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particular, the application relates to visua
simulation of dynam c noving bodi es. DESCRI PTI ON OF
RELATED ART Because of the dynam c nature of an ocean
scene, ocBAAUVALOSHMUEATIPNUPHt PENAMECaMOVANGt BODGRESE! | v
expensi ve conputer graphics process and is a
drECHNUCALt #3SELDOr applications that require visually
pl ausi bl e t hree-di nensi onal conputer graphics effects

at hi glthtr gire seatesppiadhicebnsyat Besks tof cemeaRe$CEREFhics.
is a conputer 15 graphics techni que whi ch enabl es

wahepasyli tates, t ehbeapFeLOMPLSe d-didilAldy iRk 1PaAkS1ation
Through Fourier synthesis techniques, conplexity can
beradjusined hodependedtly.and triangulation can be

vi ew dependent. See, for exanple, G A Mastin et

al ., "Fourier Synthesis of Ccean Scenes", |EEE 20

Conmputer Graphics & Applications, p 16-23, (Mrch

1B§§bRIPHQ@§V@@,RE@%&E@rAﬁfntheSIS i ncurs a heavy

conputational |oad and therefore is not suitable when
real t 0GeS g ljcatl
Speci f Po Rardugr o r e el Fapr B NE S SRBa T ocean

I t I
e o R e

d%QEPBXCQaE%%C% aric op% | \rg@l\é%%lr a I Zfatrfonegpplications
Ukhggagg ﬁlre visually plausible three-dimensional computer
graphics effects at high frame rates.

Fourier synthesis of ocean scenes is a computer
graphics technique which enables water surfaces to be
decomposed naturally into parts. Through Fourier synthesis
techniques, complexity can be adjusted independently and
triangulation can be view-dependent. See, for example, G.
A. Mastin et al., “Fouriler Synthesis of Ocean Scenes”, IEEE
Computer Graphics & Applications, p 16-23, (March 1987).
However, Fourier synthesis incurs a heavy computational
load and therefore 1s not suitable when real time
processing is desired, unless application specific hardware
is available.

The concept of levels of detail (LOD) in computer
graphics involves rendering geometric meshes of variant
polygonal density based on field of view and range from eye

point, with a view to optimize CPU utilization ultimately.



WO 2004/ 081743 PCT/ US2004/ 007258 C assic geonetry LOD
optim zation techni ques either do not perform
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perform vi ew dependent adaptive neshing. See, for

exanmple, J. H Cdark, "Hi erarchical CGeonetric Mdels

for 5 Visible Surface A gorithps", Communication of

ACM  §£9p£8}<599°o888YY PRt YOt igghderhniques either do
Funkhouser and C. H. Sequin, "Adaptive Display

APgEr PEREPEDr IRREEREEEVPe TFRamElRGt adaphivagmeshing, or do
Visualization of Conplex Virtual Environnments",

SNEERAPY 03Py géewdidrgendsagesadart 5 megh(inggs) . See, for
Conventional conputer graphics techniques that can

i arameéei vel-y Jperfbrrkvi evliaspsabént] Geoaldty igddpdads for
terrain nmeshing rely, however, on a pre-defined nulti-

r ¥sslibilicon $wpkasent Atidowithow whi chorrpubicdgieme of  ACM,
adaptive 15 triangle neshes each frane. For exanple,
MLOALODuEKArhE4u (Ogtolker, 1IRDAM, ngnFelr ahn: FRekhovpae and C.
Optimal ly Adapting Meshes, |EEE Visualization 197,

8H-~ 885¢ Mo, 199 ftdateur 88 spiaghmipmst tihat fwai nfataractive
vi ew dependent triangle neshes which produce inmages
aFrameeq®iated f Caenoat é/1ipieasti@0 tdieseCompehex quésrtual
apply to terrain visualization, require preprocessing
ofnvheoneendisfi, i nSOGGBAPHO &8hi Bvecthdingpti npagds 247-254
real -time performance, and require a height map as a
réfiecence for the altitude of any point on the map.

Si nce ocean scenes (and ot her scenes including a

dynam co2vembvionglbodympsteh asaphiascomgpelietgaeti dhat can
gane or other sinulations involving rapid action or
mavieresick itgpiycabkyform view-dependent, locally adaptive

terrain meshing rely, however, on a pre-defined multi-
resolution representation from which to build the adaptive
triangle meshes each frame. For example, M. A. Duchaineau
et al., ROAMing Terrain: Real-time Optimally Adapting
Meshes, IEEE Visualization ‘97, 81-88 (Nov. 1997) features
techniques that maintain view dependent triangle meshes
which produce images at a required frame rate. However,
these techniques apply to terrain visualization, require
preprocessing of the terrain in order to achieve the
optimized real-time performance, and require a height map
as a reference for the altitude of any péint on the map.
Since ocean scenes (and other scenes including a dynamic
moving body, such as in a computer action game or other

simulations involving rapid action or movement) typically
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-2 WD 2004/ 081743 PCT/ US2004/ 007258 have a
dynam cally changing profile, conventional terrain

wQ 2@dagi7ant i on techni ques are not readily adapp@biUs20041007258
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many instances for sinulating the dynam c noving

body. | nproved net hodol ogies for sinulating a dynam c
moving 5 body, such as a body of water or even a

dVAER & Ty Goldy Ghng i erof 1 hout camyebotbesl oferrain
wat er, are needed. SUMVARY The present application
piréviadd zatierhsechadiques sirguneti mgadidynadbptablengn many
body. I'n one enbodinment, the nmethod includes dividing

t hesgpngsisc fppvisigudedynontbeadypkoral moyiof beblys,

each cell being associated with a correspondi ng nmesh

havi ng lapreysdcmatbddpbeoies i Hrr shusiatiimy reidynboris moving
of a cell when the cell pages into 15 nenory, in order

t bodwt eprichearesobady 0pE witeespectvare a nhshed cofmoviag body
nei ghbors, and adjusting the nesh of the cel

advordisggrico wiltdougs eyt bodd esf offhgatespeatrevacndetes

of the neighbors as conpared to the resolution of the

mesh of the cell. -3 WD 2004/081743 PCT/ US2004/ 007258

BRI EF DESCRI PTI ON OF THE DRAW NGS The features of the
peEM@ARYappl i cati on can be nore readily understood
fromthe followi ng detailed description wth

referemee t @Adierae CoOAPANYENYL S aWpRe§iWREr eian: edldd  for
1 shows a flow chart of a nethod for sinulating a

simulating a dynamic moving body. In one embodiment, the
method includes dividing the dynamic moving body into a
plurality of cells, each cell being associated with a
corresponding mesh having an associated resolution,
hquerying‘ neighbors of a cell when the cell pages into
memory, in order to determine resolutions of respective
meshes of the neighbors, and adjusting the mesh of the cell
according to the resolutions of the respective meshes of
the neighbors as compared to the resolution of the mesh of

the cell.



dynam ¢ novi ng body, according to one enbodi nent of
the present application; FIG 2A shows a schematic

WO 2@w08f74n grid structure of 3x2 cells w thi nPEUS2004/007258
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exenpl ary scene including a dynamic 10 novi ng body;

FIG 2B shows a cell (1, 0) of the grid structure of

FIG 2A;, FIG 2C shows a mesh with a resolution of

8RB LEEoDEFERAPEGONN OFhEHEcPRAWINGE) of FIG 2B; 15

FIG 2D shows two neshes with different respective

r esol uThenseaitngddagdialy the pekkeft, aPpliickhienmesin be more
resolution of 8x8, and a cell (2, 1) with a nesh

r eseldfliyonndefrs4rdd ErGm 2EeslioldcaimgsHepaitdi desbeiption
cell (2, 1) of FIG 20 2D, FIG 2F shows a nesh facet

i withereéklref2e, tp oheFbGcomPBRyEhGSdrasiand IBeshbow:
schematic diagranms illustrating construction of a

col umFaf.t Li ahgvesat 6lsti tledira s sh uierhotb AdrS s@@8lating a
nei ghbor, in which the east nei ghbor has a higher .

