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ABSTRACT: A systematic procedure is proposed for the design of multivariable feedback
control systems. For an N x N muitivariable control system, the desirable overall compensaior
is decomposed into N cascaded sub-compensators to be determined in each step. The stability-
equation method is used to find the desirable sub-compensators. After step N, the overall
closed-loop system can be designed diagonal dominant and have a desirable performance
closely related to the characteristic roots of each subsystem. A 4 x 4 boiler furnace system is
chosen as an example, and comparisons are made with methods in the current literature.

1. Introduction

The concept of diagonal dominance plays a centrol role in the analysis and
design of a multi-input multi-output system (1, 2). In this paper, a systematic design
procedure is proposed for the analysis and design of multivariable feedback control
systems. The diagonal dominance of the overall system is achieved column by
column (i.e. step by step), by closing only one loop of the considered system at
each step. For an N x N multivariable feedback system, the desirable overall
compensator matrix is decomposed into N cascaded subcompensator matrices to
be determined in each step. The general configuration of the system is shown in
Fig. 1.

In order to find the desirable sub-compensator in each step, the stability-equation
method is used (3, 4). The ratios of the parameters of the subcompensators can be
determined by some criteria and the optimization procedure for the diagonal
dominance of each column (5-8). The desirable values of parameters are found by
inspecting the constant-w curves and the stability boundaries generated by the
stability-equation method. The relative differences among the constant-w curves
will show the relative damping characteristics (3, 4).

1 Kuang-Wei Han is also with Chung-Shan Institute, Taiwan.
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F1G. 1. System configuration of an N x N multivariable feedback control system.

Since the stability-equation method is highly capable of handling systems with
adjustable parameters, the overall compensator for achieving a desirable per-
formance can be easily designed.

II. Sequential Design for Diagonal Dominance and System Performance

The basic structure of the overall compensator for an Nx N multivariable
feedback control system is implemented by cascading the determined columns
Pi(S) (i=1,2,3,...,N) in each step. The general form of the compensator at
step j (i.e. k = j) can be represented as

K (S) = PUS)P(S) ... P,(S)

P, 0 ... 0 1 P, ... 0
P,y 1 ... 0 0 P, 0
_ | Pau 0 ... 0 0 P, 0
Py, O 1 0 Pps 1
(step 1) (step 2)
1 0 Py 0
0 1 Py 0
A AU
0 0 Py 1

where P, = Py(S) (i=1,2,...,N, k=1, 2,...,j) are called sub-compensators ;
P(S) (j=1, 2,...,N) are called sub-compensator matrices; K;(S) are called
cascaded compensators and K(S) is the overall compensator implemented in step
N . Two typical block diagrams of control systems with this kind of structure are
shown in Figs 2(a) and (b).

In step j, the loop-j with Pi(S) (i=1, 2,...,N) and with subcompensators
PuS) i=1,2,....,N, k=1, 2,....j—1) found in step j—1, is closed; the
remaining loops are open. The transfer function matrix 7(S) of this subsystem
is
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FIG. 2. Block diagram of (a) a 2x 2 and (b) a 3 x 3 multivariable feedback control system.

x 7
0 0 ... p,S)Y gl "SPyS) 0 ... 0
i=1
N
0 0 ... p(S)Y gy "SPAS) O ... 0
i=1
0 0 ... py(S) LGN SHPLS) 0 ... 0
TO(S) =—= S ¢))

N
Po(S) [1 +Y “(S)P.-,-(S)]
where g7~ "(S) is the (i, /) element of the compensated plant GY~"(S) with the
sub-compensator matrices found in step j—1, and p,/(S) is the open-loop charac-
teristic equation of the compensated plant GY~ V(S) with the sub-compensators
Pi(SY(i=1,2,...,N). Proper forms of P;(S) (i=1, 2,..., N) are chosen by the
designer to satisfy the desirable performance and diagonal dominance of TV(S)

(1, 2, 5-8). The compensated plant GY(S) with the subcompensators, is in the
form of
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GV(S) = G(S)P(S)P:(S) ... P(S)

Po(S) gt "(S) ... Pnj(S)_Zl gV (SPIS) ... p.(S)giv V(S)
N
1 pn/(S)g(l l)(S) p()/(S)z q(l 1)(S)Pii(S) P,,,(S)g(zj];“(s)
Bl R CRURREEEEEETEEE
N
pn,(S)g“ D(S) .. pAS) Y gl VSIPAS) ... PAS)g¥n"(S)
i=1 A
(3a)
which can be written as
gAS) gAS) . gPS) . GRS
ga Sy g¥iS) ... g¥(S) ... gHh(S)
GOS)= | _ _ . o ___ . 3b)
gRIS)  g¥i(S) ... gW(S) ... gi¥MS)

