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Abstract
Model Predictive Control (MPC) is a powerful paradigm for control as it enables optimal control
based on predicted future behavior and can rigorously enforce constraints on the system’s inputs
and outputs. However, it has the drawback that it can be too computationally expensive to
practically implement in some applications. Furthermore, Nonlinear MPC (NMPC) approaches can
converge to local optima. This seminar introduces Sampling Based Model Predictive Control
(SBMPC), a relatively new approach to NMPC that, unlike other NMPC methods, does not rely on
linearizing the system or gradient based optimization. Instead, it discretizes the input space to the
model via pseudo-random sampling and feeds the sampled inputs through the nonlinear model,
producing a searchable graph. An optimal path is found using A*, an efficient graph search method.
This optimization is complete, meaning that if the prediction horizon is sufficiently long, SBMPC is
guaranteed to find the global minimum subject to the sampling. In line with this, SBMPC is shown
using transparent examples to avoid the local minima to which gradient-based methods tend to
converge. SBMPC can compute quickly by use of an appropriate “heuristic” or “cost-to-goal
estimate” that can be learned from experience. In this seminar, SBMPC’s application to problems in
power and energy, flow control, and robotics are demonstrated with concrete examples, some of
which are implemented in hardware.
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