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qﬂﬁﬂé’e'lumsﬁﬁmm

AMAXUIN 2. q:ﬂnauaqﬂﬁﬁodwﬁ’u MIIATEHANN IHuUUa U TIWINTwaTa1ase M
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'lu LMI Control Toolbox [23] ‘munﬂq,m LAELTIDT 1 - point method)

Cz_set ,Dzu_set]

% Developed by : Jeeranuch Juengudg
% Date : February 2005

% (A, Bp, Bu, Cq, Dgp, Dqu, Cz, Dzp, Dzu, C 4.i,Cy_i,Dyu_i,Cz_i,Dzu_i]

. FormLure (A LS
3 ! \ |
% FUNCTION —

% FormLure : This function is se otmulat of system model subject to real

% orm of to Lur’e system.

%

% INPUT

% A_set,Bu_set,Cy_selywio———————A—fami oot tm=—ar=r tem matrices.

% Dyu_set,Cz_set,Dzulse fi

. 4

% OUTPUT m

% A,Bu,Cy,Dyu,Cz, ... ' Nominal parameters.

% Dzp,Dzu, Bp, Dyp, Cq,Dqu, . ‘ F = MatriceMich represent real parametric uncertainty.

% Initialize

e RONSREHRA VA Y

3 L &1 u El fJ tV'l ﬁﬂﬁnﬂaﬁﬂﬂﬁsems sector bound.

N =

n=

n_u =size (Bu_set {1),2); % n_u is no.of input

n_y =size(Cy_set{1},1); % n_y is no.of output

n_z =size (Cz_set{1l},1); % n_z is no.of performance output

% Find nominal parameter and uncertainty matrices- it

[A,Delta_A) = FindNominal (A_set);
(Bu,Delta_Bu] FindNominal (Bu_set);
[Cy,Delta_Cy] FindNominal (Cy_set);
[Cz,Delta_Cz] = FindNominal (Cz_set);
[Dzu,Delta_Dzu] FindNominal (Dzu_set);

% Singular value decomposition---————-------cc————,_—_ —_ —.———




uncertainty_matrix = [Delta_A Delta_B; Delta_Cy Delta Dyu; Delta_Cz Delta_Dzu];
[U_bar,Delta_bar,V_bar] = svd(uncertainty_matrix);
rank_s = rank (Sbar) ;

% Scale matrices dimension

row_no =1 ;
col_no=1;
for row_no = 1l:1l:rank_s
for col_no = 1l:1:rank_s
Delta = Delta_bar (row_no,col_no);

end
end

U = U_bar * Delta;
V = Delta * V_bar;

row_no = 1;
row_Bp = 1;
row_Dyp = 1;
row_Dzp = 1;

% Form matrices Bp, Dyp, Dzp, C : - - . | EEEE—

while row_no <= n+n_y+n_z
if row_no <=n
Bp(row_Bp, :) = U(row_no, :); i
row_no = row_no +1;
row_Bp = row_Bp +1;
else
if row_no <= n+n_y
Dyp (row_Dyp, :) = U(row.qno, :
row_no = row_no +1; Vo
row_Dyp = row_Dyp +1; | v-
else -
Dzp (row_Dzp, :) = U(row_nd, });
row_no = row_no +1; ~
row_Dzp = row_Dzp +1; "

- AU INENINEING

col_no =1;

S QRIANNTANIINGIANY

if col_no<=n
Cqg(:5cel_cCq) = V{:,col_no)’;
col_no = col_no +1;
col_Cq = col_Cq +1;
else
Dqu(:,col_Dqu) =V(:,col_no)’;
col_no = col_no +1;
col_Dqu = col_Dqu +1;
end
L = Delta;



FindNominal.m

function [nominal_P, Delta_P] = FindNominal (set_P)

% Developed by : Jeeranuch Juengudomporn
% Date : February 2005

% [nominal_P, Delta_P] = FindNominal (set_P)
%

% FUNCTION

%

%

% INPUT

% set_P

%

% OUTPUT

% nominal_P

% Delta_P

% Initialize

ptl = 1;

ro=1;

co =1 ;

N = size(set_P,2);
[n_row,n_col] = size(set_P{1l});

% Find upper and lower matrices-

while ptl <= N % N is number of data’
if ptl ==

while ro <= n_row

while co <= n_col

max_P (ro,co) = (set_P

ca = co +1;

end

ro = ro +1;

co=1;
end

ro=1;

67

FindNominal The function which is used to find nominal value matrix.

m set to be the center of system parameter.;
ue matrix and maximum value matrix.

