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Abstract— The robust Morgan's problem, via restricted
static state feedback and constant precompensator, is studied
for nonsquare linear time-invariant systems with nonlinear
uncertain structure, using a polynomial matrix approach.
Sufficient solvability conditions are established. A class of
independent from the uncertainties static controllers solving
the problem is explicitly characterized and the respective
decoupled closed loop system is analytically determined.

I. INTRODUCTION

ORGANS problem, namely the nonsquare decoupling

problem, has been widely investigated for the last
decades (see f.e. [1]-[7], [12]-[16], [18]). Morgan's problem
is of grate importance for both theoretical analysis and
performance improvement of practical systems (fle.
interconnected systems, large industrial processes, flight
control). Despite the numerous contributions, the non
uncertain Morgan's problem has not as yet completely been
solved via static controllers. Necessary and sufficient
conditions have been established only for the case of
restricted static state feedback ([6], [2]), i.e. the case where
the feedback matrix is limited to belong to the image of the
rectangular static precompensator. For systems involving
uncertainties, the respective results are limited to those in [7]
(linear uncertainties). In [11] the problem is defined in state
space description and sufficient conditions for its solution
have been derived using a pure state space approach.

The polynomial approach [17] or transfer function
approach [19] appears to have advantages and disadvantages
as compared to the state space approach. Indisputably, in
many industrial applications the processes are modeled in
the so called Rosenbrock’s system matrix form [17]. The
polynomial approach appears to facilitate the determination
of the closed loop system transfer function and its stability
properties. In this paper, motivated by these characteristics
as well as the ambition to enlighten alternative sides of the
Morgan’s problem, we study the robust Morgan’s problem
using a polynomial matrix approach. A static and restricted
state feedback controller is applied. Simple algebraic
solvability conditions are derived. The feedback matrices
and the diagonal elements of the respective decoupled
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closed loop system are directly derived.

II. PROBLEM FORMULATION

Consider the controllable linear time-invariant system
with non linear uncertain structure, described in state space
form:

X(1) = A(q)x(2) + B(qu(®) , y(1) = C(q)x(?) (1
where xeR", ueR"™ and y e R” (m= p). The matrices

A elp@]™, B@elp@]™, C@elp@]™" are
function matrices depending upon the uncertainty vector
q=|q, ¢,]€Q (Q denotes the uncertain domain).

The set g(s,q) is the set of nonlinear functions of s and ¢ .

nxm

The uncertainties do not depend upon the time. With regard
to the nonlinear structure of the system matrices A(q), B(q) ,

C(g) no limitation or specification is assumed (f.e.

boundness, continuity etc.). The system (1) can be described
in Rosenbrock’s system matrix form [17] as follows

T(s,q) 1,,,}

V(s.q) 0 @

P(Saq) :|:

]mxm

where T(s,q) € g[s,q is a column proper uncertain

polynomial matrix having i-th column degree equal to the i-
th controllability index, let A,(¢)(i=12,...,m) and where
V(s,q) € 9ls,q]
having its i-th column degree strictly less than 4,. To system

pxm

is an uncertain polynomial matrix

(1) apply the restricted static state feedback law
u(t)=Kox(t)+ Ko(t) 3)

where K e R™” and ® e R”" are matrices independent
from ¢ while @(¢) e R” is the external input vector. The
design requirement, namely the Robust Morgan's problem, is
the diagonalization of the transfer function of the closed
loop system for all ¢ . For the special category of static state
feedback with regular static precompensator (p=m), the

problem has extensively been solved in [8]. Here, the
problem is studied for p <m . Note that the uncertainties

may not allow the existence of p inputs, corresponding to a
px p decouplable subsystem.

