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Abstract

In this work, the problem of parametrizing feedback
systems with prescribed properties for general linear
systems in Rosenbrock representation is considered. With
this, the results of stahbilizing controller parametrization
for state space systems can be extended to general case
where system regularity is not assumed. The stabilization
theory is formulated axiomaticaly to permit its
application to a wide variety of design problems and is
extremely el ementary in nature.

1. Introduction

Recently, more general linear systems than the usual state
space systems have received great attention ([3], [6], [5],
[1], and the references therein). In particular, some results
related to coprime factorization and parametrization of all
stabilizing controllers have been extended to descriptor
systems ([6], [14]). As a direct extension of the result for
state space systems in [9], explicit formulae for stable
doubly coprime fractional representation of a transfer
matrix of a descriptor system were presented in [14]. A
proper stable coprime factorization and the stabilizing
controller parametrization is considered in [6]. These
results, however, are restricted to the class of regular
systems. The large class of non-regular systems, i.e.
systems without transfer matrix representation is not
considered.

In this work we extend some results of controller
parametrization to a system in a general system matrix
representation. This representation includes systems
which do not have a unique input-output representation.
We consider that the desirable properties of the system can
be characterized as a general notion of internal stability.
Our axiomatic presentation of section 3, restricted to state-
Space systems, can be considered as an alternative
presentation to [7], [16]. In these works, duality and
special structures as Full Information and Output
Estimation are used. In section 4, we consider a
parametrization centred on any given stabilizing
controller, extending, in this way, the result of [4] without
coprime factorization arguments.

2. Systemswith generalized Rosenbr ock representation
Consider the generalized Rosenbrock system matrix
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The generalized system matrix represents a linear system
of theform
0 = A(p)¢(t) + B(p)u(?)
y(t) = C(p)s(t) + D(p)u(t)
where £ istheinternal variable, v istheinput signal and y

is the output signal. Some important systems which can be
represented in thisform are

i) time-varying state space systems : in thiscase p = (s, ),
A(p) = A(t) - sI, B(p) = B(t), C(p) = C(t) and D(p) = D(t)
where s represents the  differential  operator
(s€)(t) = FE(t).

ii) descriptor systems: inthiscase p = s, A(p) = A — sE,
B(p) =B, C(p)=Cand D(p) =D

iii) state-space systems with delay: in this case p = (s, 0)
and A(s,8) = A(8) — sI, B(s,8) = B(6), C(s,0)=C and
D(s,8) = D where A(6), B(9) € R[], with 8 representing
the delay operator (0£)(¢) = £(¢ — 1).

iv) general n-D systems : P(p) € Rim+x(n+s)[p]

V) uncertain systems: An uncertain linear system with
upper LFT representation on block structure A [7], has a
generalized Rosenbrock representation given by, eg.,
Alp) = (AA 1), B(p) = AB, C(p) = Cand D(p) = D.

vi) systems with fractional representation : The transfer
matrix with fractional representation (not necessarily
coprime) G(s) = Ng(s)Dz'(s) has a generalized Rosenbrock
representation with p=¢=s and A(p) = Dg(s) € RH,,
B(p)= — I, C(p) = Ngr(s) € RH,, and D(p) = 0.

The general Rosenbrock representation enables
us to deal with a wide class of systems which have not
input-output representation since the matrix A(p) is not
required to be regular ([3]). A non-regular A(p) matrix is
very common in system modeling and design problems, as
for examplein descriptor setting ([1], [5]).

A system P with input and output signals
partitioned as u = [«T «T]", y=[47 7| is caled a
partitioned system. Partitioned systems enable to represent
general combinations of series, paralld and feedback
connections of "common systems' (without input and
output signals partitioning) in one closed loop system
framework, §(P,K), defined below. Thus, the feedback
connection F(x,x) furnishes a generic representation of



systems since for any common system K we can find
systems Z and @ such that K = F(Z,Q). In the same way,
any partitioned system 7 can be represented as a dtar
feedback connection Fz(+,x) between two partitioned
systems P and K such that 7 = §x(P,K). In this setting,
the controller synthesis problem can be stated as to solve
the equation 7 = F(P,K), where P is the given partitioned
plant, 7 is the closed loop system with the desired
properties and the controller X isto be computed. For the
generaized plant P with input » = [«f «%]"and output
y=[y7 4717, and the controller K with input u; and
output yz, given by