r dgakut comdhay thedypeshecacaondi g tononempsbodicreNtof the
of -4 WD 2004/081743 PCT/ US2004/ 007258 the present
dbsekeadr appEli S8t i4A;and 4B show schemati c di agrans
illustrating construction of a colum of triangles to

stitchracnesh tBowst & easkmAeighboew a€cargichd Lk8ructure of
anot her enbodi ment, in
3x2 cells within an exemplary scene including a dynamic
moving body;

FIG. 2B shows a cell (1, 0) of the grid structure of
FIG. 24;

FIG. 2C ghows a mesh with a resolution of 8x8, co-
located in the cell (1, 0) of FIG. 2B;

FIG. 2D shows two meshes with different respective
resolutions, including the cell (1, 0) with a mesh
resolution of 8x8, and a cell (2, 1) with a mesh resolution
of 4x4;

FIG. 2E shows a mesh point in the cell (2, 1) of FIG.
2D;

FIG. 2F showg a mesh facet in the cell (2,'1) of FIG.
2D;

FIGS. 3A and 3B show schematic diagrams illustrating
construction of a column of triangles to stitch a mesh to

its east neighbor, in which the east neighbor has a higher

resolution than the mesh, according to one embodiment of

—4—



5 which the east neighbor has a | ower resolution than
the nesh; FIGS. 5A and 5B show schemati c di agrans

WO kdoussr7az i ng construction of a row of triangP@EUSN04/007258
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stitch a mesh to its north neighbor, in which the

north nei ghbor has a higher 10 resolution than the

mesh, according to one enbodi nent; FIGS. 6A and 6B

show SLRerati C18CaGEH%Eii | lustrating construction of
arowof triangles to stitch a mesh to_its north

nei ghb&EESacddy dity 4B HHIt heehembolt nehrgrams whi thstrating
the north neighbor has a |ower resolution than the
neSRSEINCERGE. OfA 2ar® lTBus ki Wehrsrelid ¢t sgfrdigh a mesh to
illustrating stitching of an upper right corner of a

mesk tePFE s Nedsihboand aererdied gitisor anotkenhiesipodiement, in
east and north nei ghbors have higher resolutions than

t HeigbsH-heaceardi R§iobbeie hasnbodiarar; rasel2gibnG3han the
8A and 8B show schematic diagrans illustrating

sfeséhi ng of an upper right corner of a mesh to its

east and north nei ghbors, according to another.

enbodi HERE,. iR amltl AB tHeowasthemat hordhagedghbdl fustrating
have | ower resolutions than the nmesh. -5 WO

2000508 1U743 cRCTLUS2004/ 007258 anDEFA|I LEDsDESER| RThébh to its
The present disclosure provides tools for sinulating a
dyeatrinc nroghigprhodyy winttludihg noptby e igkboaddleegi #shigher
for managi ng pagi ng of geonetry, mnimzing nmenory 5

r egsolemsots theel ebei mgsheveksoatlidet abl oher eakbbdiment ;

FIGS. 6A and 6B show schematic diagrams illustrating
construction of a row of triangles to stitch a mesh to its
north neighbor, according to another embodiment, in which
the north neighbor has a lower resolution than the mesh;

FIGS. 7A and 7B show schematic diagrams illustrating
stitching of an upper right corner of a mesh to its east
and north neighbors, in which the east and north neighbors
have higher resolutions than the mesh, according to one
embodiment; and

FIGS. 8A and 8B show schematic diagramsg illustrating
stitching of an upper right corner of a mesh to its east
and north neighbors, according to another. embodiment, in
which the east and north neighbors have lower resolutions

than the mesh.



selecting levels of detail for triangle geonetry,
culling cells to the view frustum and triangle

wa@eoopopiTng). The tools may be enbodied in a coPEIUS2004/007258

10

15

20

25

program (or a nodule of instructions to which the
conmput er responds) stored on a 10 conputer readable
medi um such as a conpact disc (CD), and/or

t PRASATEPeBEGCRIZTEONpuUt er network, such as the

Internet, or another transm ssion nmedium such as a

wi r el eShenpdeaanti disnkognrenpeoshtpreitanl <A fioet kddulating a
simul ating a dynam ¢ novi ng body, 15 according to one
efpodinienmowiing bealy ,bel rexipldaime dmptdved efietlendel dgies for
FIG 1. The dynami c noving body is divided into a
phanapiity of mEadirsy wigh eaghowmeklybei ngniasisgiciiaiced memory
Wi th a correspondi ng nesh havi ng an associ at ed

r esqhdtrteorntest epeSkblinNei debverls ofofa cidtdaiml e for cells,
queri ed when the cell 20 pages into nenory, in order

t selleteinpnéevede utfi alea0fl faaspectdnvel aresdeseofy f heulling
nei ghbors (step S13). The nmesh of the cell are

adplited acels divigwt Eraiseampardsdnt of ahhte eSQhingn  The
of the mesh and the resolutions of the respective

mesbes ohyt be aebghbed sifsi eforiier phheyrmsNo@f a2hodule of
the cell may be adjusted by constructing one or nore

st hbpsuct@oski tteh Wionet hehe t BemPBEBrare sihedrei gkl on a
-6 WD 2004/ 081743 PCT/ US2004/ 007258 According to one

eabagureRt , rdea 0P avditinghtsiofh t B NEshoRbpathe B (cp),
may be adjusted according to a conparison of the

rgsal/Bli arDiskhe-s@skiw th ES&?hﬂéko%@Joﬁ]@rtBuéﬂd as the
east nei ghbors, respectively, the cell. If the

Internet, or another transmission medium, such as a
wireless medium, in one or more segments.

A method for simulating a dynamic moving body,
according to one embodiment, will now be explained with
reference to FIG. 1. The dynamic moving body is divided
into a plurality of cells, with each cell being associated
with a corresponding mesh having an associated resolution
(step S11). Neighbors of a cell are queried when the cell
pages into memory, in order to determine resolutions of
respective meshes of the neighbors (step S13). The mesh of
the cell are adjusted according to a comparison of the
resoluﬁion of the mesh and the resolutions of the
respective meshes of the neighbors (step S15). The mesh of
the cell may be adjusted by constructing one or more strips

to stitch together the mesh and the neighbors.

—6—



5 resol utions of the nmesh and the east nei ghbor are
not the sanme, one colum of triangles nay be

wa@oeoggret ed to stitch together the nmesh and pPeIEUSES4/007258
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nei ghbor. If the resolutions of the nesh and the

north nei ghbor are not the sane, one row of triangles

is constructed to stitch 10 together_ the nmesh _and the

north REFGRBORT WReRNEhEMPEPLCRhgeshBuECBf 2REnBEYLE of the
the cell may reset the east and north neighbors. The
cBFFINRY 5h§oCﬁéﬁ-| FeYwest adalsEedt RCCREAGRBOES af cPHRarison
cell after the cel | Pa s into nmenory. Wen the cel
pafe&hBuresPleadR YO é&?(ﬁﬁﬁhrWﬁﬁh|ﬁ§$QQM§lOP§ @Esporth and
and sout h nei.ghbors that the cell has paged out.

