A Surface Paraneterization Method Cross-reference to
Rel ated Patent Applications This application clains

wo b@origght of priority under 35 U.S.C. 119 baRemSGIN06/000011
United States Provisional Patent Application No.
60/ 676723, filed 2 May 2005, which is incorporated by
reference herein inits entirety as if fully set forth
herein. Field of the Invention The present invention
rel ates generally to geonetrical nodels. In
particular, the present invengion relates to a nethod
and apparatus for surface paraneterization, and to a
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medi um havi ng recorded thereon a conputer program for
surface paranet gpésé-adférite RS Paterd Appldatibiace i s a
t wo- di nensi onal mani fold. The sinplest surface is the
spher e Tils ippli@terdilamnte dgiabof grRBly wiade U.S.¢. § 199 hasgbon United
called a genus 0 surface. A nore conplex surface is .
des GtitéseProvisionab Patery Agoticatiok Nof 69/ﬁ”é&7g£ Uiledy @ Mayy 3005 Which 1s
obt ai ned by adding k "handl es" to the sphere, For
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of an atlas.” Surfaces are typically represented by
tri aRgdshatoReh pog@mdorishifdspaagtetisdibe to m nim ze
di stortions, such as angle and/or area changes, when
mappi ng a first surface toBakseemhd surface. Surface
paraneteri zations are utilized in many scientific and

engi neeAisadace is a two-dimensional manifold. The simplest surface is the sphere in
three-dimensional (3D) space. It is also called a genus O surface. A more complex
surface is described as having genus k if that surface can be obtained by adding &
“handles” to the sphere. For example, a torus is a sphere with one handle, and a double
torus is a sphere with two handles. A sphere has genus zero (0). All genus-0 surfaces are
essentially sphere-shaped, but may vary in degree of deformity from a regular sphere.
Surface parameterization is a one to one mapping of a given three dimensional (3D)
surface, such as the Earth, to another two dimensional (2D) surface, such as a page of an
atlas. 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 engineering
applications, including computer graphics, computer-aided design, and imaging

applications, ~ Several parameterization methods are available. However, existing



appl i cations, including conmputer graphics,

conput er - ai ded desi gn, and i nagi ng applications.
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However, existingnethods exhibit properties that

restrict the applications to which those nethods can

be applied. First, surface paraneterization usually

| eads to mat hematical problens with orders of
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met hod conprising the steps of: djvidin surface
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surface nmodel for the surfaggmgcording to a second
aspect of the present disclosure, there is provided an

appar at 45 LplonRar G ekt Mreiod Us foRceomet $tOstaNIpIBL @t A6 least
conpri si ng:
ameliorate, one or more disadvantages of existing methods.
According to a first aspect of the present disclosure, 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 predetermined resolution to provide a multi-resolution
structured surface model for the surface.
According to a second aspect of the present 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



a device for dividing a surface into first and second

parts; a device for flattening each of the first and
waeewenwsparts to first and second di sks, resperti/86€0p6/000011

a device for conmbining the first and second disks to

form a sphere; anda device for reneshing the sphere

Wth a predeterm ned resolution to provide a

multi-resolution structured surface nodel for the

surface. According to a third aspect of the present
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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; and

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

code for remeshing the sphere with a predetermined resolution to provide a multi-
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 aspect of the present disclosure there is provided a computer
program product including a computer readable medium having recorded thereon 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 an apparatus for inplenenting any
won@enissthe af orenenti oned met hods. Accordi ng POT/SG2006/000011

anot her aspect of the present disclosure there is

provi ded a conputer program product including a

conput er readabl e nmedi um havi ng recorded thereon a

conmput er program for inplenmenting any one of the

nmet hods descri bed above. Ot her aspects of the
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functionality of step 650 of Fig. 6;

of step 220 of Fig. 2;

Fig. 5 is a flow diagram of a procedure DnCParameterize 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 functionality

of step 650 of Fig. 6;

Fig. 8 is a flow diagram of a procedure shouldPartition that performs the

functionality 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 illustrate the partitioning of a 3D surface and its

corresponding 2D parameter space;

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

a human brain;



Fig. 8 is a flow diagramof a procedure

shoul dPartition that perfornms the functionality of
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procedure Partition that perforns the functionality of

step 545 of Fig. 5; Figs 10A, 10B and 10C illustrate

the partitioning of a 3D surface and its correspondi ng

2D paraneter space; Figs 11A and H B are 3D conputer

i mage representations of the corpus callosumof a
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Det ai |l ed Description of the Invention Were reference
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Ows are ex ely or inplicitly
Detailed Description of the Invention

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 algorithmic descriptions and representations are the
means used by those skilled 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 leading to a desired result. The steps
are those requiring physical manipulations of physical quantities. Usually, though 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 like.



presented in terns of algorithnms and synbolic

representations of operations on data within a
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representations are the nmeans 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 algorithmis here, and generally, conceived to

be a sel f-consi stent sequence of steps leading to a

desired result. The steps areéthose requiring physica
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speci fication al so discl oses apparatus for perform ng

t he Rpafigirtdby% cofputer program stored in the computer. The algorithms and displays
presented herein are not inherently related to any particular computer or other apparatus.
Various general purpose machines may be used with programs in accordance with the
teachings herein. Alternatively, the construction of more specialized apparatus to perform
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 program, in
that it would be apparent to the person skilled 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 limited to any particular programming language

and implementation thereof. It will be appreciated that a variety of programming

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



the net hods. Such apparatus may be specially

constructed for the required purposes, or may conprise
w@2@enessad pur pose computer or other device sePEEGUO6/Y00011

activated or reconfigured by a conputer program stored

in the conputer. The algorithns and displays presented

herein are not inherently related to any particul ar

conmput er or other apparatus. Various general purpose

machi nes nay be used with prograns in accordance with

the teachings herein. Aternati-vely, the construction
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are described with reference to 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 neurology.
Three-dimensional (3D) surfaces that belong to genus-0 are topologically
equivalent to spheres. In one embodiment, a 3D genus-0 surface is represented by a
triangle mesh. The surface is divided arbitrarily into two parts. In a preferred
embodiment, a balanced cutting of the surface is utilized to provide two parts that are
approximately equal, as determined by the number of triangles in each part. Each of the

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



exenplified in the GSM nobi |l e tel ephone system The

conput er program when | oaded and executed on such a
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apparatus that inplenments the steps of the preferred

met hod. The principles of the preferred nethod

descri bed herein have general applicability to

geonetric nodels. However, for ease of explanation,

the steps of the preferred nmethod are described with

reference to surface paranetei-zation of a 3D genus-0

surface represent.ed Qy a triangle nesh. However, it is.
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such that there are 4 vertices on the curved edge V(Va, 3 vertices on the curved edge

V,V3, and 3 vertices on the curved edge V,Vs. Thus, the three vertices Vi, V, and V3
defining the big curved triangle are approximately equally spaced around the boundary of
the triangular mesh 100. A fourth vertex Vj4 is located on the curved edge V,V3, and a
fifth vertex Vs is located on the curved edge V;Va. Sixth and seventh vertices Vg and V7,
respectively, are located within the triangular 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 V, V>, by counting V; and V; and the vertices located therebetween.

The first, second and third vertices Vi, V3, and V3 are mapped to first, second and

third points Py, P2, and Ps, respectively, on the triangle 150. P; P, and P; are the vertices



wi th an enbodi nent of the invention. The triangul ar

mesh 100 represents a 3D surface patch, and is
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mesh 100 of this exanple has 13 external vertices on

the boundary edges. The initial step is to consider

the triangular nesh 100 as a big curved triangle w th

vertices Vi, V2, V3. Afirst vertex Vi is selected

arbitrarily on the boundary, and second and third
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boundary of the triangular nmesh 100. A fourth vertex V.
i s |edgraviguithe maximemoigrerarpmbergs dejorpined, 494 the cujveq [fiaggle paigh is

Vs is located on the curved edge Vi V2. Sth and vertex
s ev dhaniguijrip fyouEred rigpgle Ryiehes %&%%W&P%?? AP e PERAPEY
within the trjangul ar nesh 100. The vertices at each
end’BW“FHEm8%¥V@ e@ﬁ%@§S§W§wg§ﬂﬁFgﬁ as vertices of the
oo B3 BYATBUR AHIGRs S 158 RN S
| oc QC Sk é/\@,gg ~ 1S (1528815 A twdpichdd V(1524761) and
ver?%%ggi |F%®§§ an dggﬂg?%hnaéped ?o firggf sggond

and \?('ﬂmﬁlip 8o PlteheV(1524781)RRd VI(BSTIAS bievVided t9hd e path
triangle 150. Pi, P2, and P are the verticesof the

tri angle vl 30d inkespbaielp oge tiandlesPGRIBAP; dnd BgRsPuP1 dfithedriangled 0.
edges PiP , P2P3 and P1P3 are equal. The surface

par apyas ee infiddlé pointrodipige sagmbwPaPsy Veitisesrens fhe wairpathced s ¥ry+ map
curved edges V1V5V2, V2V4V3, and V3Vi of the .

tri amifokody ontelie PIRO Gontinying s prpgsure shleratcp Mot524763)pgto patches
and P3Pi of the triangle 150. For each curveg tﬁbiﬂ@'e
pat CY(ISTHRE) mhBER4E) by ety ¥a Vs BepeihPieh Y (1P fo two

ey 4 o g R S v e

's duensfsrgnrf; onn%o inesaﬁ;gs zEnIAT’glsé_l'}gs\ﬁg:gvetl);, Iwggrg i’seanﬁ @E zﬁ'@ m.idﬁle points of line

segments P,P; 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 into

triangular regions PoP4Ps, PiP4Ps, P4P3Ps, and P3P, Pg, 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 a predetermined
number.