From Eqgs (2) and (3a), it can be seen that the numerators of the jth column of
TY(S) are the same as those of the jth column of G“(S). Therefore, if the
subsystem TY(S) is diagonal dominant then the jth column of G“(S) is also
diagonal dominant, leaving the remaining columns unchanged. This property
makes the compensated plant achieve the diagonal dominance column by column
(i.e. step by step). In other words, in step j the columns denoted equal to or less
than j are diagonal dominant while the remaining columns are unchanged.

The characteristic equation of the subsystem with transfer function matrix
TY(S) is

Fy(S) = p.AS) [1 + Z. g5 l)(S)Pij(S)]- 4

Since the compensated plant obtained at step N is diagonal dominant, the
performance of each subsystem (i.e. each loop) after all loops are closed, will be
closely related to the characteristic roots of F (S) (j=1, 2, 3,..., N) assigned
at each corresponding step. Therefore, the desirable performance and diagonal
dominance can be achieved simultaneously from step 1 to step N. This is the main
approach of the paper.

111, Basic Method for Choosing the Values of Parameters in Compensators

Assume that the characteristic equation of a system is F(S) which can be
decomposed into two parts concerning even and odd exponents of S; i.e.

F(S) = F(S)+F,(5)=0. (5)
Let S = jw then the stability-equations are (3, 4)
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felw) = F.(jw) (6)

and

fo(@) = F,(jo)/jo. (M

From Ref. (3), one has the following stability criterion.

Stability Criterion: The system with the characteristic equation F(S) is stable if
the roots w,; and w,; (i, j=1, 2,...) of the stability-equations f.(w) =0 and
f.(w) = 0, respectively, are all real and alternating in sequence.

For a system with two parameters (m, and m,), the stability-equations can be
written as

folw) =Y aw* =0 ®
i=0
and
filw)y=Y bjoY=0 )]
j=0
where the coefficients a;’s and b;’s are assumed in the form of
a; = A+ Bmy +Coms (10)
and
bj = Aoj+Bojm1+Cojm2 (11)

where A’s, B’s and C’s are constants. By inserting Eqs (10) and (11) into Eqgs (8)
and (9), the result can be arranged as
Y A.w¥+m, Y Bw¥+m, Yy C,o¥ =0 (12)
i=0 i 3

i=0 i=0

for the even stability-equation, and
Y A,0%+m; Y Byo¥+m, Yy, Ciw¥ =0 (13)
j=0 j=0 j=0

for the odd stability-equation. From these two equations the following two kinds
of curves can be plotted.

(1) The Stability-boundary Curves : By solving Eqs (12) and (13) for a sufficient
number of suitable values of w, the simultaneous solutions of m, and m, can be
used to sketch a number of curves in the m, vs m, plane. Then the curves for
w,; = w,; which constitute the stability-boundaries can be determined.

(2) The Constant-w Curves: By assigning a sufficient number of values of w to
Eqgs (12) and (13) the constant- curves for even and odd stability-equations can
be plotted in the m; vs m, plane.

From Refs (3) and (4), it has been shown that the differences among the mag-
nitudes of the real roots (w,; and w,;) can be used as indications of damping
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characteristics ; therefore, the desirable values of parameters (#, and m,) can be
chosen by inspecting the relative differences among these constant-w curves.
The design procedure and application of the stability-equation method in each

step are explained along with the following numerical example.

1V. Example

Consider the boiler furnace control system with transfer function matrix (2, 9)

G(S) =

0]

1 0.7 0.3 0.2
1+4S 1+55 1+55 1458
0.6 1 04 035
1455 1445 1+55 1458
035 04 1 0.6
1455 1455 1+4S 1458
0.2 0.3 0.7 1
| 1455 1+55 1458 1445 |
0.05+0.25
0.03+0.125

1

0.0175+0.07S 0.024+0.085 0.05+0.25S

0.035+0.145 0.015+0.06S 0.01+0.04S
0.054+0.258 0.02+0.085 0.0175+0.07S
0.03+0.128

0.014+0.04S 0.015+0.06S 0.035+0.14S 0.054+0.25S

(14)

where p,(S) = 0.05+0.455+ S? is the open-loop characteristic equation of G(S).
For the compensation of G(S), the lead/lag sub-compensators P(S) (i, j = 1, 2,
3, 4) are chosen in the form of