Definition 1. The robust Morgan's problem is solvable for
the system (2), via the restricted static state feedback (3), if
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there exist matrices @ and K (independent from ¢ ) such

that the transfer function of the closed loop system is
diagonal and invertible, for every g € Q. 0

I. TRANSFORMATION OF THE PROBLEM

In order to solve the problem, some transformations of the
feedback matrices are introduced. Consider an independent
from g, mx(m—p) matrix K,, having the property that

the columns of the matrix are linear independent among
themselves as well as linear independent with regard to the
column of K . Clearly, such a matrix always exist, thus

leading to an invertible matrix G:[K | KO]. Apply the
feedback law u(7) = KOx(1)+ G, ()

system (2) the transfer function matrix of the closed loop

T.(s,q) 1,
, where
_Vc (S’ Q) 0

T.(s,q)=G ' {T(5,9)~K®S(5,9)}, V.(s,q)=V(s,q) and
S(s,q) = diag {5,(s,9)} , Si(S,q):[] s S&(qHJT_

I,...m
According to the above transformations the robust Morgan’s
problem for system (1) is solvable via the feedback law u(¢)

= K®x(?) + Gw, (t) if the closed loop transfer function is:

to the open loop

system can be expressed as P.(s,q) = {

V(L] = {diag{hf 5,9)} ‘ R(S,q)} » VqeQ 4

i=1,...

with 4.(s,q) %0, VgeQ and where R(s,q) is a strictly
proper uncertain matrix of dimension p x (m - p) . Defining

p {|:F 1
m-p{|T,

detI" # 0 can be rewritten equivalently as follows

}zr =G™', equation (4) under the condition

..... (5)
(T, = ®S(s5,9)[T(s.9)]"} + R(5,q)T,

Define the matrix

8, (@)
G,(q)=
g.,(q)

g, =lim{s“ O 5,9)[T(s,0)] '}

where V,(s,q) is the i-th row of the V' (s,q) and where
min{j/1ﬂ{sf*lr/,(s,q)[r(s,q)]”}¢o VgeQ
n=1if lim{s"V,s.0)[T(s,9)] '} =0 vgeQ

For the uncertain system case the rank properties of G,(q)

, j=0,.,n-1

d(g)=
j<n

vary upon the values of the uncertainties. So, without loss of
generality we may divide the uncertainty domain Q in to

two subdomains, let Q and @ , Q= ( Qu (@) . The elements
of the first domain Q are characterized by the property:

rank[G, ()] =p . VgeQ (6)
The second domain Q =Q-Q contains all the elements of
Q for which the property rank[Ga (q)] = p falls. Due to the
rank properties of G,(q) the uncertainties g € Q are called

regular uncertainties, while the uncertainties g eQ are
called singular uncertainties.

II. SOLUTION OF THE ROBUST MORGAN'S PROBLEM FOR
REGULAR UNCERTAINTIES

For the domain of regular uncertainties (¢ € Q ) define
*( ) min |:] IS {1,...,m} /gfl"f,.) (q9)# 0:|
J.q) = _
0if g/(9)=0
(' @) ; Ry
gL () if j,q9#0 .
Ui(Q):{ ’ ) ,q€Q
L jeg=0

,qeQ

(7

where g'”)(g) is the j-th element of g,,(g). Assume that

(6) holds. Choose the rational matrix R(s,q)=0. According
to this choice the equation (5) takes on the form

diag {[(s.0)] |V (5. T (5. =T, O )IT (s.)T" (8)

Le.p

Consider the i-th row of (8) (i =1,..., p(¢ € Q)), i.e.
s (s, [T, 9)] =7, - 886, [T(s,)] " (9)

where p,(s,4) = B,o(@)+ B, (¢)s™ ++-= 57" [ (s,9)]

and where 7,(i=1,..,m) and ¢ (i=1,..,p) are the i-th
rows of the matrices I and @ , respectively. Application of
the limit operator to both sides of (9), for s —» oo, yields
7: = Dio(@)g,,(q). Based on the latter expression and

definition (7), the following lemma, can be used.
Lemma 1. The vector y, =p,,(q9)g,;(q) is independent

from q(q € Q) , via an appropriate p,,(q), if and only if
there exist an independent from ¢ vector m, € R*" such
that g, ,(q) =0,(9)m, (Vg Q). O

