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Abstract

An interaction measure is intreduced for a large linear
multivariable system with block decompesitien, 1Its derivétion
is based an the recently develeped Internal Medel Centrel (IM)
design procedure and the IMC interaction measure, The interactien
measure is€a‘function of frequency and bears a rigereus relatien
te closed leop stability and performance, Twe examples frem the

literature are used to illustrate its merits.

Intreductien

Tﬁg problem eof interactions érqse naturally when contrel
engineers séérted cencerning themselves with multivariable systems,
The firstiaéproach te the interaction measure was proposed by
Bristel [dﬂl?whose Relative Gain Array (RGA) had censiderable
very wide:acéeptahce. Accerding te Bristel, interactions are
characterize@ by a censtant matrix, It measures steady state
interactiéng?cnly and leads to erroneeus conclusien abeut desirable
pairings, fﬁ 1974, Rosenbrock [2] preposed the appreach to
measure sjsé?m interaction through the Direct and Inverse Nyquist
Arrays (DNAiénd INA reSpectiVely). Frem 1982 to 1983, Gércia and
Merari C3j,[4],[5) develeped a new design cencept of. feedback
centrel, Internal Médel Centrol (IMC) as shown in Fig, 1 which
is theoretically a good method for centrol system design, In 1983,
Ecenemou and Morari 6 developed a new interactien measuré for
linear stationary multivariable systems, Based on the recently

developed Internal Model Contrel design procedure, the interactioen
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measure cansists of twe freguency dependent curves for each selected
inpuf/output pair, The curves which can vary between 0 and 1, The
interaction measure is not very cenvenient for "large" systems,

Therefore, the interaction measure for a large system with Dbloeck

decemposition is propesed,

The IMC Interaction Measure for a large system with Bleck Decomposition

The IMC design procedure has been theoretically applied teo
many control problems, Hewever as the system dimensien increases,
the design procedure depends directly on the system medel, Consider-
ing the IMC structure as shewn in Fig, 1, the plant is described by

the following large system transfer matrix G .

Gy9 Gqp - - = Gyy]
%29 G2 e+ ¢ - Oy
G = ....00-..0.0....(1)
L GN1 GNZ GNN

where G,y Guyy wee 5 Gqys Gpq0 Gpos soe s Gpns Opgs ese s

G are n X n matrices,
NN

The diagonal block matrices model is ..

...0000000'.00..(2)

The diagenal model transfer matrix can be factorized as .

~ ~ ~
G= G .G

+ - . ’ o'oco.o..o,.o'..(B)
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where E+ contains time delay and/or RHP Zeros

E is a stable and realjizable medel transfer matrix

Fer a diagonal block matrices model, the ceorrespending IMC
centreller, G_ and robdstness-filter, F will also be diagenal block

matrices .

611_ O
’.‘-1 \\
GC = G- = N 00000000000(‘)
S a=a1
L © SNN -
and the rebustness filker
F1 0
F Ll \\ o.oooobooooo(s)
~
(o] FN‘
L -

where Fi’ FZ’ see 9 F“ are also n X n matrices
The filter is Simplified as .,

F F F

g =f41 s Py £, I ol ,F o=f I ees s F = £ . I

i "nn’ N N "nn

where the fi‘s. are such that the roots eof the characteristic equa-

tion 1lie in.the Left half plane and Inn is a n X n identity matrix,

Censldering the small gain theorem for the sufficient stability cen-
ditien ;

F GG~ G
c - G)

< 1 0.000.00...‘6)

where || ) stands for any appropriately o - Nerm Substituting
equatiohs (1), (2), (4) and (5) into equation (6), we get .
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o Ffﬁ_ Gpp o oo F1G;}_G1N’
Fz(?z;- G4 0 .« o o FZG;;_GZN
Fict'i';- Gig  — - - e e FiG:z-Gm < 1
-

R e

........0..(7)

M;x‘ fi' [lG;;_(Gi’l oo+ 04518 341 0 - Cq “,O<1 ;

1 = 1,2’ Py [ N 0000-000000(8)

Equation (8) can be rewritten as a set of N simultaneous inequalities,

‘fil < fRJ. = HNGii "DG 3 i=12, .00 , N eesconsesssl(9)
,,Fj#” 55100

Starting with a relation equivalent to equation (6)

“‘G“E’Gc Pl < 1  reesecsses(10)

We can ebtain the dual set of N simultaneous in equalities ;

I Gn“oo

sSalles]

1 = 1,2p3, cees N 0000000(11)

‘ fil <fy 3
'~ This twe sets of inequalities in equatiens (9) and (11) give the
upper beunds en the filtering actien that can be taken se that 1leop

stability is preserved, The follewing quantities (Ri, Ci) are

defined to constitute the new interaction measure .