K4(S) = Pi(S)P2(S)P3(S)P4(S)

490

S+b]]

S+b,,
S+d,
S+b;;
S+d,
S+b4;

St w0000

pPn 1 0 0

P 01 0

P 0 0 1

| S+4, 7
(step 1)

_S+d2 D2
S+d2 D22
‘—S-l-dz P32
S+by,y _
_S4+d27p42
(step 2)
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1 0 iil;l:ﬁ” o7 1 0 0 Ss%bdljﬁ‘ﬂ
0 1 i‘trbdz:ﬁ“ 0 01 0 ?T[’(Z‘p“ ,
X
0 0 %533 0 0 0 1 %%pu
_0 %%p“ 1_ LO 0 0 ii%‘:p“_
(step 3) (step4)

where d, b, and p; (i, j=1, 2, 3, 4) are adjustable parameters. In order to
determine these adjustable parameters, four steps are required ; i.e. the parameters
d, b;jand p; (i = 1, 2, 3, 4) are determined in step j (j = 1, 2, 3, 4). The ratios of
b, and p;s’ (i=1, 2, 3, 4) are first determined by consideration of diagonal
dominance and then the desirable values of these parameters are found by inspect-
ing the constant-w curves generated by the stability-equation method. The details
of each step are shown below.

Step 1. Assume that loop-1 with P, (S) (i = 1, 2, 3, 4) is closed and the remaining
loops are open. The transfer function matrix of this subsystem is

Po(S)_Z(S‘l‘bil)gli(S)ﬁil 0 0 0

i=1

4
2.(S) Y, (S+b:1)g92(S)Pa 6 0 0
i=1

4
Pa(S)_Z(S"'bil)gy(S)ﬁil 0 0 0
4
po(S)'Z(S+bil)g4i(S)p_il 0O 0 O
TO(S) =—=—— . - (16)
P.(S) |:(S+d1)+z (S+bi1)91i(S)I5i1]

where p,(S) is the open-loop characteristic equation of G(s); and g,(S) are the
(i, j) elements of G(S). In order to make the subsystem have low-interactions in
both high and low frequencies, one may let the coefficients of the highest order and
lowest order exponents of the off-diagonal terms of T"(S) approach zero.

For making the coefficients of the highest order exponents approach zero, one
has

0.12,,4+0.255,, +0.0855, +0.075,, = 0 (17a)
0.075,, +0.085,,+0.255;, +0.125,, = 0 (17b)
0.04p-]1 +0-06P-21 +014p-3| +0.05p-41 = 0 (17C)

For making the coefficients of the lowest order exponents approach zero, one has
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0.03b11]511+0.05b21521+0.02b31ﬁ31+0.0175b41p_4] =O (183.)
0.0175b,1p,1+0.02b,,p,, +0.05b5, 93, +0.03b4,p4, =0 (18b)
O.Olb”p-11+0.015b21p_21+0~035b31p_31+0.05b41[541 =0. (180)

From Egs (17a—c), the ratio of P;(S) (i = 1, 2, 3, 4) can be found as
PriiPaiPaiPar =P11:P2:PariPpar = 31.089: —13.663: —4.813: —1

where p,; = kp;; (i = 1, 2, 3, 4). By use of the ratios, the ratios of b;, (i = 1, 2, 3,
4) can be found from Eqs (18a-¢); i.e.

Byyiboy:bayibay = b1y ibay by i Bay = 1:1.275:1.1887:3.0127

where b, = kyb, (i = 1, 2, 3, 4). Then the characteristic equation of 7V(S) can
be written. as

Fo(S) = (S+d)p,(S)+2.(S) Y, (S+buk2) g1(S)pake; = 0

i=1

+[pa(S) ) gl,-(S)zilﬁn]klkz =0 (19

i=

where k, and &k, are considered as two adjustable parameters to be analysed for
a specified value of d,.

Note that one may use other criteria and optimization procedures (5-8) to
determine the ratios of p;; and b;, (i = 1, 2, 3, 4) for achieving diagonal dominance
(1,2). It will be seen that the setting of the lowest and highest order exponents of
the off-diagonal terms of each subsystem to approach zero is sufficient for making
the considered system diagonal dominant.