From (7) it holds that v,(g)#0 (VgeQ). Choosing
Dio(q) = D [U; (q)]f1 with p; e R—{0} and using Lemma
1, an independent from the uncertainties matrix I, is:

m

F=AM 5 A = diag {p}.M =| .m=[v(@)] g,.(9) (10)
i=l,...p

mp

Substitute the solution for I', derived in (10) to (9), yields

" () BV (s.0) = mT(5,q)~4S(s.q) (1)
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where ¢ = (p;)"' ¢ . Define the invertible matrix
Vﬁ(s,q)=[[V,(s,q)]’{Vi(s,q)[V,(s,q)]T}" \[V,»(s,q)]ﬂ (12)

where [V;(s,¢)] is the right orthogonal of ¥;(s,q). The

matrix [V,.(s,q)]i is chosen to be polynomial. Clearly, such

a polynomial matrix can always be constructed with order
less or equal to A4,(g)—1. Premultipling both sides of (11) by

V' (s,q) equation (11) brakes to the following equations

@ (pl )71 p(s,q) = [m,.T(s, q)—$S(s, Q)} x

) e (13)
)] sl 6ol |

[mT(s.q)-4S(s.0) |[Vi(s.)] =0 (14)

SV (s,q)] and mT(s,)[V,(s.9)] in
Laurent series as follows
W,(s.q)=S(s.[V,(s.9)] =
=W, (s WL (s” 7 4 W, (@)
¥, (5.9) =mT(s,9)[V,(s.9)] =
=W, o (@s" "+, ()" "+ 4, ()

Expanding

where p.(q) < max [/”L,. (q)]+/1i (9)—1 and equating like

power of s in (14), the following, equivalent to (14),
algebraic set of equations is derived:

WY, (q)=0 (15a)
V(@)=Y (q) (i=1,...p) (15b)
where
W) =[W (@) W,,@], Y@=[¥,@ ~ ¥,,@]

According to (6) and (10) equation (15a) is always satisfied.

Defining the operator [-Jz denoting an independent from
g matrix which is orthogonal to the argument matrix, the

operator rank, [-] denoting the rank of an uncertain matrix

on the field of real numbers and the operator < \ -)R

denoting the projection (in the field of real numbers) of an
uncertain vector to the subspace defined by the rows of the
uncertain matrix (for more details see [8]-[10]) the following
lemmas are is presented.

Lemma 2. The robust Morgan’s problem for regular
uncertainties, under the conditions (6), is solvable if

rank [gw.(q)]r =1,i=L..,p (qe(@) (16a)

rank, {Z((Zﬂ = rank, [7,(@)] . i=L.up (q@) (16b)

i

Proof: According to Lemma 1 the matrix I', that satisfies
equation (8) is independent from ¢ if condition (16a) is
satisfied (see [8]-[10]). According to (15b) and in order to
find an independent from the uncertainties feedback matrix
@ condition (16b) must be satisfied (see [8]-[10]). |

Lemma 3. If conditions of Lemma 2 are satisfied then the
general solution of the compensator matrices K and @ are

K=M'A;' , ®=A,(H+AH") (17)
where
(¥, () \ (@), ()],
H= : VH = : ,
(¥, (@ \7,(@), 7,@],

M =M"(MM") ", A, =diag{p]},
A=diag{4} (4 eR"™),i=1,...p, I =n—ranky [,(q)]

i

Proof: According to [8] the general solution of the equation
(15b) for independent from g vector ¢,, is

