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Task

v(k+1)=Ax(k)+ Bu(k), z(0)=10.050",
y(k) = Cz(k), u € U,
|A, B] € convhull{[A,, B,]}, y ey,

1 0.1 0 _
4=19 0.495i0.495] B_[—0-1] C=10 49|
U= {u: [lull <2} Wy =2x107"
1 0
=yl SIS W= g )|

1: %% Load benchmark

2: Dbenchmark kothare
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%% Optimizers

gamma = sdpvar (1l);
xk = sdpvar (nx,1);
X = sdpvar (nx) ;
Y = sdpvar (nu, nx) ;

U = sdpvar (nu,nu) ;
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%% Auxiliary parameters

ZERO = le-6; $ ZERO-Tolerance of strict LMIs
ZEROx = zeros (nx,nx);

ZEROux = zeros (nu,nx);

ZEROxu = zeros (nx,nu);

Ix = eye (nx):;

Iu = eye(nu);



Ob jective func-tion
min -y

1: %% Objective function

2: 0bj = gamma



Ob jective func-tion
miny + tr(X)

1: %% Objective function

2: obj = gamma + trace (X)
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LMls

%% Invariant ellipsoid
ILMI ELL = [ [1, x';...
x, X] >= ZERO ];

%% Lyapunov matrix

LMI LYAP = [ X >= ZERO ];
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%% Convergence

LMI CON = [][

w Db

X, (A{v}*X+B{v}*Y )', (sgrt (Wx)*X) "', (sgrt (Wu) *Y) '; ...
A{v}*X + B{v}*Y, X, ZEROx, ZEROxu;...
sgrt (Wx) *X, ZEROx, gamma*Ix, ZEROxu;...

sgrt (Wu) *Y, ZEROux, ZEROux, gamma*Iu] >= ZERO ];
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%% Constraints on control inputs: L2-norm
LMI U L2 = [ [ diag(u max.”2), Y;...

Y', X] >= ZERO ];

%% Constraints on control inputs: Ll-norm
IMI ULl =1 1[1U Y;...

Y', X] >= ZERO ];

2
max,?

LMI U L1 = LMI U L1 + [ U(i,1) <= u max(i)"2 1;
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%% Constraints on system states

[[diag(x max.”2), C{v}*(A{v}*X+B{v}*Y);...

(A{v}*X + B{v}*Y)'"*C{v}', X ] >= ZERO ];



w Db

Op—l—_-i Mmiza-tion

%% Optimization
constr = LMI LYAP + LMI ELL + LMI CON +
IMI U L1 + LMI L2 + LMI X;

sol = optimize (constr,ob])



Robust MPC

F=YX !

%% Robust MPC state controller design
X opt = wvalue (X)
Y opt = value (Y)

F opt = Y*X*(-1)
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Control law

%% Control law

u = F opt*x



Closed-loop per{ormance

z(k+1)=A,z(k)+ B, u(k),
y(k) = Cx(k),

1: %% Closed loop performance
2: x plus = A{v}*x + B{v}™*u

3 y = C{v}*x



Closed-loop per{ormance
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Closed-loop per{ormance

0.35
004/ z1(k) 0.3
0.02 $2(/€) 0.25
P N 0.2
=

= 0 S 0.415

0.1
-0.02 !

0.05
-0.04 ' ' ' ' 0 ' ' - -

0 20 40 60 80 100 0 20 40 60 80 100
k k

Vertex 2



MLP

u(k) x(K)

—G

MATLAB toolbox for on-line RMPC design by LMIs

* bitbucket.org/oravec/mup
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%% DEMO

mup rmpc demo



