg%%%%%g“%g?@%@%g&gﬁ
said first @pgnt B seablhCBSeved elfhdbl 1 Z8kkespSiRiing Ghiufier
a fourth vertex (v4) on the path between said second
and t hi region @ibg £ efape praseredd rhdiat, whetkdid etiena element dadohto be
| engt hs between said second and fourth vertices and
sai d f Sutheripatifiphed; pidr d vertices is mnimzed;

partitioning said retrieved element into first and second paiches and
appending said first and second patches to said queune, when said refrieved element

is io be further partitioned.

17. The method according to claim 16, wherein said step of generating said first and
second partitions comprises the steps of:

selecting second and third vertices (v2, v3) having longest Euclidean distances from
a boundary of said surface;

selecting a first vertex (vl) on the path between said third and second vertices
{(v3v2), such that a difference in path lengths beltween said first and second vertices and
said first and third vertices is minimized;

selecting a fourth vertex {v4) on the path between said second and third vertices,
such that a difference in path lengths between said second and fourth vertices and said
fourth and third vertices is minimized;

mapping the vertices of the boundary of the surface to a boundary point of a

mapped disk; and



mappi ng the vertices of the boundary of the surface

to a boundary point of a napped disk; and WO

2006/ 118544 PCT/ S&2006/ 000011 -27 partitioning said
and said mapped disk to formsaid fj

w@%ﬁ@%ﬁ%@upar titions. 18. The nethod accordi n%étﬁ%cz@ﬁegqow%n

17, wherein said mapping step maps the ith vertex

(x;, y;, zJ of the boundary to a boundary poi nt

(cos(2nL; /1), sin(2rLk/L)) of said mapped di sk,

wherein L; is the path length fromthe first vertex

to the ith vertex, and L' is the I|ength of said

boundary. 19. The nethod according to claim17,

wher ei npatiioging 53i¢ isurfagh prsgsaidomppéds disk tohferns sad §isbfind second

determning a fifth vertex having a | ongest geodesic

di st Bfft¥8™t 0 sai d boundary; determning a shortest

path fromsaid first vertex through said fifth vertex

to said fourth vertex on said surface; mapping

ver t ig e Snehddidg a&didble 8Bt 88 twhBah Raid RafPRk P mbd aR ih vEEx

segnent plp4 of a corresponding paraneter space in

pr opGs ¥i rof GE bbupikgy to;a tdafdim peigt (os@uli/f) AE2ADHLIR off daid Stapped

partition to be a curved triangle vlv2v4vbvl, said

sur f e Ve bj ig) the ippth fengih frpin thefirst yedendo tha éth oerte dog L is the

three curved edges vlv2, v2v4, and v4v5vl, wherein

sai d9EH4 d and fourth vertices are vertices

of said curved triangle viv2v3vbvl; defining a

par aneter space of said first partition to be a

curved fkdn@Rgh fcRhiR2i Has: 17, Witk sRApANBLSE conPACEMPEIHNG:

a region enclosed by three curved edges pl p2, p2p4,

and  p4gfgphipinybfftetencxayingrdongesngbofpdic diktency @lsiid Batdati

said curved triangle pl p2p4p5; defining a surface of

a seconérigyaiping ¢ shores pathEom said fingiagriax throygh [swd fifth vertex to said

vl vbv4y3vl ; and defining a paranmeter space of said

sec H&ﬂ?F?P?ﬁgﬁwﬁﬁmbe a curved triangle plp5p4p3pl

mapping vertices along said shortest path to points in a line segment pIp4 of a

corresponding parameter space in proportion of length;

dcﬁning_a surface of a first partition to be a curved trangle viv2v4vsvl, said
surface of said first partition being enclosed by three curved edges viv2, v2v4, and
v4v5vl, wherein said first, second and fourth vertices are vertices of said curved triangle
viv2v3vivi;

defining a parameter space of said first partition to be a curved triangle pip2p4pS5,
said parameter space being a region enclosed by three curved edges plp2, p2p4, and
p4p5pl, wherein pl, p2, and p4 are vertices of said curved triangle plp2pdp5;

defining a smrface of a second partition to be a curved triangle v1v5vdv3vl; and

defining a parameter space of said second pariition to be a curved triangle

pipSpdp3pl.