For a genus-0 surface, once its two parts have been flattened into respective

triangular regions, the two parameterized regions are combined into a sphere to obtain the



then cut into two curved triangle patches. If three
curve edges have the sane nesh vertex nunber, one of

wo b@easswed edges is selected at random For eRENPGEE06/000011
sel ect the curved triangle patch V(152431),
representing the whole nesh 100, and cut the curved
triangle patch V(152431) into two patches V(1524761)
and V(167431). The two patches V(1524761) and
V(167431) are divided by the cut path ViVevrVv , and
map respectively onto triangiies P1P2P4P1 and P1P3P4P1
of the triangle 150. P4 is_the. nm ddl ' ) '
s egREAmetpizpion offbe vhelewriags. [ifeauiys snbogﬁlﬁg%dwl%gidtﬁg ‘S‘“hes
uniformy. ontog line PP . b DU niss, procedur e,
cut OB‘EW ?#IVPSB% pt! %ffnell'artletdg asgg{;lf:‘hg J\i}%tletg%@% 1) and

V(52475),, by; Mlo¥Pdiagh{he B thé WirfaBPedeld(idhidr! Bikthod
into ta%gg%?gﬁégﬁ%%%%gi (anéﬁb(36743) gy cut path

V3V6g0 ihcofddhice Rh BS ebiAst o2 iedboBPhe iuittiod brgins 20mBECIN
lines P4P5 and P3P6, respectively, where P5 and P are

N d@lef 2 Pindtpfocefis foi srep 296 duEmtssin RipPOgeawsc) g intfjtego open half
resulting four small patches are sufficiently smal

and smeees shahd i9e which statera dveymon Ppundars Sy (Step 730 flgisps iy open
patches of the triangular mesh 100 nap into tﬁ% n&Hﬂ%fk
r egibalfigiREPARs? to firmamgespdipg tisks di apfl 433pspecBysly. Bach of the disks
respectively, of the triangle 150 by using a shape

pr esibrdZdtfdefiaadbsd. In this exanple, a patch is deened

to be sufficiently small whep _the number of triangles (g
contained therein is |ess than a predet erm ned nunber.

" 39 f bt t aR/E8 mappe
f P;ﬁ%g%%galrjlﬁ ¥ Fre%huerco%&ﬁ%tes% B 2b gﬁlaﬂl\é\:@r PRL! Snd EMRIAREER mapped

O respectirve tri ular ‘regions, the two
par I | ions are conbined into a sphere to
obtggﬁggﬁgégﬁgﬁggéiization'of t he whol e surface. If
requi red, snoothed and nukX4y?eqsol uti on meshes of the.(@
original surface are generated based on the
par argtr8iphsattiofitep B3@to s@p 240, aiich cvpibimesthe ditkis dh 4P todfgym 2
di agram of the surface paraneterization nethod 200 in
accaophtadefinaibiyh an enbodi nent of the invention. The
met hod begins at a BEG N sfeg 210 and proceeds to ste
220 that cuts an input geKus¥ G ztlface into two open”
hal f

where z is a coordinate of 3D space obtained by extending the 2D parameter space.

P

The first disk d1 is mapped to:

2= & +y%) @

and the second disk d2 is mapped to

Z=*-\’(X2+)’2) ... ®)

where X% +y* < 1.
Control passes to step 250 to remesh the sphere with a given resolution to obtain a related
surface model. The remeshing is performed, for example, using the spherical remeshing

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



surfaces si and s2, which share a conmmon boundary b

Step 230 flattens the two open half surfaces si, s2 to
wo eooariessus espondi ng di sks d\ and dl respecti veP@T/SEHD6000011

of the disks dl, d2 is defined by: c2 +y2 <1 ... (D

where x and y are the coordi nates of the 2D paraneter

space. The boundary b is mapped to the circle defined

by: X2 - =1 ... (2) Control passes fromstep 230 to
step 240, which conbines the disks dl, d to forma
sphere defined by. x2 + y2 +12 =1 ... (3) where z is

Safg{%dé&at egé%HS%QZD?(? ,Ef%s'eg%g\anl IND 5 gdjg@%n& he K,Qhod

g%n and the second dISk dl is mapped to where x2 +
"eht r ol passes to step 250 to renmesh the sphere

W' t h a gi e Rmb&RR lhOReth@i Q0 &F Mg 22 isCinipleRidnted) bfisCmputer
nmodel . The renmeshing is performed, for exanple, using

t he paher ikel staneshurgproRin @dddes ki diadtet on"aSginenl pagpose
Paraneterlzatlon and Reneshing", Praun E. and HoppeH.
ACMc&hftrARBHIROBR. AGodranD parpaegeésGinpslamccipths tellpwigrs input
and the nethod term nates. In one enbodi nent, the

net ipedm@Oe soffacEau siz2. The sufpre eremeterdlefings Ay owbeﬁpé?o surface.
program code. Such conputer program cgde can
exe@h@é@e@ﬁm@ﬂQGWQNEFHEUWﬁ@§é°Edﬁﬂﬁ?é¥'%ﬁ“?ﬁ%mfsWEweﬂ?be
progran1paraneterlzeGEnusg% e|ve the fo

I np uke ﬁléq- a]?f)@tpg}ggam IgzmnTegélée g?n? ly-raﬁ:gw%s Lﬁ,jjffleng éxe 9arameter to
parg rﬁﬂ\enre rgateci rgr%gsh«%nsux?ace %o&?pro&%gdjb%r sgp o5 1@ &% saved.

In this implementation, step 220 of Fig. 2 is performed by a procedure CutSurface,
and step 230 of Fig. 2 is performed by a procedure DnCParameterize, which adopts
divide and conquer strategy to flatten each open 3D surface into the unit disk x4y*< lin
the 2D parameter space. The two procedures CutSurface and DnCParameterize 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 V2, Vzand V4. The triangular mesh 300 consists of two triangles V{V,V3 and V{V3Vy
which share a common boundary V,Vs. 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
V{V,V3VsVsVe. The closed 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 v1 to v2. If there is a path! from v1 to
v2, and a path2 from v2 to v3, then it is said v1 and v3 have a path pathlpath2 from vlto

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



The size paraneter specifies the nunber of vertices of

the reneshed surface to be size*size. The program
w@anoaresses i zeGenusO optionally receives a fil ePern®G2006/000011

paranmeter to which the related reneshed surface node

produced by step 250 is to be saved. In this

i npl ementation, step 220 of Fig. 2 is perforned by a

procedure CutSurface, and step 230 of Fig. 2 is

performed by a procedure DnCParaneterize, which adopts

di vi de and conquer strategy'ﬂé flatten each open 3D

£
23;8"" i o e o O e dad iR PR B oo
gecﬁgﬁ?i 5§s£§&éh\§naiokga8§cugg%%écltelaggthle ﬁ;uﬁcﬁary mﬁlrﬁhg b #£€3B, in

s represente dar Irectional triangle
Mes R Syire@Rnat IBQ&W@MS' "V;FNQWV@% tﬁ@f}laﬁlh’rdﬁ VatcSeNRBadds @dges VaVs,
di agram representation of a triangular mesh 300 having
ver i, ¢asd Vi,vsVahile\dR atdioMdV;s td gintlidensiged BV e, RS hand VG V-.
consists of two triangles V1V2V3 and V(VsV4 which
shar e &@Fig a@rinoitovodisgraiaofthe\ B faddpeocedigret0f icoresspdnding togfep 320
triangul ar nesh are indicated by arrows. The direction
of ehFis. Bddee procedyedPd begihs gba BREIN stz 4 Hbinderocssds éstpp 420,
triangle of the surface points to the same side of the
sur wiich calgylaes mpim gxgs ol a3 H‘é‘h’é?t plths WHREISRE §F|P8H°‘E}f coqnponent

cl osed path 350 ha in vert | V2V3VAVSV
c| og'&&vs@ ehod o ol i iR B EAPYIAdR Ao Lindsay

def iSn.l ix ell‘i%%\gv cg (Eta % a<‘¢:’rliI I oS153/s (%rtt t{l%ﬁ?l&?{ntci?glegbnﬁbneﬁ@ ?df.

ang € edge Tromv

I S %ﬂhﬁ% EQ?B% o esEe HE toasteg I4t§ﬁ Ghnic rl‘@t!itesocﬂé bartesﬂﬂ (Yo%rdfufaf?:@}'stem

vl to v IS a fromvl to v2

apaifige gtfrﬁg@ ¥ A1 QVlfﬁ%te thiSaih fxeb 81, BB iafkd ¥ 1déliﬁ£iedf13 stbﬁm. The
path pat hl path fromvl to v3. Wen a closed surface

IS @&y cbdilifatd ¥YRteMPiS Memitd faa@esw. tdvate thdnepaksaOto step 440, which
di rectional closedpaths along the cut that are the
bourslanitesa1pd2, bhe?2t vip ampen which i diesmaxnen efd mnémynpmalues of
di rectional closed paths along the cut is selected as

t he corodimatamyy arfet wspertivglyt Shusi figr eagiBvertemofithsugfpqeclbe fogrsates
boundary V1V2V3V4V5V6, the path fromV2 to V5 |ncludes
edgés v\ eBthe vty sasisfyf: a5 ageh‘ﬂ TVEHS PACh=H 8FV5 t o

i ncl udes edges V5V6, V Vi q V1V
Control flows to step 450, which selects the best cut along the u axis. One method

for determining the best cut is described below, but it will be appreciated by a person
skilled in the art that other methods of selecting the best cut may equally be utilized. For
example, the method presented in “Geometry Images”, X. Gu, et. al, SIGGRAPH 2002
Proceedings may equally be utilized.

