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WD 2005/ 017608 PCT/ US2004/ 025298 1 SYSTEM AND METHCD
FOR APPLYI NG ACCURATE THREE- DI MENSI ONAL VOLUME

THE I NVENTION 5 The inventibn relates to systens and
nmet hods for displaying graphical data, and nore
particularly to techniques for applying accurate

t hree-di nensi onal volunme textures to arbitrary
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Model i ng suc gje S proves useful in a variety of

appl i cations. For exanple, nodeling the subsurface
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objects exist.

Some three-dimensional models represent an object as a three-
dimensional matrix of volume data points. Such a matrix, known as a data
volume, includes a plurality of data points, known as volume data points. Each
volume data point may be referred to as a volume pixel, also known as a voxel.
A voxe] is the smallest distingnishable box-shaped part of a three-dimensional
image. A voxel is similar to a pixel, but represents a three-dimensional volume
rather than a two-dimensional area. Each voxel represents a discrete sampling of

a three-dimensional portion of the object being modeled.

Each voxel in the data volume contains a unique set of coordinates
(x,y,2z) and one or more data values that represent a specific property being

examined. These data values may be illustrated on a scale (0-256) which
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val ue (RGB) and opacity vaiable (A) that are derived
froma nmeasurenent or value of the property being
exam ned. The neasurenent or val ue of the property
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i rfhe gepp@i¢ datdrj or of the data vol ume. One system for
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the interior of the data volume.

One system for displaying the voxels on an arbitrary three-dimensional
surface is known as three-dimensional texture mapping. This technique is
implemented in the raster processing unit of a computer graphics hardware
accelerator. This technique uses a specific specialized memory, known as texture

cache or texture memory, that is set aside on the integrated circuit.

In this technique, the texture cache is used as a buffer for the information

contained in the data volume. A block or portion of the data volume is read into
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cache or texture nenory, that is set aside on the
integrated circuit. In this technique, the texture

contained in the data volume. A block or portion of
the data volune is read into WD 2005/017608
PCT/ US2004/ 025298 3 the texture cache, and
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peref ormance of the rendering of the object and limts
the performance of other graphics operations. There is
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di splayi ng the 5 Content’s Of & data vol une on: an
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is limited. This limits the performance of the rendering of the object and limits

the performance of other graphics operations.

There is a need among other things for a technique for displaying the
contents of a data volume on an arbitrary three-dimensional surface contained

within the volume, that uses a reduced amount of texture cache.

SUMMARY OF THE INVENTION

In one aspect, an embodiment of the invention overcoming these and

other problems in the art relates to a method for applying a three-dimensional
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wi thin the volune, that uses a reduced anount of
texture cache. SUMVARY OF THE | NVENTION I n one aspect,

other problenms in the art relates to a nethod for
appl yi ng a three-dinensi onal WO 2005/ 017608

PCT/ US2004/ 025298 4 volune texture to a polygon. The
meblond txhat usdepolyfa. Sthe Pt ipdlodes dhdgepd of ptavidivoh BaTe
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includes a texture tile having tile dinensions
describing a tile size and a representation of a

pol ygoh atfuethgrobspepsn thebaivengionhio¢lpdesor tprdwei @e | having tile

c [ . eesd a
¢ OVhAARAE aEfind 2R B G) B Y Boly T, b
dibemp sihohs orjrsteatly bomignedlip adlmeatinessigiat datamolume.
representation of a polygon, the polygon being wholly
or partially contained in a three-di nensional data
vol uneln yeha fisthepaspectdi textens atlasdagladas atlas dimgpaiops deferibing

el e | .
R e U R PR e i L
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further aspect, the invention Includes a systemTfor
appIry Predetermingdrpoly2an frEpls pathene rgnerpdradelrmpiped pep-pelygon

pQéx)éQ,O %lereﬁluégcﬁ%%lyg&h Eexsl & G ﬂlﬁ}ﬁiit'ﬁdcﬁstef’els contains a value

computed based on a volume data point in a data volume, and each other texel is

invalid.

In a still further aspect, the invention includes a system for applying a
three-dimensional volume texture to a polygonal surface. The system includes a
texture cache configured to contain a plurality of texels, and a memory
configured to contain a polygonal surface and a data volume, the polygon surface
comprising one or more polygons and the data volume comprising one or more
volume data points. The system also includes a control module configured to
create a set of texture atlases, each texture atlas comprising a two-dimensional

layout of at least one polygon in the polygonal surface, to allocate a segment of
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conprising one or nore pol ygons and the data vol une
conprising one or nore volune data points. The system
al so includes a control nodule configured to create a
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each texture atlas, to scan-convert the at |east one
pellgegisd to the frxiuspgtlas cenitining a dayeuignclidipgtheglesn. and t o
wite the one or nore texels resulting fromthe scan

f h h
Coxt ur o, cachRIEREHEII0Y Qi frafiiEh. "

containing a Iayout |ncluding the pol ygon. 5 BRI EF
DESCRI RT] ON ﬁ N%‘S i nvention
descri b Myeption er g éa%c d tvﬂe g:g%rg ce t% the 4ccor9§anymg

d rd&lMlﬁE}Sm WIﬁch/\Hikemkbnhdn’teareedeEmné(Bwﬂlﬁ Bke lefeeemea owderalst dmd
li.ke reference nunerals, and in which: Fig. 1

i [ WEPat es a data vol ume and a t hree- di mensi ona
surface in 10 accordance with an enbodi nent of the

| nvent i’ 11 ugtr gs I Sd%} {B eCMta éy(ﬁ{n«l:&%nal '!@%419%

for appgylng Vol surface i n accordance
\Maﬂmﬁwm@whbdtﬂdnﬂnnﬁﬁbﬁ@euwmﬁmmion. Fig. 3
illustrates a set of texture tiles in accordance with
an enbodi nent of the invention. 15 Fig. 4 illustrates
a set bfz. Raxediow dftalspistiigna sethod dehawlxmg rolgme data to a

e'm&gcle gtgmm%cem&l An YRk LRR: ofﬁa&nﬁubhl ustrates a

segnent texture nenory I n accordance with an
enbodi nent of the |nvent|on Fig. 6 illustrates a

pol ygomgagflmssera@yg s@f JFRExnFE Alks GO AMBF BhQ@NWith aR eHBEHABRE
20 wth an enbodi nent of the invention. Fig. 7 is a

blo e ieyeatioam of a system for applying a
t hree-di nensi onal volune texture to a polygona
surface,in. accordance with an enbodl nt

Fig. 4 illustrates a set of texture atlases in accor ance w1t an embodlment

of the invention.