Aee6Edi g B barEt herr esrsd Hemly  t hef bothem asd ll-ef tIf  the
of the nesh of the cell are adjusted according to a
corparisepnsf ofh&heegeislt isow dfhet astesteigttpr are not the
resol utions - of south and west neighbors,

r espect Prel yolomnt g celpngles20avhber espbiriiohedoto stitch
the nmesh and the west nei ghbor are not the sanme, one
cobgatihef t thangheshmapgrise ddvest rasstted ediglgiat ch  If  the
toget her the mesh and the west neighbor. If the

r gegbltitapssopb Lt hbenmekhanddatseunbrinbi ghbghbareanetnot the
the sanme, one row of triangles nay be constructed to
stietneh 26ntogetheroff hemesiylarsd tike southrnekghboto stitch
When the cell pages out of nenory, the cell nmay reset

t hegeebtranthesoutdh a21vd Wh@004£08B17R43ghbor. When the cell
PCT/ US2004/ 007258 nei ghbors. The cell nmay al so notify
easteandunovtthmenerghbohe eklfheagekksatt ehet Bastebhd north
pages into nenory. Wen the cell pages out of nenory,

t heigibbraoti fiBse thell may also notify west and south

neighbors of the cell after the cell pages into memory.
When the cell pages out of memory, the cell notifies the
west and south neighbors that the cell has paged out.
According to another embodiment, the bottom and left
of the mesh of the cell are adjusted according to a
comparison of the resolution of the mesh with resolutions
of south and west neighbors, respectively, of the cell. 1If
the resolutiong of the mesh and the west neighbor are not
the same, one column of triangles may be constructed to
stitch together the mesh and the west neighbor. If the
resolutions of the mesh and a south neighbor are not the
same, one row of triangles may be constructed to stitch
together thé mesh and the south neighbor. When the cell

pages out of memory, the cell may reset the west and south

—7—



east and north neighbors that the cell has paged out.
5 According to anot her enbodi nent, the bottom and

wo c@hwsi7ad t he nmesh of the cell are adjusted apCDUSt00g007258
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to a conparison of the resolution of the nmesh with

resol utions of south and east neighbors,

respectively, of the cell. According to another

eRBOATRORE - t heTR®p Gfd | 8BY oRlse0 ndlel fivsieasft t Bed north
cell are adjusted according to a conparison of the

r 8§6PbPrER It t heemesh lwiatt aresohait FeAd elgssr tintmdmemory .
west nei ghbors, respectively, of the cell. In

alilier &hie eahl clepvepr ever abl peh@¥ya géonetedl peetifies the
each one of a plurality of observers. 15 A master nesh

&y She 2pehporéd asdyhbozve thetathieglkedtl heesplgedoput .
anongst the nmesh resolutions of the plurality of

cel | s. ARgsivdigws tof apethieresmbeddmestquehe Woshes and right
sanpled fromthe master nesh. Each | evel of detail may
befastbei atesh witth Bhe2@&ldr r egponddngsadi mimdidieay to a
distance. If a linear distance froman eye point to a
cebiphavispg &8 e wisoldetizid ceXceselsnédie with resolutions
correspondi hg maxi mum | inear distance, a |ower |evel
obfdebaith ies:dselaett ecibbibotise celsbecSdvelyer mifnahegyell .

is defined below, with reference to 25 FIGS. 2A

t hr oughc2Brdimat e conttéxtr efmtsidimeatd ngloceasp aved efeft of
It should be understood that although exenplary -8 WO
2004/ 688143 LPEREUSEZDD44 06 72580 s teed otk drd icA® a comparison
descri bed herein with reference to an ocean or

soifulakti rgsoteanonaber thé heedloolstidesssdhed Jigr eifnnBaYh and

west neighbors, respectively, of the cell.

In addition, each cell preferably has a geometry per
each one of a plurality of observers.

A master mesh may be computed each frame at a highest
resolution amongst the mesh resolutions of the plurality of
cells. Positions of verticesg in subsequent meshes are
sampled from the master mesh.

Each level of detail may be associated with a
‘corresponding maximum linear distance. If a linear
distance from an eye point to a cell having a level of
detail exceeds the corresponding maximum linear distance, a
lower level of detail is selected for the cell.

Some terminology is defined below, with reference to
FIGS. 2A through 2F, in the context of simulating ocean

water. It should be understood that although exemplary

—8—



be applied to sinulate other bodies of water and/or
ot her dynam c noving bodies as well. 5 An ocean (or

wa@e@ilogr74zlynanm ¢ novi ng body) may be represenP@mUsSROA007258
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single level (of detail) rectangular grid of cells.

The sinul ated scene is divided into colums and rows

(for exanple, a grid structure) , which define the

| AEPofduanteerrs dFsembeft P RIIGWitR) rediepgngeedo an ocean
scenes 10 cover areas larger than a cell by exploiting
neshsipadpsdngi pgean @@ltler s tiies diodild slasirwibaheraréth may
structure. Acell is an enpty location within the

deei abpilérdotot Ivamgliage stthget droslieBactf owltiethasnd/or other
uni que pair of columm and row 15 nunbers (col um,

r eyramihi whviisot hedaddr esswelllthe cell. The cell is

i ndependent of the geonetry inside of it, and sinply

i dent i Ahesoddmn bdwmrdazneshand candimeéss wbpvanyodatdion may be
within the grid structure (FIG 2B). The cell is a
phypiceakntedi er ef sangdrcéptadl (pfl degeisur faceahguthe grid
20 sinul ated scene, corresponding to the surface data

(66r cedtanpl €hegedmefipypdhebdnenia deshde8ounter columns and
synthesis of the scene may optionally be applied to

enabke (et sekampie,tid edrséamtassitynr@jer vhiangelefine the
domain. A nesh is the geonetry that occupies a
condéspandingel2s odl lthef gy | FIst.r wr)ur e.sihhel Mesdd scenes
is a collection of wuniformy spaced, discrete points
aebgagedairaaa roughley +thaD 2004081743, exploiting mesh
PCT/ US2004/ 007258 rectangul ar pattern (FIG 2C) The
ppertsdetithe nesh

A cell is a subdivision of the grid structure. A cell
is an empty location within the definition of the grid
gstructure. Each cell has a unique pair of column and row
numbers (column, row), which is the address of the cell.
The cell is independent of the geometry inside of it, and
gimply identifies the boundaries and address of a location
within the grid structure (FIG. 2B). The cell is a
physical region of a conceptually large surface in the
simulated scene, corresponding to the surface data (for
example, geometry) held in a mesh. Fourier synthesis of
the scene may optionally be applied to enable cells to be
tiled seamlessly over a larger démain.

A mesh is the geometry that occupies a corresponding
cell of a Qrid structure. The mesh is a qollection of

uniformly spaced, discrete points arranged in a roughly

B



correspond to nulti-conponent data el enents. Exanples
of multi-conponent data el enents are height (one

walovsosgizanal ), horizontal position (two di menBCDOS10p4/007258
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and normal (three 5 dinensional). Thus, neshes have
geonetry (for exanple, positions, heights and/or

normal s), and exist in a runtine scene graph. Wile

t RECRBFPEdALalPRl TRIMsi ORSCof 28 ) meshThee PAsHst apf the mesh
t hroughout the grid, each nesh may have a different

r €8BFEEPERI( 60 MaAldll -ePrpenagint) detiat dlement® f urtdrgiles of
of range froman actual or virtual observer (FIG

2opl tTheonapaenht pata f¢benenish atg dutightsUcomeadimensional)
hei ght, position, and normal, may be associated wth
bbphigonesh rmwdtdago- (toeat étmeesionAl Hi f Bedemecemal (three

bet‘vveen.a mesh and a co-located cell, however, is
t Haneaspeshlis abShvact edsheemtibra gesinetop difdEarddample,
and a cell is basically a mesh with a |ocation

apsettaved, whehghts hedliies apemalsd, seail essby in a runtime
periodic. A nesh point is the smallest indivisible

ekbeapat gobph. n¥khlé Rl 12831 zand Imedinesaieher bédat mesh are
in sone instances as 20 a "vertex". Four nesh points
coopsiseta wksbhubahcet (Eh& g2ZE), Anaohsen®e€h' smay have a
position affects the I evel of detail (LOD) and optics
ofiiédelecnel | reRefardbess(of vihetdier e decedn)(othat is a
anot her dynam ¢ noving body) is fixed at a 25

speactiet bdcabner, fepmcent acedadt oanvabsaealebbserver (FIG.
| ocation, the scene is referenced by an observer at

apDgye mMidtdate odOpWD 2064/ B8R4 LRCELYS2 RADR 58 ight,
position, and normal, may be associated with both a mesh
and a co-located cell. A difference between a mesh and a
co-located cell, however, is that a mesh is abstracted from
a position on Earth, and a cell is basically a mesh with a
location associated with it. Meshes are also seamlessly
periodic.

A mesh point is the smallest indivisible element of a
mesh (FIG. 2E), and may be referred to in some instances as
a “vertex”. Four mesh points comprise a mesh facet (FIG.
2F) .