For an index k ranging from al 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 u-coordinates less than k are allocated to part s/.

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

s1 are allocated to part s2. This partition is denoted as cut(sl, s2).



Fig. 4 is a flow diagram of the CutSurface procedure
400 corresponding to step 220 of Fig. 2. The procedure
wdo®chessihs at a BEG N step 410 and proceeds tBCEE€M06/000011

420, which calculates main axes nl, n2, and n3 of the
surface using the principle conponent anal ysis nethod
presented in "A tutorial on Principal Conponents

Anal ysis", Lindsay |I Smth,

http://ww. cs. ot ago. ac. nz/ cosc453/ student _tutorial s/ pr

i nci pal _conponents. pdf. Conttldt passes from step 420

to step, 430, .whi ch rotat t he t.esi lnat &
System B i PG BT 3 oSt TH Aol i, ) bos
axe . c | s2) as
coo it fBten @Aetiad AERLY 1 Aok 2 TReER: cul IR 42
PasgRped OueSt €p 440, which calculates al, a2, bl, b2,

cl, and c2, which are the maxi nrum and m ni nrum val ues

of coorchniatpRSesfom\stepash st psqoeekittveleyts th besscut florg teaciis,
vertex of the surface, the coordinates (", V, W of

t he uslgy 4 duils ptocsss 1 tha déscrbed above iy redpedt okthe u axipin steg4a0. cStep
| <w< c2. Control flows to step 450, which selects

t he 4Hbten eakictsatho hegt Eerlang dbei 18 axiongaigatsing@ similar process to that
determ ning the best cut is described bel ow, bgt It

wi | Hesprabed e i raspesy obe w afpinstsR 43k i 1p s Fmbpdimeps degpribed, steps
t hat _ot her hods of .sel ectjng the best. cut

T by e pieetesoaSatlyn P B ST b e Ry a gon
in " netr es" . X P

pr o SEIR E E to ha, 2 Fpred B pmy AR AR b ofthese
rangj r nd with a given step AK,

per ?%&?n“”{yﬁg%“f‘%\?ﬁ%“??eps: 1) AT triangles within

the tri@Rghi§ABSH st 480ReseBLiMBIbestend BERe {ukfade ffoifhe best cut for
vertices with u-coordinates |less than k are all ocated

t 0 Rahlespdctivedkis A v, arldrv. aTdgird Sheipdskts b infB steépABPl e nesh

of the given surface that are not in part si are

al | ocat®gl 5tioa flaw diag@m 500 bisthgeomtroltfloprof japragedust el Pagumeterize,
cut(sl, s2).3) If all triangles in si and s2 are
conmbich eetformndie funetiopality efrstep 23R ¢Eilg. 25 The Rip(cPagamerriipq Rpeedure

di fference of triangle nunbers in si and s2, then keep
t he reseiFsan o siifase andsaz)assagiated directional boundary, and uses the divide and

conquer strategy to flatten the surface into the disk x’+y* € 1. The DnCParameterize
procedure 500 starts at a BEGIN step 510 and proceeds to step 515, which receives the
parameters surface, boundary, disk, partl, and part2 to generate an initial partition partl
and part2. The generation of the initial partition will be described below as the procedure
generatelnitialPartition with reference to Fig. 6. Control proceeds to step 520 that places
initial partitions partI and part2 into a partition queue g. Each element of the partition
queue g is awaiting further partitioning. Control passes to a decision step 530 that
determines whether the partition queue g is empty. If the partition queue g is empty, Yes,
control passes to an END step 570 and the procedure terminates. If, however, at step 530

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



the best cut. Control passes fromstep 450 to step

460, which selects the best cut along the v axis,
wQIg00ag188446i i | ar process to that descri bed aborR€r/8G2006/000011

respect of the u axis in step 450. Step 470 then

sel ects the best cut along the w axis, again using a

simlar process to that descri bed above in respect of

the u axis in step 450. In the enbodi nent descri bed,

steps 450, 460, and 470 are presented sequentially.

However, it wll be appreciatliéd by a person skilled in

the art that these steps erforned in.an s
o @ FadopEER o d B1d TS B i, i 2l R e perison
in ggg]lel. Control passes to step 480 to select the
best"C0f for the surface fromthe best cut for each

respectgd | cSedbl 1o dbeisiB Heps4060 Be&rRiine tHASRerRRSE@iSvel Qartifion
END st e%O\éﬁ%?AcFﬁ g.to 5 l|Sls aeﬂfl\lls ow di agrngm 5060r of the

CoNb,E@ls 18 beQuitRf pattitiBieQC EEHHeR iR iR hélier Sthot ¥aktilion is to be
pertornms the functionality of step 230 of Fig. 2. The
Dn CRathapir@iongde will ®€ eiitfibedr Bter ue sheaprocyden SenldReoéioandith
an associ ated directional boundary, and uses the

di virdigerant Ko 8qlikthe partitimh égnpt todbe fphezitioned Noheongelppegesefrom step
into the disk x2+y2 < 1. The DnCParaneteri ze procedure
500 54 @ ster568: WhictBmes e sirbpe of 1y paHonHay deepsTetPandingdigrameter
515, which receives the paraneters surf , Jboundary

di skegiopapipg shage, gresrayed snethqdsyknpgmn fp dhasg, Sl?‘l?ﬂ%t i ffje art, such’ds the
partition r{io.an rt2. The generation.of 1

o Btk A PP e P20 B B Bl o o
procedur e ¢ [ ti ytd ' f -
D SR E DY) AFLIL G UL Ly el oG Some
| ni §i,4) \ ﬁéﬁéﬂ%’] td oft, R?Eéek 153700 8B AL brgfrol Rtubhs FroRAeh isb BHrHecision
gueue . Each elenent of the partition queue q is

awalgdp 550 1§ SetdrhIRE whdke: thble @RIaRPmorepatiidab indiRs@es. t 0 a

deci sion step 530 that determ nes whether the

partit i Returflhedttefl SHG ifaligiastitioh part Beo pafiutther patitiagerk Yes, gontrol
is enpty, Yes, control passes to an END step 570 and

t he p@sae steyr B45t ey Hapesitions fhe faditien part intet patchesppaB B @nd prst2.
partition queue gq is not enpty, No, control passes to

st e [Fh& Seplenkeatatione of fhe \partitiepingais tdetcribgdpeiaw Fith asferprse to Fig. 9.
partition queue q, and then deletes the par iti%nlpart

f r offeRtiph P3sEes o stgg 545 to step 550, which appends each of the patches art] and

part2 returned from step 545 to the end of the partition queue g. Control then passes from
step 550 to decision step 530, and the procedure continues until the queue g is empty.

Fig. 6 is a flow diagram 600 of a procedure generatelnitialPartition cotresponding
to the functionality of step 515 of Fig. 5. The generatelnitialPartition procedure 600
receives an open surface, an associated directional boundary, and an initial disk &4y <
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 vs having the longest Euclidean distances from the received parameter boundary.

Control passes to step 630, which selects a vertex vy on the path vsv» to minimize the



gqueue . Control proceeds to decision step 540 to

determ ne whether the retrieved partition part is to
wheoobargsier partitioned. The determ nati on as POI/SG2006/000011

whet her or not a partition is to be further

partitioned will be described bel ow as the procedure

shoul dPartition with reference to Fig. 8. If the

partition is not to be partitioned, No, control passes

fromstep 540 to step 560, which maps the surface of

the partition part to a cor relépondi ng paraneter region

USI n%@rsegc?etpn? nglbgs St V ?‘ﬁ t{‘fggﬂ% 0‘e73 A tepgig% Em%r? Se&l%ulr f%r%q V4 ON
Par r | 7 %@Blaﬁf)%e-r %rfc@ gﬁfﬂqen% F L YK atlFl ?@‘érﬁirw% Steps

and vance tlreso u

Geo'&?é Edd%sh/%? bk IpBYebrmedPin 12 Sder, MEin | padinel HELGRE BRAiis provided
2004, at pages 1£7 186. Control returns fromstep 560

t 0 dgek Hith RefesdnePoFRV100 determ ne whether there are

any nore partitions in the queue. Returning to step

540, i fcdnohel pased frdn 94p G38Kd stdpH40,ovhib nfiaps thbgertices of the boundary
partitioned, Yes, control passes to step 545. Step 545
par bf i ewntscd thehehanitdaty ipoint o dretdigen fropagistlem 1 ith Aprier Gty 20 of

o i e GHre  fepergrE R (bR SuBelmhal e k. Lii
o e Ay t@?h%ﬁuvsetﬁ & ex P i Ul PR PP R
pas 88 fir B dpPutlis kel %,“12 2 picagh g, 0 fions e
pr o%r?r?cﬁlélgo \%d da%gltté gﬂﬁ%%tg ‘&U%#Jtchgﬁzrﬁ Qﬁ&*ﬁarﬂ e RABHoMalitybtGtep 850

procedur e

gen%l@ﬁ@&e&&i‘b&i BRR! Wit rOBre R td ﬁ%pp Rhhird _l[gﬁs@estffbﬂl step 650 to an End
unct|ona|ty of step 515 of Fig. 5.

gengepbed il the dbrBRkAifidIRIi1I pRecHufeeerliBies. eCEl VES an
open surface, an associated directional boundary, and

an i ni t¥igl7 di sRow X2gywd 700 bf 2 peevedugemenBloess tdmespopding gl the
partition of both the surface and the disk. The

I es filrkgonalitg of btop 630 ofrFipdr dFretrescsdysameinPreds P} qommerges at a
generatelnitial Partition procedure 600 comences at a
BEGBRGEY eisp 610 ansrriogseds de aer; 730p which deterpines @iersy b dhas dpssthe

two vertices V2
longest geodesic distance to the boundary. Further detail is provided below with

reference to Fig. 10A. In one embodiment, the fast marching method described in
“Computing Geodesic Distances on Triangular Meshes”, Novotni M and Klein R (2002),
in Proceeding of The 10-th International 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 sufface.