The i1 th block (rew) IMC interaction measure (Ri) is the quantity .



‘fRil
R = 1 @ ——— 0000000000(12)
i 1 +‘ fRiI .
and the i th block‘(column) IMC interaction measure (Ci) is the
quantity .
ci
C = 1——'—_—_‘—' 0000000000(13)
1 1 +| fci‘

By definition R1 and C1 vary frem 0 to.1 , lew values corresponding
te lew interactiens (high gain filter allewed), The rew and celumn
of the large system (bleck) interaction measures combined give the

information about system interactions,

Low R1 and Low Ci : Vvery good input/eutput pairing,

Low R, and Hight C, : Input block 1 is deminant to the system, Loop

i affects all others and is affected by neone

High Ri and Lew Ci + Input bleck i is insignificant te the systen,

Leep 1 affects ne other leops,

High Ri and High Ci + Lew quality inpuf/output pairing,
Examples .

Case 1. . The plant transfer function matrix is

10 1 | =
(s+1) (35+1) © 0
0,01 0,1 0,05
GI = (43"‘1) (2501) (38‘.’1) 0 ooo;.o(14)
0 9,05 1 0,01
(58+1) (3s5+1) (4s+1)
: 0,1 . 5
L © © (2s41) » (s+1)




In this case

611 12
GI - ‘ "'Ooooooooo(ﬁ)
%21 S22
where
10 1 7
(s+1) (3s+1)
611 '- .O........,.(iﬁ)
0,01 0.1
(4s8+1) (2s+1)
| .
r oo o
G‘IZ - ...00)i0...0(17)
0,05 o :
§ (3s8+1)
B 0,05 |
° (5s8+1)
621 = ) .00000000000(18)
L o] 0 '
! 0.01
(38+1) (4s5+1)
622 - .0'000000000(19)
0.1 5 _ :
| (28+1) (8+1)

‘Fig, ¢ is the plet ef the robustness filter as a function
of frequency, when bleck (1,1) and bleck (2,2) pairing is used,

Fig, 3 is the pleot ef the Ri and Ci as a functien ef

frequency, when bleck (1,1) and bleck (2,¢) pairing is used, It shows

vthat; R1 and Ci are very low and the méghetude of the filter is

very high, Therefore , the system is a very geed input/eutput pairing,
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Case 2 ; The plant transfer functien

[ 0,05 - 1 1 1 N
(8+1) (s+1)(25+1) (28+1) (3s+1)(2s+1)
1 1 1 1
611 = (s+1)(2831) (234D (3ssD (a1 (oD -+(20)
0.05 1 1 1
(3s+1) (s+1) (38+1) (25+1)(3+1)
1 1 0,05 1
(33+1)(8+1) {3s+1) (8+1) (35+1)(8+1)
In this case
641 612
GII = .......(21)
G214 22
- 0,05 1 B
(s+1) (s+1)(23+1)
G — ....'..(22)
11 1 1
L}(s+1)(25+1) (2s+1)
4 1 -
(28 +1) (38+1)(2s+1)
G = .oooo..(23)
12 11
(3s+1)(3+2) {s+1)
L ,
i 0,05 1
(3s+1) (s+1)
G = 000.000(24)
21 1 1 .
(3s+1)(3+1) (3s+1)
— 1 1 —
(33+1) (28+1)(s8+1)
G22 - ; .0....0(25)
- 0,05 1 .
(s+1) f3s+1)(s+‘1)l
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Fig, 4 is the plet ef the rebustness filter as a function
ef frequency, when bleck (1,1) and bleck (2,¢) pairing is used,

Fig, 5 is the plet ef the Ri and Ci as a functien ef

frequency, when bleck (1,1) and bleck (¢,2) pairing is used, It
shews that, the system is a geod input/eutput pairing at lew
frequency At high frequency, the system is lew quality input/eutput
pairing, L

Cenclusioens

The intreduced IMC interactien measure is applied very
well te large systems, The use of the o) -nerm in cenjunctien with
the small gain theorem as a sufficient conditien for clesed loop

stability is very conservative,
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