- gy INYNTNYINT

min_P (ro,€o0) = (set_P(ptl)(ro,?o));

ARISINIUNNINY Y

end
élse
ro =1;
co =1;
while ro <= n_row
while co <= n_col

if (set_P{pt2} (ro,co)) > max_P (ro,co)
max_P (ro,co) = (set_P{ptl} (ro,co));

end

co = co +1;
end
Yo = Yo +1;



co =1;
end
ro=1;
co=1;
while ro <= n_row
while co <= n_col
if (set_P{pt2} (ro,co)) < min_P (ro,co)
min_P (ro,co) = (set_P{ptl} (ro,co));
end
co = co +1;
end
ro = ro +1;
co =1;
end
end
ptl =ptl+l ;
end

% Find nominal P and Delta P-—————--- . R

nominal_P = (max_P+min_P)/2;
Delta_P = max_P-nominal_P;

2.2 AITIIATIZRANIIOUS

function [Lambda_,T_,h2cost_, infgasi . G erl (7 By s

% Developed by : Thapana Nampradit

% Date : February 2003 A

% FUNCTION T —
$ Perform V-Iteration in| @‘;

o
USAGE j
[Lambda_, T_,h2cost_, infeasible_] = viterl (A, Bp, Bw,Bu, ...

od, Pap, Dqw, Dqu, - - -

FI‘L!EI‘SI‘E!&W]?W g1N3

L,Ac,Bc,Cc)

" A HARIRIUUAINYIN Y

Cq,qu,qu qu,
Cz,Dzp,Dzw, Dzu,

Cy,Dyp,Dyw,Dyu
L The diagonal matrix represents sector bounds
i.e. 0 <= phi_i(sigma)/sigma <= 1_i
Ac,Bc, Cc Controller’s parameters
OUTPUT
Lambda, T Optimal multipliers for the given controller
h2cost Upper bound of the worst-case H2 performace of

the system for the given controller
infeasible 0:feasible, l:infeasible

0 0 O O O N o o O O o o N R N N K o o o o o o

68



% Initialize

ns = size(A,1);
np = size (Bp,2);
tA = [ A, Bu*Cc;
Bc*Cy, Ac+Bc*Dyu*Cc];
tBp = [ Bp;
Bc*Dyp];
tBw = [ Bw;
Bc*Dyw];
tCq = [ Cq, zeros (size (Cq, 1) ,size (Bu*Cc,2))
tCz = [ Cz, Dzu*Cc];
tDzp = Dzp;
setlmis ([])

% Define LMI variables == - - : ECE—
tP = lmivar (1, [2*ns 1]);

% Lambda, and T
for j=1:2,
[Temp, nl,sTemp] = lmivar (1,
for i=1:np-1,
[TAdd, n2, sTAdd)
[Temp,nl, sTemp])
zeros(l,1i), sTAdd]

end

switch j
case 1, Lambda = Temp;
case 2, T = Temp;

end

end

% Define LMIs—=-=====————— e -

% LMI#1
Initerm(I1 1 1 tP),;1,¢tA,%8");

“zﬁuﬁl’mﬂﬂ?w g1n3

Imiterm(([1 2 1 tP]) th 1);
Imiterm([1 21 Lambda] » LCa*tA);

e QﬁQRﬂﬂimNﬁﬁﬁﬂﬂﬁﬁﬂ

lmiterm([(1 2 2 ambda] 1,ECa*tBp,’s");
lmiterm([1 22 T],-2,1);

Imiterm(([1 2 2 0], tDzp’ *tDzp)

% LMI#2

lmiterm([-2 11 tP),1,1);

% LMI#3
lmiterm([-3 1 1 Lambdal,1,1);

% LMI#4
lmiterm([-411T],1,1);

69
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LMISYS = getlmis;

% Define the objective function

= decnbr (LMISYS); .
c = zeros(nx,1);
for j = 1:nx,

[tPj, Lambdaj] = defcx (LMISYS, j, tP,Lambda);

c(j) = trace (tBw’ * (tPj+tCqg’ *L*Lambdaj*tCq) *tBw) ;
end

% Solve minimization problem

relacc =le-12;

maxiter = 1000;

quiet =1;

feasp_reg = 1e9;

options = [relacc,maxiter, feasp_r
[copt, xopt] = mincx (LMISYS, c,options

% Return output . e

if (Tisempty (xopt))
Lambda_ = dec2mat (LMISYS, xop
T_ = dec2mat (LMISYS, xopt,T);