A next step 740 maps the vertices of path vivsv4 to a line segment pips in the
proportion of length. Control passes from step 740 to step 750, which generates the

patches part]l and par2. The surface of partl, called partl.surface, is set to be the



and V3 having the | ongest Euclidean distances fromthe
recei ved paraneter boundary. Control passes to step
WO 30s/11454ch sel ects a vertex vi on the path V3RCI/E862006/000011

mnimze thedifference in path | engths of the paths

V3Vi and V1V2. Step 635 then selects a vertex v4 on

the path V2V3 to minimze the difference in path

| engt hs of the paths V2V4 and V4V3. Steps 630 and 635

may be perfornmed in any order, or in parallel. Further
detail is provided bel ow wi tfié6reference to Fig. 10A

Cont r ol f tep, 635.t0 40, whi
oot PG GrRE SR dRB o EPuTET sl e
bou ngg? ¥5¥2p, %;Vn tan 4] %Vr[] g?l(lj I I'tlcetp (%r tﬁel &lweﬁl [rlan%lg' S‘C Is V’h and V4.

ver £ oundary is ma

b e u € P1p2pPapss
OB Bl 9347 féﬂﬁé%’%”’f”?é"% ey ‘?{“ﬁ"‘“‘&%‘r prpe

and thwh%s thdRebf %IOEEdey e tRredétiRE 3llgés pipY Hiph@hd p@ipRi Thel three

provi ded below with reference to Fig. 10B. A next step
650 vakds of thodisvel kRngeiré po, mdg,. di Sk to generate two

pat ches parti and parti. The functionality of step 650
wi || beSiniaslyr itoeairfive| df\pavd.t fjureinfcernis sett i i @e cqrved triangle
Control passes fromstep 650 to an End step 660 and

t he vgemerateed et painPisr of PEeh PErRBES St b figcryed triangle
Fig. 7 is a flow diagram 700 of a Broce

mai BMsRIRRE s (EBEY RESEH AR Al BNP ke 100 v %a‘?mc?%w o RS

650 of Fig. 6. The procedure mai nProcess 700 conmences
at &"BE¥PN step 710 and proceeds to step 720, which

det erm lpeSS fﬁ){vtde dgra 5860'1)?%} Pros dufe kgb?t?t Cgl%%iﬁélhg to the

di st ance®to" fhe"bo I'S provi ded

bel 0 I u 06! EsHRtdnce
t he géqntdﬁ %F{]&rﬁﬁ %?Fiﬁo%l Fg%SpcéE%éethP rfgﬁl%gﬁ)ggt i ng cesata

Ce0g%inG stk) §l03Re gx%cegéib td b ERN@Ykidh stheSioart detdwmined Whettyl a ratio
and KI el n (2002), in Proceeding of The 10-th

| Nt F atibioRAicesto BbumEAN CetideflofGaiNen alrfabtipaiparfaa iddesyphan @first
G aphics, Visualization and Conputer Vision (WCG,
pagesdddihindd hresBAO2, Ifitte raeic ndtdessl e therifirse predintermined digeshold,
Vs. Control passes fromstep 720 to step 730, which
ut i INozemtroltpassedi tp laseqond deicigion steth P30t that determines whether the number of

interior vertices is less than a second predetermined threshold n. If the number of interior
vertices is not less than the second predetermined threshold, No, control passes to step
840 which sets a return value to TRUE. Control passes from step 840 to an END step
860, and the process terminates.

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. Control passes from step 850 to the End step 860.

Returning 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 return value to FALSE and the

process terminates at the END step 860.



determ ne the shortest path fromvertex Vi through the
vertex V5 to V4 on the surface. A next step 740 nmaps

WO b@ouesstd ces of path VIVSV4A to a |ine segnent PEI/AG2006/000011
the proportion of length. Control passes fromstep 740
to step 750, which generates the patches parti and
part2. The surface of parti, called parti. surface, is
set to be thecurved triangle V1V2V4V5V1, which is the
pi ece of the surface enclosed by three curved edges
Vi V2, V2v4, and VAV5V1. The t#fee vertices of the
cur Ved tPEg Ebngl L g%edl y&) of'] a roce(%u-lrg] ?‘aigﬁgrfaggrtre&gjong’ H% &S the

of parti, par para,

tri aﬂlqéu%n dg% o‘f‘@fgc.‘h The Eﬁo&qu& @LHAbh ﬁ&%Q;rggan@yer}mthm

three curved edges pip P2P4, ‘and P4psp

ver t ife8ifiesof pitddeof GUdumed tﬁahgla R@ta8e PhrEsuflice alla c@ﬂaﬂpoﬁdmg curved
Simlarly, the surface of part2, part2.surface, is set

t 0 beiaighepauiieiee shater paaipgtae THA WodMS VPhrritiam partidv@s both part.surface
paraneter of parti, partl.para, is set to be the

cur vad partipamgb dorfi 1R R4 Parts /@oh tand parffa SBesprecedue P&kifion 900
step 760 and the procedure nmai nhProcess term nates.

Fi g comegces sy RS Fi P M erpire passesp St determines a shortes
shoul dPartition corresponding to the functionality of

st ep®6a B voifonEige Cﬁved?ﬂ%"s ﬁfrtB"ccé‘H’ﬁ‘il WA dee; Rrng dstsppined
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surface partsur ace | rede ermn

t hr eg§inodsdhd procedurd %nﬁp@l&éspdés&b&%bolzee@fﬁn Ieﬁ?erﬂcé B&id. 1718 bartition
predeterm ned threshold, No, control passes to a

S eC ol p sl ade AR SbrQardi3 @erkﬁ@ttwgfduﬁésma% Snd/$aR he€bntiohhsses to
nunber of interior vertices is less than a second

pr ededp@sOraddelet prdtedngd Wiration terhinattdne nunber of interior
vertices is not |less than the second predetern ned

t hr eshoFigs 14, 18Bnindol0dkstets the mittitipnigl Of \ehBR2 Fsudet sand its
return value to TRUE. Control passes fromstep 840 to

an Eqpespensing pa@metanwaeh iggetionrefedges arei indi¢ated by Rerows: nfiiggl0A
to step 830, if the nunber of interior vertices is

| essShpwsan qnﬁx@alsi’,é)csaﬁgfe patch in which a point vs has the longest geodesic distance

to the boundary v;vavsvavy. The conquer and divide strategy described above is used to
map the boundary of the surface shown in Fig. 10A to the boundary of a corresponding
parameter space. In an initial step of the procedure, corresponding to procedure
generatelnitialPartition of Fig. 6 described above, the parameter space is a unit disk, as
shown in Fig. 10B. In the middle of the partitioning procedure, corresponding to
procedure Partition of Fig. 9 described above, the parameter space is a curved triangle
region, as shown in Fig. 10C. The cut paths v,vsvs and pipsps 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



predeterm ned threshold, Yes, control passes to a step

850 that sets the return value to FALSE. Control
w@awsasssis om step 850 to the End step 860. RetPCTBGLN06/000011

step 820, if the ratio is less than the first

predeterm ned threshold, Yes, control passes from step

820 to the step 850 to set the return value to FALSE

and the process termnates at the END step 860.Fig. 9

is a flow diagram 900 of a procedure Partition

corresponding to the functionatity of step 545 of Fig.

