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systems.



Introduction

Introduction (cont)

It is still interesting to use MPC on nonlinear dynamical
systems.



Introduction

Introduction (cont)

It is still interesting to use MPC on nonlinear dynamical
systems.

e We can add explicit constraints on states and input
signals.



Introduction

Introduction (cont)

It is still interesting to use MPC on nonlinear dynamical
systems.

e We can add explicit constraints on states and input
signals.

e MPC does not require a lot of tuning of its parameters.
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Introduction (cont)

Some existing methods of nonlinear MPC are based on

e making the problem convex through a change of variables,
(only possible in some special cases)

@ nonlinear programming.
(difficult, approximative solution)

In our method we transform the optimization problem to a
convex problem by linearizing the nonlinear system dynamics.
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The MPC

The MPC algorithm is based on

e measured data from the system,
e a mathematical model of the system,
@ a cost function which penalizes undesirable behavior.
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MPC Algorithm

The steps of the MPC Algorithm

The steps of MPC can be summarized as

get data from the system,

e predict future output signals,

e insert the predictions in the cost function,

@ minimize it with respect to a future input signal sequence,

e apply the first input signal in the obtained optimal input
signal sequence,

e repeat procedure from the first step.
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The MPC (cont)

System
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MPC
Cost Mathematical
function model

Figure: MPC
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Requirements of the Implementation

There are basically three parts necessary to implement an
MPC according to our procedure:

e Simulation.

e Linearization/Discretization.
e MPC algorithm.
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Implementation of MPC

Send input signal
sequence to
simulated nonlinear

>

Pick a set of the
achieved states

Linearize and
discretize the
system for each

Obtain an optimal
input signal
sequence by

system state minimizing the cost
function
4 v
Send optimal input Update the states Apply the first

signal sequence to
simulated nonlinear
system

element of the
optimal input signal
sequence to the real
nonlinear system

Figure: Procedure
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Two Link Robot Arm

Figure: Two Link Robot Arm
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Nonlinear System Description

M(©(1))O(t) + W(8(t), O(t))8(t) = 7(1),
with

M(O(t)) = (m1 + m2)/12 + m2/22 + 2mph hea(t) m2/22 + mph hea(t)
; m2/22 + mah hea(t) m2/22

and

weew.em) = ( b ).

where s;(t) = sin(0;(t)) and c;(t) = cos(0;(t)), for i =1,2.

Highly nonlinear and quite complicated!
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Simulation

The well-known Runge-Kutta method of order four is used to
discretize and simulate the nonlinear system.
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Linearization/Discretization

The linearization and discretization occur simultaneously.

Tk = M(@‘Zisc)(ewh—ék) +

> =

. . 1
+W (05, 00%)(Oksn — @k)ﬁ,
with

: 1
Ok = (@k—f—h_@k)z-
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MPC Algorithm: Objective Function

The objective is to make the end point of the robot arm follow
a pre-specified trajectory, detonated p’.

The objective function is
2

?

{llc(él,k) + he(fyx + éz,k)l _F
2

/1S(é1,k) + IQS(él,k + éz,k) g

where s(-) = sin(-) and ¢(-) = cos(+).
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MPC Algorithm: Objective Function (cont)

The objective function is not convex.
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MPC Algorithm: Objective Function (cont)

The objective function is not convex.

Hence the convex approximations

cos(fi ) =~ cos(67%°) — Sln(9d’sc)( ik — 07%)
and
sin(f;) =~ sin(07%°) + COS(@CI'SC)(H K —075)

are necessary to make the optimization problem solvable.
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Resulting Trajectory

Figure: Trajectory I.
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Comments

Comments

e The MPC was constructed from scratch.

e It is in general difficult to formulate a nonlinear MPC
problem as a convex problem.

e No guarantee of stability.
e The MPC is robust for a small model mismatch.
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Conclusion

Conclusion

@ The method used works extremely well.
e It was easy to implement.

e It would be interesting to test the procedure on a real
system.



Thank you
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