= dec2mat (LMISYS, xopt, tP);

h2cost_ = copt;
infeasible_ = 0;
Eu_norm_V = sqrt (xopt’ *xopt) ; ! ;
fprintf (’ —-> h2cost in v iteration = %67 h2co
else Ll_',ﬁ _,‘J
Lambda_ = zeros (np, np); 5
T_ = zeros (np,np); e e ]
h2cost_ = 10000 L ] ‘
infeasible_ = 1;
end

M

n‘

2.3 NITFIATITHA

;uﬂ TMuninens

Cq,Dgp,Dgw, Dqu, ...
Cz,Dzp,Dzw,Dzu, . .

amaﬁmmum'mmaﬂ

maxiter,minpoint)

% Developed by : Thapana Nampradit
% Date : February 2003

% FUNCTION

% Popov Robust H2 Controller Synthesis

%

% USAGE

% [Ac,Bc,Cc,Dc] = popovh2syn (A,Bp,Bw,Bu, ...

% Cq,Dgp, Dgw,Dqu, ...

% Cz,Dzp,Dzw,Dzu, ...

% Cy,Dyp,Dyw,Dyu, ...

% Lmin, Lmax, abstol, reltol, ...



% maxiter,maxpoint)

%

% INPUT

% A,Bp,Bw,Bu, System parameters

% Cq, Dgp, Dgw, Dqu,

% Cz,Dzp,Dzw,Dzu,

% Cy,Dyp,Dyw, Dyu

% .

% Lmin, Lmax The diagonal matrices represent sector bounds
% i.e. 1_{min,i} <= phi_i(sigma)/sigma <= 1_{max,i}
% abstol Absolute tolerance (optional)

% reltol Relative tolerance (optiona

% maxiter Maximum iteration (opt i

% maxpoint Maximum point in homeo '

%

% OUTPUT

% Ac, B¢, Cc,Dc Controller’s ¥t

% Initialize N

if nargin < 22,
maxpoint = 278;
if nargin < 21,
maxiter = 100;
if nargin < 20,
reltol = le-3;
if nargin < 19,
abstol = le-3;

if nargin < 18, P A
help popovh2syn; ! r{;ﬁ
" el .

error (' Not enough input argtiments

end .‘;irnl
- ,J - p*
end 2
end o

end |
end yl‘
i

% Balance realization of system -

71

(A,Bp,Cq,G, T, Ti] = balreadf(4yBp, ‘;‘ﬂ' e |
T ﬂuﬂﬂﬂﬂﬂ§WUﬂﬂi

Cy = Cy*T;

=t Cz'*Cz; Cz’ *Dzu;

Dzu! *Cz, Dzu’ *Dzu];
V=[ Bw*Bw', Bw*Dyw’ ;

Dyw*Bw’ , Dyw*Dyw’ ] ;

(Alqg,Blgg,Clqg,Dlqg] = 199 (A,Bu,Cy,Dyu,W,V);
Clqg = -Clqg;

Ac = Alqg;
Bc = Blqg;
Cc = Clqg;

Dc = D1lqg;

o AB0AINIRIAMANeIAY



% Initialize homotopy

numofpoint = 1;
n=0;
infeasible = 1;

% Start algorithm

while (infeasible "= 0),
n=n+1;
lambdan = n/numofpoint;
currentL = lambdan*L

k=1;

abserr_k = 1;
relerr_k = 1;
h2cost (1) = inf;

fprintf (' \n [+] SOLVE POINT %
% V-Iteration~——=——=—se=se=dg 3 = G T T,

fprintf(? [VI)\n');

[Lambda, T, h2cost (k) , infeasible]
Ca P

DzpiDz,

Cy,Dyp, D,
curj nt
fprintfi(’ \n’); ]

$fprintf (’ --> h2cost = %$6.3f\n’,h2

while (((abserr_k > abstol) | (reler’_

(k < maxiter) & (infeasible =

k=k+1 ‘ J

% K-Iteration-—-—-—----—- - e

fprintf (* [K]\n’); ‘

[P,2,Q,Y,X,infeasible, h2ce (k)] = kiterl (A,Bp,Bw,Bu, ...

ﬁﬁﬁ%ﬂﬂﬁwaﬂnﬁ

if infeasible == 0,

RN TUHAIINEN Y

[Ac,Bc,ch = solveacl (A,Bp,Bw,Bu, ...
Cq,Dgp, Dgw,Dqu, ...
Cz,Dzp,Dzw,Dzu, ...
Cy,Dyp,Dyw,Dyu, ...
currentL, Lambda, T, ...
P,%2,Q,Y,X,Alqq);

% V-Iteration
fprintf(’ [(V2]\n’);
[Lambda, T, h2cost (k),infeasible] = viterl (A,Bp,Bw,Bu, ...