5. The procedure Partition receives a gle{ H&}I
SpectFSEE L Bt GVt OGS MEE 17 SSRGS 10y} 1 dgieiact-Toomous

par alabaleeBRch ALt PA PR AL 4T LA view

pat tpala t1on
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smal|l parts parti an The procedure Partition

900 GRWHEBIGES 18 ard IBE%%&&&P whd:@in Fpd 120 5o ® the IMESHA Snd Fig.
to step 920 that determ nes a shortest edge V2V3 from

t hr e @21 sHowe Ghecile parf Thd egit ot ed fukthérgragitiened into 8 small patches
part.surface. Having determ ned the shortest edge
V2V3indeed by bio Sradshsvntio Figt é3A. 9B@ fatition efdlserotrespending parageter
V4 on the edge v2v3 such that the difference in path

| engéraes Wahewngdn digva3@R The pertitionrproerdureAs Fresesented &) agarition tree
utilizes the géocedure mai nProcess descri bed %bove

wi t hshowr &y Ry déB.t Bhepprgtionzirep Jlugfespep fas (i enfir@Peeiacs a*}?”aé‘éﬁg
d t t te t tch

Cont P40t s Swrmshol 1@%%@%%3‘% T ER LA B PPl figg ovo

term n%%se an(i: bgm \9130% C1m des %% 3‘41 laﬁ'c?‘ Erlf?ctllﬁleé &?ches 5,6,7,8.

par t PA6hT 3G of sUr i"t$"correspond

par aﬁﬁéhe{: lsstﬂélp%'&tltgh JaShidb! ufafudlﬁg'g%ﬁd ar Sidl ik ﬁ@ﬁx@iq%b)ﬁnd 4.

arr ows ows an ori ginal 3D surface patc

Whi CPasdh E’leﬁlhuéééd @S () €28nd @10 8Shudig LS SRASH, hekeid IGERARICE ©and 7.
t he boundary V1V2V3V4Vi. The conquer and di vi de

st r at egyideaaart e ilRb@wethhtSthe) 8@ 0patamedR fiskshee banbietdny form a
of the surface shown in Fig. 10A to the boundary of a
cor r papaead ispigrepad asTgdnente pgrorectridahingge. i Higt 148 showe the phrameter
the procedure, corresponding to procedure
genedisit el lef parRdFigi 1340 Fig fl4B-shgws & mappingrof B grarameeredisk of Fig.

the paranmeter space is a unit disk, as
14A into an upper hemi-sphere. Fig. 14C shows the parameter disk of the right part of

Fig. 12B. Fig. 14D shows a mapping of the parameter disk of Fig. 14C into a lower
hemi-sphere. The upper 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 particular control flow. There

are many other variants of the preferred method(s) which use different control flows



shown in Fig. 10B. In the mddle of the partitioning
procedure, corresponding to procedure Partition of
wo2@s/185descri bed above, the paraneter space i BCEHSG2006/000011
curved triangle region, as shown in Fig. 10C. The cut
pat hs V1V5V4 and pi psp 4 cut the surface into two
parts, respectively. Figs HA and H B are 3D conputer
i mage representations of the corpus callosum which is
a broad, thick band running fromone side of the hunman
brain to another andconsi sti‘rf@' of nerve fibres. These
I mage Le ik L8 NEu[QMMBRWYe b dré of
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corpus callosumfromFig. 1IBis cut into two open
sur f acemeShana df Rurfice) pararidedizativd id piferablyspatiscdwsing a general-
wherein Fig. 12A shows the left part and Fig. 12B
shoyampbse eompuntsysear 1600, Eheh asitighshopya in Figs16f wherdipihe processes of
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par aneter space is shown in Fig. 13C.  The, parti.ti.Q
pr océdinr e pampuish FEEEH {8 Y Pé“‘g'ﬁ?rt ﬁ‘f’isg’ﬁs of g‘% mefhsd OF surtace

snown I n

Fig. 13B. . Th titi i t . ions in the

o e G G oo g Y Gitesbd R nkiions i
. | h . C | ma’ e as one or

7T CRRRS et REEE TR b b ifuc P inieeln Omayle8fofied s one

. | achy i . Clrsso € ma

R T

en partitioned into: (i) E

I NCl pidi 43 GiidkdeANidto2iwooddPardtd ipdrisir Whichidi fagt garapraiforios Matsetface
Bis partitioned into: (i) 8; and (ii) Dincluding 5

and pgaamébBehton méthdds edigl@Bord pan ahaifaged—a ger Intkiatechetwprn the first
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to franBadhoaen bt erftvapheyde somdd g qgmpderaeadable medium, including
geonetrical image. Fig. 14A shows the paranet_erwgi k
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_preferably effects an advantageous apparatus for geometric modelling.

The computer system 1600 is formed by a computer module 1601, input devices
such as a keyboard 1602 and mouse 1603, output devices including a printer 1615, a
display device 1614 and loudspeakers 1617. A Modulz;tor-Demodulator (Modem)
transceiver device 1616 is used by the computer module 1601 for communicating to and
from a communications network 1620, for example connectable via a telephone line 1621
or other functional medium. 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.



forma single sphere, as shown in Fig. 14E A

geonetrical inmage is then derived fromthe paraneter
waphenessef Fig. 14E, as shown in Fig. 14F. Fi gRCT/S62006/000011

15D illustrate the renmeshing of the paraneter sphere

of Fig. 14F to produce nulti-resolution nodels of the

corpus callosumof Fig 1IB. Fig. 15A is a 30x30 nodel,

Fig. 15B is a 40x40 nodel, Fig. 15C is a 50x50 nodel,

and Fig. 15D is a 100x100 nodel. The aforenenti oned

preferred nmethod(s) conprise @0particular control

flow. There are man er. variants of the ferr

met hod( fcﬁ‘eﬁ?ﬂ‘%‘ﬁf H‘%‘X"dfﬁt"P P indhl et ok {egsﬁg%,{l&%os, and
departing fr SPI I ' 100 memo
o AL RS o Rufhd 1o R Sorflonk b LM LRA memory
et h?l@.&ﬁ) TBradBGiyPREhSRY TRSM). NMTIRShGl8l60T AbdREludel @M number of

sequent | a?l y. The method of surface parameterization

IS pighuial WOP mtkthdies QLIS E BY awldichedes fttrfiod PEDS €hat couples to the
conmputer system 1600, such as that shown in Fig. 16

wher @ideo dikpiay6 DLad d@dspedkersil§rr, aiRl/@ dntékfacarthl3 fe the keyboard 1602
i npl enented as software, such as an application

pr ograhmesxe b8 iandjopipuatly a jayktisk Cotrlustated)s prd anrintenige 1608 for the
particular, the steps of the nethod of surface

par ameter 1618 and priptsr HYSa Iaisopel dnplsreniRiongubs mofsm dalp may be
are effected by instructions in the software that, ar

car r inserpeypied Bihin the compyisy pequle }ﬁﬂ]etf‘?rﬁw c‘i"a‘brh °W§§a“8ég°8- A
fornmed as one nor e. code. nodyl es ach for. .

per f SPREHEVSR égé)gr 18 r%?véd%% A ?‘ﬁ%ﬂ rm%héa%ﬁé ﬁlazflh&emks%rfvf WG and a
may gls V6P mAdnRud bARRED iy akdbeMiLE M cp-
a fi ?1§?p96i§rﬁgr‘i%eﬂr6 érAnvl;PQ%t"gtéc %rd?g%)@ par gnet)er?'gat?eon

et heeas &8A 181258 §BRAIyRANIde MRNAHR S ofatilt S&hcel of AL f Bfe Romponents
between the first part and the user. The software may

be stigisasl1419 ofith€ EdFRicEmoduRABAN licamtdorifunicte Vit e @ rdohicted
storage devices described bel ow, for exanple. The

sof t way 8504 Sind Gadl @dniien tvich haulsoRpUicarenfisrahmbdeeofcapagatidneef the
readabl e nmedium and then executed by the conputer. A
conpubmyuter ewea] 660 fraakinumm thvay inrthe sleyimt guf Hxramplesmf computers on
conputer programrecorded on it is a conputer program,

pr odwdich thpivescrbad appngementceppa Peactised ght -BHi§@pd Fompatibles,

t he conputer )
Sun Sparcstations or alike computer systems evolved therefrom.

Typically, the application program is resident on the hard disk drive 1610 and read
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
semiconductor memory 1606, possibly in concert with the hard disk drive 1610. In some
instances, the application program may be supplied to the user 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 medium" as used herein refers to any storage or

transmission medium that participates in providing instructions and/or data to the



.preferably effects an advant ageous apparatus for
geonetric nodelling. The conputer system 1600 is

wo cooaadssby a conputer nodul e 1601, input devi CEBGT/SGLI06/000011
as a keyboard 1602 and nouse 1603, output devices
including a printer 1615, a display device 1614 and
| oudspeakers 1617. A Modul at or - Denodul at or ( Moden)
transcei ver device 1616 is used by the conputer nodul e
1601 for conmunicating to and froma comuni cations
network 1620, for exanple condectable via a tel ephone
line 1621 or other functional nedium T, ;
can BEPYFHSEH lgﬁ)t £oF §R5 OB L/ PIPITE 8 ¢ g’glnmgg 9 %gh%ﬁ&@ media
ot her network.sys g 102 a RSIVBY #itegrated
(LA o0y Y B P Ch ROV 19 i B0 N e
I nc ocrh@\g% Q'irs?netompﬁcat Q, SO R @Er rIAAMIE Eard S0H asl PO card and
i npl'enentatrons. The conputer nodul e 1601 typically
i nClHABR Hheth® @8 hotQleh RNOEEES DiferdaNbi exidib of thedoraputer module
menory unit 1606, for exanple formed from
seni wondBGk®les bRrmisianedis irbue radiol dRAMAa-rechgansmisgiongapipels
menory (ROM. The nodul e 1601 al so includes an nunber
of isapudll sud pervork |chi@pctiontie ahicsies SOPPRKr RY i NRORd device, and the
audi o-video interface 1607 that couples to the vjd .
di s pntaspetics Infrapptrdndluging spyeedl ansaiisgigasand yfprpatien F‘?’f{’fé?‘if %@ge"“‘es
1613 for the keyboard 1602 and nouse 1603 and

opt i AHelfe-a j oystick (not illustrated), and an
interface 1608 for the npbdem 1616 L entdd in
sone. | mireAEPAET SHES PREHEAN 1805 ik be Higdnertd

| NCOLAOLE! S Allasl DE of AR Hh o dRHUR pLitShbing! o funcrions or

exa the rntertace A storage device

1609, - QNI H8; i bk dY pakdfetekfion. astvaraddictiteakhardware
driﬁgb%%% aéﬁgﬁgm??%%%¥ﬂd§§k d?ive 161 i. A nadnetic

t apenglf ihMedeeRiphic plobdudls! @ki0dignaByfoises, ddenelis ethre nicrOBR@ors
drive 1612 is typically provided as a non-volatile

sour & agbcisled memofibe conmponents 1605 to 1613 of the
conputer nodul e 1601, typically conmmunicate via an

i nt erconnect ed bus 1604indwstridl ApplicsbMityer whi ch results

in a conventional node of operation of the conputer .
syst em T6O@rrdoganents disclpied derein oy applicallp &, pormpupng industries. Tn