Fig. 5 illustrates a segment of texture memory in accordance with an

embodiment of the invention.

Fig. 6 illustrates a polygon before and after scan-conversion in accordance

with an embodiment of the invention.

Fig. 7 is a block diagram of a system for applying a three-dimensional
volume texture to a polygonal surface in accordance with an embodiment of the

invention.

Fig. 8 is a flow chart depicting a method for polygon subdivision and

texture tile creation in accordance with an embodiment of the invention.
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invention. Fig. 8 is a flow chart depicting a nethod
for polygon subdivision and 25 texture tile creation

2005/ 017608 PCT/ US2004/ 025208 6 Fig. 9 is a flow
chart depicting a nethod for texture atlas generation
in accordance with an enbodi nent of the invention.

DETAI LER. DESERRTEHN dehiclBORMolES fek@ire dilak Igbstsitiontias
a data volume and a three-di nensional surface in 5
aCEBIrarBithan mbadinaspb sitheEXentSP- t he i nvention. A data
volunme 100 nay be or include a three-dinensional

nodel of -ge ' The
data vol @ﬁ%ﬁﬁ?%ﬁﬂ&‘ﬂﬁmﬁ%?@ﬁﬁ%ns. onal
matri x of volune data points 102a-d. Each of the

vol unegdata.;pQi 1 - y tain .
val bes g (RS 2 BRE TR nfiCR B SRl b in
dateordepbeiwith 10 Embddhmere xé thp liventéac A déta volme 00 unay atra
points 102a-d ma ont ai n. x z coordinates f.hat

P ohi o R AmERep SRR B X el pr SRR RARHET bR e
10G1ata. volaeh109F ndaly e\ond lindliele dabh@e diomensional Idkdx df Melyme data
fur%ﬂ_&tﬂsgfogg%nt ain one or nore data val ues correspondi ng

t &° % nore specific properties. For exanple, each
of the volune data points 102a-d 15 may contain a data

val ue eonr SSROGGINY dta?a ik 1A £ Y ?&ﬁ&%ydn A %%Pé%l%es
or some- ot her proper )P Thotie mYJ enent ati on,  eac
ofthdtliescyibé alparticabopopiomdfshe @2avelumay0be For exampid, wekdr af

| .. Each | be di spl d i ned .
VG unh g Rk 1075 Ply Bt PRl gL LR BG b
f riogtian O & puitiefiwi theodata/ edlutge ®00 a Ea2h of fieCiolirge data points
e R tie M Gt Gpe PERtip e velfon Rapa o o or

Capbdispaife Sippdreds Widr Rxafiplerdagh bf H4olufned@dty geinal102a-d
surface 106 may be wholly or partially contained in
¢ HBASCEPTD &gt Huelesgrespopiae fof SEBHEPTOBERY AEPT 06Oy
beytger pipertr three-di mensional 25 surface that is
chosen or specified by a user or by a conputer. The
pol ygonal

In one implementation, each of the volume data points 102a-d may be or

include a voxel. Each voxel may be displayed as a combined color value and
opacity variable (RGBA) that are derived from a measurement or value of a

specific property.

The data volume 100 may be defined in any coordinate system, for

example, in a Cartesian coordinate system with an origin 104.

A polygonal surface 106 may be wholly or partially contained in the data
volume 100 . The polygonal surface 106 may be a two- or three-dimensional
surface that is chosen or specified by a user or by a computer. The polygonal
surface 106 may be chosen to enable a user to examine the volume data points
102a-d that intersect the polygonal surface 106. The polygonal surface 106 may,

in some applications, be chosen in order to exactly or approximately model a
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surface 106 may be chosen to enable a user to exam ne
the volune data points 102a-d that intersect the

in some applications, be chbsen in order to exactly or
approxi mately nodel a WD 2005/ 017608 PCT/ US2004/ 025298
7 naturally occurring surface. For exanple, the
P@higOR alccsiting 36Eact O6FoTRYabfle, HBQ®BIRohN sarfaker 1060map de!
an interface between | ayers of the earth’ crust The
p&P9GB Herde ip madd a&%ﬁf??ﬁ@‘)we@éw%%f R8RS B or e

polygons 108a-d. Various nethods for describing each

b tor IEaoHoRT awtech G ape; hESIRY Ty fRcor R e

i FIDBf‘-ﬂienNahb@nmeﬂlbﬁs B ygortitsing @3elr GoBpen tafd poginds, Boid

each of the gons 08a is defined by the
CrmBRIP-afich B@V&?V Zeeke é?f"re@y\ﬁef# iof gertices; gpd erég? Iy one
f Ilﬁweﬁmﬁﬁorm}w £l gtas a08RENRd tfidklea Paldyéon o Qhe! FBlygatsa

surface in accordance with an embodi nent of the
i r?x?éi‘rtill%‘??ﬁn%'éy the (At ianegpidmates of ifsvegiceh 200, wher ei n

a data volunme 100 nay be provided. The data vol ume 100
may be_generated from measured data such as seismc
dat a, B oy A B OTHErGPEME §aiodt G P S YR e 622 g o
P QupfERNA bcc%tﬂaﬁ@ﬁ@tﬂ%exﬂ&)ﬂnﬁﬁlt PF ¢ llﬁi\%ﬂuonTthepﬁéty@Dbh’gins
surface 106 nay be user- _or conputer- Tﬁﬁfled The

pdP §§BAA} %ﬁ%%éﬂtiﬁ@“ﬁ‘ﬁywo feayge P&%%fén daipgejume 00

eXAKY Beeh&ified BoHMBeAdta dRO kithSs 18dacAataD 8t mhbE61EEGse
t he poligonal surface 106. The polygonal surface 106

meBFngdicehosen to exactly or approxi mately nodel a
natural ly occurring surface or nay be othermﬁse

chosen cO e exin
pol ygons stebalb-al rayecsal REREs, L D bg ndea The olygonsl

| NgaHedEEIDt @faly B8 Sisert &&oﬁ@hwg%slﬁl@8mapdrpg@nmurface 106 may
represented 20 using a form of conpr &seg in eX|n9
al &orhpeendp alsr PR R i RS A02ardl jihah drptgrsect the