WO 2006/ 118544 PCT/ S&006/ 000011 _28_ 20. -The net hod

according to claim19, wherein said fifth vertex is

determined using a fast nmarching nethod. 21. The
cording to claim19, wherein said

‘Vgggﬁﬂﬂ¥%§1said first vertex through said f?Pgﬁﬁﬁﬁ&mmou

vertex to said fourth vertex on said surface is

determined using the Dijkstra algorithm 22. The

met hod according to claim 16, wherein said step of

determ ning whether said retrieved elenent is to be

further partitioned conprisesythe step of,

determining that further portioning of said retrieved

el em@ht The mebef Acraading topleim 13, Wheriy sid difth vérisx isintprained fising a

interior vertices to boundary vertices of a surface

i s grieHPEtiNERsHchr  equal to said first predeternined

t hreshol d and said nunber of interior vertices is

| ess than a second predeterm ned threshold. 23. The

met hog age Ae@bd@eddgGh @him 18 Grheidh Q5@ iHortSEiafl (SRR Bfst vertex

partitioning said retrieved elenment conprises the

f ur t higbugh kaPAfitofertexd®t said founth vertea o8 had biefste ie dgemindl/ Bing the

fromthree curved edges of a curved triangle;

sel edtijikvyg algoriffer-t ex v4 on sai d shortest edge v2v3,

wherein the difference in path |engths v2v4 and v4v3

is mnimal; and partitioning said surface and

par angt spac 0..0€e ' kor : .

Dt ogs 1o PRASbRaoREl fo Sk W i o Bibter i

sai d LRRESRRE S BSfutheSRARBHAE Bdmprike R KLY d2g et hod.

25. Apparatus for paraneterizing a surface, said

appar at UkteRilfy thsi fincher MEioRDP 6f SiliGBuldved element is required, when a

PCT/ S&G2006/ 000011 -29 neans for dividing a surface

i Nt o ritcodthe mypnberand ingsriok vlg:alpqs &0 boumdary vertices of a surface is greater than or

equal to said first predetermined threshold and said number of interior vertices is fess than

a second predeterinined threshold.

23. The method according to claim 16, wherein said step of partitioning said retrieved
element comprises the forther steps of:

determining a shortest edge v2v3 from three curved edges of 2 curved triangle;

selecting a vertex v4 on said shortest edge v2v3, wherein the difference in path
Iengths v2v4 and v4v3 is minimal; and

partitioning said surface and parameter space to generate said first and second

patches.

24. The method according to claim 1, wherein said remeshing uses a spherical

remeshing method.

25. Apparatus for parameterizing a sorface, said apparatus comprising:



means for flattening each of said first and second
parts to first and second disks, respectively; neans
for conbining said first and second disks to forma
,Wégﬁd& wand neans for- remeshing said spher epAR@s/000011
pre etern1ned resolution to provide a
mul ti-resolution structured surface nodel for said
surface. 26. The apparatus according to clai m 25,
wherein said surface is a genus-0 surface. 27. The
apparatus according to claim25, wherein said nmeans
for dividing divides said sarface arbitrarily. 28.
The apparat us_according t cls 5, wherein said
Bt oo

neans ﬂﬁﬁmﬁW@Pﬁ?ﬁésﬂpﬁPﬁé B ¥ace into
substant i al ijoyﬂagg | eadid d 8% Lot adsecond Bisks,
appar at 0™ acco g to L Erarm rein said neans

forn%hgbk f0i ng ut|I|zes a shape preserved met hod.

e apparatus according to claim25, wherein said
surfacammsﬂm&mmmmg@mamuammkmmamgubamnﬂu$hea@n The
apparatus according to claim 30, wherein said neans
for di vibehnfyr tame@kﬁ@rsmd@ahmw@es profipicgpiged; gggolution to provide a
calculatln% first, cond, and.third main axes of the

sur faplise B‘ésf’lécr“ff‘?dr?é meds}ipraid tdi nate system WO
2006/118544 PCT/ S&006/ 000011 -30 neans for rotating
a Cartesian coordinate systemto align with said

SUT f28C O GRREAE REdBnSY SkigITs, WiBRRS:E QFfad iS00 islFeean
origin p0|nt of said surface coordinate systemto the

centroid of said surface; and neans for selecting a
best cut of said surface along at |east one of said
fir<f, Beepmoius agprding pclam 3 hereip saifpeaps{prividing djvides said

first and second parts.
sirface arbitrarily.

