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1 Intro duction

For Terminator3: Riseof the Machinesoneof themary challeng-
ing sequencedM waspresentedvith depictedthe Ims antago-
nist, the"TX", strugglingto freeitself from the pull of amagnetic
eld. TheTX embodieghefeaturesof boththe previous Ims as-
sailants,being comprisedof both an armoredendosieletonanda
liquid metalexterior. The primary challengein the sequencevas
to digitally createthe gradualliquefactionof the TX's exterior. To
achieve this we turnedto a uid simulationapproachyutilizing a
particle level setmethod[Enright et al. 2002; Fosterand Fedkiw
2001]. While this gave us the meansto producethe desireddy-
namic effects, productionrequirementaecessitatedhe develop-
mentandimplementatiorof techniquesindtoolsthatallow artists
to controlevery aspecbf the simulation. Developingintuitive and
accuratecontrolis essentiato achiezing an aesthetiovision while
producingadynamicallyrealisticsimulation.This sketchdescribes
theproductionprocesseandtechniqueslevelopedto completethis
sequence.

2 Evolution

While avarietyof techniquesverebeingusedto creatdiquid metal
effectsin the Im usingbothparticlesimulationsandanimatedge-
ometry noneof thesetechniquegprovidedthe detailedstructureor

the dynamicnaturerequiredto producea plausible uid ow and
suspendheaudiences disbelief. To achieve realisticdynamicswe
turnedinsteadto a physics-base®d uid simulationenginebased
on the particle level settechnique. This methodusesa level set
storedon a regularvolumegrid to representhe uid/air interface,
which is augmentedvith particleson eithersideto help prevent
volume loss as the level setis adwectedthroughthe uid veloc-
ity eld. Identifyingthelevel of controlneededverthesimulation
parameterbecameanevolving processtherequirementsf theen-
ginegrowing in parallelto therequirementsf the shots.A method
for inputting this informationinto the enginewasrequired,and it

neededo be extensibleon botha globalandlocal de nition scale.

3 Simulation and Control

We usedMaya particlesto controlanddirectthe uid. A poisson
distribution techniquewas usedto evenly disperseparticlesover
the outer surfacesof our creature,and theseparticlescarriedan-
imation dependenpropertiessuchas position, velocity, viscosity
andsurfacenormals. This provided us with a genericmethodfor
inputting control propertiesnto the uid. \We rasterizedhe geom-
etry in orderto describeboth the uid' s initial conditionandthe
endosleletoninterior asa collision volume. The exportedparticles
wereusedasglobalorlocal controlsfor de ning regionsof the o w
with varyingviscosityandareasvherethe uid wasconstrainedo
track the particle motion. Geometrywas usedas uid eraseror
emittersto enhancethe degreeof control. To producesimulation
resultswith a reasonableesolutionwithin a practicalturn around
time, we emplgyed varioustechniques The enginewasnot multi-
threadedandweinsteaddividedthesimulationdomaininto several
smaller(possiblymaving) overlappingdomains.To copewith lo-
calizedsimulationoverlargedomainswe implementedyrid sourc-
ing. Thatis, a pre-simmechigherresolution,but smallerdomain
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Figurel: Variousaspect®f our pipelinehighlighting control, pre-
view, textureandliquid metal.

wasusedto generatdevel setsthatin turn actasinputinto alarger
secondandomaintherebyincreasingthe physical simulationarea
covered. The overheadof collision grid lookup was reducedsig-

ni cantly by cachingoutcompositggridsincreasingengineperfor

manceandreducingmemoryoverhead.

4 Rendering

We renderthe implicit surfacede ned by the level setdirectly by
ray tracing. Thisis very ef cient sincethelevel setde nesthedis-
tanceto the uid surfaceat all pointsin the volume. The uid is
renderedwithin the nal scenesowe canincludere ections and
occlusionsof otherobjects. A potentialdif culty with rendering
level setsis the lack of texture coordinatesThis wasovercomeby
ad\wecting particlesthroughthe uid, which carry texture coordi-
natesandary otherinformationthe artistdesires.Theinformation
from the particlesnearesteachintersectionpoint is blendedand
usedto de ne texture coordinatesandattributesto control the sur
faceappearanceBecausehe particleshave beenadwectedthrough
the uid, thetextures o w smoothlywith thesurface.
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