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Related Work



Fluids Simulation in Graphics

• Smoke
– Foster and Metaxes [1997]

– Stam [1999]

– Fedkiw et al. [2001]

• Water
– Foster and Fedkiw [2001]

– Enright et al. [2002]

• New
– Carlson et al. [2004]

– Losasso et al. [2004]

– Goktekin et al. [2004]



• Barzel et al. [1996]

• Chenney and Forsyth [2000]

• J. Popović et al. [2000]

• Treuille et al. [2003]

• Fattal and Lischinski [2004]

Simulation Control in Graphics



The Adjoint Method

• Pironneau [1974]

• Jameson [1988]

• Giles and Pierce [2000]

• Bewley [2001]
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• <bunny exact>



• <bunny smooth slight>



• <bunny smooth most>
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The Adjoint Method
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Duality



The Adjoint Method
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Adjoint Computation



The Gradient
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The Gradient



Adjoint Method Summary

• Two Passes

– ≠ number of controls

– High memory cost

• Very Fast

– Complex Animations!



Adjoint Fluid Control



Adjoint Steps

• Heat

• Projection/Diffusion

• Advection

• Fast-Marching



Heat



Adjoint Heat



Projection



Adjoint Projection

● Same goes for diffusion!



Advection



Adjoint Advection



Fast Marching



Adjoint Fast Marching



Results
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<clay – no control>
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<several clay men simultaneously>



<water drop – no control>



<water drop – single drop KEYFRAME>
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<water drop – single three drops KEYFRAME>
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<punching man KEYFRAME>
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Contributions
• High-level control of fluid simulations

– Smoke
– Clay
– Water

• Free surface fluids derivatives
– Fast marching

• Adjoint method
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