An observer’s position affects the level of detail
(LOD) and optics of each cell. Regardless of whether an
ocean (or another dynamic moving body) is fixed at a

specified location, or centered at an observer location,

the scene is referenced by an observer at an eye point in

—10-



the scene, in order for the dynam c noving body to be
rendered in the observer's channels (for exanple,

wo2@mper7ts) . Each of the channel s associ at ed W Tus2w04/007258
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observer may share a pointer to the ocean geonetry
that 5 corresponds to the observer, and therefore the
conputation does not need to be _on a per-channe
b&8Ps.SqanddilRi Girder f £REd WGreaRvRaylpe mshsieiovedoBy to be
mul ti ple observers. Wen the ocean's position is '
f FRBEERE i Sin r eFBPencPPWTIHS or ChaneebpserMfars, ¢xample,
is rendered in each 10 of the observers' channels.
WiiLeeprPE@ependerfiadt &fy bhe dbzuredks, adsdrisdspectwith an
to the observer's position, nmultiple observers
ppbsenven uwwvguehahal Pempdnbsint o eshectceant lpeometry that
ocean's geonetry, that an observer-centered ocean does
neprrespovdseco that observach esbl thekeboardtbpt cosputation
conmputations 15 are driven by each observer's uni que
pdseti opt RerdekanpkeonobseevechAnnslobathe .deck of an
aircraft carrier, 40 feet above the surface of the
wat er , Imhabditobser wefiBedsocenmmdy I® jedtsanvield dyvineitiple
of the entire ocean from 10,000 feet above the
sobtaceeok .t helhaherthdhec2@niuvners of icel lis whigdd and is
fill the horizontal and vertical field of view of
obséevencAdi bydohéevennots ot ddreranmbert forrepleerdetin each
B. In addition, the LOD of the cells for observer B
r equiches deessvidrde! idhartdedrs f orwloldser Melefendecoraf ngny one
to the nethodol ogi es of the present 25 disclosure,
t bespetreee! lvi tRDrdepeedi tat tion, oy tesr’ £ @aaittabingnsultiple
and vertex |list generation occur in the -11

obgervers present a unique challenge, with respect to the

ocean’s geometry, that an observer-centered ocean does not
encounter, that is, each cell’s LOD and optics computations
are driven by each observer’s unique position.

For example, observer A is on the deck of an aircraft
carrier, 40 feet above the surface of the water, while
observer B i1s in an F-18 Jjet with a view of the entire
ocean from 10,000 feet above the surface of the water. The
number of cells which £fill the horizontal and vertical
field of view of observer A is different from the number
for observer B. In addition, the LOD of the cells for
observer B requires less fidelity than for observer A.

According to the methodologies of the present
disclosure, the per-cell LOD determination, optics

computations and vertex list generation occur in the
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application thread. Wile the underlying geonetry of

each cell that is 5 within range of the eye point is
uncondi tionally conputed in the asynchronous pagin _
t FPELEXTt R @81FSV§CH5Pn°HﬁCBﬁSFFBogQF?9drEHEEréﬁ@cﬁﬁonlzes
order for applications to operate at high frame ‘

r 2€sCORSEERFLARY BE TFeh-FeeRei el ddie mavinedpplication
frustumis defined as the intersection of 10 six half
spR&&st-hat -define the boundaries of what is visible
to the eye point. If a cell is not conpletely or

parti alfPy LG tHish ¥Réeylwinegorpustuin athedp®lo oeélhddht is
is incurred to render the cell, and the rendering
t WirE higy ragigigs odntbihsl 19y sheo et el aehesndl el 111 5computed
Each cell is aware of the LOD of its underlying

gébnethyg, afungByoBeupendapedgd athreadt pbhent¢ally,is not
ina different |evel of polygonal detail each frane.
Thaconddshonedn ydesrabsesl as tlme eelds Exrergrfldrddidrons to
out. In order to nmaintain coherence between neshes,
strepstar e20hsyh t Ehedeberieen nei ghbbr may s hesew- frustum
whi ch have different resolutions. For exanple, if an
easflladd/ oA norvh Meisghboriceldfimed s, tHdhemttdesection of
right and/or top of the mesh are stitched correctly
t eizorhespepdces titetr es@lfitieontbd theurbaries of what is
correspondi ng nei ghbor. O herw se, the right and/or
t opsablet e mish egree preeinder ed fata tdeel I eisolndt orombpl dthely or
cell being

partially within the viewing frustum, then no overhead is

incurred to render the cell, and the rendering time may
substantially be decreased as a whole.

Each cell is aware of the LOD of its underlying
geometry, and may be rendered, at least potentially, in a
different level of polygonal detall each frame. The
resolution decreases as the cells extend farther out. 1In
order to maintain coherence between meshes, strips are
stitched between neighboring meshes which have different
resolutions.

For example, if an east and/or north neighbor cell
exists, then the right and/or top of the mesh are stitched
correctly to correspond to the resolution of the
corresponding neighbor. Otherwise, the right and/or top of

the mesh are rendered at the resolution of the cell being

12—
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then query their respective LODs each frame, and 5

notifies the west and south nei ghbors, if they exist,

that  the cell has just paged in. Conversely, when a
c®FPMpages out of nemory, the cell resets its east

and north neighbors, and notifies the west and south

nei ghbBR8D Bf QeHdy RBGRT , 11kt "eHer el FhRasegdgameris the
out. Because the geonetry of the ocean (or other

dynaki endnberhg Bedy) Ned ghbparat éd ithean exsiafohraonduse cell
thread, and the underlying geonetry is unique per

oBser Vidien g My EORLH nsespeCchEsh pgéiDvbsecher framd, and
therefore the cell's 15 LOD and optics may be uni que
fopteht@sobber vept Andeshuthassighbapsul afesheheexist, that
under|lying geonetry of a mnesh in the class. The nesh
coneacasldhea 3ueh msgetleinhorizontal width on the

x-axis, horizontal length on the y- axis, and nunber

of subdpuisikensyof whhe meshllThegeeshuhayf20enony aitohe cell
two underlying geonetry instances which enabl e the
geesetsyite bestdosbbenbuthenedghinbrh, oardi nstaftes the west
being rendered, while the other is constructed for

t Ardnextith ané hehlbons seguerite; eAsiah,sdssedhtuctheér has paged
bel ow, the resolution of each 25 nmesh is a power of

twotin both directions (i.e., x and y),

Because the geometry of -the ocean (or other dynamic
moving body) is generated in an asynchronous thread, and
the underlying geometry ig unique per observer, a cell
contains one mesh per observer, and therefore the cell’s
LOD and optics may be unigque for each observer.

A mesh class encapsulates the underlying geometry of a
mesh in the class. The mesh contains data such as the
horizontal width on the x-axis, horizontal length on the y-
axis, and number of subdivisions of the mesh. The mesh may
contain two underlying geometry instances which enable the
geometry to be double buffered, with one instance being
rendered, while the other is constructed £for the next
animation sequence.

As discussed further below, the resolution of each
mesh is a power of two in both directions (i.e., x and vy),

meshes are seamlessly periodic, and the horizontal
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t hroughout the grid. The nmesh periodicity enabl es one
master ocean nesh to be conputed each frane at the

hi_ghest resolution specified, 5 and subsequent neshes

i AlRES3CBAe Grabh t ¥iHATe 2Ré Pesiation of taHdi r meshes are
vertices sanpled fromthe naster mesh. The sanpling

of ORREaRAsEBFOHEBAUENABReSTédeh nesh in the scene

graph to have potentially a different resolution (or

| evel &hedaeah| perivdicekyt enabiid spaceasbppi agediviesh to
is 10 acconplished through w (v) = (vx, vy, z (v)) in
whechotpvtegygacharerang i onthe ligdhedithaeseolotithespecified,
vertex v (in the master nesh), and z (v) is the
hahghtswtsagquaiie mesipdenons ittlse | egeheofgdaplai ltcandave the
queries its two neighbors (i.e., to the east/right

andst bibhe oforthwiabowe)t 1idss t saobt adnficofotingt inreter mesh.
regarding their respective |evels of detail. The nesh
na@jenmeiantdiinct v itiformasien megar dhaglethearndi gidsdr sSin the
| evel s of detail and uses the information in order to
stckoh tghephr tanpbes pogehhernlbegt wedhffheeneshesolution (or
According to one exenplary enbodi nent, |evels of 20

detakl afe deachdd as Vategersolnopbierpact mappihl, wW(v) is
4, ...), wherein 1 is associated with the highest

detabhpl egkbd (hreughresel uti on), vin abvch aveslyich (v, vy)
vertex is drawn. If the highest resolution of a nesh

I arédhré4onthen cackddneftel ofordtespandsx or a(1endes edaster
mesh resolution of 64 x 64, a LOD

mesh), and z(v) is the height at wv.

