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StarWars: Episode3 openswith ahugespacebattle lled with re-
balls, aming debrisandtrails of smole. Many of thesemadeuse
of photographielements However, someof the shots becausef
closeintegrationwith CG modelsor extremecameramoves(such
as ying throughthe centerof an exploding reball), demanded
digital pyrotechnics.

Several new techniquesvere developedto meetthesechallenges:
primarily extensionsandenhancements thelLM uid engineand

anew volumetricrenderingsystencombiningafastwayto rendera

continuous/olumede ned by amassve particlesetwith theability

to controltheappearancasingShadingLanguage.

1 Simulation

The primary simulationtool wasILM' s proprietarysmole simula-
tion softwarebasedn collaboratiorwith StanfordUniversity The
coreof thisis anincompressibleuid solver, with vorticity con ne-
mentand comhustion particles. The comtustion particlesactasa
fuel sourceandburnto createareasof localexpansion.They canbe
placedby the userandtheir physical propertiesadjustedto sculpt
the comhustion. In addition,thetool offers"spin particles”,which
canbeinjectedby the userto preciselyincreasdocal vorticity.

Thesimulationengineoutputsparticlescarryinginformationabout
theirlocal statesuchastemperaturegensity velocity andspin (ori-
entation). Thesewere usuallyimportedinto anothermpackagesuch
asMayaandtwealed by hand(for example,to have a ner inter
active control over color), or usedasreferenceo createotherCG
elements.

A retimingtool wasdevelopedsothatthe particlesequencesould
be non-linearlyretimed. This allowed ne adjustmenbf thespeed
andtiming of eventswithout having to resimulate.

Modelsandsimulationscould be exportedfrom Mayato the simu-
lation engine,if the simulationneededo interactwith otherscene
elements.Maya wasalso usedasthe simulationtool for someof

the smallereffects,suchassmole trails.

2 Rendering

The particleswererenderedvith Pixar's RenderManpsinga cus-
tom DSO that implementsvolumetric renderingof large particle
sets. The particlesare sortedinto an octreewith storedneighbor
hoodinformationfor fastray traversal. Raysareintersectedvith
theparticlesto nd segmentsthatarethensortedby distancefrom
thecameraThesegmentsaretraversedandeachsetof perparticle
valuesblendediogetherto form alist of samplef several contin-
uousvolumefunctions,sortedby distancerom camera.

Thesamplesarepassedackto the shaderwhich looks essentially
thesameasaregularRenderMarshaderexceptthatthe shadingof

eachpixel sampletakesplacein aloop, executedonceperray sam-
ple. Thismeanghatmostdetailsof theappearancef therenderare
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controlledby ShadingLanguageandsoaremoreeasilydeveloped,
maintainecandchanged.

Figurel: Digital reball.

3 Compositing

Compositing of the digital pyro elementswas in mary cases
straightforvard, asthe elementswere renderedwith motion blur,
holdoutsand depthinformation. Post-procesglow was usedex-
tensvely. Realelementswere occasionallyusedto add detail or
enhanceeffect.

4 Examples

The epic openingshotof the maovie includestwo fully digital ex-

plosive reballs. The rst of theseis seenwith anextremecamera
move andin full close-up.Fluid simulationwasusedto createthe

initial effect, which wasthennon-linearlyretimedandadjustecby

handin Maya. The cellular look of a reball was simulatedus-

ing Voronoi patterns basedboth on the positionsof the particles,
anda cell noiseusingthe continuoughree-dimensionatoordinate
function createdby blendingthe local coordinatesystemsof the

particles.

Thesecondreball featuresmultiple secondaryeventsincludinga

kitchensink ying outaspartof theshrapnelndimpactinganother
spacecraftThe primary eventwassimulatedusingthe uid engine
and particleswritten to disk. Theseparticleswere thenimported
into Mayaandthesecondargventssimulatedhere. Thesecondary
simulationswereexportedbackto the uid engine,wherethe pri-

mary eventwasre-simulatedo includethe effect of the secondary
events. The simulationswerethenall combinedandrenderedo-

gether and nally post-processedsing customimageprocessing
Iters.

The sametechniqueswvere usedfor several other large-scalepy-
rotechnicevents, as well as mary other effectsin the sequence.
Theseincludedtrails of re andsmole, re-entryeffects, dustand
smole cloudsusedtoward the endof the sequencevherewe seea
damagedpacecraftrashlandon a planetbelow.



