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INTRODUCTION

ÅCyclone

ÅFX toolkit

ÅFluid simulation

ÅVolume modeling

ÅDeveloped for three years

ÅUsed in production the last year

ÅEnderôs Game

ÅBlack Sky

ÅMaleficent

ÅCommercials



CYCLONE

ÅSpecifically designed for sparse grids

ÅInitially used DB-Grid [Museth, 2009]

ÅBlocked data structure

ÅAlgorithms implemented to operate on blocks

ÅWell suited for threading

ÅStraightforward to replace with OpenVDB

ÅIntegrated in Houdini



FLUID SIMULATION

ÅFLIP Solver

ÅHybrid particle/grid solver

ÅProprietary particle representation

ÅIndependent of third party package

ÅDistributed simulations

ÅOpenVDB grid representation

ÅFluid surface (Level Set)

ÅFluid velocities (Staggered Vector grid)

ÅBoundary objects, emitters, forces, sinks

ÅParticle search acceleration
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WORKFLOW

ÅSOP workflow preferred by artists

ÅParticle data passed as shared pointers

ÅCustom looping mechanism for simulations

ÅOTLs for fluid boundaries, forces etc



WORKFLOW



WORKFLOW



WORKFLOW

Additional SOPs

ÅDelete particles based on Level Set

ÅAdvect particles and grids

ÅSurface particles



PARTICLE CREATION

ÅUse Level Set as guide

ÅResample Level Set to sampling interval

ÅCreate bool mask of inside region

ÅFor each active voxel of mask

ÅSubdivide voxel

ÅJitter particle position in sub voxel

ÅSubdivision could be varied based on distance to surface



PARTICLE CREATION



PARTICLE GRID

ÅAccelerate particle search

ÅKD-Tree, Hash table, Uniform grid

ÅApproach similar to [Nielsen el al., 2007]

ÅExtend Leaf Node with particle index array

ÅStore a Particle Bin per voxel

ÅTwo unsigned integers

ÅOffset into index array

ÅNumber of particles



PARTICLE GRID

Build Grid

ÅFor each particle

ÅCompute voxel coordinate

ÅActivate voxel

ÅIncrement particle counter for voxel

ÅStore particle index in array

ÅStore linear voxel offset in external array

ÅFor each Leaf Node

ÅSort index array based on voxel offset

ÅFor each active voxel

ÅUpdate offset into index array


