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The interconnection matrix M is as follows:

My | My My | My
= (1)

M =
My | My Mo | Mp

the matrices M, and Mp are matrices of appropriate dimensions with all elements equal to zero. The
notation Oy refers heretofore to a matrix of ¢ rows and j columns that have all of its elements equal
to zero. If ¢ and j are not specified then O refers to a matrix of appropriate dimensions that have all of

its elements equal to zero. Mg is constructed as follows:

Mg = [Map;, Mps]" (2)

Mg, = diag [Mpia, Mpg] (3)
Muns = boudiag [ (1), - (1), 0
Mgip = kssodiag [Mpiga, Mpiss] (5)
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M is constructed according to the following equations:
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if (p—1) > M, then Mcopr, Mcopny, Hrp and Hy, are calculated as follows:
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If (p—1) < M, then Mcopr, McopnL, Hri and Hyy are calculated as follows:
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The structure of M is as follows

Mci = [Maeia, Mg, Mcic, Mcip, Mg (50)

Mcia ,Mcip and Mg g are matrices of zeros of appropriate dimensions

Mcicep = [Mcic, Meip) (51)

In order to obtain the matrix Mciccp a column vector is constructed that contains the Volterra

series coefficients according to the following structure:
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After VE has been constructed the following code can be used to assign the corresponding values to

the vector matrix index:

Algorithm 1
1: k.=0

2: for it = 1 to number of rows of [VE]| do

33 forir=1ton, xpdo

4: for ic = 1 to number of columns [Mc¢ap, Mcac| do
5: ke=k.+1

6: if [Mcag, Mcacly, ;. = VEii1 then

7: indexy, 1 = ic

8: end if

9: end for

10: end for

11: end for

The elements of the matrix MC1CCD are zero except for the following terms:
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Algorithm 2
1: for ir =1 to k. do

2 MCICCD(ir,inde:c(kc,l)) = Koso

3: end for

The effect of the autoregressive terms is included in the interconnection matrix by multiplying the

elements in the main diagonal of Moaas by:

Algorithm 3
1: for ¢ =1 to n, do

2. forii=((i—1)xp)+2to(ixp)do
3 ir=(nrMAx (it —1)) x ((p x ny) +1:ncM)
4: ir=((pxny)+1:necM)x (nrMA x (ii — 1))

5: Mcaaacaii) = <kslsu) harx i) MiMi.
6: end for
7: end for

where nrM A is equal to the number of rows of the M matrix and ncM is equal to the number of
columns of the M matrix.
After the interconnection matrix has been constructed the terminal condition is accounted for by

multiplying all the columns of the p x i, Vi € [1,n,] row of Meo by (kssw/€i) , Vi € [1,n,].

kSS’U

1

Mea((pxi), ) = — Moez(pxi), ;) fori =1,...,ny (57)

The uncertainty block A is composed of nba different A sub-blocks where

nba = 2+ 2Mnyn, + nyn, (Z_ Z_] (Z)) (58)

j=1 i=1
the A sub-blocks are arranged according to the following structure A = diag (Ay,..., A, ) where
the first nba — 1 blocks are real scalar square matrices related to the uncertainty of the Volterra series

coefficients. The dimensions of A; are calculated from the following expression:
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A; = (number of columns [Mcac]) X (number of columns [Mcac]) (59)

The dimensions of the blocks A;, j € [2, (Mnyn, + 1)] are calculated with the following code where

ncMeapvi,iijg 15 the number of columns of the matrix block Mcapvi,ii jg

Algorithm 4
1 du=1

2: for j =1 ton, do

3: forg=1ton,do

4: for v =1 to M do

5: du=du+1

6: Agy = ncMcapviiij,g X ncMcapviijg
7: end for

8: end for

9: end for

The dimensions of the blocks A;, j € [(Mnyn, +2), (2Mnyn, + 1)] are calculated with the following

code where ncMcaopynr,ii jq 15 the number of columns of the matrix block Mcopynt, i jq

Algorithm 5
1: du = Mnyn, +1

2: for j =1 ton, do

3: forg=1ton,do

4: for v =1 to M do

5: du=du+1

6: Agy = ncMcapyNL,ii jq X PCMeapvNL i j g
7: end for

8: end for

9: end for
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The dimensions of the blocks Aj, j € [(2Mnyn, +2), (nba — 1)] are calculated with the following

code where ncHXl% (j.g) 15 the number of columns of the matrix block H?ﬁ% Gia)

Algorithm 6
1: du = 2Mnyn, + 2

2: for j =1 ton, do

3: forg=1ton,do

4: fora=1to (M —1) do

5: forb=1to (M —a) do

6: du=du+1

Baw = (neHYSY ) % (neBN )
8: end for

9: end for

10: end for

11: end for

The block Aj, j = nba is a complex scalar square matrix related to performance of dimensions

(pny + 2n,m) X (pny + 2n,m).

13



Control variable normalized height

Figure 1: Control Variable 1 validation sequence for MIMO case
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Figure 2: Control Variable 2 validation sequence for MIMO case
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Figure 3: Manipulated variables validation sequence for MIMO case
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