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For Terminator3 we hadto createseveral shotsof massive ex-
plosionsandatmosphericeffects. The scaleof thesewasso large
that�lming thempracticallywouldhaveprovedextremelydif�cult.
Wealsoneededtheability to artdirectandchoreographtheevents.
For thesereasonswedecidedto producetheshotsin CG.However,
thescheduleof the�lm did notallow for anextendedperiodof de-
velopment- wehadto goalmostimmediatelyinto shotproduction.

To meetthis challenge,we put togethera numberof techniques
thatwouldallow theshotsto bequickly prototyped,developedand
renderedwith convincingrealism.Thissketchdescribesthesetech-
niquesandhow they wereusedin the productionpipelineto pro-
ducea shotof a thermonuclearexplosionwith grounddestruction,
shockwaves,atmosphericlighting andcloudformation.

1 Fluid Simulation

Key to developingthelook of theexplosionswastheability to run
largephysically based�uid simulations,e.g. [Fedkiw et.al. 2001]
in ashorttime. It is extremelydif�cult to achieve realistic�uid dy-
namicswith thecommontechniqueof addingtogetherforce�elds
to drive themotionof passiveunconnectedparticles.A muchmore
convincing motioncanbe realizedwith true �uid dynamicssimu-
lations,for which ILM hasfor sometimebeenusingits proprietary
�uid engine. However, to get the detail we neededwould require
extremelyhigh-resolutionsimulations.Suchsimulationsgenerally
take a long time to run, so it is impossibleto generateiterations
quickly enoughto getto adesiredperformancein ashorttime.

Thesolutionwe usedwastwo-dimensional�uid simulation.By
running the simulationsin two dimensionsinsteadof three, we
could run at high resolutions(e.g. 512x512)andstill simulateat
almostinteractive rates.Preview rendersof a simulationweregen-
eratedasit ran.Whenasimulationlookedpromising,theserenders
couldbecompositedwith thebackgroundplateandotherelements
to getaquickpreview of thetiming andcompositionof theshot.

Of course, we would eventually need to render a three-
dimensionalsimulation.Whenwe decideda 2D simulationlooked
goodenough,we would save out data�les describingthevelocity,
densityandtemperatureof eachgrid cell ateachframe.Weassem-
bledseveralof these2D slicesin the threedimensionalsceneand
passively advectedparticlesthroughthesurroundingregion, inter-
polatinga velocity at eachpoint from the slices. This created3D
simulationswith lots of detailandrealisticmotion,but visible arti-
factsfrom theinterpolationfrom 2D slices.Thisproblemwasover-
comeby addinga 3D non-divergentnoise�eld to the interpolated
velocity �eld. Thenoise�eld addsconvincingsecondary�uid mo-
tion with arbitrarilysmalldetailandhidestherepetitionthatwould
otherwisebevisible.

2 Cloud Simulation

One of the phenomenathat we observed repeatedlyin the refer-
enceof nuclearexplosionswasthe rapid formationandextinction
of clouds. We decidedto recreatea particulareffect whereclouds
would �rst be extinguishedby the blastandthenreform in a ring
aroundtheexplosion.

Weimplementedwithin Mayathecellularautomatonmethodfor
simulatingcloud formationandextinction describedby [Dobashi
et.al.2000],extendedit to ef�ciently supportadvectionby arbitrary
�elds and integratedit with Maya's dynamicssystemand ILM' s
proprietaryextensions. By having the �uid simulationsand the
cloud simulationstogetherinside the samecameramatch-moved
scene,wecouldconvincingly integrateall theelements.

3 Rendering and Compositing

Theexplosionsandcloudswerebothrenderedusinga proprietary
volumetricrenderer. Therenderersampleseachparticleasanellip-
soidaldensity�eld with its own local coordinatesystem.Illumina-
tion of thevolumeis calculated,includingincandescence,external
illuminationwith self-shadowing anddiffusescatteringof light. Fi-
nally theilluminatedvolumeis renderedby raymarching.

Additional volumetricpasseswererun for godraysandglow in
thesurroundingatmosphereandhazefrom rising dustandsmoke.
Therewerealsosomesurfacerenderpassesfor grounddestruction
andshockwaves.Thebackgroundis amattepainting.

Mostof theelementswererenderedwith primarycoloredlights,
sothattheillumination contribution of eachlight is storedin a sin-
gle color channel.The�nal lighting wasthenadjustedin thecom-
posite,sothatthelook couldbe�ne tunedinteractively without the
needto re-runrenderpasses.

Figure1: CGNuclearExplosion.
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