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1 Intro duction

Cloudsarean importantaspectof many computergames,particu-
larly �ight simulators.Oursystemextendstexturesplattingonpar-
ticles to modela dozencloudtypes(e.g. stratus,cumulusconges-
tus,cumulonimbus),animprovementover previoussystemswhich
modeledonly onetypeof cumulus.We alsoachieve a 100xspeed-
up for sceneswith densecloudcoverage.

We createda new shadingmodelwhich usesartist-driven con-
trols to approximatelighting. We alsointroducea way to do cloud
formationanddissipationwith texturesplattedparticles.

2 Cloud Mo deling and Rendering

We extendthe texture splattingon particlesdevelopedby [Harris
andLastra2001] to createa dozenvisually differentcloud types,
suchasnimbostratus,cumulonimbus,andaltocumulus.We do this
by ”mixing-and-matching”16 distinctive textureson theparticles.
Weusefoggy texturesfor stratus,textureswith high-contrastshad-
ing detailsfor cumulusandcumulonimbus,and�at-bottomedtex-
turesto producethebottomsof cumulusclouds.We createda tool
for artiststo control the cloud shapeandautomaticallyplacepar-
ticles within a 3-dimensionalvolume. As a computergamewith
a pool of artists,this utilizes our resourcesmore effectively than
creatinganentirelyautomatedalgorithm.Figures1, 2, and3 show
examplesof ourcloudtypes.

Figure1: Cumuluscongestusat sunset.

We achieve a 100xspeed-upover [Harris andLastra2001],and
areableto renderovercastskiespackedwith clouds,a limitation of
their system.Our techniqueis usedin Microsoft Flight Simulator:
A Centuryof Flight, which requiresaggressive performanceeven
onlow-endPCs.Werenderadensesetof cloudsin 10milliseconds
on a 733MHz machine,which would have requiredover 1 second
for Harris [2001]. To achieve thespeedup,we usea ring of 8 im-
postors,an applicationof the techniqueintroducedby [Schau�er
1995]. We rendernumerousdistantcloudsinto a singleimpostor,
reducingoverdraw.
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Figure2: Threecloudlayers:(bottomto top) stratus,cumulus,al-
tocumulus.

Figure3: Nimbostratusat dawn.

We createda new shadingmodelwhich givesa high degreeof
artistic control andfastperformance,in exchangefor somesmall
lighting inaccuracies.We simulatedark cloud bottomsfrom sky
lighting by interpolatingvertex colors,basedon heightwithin the
cloud,betweenasetof verticalcolor levelsspeci�edby artists.We
simulatesunlight by addinga directionalcomponentto thevertex
colorbasedonits positionwithin thecloudandtheangleto thesun,
so that partsof the cloud facing the sunreceive moredirectional
lighting. Both sky andsun light valuesare interpolatedbasedon
thetimeof day.

We introducea methodof creatingand dissipatingcloudsfor
the texture splattingsystemby changingthe transparency of the
sprites.Giving thespritesat theedgeof theclouda higherdegree
of transparency makesthecloudsappearto build from a coreand
dissipatefrom theedges�rst.
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