6= 47 @], (¥ (@ \ (@), (18)

where 4, =[l,.’l /1,,} are arbitrary. Substitution of

(18) in ¢ =p:¢7,. and collecting the p rows of ¢, the
matrix @ is derived as in (17). For the condition detI" # 0
to be satisfied, it is necessary that det A, # 0. Since K, has

been chosen to be orthogonal to the matrix K it can readily
be proven that the matrix I', belongs to the subspace being

orthogonal to T, i.e. that I',['; =0 and consequently that
r,=A,(M*) (19)
where the M™* is the right orthogonal of the independent
i -1
from ¢ matrix M, (ML) :[(ML)TML] (ML)T and
A, is arbitrary. For detI’ # 0 to be satisfied it is necessary
that detA, # 0. According to (10), (19) the matrix G is

AOM : + A -1 1 -1
G= NI =[MA; | MA

and consequently the matrix K is derived as in (17) |
According to (13) and (17) the diagonally decoupled
closed loop system for regular uncertainties is derived to be

h.0) =2 {[[0@] 2., @760~ (n,+ 20) S(s.0) =
Vsl Prsolreol| |

where 7,, 1, are the i-th rows of H and H ', respectively.
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III. SOLUTION OF THE ROBUST MORGAN'S PROBLEM FOR
SINGULAR UNCERTAINTIES

In this subsection, the robust Morgan's problem is studied
for g Q, under the assumption that it is already solvable

for regular uncertainties. Clearly, for both cases (regular and
singular uncertainties) the robust Morgan's problem must be
solvable via the same static and independent from g

restricted state feedback law. Consider the equation (5)
describing also the robust Morgan's problem at g € Q. The
matrices I',,® and I', are according to (10), (17) and (19).
Thus, for the singular uncertainties (5) takes on the form

""" (20)
[AOM ~A(H + AH*)S(s,q)[T(s,q)]’l} + R(s,q)A, (M*)

Post multiplying (20) by the invertible matrix [ M* | M* |
the following equations are derived
V(s.)[T(s,q)] M" = diag {(s.q)} x

o Q1)
<[ Ao =g (H + A1 )S ) [Ts.)] M ]

R(s.q) =V (5. )[T(s.q)] ' M*(A,) "+
diag {h (5.} Ay (H + AH)S(5,9)[T(5.q)] M*(A,)

..... P

a4 (22

The problem has now been reduced to that of finding A, A,
diag {h,(s,q)} that solve (21), while the R(s,q) is given by

1,...,p

(22) and A, is arbitrary. Brake (21) in to rows to yield

E(s.0)=h(s.0p [ e~(n+A W@, )Ee.)| @3)

where e, is the unity vector having the unit at its i-th
position and where

E(5.q) = V(. )[T(s.)] M™ = E o (q)s™ +E, ()57 +-
E(s,q)=S(s.)[T(s.q)] ' M" = E,(q)s™ +E,(q)s +---
Define

» :{min{j/Ei,,w):to ¥geQ , j=0...
’ n-1if E, (q)=0 VqeQ ,

,n—1
(24)
J<n

According to definition (24) and equation (23) the relative
degree of 7,(s,q) is ¢€,(q)+1. Define

B(5,q) = 1o (@)s 7 4 b (@)D 4 Sk (@) % 0 (25)
p(s.q) =51 ""[h(s.9)] (26)

Clearly, p,(s,q) must be proper i.e. it must hold that
Pi(5:9) = pro(@)+ Py (@)s ™+ (Pio(9) # 0,¥g € Q).

Expanding (23) in negative power of s and equating the
first 2n+1 like power of s the following algebraic
equations are derived

lai,o (Q)Ei,s,(q)(q) :p"*e" @)
(5@ | 2@ ]| 5 |-
Pio\q) | Pii\4 Piantd Ni(q) - (28)

= (n+4 " @], )n@

where

(D) =[ B @ Eroa@ = Eippoan(@ ]

(g)=[E(q) E(g) - E,, (g)] and where

Ei,S,(q) (q) Ei,gl (9)+1 (('I) E,.’g‘ (g)+2n-1 (q)
S 0 E o E o
Ni (q) = ) z,g,(:ﬁl)(q) } i&(q) :2 2(q)
0 0 Ei,s, (q)(Q)