Stgoly2Rhd Gurf4ce 106 X THP bSly ghiPAn (e PNMAL B BSRET tofexQTyt &X
shared by two or nore polygons. In order to renove

t FAPBTORERARLH oA pwEdly @crunRBaUHgCp dnay e ogisraise dhopenyf
vertices unique to each polygon for separate
identificati each vertex . 11Qa-d | assi

A0y Bh Shiis

vert ex ThuffBe compesseds Ay Wns Ilﬁ&? ﬁi g’ay be
NBMeYed. 2B RaRNnPUNEAToRA DI HRPAN 8L Yndytexpfisented
aclg:s?nrgdzll rflc(S:]rmt gf Icgrgprgg\sgd Sn?(}em%fg Qfs%r Ee%e%r%ﬁ to a%rvertex indexing or
triangle stripping. For example, 110a-d each represent a vertex shared by two or
more polygons. In order to remove this form of compressed indexing and assign a
set of vertices unique to each polygon for separate identification, each vertex
110a-d is assigned a vertex number Vn and a polygon number Pn. In this manner,
each polygon can be separately indexed according to its own set of vertices. For
example, the polygon bound by 110a-¢ would be represented by Vn=0,1,2 and
Pn=0; the polygon bound by 110b-d would be represented by Vn=0,1,2 and
Pn=1; and the polygon bound by 110c-e would be represented by Vn=0,1,2 and
Pn=2.0Other methods of removing this and other forms of compressed indexing

may be well known in the art and therefore, are not repeated here.

sur f ace ROBUREY4/025298
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exanpl e, the polygon bound by 110a-c woul d be
represented by VD=0,1,2 and Pn=0, the pol ygon bound

and the pol ygon bound by 11c-e woul d be represented
by Vn=0,1,2 and Pn=2.Qher nethods of renoving this
and other forns of conpressed indexing 30 nay be well

known insidghgneapdlysone 108104 @fa911R, suBdiGide@t Thie @@ptn(ﬁﬁr dngure.
WO 2005/ 017608 PCT/ US2004/ 025298 8 | n step

pé‘f%‘f Gars Palgen. 1083ed) By B BRIPVE drdure 1S 4D ssre@pm«?ay In one

%ﬂ%ﬁentﬁtﬂﬁt a R@sMhuRObMERMId Q38 dpddiédf Ul thdNnPlementation,
tex ure tile in step 208. In one inplenentation, a

MESINPOPHY Q8K MaY @Ot §if @ta; the darpest geymissitleigxtureptile-h fnsthis case,
' s € 9 AL k2] be sbAVRIA Y Qﬁ’x@ﬁer ¥ &Qtthzft'ﬁtt ﬁ’t@tt&t\srg files
83 Fn

| ar gest “perm l'e texture til hi's case,
th@s@npﬁﬁ#gUNS may be subdi vi ded |nto smal | er polygons
that fit onto texture tiles of permssible size In

step 208, a texture tile may be created for ea
pol ygoH SemH)8g2 teppe Ulee‘?ﬁﬁee“ﬁq"éﬁor épdarobgop r10§fmls The

Stté@urértﬁesdﬁéagd' 19qgls\’¥|tetphar5 Qlfa?c'hﬁé@ Qith Qefelefice & Ff28h Each
texture tile 300a-d may include or represent a

t mmetr» m%@ﬂar@maanmwemr Igpigeant a0wWpgmensipnalf array or other
I

%{j}é)gg)@ %lg% E?}E%f?(;rg@{at asfstlzl%f(i: ﬁt 4 1éu‘iar% %g&ﬁ 16(?:1 Lt a

s rpatticelm pcﬂmntln& pnseedtmﬂer tiriam thel psqdzenmhed $iee ofj th@tllet them,

' o O 1m %ngﬁéqalt I ’t?x%?rg htgg %‘bg rdelntc udgs ﬁ“l%og’}{n%letst two-

i nclu € shma nenS|ona arra
c camhmstwala @y thac u:loatalqs ok yativulkf §zolykon | 108aﬂbt hr another

i npl enent ati on _where rticul ar 0

e B it el 76 FafioRl bt 1 BRLL 957 SpRER, Mo e

e q;eetdeteﬁximeﬂ €zd ofltie: (BOQactdtektaed tilel Gﬁﬂat-ch mchhldmaths Hiarasios of
h t i ticul

oOr SR bt irer gt flseEmd S R WEoSpRD bl Gt R

ardoain theglybical aghitdedxt ure tile 300a-d may contain

i nformati on describing the particular corresponding
pol ygon 108a-d. For exanple, each texture tile may
conpr i ¥ach tzﬂuneoﬂrrﬂmaat rea.y c(qntairyqumatirfn ctelsreibmgrthd: patcuflar

each co nd o on 108 unber. ( Pn
o Sl ORE PADE fosB Y, Y POD A Sncil Bl uITRE bk
neypodinats GQRi Hiohthe vatticeelor éziEh)coxtrdss@bndmgqnﬂygfon @08a-8,hmd a

EF@EP@&PQﬁg@?£Eg§§% ﬁﬁg%l:gentlfles the texture atl as

Each texture tile 300a-d may also contain a number (Tn) that identifies
the tile, a number (An) that identifies the texture atlas created in step 210¥ that is
associated with the tile, coordinates (s’,t”) that identify the location of the tile on
the texture atlas, coordinates (s, t) that identify the position of the tile in the
displayed image, and coordinates (x’, y’) that identify an origin for the polygonal
surface 106.

