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Outline

* Principle of Model Predictive Control
* Solving the underlying optimization problems

» Application: Control of a pendulum on a cart
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Principle of Model Predictive Control
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Principle of Model Predictive Control
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Multiple shooting discretization
Real-Time lteration scheme
Code generated integrators with
sensitivity propagation
Interfaces to efficient Quadratic
Programming (QP) solvers
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Principle of Model Predictive Control

u(t) Process y(t) . I\/Iultiplg shooting discretization
> > * Real-Time lteration scheme
z(t) = f(x(t),u(t),t) « Code generated integrators with
sensitivity propagation
* Interfaces to efficient Quadratic
Estimator Programming (QP) solvers
X
MPC Controller |«
:t(t)ref
¢
U(t)ref'
minimize lZTHZ +hTz X value of states on grid points ACADO
Z 2 * Uk value of controls on intervals | ~gge generation
subject to: AZ =b * Up applied control

< 7Z<Z \

Structured QP
Z = xf ug ...un_, n]t

BURG

- b



Solving the underlying QP subproblems

Many approaches for solving the arising QPs:
* nterior-point methods

* Active-set methods

* First-order methods
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Solving the underlying QP subproblems

Many approaches for solving the arising QPs: - Simple scheme
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Solving the underlying QP subproblems

Many approaches for solving the arising QPs: - Simple scheme

* nterior-point methods
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Solving the underlying QP subproblems

- Simple scheme

Many approaches for solving the arising QPs:
* nterior-point methods
* Active-set methods
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Control of pendulum on a cart
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Control of pendulum on a cart

——position
——angle
velocity
——angular velocity
——Force
I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10
Time [s]
______ R e T control: dF
______ e S R R
6 7 8 9 10

UNI

FREIBURG



Control of pendulum on a cart

Time required to solve each QP in closed-loop
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Conclusions

* Fast, embedded MPC requires the solution of optimization problems with several
hundred variables in a few milliseconds.
* QP solvers based on first-order methods (e.g., fast gradient method, ADMM, ...) are
suitable candidates for real-time nonlinear MPC:
* Simple, highly parallelizable algorithmic schemes.
* Low cost per iteration.
* Shifted optimal solution of previous QP provides a good initial guess that
accelerates convergence.
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Thank you for your attention.

Questions?
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