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Eulerian Fluid Control:
Realistic animation of liquids [Foster and Metaxas 
1996]. 
Practical animation of liquids [Foster and Fedkiw 
2001].
Controlling liquids using meshes [Raveendran et 
al. 2012]. 
Taming liquids for rapidly changing targets [Shi 
and Yu 2005]. 
Interactive localized liquid motion editing [Pan et 
al. 2013]. 
Fluid control using the adjoint method [McNamara 
et al. 2004].
Modeling and Editing Flows Using Advected Radial 
Basis Functions [Pighin et al. 2004]

Langrangian Fluid Control:
Detail-preserving �uid control [Thurey et al. 2009]. 
Position-based �uid control [Zhang et al. 2015].

Optimal Control in Computer Graphics:
Simulation of Human Motion Data using 
Short-Horizon Model-Predictive Control [Da Silva 
et al. 2008].
Data-guided Model Predictive Control Based on 
Smoothed Contact Dynamics [Han et al. 2016]

Model Predictive Control for Robust Art-Directable Fluids

Fluid motion is very hard to predict and it is 
therefore very di�cult, if not impossible, to 
achieve speci�c behavior, just by altering the 
global variables.
Artists require robust and reliable tools to 
direct these complex simulations according to 
artistic needs in orde to obtain 
physically-plausible simulations with minimal 
e�ort.
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The MPC method is very general and the formulation of the cost function 
J[u] determines the controlled �uid.
The choice of the model on which the controller computes the forces de-
termines the trade-o� between speed and accuracy. This model can be 
the full �uid simulation or simply a particle simulation where only body 
forces are accounted for. The control forces are then applied to the full 
�uid simulation.
We use the  Adjoint method for optimizing the goal function [McNamara 
et al. 2004]. 

We have obtained impressive results by using MPC to control �uid simulations. However, at this point the algorithm is still too slow to be 
used in an interactive simulation.
A shark made out  of �uid particles gets hit by an invisible cannonball. The �uids maintains its shape, compensating gravity and other forces, 
before collision and restores its shape thanks to the controller. The control is performed using a simpli�ed model where only body forces and 
pressure are taken into account.

The �uid equations are
augmented by a control 
force U for every �uid parti-
cle. This force is optimally 
computed by MPC using the 
adjoint method, possibly 
based on a  simpli�ed �uid 
model  for increased speed.

Our Approach
We present a model predictive controller for �uid simulations that is able to achieve control with high precision based on an optimiza-
tion process. Because the controller can predict the future, the system can be used to control �uid simulations at run-time to deal with 
unforeseen user-interactions by controlling a simpli�ed simulation. This reduces artefacts and oscillations that are common with more 
simple control techniques.


