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Part 1

Introduction to Optimal Control
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Simple Example 2
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Simple Example 2

Control Input Output 1
Controller
100°C What you see

Control Input

Reference
Input

Plant
Contrgl Input Model What you see
Output 2
255 80°C
=0l=4A

: Feedback




Closed-loop Control System Noise &
Feedback Systemaissimg Disturbance
Controller

Reference
Input

Contro
Input

Plant Output

0]
Model y(t)

Feedback



x(t+1D=fC x@) , u) )

state variable control input

y@) =gC x@) , ult) )
—— ——’ \——
output state variable control input



State Variable x(t

The state variables of a system consist of a minimum set of
parameters which completely summarize the system'’s status in the
following sense. If at any time t,, the values of the state variables
x(ty) are known, then the output y(t;) and the value x(t,) can be
uniquely determined for any time t, t;> ¢t,, provided up; . 1is
known.



Output Feedback System

{ 2(t) = Ax(t) + Bu(t),
Feedback
y(t) = Cx(t) + Du(t).

Using

x(t) = {A — BK[I + DK]™'C}x(t) + B{F — K[I + DK]"'DF}v(t),
y(t) = [I1 + DK]~Y{Cx(t) + DFv(t)},

where K is feedback gain, F is feed-forward matrix and v(t) is
external input.



Part 2

Model Predictive Control
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TABLE 1 A list of the survey results in order of industry impact as perceived by

\

0| 240 CHSt O|= X ~. Rank and Technology

oj2jof Ch3t 0% O

/1

»

-
High-lmpact Ratings Low- or No-Impact Hjétlngs
P10 contrg 100% 0%
78% 9%
System identification 61% 9%
Process data analytics 61% 17%
Soft sensing 52% 22%
Fault detection and 50% 18%
identification
Decentralized and/or 48% 30%
coordinated control
Intelligent control 35% 30%
Discrete-event systems 23% 32%
Nonlinear control 22% 35%
Adaptive control 17% 43%
-~ Robust control 13% 43%
Hybrid dynamical systems 13% 43%
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Part 2-1
Algorithm of MPC
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Notation

*Ugq |k *t=k Ol Ol =¢ta B O]9 control input 2k
ex) ugj; : 2 t=10{ A 0| Z 3t t=40i| A 2 control input %}

°ua|k t=k 0| A| 0| =Tt a TtA| O] = 2| Z| A 2| control input 4X

ex) uj);: t=10{ A 0| =t t=40| M 2| Z[H 2| control input

e ||x||p = VxTPx



MPC Solver

Prediction time is infinite.
>>> Infinite-dimensional Optimization Problem

_ - 2 2
u* = argmin E (i l1d + Nuiellz)
u
=0

Y Cost Function

s.t. x,.1 = Ax;, + Bu,,

Ve = Cxy _ . .
Equality & Inequality Constraints
Umin = uj|k < Umax-

Ymin < Yt < Ymax:



The Dual-Mode Prediction Paradigm

Prediction time is finite.
>>> Finite-dimensional
optimization Problem

. : N 2 ?
argmin J (x| uy )= arglrtnmzuxﬂkHQ T ”uiIkHR
i=0

Mode 1A M°j'€2
. _ 2 2\' 2
= argmin S ([lxaell}, + aeaell}) + wielly
AN y, \/_/
Y
Running Cost Terminal Cost

where W is the solution of the Lyapunov equation,

W= (A+BK)"W(A+ BK)+Q + K"RK.



MPC Controller
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Model Predictive Control
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Part 2-2
Other Types of MPC



Other Types of MPC

* Linear Quadratic MPC

* Nonlinear MPC
Decentralized MPC

e Stochastic MPC

 Economic MPC

* Adaptive MPC

* Hybrid MPC




Robust MPC

o0
. . 2 2
min J Gei i) = Z(nxukn(2 gl 12),
=0

x]-+1|k = ij|k + Bu]-|k + Wj|k ‘

\lxk+1 = A )xjjk + B(Oji)ug + wji ‘

‘%M=CMW+WM‘

S.t. x]-+1|k — Ax]-|k + Bu]-|k,
Yilk = CXjik
Umin < u]'|k <

Ymin = Yj|k = Ymax-

‘ynk = C(0jk) Xj |kt V)i ‘




Robust MPC

min R (J (xy, u, 6))
u

st Xjr1k = A(8jik) %1k + B(8jj)wjik + Fwj,
Yiik = C(8ji) %1 + D(8j)jik + vjjie

R (1 (%10 Wtk Sjiper i) ) < 0,

JE Z[O,Np—l]' I € Z[l,N”’ Xojk = Xk



Centralized MPC
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Decentralized MPC

min %, Y11 (ke + DB, + 1wk + DIE] + 112G+ NI,

s.t. x,,.1= Ax; + Buy,
xeX=1lX;,, ueU=]];U;.

Forj =0, ---,N — 1,

ui(k +_]) € Ui'

ul(k +])= ul(k +j)c_1, VI # L,

x(k+j) €EX,



Thank you
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