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function [sys,x0,str,ts]=fortesque udu(t,x,u,flag,tsamp,m, n,poc,kov,v

C,1lmin)

%Main Symbols Used

var

Erwa

$tsamp - sampling time

$m - number of inputs

%¥n - number of outputs

%¥theta - estimated model parameters
%p - covariance matrix

y - outputs

%z - regressor vector

%e - prediction error

%K - kalman gain

- forgetting factor

¢ - initial guess for theta

r - design parameter

%C - design parameter
.

min - minimum forgetting factor

0
ov - initial values for diagonal of covariance matrix
a

switch flag

case 0

sizes=simsizes;

sizes.NumContStates = 0;

sizes.NumDiscStates = m*n+n*n+m+n+n+1l;

sizes.NumQutputs = m*n+n*n+m+n+n+l;
sizes.NumInputs = n+m;
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1;

gMaking sure
o

if length(p ~= n*m
1

disp(
disp('Changed to:'}:;
poe = 0.l 3 01 I om0

M
=]
o]

%$Defining the initial covariance

if length(kov) == 1
p = eye(n,n) *kov;
elseif length(kov) == n*n
p = zZeros(n,n);
pl{:) = kov;
else
disp('*VFF-RLS warning:
disp('Changed to:'):;
p = eye(n) *10e6;
end

*VFEF-RLS warning: Incorrect

the parameter inputs are correct
)

matrix

Incorrect covariance matrix

number of parameters !!!

L

N

;8



str = [];
ts = [tsamp 0];

%$Initial wvalues of the state wvariables
%20 = [poc;p(:)"';zeros(l,m),zercs(l,n);zeresi{l;n), zeros(1,;1)]";

%$Zeroing the covariance matrix and theta
p = zeros(n,n);
theta = zeros(n,m);

$Defining theta, v, p and z
theta () = su(lym*n);
pl(:) = 2x(m*n+l:m*n+n*n) ;

Y o= w@am)i
u (m+1 :m+n) ;

™
I

2Calculation of €, K and 1

e = y-theta'*z;

K = p*z/(l+z'*p*z);

error = e'*e;

1= 1= {(errori/(war*(l + 2" g*z)));

o

nsure a lower bound on the forgetting factor
1 < 1lmin

1l = 1lmin;

if
end

%UDU' factorization
pl = p:
for j =n : -1 : 2
D(J,3) = p1l(3,3):
alphal = 1/D(3,3):
for k=1 :1:3j -1
beta = pl(k,J);
Ulk,]J) = alphal*beta;
for i =1 :1: k
pl{i,k) = pl(i, k) - beta*U(i,7);

end

Uu(i,i) = 1;
end
u = u;
d = D;

%3Bierman's UDU' updates
u'*z;

= g*f;

=1;

= rh
Il

H
|



alpha = 0;

Fo ol = 1 im
if 1 ==
dummy = r;
else
dummy = alpha (i-1);
end
alpha(i) = dummy + w(i)*£ (i),
end
for =1 n
ifd =1
dummyl = r;
else
dummyl = alpha(i-1);
end
M(i,i) = (d(i,i)* (dummyl/alpha(i))):
¥ s=: 35
sum = 0;
for =1 +1 : n
sum = sum + u(i,k)*v(ik};
M(i,3) = u(i,j) - £(j)*sum/(alpha(j-1));
k=k + 1;
end
end
Ul = triu(M,1l)+eye (length (M) ),

D1 = diag(diag(M));

%Ensure upper bound of trace of P

w = Ul*D1*U1';

if trace(w/1l) <= C

p=w/l;
elseif trace(w/l) > C
p = w;

end

$Updating theta

theta = theta + K*e';

sys = [theta(:);pl(:);e;trace(p);l;error;];
case 3

SYS=x;
case {1 4 9}

sys = [];

otherwise
error ([ 'Unhandled flag =

end

', num2str (flag)]l);



function

3+
C

samp, den_order,num order, dead time, tstart,n,n inputs,P,N,M,L,W,y min, .

