Written exam
Model Predictive Control
(SC4060)

Tuesday April 6, 2010, 9:00-11:00 hrs

Delft University of Technology

Faculty 3mE

Delft Center for Systems and Control (DCSC)
Mekelweg 2

2628 CD Delft



Exercise 1 Standard formulation (25%)

Consider the IO model

Xo(K+1) = AgXo(K) +Koeo(K) + Lodo(K) + Bou(k)
y(K) = CoXo(K)+eo(k)
whereA, € R K, e IR*1 |, e R™*1 B, € IR®*1 andC, e IRM". The state is(k),

do(K) is the known disturbancey(k) is the input signal anéy(k) is zero-mean white noise.
Note that this is a SISO model.

A performance indeX(k) is given by:
N
I(uk) =3 (K (ke [K) QR [K) + T (ke — Ll Ru(ke+ |~ 1K)
=1
+ 7 (i k) Sk K)) (1)

where ~ denotes prediction, a@] R, Sare positive definite matrices.
Consider the following constraint:

uk+j) = uk+j—1),for j>Nc (2)

(1.1) Describe the problem of finding the control-law that minieszperformance index (1)
subject to (2) as a standard predictive control problem giwvelthe corresponding system
matrices and the selection matrideg).



Exercise 2 Solution of the SPCP (25%)

Consider the system

X(k+1) = Ax(k) + By e(k) + Baw(k) + Bz v(k)
y(k) C, X(k) + Dlle(k) + D12W(k)
Z(k) C X(k) + D21e(k) + D22W(k) -+ D23V(k)

with v = Au (so we have an IIO system) and a steady-state

(VSS7 X587 W587 ZSS) = (VSS7 X587 WSS7 O)

at timek with statex(k), external signalv(k) and ZMWN signale(k).
Define

J(k) = mvinJi(k)

where

(2.1)

(2.2)

J; is the performance index for the SPCP with prediction hariko= 30 and control
horizonN; = 15.

Jo is the performance index for the SPCP with infinite predictmrizon N = «) and
finite control horizon\; = 15.

Jz is the performance index for the unconstrained SPCP wittigien and control hori-
zonN = N; = 30.

Js is the performance index for the SPCP with infinite preditthmrizon N = ) and
infinite control horizonil; = ) .

Js is the performance index for the SPCP with infinite predictmrizon N = «) and
finite control horizor\; = 15, subject to inequality constrainjgk) < W(k).

Js Is the performance index for the SPCP with finite predictiowl @ontrol horizon
N = N; = 30 subject to inequality constrainigk) < W(k).

Describe how the performance index of the SPCP changes when
¢ the prediction horizon is increased (decreased),
¢ the control horizon is increased (decreased), Kut N),
e an inequality constraint is introduced (removed).

Find a ranking in magnitud&* < J}‘ for all combinations=1,...,6,j=1,...,6.

(For example, four fictive performance indicEs Jg, J; andJ;, give a ranking.J; <Jg <
Js andJ; < Jj, < Jg if J7 is the smallest); is the largest, but the order i andJj, is
indefinite). Comment on your choices.



Exercise 3 Five items in model predictive control (25%)

(3.1) In all model predictive controllers five important items g@aat of the design procedure.
Give all five items.

(3.2) Consider a game of chess. Explain that a chess player careheasea predictive con-
troller. Identify the five basic items.

(3.3) Consider driving a car. Explain that a car driver can be saea jpredictive controller.
Identify the five basic items.

Exercise 4 Stability of infinite horizon MPC (25%)

Given the following theorem:

Theorem

Consider a LTI system given in the state space description

X(k+ 1) = Ax(k) + Baw(k) + Bz v(k),
Z(k) =C X(k) + D22W(k) + D23V(k),

with zss = 0 in steady state. A performance index is defined as

(o]

mind(V,k) = min S 2" (k+ j|K) 2(k+ j|k
ninI(v. k) m};( jlk) 2k + jlk)

with a control horizorN; < «. Finally assumev(k+ j) = ws for all j > 0. The predictive
control law minimizing this performance index results inadlizing controller.
(4.2)

Proof this theorem.