The mesh knowsg its level of detaill and queries its two
neighbors (i.e., to the east/right and to the north/above)
to obtain information regarding their respective levels of
detail. The mesh may maintain the information regarding
the neighbors’ levels of detail and uses the information in
order to stitch the triangles together between the meshes.

According to one exemplary embodiment, levels of
detail are cached as integers in powers of two, (1, 2, 4,

.), wherein 1 is associated with the highesgt detail level
(i.e., resolution), in which every vertex is drawn. If the
highest resolution of a mesh is 64 x 64, then a LOD of 1
corresponds to a rendered mesh resolution of 64 x 64, a LOD
of 2 corresponds to a rendered mesh resolution of 32 x 32,

4 corresponds to a rendered mesh resolution of 16 x 16, 8



25 of 2 corresponds to a rendered nesh resol ution of
32 x 32, 4 corresponds to a rendered nesh resol ution
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corresponds to a rendered nmesh resolution of 8 x 8, 16
corresponds to a rendered nmesh resolution of 4 x 4-,

and 32 corresponds to a rendered nesh resolution 2 x
2CORrRERRNAGVIGYY ®h&ehdghest wesbl uesohubitncatfesd the8, 16
5 maxi mum nunber of vertices for the LOD. For each

f canBesppResneshadyranreal] yeghnsegréstibased énxthe and 32
mesh's LOD and the LODs of the nmesh's east and north
nepghbepondshéc appeopeiratempghbesofiutephi gexs o
fulfill the LOD requirenents (for exanple, no
re-al |l dcatdsdn biviegt ke Idighesiysresopetfionned)locHies the
ocean (or other dynam c novi ng body) can be
cuakigumedumvelravae’ avergtiars ofoswbthehLADst ances ashilchframe,
may indirectly be associated with the |evels of

dehai heshDighantesl by egemsieatas), ibdsed e wéet oeshhs LOD and
ascending order. 15 Zero is inserted, by default, into
t heevelgdids wifenthhe mogean iesmstonstduatedth Eaelighbors, the
adj acent pair of nunbers represents a range of
despabpesatkor rexdmd e,off f eset ycoal ueoi n fuli€ivéct athe LOD
isa multiple of 100 (up to 500), then there are six

r aagesremen2@ t heovecdnpld®d] =d 0re-BAQbcaklibn= pE00vertex
- 200) [2] =[200 - 300) -

arrays is performed).

The ocean (or other dynamic moving body) can be
configured to have a vector of switch distances which may
indirectly be associated with the 1levels of detail.
Distances are inserted into the vector in ascending order.
Zero 1g inserted, by default, into the wvector when the
ocean 1is constructed. Each adjacent pair of numbers
represents a range of distances.

For example, 1f every wvalue in the wvector 1is a
multiple of 100 (up to 500), then there are six ranges in

the vector:

[0] = [0 - 100)

[1] = [100 - 200)

[2] = [200 - 300)

[5] = [500 - far clip plane)

The value at each index represents the maximum linear
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i ndex represents the maxi numlinear -15 WD
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pagi ng strategy can be fromthe cell for the cell to

be rendered at a certain LOD. Above the maxi mum

diistance, the cell's LOD conplexity is | owered by a

POWBFaBEFS 2thesp Feetﬂaalaae%%g%wt%altlh%ee%orﬁom ekl for

5 trlan%ylated nore coarsely than those farther away.

THee sllel Fp Aangerdetre 1athear it telPPom t ABOve the

eye point at which the ocean (or other dynam c_novin

ORI T HoStRfer TRE STbll s TR ioegelesttyadh ePepend by a

in the vector corresponds 10 indirectly to the LOD at

WBPEATrt RE GurrefelhBshhps pasderlapemhen the pag mpint are

strategy is within the corresponding range. The index

cbriaspohdsednapirectdopuselvhethalD beeaeisearhberi pgey .  The

is used as the exponent for conmputing the base 2 LOD,

i hanhethp Lo el Lesthe el ingrowetlsffargze £Fofml the, ege Beint at
[2, 21, 22, 23, ... ] As discussed above, 1 is

thblhhghb@to@@¢@|[orem&her|dynﬁmuﬂ1moyu@gyb@évﬁex8|so longer

drawn. In the exanple above, suppose the highest

detaibleevel of a nmesh is 64 x 64. Since 64 = 26, a

maxi mum of six levels of detail ranges nmay be set. 20

St art i igeatindedexzexach 2ekettent 2in=the, 22 towl, c@Bresponds

8, 24 =16, 25 = 32. After the level of detail is

dehéinmeoedy thethensdhiay whiendetiengurasks meshude rendered

optim zing the nunber of triangle

when the paging strategy is within the corresponding range.

The index corresponds indirectly to the LOD because the
index is used as the exponent for computing the base 2 LOD,
in which LOD values are a power of 2:
[1, 2, 4, 8, ...1 = [2° 2%, 27, 2%, ...]

Ag discussed above, 1 is the highest detail level, in which
every vertex is drawn. In the example above, suppose the
highest detail level of a mesh is 64 x 64. Since 64 = 2%, a
maximum of six levels of detail ranges may be set.

Starting at index zero:

After the level of detail is determined, the remaining
rendering tasks include optimizing the number of triangle
strips sent down the rendering pipeline, and maintaining
the continuity between meshes of differing resolution,

which includes constructing a column of triangles that



strips sent down the rendering pipeline, and
mai ntai ning 25 the continuity between neshes of

waledokesi7ay resol uti on, which includes constr urCT/I§2084/007258

10

15

20

25

colum of triangles that -16 W 2004/081743
PCT/ US2004/ 007258 stitch together the nesh and its
east, nei ghbor, a row of triangles that stitch
t 6getrér HaRethseh Hhl Tesh neRehitreegisbome ighdor f sterow of
in the upper right corner that depends on the
r EXPHEIL6Ns BRat hetididhpbpeethes g i mgah and its north
performance gains result fromorganizing triangles
i BE3 9§PRps. apecdt dfr§eto bhe thitbodbpent ,ridht megmer that
may be rendered as at nost four triangle strips.
APRpsindshereftier debodyitépnchefmssle oenphises .t he fir st
strip. The remaining three strips are the right, top,
and 16igsviddcasti iehifaysances mediniay etgsulRactronl anganizing
of triangles may optionally be treated as one
t EraRgiod est ring;o asidr\es t exAdapadisggémeratee cerfloydipatt , the
columm of triangles. However, in order to optimze the
noesér iy chemandsdesead dewnat hewosendéoiing tpilpelglee, strips.
all of 15 the columms that conprise the body of the
mégdhoarte tlpr ebecabky lordgandZedhientreegimecbmpangks the first
strip. The body of the nesh nmay be constructed in the ,
f slthrawi-ng Timen mema 18t act ichgeat stthepttoprieethecotgkt, ofop, and
the nmesh (0, ymax), the triangles are drawn down to
vertrarer( @ti2@h0ngsTheeseettdoleldyn i s then processed,
starting at (1, ymax). After all of the colums are
proces$edh tdedumasbf verbexlgenewyt egdtisnthéybbet bpeated as
ri ght corner (xmax, 0).

one triangle strip, and vertex data is generated for each

column of triangles. However, in order to optimize the
number of commands sent down the rendering pipeline, all of
the columnsl that comprise the body of the mesh are
preferably organized into one triangle strip.