Isvsix0istetsl=gpe sten (ErxusElagy: o,

y max,slew min,slew max,u min,u max, tune start c)

=

ao

tsamp - sampling time

den order - model denominator

model numerator or

time - dead time of model

n - number of outputs (y)
n_inputs - number of inputs (u

- maximum prediction horizon

N - minimum prediction horizon
M - contrecl horizon
L - move suppression weight

- output weight

y min - minimum bound for y

7 max — maximum bound for y

der

)

- time at which model adaptation is turned on

slew min - minimum bound for slew rate delta u

slew max - maximum bound for slew rate delta u

u min - minimum bound for u

u max - maximum bound for u

%Ftune start c - time at which self-tuning is turned on

%theta - model parameters received from the RLS

%tau - FOPDT process time constant

ge e

de

T

K - process gain

ympast - vector of past values
umpast - vector of past values
value

uppastl - vector of past

um_cpast - past value of u

BE i

of delta u

s of u

suu - first control move from the optimal solution sequence

5

witch flag

case 0

sizes.NumContStates = 0

sizes .NumDiscStates =

(num order

(den

sizes.NumQutputs =
(num

order

order

’

(den_order

+ 1) *n+n_inputs+n_inputs+...
+ dead_time - 1)*n inputs+...

n_inputs+n inputs+l+n*n*den_ order+...

n*n_inputs*num order+n*n+6;

+
+

1) *n+n_inputs+n_inputs+...
dead time - 1)*n_inputs+...

n_inputs+n_inputs+l+n*n*den order+...

n*n_inputs*num order+n*n+é6;

sizes.NumInputs =

n+n+n*n*den order+n*n inputs*num order+n*n;

LA
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sizes.DirFeedthrough

|
=
-~

sizes.NumSampleTimes =

sys = simsizes(sizes);
str = [];
ts = [tsamp 0]:

%Initial valus of the state vector

x0 = [zeros((den_order + 1)*n,1);zeros(n_inputs,1);...
Zzeros (n. inputs;1l); s

zeros ((num _order + dead time - 1)*n _inputs,1l});...

(

(
zeros (n_inputs, 1) ;zeros(1,1) ;zeros(n_inputs,1)
zeros (

;
n*n*den_order+n*n_inputs*num order+n*n,1l);zeros(6,1)];

%Zeroing the variables

ympast = zeros((den_order + 1)*n,1);

uppastl = zeros(n_inputs,1};

um_cpast = zeros(n_inputs,l);

umpast = zeros((num_order + dead_time - l)*n_inputs,l);
uu = zeroa(niinputs,l);

%Extracting the previously saved state variables

ympast (:)= x(1:(den_order + 1)*n);
uppastl (:) = x((den_order + 1)*n+l: (den_order + 1)*n+n_inputs);
um_cpast(:) = x((den_order + 1)*n+.

n_inputs+l:(ﬁeﬂ order + 1) *n+...
n_inputs+n_1nput:],
umpast(:) = x((deniorder + 1]*n+niinputs+...
n_inputs+1l: (den_order + 1)*n+.
n_inputs+n_inputs+...
(num _order + dead time - 1)*n_inputs);
uu(:) = x((den_order + 1 )*n+n_inputs+n_inputs+...
num_ + dead time — 1)*n _inputs+lsi..
den_order + 1)*n+n_inputs+n inputs+...
n + dead _time - 1) *n_inputs+n_inputs);

%Updating ympast
y = u(l:n);
ympast = [y; ympast (l:length(ympast)-length(y))}];

o

Switching between adaptive and backup controller
if £t > tstart
theta = u(n+n+l:n+n+n*n*den order+...
n*n_inputs*num_order+n*n};

if theta(l) > 0 || theta(l) < -1
theta = [=0.89758 =0.17703 D]
end
%Calculation of move suppve55101 welght

-

= HF (100~0./A¢1 .5-0..5) )%
i & > tune_start_e
if theta(l) < 0 && theta(l) > -1

;K



end
end
else
theta =

tau = 1/(log(-theta(l))/-tsamp):
if isreal (tau) == 1 && tau > 0

f = (M/500)* ((3.5*tau/tsamp) +2-((M=-1) /2)):

K = theta(2)/(l+theta(l));
L = f*g"~2;
end

[-0.89758 -0.17703 0]"':

L = L*((100-0)/(1.5-0.5))"2;

end

EModel Parameters
alll = theta(l);

all2z = 0;
al2l = 0;
alz22 = 0;
azll = 0;
azl2 = 0;
az2l = 0;
az222 = 0;

b1ll1l = theta(2):

b1l1l2 = 0;

b1l13 = 0;

b1l21 = 0;

bl22 = 0;

bl23 = 0;

b211 = 0;

b212 = 0;

b213 = 0;

b221 = 0;

b222 = 0;

b223 = 0;

%Adding an integrator to the model

RO = [1 0;0 1;1:

21 = [2111l - 1 all2;al2l al22 - 1;1:
AZ = [a21l1 - alll =212 - all2;=a221 - alzZl az22
A3 = [-a2ll -a2l12;-a221 -2222;1:

Bl = [blll bll2 bll3;bl21 bl22 b1l23;];
BZ = [b211 b212 b213;b221 b222 b223;1;
20utput Mogdel Parameters (Matrix &)
E(1,1,1) = BO(1,1);