Cq, Dgp, Dgw,Dqu, ...
Cz,Dzp,Dzw,Dzu, ...

72



Cy,Dyp,Dyw,Dyu, ...
currentL, Ac, Bc,Cc) ;
fprintf('\n’);

% Update error
if h2cost (k-1) >= h2cost (k)
abserr_k = abs(h2cost (k-1) -h2cost (k)) ;
relerr_k = abserr_k/h2cost (k);

end

end

end % inner loop
% Return output - e e —— ————

% Restart synthesis loop--——----

if infeasible "= 0,
if numofpoint >= maxpoint,

error (‘Algorithm fail!’);

else
numofpoint = numofpoint*2;
=0;
fprintf (‘\n [*] RESTART ALGOR ofpoint) ;
Ac = Alqg;
Bc = Blqgg;
Cc = Clqgg;
end ~ A |
end : l-."‘
end % outer loop

¥

% Return output

iﬁii:ti:ﬁf‘."_’_’_________ﬂ H_ﬂ 'J Nney 5 NE03,

fprintf (' Synthesis is com] ete\n )3

fprintf(* +——-—— ———— .~
o AR TR ITANE TN
fprintf (Ac =An");
disp (Ac);
fprintf (/ \n’);
fprintf (‘Bc =\n’);
disp (Bc);
fprintf (* 5% \n’);
fprintf (Cc =\n’);
disp(Cc);
fprintf (* -\n’);
else
Ac_ = Ac H
Bc_ = Bc;
Cc.=Ct;




Dc_ = Dc;
end

kiterl

function (P_,Z2_,Q_,Y_,X_,infeasible_, h2cost_] = kiterl (A,Bp,Bw,Bu, ...
Cq, Dbgp, Dgw, Dqu, .. .
Cz,Dzp,Dzw,Dzu; ...
Cy,Dyp,Dyw,Dyu, ...
L, Lambda, T)
% Developed by : Thapana Nampradit
% Date : February 2005

$FUNCTION
% Perform K-Iteration in Controlle
. X
$USAGE
% [P_,2_,Q_,Y _,X_,infeasible] =_
%
%
%
%
%
$INPUT
% A, Bp, Bw, Bu, System pa
% Cq, bgp, Dgw, Dqu,
% Cz,Dzp,Dzw,Dzu,
% Cy,Dyp, Dyw, Dyu
%
% L The diagonal matrixirep
% i.e. 0 <= phi_i (sigma) /s
% Lambda, T Fixed multipliers
5 r
$OUTPUT ™
% P.—I z.—l L, Y_, X_ Sy .- {:;kciaﬁih-ﬁw:nii:u
3 infeasible 0:feasiligdy
|
% Initialize - l.! ———————

ns = size(A,1); ‘ﬂ s

e AUNINININYINT
ny = size(Cy,1); ‘

nu = size(Bu, 2); “

setlmis([]) ¢ =y s

oo AR LA I VIE R B

Imivar (1, [ns 1]);
Imivar(l, [ns 1]);
Imivar (2, [ns ny]);
Imivar (2, [nu ns]);
Imivar (1, [ny 1]);

o°

X K N O "
]

% Define LMIs

$ LMI#1

Initerm({1 1 X P}, .,%,%8");
lmiterm({1 11 2}),1,Cy,’s’);
Ilmiterm((1 1 1 0],Cz’*Cz);



Imiterm([1
Imiterm([1
Imiterm([1
Imiterm([1

P],Bp’,1);

-2],Dyp’,1);

0], Lambda*Cg*A+T*L*Cq) ;
0], Dzp® * Cz)

NN NN
o

Imiterm([1 2 2 0], Lambda*Cqg*Bp+Bp’ *Cq’ *Lambda-2*T) ;
Imiterm((1 2 2 0],Dzp’ * Dzp);

% LMI#2
Imiterm([2 1 1Q],A,1,"s");
Imiterm([211Y),Bu,l,’s’);

Imiterm([2 2 1 Q], Lambda*Cqg*A,1);
Imiterm((2 2 1 Q),T*L*Cq, 1);
Imiterm([2 2 1 Y], Lambda*Cg*Bu, 1) e
Imiterm((2 2 1 Q], Dzp’ *Cz, 1);
Imiterm([2 21 0),Bp’);