Exanpl es of conputers on ) .
rTp.particular, embodr:rngents of the invention may be practised upon the construction of a

multi-resolution 3D model represented by a geometric image that facilitates the storage
and transmission of a large model with high accuracy. Sucha model may be transmitted
over a communications network, 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 deformable
geometric model with controllable resolution and the required properties for model-based
image segmentation and registration, automatic or semi-automatic cortical surface
labelling.

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

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



whi ch the descri bed arrangenents can be practised
i nclude IBMPC s and conpati bl es, Sun Sparcstations or
w@biokai1ssenput er systens evol ved therefrom TypPCEEGI006/000011
the application programis resident on the hard disk
drive 1610 and read and controlled in its execution by
the processor 1605. Internedi ate storage of the
program and any data fetched fromthe network 1620 nay
be acconplished using the sem conductor nenory 1606,
possibly in concert with the {fard di sk drive 1610. In
sone instances, the applicatigon, program may, be .
suppl i edPre@r mRE frther emRpdigeni et 81 "E(e‘éB[‘ W‘i}‘%{‘l‘?ﬁd&)‘ﬂ?
di sk and read via.the correspondi ive 1612 or
To11 SOl ol ah A R SRR PRSP0 ool o
the n %dw l% f&rqgs?mglkigesglngon%ﬁklgﬁ}%rﬁﬁn ]ﬁﬂﬁa §£a‘t1hx{s are
th e 0 the

further, e software can al so oaded |
COMPWLREISNSLRIY AP bdnREh@iciPhteCAdmR\AbE. F eadabl e
nmedi d&. The term "conputer readable nediunf as used
herei n rakeabgdify adRbes Sl ganeOEmBoaRREHE1oF SheOpreddRcintiition, and
that participates in providing instructions and/ or

dat a nlogifitdtiensomnat ehangsy s dema@beréto withoue dephitiog fram dlecrope and
processi ng. Exanpl es of storage nedia include floppy

di sk spiritmé g dxtvension.dpeemb@idner@eing illysirativaging otdesirigive. a ROM
or integrated circuit, a nagneto-optical disk, or a
conmput er readable card such as a PCMCI A card and the

i ke, whether or not such devices are internal or
external of the conputer nodule 1601. Exanpl es of
transm ssion nmedia include radio or infra-red

transm ssion channels as well as a network connection
to anot her conputer or networked device, and the
Internet or Intranets including e-mail transm ssions
and information recorded on Websites and the like. The
nmet hod of surface paraneterization nmay alternatively
be i npl enented i n dedi cated hardware such as one or
nore integrated circuits performng the functions or
sub functions of dividing, conquering, and
paraneterization. Such dedicated hardware may incl ude
graphi c processors, digital signal processors, or one
Or nmore Imm Croprocessors



and associ ated nenories. Industrial Applicability The
arrangenents di sclosed herein are applicable to the
wa@oeovpaissmy i ndustries. In particular, enbodi mePtES61006/000011
the invention nmay be practi sed upon the construction
of a nmulti-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 may be transmtted over a conmunications
network, including the Internét. Arrangements can al so
be uﬁ%lhzed to inprove the speed of surface node
nanipufa??on software. Further, an enbodi nent of the
i nventi.on may be utilized to provide a defornmable
geonetric nodel with controllable resolution and the
requi.r ed fdiRARF pardetchiging Niveiade; darethol neyeisiag tstedsat:i on
and registration, automatic or sem -automatic cortica
sur f ace divilbglalsirfige indl firg amiseenépdyodi ment s may be
utilized in the construction of solid and surface
meshes flattening sdichfinst agd seeond ipprtsttefinst angeagend diskh srgpeCoEy
anal ysis. One or nore further enbodi nents of the

i nvent i 69mbizige B gt prd sseod disks a1 ipEeP 38 i on of an
appl i cation programm ng interfac Pl), plugin_ .. .
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nodel_generati on. ch..applications are typically
assotf” %%mﬁ%?ﬂm§5§§§%gg%ngiconputer-aided desi gn. The
foregoi ng describes only sonme enbodi nents of the
present invention, and nodifications and/or changes
can pe ARGl &hdnghb thRH, wigBakdid AgadeiRehite agape
and spirit of the invention, the enbodi nents being
illustrative and not restrictive.We claim 1. A nethod
of paraneterizing a surface, said nethod conprising

t he st e[The méthoddicetirdlhguy clainsly whereie sdiddivisibn ofsnid syrficesie erbitry-
parts; flattening said first and second parts to first
and second di sks, respectively;

[+~

4. The method according to claim 1, wherein said division of said surface produces

substantially equal first and second parts.

5. The method according to claim 1, 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 x* + y* < 1.

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

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



conmbining said first and second disks to forma

sphere; and reneshing said sphere wwth a predeterm ned
WO e®oel185kon to provide a nmulti-resol ution strurt8EeZh06/000011

surface nodel for said surface. 2. The nethod

according to claim1, wherein said surface is a

genus-0 surface. 3. The nethod according to claim1,

wherein said division of said surface is arbitrary. 4.

The nethod according to claim 11, wherein said division

of said surface produces subé?antially equal first and

secgnd pargy ngl %cco;gﬂi%, HRLRPY Rt Gld\PhdrOis oMb} the equation

wherei n sal lattening step utilizes a shape

preseryed,znet hod. 6. The nethod according to claiml,

wherein each of said first and second disks is defined

by the equation x2 + y2 < 1. 7. The nethod according

to claim1, wherein a boundary of said first and

secOnd Par tethpd apmplved td Flami & Vhesgin spidnfirss sy is omapped to

circle defined by the equation x2 + y2 = 1.8. The

met hed/@teghding to claim 1, wherein said sphere is

defined by the equation x2 + y2 + z2 =1 . 9. The

nmet hod according to claim8, wherein said first disk

is mpped to z = (¢ +y ) 10. The nethod according to

cl aiim 8Thewhethel ncceming tvedomds,diwbdeein saidpspmd ditk i1mappad to

nmet hod according to claim1l, wherein said surface is

presentfed+ds).a triangul ar mesh. 12. The net hod

according to claim1, wherein said dividing step

conprises the further steps of: calculating first,

second, and third main axes of the surface to

det gnm MR rhetifod af BRIz EOClhih 1) herei \§4ill Gutface is presented as a triangular

mesh.

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

calculating first, second, and third main axes of the surface to determine a surface
coordinate system;

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 determine said first and second parts.

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

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



rotating a Cartesian coordinate systemto align with

said surface coordinate system translating an origin
wW@oinai1185f4 sai d surface coordi nate systemto theCT/SG2006/000011

centroid of said surface; and selecting a best cut of

said surface along at |east one of said first, second,

and third axes to determ ne said first and second

parts. 13. The method according to claim 12, wherein

said translating step establishes a boundi ng box of

the surface for first, second?'and third axes u, v,

and stlmS Wfd idhiRlLoyS ¥iS ke BRI DHUNBLRY< w
box Cg%@{nﬁtgg’tsgg/n:’ éégﬁﬁgﬁg@gsgzé,ﬁ bl yi v < b2, cl <w< c2,
whereig: al and a2 are respective mini num and nmaxi mum
val ues of coordinate u, bl and b2 are respective

m ni mumyadieln:maxi num val ues of coordinate v, and cl and
c2 are respective mni num and maxi num val ues of

coor di nakt adw? ar¢ respefifye mirdmie ndipaxEnu Yales of cePrdinge 4.2
wherein said step of selecting a _best cut_of said

sur f acebhinghg arg Feseeeti e mipppmaabganipun glyes of cgprdinatg y, and,

sur { acebbH AR aEis TUBiERALLTSA: ._
val ue of | B9EHBT HAALE PSP man Rl Bt vl B

predeterm ned step Ak: allocating to a first portion
all triangles within a triangle nesh that have

vertjc e%hé’\ﬁlétﬁbdsa@éogdix@ﬂa SlaiCR! Shaah 834 4téiﬁ)? s&1888hE Kbest cut of said

allocating to a second portion all triangles within

sai dyfebde 2130 £ AB SR lhedteps Ot i n said first portion;
and defining said first and second portions as a best

cut of §Rkflind Brangdify fRkd a hininfRglde 0 A nBsindmfvelus bf agedrdinate
second portions are connected, and said first and
S eC s daiaxis, fod m prefiegoneined ssapedlcl er di fference of triangle
nunbers than an existing best cut. )
allocating to a first portion all triangles within a triangle mesh that have
vertices with said axis coordinates less than k;
allocating to a second portion all triangles within said triangle mesh that are
not in said first portion; and
defining said first and second portions as a best cut of said axis, if all triangles

in said first 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 third

axes.