The Dbody of the mesh may be constructed in the
following manner. Starting at the top left corner of the
mesh (0, ymax), the triangles are drawn down to vertex (0,
0) . The next column is then processed, starting at (1,
ymax) . After all of the columns are processed, the last
vertex generated is the bottom right corner (xmax, 0).
xmax and ymax represent the maximum resolution of the mesh
(less a multiple of the LOD wvalue of the mesh). The
subtraction of the multiple of the LOD value enables the

construction of the rightmost column and topmost row of



xmax and ymax represent the maxi numresolution of the
mesh (less a nmultiple of the LOD val ue of the nesh)
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enabl es the construction of the rightnost col unm and
toanst row of -17 WO 2004/081743 PCT/ US2004/ 007258
triangles to be perforned in separate steps. The
addit %@ﬁ&@ C&QMH?%uuP§¥ﬁ9Qﬁeqrl%ﬂmﬂ%ﬁp%%ﬁﬁ%ct%t¢9% The
mesh to its neighbors. In order to stitch the neshes
té&éﬂﬁépnaéa(fﬁli%@&hané BBY P hst airndresreionnEais the mesh to
know edge _of its neighbor's LOD. Further, the
t Ft8ngrdeh®eEspref erably constructed in a consistent
orientation, such as resulting in front-facing
tri angll@s. ovdeBr denge bt gomheomasitdpnabggrhphi cseach mesh
sof tware, polygons whose vertices appear in 10
cobhrane| IOe Teriddraigrs theowladen af el s9-tal glelor’s LOD.
"front- facing". Above the water surface none of the
bagkthesi ngthpoltygomslace seat rdewereid yr endestngcted in a
pi peline, and therefore the back-facing polygons are
nepngiisitieng. Stiardtatign heums kg oréssl neghbor Sromy-facing
include 15 performng the follow ng tasks. The
r ésokogiless of tAwcaomtingnd ot sseest aengéboicoma® graphics
conpared. If the resolutions of the nmesh and its east
neicglibverrear e t pelyames no abpsesti vevactioas needpbear in
taken. The columm of triangles that connects the two
meshes ers 1 2Gwjere catted ahn the sameenesoleutsooralasd PMsront-
added to the first triangle strip.

facing”. Above the water surface none of the back-facing

polygons are sent down the rendering pipeline, and
therefore the back-facing polygons are not visible.

Stitching the mesh to its neighbors may include

- performing the following tasks.

The resolutions of the meéh and ite east neighbor are
compared. If the resolutions of the mesh and its east
neighbor are the same, no adjustive actions need be taken.

The column of triangles that connectg the two meshes is
generated at the same resolution, and is added to the first
triangle strip.

If the mesh to the right (i.e., the east neighbor) is
at a higher resolution, then the last column of triangles
may be constructed as follows. Starting at the top of the
mesh, construct the triangle strip in a repeating pattern,

as shown in FIGS. 3A and 3B. Vertices (1 through 5) are



If the nesh to the right (i.e., the east neighbor) is
at a higher resolution, then the last col um of

wao pdoasgl7eés nmay be constructed as foll ows. StarPCT/n§2084/007258
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the top of the 25 mesh, construct the triangle strip
in a repeating pattern, as shown in FIGS. 3A and 3B.
Ver.tices % tg%gugh 5) are -18 WO 2004/081743
pEtPLSS60 £TV5i TR nIRhEIGr déR - shdvn Gl FFumn of
3A. As the colum of triangles is constructed, the
NEXLPNFLEE r ePeat Nt RHEUChatt erifhe | next yépcetesrspaalls the
4 becone vertices 1 and 2, respectlvely for the next
f REEL TR G -3B /s RS 16iRS faceRd 54t ReEosei tishddces 1 and 2,
together a | owresolution nesh to the high- resolution
nESRPEF Ve l¥asfonegrborxtadarefider E4C-TRB shpufgbee facet
to the right of, and adjacent to, the diagonal of the
upper stg h@@rﬁQQGQ?Qﬁna(ﬂﬁﬂﬁﬁQRQLHihﬂﬂ|meshrﬁprt@ﬁthlgh—
corner is stitched in later, because construction 10
ofcepha utdeat mesbends 165 EAstLODighbole Asr trkendeirgkibor
as well. If the nesh of the east neighbor is at a
| ower Th@s&ﬁﬂanﬂieth@nthﬁeﬂuﬂhtcmﬁunﬁndfaﬁmamqyuﬁto, the
may be constructed as follows. Starting at the bottom
ofliegenad méshhecepser utighhecornangle sty iqeristracted until
repeating pattern as shown in FIGS. 4A and 4B.
Vehei ceghtlcohneughs 55t arehedi bi tleabdmn thesaprsgecosisomct ion
in FIG 4A. As the colum of triangles is
coﬁsﬁhmﬂﬁateurﬂﬁpﬁndeanethabbwé Dép@ﬁasndnih¢nnighbpr as
(i.e., vertices 5 and 4 becone vertices 1 and 2, 20
respéectively, for the next facet). FIG 4B shows one
facet

If the mesh of the east neighbor is at a lower

resolution, then the last column of triangles may be
constructed as follows. Starting at the bottoﬁ of the
mesh, construct the triangle strip in a repeating pattern
as shown in FIGS. 4A and 4B. Vertices (1 through 5) are
visited in the order shown in FIG. 4A. As the column of
triangles is constructed, the next facet above repeats the
pattern (i.e., vertices 5 and 4 become veftices 1 and 2,
respectively, for the next facet). FIG. 4B shows one facet
that stitches together a high-resolution mesh to the low-
resolution mesh of the east neighbor, as rendered.

Next, the resolution of the mesh’s north neighbor is
compared to the mesh’s resolution. If the resolutions are
the same, no adjustive actions are taken. The row of

triangles that connects the two meshes may be generated at



that stitches together a high-resolution nesh to the
| ow resolution nesh of the east nei ghbor, as

wo eovdesds Next, the resolution of the nesh's POI/UR004/007258
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nei ghbor is conpared to the nmesh's resolution. If the
resolutions are 25 the sanme, no adjustive actions are
taggn. The row_of triangles that connects the two '
meSfe SRy 56 dedrat 8d%apddedy baptpgoAfiggE7agiangle strip.
PCT/ US2004/ 007258 the sanme resolution and added to

the firdt t0E A5ghe 2390MEp 18] ALt Re hiebkrapeselisian, athen the
hi gher resolution, then the top.row of triangles is

cOR®t Kttt &F - ¥ 16ks . I SSteanstHgictord tare feklows de Btarting
the mesh, construct the triangle strip 5in a

r epe&tieng Spat Béds, O&s t¥RoWesiin FPEStrBAtaktesBriangle strip
Vertices (1 through 5) are visited in the order shown

i AN R GTepRATAOIG heakbaref tad afBbws i cHASEructedand 5B.
the next facet to the right repeats the pattern

(Vegtiocger tilcdshugnb 4 deeowmdsieeti dos theambder shown in
respectively, for the next 10 facet). FIG 5B shows
ofdCf.abét- t st toei rowesft bgéemeles ikowonesulhiotedn the next
mesh to the high-resolution nmesh of its north

néiegkborto ashe enteredrepeathetimesipadbeva i 6 & . a Yameices 5
resolution, then the top rowof triangles is

censlt fudteatbrgs fesitligwss 1Stamrd i hg rdfpert ihelyi ghtr stide next
of the mesh, construct the triangle strip in a

r §pestiing paiG-ersB sxovshowre | TREHGS hGA sintk @B:s together a
Vertices (1 through 5) are visited in the order shown

i AowFir@soBAtiAn tthesh owoof thei dnghesaseloaistr uoéeld, of its
the next facet to the left repeats the pattern (i.e.,
veptitbesnesgaber, as rendered.