In step 210, the texture tiles 300a-d may be combined to form one or
more texture atlases. The texture atlases created in this step are described with

reference to Fig. 4. FEach texture atlas 400a-c may be or include a two-
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associated with the tile, coordinates (s',t') that
identify the location of the tile on 25 the texture

of the tile in the displayed inage, and coordi nates
(x', y') that identify an origin for the pol ygonal
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In step 212, a memory segment may be allocated for each texture atlas
400a-c. The memory segments allocated in this step are described with reference
to Fig. 5. The dimensions of the memory segment 500 allocated for a particular
texture atlas 400a may equal to or may be proportional to the dimensions of the
texture atlas 400a. The memory segment 500 may be or include one or more
segments of texture memory or texture cache. The memory segments S00 may
include a plurality of texels 502a-d. A texel is the base unit of a textured graphic,
a graphic that defines the surface of a three-dimensional object. The texels

502a-d may be indivisible units of texture present in the memory segment 500.
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reference 25 to Fig. 5. The dinmensions of the nmenory
segnent 500 allocated for a particular texture atlas
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that are created in the scan-conversion may correspond to the polygon texels
502a-b that are contained in the memory segment 500. The arrangement of the
texture tiles within each texture atlas, and the location of each texture atlas within

the memory segment, is not set until this step.

In step 216, results of the scan-conversion may be written to the memory
segment 500. This may include writing the texels 600a-d into the polygon texels
502a-b in the memory segment 500. In one implementation, each texel 600a-d
maybe written to a corresponding polygon texel 502a-b as it is created. In
another implementation, texels 600a-d corresponding to a particular polygon

108a-d may be created, and all the texels 600a-d for the polygon 108a-d may be
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diS® AYcohfdfctidal PitHTRE)s®h for analyzing and imaging three-dimensional

volume data sets described in the commonly-owned U.S. Patent Application
“System and Method for Analyzing and Imaging Three-Dimensional Volume
Data Sets,” serial number 09/119,635, which is incorporated herein by reference.
25 When practicing the present invention in conjunction with such a device, a
number of sampling probes, or user-specified surfaces, can be created, shaped,
sized, and moved interactively by the user within the whole 3D volume data set.
The intersection of the sampling probe with the whole 3D volume data set is
texture mapped onto the surfaces of the sampling probe, or volume rendered with

30 varying degrees of transparency within the sampling probe. For example, as the
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Referring nowto Fig. 7, a block diagramof a system

for applying a three- dinensional volunme texture to a
pol ygoiihé systenf H¥elioscostavian dontre cuwinitidde The t:hntml ®10dnle

I nventio m 7
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the memory 706, or in another location. The control module 708 may execute the

computer-executable instructions 710 in order to perform various functions.

The control module 708 may be configured to perform various functions
by executing the computer-executable instructions 710. The control module 710
may be configured to remove compressive indexing from the polygonal surface
106, for example, by distinctly representing each vertex of each polygon 108a-d
in the polygonal surface 106. The control module 708 may also be configured to
subdivide those polygons 108a-d in the polygonal surface 106 that are larger than

a maximum permissible tile size.

nmenory segment s 50BCTH§2004025298
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met hod. The data vol unme 1003may be represented in the
menory 706 by a plurality of volunme data points
102a-d. Each of the volune data points 102a-d may be

or i nciHed@niolviaddile 7081Ra ¥Eb B coRuddS© Gaild aitvigurd tile
control module 708. The control nodule 708 x@%
£% Ohs

cafar Eorsrcherelyenn H§adosapinined in thecppivgsmal s .
ThSueP HotiRk 708 Qm{mwe Qhe/ A& B Yilek BObALE gne bRERHEN6E or

comput er - execut abl e i nstructions 710.

colapices - Bheeewtrabedyln I0¢ pey ifersr b gonigpraddosoBbEg e
R ﬁé){?fe 960 P SIHb:f c%%ore 't&tur% Q@asg?myc B cfrof Rodule
anot ocatlon e control nodule 708 may execute
t AeS meystpis thertexswe etiasabi®atais theupeman 067aclsewhereder t o
perform various functions. The control nodule 708 may

be configured to performvarious functions 25 by
execut Thegeontiel 108 maysetherhs configiged tpcaliopHs 2 ?i@“eﬂt

ThepcoBt hRl teﬁﬁ%uéaghe?%h fSFBACID Of Q&n{ekﬁkér £16hsdO400RMOV The
conpressi ve i ndexing fromthe polygonal surface 106,

f eqmt@k mopile 70&Hmay] iﬂsq bneanfigured pr exeprnveig cahierlyger 1€8a- &f
360 B0 k5 SO RSt
s tl’moﬂawi ddubd d@k. Ik yreruits ofl g8 acah ¢qmvm’snen poly yhgoma| or more

SRR L6 L Q5 h8 o, B LT,

PERELIDAOAAt026 2@8ten 1:3 the@esobindfr Iscarmtdm\reaﬂo 8f epartaiuko
be conf red to cre a text
o ReRERL RS bt 0 o HESoMRed e G oL PrdiObais
1@5@cai€b&o otk el atla® dod2thdO&nmiys Sheose ibdhelitgeiicuotygon
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to Scagy %nMQd; ho@ac%g%p%g%g 0919 1 %ﬁaﬁdﬂ bg method for

polygon rface on t ata points
1@2bgoh eddivasioneahditexture tile creation in accordance with an embodiment

of the invention. This method may be one implementation of steps 206 and 208

in Fig. 2.

The method begins in step 800, wherein a polygon set may be created.
The polygon set may be a representation of the polygons 108a-d that make up a
polygonal surface 106. In one implementation, the step 800 of creating a polygon
set may include removing compressive indexing in the representation of the
polygons 108a-d. In another implementation, the polygons may already be

represented without compressive indexing.
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the data volune 100. The results of the scan
conversion may be one or nore texels, which may be
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po%ﬂ%nio%g&a‘lgsa{ _gmaipD ol 4 BERALYERN ﬂéegoly %J W06 is

doe not contaln one or rocessed
pohlydycae! bisdetngre hageit sdgoapthe pelysemd03ahd anﬁ@w Isechtinhds

rrlle\%te% e §t0t%b bisection point of a vertex of the polygon 108a-d. In another
P

implementation, the polygon 108a-d may be subdivided by centroid

degeneration. This may include finding the centroid of the polygon 108a-d, and

creating a new edge from each vertex of the polygon 108a-d to the centroid.

In step 814, the polygons 108a-d resulting from the subdivision may be
placed in the polygon set. This may ensure that each of these polygons 108a-d is

subdivided if necessary, and that a texture tile 300a-d is created for each.