28. ‘The apparatus according to claim 25, wherein said means for dividing divides said

surface into substantially equal first and second parts.

29. The apparatus according to claim 25, wherein said means for flattening ntilizes a

shape preserved method.

30. The apparatus according to claim 25, wherein said surface is presented as a

trianguiar mesh.

31. The apparatus according to claim 30, wherein said means for dividing further
comprises:
means for calculating first, second, and third main axes of the surface to determine 2

surface coordinate system;



32. The apparatus according to claim31, wherein said

means for translating establishes a bounding box of

the surface for first, second. and third axes it, v,
said surface coordinate system sgj

$afle F%‘ box defined by: al < it < a2, bl gbg’s‘iz"géé‘,’"‘"’”

cl < w < c2, wherein: al and a2 are respective

m ni mum and maxi num val ues of coordinate it, b I and

b2 are respective m ni mum and maxi nrum val ues of

coordinate-v, and cl and c2 are respective m ni num

and maxi mum val ues of coordit$ate w. 33. The apparat us

according to.claim 31, further. conprising. neans.for

sel ect | for I95ing 2, GAUTy SRS SR é"agﬁ;“o?'@“s 5‘11% surface

fast @3 fe@Rfker@nd third axes; and neans for

selecting a best cut fromsaid respective best cuts

al ong S aethsf for Gdnslatih@ eANGigin paRdof Rid GrfactaBordd¥R system to the

2006/ 115544 PCT/ SG2006/ 000011 -31 34. The apparat us

ac c orcehireid oftsaid eirfatepand5, wherein said neans for

flattening further _conprises: neans for generating

first amMPRed¥sHFipserctoheid spriagplong ghleqs) aae pfisajd Hag, epoond,
_firsgm é%%éﬂ%&éﬁ§£$%59%§mhgto queue of el enents;
means for retrieving an PPeient P¥fom sai d queue;

nmeans for determ ning whether said retrieved el enent

is to be further partitioned; neans for mapping the
sur f az.e Taf apblteny Rtckdi@\e Haifd 36 BRkintAd Ac@ROff RHRRRE efPlishes
par anmet er region using a shape preserved nethod, when
sai d 2 bepdipghes df &t ameetfor fisst.serond and tigd afkegut hend w of said surface
partitioned; and mnmeans for_ partitioning said

r et r FRVERE &YSERef#d Bomdme Pox Stved Y a6 scBrid 2ol ches Wl =< w
appegq ng said first and second patches to said
queue,2Mhen said retrieved elenent is to

wherein:

W

al and a2 are respective minimum and maximum values of coordinate u,
b1 and b2 are respective minironm and maximum values of coordinate v, and

cl and c2 are respective minimum and maximum values of coordinate w.

33 7 The apparatus according to claim 31, further comprising:

means for selecting a respective best cut along each of said first, second, and third
axes; and

means for selecting a best cut from said respective best cuts along said first, second,

and third axes.



be further partitioned. 35. The apparatus accordi ng

to claim 34, wherein said neans for generating said

first and second partitions conprises: means for

‘Néﬁhgg&}ng second and third vertices (r2, V3}cﬂ$&&ﬁ&oum¢

ongest Euclidean distances froma boundary of sa

surface; neans for selecting a first vertex (vi) on

the path between said third and second vertices
(v3v2), such that a difference in path |engths

between said first and second vertices and said

first and third vertices is-Ai-nimzed; neans for

selecting a fourth yertex. ). .on.th at h. bet ween
ol Qo RO FHITE P PLCERE (R Tk R Ry s

difference in path lengths between said second and
fourfh vertices and said fourth and third vertices

is ninigkg@ﬂﬁﬁﬁaaﬁgﬁﬁahdﬁﬁaﬂbmﬁmhhe vertices of the
boundary of the surface to a boundary point of a

mapped diesk for plathe\MDI REG6H S£ABE Attt CTASCROEETO00aE] 32
nmeans for parti;LoningPsaid surface and sai d mapped
di skt omews for hieving qoelspeny fiep sad@eid partitions. 36.