Equation (19) can be decomposed into two stability-equations as shown in
Section III, then the constant-w curves can be plotted in the &, vs k k, plane.
Figure 3 shows the results for d; = 1. The constant-X curves represent the negative
sum of the characteristic roots. Generally, the larger the value of X, the better the
damping characteristics of the system will be. By inspecting these curves, a suitable
choice is made at Q; (0.8, 1.6), for which the roots of the stability-equations are
at

@, =0.498 and ,, = 3.08033.

Since these roots are alternating in sequence and the differences among them are
large, it can be predicted that the subsystem is stable and has adequate damping
(3, 4). -

Corresponding to the ratios b, and p;; (i= 1, 2, 3, 4) found above and the
choice of (k,, k1k,) = (0.8, 1.6), the sub-compensator matrix P,(s) is in the form
of
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FIG. 3. Parameter plane analysis of the subsystem with the transfer function matrix T¢"(S).

S+2 ]
81T 0 0 0
S+2.55
—10932552 1 0 0
p—t S 2-
PiS)= | _3gs5t23TT o | o | (20)
S+1
S+6.026
0820 0 01

The transfer function matrix is

©1.423+8.9885+4.4885> 0 0 0
: —1.25698 00 0
(1) _
S =575 —0.4096S 0 0 0 @1
0.2318 0 0 0

where F.(S) = §°+5.93865249.4884S5+1.4725. The characteristic roots of
TW(S) are found at

—0.1735, —2.8825+,0.4235.
It can be seen that T'Y(S) is diagonal dominant for all frequencies.
With the sub-compensator matrix P(S) found in Eq. (20), the open-loop transfer

function matrix of the plant is
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G'(S) = G(S)P.(S)

1.4234-8.9885+4.4886S (S+1)%x(0.035+0.14S5)

: —1.25695 (S+1) x (0.05+0.25S)
= o) —0.4096S (S+1) x (0.02+0.085)
0.2315 (S+1) x (0.015+0.065)

(S+1)x (0.015+0.065)  (S+1) x (0.01+0.045)
(S+1) x (0.02+0.085)  (S+1) x (0.0175+0.075)

X (S+1)x(0.054+0.255)  (S+1)x (0.03+0.125) (22a)
(S+1) x (0.01540.068)  (S+1) x (0.05+0.255)

NS gi2(S) i8S  ghis)
g(S)  g53(S) gH(S)  gh(S)
= NS g3(S) 8BS g5(S)
gil(S)  443(S) g43(S)  ghl(S)

(22b)

where p,(S) = (S+ 1)p,(S) which is the open-loop characteristic equation of
G'(S). From Egs (14), (21) and (22a), it can be seen that the sub-compensators
make the first column diagonal dominant while the remaining columns (i.e. columns
2, 3, 4) are unchanged. Note that the numerators of the first column of T'V(S) are
the same as those of the first column of GV(S).

Step 2. In this step, loop-2 with the sub-compensators P;;(S) (i=1, 2, 3, 4)
found in step 1 and with the sub-compensators P,,(S) (i =1, 2, 3, 4) is closed.
The remaining loops are open. The transfer function matrix of this subsystem is

4
0 poi(S) 2. (S+b2) gt ($)Fn 0 O
i=1

—

0 pi(S) _Z (S+b.2) g5 (S)p 0 0

i

4
0 p.u(S) Z, (S+b) g5 (S)p2 0 0

0 poi(S) Z (S+b6)99(S)p, 0 0
TO(S) =+ =1 = (23)

Por(S) [(S+ d)+ ), (S+by) g‘zf-)(S)ﬁiz]

i=1

As in step 1, the ratios of p;, and b;, (i = 1, 2, 3, 4) are found as
p_lz:p_zz:P_32:p_42 =p:12:p:22:p=32:p=42 = 1 . —37446 1048831136
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FiG. 4. Parameter plane analysis of the subsystem with the transfer function matrix 7®(S).

and

Biyibayibyyiban: =bygiboyibyyibay = —1.8386: —2.4114: —3.2656: 1,

respectively. The characteristic equation of the subsystem with the transfer function
matrix T7?(S) can be written as

F.5(S) = po1(S) (S+da) + [Spol(S) z} g% (S)p=i2:|k1

+ [pol(S) Zl gg})(‘g)b:in:izjlklkZ =0. (24

i=

The constant- curves are plotted for d, = 1.25 as shown in Fig. 4. By inspecting
these curves, a suitable choice is made at Q,(—0.5, 0.375), for which the roots of
the stability-equations are at

w, = 0.3123, ©,=3893 and o, = 1.2738.