Defining ¢,(q) = .01, (@)= p; (n,+4 [ (@], )T1(9)

equation (28) may be rewritten as follows

b@+[ D@ - P @]N@=0 (29
To this end for the domain of singular uncertainties define
Z(@) Z(q) 2 C))
N 0 Z V4
N(g)= : o:(q) 2n-:2 (9) :
0 0 Zy(q)

E],g,.(q)+j (q)

Z,(q)= (j=0.1,....2n-1)

Ep,c,-(q)ﬂ' (C])
According to (27) it holds that det[Zo(q)];tO and

]\A]i(q)[]\A/(q)J_l = diag [e,] . Also define

i=1,...,.2n

min[j €{l...,p}: Ef,Q,(q) = 0]

k(iq) = : |
0if Bl =0 o
By + J = th elementof B,
EFGO i K (i) =0
Fg) =] : oo
1 if k(i) =0

Post multiplying both sides of (29) by [N (qr)Tl , yields

@@ =p (n+ AW @], )o@ (D

3666



[ﬁi,l (9) 131',2}1 (C])] =

X _ . (32)
=1, (1 + 2 @1, )50 = b0 (@A, (@)
where
®i(q):|:©i,l(q) | @i,z(q) | | @1’,2)1(q):|
8.,(a) = 0@ |05 | |65 @ [ 0| 85 @) | - | 6 (0)]
0(9)=[©](¢) | ©3(q) | - | ©%,(a)]
05(¢) = [P(g) | TP (q) | - | 7 V() [ 0 | TV (g) | - | TP ()]

A@=[67() %@ - 65.()]

A =[T(q) T(q) - T(g)]
with 6“'(¢)(k =1,..., p) being the k-th element of the j-th
block of H,.(q,)[z\”/(q)]1 and with 1% (q) (k=1,..,p)

being the i-th columns of T1(q) []\A/(q)T , respectively.

Lemma 4. The robust Morgan’s problem for ¢ e Q is
solvable if conditions of Lemma 2 are satisfied and

E[,s,-(q)(q):fi(q)ei , i=L.,p (33)
rank, [ [WZ(Q)]R a(q) } _
/(@] ©.(9)-10(q) (34)

—rank, [ [,(@)]: ©(@)] . i=1....p

Proof: According to [8] the equation (27) is satisfied with
p, independent from ¢ ( Pio(q)#0,Vq e @) if and only if
condition (33) is satisfied. For (27) to be solvable for p;
independent from ¢, it is necessary for p,,(¢) to be of the
form p,,(q)=[f(q)] 7,, while the solution for p is
p, =7,,, where 7,, e R—{0} is arbitrary and independent

from ¢ . Substitution of p, ,(q) =[/,(¢)] ' 7,, in (31) yields

AW (@], 0@ =[f,@)] ©.(@)-10@ (35

Equation (35) is solvable for A, independent from ¢, if and
only if (34) is satisfied (see [8]). ]
According to [8] the general solution of the equation (35) is

h=a[m@l o] +¢ ¢ er™)
(36)

=@ e@-new) \ M@l ew)

where

5= [Tm

z, =1 —rank, [[W,.(q)]% @(q)] The  vectors

z'm] are arbitrary. Hence, if the robust

Morgan's problem is solvable for g € Q according to (36)
and the relation p; =7, the following lemma is presented

Lemma 5. The general analytical expression of the
independent from the uncertainties matrices A,,A, and A

for singular uncertainties are

A, =diag{r,,} . A=T,Z"+Z ,i=l..p, (37)
where
T, = diag{z,} (ri eR" ) . A, arbitrary(det[A,] = 0)
(;1 [m@ln@]
Z=|i|,Z = :
- L .
[7.@].m,@]
| |
According (36) and the definitions p; =7, and
P10(@) =[f:(@)] ' 7, , equation (32) takes on the form
[ﬁi,l(‘I) Di2n (Q)] =
= 7o (m +{m W@ 0@, + G W@ ) A (38)