15. The nmethod according to claim 12, conprising the
further step of: selecting a respective best cut al ong
weawh/1ef546ai d first, second, and third axes; aPdI/SG2006/000011

selecting a best cut fromsaid respective best cuts
along said first, second, and third axes.16. The

nmet hod according to claim1, wherein said flattening
step conprises the steps of: generating first and
second partitions; placing said first and second
partitions into a queue of eléﬁents and whi | e the
queug i s,not_.e tri.evin froms

aueuds qndeRRtdEd HR", Wer8] o0 e PERaREsE g sors
to beggfurther partltloned mappi ng the surface of the
retrieved element to a corresponding paranmeter region
using a g&h@}ﬂﬁgﬁfse;ﬁﬁ@éé&(hml&{gd when said retrieved
elenent 1s not to be further partitioned; and

partiti gitichg ssidfigt 4neé secor\paxtitiek direquetd ¥f eledhbrts hndand
second patches and appending said first and second

pat ches whiledwiqueugisageempiynen sai d retrieved el enent is
to be further partitioned. 17. The nmethod according to
claim 16, wittiespgandgngnifronpsaidiaugyener ating said first
and second partitions conprises the ste%s of :

sel ecting s %ﬂﬂ"“&h‘@""f’?ﬂs? refpigyedjefement st be fpsgher par(jtiqngd:

| ongest Euclidean, di s es froma boundan¥ﬁof sai d

sur f ace; sef"%‘??ﬂ A & ‘fe tthe\fé?lFV@Q Sty B ‘ésp?)‘%ﬂ“ﬁ parameter
bet ween X %ﬂer I sﬂa pges%c'rﬁ a9 e(?ho fiel Ce’ rt(u\'{é%/\ég 2:1 m?nlf.l s jot to be

that a Ween'sal

and SecQﬁﬂwﬁ%ﬁkb&ﬁSmﬂnd sald flrst and third vertices
is minimze

partitioning said retrieved element into first and second patches and

appending said first and second patches to said queue, when said retrieved element

is to 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 (v1) on the path between said third and second vertices
(v3v2), such that a difference in path lengths between 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



selecting a fourth vertex (v4) on the path between

said second and third vertices, such that a difference
w0 poopaiss4d engt hs bet ween said second and f ourtPCT/SG2006/000011

vertices and said fourth and third vertices is

m ni m zed; mapping the vertices of the boundary of the

surface to a boundary point of a mapped di sk;

andpartitioning said surface and said napped disk to

formsaid first and second partitions. 18. The nethod

according to claim17, whereiqersaid mappi ng step naps

the fth vertex (x;, vy;, Zj). of the boundary to a

boundar yPapitiPHte gaid, ét(réc‘t a1 seid wppped sk tp ) fprmp paids £irsy and second

nappegﬁ&%sk, wherein L is the path Iength fromthe

firsP*Veffex to the /th vertex, and L is the length of

said boundary. 19. The nethod according to claim 17,

wherein said partitioning conprises the steps of:

det eqgn B thefod hdebrbling &7 diia 17 AWHREh Gidl %giﬁ%ﬁtelgﬁ iR i vertex

di stance to said boundary; determ ning ortest pat

fromeg i, @) bff thebouddkyt 1©% boldary PBin@bster i, tsth(MEILYP ¥t $afl mapped
said fourth vertex on said surface; napping vertices

al ondisls aiheretn g ist B patlp nfth fompbdd fifss vertax & the RE v&RFRAIL is the
pl p4 of a corresponding paraneter space in proportion
of | tsngsh bfsaidbdunddrng a surface of a first partition to
be a curved triangle vlv2v4vbvl, said surface of said
first partition being enclosed by three curved edges
vliv2 v3£4, gnd v4y5v| , wherein said first, second and
f our % & rpthskaccording fa plpimold s wherein sgid pagifiprjrg pomprisghige geps of:
vl v2v3vhyl : .defining a.paraneter space.of said first
par t1 t1 SR ot B et e B ohpes s stg bpundiny
paramet gt erﬂ@rﬁl“%ea %S}té} a f&gl 185 ertgf’\%g] ?l){ t'(P{" ¢ i
curved nges 1 p2, pg%}l fand pzfpgpﬁ : efern rﬁh veﬁtﬁ’f fo said
and RéideReNdilshil a8hcdf said curved triangle pl p2p4p5
mapping vertices along said shortest path to points in a line segment plp4 of a
corresponding parameter space in proportion of length;
defining a surface of a first partition to be a curved triangle v1v2v4vSvl, said
surface of said first partition being enclosed by three curved edges v1v2, v2v4, and
v4v5vl, wherein said first, second and fourth vertices are vertices of said curved triangle
vlv2v3v5vl;
defining a parameter space of said first partition to be a curved triangle p1p2p4p5,
said parameter space being a region enclosed by three curved edges plp2, p2p4, and
p4p5pl, wherein p1, p2, and p4 are vertices of said curved triangle p1p2p4p5;
defining a surface of a second partition to be a curved triangle v1v5v4v3vl; and

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

plpSpdp3pl.



defining a surface of a second partition to be a

curved triangle vlvbv4v3vl; and defining a paraneter
wGep@ea1s3fi4 sai d second partition to be a curvedrtT/sGrgb/e00011

pl p5p4p3pl . 20. The nethod according to claim 19,

wherein said fifth vertex is determ ned using a fast

mar chi ng net hod. 21. The nethod according to claim19,

wherein said shortest path fromsaid first vertex

through said fifth vertex to said fourth vertex on

said surface is determ ned usimg the Di | kstra

algorithm 22. The nmethod according to claim

wher @Pn Hngingpthed éifméfng FetidPIP Ny iR iRrri ey veggﬁ i deérminea using a

retrieved el e is to be further partitioned

conpSEBECH}EIL ‘%p of : deternining that further

portioning of said retrieved elenent is required, when

a ratio of the number of interior vertices to boundary

ver t hgesrfinethod Hr!‘cfn@ﬁ? to il rl? aftefeintsth@ BhoRtbst GO ﬁbmfsﬁd 8R4 rtex
first predeterm ned threshol 'd and sai d number of

I Nt ektirélih A4 tikith &Srtdx So kA® Foulth FErteR of B6IARGTRE QORtDhINE@Thg the
t hreshol d. 23. The nethod according to claim 16,

wher @iijkstaaigoritahep of partitioning said retrieved

el ement conprises the further steps of: determning a
shortest edge v2v3 fromthree curved edges of a curved
triang sel ecting a vertex v4 on said shortest edge
v2v 3 22Ziike aiethog pesording fieplaimcls, Whergmsaid $twt®t§mvmg4wlaﬁgmr said
v4av3 is minimal; and partitioning said surface and

par afferd elameatds fode futherpagitioned comprises die sep gt s e o n d

atches. 24.. Th t accordin
B3 o« rfbringe RebBriontinne o Sa?ﬂe%‘sh Aol BT e o
comprie gt HmBRLAREL Sl TR Byl Pl of BB A o
Seco @&Laf’t@ dicP irst predetermined threshold and said number of interior vertices is less than

a second predetermined threshold.

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

determining a shortest edge v2v3 from three curved edges of a 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 surface, said apparatus comprising:



means for flattening each of said first and second
parts to first and second di sks, respectively, neans
wo evocaessind ni ng said first and second di sks to POT/RG2006/000011

sphere; and neans for reneshing said sphere with a
predeterm ned resolution to provide a nulti-resol ution
structured surface nodel for said surface. 26. The
apparatus according to claim25, wherein said surface

is a genus-0 surface. 27. The apparatus according to

cl ai m 25, wherein said neans-Por dividing divides said

f bitrarily. 28.. T . di t
o1 ai m 2wosieghe L S FEPRRARF G di vi des oai ¢
surface Lnt %%&@eﬁ&g@!léh%lf Iszxd 89U steéoﬁé [)ar?qgi ﬁ?sg%ﬂrhgcond disks,

parts. 25 The apparatus according to clalm25,
mhegg;gﬁagkd nmeans for flattening utilizes a shape
preserved et hod. 30. The apparatus according to claim
25, Wheqnginkifod einfbinbg!shid G dnd sqebRiSHsRE ®dorfisa sphelre; b gul ar
mesh. 31. The apparatus according to claim 30, wherein
sai d nmeasss fa@rediskinglisaid) spharet Wielr a pexdpenmdred resplmbiors tof evide a
calculating first, second, and third mai n axes of the
sur frdteresdutipe sterciyied eurfecsmedeHorsaidgwadé-nat e syst em neans
for rotating a Cartesian coordi nate systemto align

Wi th said surface coordi nate system neans for
translating an origin paint _of said surface coofdinate
sy s CBm TS SRETEAFERIIESD SRms the P Sliecs A eI St
sel ecting a best cut of said surface along at | east
one of said first, second, and third axes to determ ne

sal d27f | 'ft?et apsar}gussa%&?(ﬁ% tg%fa&'? 35, wherein said means for dividing divides said

surface 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 utilizes a

shape preserved method.