It can be seen that the differences among w,;, ®,, and w,, are large enough for
having adequate damping. _

Corresponding to the ratios b,, and p,, (i =1, 2, 3, 4) found above and the
choice of (k,, kk,) = (—0.5, 0.375), the sub-compensator matrix P,(S) is in the
form of
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S+1.379
1 _O'SW 0 0
S+1.809
0 18.723m 0 0
Py(S) = _ S+2.449 (25)
0 5.244‘6,+ 135 1 0
S+0.75
0 - 15.57m 0 1
The transfer function matrix is
0 —1.445—0.8605S> 0 0
0 1.4157+10.4428 0 0
2 3
T(S) = +12.9415°+4.1528 26)

Fa(S) | 0 —029435—0371987 0
0 —0.19825—0.15445> 0 0

where F,,(S) = 1.4782+11.1173S+15.25325% 4+ 6.85225° + $*. The characteristic
roots of the subsystem with the transfer function matrix T‘?(S) are found at

—0.1694, —1.0829, —2.84 j0.4659.
It can be seen that T'?(S) is diagonal dominant for all frequencies.
The open-loop transfer function matrix of the plant with the sub-compensator

matrices P,(S) and P,(S) is

G(S) = G(S)P\(S)P(S)

1
o2
Po2941 —1.445—0.860552 P29%3  Po2ghd
Poads)  1.4157+10.4425+12.94182+4.1525%,,9%  p,2954

X | Po2gt? —0.29435—0.3719S? Po2dS) pagh | (73
Po24 —0.19825—0.15445> P20 Porg)

g3 g3 gA®)  g3(S)
gAS)  gAES) gAS)  gA(S)

=1 g2S) g3(©S) gR©S) gA(S) (27b)
gAS)  gB(S)  gAG)  gA®)
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Fi1G. 5. Parameter plane analysis of the subsystem with the transfer function matrix
T4(S).

where p,; = p,2(S) = (S+1.25)p,:(S), and g” = g{*(S) (i, j =1, 2, 3, 4) which
are defined by Eq. (22b). From Eqs (22a) and (27a), it can be seen that the first
and second columns are diagonal dominant while the remaining columns are
unchanged.

The same design procedure is extended to the remaining steps. The details of
steps 3 and 4 are omitted ; only the main results are shown as follows :

Step 3. In this step, only loop-3 with Pi(S) (i=1,2,3,4; j =1, 2, 3) is closed.
From Eq. (27a) for diagonal dominance of the third column the ratios j5,; and b;,
(i=1,2,3,4) are found as

Pr3:Pa3:P33iPaz = Pr3:PasiPazipas = —1: —1.173:119.377: —66.851
and

13 by = —1: —1.0373: —1.49: —1.862,

S

bi3 by 1bsz by =b:13 3523 :

respectively. Figure 5 shows the constant-w curves for d, = 1.75. By inspecting
these curves, a suitable choice is made at Q,(0.175, —0.3) for which the roots of
the stability-equations are found at

w.,; =0251, w,=198 and w, =0.8287, w,,=4.9639.

Corresponding to the selection of Q5(0.175, —0.3) the resulted sub-compensator
matrix is in the form of
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i 1.714 )
1 0 —0.175“%-+ﬁ
0 1 —0.2053%% 0
= 2.554
PS)= 19 o 20891 ‘ZJ;T : (28)
192
(00 —11.699%:1% |

The characteristic roots of this subsystem with transfer function matrix 7(S) are
found at
—0.1701, —1, —1.273, —2.9126 £ j0.9739.

The open-loop transfer function of the plant with P«(S) (j = 1, 2, 3) is in the form

of
grS) 93 ¢3S ghiS)
g gH©S) (S gh(S)
GAS) = GOPSIPASIPAS) = | g@(s)  g3(S) ¢S  ¢3(S)
gS)  g3S)  g3(©S)  gwlS)
(29
Step 4. In this step, only loop-4 with P;(S) (i, j=1, 2, 3, 4) is closed. From

Eq. (29) for diagonal dominance of the 4th column, the ratios of ;s and b,y (i = 1,
2, 3, 4) are found as