In step 816, the original polygon 108a-d may be marked as processed.
This may include, for example, setting a Boolean variable or otherwise denoting
that the polygon 108a-d has been examined. A texture tile 300a-d need not be
created for the original polygon 108a-d since texture tiles 300a-d for the

polygons 108a-d resulting from the subdivision will be created.
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10 If the polygon set contains one or nore unprocessed
pol ygons 108a-d, one of the unprocessed pol ygons

pol ygon 108a-d is exami ned1fn order to determ ne

whet her the polygon 108a-d w Il fit in a texture tile
300a-d of the maxi mum perm ssible size. If the pol ygon
108a- dif wfi isldeteahinéd in step 1t thxt the @olyigbm 168810d beling fexarhined

ern1551b Z the 15 on 108a-d may..be
CREL MR RRSe ta S e BB S e, B ities
b$00ahd aiay deanrl is sEp BES. ]31014 tegarstild 300a-d tiit & ateal ady

the n|on h is the ori .'nal. ol n 108a-d. In
eI?PgW’WﬂP d of gy £8P d%/ g“obl%glauf\‘? Yéey
bnmcd | MGnk hﬁplkﬁaﬁﬁﬁaﬁl B ai@ndaﬁmﬁm t@@demmﬂé@m dmapoé
y creating a new_ ed at the bisection point of a

vé‘%qs@kwd?d% thepise phta toxtyise g 30 #d iigle Karrip that the texture

| AR ORI RnlaBlR thd Rty RA! 1088, 1B axsnPBYinREe SHPEinkhdesh,
bﬁ@centr0|d dﬁgeneratlon This may include Tinding

texpiertde d0QFd g bsdhs geﬂleimata@gvlaaﬁwmr@ rté%lﬁ"W?gd éhat
n vertex of the polygon 108a-d to the
Cgﬁgg%gge5@2g§qgsyg t he pol ygons 108a-d resulting
fromthe subd|V|S|on nay be placed in the pol ygon
set. Thi gep®0, BRIN G HAB00RAF haPThe tah@SEIORAY HIRBStile set.
108a-d is_ 25 subdivided if necessar and that a
t &% etbod thea comgesdn si§p 81 @ Athetei Be Pelas 108a-dis awrigdes
t pRckD TR m&%&’r@ﬁlﬂls]tg §1@p QoMBYhRGn TaE GQEnASed if there are
processed. 3 i nclude, for exanple, setting a
Ba®| WRFPoowEd mimn@l Satdhismaining ig dherolyegn sethat t he
pol ygon 108a-d has been exam ned. A texture tile
300a-d_need not be <created for the original poly
108a- dFigi Ad® 3 HYY shart depigidnesesa ipplergentition of3p n}fé‘?”\%gfé’ﬁs
1R andlatl8 %&He&dnﬁﬁl irf 4cBBRAE wsmhfég\m oMV | The%tﬂdd%gﬁg :
WD 2005/ 017608 PCT/ US2004/ 025298 15 F
dé Srm? Werrherpingrietiurg ptas Hamay Propyied gbie tsve}ars a&a%@r ey
e B iIredb |hl)ldfdn¥: o Mot Rxbhufhiis& doohe. 30z Hu@fatlas set
maxi mum permi ssi bl e size, a new texture tile 300a-d
ERY lsentain @padmyp texiusg aifps gizeTykich By OF Eeprasprtedi0a with
t Bat a hSight ORACExIRYatlab @awﬂgﬁn& RenBf! aﬁgq&ta@%a& QDo 1Y
contain |nfornat|on desc i ng the polygon .
| whemi 1§ aigstesirent at i on, the di mensions of the texture
tile 300a-d may be chosen to reduce the size of the
texture tile 300a-d while ensuring that the texture

tile 3B0¥EPPRohicaivrstle Ko PRy Befamingg 4o determpne whethgs|agy
| OnRB& s @ITE Ble@BO0AM remain in the texture tile set. The texture tile set

examined may be the texture tile set created in the method of Fig. 8. If the
texture tile set does not contain one or more unprocessed texture tiles 300a-d, the

method is complete, and the method ends in step 904.

If the polygon set contains one or more unprocessed texture tiles 300a-d,
one of the unprocessed texture tiles 300a-d is selected in step 906. In step 908,
the texture tile 300a-d and the atlas set are examined in order to determine
whether the texture tile 300a-d will fit into any texture atlas 400a-¢ contained in

the texture atlas set. If the texture tile 300a-d will not fit into any texture atlas

In step 810, PEEBUS2004/025298
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the texture tile 300a-d may be the small est
rectangul ar texture tile 300a-d that contains the

300a-d nmay be added to theléexture tile set. The

met hod then continues in step 816, wherein the pol ygon
108a-d is marked as processed. The nethod returns to
si@a-da3 aécw\menﬁreiaﬂasi 400a-¢ natgtterondanddn isfep Oh@r Thanay teatuye

OB 555 REMSFRS . DRSS T R S RELSE0

| spatenené axhRd als 40048 iepreldited blSenip@) tdttige flek 360a-d in
generation in accordance with step 210 in Fi

2, T
O Rt St A0ar T BmG00: o Ghn S Wardb et e eeciricalh
S flarke®¥s Bp t?r et implddenta@ish, W $ngdd bty $8lm B 3008-d, of

configured fo hold one or nore texture atl ases 400a- c.
THe dimgasigns oftthey iexags atlasedP0a-6nmay e pdded: fonihsn tedwe Litlas
ahp@se. Si ze, which may be represented by a width and a
hei ght. The texture atlas set may not contain any
texture atlases 400a-c 20 when it is created. In step

902, amtseptoddant tek@reS@lt 300kYd Be@6aNsiRE 006 Mafl B £ddel REa
whet her an unprocessed texture tiles 300a-d renain

| exioration 400 eintihy ExBErallasivs. WoRe EFRCRFIEiogete placement

e XAk BB 3@621 H'?@a tb%?&ﬂf&rﬁ]eh il £h «ﬁﬁﬁmferd%@sth?dﬁ dr fh 4ddGher
nmet hod of Fig texture tile set does not

céashlantpr@ﬁ@eéhe Wlesna?ﬁalﬂé]@et%té@ aflases #4008-¢.i | es 300a- d,
the 25 nethod is conplete, and the nethod ends in

step 904. If the polygon set contains one or
unpr oc¥s 8 Hfl%lﬁmi@mﬁ CEBLY3ERISE AN caghh&exgire tafas " d00a-c is