If the mesh above is at a lower resolutioﬁ, then the
top row of triangles is constructed as follows. Starting
on the right side of the mesh, construct the triangle strip
in a repeating pattern, as shown in FIGS. 6A and 6B.
Vertices (1 through 5) are visited in the order shown in
FIG. 6A. As the row of triangles isg constructed, the next
facet to the left repeats the pattern (i.e., vertices 5 and
4 become vertices 1 and 2, respectively, for the next
facet). FIG. 6B shows one facet that stitches together a
high-resolution mesh to the low-resolution mesh of its
north neighbor, as rendered.

The triangle to the left of, and adjacent to, the
diagonal of the upper right corner is not constructed until

the right corner is stitched in later, because construction



20 4 becone vertices 1 and 2, respectively, for the
next facet). FIG 6B shows one facet that stitches

wo ogegigns a hi gh-resol ution nesh to the | ow rEEDUSLI0O007258
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mesh of its north neighbor, as rendered. The triangle

to the left of, and adjacent to, the 25 diagonal of

the upper right corner is not constructed until the

r PghtheofAeeti sependener ithel areir, nedehbor as well.
construction -20 WO 2004/081743 PCT/ US2004/007258 of

the faleitdepeRisUBReYh&ighst qreingibor vaschelils., adgeacent to
the upper right corner, which is adjacent to both
néPghbers ghibereonder genedruregar dl Esgastlabet hér whhther the
east or north neighbor's resolution is |ower or

heghér ort hersh perghbes’ areesdbitiesh iis thevesame bideer, the
FIGS. 7A, 7B, 8A and 8B illustrate the resulting

divEtéiernse aine yamiltiady irvdhs cesnd romdthe MEBESr Tesh7B, 8A

based on the LOD of the mesh and the LOD of its two
neighbds s 11Asisitivagst r abhed resufitGng7 Adl Hidehemee ghilor sagpl ing
nmeshes are 10 at a higher resolution than the current
neshtiFES £¥Bm shewsasher cursier Yapst @s tlendeDedf Ake mesh
illustrated in FIG 8A, both nei ghboring neshes are

abnd kbeeil.Obesdl dttisonwcharitheocsr.rent nesh. FIG 8B

shows the corner facet as rendered. 15 The

net hodakogiléssotrathidsidi BTE oStk e lpsidd usel gipidmimly meshes are
triangl e nmeshes of varying polygonal density, in which

the adehsghyri yedcdwtdependent ahd thedeag cmé@ly. be FIG. 7B
perfornmed at run-tinme, does not rely on a pre-defined
mehbiver edel dbroer facet as rendered.

As illustrated in FIG. 8A, both neighboring meshes are
at a lower resolution than the current mesh. FIG. 8B shows
the corner facet as rendered.

The methodologies of this disclosure produce optimal
triangle meshes of wvarying polygonal densgity, in which the
density 1s view dependent and the logic may be performed at
run-time, does not rely on a pre-defined multi-resolution
representation from which to build the adaptive triangle
meshes each frame, features optimum triangle stripping,
accounts for multiple view-dependent metrics, ensures
frame-to-frame coherence while operating at consistent,
high frame rates and rendering thousands of triangles per
frame, and prevents discontinuities or cracks from

appearing between meshes rendered at different resolutions.

Elements and/or features of different illustrative

—21—



representation fromwhich to build the adaptive
triangle 20 neshes each frane, features optimum

WO pooasogi7e3 st ri ppi ng, accounts for nultiple  PCT/US2004/007258
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vi ew- dependent netrics, ensures frane-to-frane

coherence whil e operating at consistent, high frane

rates and rendering thousands of triangles per frane,
aRHPRAETERES diMS¥ontichuidadxingd crvaidids  feamh 250ther  and/or
appeari ng between neshes rendered at _ different

r ¥6RhiicoReS fRrefBRts ChkhgroitBanukes eropief Pérehe present
illustrative -21 WO 2004/081743 PCT/US2004/ 007258
eABECLREHES ARy BPPEesAidnedawsh each ot her and/ or
substituted for each other within the scope of the

pr esenfChediadeves e wirfd a pperdlidnasita mere Theladoyetive, and
specific enbodi nents are illustrative, and 5 many
vaRnat i orslalaiome oty odecddtawdusese embddiement smbodiments
wi t hout departing fromthe spirit of the disclosure or
f wotrhouhedspapeing fhemaplpensietritt ab hstha-olisexampire, or from
the representations of |evels of detail and how they

atéet sappkavédthe peppeindeidondadmg.be 10 different. In
addi tion, the way manner in which the vector of switch

di st anfes iexapadieed tdred yaocessedt iamts hoiv 1dreelyabfiegetail
ultimately affect the LCD sel ection nay vary.

Fanthehowas tédlegul ;e dppareitdd dne skeddbdciond hemay be
art, the underlying geonetry of the nmeshes nmay be
consttevehed | in 48dimionpl ehasyae maonous irhnéad$. the vector
Al t hough the enbodi nents descri bed above refer to
guer Wwig o aeldtendes teshashe@ashdandoreddedieighbdicw the
and

values wultimately affect the LOD selection may vary.

Further, as should be apparent to one skilled in the art,
the underlying geometry of the meshes may be constructed in
multiple asynchronous threads.

Although the embodiments described above refer to
querying a cell’s (or mesh’s) east and north neighbors and
comparing the resolution of the cell to the resolutions of
the east and north neighborsg, it should be understood that
the query and comparisons may be made with respect
alternatively to other equivalent pairs of neighbors, such
as the south and the west neighbors, or the south and the
east neighbors, or the north and the west neighbors, so
long as the selected pair is consistently applied. Thus,
reference to the “east neighbor” should be construed to

cover the neighbor to the right of the subject cell, or



conparing the resolution of the cell to the
resolutions of the east and north nei ghbors, it

wa@ baulogi 7he under st ood that 20 the query and cOPQBUSRO#6807258
may be nade with respect alternatively to other
equi val ent pairs of neighbors, such as the south and
t he west neigpbo s, or the south and the east
nét a1y héﬂ%reﬂwa‘fﬁjl%@mesqhqﬁéi@m tgp the left.
long as the selected pair is consistently applied.
Thiﬂgf?llz%ﬂﬂérf eF8hgESRESt e "Bt “Rer§hborei®imu’d pevers the
construed to _cover the neighbor to the right of the
subjisttPR| | 2kave - 22hap 2014/1081743 PCHLUSZOGL/i062358 (and
alternatively (and equivalently) the neighbor to the
| FFuivagiantaf) ehe areskdmer theddve throradl Inei ghbor "
covers the neighbor above the cell, or alternatively

5 (and Eduisval eRPLyathenneiggiior betlw t ericelity 5 of U.S.
This application clainms the priority of U S
appinldaEtapnsesrde INgo . 10038667322, f £1bed Nacth 122, 2003 and
2003 and entitled "VISUAL SI MULATI ON OF DYNAM C
MOVIING 1BEDI"BES 'SUALD 35 INYTFIOUN) SXE7 45 NPOT USEOOAN D (EBES .
What is clained is: 1. A nmethod for sinulating a
dynam ¢ novi ng body, conprising: dividing the dynamc
nmovi ng body into a plurality of 5 cells, each cel
bei ng associated with a correspondi ng nesh having an
associ ated resol uti on; querying nei ghbors of a cel
when the cell pages into
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menory, in order to determ ne resol utions of
respective neshes of the neighbors; and 10 adjusting

wo b@4meshs of the cell by constructing one or POF/ES2004/007258
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strips to stitch together the nesh and the nei ghbors
according to a conparison of the resolution of the
mesh and the resolutions of the respective neshes of
t R e ghiphadmed ¥8: The nethod of claim 1, wherein
the top and right of the nesh of the cell are
adj ust €ld- acéorwfithpd ofer eompartsng ef dhemissohoating body,
of the mesh with resolutions of north and east
nelqiborsing espectively, of the cell. 20 3. The nethod
of claim2, wherein if the resolutions of the nesh
and t helieastingigibotymael motothey shody tneo aoblimpadfity of
triangles is constructed to stitch together the nesh
arltlve easth meilghbering28s4ocThecdevhod ofcatmapchding mesh
wherein if the resolutions of the nesh and the north
néigghby ar egwicitdiedamsolone onr;24 WO 2004/ 081743
PCT/ US2004/ 007258 row of triangles is constructed to
stitch dwgetiher nadighitests @ tded Inartidh ndieghQr. phges into
The nethod of claim2, wherein if the resolutions 5
ofmeniverynor ih andlegasio ndegbbnt sebatdscdne ibinghesf Ofkespective
both are |lower than the resolution of the nmesh, a
f acethdss oft ot muecitadbdns Staridch t oget her the nmesh and
the north and east neighbors. 10 6. The nethod of
cl ai m 2zdwharigin sMemddre eldhgpagas WutcRfstiRM®@iYhg one or
the cell resets the east and north

more strips to stitch together the mesh and the neighbors

according to a comparison of the resolution of the mesh and

the resolutions of the respective meshes of the neighbors.