The appar at g?? {lﬁ?ﬁr‘flc Cl"OB‘rﬁg %B&%’Ae%sgo ﬁlcﬁl quvgg e:;e?ﬂcnt is g [:?e%lﬁhexs p%lﬁ%oncd;

means f 8F¥%H I'S€s’ mean

determ ni.0g & I.%inug NELIRX BAVENBrided QRAGS Lo 36QHESbiRIing

di stance to sal oundary; neans for determning a

shor %a?ﬁetepﬁéi&l fisfo Nshieé fredeivEG et WieX stidfe0lagh eBdéntlis not to
fifth vertex to said fourth vertex on said surface;
meants: fhrdier pasip@ictignd/ert i ces al ong said shortest path

to points in a |ine segnent Elg4 of a correspondi ng
par amet @eans Sefcrertifipping, B GFEFVEH clsment &gy it angesagead paighes”and

gﬁ‘; {,-%'HQ ' ?%i@f%ﬁ?@%ﬁ 8aif 3ichd, LohM ek RecGecPlement is to

be further partitioned.

35. The apparatus according fo claim 34, wherein said means for generating said first
and second partitions comprises:

means for selecting second and third vertices {ﬁ, v3} having longest Buclidean
distances from a boundary of said surface;

means for selecting a first vertex (v1) on the path between said third and second
vertices (v3vZ), such that a difference in path lengths between said first and second
vertices and said first and third vertices is minimized;

means for selecting a fourth vertex {v4) on the path between said second and third
vertices, such that a difference in path lengths between said second and fourth vertices
and said fourth and third vertices is minimized;

means for mapping the vertices of the boundary of the surface to a boundary point

of a mapped disk; and



said surface of said first partition being enclosed

by three curved edges vlv2, v2v4, and v4vbvl,

wherein said first, second and fourth vertices are
w%ﬁ%otsj z{éiu of said curved tri angle vl v2v3v5v%cw§§%§moﬁn

or°d I'ning a paraneter space of said firs

partition to be a curved triangle plp2p4p5, said

par anet er space being a region enclosed by three

curved edges plp2, p2p4, and p4p5pl, wherein pl, p2,

and p4 are vertices of said curved triangle plp2p4p5;

means for defining a surfacesnf a second partition to

be a curved triangle vlvSv4v3vl;and neans for

def i ni ngems fapatitsnes sgpsetaccoind safl aepst dng o e 4 F and

to be a curved triangle plp5p4p3pl. 37. The

appateet B E®or di ng to cl ai m 36, wherein said neans

for determining said fifth vertex utilizes a fast

mar chi ng net hod. WO 2006/ 118544 PCT/ SG2006/ 000011

-33 38, pfh ARl NS AECAKIAT B HiRrofl RhidVmdfis 6N QirBlicRing

sai d nmeans Tor detern1n|ng said shortest path from

sai degriglies:vertex through said fifth vertex to said

fourth vertex on said surface utilizes the D jkstra

al gor i t imans 39 de@idningop ffitaveex Bavigradpiegst ﬁ@d@FcefP‘iﬁ“%m said

wherein said neans for determ ning whether said

ret rp®YEE: el enent is to be further partitioned

conpri ses ns for de ; r
portlonfﬁﬂ'gFggﬂmﬁm%eq’ﬁgéﬂ%nkﬁgﬁgﬁghfggreqU|?ggﬁmvmtm
“252€§m&ﬁ&hﬂm&&ohQﬁhﬁﬁﬂ@er of interior vertices to

ary vertices of a surface is greater than or
equal t gesd i mhgphg Werfuced@igasidrinoas aih gmhlits i seament d1p4
nunber of interior vertices is |less than a second
pr edeftagpmmispreding farawstropage ingpprofpnof eBE%r at us accor di ng