E(1,1,2) = BO(1,2);

A(l,2,1) = R0(2,1);

E(l,2,2) = RO(2,2);

2(2,1,1) = 21L(1,1);

r(Z,1, = B1(1,2);

a(2,2,1) = B1(2,1);

- al2z2;]1;

/@
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A(3,1,1) = A2(1,1);
A(3,1,2) = R2(1,2);
A(3,2,1) = A2(2,1);
A(3,2,2) = R2(2,2);
A(4,1,1) = AR3(1,1);
A(4,1,2) = R3(1,2);
A(4,2,1) = R3(2,1);
A(4,2,2) = A3(2,2);
2Input Model Parameters (Matrix B)
B(1,1,1) = 31(1 1)
B(1,1,2) = 2);
B(1,1,3) = 31(1 3):
B(1,2,1) = 1);
B(1,2,2) = 31(2 2);
B(1,2,3) = 3);
B(Z2,1,1) = 1);
B(2,1,2) = 32(1 2);
B(2,1,3) = B2(1,3);
B(2,2,1) = B2(2,1);
B(2,2,2) = B2(2,2);
B(2,2,3) = B2(2,3):

tIntermediate Information

dummy nA = den order + 1;

%CA and Czb Calculations
far i, =1, & P
count = 0;

for j =i : min(i + den order + 1,P)

J

count = count + 1;
for cel = n*d — e+ 1

for row =n*j - n + 1

O A 1 n
for j3 =1 n
Ehiraw-+ a4 = A, gl ¥ g7 = L) =
Vo ol bl gl P e iy iy ) E -
end
end
end
end
end
count = 0;
for j= i : min(i + num_order - 1,P
count = count + 1;
for col = n_inputs*i - n_inputs + 1
for row=n*j) -~ n + 1

for ii =1 »:mn
for jj = 1 : n_inputs
Czbi{row + ii - 1,ccl + - 1) =

)]
B aii.,, 15,7
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end
end
end
end
end

Czb = Czb(:,dead_time*n_inputs+l:end);

%HA Calculations

HA = zeros(n*P,n*dummy nh) ;
for i =1 : P
count = 1 + 1;
for j= 1 : dummy nA
for col = n*j - n + 1
for row = n*1i - n + 1
for ii =1 : n

for jj =1 ¢ n
HA(row + ii - 1,ceol + jj - 1) =

& (count,ii,jj):

end
end
end
end
count = count + 1;
end
dummy nA = dummy nA - 1;
end
%Hzb Calculations
Hzb = zeros(n*?,n_inputs*(num_order - 1)):
nn = nuxLorder;
for i =1 : nn -1
count = i + 1;

for =1 : P
if count <= nn

for col = n_inputs*i - n_inputs + 1
for row = n*j - n + 1
for 11 =1 : n
for jj =1 : n_inputs
Hzb(row + i1 - 1,col + jJj - 1) =...
B{count,ii,jj):
end
end
end
end
end
count = count + 1;

end

%¥Hzb plus Calculations
Hzb plus = zeros(n*P,-n_inputs + n_inputs*dead time +...

n_inputs*num _order - ((num order - 1)*n_inputs));

for bb = 1 : num _order



for k = 1 : dead time

col =1 + n_inputs*(dead_time - k)
row = (1 = 2*n) + n*(bb + k):
for i1 =1 ¢ n
for jj = 1 : n_inputs
Hzb plus(row + ii - 1,col + ij
end
end
end
end
Hzb = [Hzb _plus Hzb];

3Computing the matrices for prediction egquation

AL = CR\Czb;

for col = 1 ¢ n_inputs*M
for row = 1 : n*P
H{row,col) = RA(row,col);
end
end
H=HN*N - n + l:end,:):
PP = CA\Hzb;
PP = PP(n*N - n + l:end,:);
Q = -CR\HA;
Q=Qn*N - n + l:end,:);

1) =.

%Calculating unit vector for separating the first input

e = zeros(n_inputs,n_inputs*MJ;
for 1 = 1 : n_inputs
for j =1
e(i,j) = 1;
end

%3Define the reference signal

rr = [u(2)]';
for 7 =1 n n*(P - N) + 1
count = 1;
for i1 =1 ¢ n
r(j + ii - 1,1) = rr(ii);:
count = count + 1;
end
end

%20utput weights for different output

for i =1 : (P - N+ 1)
count = 1;
for row = n*i - n + 1
for col = n*i - n + 1

for j =1 :n
Beta(row + 7 - 1l,col + 7 - 1)
count = count + 1;

end

W(count) ;

B(bb,ii,379):
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