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1 Intro duction
For Terminator3: Riseof theMachines,oneof themany challeng-
ing sequencesILM waspresentedwith depictedthe �lms antago-
nist, the”TX”, strugglingto freeitself from thepull of a magnetic
�eld. TheTX embodiesthefeaturesof boththeprevious�lms as-
sailants,beingcomprisedof both an armoredendoskeletonanda
liquid metalexterior. The primary challengein the sequencewas
to digitally createthegradualliquefactionof theTX' s exterior. To
achieve this we turnedto a �uid simulationapproach,utilizing a
particle level setmethod[Enright et al. 2002; FosterandFedkiw
2001]. While this gave us the meansto producethe desireddy-
namic effects, productionrequirementsnecessitatedthe develop-
mentandimplementationof techniquesandtoolsthatallow artists
to controleveryaspectof thesimulation.Developingintuitive and
accuratecontrol is essentialto achieving anaestheticvision while
producingadynamicallyrealisticsimulation.Thissketchdescribes
theproductionprocessesandtechniquesdevelopedto completethis
sequence.

2 Evolution
While avarietyof techniqueswerebeingusedto createliquid metal
effectsin the�lm usingbothparticlesimulationsandanimatedge-
ometry, noneof thesetechniquesprovidedthedetailedstructureor
the dynamicnaturerequiredto producea plausible�uid �o w and
suspendtheaudience'sdisbelief.To achieverealisticdynamics,we
turnedinsteadto a physics-based3d �uid simulationenginebased
on the particle level set technique. This methodusesa level set
storedon a regularvolumegrid to representthe �uid/air interface,
which is augmentedwith particleson either side to help prevent
volume loss as the level set is advectedthroughthe �uid veloc-
ity �eld. Identifying thelevel of controlneededover thesimulation
parametersbecameanevolving process,therequirementsof theen-
ginegrowing in parallelto therequirementsof theshots.A method
for inputting this informationinto the enginewasrequired,andit
neededto beextensibleonbothaglobalandlocalde�nition scale.

3 Simulation and Control
We usedMayaparticlesto control anddirect the �uid. A poisson
distribution techniquewas usedto evenly disperseparticlesover
the outersurfacesof our creature,and theseparticlescarriedan-
imation dependentpropertiessuchasposition,velocity, viscosity
andsurfacenormals. This provided us with a genericmethodfor
inputtingcontrolpropertiesinto the�uid. We rasterizedthegeom-
etry in order to describeboth the �uid' s initial conditionand the
endoskeletoninterior asa collision volume.Theexportedparticles
wereusedasglobalor localcontrolsfor de�ning regionsof the�o w
with varyingviscosityandareaswherethe�uid wasconstrainedto
track the particlemotion. Geometrywasusedas �uid erasersor
emittersto enhancethe degreeof control. To producesimulation
resultswith a reasonableresolutionwithin a practicalturn around
time, we employedvarioustechniques.Theenginewasnot multi-
threaded,andweinsteaddividedthesimulationdomaininto several
smaller(possiblymoving) overlappingdomains.To copewith lo-
calizedsimulationover largedomains,we implementedgrid sourc-
ing. That is, a pre-simmedhigherresolution,but smallerdomain
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Figure1: Variousaspectsof our pipelinehighlightingcontrol,pre-
view, textureandliquid metal.

wasusedto generatelevel setsthatin turn actasinput into a larger
secondarydomaintherebyincreasingthe physical simulationarea
covered. The overheadof collision grid lookup wasreducedsig-
ni�cantly by cachingoutcompositegridsincreasingengineperfor-
manceandreducingmemoryoverhead.

4 Rendering
We renderthe implicit surfacede�ned by the level setdirectly by
ray tracing.This is very ef�cient sincethelevel setde�nesthedis-
tanceto the �uid surfaceat all points in the volume. The �uid is
renderedwithin the �nal sceneso we can includere�ections and
occlusionsof otherobjects. A potentialdif�culty with rendering
level setsis thelack of texturecoordinates.This wasovercomeby
advectingparticlesthroughthe �uid, which carry texture coordi-
natesandany otherinformationtheartistdesires.Theinformation
from the particlesnearesteachintersectionpoint is blendedand
usedto de�ne texturecoordinatesandattributesto control thesur-
faceappearance.Becausetheparticleshavebeenadvectedthrough
the�uid, thetextures�o w smoothlywith thesurface.
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