Imiterm([(2 2 2 0], Lambda*Cg*E
Imiterm((2 2 2 0] ,Dzp’ * Dzp);

N

Imiterm(([(2 3 1Q],Cz,1);
Imiterm([(2 31 Y],Dzu,l);
Imiterm((2 3 3 0],-1);

% LMI#3
Imiterm([-311X],1,1);
Imiterm([(-32112),1,1);
Imiterm([-3 22 P],1,1);
Imiterm([-3310],0);
Imiterm((-3 32 0],1);
Imiterm([-333Q),1,1);

LMISYS = getlmis; ] V

% Define the objective function- 'i ———— {1
W

nx = decnbr (LMISYS); ‘* -

c = zeros(nx,1); ﬂ 1r| 1'] o i

for j = 1:nx,

[P],Zj,X]] = defcx(LMIs B 15 A o

= WIS DEiinle N F

% Solve mim.mlzati problem

relacc = le-12;

maxiter = 1000;

quiet =1;

options = [relacc,maxiter,-1,10,quiet];

[copt, xopt] = mincx (LMISYS, c,options);

% Return output -

if (“isempty (xopt))
P_ = dec2mat (LMISYS, xopt,P);
Q_ = dec2mat (LMISYS, xopt, Q) ;
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Z_ = dec2mat (LMISYS, xopt, 2);
Y_ = dec2mat (LMISYS, xopt,Y);
X_ = dec2mat (LMISYS, xopt, X) ;
infeasible_ = 0;
h2cost_ =copt;
Eu_norm_K = sgrt (xopt’ *xopt) ;
fprintf (’ —-> h2cost in k iteration = %6.9f\n’,h2cost_);
else
P_ = zeros (ns,ns);
Q_ = zeros (ns,ns);
Z_ = zeros(ns,ny);
Y_ = zeros (nu,ns);
X_ = zeros (ny,ny);
infeasible_ = 1;
h2cost_ = inf ;
end

solveAc.m

function [Ac_,Bc_,Cc_,P] = solves

% Developed by : Thapana Nampr
% Data : February 2005
$FUNCTION ;
% Solve for a controller dynami

%

%$USAGE

% [Ac,Bc,Cc] = solveac (A, Bp, Bw,]

% Cq, Dgp,Dgw,Dqu, ...

% Cz,Dzp,Dzw,Dzu, . 4 _J‘F}E, ,d'

% Cy, Dyp,Dygw, D a

% L, Lamb -

%

$INPUT =

% A, Bp, Bw,Bu, System pa ‘! meters

% Cq, Dgp, Dgw, Dqu,

% Cz,Dzp,Dzw,Dzu,

% Cy,Dyp,Dyw, Dyu

* HUEI’JVIHVITWEI’IM
% L gonal matrix represents sector bounds
% i.e. 0 <= phi_i (sigma)/sigmé <= 1_i

% Lambda,

e Wmmmum's NYIRY
%

$OUTPUT

% Ac, B¢, Cc Controller’s parameters

% Initialize--

ns = size(A,1);
np = size (Bp,2);

% Calculate Bc, and Cc

Bc = Z;
Cc = Y*inv(eye (size (P*Q,1))-P*Q);
% Initialize
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R = inv(P-inv(Q)); % R =P22
P12 = eye(ns);

tP =[P P12;
P12’ R];
tA =[A, Bu*Cc;

Bc*Cy, Bc*Dyu*Cc];

tBp = [ Bp;
Bc*Dypl;

tBw = [ Bw;
Bc*Dyw] ;

tCq = [ Cq, zeros (size(Cq,1),si

tCz = [ Cz, Dzu*Cc];

tJ = [ zeros(ns,ns); eye(ns)];

setlmis ([])
% Define LMI variables ‘ . .

= lmivar (2, [ns ns]);
% Define LMI - .

% LMI#1
Imiterm([1 11 0],tA’ *tP+tP*
Imiterm({1 1 1 Ac],tP*tJd,tJd’, 's:
Imiterm([1 2 1 0], tBp’ *tP+Lambd
Ilmiterm(([1 2 2 0], Lambda*tCg*tBp+t]

LMISYS = getlmis;
% Solve feasibility Problem—{— . - — +— — — — —
.

maxiter = 1000;
quiet = 1;
target = 0;
options = [0,maxiter,-1,10,1];
[tmin, xfeas] = feasp (LM

HM@MMHﬁﬂﬁ?ﬁﬂwsWUﬂni

c_ = dec2mat(LMISYs,x s,Ac);
Bc_ = Bc;

ammﬂimumwmaﬂ
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