URDFRERSEIRerh Y It hufe filkd a0 AR ufls inpladnetibRdhd RxiEian
R% In sltg}}ge Iﬁ%& t he tthure t?lng) 3o3a ld and )t(he ©

aﬁp%sd beipg aﬂ@dész i teetare; aapsel g1ay tbg Plpsed inihp docatigneefiibe

t @ﬁpty%s&l% %1é3do§.d39£@,a&hw@rhme§ﬂ dred cﬂffé}e&%)(mih%é ke tile
400a-c contained in 30 the texture atlas set. |If

t ﬁ@%@i@mg addqd) Orpe0he i 1116 9Pa-flj has begnoaddeds newampte
atdsaige W 360k P‘flag @08 Rid/ h’ﬁ%@%‘é&%ﬁ@ﬁ?éﬁu}eﬁul@%ﬂrfd méy

new texture at 400a-c ed In ste
Th@venélw wrex o the teaﬂu@sathis)@a%c gy ViR ppdvaeusly ¢qvelteﬁ &y the

?ﬁ%ﬁ; Gl 1S 360 bhpﬁglg?cdv@}%h%?‘?ﬂé t%&ﬂu?e“ma %EM -d tha? %Qe

e texture atl’as a-c I's represente
t eddedr dhesd msv Q0P tektirn tiles [300a-dxbayr e pladedsn macamon of

be texture tile I
Sgléaca}r?an?YfFlienceSbetweeQ gh acide texg.!re tlf gﬂpﬁ-}isa%dqhe empty texture
i mijl 300edt at i on, a si ngI e enpty texture tile 300a-d, of

In step 914, the texture tile 300a-d may be marked as processed. This
may include, for example, setting a Boolean variable or otherwise denoting that
the texture tile 300a-d has been placed in the texture atlas set. The method
returns to step 902, wherein it is determined if there are any unprocessed texture

tiles 300a-d remaining in the texture tile set.

The foregoing description of the invention is illustrative, and
modifications in configuration and implementation will occur to persons skilled

in the art. For instance, steps can be combined or may be performed in any order.

the texture tPCBUS2004/025298



the di nensions of the texture atlas 400a-c, may be
added to the texture atlas 400a-c. In step 912, the

W 20060108 i | e 300a-d selected in step 906 nay PET/HSHEH025298

to a texture atlas 400a-c1Vin the texture atlas set.
In one inmplenentation, the placenent 10 of the
texture tile 300a-d nay be perforned in an optim zed
f &éliileaextore tiley wmdaddnae atldseshive bedroddsatbed as phicanieynents

space .in.the textu tl ases 400a-c. In one

KD FIErsRicr BTy caRbioy! SHUREINE GG At ROBANEOR diey ggod not
4@%@% sontmﬁnn@s@mogd Rith@e ferv@s tildsCortebAt@s 28R8andy
In this inplenentation, the texture tile 300a-d being

adRfdflet ‘8“% Reecifuing fhe dipengions of arsyffigigntopegmspt ph megory-
5 | omadviad) sOfiwiB8r difier§88RhNed @¥EiHe ab kihSuA0RA i ehma&mﬁﬁt%

the smal'lest area difference with thé texture til

3bo sisrityesdn gnchsiadlarly onerabadiaenteresereest cleﬁ@bs@@ad@trtba@d
b o dye t l;

i, AR R TR N o) B il ih P Rechiiag Bl o be
c dyited pplg by thefolldwippelaimsxt ure at | as 400a-c that was
previously covered by the enpty texture tile 300a-d,
but is not covered by the texture tile 300a-d that was
20 added. These new enpty texture tiles 300a-d may be
placed in the location of the area difference between
the added texture tile 300a-d and the enpty texture
tile 300a-d. In step 914, the texture tile 300a-d nay
be marked as processed. This may include, for

exanpl e, setting a Bool ean variable or otherw se
denoting that 25 the texture tile 300a-d has been
placed in the texture atlas set. The nethod returns to
step 902, wherein it is determned if there are any
unprocessed texture tiles 300a-d renmaining in the
texture tile set. The foregoing description of the
invention is illustrative, and nodifications in
configuration and inplenentation wll occur to persons
skilled 30 in the art. For instance, steps can be
conmbi ned or may be perforned in any order. WO

2005/ 017608 PCT/ US2004/ 025298 17 Wile texture tiles
and texture atl ases have been described as physica
segnments of electronic nenory capabl e of containing
one or nore polygons, they need not physically
contain this nmenory. Rather, the texture tiles or
texture atlases may



i nclude data specifying the dinensions of a sufficient
segnment of nenory. 5 Hardware, software or other

w0 emwonrwes descri bed as singular may in enbodi PENUS2004€25298
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di stributed, and simlarly18n enbodi nents resources
described as distributed may be conbi ned. The scope
of the invention is accordingly intended to be

limted only by the fol | 6hARgScl ai rs. WD 2005/ 017608
PCT/ US2004/ 025298 18 CLAIM5 1. A nethod for

di spl ayi ng graphi cal data, the graphical data

conpri $i ng t methgé t fop risplayingmeraghical datiantthanigrdphivaly data
d d g S

cr opl P lcalt o TR AR BRRY bEhAACh WG, (GRS B mehod
a comprdngtbasiepndl | ayout of at | east one polygon in a
pol ygonal surface; allocating a nmenory segnent for the
t extur t : 0

the. ar g salfe I B B e com B £ A8l
t exel ; mﬁ|hmeOfﬁémﬂemebdvﬂrcnmmehgmnéswﬁsegnent and
10 determining an intersection of the texel and the
pol ygo I

Phe”at et {agRory Soanl Ner TR O b Bl M ORER 1
of claiml1, mhereln the data volune is a seismic data
vol unes@Brpresingghest lqasoae peligonde foraeqsTespanging texel;
anpl i tude, phase, frequency, 15 senblance and

coher eRgiing the tekBEntRh BBy sedrdnfaha furt her
conprising the step of creatlng a texture tile. 5.
The nethod.af cla rther conprising the steps

of . é‘?%fﬂlﬁﬂﬂ% ?fbl“\tﬁ’is@‘ftff’é‘rol%tﬂ}?ée’ﬁf anddie polygRalyrivefon fits
within a predetermined 20 maxinumtexture tile size;
subdi v2di ndTliehmetabd lo€ aiim o evheadiy denati BhR ode Polyigdh iid ¥
of .conponent polygons if it does not fit within the
n§§ mtexture tile size; and

3. The method of claim 1, wherein the data volume is a seismic data
volume comprising at least one attribute from amplitude, phase, frequency,

semblance and coherency.