to claim36, wherein sald means for artl I oni
retri ev@gausfosARANnE & Hisrs & égmﬁﬁﬂﬁﬂ%m §%3F%ﬁegﬁ£&wgl

shor Eéabdssturfa? d gte smd%:s%par{nombgnl?gr &Siokl H’ &19:6 m%dggg vIR2, v2v4, and

curv
vav5v1, wherein said first, second and fourth vertices are vertices of said curved triangle

viv2v3vovi;
means for defining a parameter space of said first partition to be a curved triangle
plp2pdp5, said parameter space being a region enclosed by three curved cdges plp2,
p2p4, and p4pSpl, wherein pl, p2, and p4 are vertices of said curved trangle pip2pdp5;
means for defining a surface of a second partition to be a curved triangle
vivSvdvivl; and

i

means for defining 2 parameter space of said second partition to be a curved triangle

plpSp4p3pl.

37. The apparams according to claim 36, wherein said means for determining said fifth

vertex utilizes a fast marching method.



triangle; neans for selecting a vertex v4 on said
shortest edge v2v3, wherein the difference in path
| engt hs v2v4 and v4v3 is minimal; and . neans for

t] ing said surface and paraneter spa
‘ngﬁébgigpsaid first and second patches. 41?S¥§QNM&WW&H

apparatus according to claim 25, wherein said neans
for renmeshing utilizes a spherical remeshing nethod.
42. A conputer program product having a computer
readabl e nedi um having a conputer program recorded
therein for paraneterizing a3surface, said conputer
progya product coppr.i sjng; 2006/,118544 - .
T 8o B GPBRs P ST 16 ST g AR o e s ssid
for @inbdifeoR sadblARRe tdbin bdid Sk ARGk 15 BELREHPRFK: DN said
conput er “program code neans for flattening each of -
sai Ghufrick diiza e Deeteagriatt s to first and second

di sks, respectively; conputer program code neans for
conmbining said first and second disks to forma
sphere; and conputer gfogran1COQe nmeans for reneshin

sai cP%s pHeraBPRE Aooardigp e PorWHEE™ SHESEnE tof Spripfging Whotber
| 4 ti- l.ut.ion . . f del
P OVl bl LS5R LG BLLElned surface mode

for Said surtace.” 4 rogram f or

par anet glingoPEhefnitiy Hif G SRIEnRY i@ B Xi ekl Required,
code for dividing a surface into first and second

par tiien £ Rteoffil@muiben b ititrion ger@ach b@idgavetlics of 8 burfaceds preater
second parts to first and second di sks,

r es pbantor equilyo saiirfulst prodhteringd tareplrbiil Aidrseid guhlegr 6f) intesfor yoriges is
second disks to forma sphere; and code for remeshing

sai dess e seopd prpfetgrmined 0%y ned resol ution to

provide a multi- resolution structured surface nodel
for said surface.

40. The apparatus according to claim 36, wherein said means for partitioning said
refrieved element comprises:

means for determining a shortest edge v2v3 ﬁpm three curved edges of a curved
triangle;

means for selecting a vertex v4 on said shortest edge v2v3, wherein the difference
in path lengths v2v4 and v4v3 is minimal; and

means for partitioning said surface and parameter space to generate said first and

second patches.

41. The apparatus according to claim 25, wherein said means for remeshing utilizes a

spherical remeshing method.

42. A computer program product having a computer readable medinm having a
computer program recorded therein for parameterizing a swface, said computer program

product comprising:
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-34.

computer program code means for dividing a surface into first and second parts;

computer program code means for flattening each of said first and second parts to
first and second disks, respectively;

computer program code means for cornbining said first and second disks to form a
sphere; and

computer program code means for remeshing said sphere with a predeterminéd

resolution to provide a multi-resolution stmctured surface mode] for said surface.

43, A computer program for parameterizing a surface, said program comprising:

code for dividing a surface into first and second parts;

code for flattening each of said first and second parts to first and second disks,
respectively; and

code for combining said first and second disks to form a sphere; and

code for remeshing said sphere with a predetermined resolution to provide a multi-

resolution stractured surface model for said surface.