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

triangular 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 a

surface coordinate system;



32. The apparatus according to claim31, wherein said
nmeans for translating establishes a boundi ng box of

wo b@eawsshace for first, second, and third axesPCr/S&2006/000011
and w of said surface coordi nate system said bounding
box defined by: al <u < a2, bl <v <b2, cl <w<c2,
wherein: al and a2 are respective m ni mrum and maxi num
val ues of coordinate u, bl and b2 are respective
m ni mum and maxi num val ues of coordinate v, and cl and
c2 are respective mni mum and-#¥axi num val ues of
coor di naﬁ)&ny\/ forsl%tatl;g]g @aptgﬁ?!%nago%§d11?% tgﬁlng t O Cl ﬁxt sm(? surface
further conprising:” neans for spec
bestcg&ﬁmﬁggagmeach of said first, second and thlrd
axes; and neans for selecting a best cut fron1sa|d
respect i ménd @stiraddkifg ah @fgin R of isdid burfH€ coidinatd@ Bfdtem to the
third axes. 34. The apparatus according to claim?25,
wher eenmwrosiaf shidvedars; ahdr fl atteni ng further conprises:
means for generating first and second partitions;
means f oneaps faeselegiing aibest £yt pEsaidsndace elowprd lepsptd of isadBrst, second,
into queue of elenments; nmeans for retrieving an
el enéPPc third ¥4 ‘gé?t%}’mé{’ﬁéﬂ%ﬁ“‘r?éﬁﬁﬁoqdd’?ﬂ%et er m ni ng whet her
said retrieved element is to be further partitioned,
means for mapping the surface of the retrieved el enent

t t.
a8 O SRR B B AT Ll S 8 RN vt
t 0. @ bbbl Bbx e shirdcP R s @ggnmmﬁl s 03! o'yl G Jorace

said retri eved ement 1 nto second pat che
and apReRe Sderd hid bbunliin b HHRAGHPNE @@tt Qhﬁs bl Q pai 15& cl<w

gueue, when said retrieved elenent is
< c2,
wherein:
al and a2 are respective minimum and maximum values of coordinate u,

bl and b2 are respective minimum and maximum values of coordinate v, and

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

33. 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 according to
claim 34, wherein said neans for generating said first
war@edessand partitions conprises: means for seP@SGIIY6/000011
second and third vertices (v2, v3) having | ongest
Eucl i dean di stances from a boundary of said surface;
means for selecting a first vertex (vl) on the path
bet ween said third and second vertices (v3v2), such
that a difference in path | engths between said first
and second vertices and said -flrst and third vertices
is mnimzed:; ans _f£or s [ .
on 116 [ ABaiE ARAr 1 Y 2, Pl b il 65 b b
such ¢ hat..a difference in path | engths between said
second "and fourth vertices and said fourth and third
Verti CeSnehs f6f philefiAskist B RBsapaiismppi ng the vertices
of the boundary of the surface to a boundary point of
a mappeGnedis$dt;pladiagl bt afiddecdnd pirtifidnotntorguaioflelatunfsac e
and said mapped disk to formsaid first and second
partiti omsns {@GetricVing amplpmenafroms sacgowali ng to cl ai m 35,
wherein said means for partjtiqninq conprises: neans
for det arenishordefernifing whethgrsaidastrioyad ¢lepapngis fodig diather partitioned;
geodesi ¢ di stance to said boundary; neans for )
det er mi mcAy 9T Sxepipe e pafere Pl Bin Saieypds lqmept (Q Ay yresponding
through said fifth vertex to s Ld f urtg yertex on. .o nott
sai dPERRREOn Rl s g REhor e ey gty is not o
shorgeeé;thepﬁg&ioge%,&gi nts in a line segment plp4 of a

correspondi ng paraneter space in proportion of |ength;

means f or..fdeh! prfbnRe ShE AR O kicerftiihits iR ahd kdcbRNpdides and
be a curved triangle vlv2v4vsvl,
appending said first and second patches to said queue, when said retrieved element is to

be further partitioned.

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

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

means for selecting a first vertex (v1) on the path between said third and second
vertices (v3v2), 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 v4vb5vl, wherein
wa@adod/1igsnst, second and fourth vertices are verCT/86%00aH00011

said curved triangle vlv2v3v5vl; neans for defining a

par aneter space of said first partition to be a curved

triangl e pl p2p4p5, said paraneter space being a region

encl osed by three curved edges pl p2, p2p4, and p4p5pl

wherein pi, p2, and p4 are vertices of said curved

triangl e pl p2p4p5; neans for -eefining a surface of a

second partition to be a curved Lrian%%e_ Ivgv4v3¥ﬂé ¢ and

and nmeamsans §or RIEHIPHE, Frich sysAre g saif reagRed (Jighyto dymyraid first an

second partition to be a curved triangle plp5p4p3pl

37. #ﬁ@dH%H§W%tus according to claim 36, wherein said

nmeans for determning said fifth vertex utilizes a

fast marchi ng nmethod. 38. The apparatus according to

claifp3 V;\[Fﬁf sN | f & "5hiB1 K&hnS Fbd partitionin

shor?%s?h%a z@%oﬁ?@%ﬁ%“ﬁ?ﬁ%? 8%r?§i t hr ough saidP s

fifthmwgtet.ex to said fourth vertex on said surface

utilizes the Dijkstra algorithm 39. The apparatus

accor di f@ars ForCdetirmindg,a fifthevete: hadigth pgestsgebdasic distance to said

determ ning whether said retrieved elenent is to be

fur ttvafidapar ti ti oned conprises: nmeans for determ ning

that further portioning of said retrieved elenent is

r equi r edheansffe determining aoshertestrat fiopymid firspFerten thequgihyyaid fifth vertex

vertices to boundary vertices of a surface is greater

t hantos#d foyrarerteponsaidguifacs:st  predet er mi ned t hreshol d

and said nunber of interior vertices is |. t

second PrEFLTEPRRPRE™ CFFraiz"é‘ﬁ &t S.hoﬁﬁ{.sp Jhiap %%%glraall?g%gﬂem pip4

according to.claim rejn.sal ans for

part ?ftaicgl% PGP aéal?%? ané‘é\}gaﬁgﬁgﬁrgﬁ?e n%’npr i ses: neans

for det ?r[egqs IR g%‘s%f&%%? a ﬁlqg;%nﬂig?{ # te L QENVEd iSRG NAE V],

edges of a curve
said surface of said first partition being enclosed by three curved edges v1v2, v2v4, and

v4v5vl, wherein said first, second and fourth vertices are vertices of said curved triangle
viv2v3v5vl;
means for defining a parameter space of said first partition to be a curved triangle
plp2p4p5, said parameter space being a region enclosed by three curved edges plp2,
p2p4, and pdp5pl, wherein p1, p2, and p4 are vertices of said curved triangle pip2p4p5;
means for defining a surface of a second partition to be a curved triangle
vlv5Sv4v3vl; and

2

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

plpSp4p3pl.

37. The apparatus 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
wo eovgtiiss4v2v4 and v4v3 is mininmal; and neans fBECT/SG2006/000011
partitioning said surface and paraneter space to
generate said first and second patches. 41. The
apparatus according to claim 25, wherein said neans
for renmeshing utilizes a spherical reneshing method.
42. A conputer program product having a conputer
readabl e nedi um havi ng a conpiiter program recorded

t herﬁ' n lt %8%95@58&F %6 Bdinf'3& %kre@ﬁlesaldsﬂlhﬂls ‘%&mk&lﬁﬁmg said

program pr conprrsing: conputer program code neans

for gbiekiPatGromh stk Gtk Mrdhgh bdid hiftiR ke S BRI ToRd Ve on said
conmput er program code neans for flattening each of

sai Guffick atlizesnhk Bigswenutbopida S to first and second di sks,
respectively; conputer program code neans for

conmbining said first and second disks to forma

sphere; and conputer program code neans for remeshin

sai B9s pHeerappaptstaceprdinesig slaisy 36, rierein sai meprs dor detsrpjpig phsher
a multi-resolution structured surface nodel for said

sur fsaidgetrieyed eleﬂ*eetdhﬁs&‘e @“h‘iflpb‘@f‘%‘ﬁl FEPIEST amet er | Z | ng a

f d f
St f ace a1 Pe-Bhg e SRR ar R 85 sm?a%é&fﬂg p: Rebine,
f l atv%h%ﬁ‘li 0 gﬂﬁ&dlﬁgersq? kn(#enol- 5e§t cesalrc] go ﬁ &@5} su%f?clp is greater

secon respective

C 0 m?fla‘ﬂ'opgquﬁ% chid fu@tsﬂred@t@ﬁ{m&@ GReHod 'aﬁi‘s%ldtrﬁmi)&romr@enor vertices is
sphere; and code for reneshing said sphere with a

pr ed&&&ﬁﬁﬂ{é&ﬂd?&&@éﬁh&&ﬁmﬁtﬁwr ovide a multiresol ution
structured surface nodel for said surface.

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

means for determining a shortest edge v2v3 from 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 medium having a
computer program recorded therein for parameterizing a surface, said computer program

product comprising:
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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 combining 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 structured surface model 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 structured surface model for said surface.