PraiPra:PraiPas: = DraiDora:Dsa:Pas: = 1:1.8918:3.5261:112.214

and
Bratbraibgibag: =biyibyyibyg:byy:= —1:—1.619: —1.3691: —1.2677,

respectively. Figure 6 shows the constant-w curves for d, = 2.75. A suitable choice
is made at Q,(—0.15, 0.35), for which the roots of the stability-equations are

o, = 0231, o, = 1.496, w,; = 6.93 and w,, = 0.6983, w,, = 2.976.
Corresponding to the selection of Q4,(—0.15, 0.35), the sub-compensator matrix
P,(S)is
S+2.333 ]
S+2.75

S+2.711
0 1 0 —0.284m

PASI= 0 0 1 oz SERISS | 0
) S+2.75

S+2.958
S+2.75

1 0 0 —-0.15

0 0 0 16.832

The characteristic roots of the subsystem with transfer function matrix 7\¥(S) are
found at
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FIG. 6. Parameter plane analysis of the subsystem with the transfer function matrix T¥(S).

—0.1737, —1.005, —1.2495, —2.2293, —3.3754+ j0.6531.

The open-loop transfer function of the plant with P,(S) (j =1, 2, 3, 4) is of the
form

G(S) = G(S)P1(S)Po(S)PA(S)PS)

g8 308 128 gii(S)
_ |95 452(S) gHS)  ghi(S) G31)
gR(S) g5 gH(©S) ¢5(S)
gh(S) g8 gB(©S) g¥(S)
The overall compensator is
Ki(S) = Pi(S)Py(S)P3(S)P4(S). (32)

The step responses of the closed-loop system with K,(S) are shown in Fig. 7. It
can be seen that the results are satisfactory for the considered system, and that the
interactions among all the loops are very small. These result from the facts that
the compensated system is diagonal dominant and the poles of each subsystem are
well selected in each corresponding step.

Toillustrate the dominance of the plant G(S) and the compensated plant G(S),
the Gershgorin bands of G(S) and G'¥(S) are plotted, as shown in Figs 8 and 9,
respectively. It can be seen that the compensated plant G¥(S) is diagonal dominant
for all frequencies while the couplings of G(S) are large. Note that the dominance
is achieved column by column from plant G(S).

V. Remarks

(1) For diagonal dominance of each column, the ratios of 5; and b, are deter-
mined by setting the highest and lowest order exponents of the off-diagonal terms
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FiG. 9. Gershgorin bands of the plant with the overall compensator K (S).
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of each subsystem approach to zero. One may also use some other criteria or
optimization procedures (5-8) for choosing the ratios of p; and b; to achieve
diagonal dominance. Once the ratios are determined, the constant-w curves and
the stability boundaries can be plotted by use of the stability-equation method. Then
a suitable choice of parameters can be made for the fine damping characteristics.

(2) To use the method proposed in this paper one can achieve high integrity
against transducer failures. From the Gershgorin bands shown in Fig. 9, it can be
seen that the compensated plant of the example is diagonal dominant prior to
feedback loop closure. Therefore, high integrity is achieved.

(3) The same problem has been solved by Owens and Chotai (9) utilizing the
diagonal approximated models of the precompensated plant to extend the inverse
Nyquist array method (1, 2), and to apply an optimization procedure for the choice
of the precompensators. The results obtained in this paper are better than those
obtained by Owens and Chotai, while the compensators obtained by Owens and
Chotai are simpler than those obtained by the proposed method. On the other
hand, by use of the proposed method the compensators can be easily obtained,
and a numerical overview of all the subsystems can also be obtained ; i.e. one can
select the locations of the poles by adjusting the parameters in each step.

(4) Mayne has also developed a sequential design procedure (10-14). Under his
approach, a constant precompensating matrix is usually selected first to achieve
the diagonal dominance, and then close the loops step by step with diagonal
compensators in the diagonal elements. Compared to Mayne’s approach, the
method proposed in this paper uses a different structure for the overall compen-
sator, and the compensators need to be in the diagonal elements in each step.

V1. Conclusions

A systematic design procedure for multivariable feedback control systems has
been proposed and illustrated.

By use of the proposed design procedure together with the stability-equation
method, it has been shown that the system characteristics, such as damping charac-
teristics and diagonal dominance, can be achieved simultaneously and clearly
in each step. In addition, high integrity against transducer failures can also be
achieved.

From the example presented in this paper, it can be seen that the proposed
method can be used to design a very complicated system, and that the design works
in each step are easy and straightforward.
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