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Usecases

Ourreal-timesimulationsoftenrequire
largeterrainmodeling/visualization
support.

EDLsimulations

Roversimulations
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SimScapeterrainframework

ModelsDEMs,planets,andarbitrarymeshes

C++andPythonAPIs

StoredatainHDF5(HierarchicalDataFormat)forfast
randomaccess

Importdatafromvariousdataformats(PDS,ISIS,GeoTiff,
etc.)
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DigitalElevationMaps

Regularrectangularheightdata

Fastaccesswithoutmuch
arithmetic

Usefulformodelingrelativelysmall
areas

Usedextensivelyinrover
simulations
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Planets

Gridofheightdatainspherical
coordinates

Usefulforlargerareaswhenwe
mustconsiderplanetcurvature

S.Myintetal. JPL

LargeTerrainModelingandVisualizationforPlanets



Outline Introduction SimScapeterrainframework Largeterrainmodeling Continuouslevelofdetailvisualization Questions

Largeterrainmodeling

Supportstoringandloadingof
largeplanetaryscaledata

Beabletoaccessthedatainreal
time
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Paging

Onlyasubsetofterraindata
ispagedin

WebuildontopofHDF5to
supportpaging

Intheroverexample,onlya
smallpatchofdataunder
theroverisloaded
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Datatiling

Largedatasetsaresometimes
brokenupintoseparatetiles

Transparenttothedataloading
API

Tilingmakesisconvenientwhen
writingdata(lessmemory
consumptionatanyonetime)
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Continuouslevelofdetailvisualization

ACLODtechniqueallowsusto
renderhighresolutiondataonly
wherewewantit(e.g,wherethe
cameraispointing).

Renderverylargedatasets
thatcan’tnormallybe
renderedallatoncebythe
graphicscard

Renderinrealtime

Supportoverlayingtextures
(likewheeltracks)ina
dynamicfashion
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Continuouslevelofdetailvisualizationexample
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Clipmapping

Concentricringsofdata

Innermostringshavethe
highestresolutiondata

Full resolution

Half resolution

Quarter resolution

Innerringscanbeculledto
improveperformance
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Clipmapping(continued)
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Movingclipmaps

Thehighresolutionareaismoved
bymovingallclipmaprings.
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GPUimplementation

ImplementingclipmappingontheGPUallowsustoutilize
hundredsofGPUcores.

UploadheightmapdatatotheGPUasatexture

Vertexshadercomputesvertexpositionsbasedon:

Centerpositionofallclipmaps
Clipmapringlevel
Heightmaptexture
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Combiningmultipledatasets
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Sun

Earth Mars

Victoria Crater

Rover

Combiningmultipledatasets(continued)

Root

Earth Mars Victoria Crater

Rover

Sun
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Overlays

Wheeltracksare
overlaidonthe
terrainby
perturbingthe
surfacenormalson
aper-pixelbasis.
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Overlays(continued)

Heightmaps

Albedomaps

Slopemaps
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Questions
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