2. The method of claim 1, wherein the top and right
of the wmesh of the cell are adjusted according to a
comparison of the resolution of the mesh with resolutions

of north and east neighbors, respectively, of the cell.

3. The method of claim 2, wherein if the resolutions
of the mesh and the east neighbor are not the same, one
column of triangles is constructed to stitch together the

mesh and the east neighbor.

4. The method of claim 2, wherein if the resolutions

of the mesh and the north neighbor are not the same, one



nei ghbors. 7. The nethod of claim 2, wherein the cel
notifies 15 west and south nei ghbors of the cel

wa@bdaognstshe cell pages into nenory. 8. The netPOTiUSL004/007258
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claim?7, wherein when the cell pages out of nenory,

the cell notifies the west and south 20 nei ghbors

that the cell has paged out. 9. The nethod of claim1,
wWheMeict (e 2peLesmigndoneFruchedt e wiebclbftadrihedl [the mesh
are adjusted according to a conparison of the

r 8661 (HiomBTth MeiedIPtni t h resol uti ons 25 of south

and west nei ghbors, respectively, of the cell. -25 WO
2004/ 081743 PCT/ US2004/ 007258 10. The nethod of claim

9, wherein if the resolutions of the nmesh and the west

nei ghbdr- arfdengetiins odmeladgie 2,. edlaneirofi ft thengkeslutions
is constructed to stitch together the nesh and the

west thel gioreh. apd] easthaehebhods opokth ahme fyigkteer @im bioth are

the resolutions of the nesh and a south nei ghbor are
néowsie ddaw | thee rewolotion andl eshies wesbtruet eatet is
stitch together the nesh and the south nei ghbor. 10
1 zorHteurdtasb d- f s tol tailm gatierei the fmedie armdotiei nosth and

‘of the south and west nei ghbors both are higher or

betlstareidhdeers t han the resol ution of the nmesh, a
facet is constructed to stitch together the nesh and
t he south and
6. The method of claim 2, wherein when the cell pages

out of memory, the cell resets the east and north

neighbors.

7. The method of claim 2, wherein the cell notifies
west and south neighbors of the cell after the cell pages

into memory.

8. The method of claim 7, wherein when the cell pages
out of memory, the cell notifies the west and south

neighbors that the cell has paged out.

9. The method of claim 1, wherein the bottom and left
of the mesh of the cell are adjusted according to a
comparison of the resolution of the mesh with resolutions

of south and west neighbors, respectively, of the cell.



15 west neighbors. 13. The nethod of claim9, wherein
when the cell pages out of nenory, the cell resets

wo b@4nese3 and south nei ghbors. 20 14. The met hoTUs{004/007258
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claim9, wherein the cell notifies east and north

nei ghbors of the cell after the cell pages into

menory. 25 15. The nethaod of claim 14, wherein when

the cel% p T5HIO6F ChefBRYT PhevBereinotf fiks namelutions
east and north -26 WD 2004/081743 PCT/ US2004/ 007258

n&ighbyt sMERBt 2K T | Weris Payedbent ares nothet et fiade, one
of claiml1, wheretn the bottomand right of the nmesh

oF AT Y B EPTE st BY RevrBi@eed ota sbitohpapgsbher the
of the resolution of the nesh wth resolutions of

sORHh A &gt RSt baZespect i vel y, of the cell.

17. The nmethod of claim1l, wherein the top and | eft

of the nesh of the cell are adjusted according to a 10
conparison of the resolution of the nmesh with

resol utlilons Thet MedoR gAdchast Aei gheoesn if the resolutions
respectively, of the cell. 18. The nethod of claiml,
V\/Iﬁ’f,gr)éil’)ﬁE e @nd rasatdemrdiohpqrerreacivtondeofsame, one row
plurality of observers. 15 19. The nethod of claim 1,

wiRér &itd aacilesoligt consstuceadht aeshitsh at posgremftemmesh and

and the nesh is seanlessly periodic.
the south neighbor.

12. The method of claim 9, wherein if the resolutions
of the south and west neighbors both are higher or both are
lower than the resolution of the mesh, a facet 1is
constructed to stitch together the mesh and the south and

west neighbors.

13. The method of claim 9, wherein when the cell
pages out of memory, the cell resets the west and south

neighbors.

14. The method of claim 9, wherein the cell notifies
east and north neighbors of the cell after the cell pages

into memory.

15. The method of claim 14, wherein when the cell

pages out of memory, the cell notifies the east and north
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20 20. The nmethod of claim1l, wherein a nmaster nesh is
conputed each frane at a hi ghest resol uti on anongst

wo b@4/088h resol utions of the plurality of cel PET/URH04/007258
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The net hod of claim 20, wherein positions of 25

vertices in subsequent nmeshes are sanpled fromthe

master  mesh. -27 WD 2004/ 081743 PCT/ US2004/ 007258

251 TEhb Rt Hdp tofthe fighl hash&asiad #utevel of detail

of each cell has an associ ated maxi mum | i near di stance
wherein if a |linear distance froman eye point to the

cell 5 exceeds the maxi mum |inear distance, a |ower

| evel df6- def@Pl Medheod it edflabn Lhe wheleim I heaheottom and
met hod of claim 1, wherein the dynami c noving body

i Fdldidesfa Werlynesh wat ekhe 102Dy, apeprdjnahedt srageding to a
devi ce readabl e by a machine, tangibly enbodying a
pIcsg@mnicion ek rives | besobxieoen abf ethy mebk wathi mesbdutions
performthe nethod clainmed in claim1. 15 25. A
cGpucartdars siaftalneiohimrst t etbdnednieradry nore the cell.
segnments in a transm ssion nmedi um whi ch enbodi es

i nstructions executable by a conputer to performthe

method clainmed in claim1l. 20 26. A conputer system

conpri si'hg: The procesdorf ahalim pr oghaneshothgetdpviend left
readabl e by the conputer system tangibly enbodying a
prodgr aheofméwist rafct itbes cell are adjusted according to a

comparison of the resolution of the mesh with resolutions

of north and west neighbors, respectively, of the cell.

18. The method of claim 1, wherein the cell has a

geometry per each one of a plurality of observers.

19. The method of claim 1, wherein a resolution of
each mesh is a power of two, and the mesh is seamlessly

periodic.

20. The method of claim 1, wherein a master mesh is
computed each frame at a highest resolution amongst the

mesh resolutions of the plurality of cells.

21. The method of claim 20, wherein positions of
vertices in subsequent meshes are sampled from the master

mesh.



execut abl e by the processor to performthe nethod
claimred 25 in claiml1. -28
WO 2004/081743 PCT/US2004/007258

22. The method of claim 1, wherein a level of detail
of each cell has an associated maximum linear distance
wherein if a linear distance from an eye point to the cell

5 exceeds the maximum linear distance, a lower level of

detail is selected for the cell.

23. The method of claim 1, wherein the dynamic moving
body includes a body of water.
10
24. A program storage device readable by a machine,
tangibly embodying a program of instructions executable by

the machine to perform the method claimed in claim 1.

15 25. A computer data signal transmitted in one or more
segments in a transmission medium which embodies
instructions executable by a computer to perform the method

claimed in claim 1.

20 26. A computer system, comprising:
a processor; and
a program storage device readable by the computer
gsystem, tangibly embodying a program of instructions
executable by the processor to perform the method claimed

25 in claim 1.



