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StarWars:Episode3 openswith ahugespacebattle�lled with �re-
balls, �aming debrisandtrails of smoke. Many of thesemadeuse
of photographicelements.However, someof theshots,becauseof
closeintegrationwith CG modelsor extremecameramoves(such
as �ying throughthe centerof an exploding �reball), demanded
digital pyrotechnics.

Several new techniquesweredevelopedto meetthesechallenges:
primarily extensionsandenhancementsto theILM �uid engineand
anew volumetricrenderingsystemcombiningafastwayto rendera
continuousvolumede�nedby amassiveparticlesetwith theability
to controltheappearanceusingShadingLanguage.

1 Simulation

Theprimarysimulationtool wasILM' s proprietarysmoke simula-
tion softwarebasedoncollaborationwith StanfordUniversity. The
coreof this is anincompressible�uid solver, with vorticity con�ne-
mentandcombustionparticles.The combustionparticlesact asa
fuel sourceandburnto createareasof localexpansion.They canbe
placedby the userandtheir physical propertiesadjustedto sculpt
thecombustion. In addition,thetool offers”spin particles”,which
canbeinjectedby theuserto preciselyincreaselocal vorticity.

Thesimulationengineoutputsparticlescarryinginformationabout
their localstatesuchastemperature,density, velocityandspin(ori-
entation).Thesewereusuallyimportedinto anotherpackagesuch
asMaya andtweaked by hand(for example,to have a �ner inter-
active controlover color), or usedasreferenceto createotherCG
elements.

A retimingtool wasdevelopedsothattheparticlesequencescould
benon-linearlyretimed.This allowed�ne adjustmentof thespeed
andtiming of eventswithouthaving to resimulate.

Modelsandsimulationscouldbeexportedfrom Mayato thesimu-
lation engine,if thesimulationneededto interactwith otherscene
elements.Maya wasalsousedasthe simulationtool for someof
thesmallereffects,suchassmoke trails.

2 Rendering

Theparticleswererenderedwith Pixar's RenderMan,usinga cus-
tom DSO that implementsvolumetric renderingof large particle
sets. The particlesaresortedinto an octreewith storedneighbor-
hoodinformationfor fastray traversal. Raysareintersectedwith
theparticlesto �nd segmentsthatarethensortedby distancefrom
thecamera.Thesegmentsaretraversedandeachsetof per-particle
valuesblendedtogetherto form a list of samplesof severalcontin-
uousvolumefunctions,sortedby distancefrom camera.

Thesamplesarepassedbackto theshader, which looksessentially
thesameasaregularRenderManshader, exceptthattheshadingof
eachpixel sampletakesplacein a loop,executedonceperraysam-
ple. Thismeansthatmostdetailsof theappearanceof therenderare
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controlledby ShadingLanguageandsoaremoreeasilydeveloped,
maintainedandchanged.

Figure1: Digital �reball.

3 Compositing

Compositing of the digital pyro elementswas in many cases
straightforward, as the elementswere renderedwith motion blur,
holdoutsanddepthinformation. Post-processglow wasusedex-
tensively. Real elementswere occasionallyusedto add detail or
enhanceeffect.

4 Examples

The epic openingshotof the movie includestwo fully digital ex-
plosive �reballs. The�rst of theseis seenwith anextremecamera
move andin full close-up.Fluid simulationwasusedto createthe
initial effect, which wasthennon-linearlyretimedandadjustedby
handin Maya. The cellular look of a �reball was simulatedus-
ing Voronoi patterns,basedboth on the positionsof the particles,
anda cell noiseusingthecontinuousthree-dimensionalcoordinate
function createdby blendingthe local coordinatesystemsof the
particles.

Thesecond�reball featuresmultiple secondaryeventsincludinga
kitchensink�ying outaspartof theshrapnelandimpactinganother
spacecraft.Theprimaryeventwassimulatedusingthe�uid engine
andparticleswritten to disk. Theseparticleswere then imported
into Mayaandthesecondaryeventssimulatedthere.Thesecondary
simulationswereexportedbackto the �uid engine,wherethepri-
maryeventwasre-simulatedto includetheeffect of thesecondary
events. The simulationswerethenall combinedandrenderedto-
gether, and�nally post-processedusingcustomimageprocessing
�lters.

The sametechniqueswere usedfor several other large-scalepy-
rotechnicevents,as well as many other effects in the sequence.
Theseincludedtrails of �re andsmoke, re-entryeffects,dustand
smoke cloudsusedtowardtheendof thesequencewherewe seea
damagedspacecraftcrashlandonaplanetbelow.