4, The method of claim 1, further comprising the step of creating a

texture tile.
5. The method of claim 4, further comprising the steps of:

determining whether the at least one polygon fits within a predetermined

maximum texture tile size;

subdividing the at least one polygon into a plurality of component
polygons if it does not fit within the maximum texture tile size;

and

marking the at least one polygon and each of the plurality of component

polygons that fit within the maximum texture tile size.



mar ki ng the at | east one pol ygon and each of the
plurality of conponent 25 polygons that fit within

WO b@soepedsrum t exture tile size. WO 2005/ 017608PCT/US2004/025298
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PCT/ US2004/ 025298 19 6. Th2 net hod of claimb5,
further conprising the step of creating a texture
tile set, the texture tile set conprising a plurality
of texé.ure Thel &hod dfeclaifl 3 Faddiet Yo@pridi@xine lsptof |cﬁ>§tmg a

i ncl udi ng thtZ) xtur? tile, each of the Iuralltly

t &GF él < 35ty 1he RSP A SR FOmPTIFIBS & PIBRlitOP! erreatile ol

O@Rll'éﬂﬂj’ yoeRuA ed ilGudihg! thalidxiite Gle, eRhCRMMORIEALLy of textu
gons, 7. The met ho% of claim5 wherein tﬁyo tex e

| Eé?étCOBHg’"tgoPtylﬁéﬁﬁ onpf throaisleast gine fpolyapp tanf (ihe plrality of

g&ﬁh{ﬁdly%oﬁé, ze conprises a |longest edge, a m dpoint
on t 'ongest edge and a vertex. 8. The nethod of
claimy, further conprising the steps of: 10 creating

an edgd bet WEdRethadotisaip Ji hereim thetah deasteane @qlyseimidat does
PabE QG 1R e RHniR kift FRISHBFiRE12QBnged-ed %@% Iﬁ@%agtdonqge

claim®6, further conprising the steps o erm ni ng
e pdgs 40 2 geriaxhe plurality of texture tiles fit
within a predeterm ned maxi numtexture atlas size; 15

assigngng epehindodidrelamh Al ethdr YoRpridifatht biEpstde! €s t hat
fit within the maxi mum texture atlas size to the

texture atI as; .assigning each of the plurality of
t ext ur &44e88 eiiﬂ??é%et‘%ﬁ n G emifipgintapd feryettes a0draxi num

texture atlas size to a new texture atlas; and marking
each operfon@inglawedtdid yegoferdtnf ure tiles that are
assigned to the 20 texture atlas and the new texture

at| as. 10 ﬂeme%d o?dlalén &rgg&gﬁ%ﬁtﬁgggco rising

the st ep of “conpari n f the
plurality of texture tiles with the maxi numtexture
at | as det¢rmaning abbtherf each eof phelphirality obftextex ttilesefit withim a

assi gned t}ré&%n%%xé%%%m%}m smrzz;/rgl astsgz%f new texture

atl as bei ng assi ference between
a collective tile size 25 for the plurality of texture
tiles asighigaetrhtod thetpduraliy ofiteatues tilastharfit withen drexriamizmm

texture atl élaﬁgsﬁg% Qt&hﬁlé §$ a difference

bet ween a CO ective tile size

assigning each of the plurality of texture tiles that do not fit within the

maximum texture atlas size to a new texture atlas; and

marking each of the plurality of texture tiles that are assigned to the

texture atlas and the new texture atlas.

10.  The method of claim 9, further comprising the step of comparing a
tile size for each of the plurality of texture tiles with the maximum texture atlas
size, each of the plurality of texture tiles assigned to the texture atlas and the new
texture atlas being assigned to minimize a difference between a collective tile size
for the plurality of texture tiles assigned to the texture atlas and the maximum
texture atlas size and to minimize a difference between a collective tile size for
the plurality of texture tiles assigned to the new texture atlas and the maximum

texture atlas size.
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the plurality of texture tiles assigned to the new
texture atlas and the nmaxi mum texture atlas size. WO

claim1, wherein the nenorgdsegnent conprises texture
cache. 12. The nethod of claim1l, wherein the texel is
based on a correspondi ng volune-data point. 5 13. The

met hodi iof Cll'halriiﬁtﬂo,d dfutdifelr, wiherg theiméndri 8eGhdP c&hprises
prOCGSSIF representation of the at |east one

renmove any conpressive indexing. 14. The
nethod of claim 13, wherein processing the

r epr esrmt at’]i"h@nmetlhod he alkich egswhedlm BRl ¥gen i ¥ad $8Sa
resen ‘% td#east one vertex for the polygon. 10
“ﬁﬂﬁ? Bipegietaioitm 1, further conprising the step

of di splaying at least a portion of the intersection

of thelxex éﬂ'he atethod h:Eclﬁm{ y.gorfiledr cSidpifisugeethé Steplof I!n‘S@fssm@-ﬁ
A t ext re a as conF ‘#ﬁ& a texture tile

nERRES R fha@h{fﬂ? n {QLepIgY B AR ‘lOE‘Pr%?S‘ﬁ% SHg hat
identifies the texture tile |ocation on the texture

atl as; 14.a tBxtmatedalf khin dBmenséin ProcessingthdfePregdnkASn of
a ect nd coordi nates that i entif t he

i 57 e O PR e sk 91 3G et
dp&ygﬁated for the texture atlas. 17. The texture
atlas of claim 16, wherein the texture tile conprlses

e porygort e COMR o CH e s SHrREra/ Bt £ ok CBrHEe

aht lessatpopihtdf ahd yiteg@ttionl ¢fable tdxBl amdiths pelyginaEaisfaod &l a
data vol unme; 25 coordinates that identify an origin of
t H¥"pol ygon; WD 2005/ 017608 PCT/ US2004/ 025298

