
So Real It'll Make You Wet

Willi Geiger�

IndustrialLight + Magic
MohenLeo�

ILM
Nick Rasmussen�

ILM
FrankLosasso�

StanfordUniversity
RonFedkiw�

StanfordUniversity

For ”Poseidon”,we hadto createmultiple shotsof photorealistic
oceanwaterinteractingwith computer-generatedobjects.Thechal-
lengewasto createwaterthatwasseenbothonahugescaleandin
close-up,andto gobeyondany work previouslyseen.

Wesolvedthefollowing novel problems:renderingasmoothhigh-
resolutiontesselationof a levelsetandparticlesetwith procedural
displacement,surfacetexture andinternalvolumetrics;simulating
andrenderingmultiple secondaryparticlesetsdriven by a physi-
cally based�uid simulation.

1 Creating the Water Surface

The foundationof our approachis a particle levelset(PLS) �uid
simulationenginedevelopedin collaborationwith StanfordUniver-
sity. Theoutputis a levelsetthatrepresentsthemainbodyof �uid,
splashparticleswherethe detail of the �uid surfaceis too �ne to
beresolvedby thelevelsetandbubbleparticleswhereair is trapped
insidethe�uid.

Renderingthe combinedPLS output is not straightforward. Ray
tracingcanef�ciently renderthelevelset,but raytracinganimplicit
surfacede�ned by a largeparticlesetis moreproblematic.Achiev-
ing a smoothvisual transitionbetweenthe levelsetandthe splash
particlesis dif�cult, asareadditionaleffectssuchasdisplacement
to createsmallripplesandcapilliary waves.It alsomakesit harder
to leverageexisting toolsetsfor explicit surface rendering. The
dual-contourmethodis a known and ef�cient way of tesselating
a levelset,but it is proneto visual noise,asit operatesat the res-
olution of the levelset,which is generallymuchcoarserthanpixel
resolution,and it offers no immediateway to include the splash
particlesin asingleblendedsurface.

We developeda new methodof creatinga single meshfrom the
levelsetandsplashparticles. We startby recursively subdividing
thesimulationdomainatall regionsnearthe�uid surface.Only the
currentworkingbranchis heldin memoryandwhenaleafnodethat
intersectsthe surfaceis found, it is addedto a sparsevoxel array.
We achieve a very high effective voxel resolutionbecausewe only
needto storea small fractionof thetotal volumeto reconstructthe
�nal surfaceat the�uid interface.

A quadrilateralmeshis contructedfrom the exterior voxel faces.
Eachmeshvertex is movedto thenearestpoint on theimplicit sur-
face,creatinga meshthat approximatesthe implicit surfaceto a
very high degreeof accuracy. Finally, a simple meshrelaxation
algorithmis run on themeshto minimizeany remainingartifacts,
visually approximatesurfacetensioneffects and createa smooth
blendingbetweenthetwo partsof theimplicit surface:thelevelset
andtheparticles.
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Figure1: CGoceanandboatatnight (Branko Grujcic)

Thesurfaceis theneithersentto therendererasaquadrilateralsub-
division meshor triangulated,spatiallysubdividedandsentto the
rendererin smallpieces.Theendresultis thatanarbitrarilycompli-
catedanddetailedimplicit surfacewith topologythatchangesfrom
frameto framecanberenderedwith reasonabletime andmemory
requirements.Thesurfacecanberenderedwith all theknown tools
for surfacetexturing, includingshaderdisplacement.

2 Rendering the Water Volume

The look of a turbulent oceanis determinedby many other ef-
fects,includingthevolumeof thewateritself. An interior volume
shaderwasusedwith the surfaceshaders,which simulatedocclu-
sion and scatteringeffects below the water surface. The bubble
particlesfrom the �uid simulationwereusedto createthecharac-
teristiccloudsunderthesurfacewhenthewatergetschurnedup.

ComplicatedanddetailedCGmodelshadto beincludedin thewa-
terrendersto holdoutboththesurfaceandinteriorvolume.To con-
serve memoryandincrease�e xibility , holdoutswereimplemented
by renderingdeepshadows of theseobjectsfrom theshotcamera,
andthenusingthesedeepshadow holdoutsin thewatershaders.

3 Secondary Particles

Multiple secondaryparticlesimulationsdrivenby theoutputof the
�uid simulationwereusedto createthedetailedeffectsnotdirectly
representedby the �uid simulation: sprayandmist in the air, and
foamon thesurface.

Thesplashparticlesemit sprayparticlesthroughouttheir lifespan,
creatinga far higher level of detail than can be resolved by the
splashparticlesalone.Around1 million sprayparticlesweresimu-
latedfor mostshots,whichwererenderedasupto100million using
render-timedataampli�cation techniques.Thesprayparticleshave
a �nite lifespan,at the endof which they emit mist particlesthat
arerenderedasanatmosphericvolume. In this way, a visualcon-
tinuumis createdsuchthatthewatertransitionsinto spraywhich in
turn transitionsinto mist.

The �nal secondarysimulationwas surfacefoam. When bubble
or sprayparticleshit the water surface, foam particlesare emit-
ted. Around 5 million foam particleswereusuallysimulatedand
advectedby the velocity of the �uid to createa �oating layer that
formsthecharacteristicpatternsof foamseenon anoceansurface.
Thewatersurfaceshaderusesthefoamparticlesetto createa layer
of displaced,diffuselyre�ective foam.


