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For Terminator3 we hadto createseveral shotsof massve ex-
plosionsandatmospherieffects. The scaleof thesewasso large
that Iming thempracticallywould have provedextremelydif cult.
We alsoneededheability to artdirectandchoreograplthe events.
For thesereasonsve decidedo producetheshotsin CG. However,
thescheduleof the Im did notallow for anextendedperiodof de-
velopment we hadto go almostimmediatelyinto shotproduction.

To meetthis challengewe put togethera numberof techniques
thatwould allow the shotsto be quickly prototypeddevelopedand
renderedvith convincingrealism.This sketchdescribeshesetech-
niguesand how they were usedin the productionpipelineto pro-
ducea shotof athermonucleaexplosionwith grounddestruction,
shockvaves,atmospheridighting andcloudformation.

1 Fluid Simulation

Key to developingthelook of the explosionswasthe ability to run
large physically baseduid simulations.e.g. [Fedkiw et.al. 2001]
in ashorttime. It is extremelydif cult to achieve realistic uid dy-

namicswith the commontechniqueof addingtogetherforce elds

to drive themotionof passve unconnectegarticles.A muchmore
corvincing motion canbe realizedwith true uid dynamicssimu-
lations,for which ILM hasfor sometime beenusingits proprietary
uid engine. However, to getthe detail we neededwvould require
extremelyhigh-resolutiorsimulations.Suchsimulationsgenerally
take a long time to run, soit is impossibleto generatdterations
quickly enoughto getto adesiredperformancen a shorttime.

The solutionwe usedwastwo-dimensionaluid simulation.By
running the simulationsin two dimensionsinsteadof three, we
could run at high resolutions(e.g. 512x512)andstill simulateat
almostinteractve rates.Preview rendersof a simulationweregen-
eratedasit ran. Whena simulationlooked promising theserenders
couldbe compositedvith the backgroundplateandotherelements
to getaquick preview of thetiming andcompositionof the shot.

Of course, we would eventually need to render a three-
dimensionakimulation.Whenwe decideda 2D simulationlooked
goodenoughwe would save out data les describingthe velocity,
densityandtemperaturef eachgrid cell ateachframe.We assem-
bled several of these2D slicesin the threedimensionakceneand
passiely adwectedparticlesthroughthe surroundingregion, inter-
polatinga velocity at eachpoint from the slices. This created3D
simulationswith lots of detailandrealisticmotion, but visible arti-
factsfrom theinterpolationfrom 2D slices.This problemwasover
comeby addinga 3D non-divergentnoise eld to theinterpolated
velocity eld. Thenoise eld addscorvincing secondaryuid mo-
tion with arbitrarily smalldetailandhidestherepetitionthatwould
otherwisebevisible.

2 Cloud Simulation

One of the phenomenahat we obsened repeatedlyin the refer
enceof nuclearexplosionswasthe rapid formationandextinction
of clouds. We decidedto recreatea particulareffect whereclouds
would rst be extinguishedby the blastandthenreformin aring
aroundthe explosion.
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Weimplementedvithin Mayathecellularautomatormethodfor
simulatingcloud formation and extinction describedoy [Dobashi
et.al.2000],extendedt to ef ciently supportadwectionby arbitrary
elds andintegratedit with Maya's dynamicssystemand ILM' s
proprietaryextensions. By having the uid simulationsand the
cloud simulationstogetherinside the samecameramatch-meed
scenewe couldcorvincingly integrateall theelements.

3 Rendering and Compositing

The explosionsandcloudswereboth renderedusinga proprietary
volumetricrendererTherenderesamplesachparticleasanellip-
soidaldensity eld with its own local coordinatesystem.lllumina-
tion of the volumeis calculatedjncludingincandescencexternal
illuminationwith self-shadwing anddiffusescatteringpf light. Fi-
nally theilluminatedvolumeis renderedy ray marching.

Additional volumetric passesvererun for godraysandglow in
the surroundingatmospherandhazefrom rising dustandsmole.
Therewerealsosomesurfacerenderpasses$or grounddestruction
andshockvaves. The backgrounds a mattepainting.

Most of the elementsvererenderedvith primarycoloredlights,
sothattheillumination contritution of eachlight is storedin asin-
gle color channel.The nal lighting wasthenadjustedn thecom-
posite,sothatthelook couldbe ne tunedinteractvely withoutthe
needto re-runrenderpasses.

Figurel: CG NuclearExplosion.
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