16. A texture atlas comprising:

a texture tile;

a number that identifies the texture tile;

a number that identifies the texture tile location on the texture atlas;
a texture atlas dimension;

a texture atlas aspect ratio; and

coordinates that identify the position of the texture atlas in a memory

segment designated for the texture atlas.
17. The texture atlas of claim 16, wherein the texture tile comprises:

a representation of a polygon, the representation of the polygon
comprising vertices, the vertices being at least partially contained

in a three-dimensional data volume;

coordinates that identify an origin of the polygon;



21 a nunber that identifies the polygon; atile
di rension; a nunber that identifies the tile; a nunber

wo bab/oidenti fies the texture atlas that cont ai PET/URD04/025298
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tile; 5 coordinates that idéntify the |ocation of the
tile on the texture atlas; and coordi nates that
identify the position of the tile in a displayed

I mage. a thBnbef thet identifies te pbllyasn;of cl ai m 17, wherein the
data volunme conprises seisnmc data, the seisnmc data
conpri sj:ng. at | east one attribute from anplitude,
phase,§*¥36%@%8§, senbl ance and coherency. 10 19. The
texture atlas of claim 17, wherein the polygon is a

t ri angt eumig@thaflidentifiexthatile; at | as of claim 17, wherein
the representation of the polygon conprises distinct
coor di fQl : £ac ' t ; e texture
atl as g?&%ﬁ%itﬁ% lctﬁgﬁ%sgllgerﬁbg@r,e\éﬁ Setbéz%ﬁm?ﬁ émr?\?r?reﬁr y
segnent conprises texture cache. 15 22. A system
conpr i §PHgingteheiddeaniystheloggiondé (edide prethe sxtuse pjaszand
machi ne, the program storage device enbodyi ng a

pr ogr agd&@inkiBShitidntifhe pEXRMWE Akl e IV iy ihige for
di spl ayi ng graphi cal 'data, the graphical data

conpri ingg%t | east one volune data point within a_
dat a v und e dgrdere alas,ql clats dd. Whasrip thesiaiy velpae germpréses

Ofcisndi0 dataS@b isBigmR da@XdoMRisAk la@fasti A8 abtBHd F@mPhthAftude,
conprising a two-di nmensi ona | ayout of at |east one

pBhidsE ieanshcy spablossad cdgrmate: al | ocating a nemory
segnment for the texture atlas and the data vol une;

scan- converthi Rgnld @18 bf E1GAS17, MREreRChY B81PednGs § HaREE.
corresponding texel; witing the texel into the

nmenory, se and 25 gfer 1 ni ng .an i ntersection of

!
the t 35T g PHEe sgR goriam dl irtn toeproaNeradghe

PEJlY £852030 1662 AR08t cdatdidates O Bach W iteRraEesCl ai m 22,
wherein the at | east one polygon is a triangle.

21.  The texture atlas according to claim 16, wherein the memory

segment comprises texture cache.

22. A system comprising a program storage device readable by a
machine, the program storage device embodying a program of instructions
executable by the machine for displaying graphical data, the graphical data
comprising at least one volume data point within a data volume, the instructions

comprising the steps of:

creating a texture atlas, the texture atlas comprising a two-dimensional

layout of at least one polygon in a polygonal surface;
allocating 2 memory segment for the texture atlas and the data volume;
scan-converting the at least one polygon to form a corresponding texel;
writing the texel into the memory segment; and

determining an intersection of the texel and the polygonal surface.



24. The systemof claim 22, wherein the data volune is
a seismc data volune conprising at |east one

wa@eaosiobsoe from anplitude, phase, frequency, BCT/US2004/025298
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senbl ance and coherency. 232 The system of claim 22,
wherein the texture atlas conprises a texture tile.
26. The systemof claim 25, further conprising the

step oP3.cr €Htei systedm oft @AUILE Whdréin I8 at Teh® dne)foligBn tid he
set anprisi ng the. texture tile and another texture
10"81%. 27. The system of claim 26, wherein the
texture atlas conprises at |east one of the texture

tile apdl tHEneapoather clh@x?2)mheteid e d2a8 vollihe iSy sli@mt Qhta
clajm?27, further conprising the step of creating a

té’)?{uWeCdé?Hnﬁggs tleasf 10 etaétﬁ‘gg‘f‘efma‘?laé@e@@?’ Ebdspr fredusgey.
t Remblence und®cahbleas, and anot her 15 texture atlas, the
anot her texture atlas conprising at | east one of the

texturg.til and the another texture tile. 29. The
syst em%o'f cﬁ‘gi Hiss %‘é‘?@ %Ft Yierein g, X g pHascemRLises 2
t lxturpdleygon. 30. The system of claim 22, wherein the
menory segment conprises 20 texture cache. 31. The

syste f aim.22, ereLn . the texel. ig based on a
corr eg%gndich]ge Y3 r‘?é\é\%’d? 25 ’JBPR?.COE’E?S‘% a‘es??gt (ff3tng a

C kexiure AR, sef, thettéxdiire GRE t&hfBidghBe fk@R @E 2RI BERBS tdGhre A
representation of the at |east one polygon to renpve
aﬁg}"conpr essing indexing. 25 33. The systemof claim
32, wherein the processed representation of the at

| east Zhe [WhkeysgaomodMinSEE viterdi @Rt teRR MR tcBMpfi®k at

t li]e%stpo?lle Xptgg texture tile and the another texture tile.

28. The system of claim 27, further comprising the step of creating a
texture atlas set, the texture atlas set comprising the texture atlas and another
texture atlas, the another texture atlas comprising at least one of the texture tile

and the another texture tile.

29.  The system of claim 25 wherein the texture tile contains the

polygon.

30.  The system of claim 22, wherein the memory segment comprises

texture cache.

31.  The system of claim 22, wherein the texel is based on a

corresponding volume data point.

32. The system of claim 22, further comprising the step of processing

a representation of the at least one polygon to remove any compressing indexing.

33.  The system of claim 32, wherein the processed representation of

the at least one polygon comprises at least one vertex for the polygon.