— To, [fi(q)}_l Az‘(Q)

Defining  7,(9)=(n,+& (@], )2, @-[£@] " A()

and [R[(q)]j to be the j-th row  of

[[7(@)1: ©@) ], [W(9)]5 A,(q) . (38) takes on the form

i

Bran @] =70, 27, [R@], 450, 2:(9) (39)

J=1

[ﬁi,l (9)

where 7; ; is the j-th element of 7;. For every ¢ € Q, there

exist a unique bilateral correspondence between a strictly
proper rational function (depending nonlinearly upon ¢,

with order less than n and the vector involving the first 2n
coefficients of the negative power series of s expansion of
the rational function. Applying this property to (39) the
following general form for p;(s,q) is derived:

P =[£@] 7, [l + Z{r,-,,-r,-,, (5.9)} +77,(5.9) | (40)

where 7, (s,q) and 7,(s,q) be the rational vector functions

corresponding to the vectors £ (q)[R, (q)]j and £,(q)x,(q)
respectively. The rational vector functions 7 (s,q)and
717,(s,q) can be expressed as the ratio of two polynomials as
)= (s,9) a(5,9) (= 17,)
17,(5,9) = t;4(s,q)/ &, (s,q) where g, (s,q) and «,(s,q)
are prime between themselves. For each ¢e@Q the

follows and
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polynomial &, (s,q) =5 +a,, (q)s"" +---+a,,(q) is the
least common multiplier of the denominators of 7, .(s,q)
and 7,(s,q) (j=L..,7,). The polynomials , (s,q) are

o;—1

of the form y,.,/.(s,q)z(,u,.yl) 5%

(1, ){ = |:(,ul.)j)41 (”faf);,,] (¢ =0,...,0,~1). Based upon

the above definitions and (40) the closed loop structure for
singular uncertainties is derived to be

e T ()20 _
W) =[a0, ] @5t

57ty (q)s”T et (q)

(57 4+ B ()57 44 Bo(q) s

,B,.’k =a, +(ﬂi,0)k +Zr[.’/.(,ui7,)k (k =0,...,0, —1).
j=1

++(m,),  where

Vg e @(1 = l,,..,p)

IV. MAIN RESULT

According to Lemma 2 and 4 the main Theorem is
presented

Theorem 1. The robust Morgan's problem is solvable, via an
independent from the uncertainties restricted static state
feedback law, if

rank [ga‘l.(q)]T =1,i=1..,p (forall qe Q )

ranky, {ZZ((Z))} =rank, [W,(¢)].i=1,....p (forall ge Q)
E, o (@=f(@e,i=L..p (for geQ )
[7.(9)], ©(a)

rank

@] ©.@)-n0@ |

=rank, [[Wi(q)];a G)(q)] ,i=l.,p (for qe @ )
|

According to Lemma 3 and 5 the following Theorem is
presented
Theorem 2. If conditions of Theorem 1 are satisfied then a
class of controller matrices K and ® solving the robust

Morgan's  problem  (VgeQ) is
K=M'[A]" , ®=A(H+T,Z'H +ZH") ]

The resulting form of the robustly decoupled closed loop
system for ¢ € Q is analytically determined to be

given by

hi(ss q) =
7o, {[u,(q)]" 2.7 (s5,9) —[n, + [r, [m@lew] +¢ }7: ]S(s,q)}
Pl Feolieal || et
ai(S,Q) ~
Or R

Following the results in [11] the robust Morgan's problem
with simultaneous robust stability, can easily be solved.

h(s.q) =[] 1@

V. CONCLUSIONS

The robust Morgan's problem, via restricted static state
feedback and constant precompensator, has been studied for
nonsquare linear time-invariant systems with nonlinear
uncertain structure, using a polynomial matrix approach.
Sufficient solvability conditions are established. A class of
independent from the uncertainties static controllers solving
the problem has explicitly been characterized. Finally the
decoupled closed loop system has analytically been
determined. Before closing it is important to mention that
the results of the paper, namely the sufficient conditions and
the class of the controllers and the closed loop system, have
been derived through pure algebraic manipulations thus
offering their selves for computer implementation.

REFERENCES

[1] C. Commault, J. Descusse, J.M. Dion, J.F. Lafay, and M. Malabre,
About new decoupling invariants : The essential orders, Int. J. Contr.,
44, 689-700, 1986.

[2] J. Descusse, J.F. Lafay, and V. Kucera, Decoupling by restricted state
feedback: the general case, IEEE Trans. Automat.. Contr., 29, 79-81,
1984.

[3] J. Descusse, J.F. Lafay, and M. Malabre, Solution to Morgan's
problem, IEEE Trans. Automat.. Contr., 33, 732-739, 1988.

[4] J. M. Dion, and C. Commault, The minimal delay decoupling
problem: feedback implementation with stability, Siam J. Control
Optim., 26, 66-82, 1988.

[51 A. N. Herrera H., and J.F. Lafay, New results about Morgan's
problem, IEEE Trans, Automat. Contr., 38, 1834-38, 1993.

[6] S.Kamiyama and K. Furuta, Decoupling by restricted state feedback,
IEEE Trans. Automat. Contr., 21, 413-415, 1976.

[71 F. N Koumboulis, Morgan's problem and data sensitivity, Proc. 3d
European Control Conference, Rome, Italy, 2563-2567, 1995.

[8] F. N. Koumboulis, and M.G. Skarpetis, Input output decoupling for
linear systems with nonlinear uncertain structure, J. Franklin
Institute, 333(B), 593-624, 1996.

[91 F. N. Koumboulis, and M.G. Skarpetis, Robust disturbance rejection
with simultaneous robust input output decoupling, Automatica, 33,
1415-1421, 1997.

[10] F.N. Koumboulis, and M.G. Skarpetis, Robust triangular decoupling
with application to 4Ws cars, IEEE Trans. on Autom. Contr., 45, 344-
353, 2000.

[11] F. N. Koumboulis, T.G. Koussiouris and M. G. Skarpetis, "Robust
Morgan’s problem", Circuits, Systems and Signal Processing, 23, 77-
103, 2004.

[12] T. G. Koussiouris and M. Zervos, On the solvability of Morgan's
problem I. Necessary and sufficient conditions for decoupling by
state feedback and a constant singular input transformation, IMA J.
of Math. Contr. and Information, 11, 93-100.

[13] T. G. Koussiouris, and M. Zervos, On the determination of the
essential orders and the zero structure at infinity from the system
matrix, Proc. Eur. Contr. Conf., Grenoble France, 1781-1784, 1991.

[14] T. G. Koussiouris and M.G.Skarpetis, New results concerning the
solvability of Morgan's problem, Proc. of the Circuit, Systems and
Computers '1996, International Conference, Hellenic Naval
Academy, Piraeus, Greece.

[15] B. Morgan, The synthesis of linear multivariable system by state-
variable feedback, IEEE Trans. on Automat. Control, 9, 405-411,
1964.

[16] A. S. Morse and W.M. Wonham, Status of non-interacting control,
IEEE Trans. Automat. Contr., 16, 568-581, 1971.

[17] H.H. Rosembrock, State space and multivariable theory, Nelson,
London, 1970.

[18] P. Zagalak, J.F. Lafay and A.N.Herrera H., The row - by - row
decoupling via state feedback: A polynomial approach, Automatica,
29, 1491-1499, 1993.

[19] V. Kucera, Analysis and Design of Discrete Linear Control Systems,
Academia/Prague, 1991.

3668



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