A(p) | Bi(p) Bs(p)
CID( Dulp) |and K(p) = | 2 UPEL,
Cy(p)|Da1(p) Das(p) ¥ ¥

the closed loop system matrix F(P,K) obtained with
ur = Yo and y,=w is wdl defined  if

P=

X = [7[)122(}7) *[;k(p)]fl iswell definedand is given by
w5 = [ 50

where

W3] itae oa

B =[]+ [02]3 PR e

é(p) [C10]4+[D130 ]X[CO =[C1 + D13 X15Cy D13 X1:Cy |

D= Dy +[D1 0 { } D1y + D1 X195 Doy

The consistence condition, that is, the existence of X, is
immediately fulfilled if Dy (p) = 0. If K =0, that is, 4y,
B, and C;, aredropped and D;, = 0, we have

30K = | AP | = P
For K considered as a parameter, we say that the
parametrization §(P,K) is centred on P;;. For partitioned
systems P and K the star connection system matrix,
Sr(P,K), is defined similarly, and has the same
expression as presented in [16]. For any systems of
compatible dimensions G, Zz and @ with Dy, =0and
Dy, = 0 we have :

The feedback (star) connection reduces to a LFT
(Rednheffer star product) ([7], [16]), if the systems have
transfer matrix representation. Conditions for an
algebraic-integro-differential system to have a transfer
matrix representation can be found in [3]. The feedback
and star connections constitute the so called "state-space
machinery" and motivated the LFT representation for
uncertain systemsin [7].

Many important internal propertiesin polynomial
linear systems, such as absence of impulses, regularity and
stability can be characterized by the system A-matrix. All
these properties can be treated in an axiomatic way as a
general "stahility” notion if we consider that the A-matrix

belongs to a class S satisfying some mild conditions. We
will consider the notion of stability given by a non-empty
class S of A(p) matrices satisfying

(S2) for any nonsingular real matrices T and R we have
Alp)e S TA(p)Re S
(S2) for A(p) in block triangular form

A= [ 320 o a0 = 2205 o ]

wehave A(p) € S & Aj(p) € Sand Ax(p) € S.
Wesay that A(p) isS-stableif A(p) € S

Some examples of properties which can be
represented by the class S include

i) stable state space systems (A(s) =

ii) regular descriptor systems (A(s) =
pencil with full normal rank )

A — sI'with A stable)
A — sE isasquare

iii) regular stable descriptor systems

iv) regular n-D polynomial systems (A(p) € R%4[p] with
det(A(p)) #0)

V) p stability and Q-stability for uncertain system [7]

vi) internal stability for fractional representation: Dg(s),
Dp'(s) € RH

With this notion of sability the problem of
finding a stabilizing control in general Rosenbrock system
representation can be stated as the follows. Consider two
generalized Rosenbrock systems P(p) and K(p) with
inputs u, u; and outputs y, yx respectively

_ [Al) | Bp) _ [A(p) | Brlp)
P =[Gt K0 = |G|

The closed loop system obtained with v = y; and y = ug
has the A-matrix given by

Alp) = | Alp)  BE)Ciip)

A0 = | 5 "R
The stabilizing problem is to find matrices A.(p), Bir(p)
and Ci(p) such that A(p) € S. A simple way to find one
such controller isasfollows:

; I 0 10 :
1)W|thT=LI I},R:{I I}weobtam

[ A(p) + B(p)Ci(p) B(p)Ci(p)
Bi(p)C(p) — Alp) + Aelp) — B(p)Cr(p) Ax(p) — B(p)Ci(p)

2) Choose A, (p) such that the (2, 1) block is zero. In this
case, we have

Ai(p) = A(p) — Be(p)C(p) + B(p)Ci(p)

TA(p)R =

and

B(p)Ci(p)
Alp) — Be(p)C(p) I
Using the property (S2) of the class S, the stahilization
problem reduces to the determination of B.(p) and Ci(p)
such that A(p) + B(p)Ci(p) € S and A(p) — Bi(p)C(p) €
S.

Definition : The pair (A(p), B(p)) is S-stabilizable if there
exists F(p) such that A(p)+ B(p)F(p) € S. The pair

TA(p)R = [A(p) + Eé(p)Ck(p)



(C(p), A(p)) is S-detectable if there exists L(p) such that
A(s)+ L(s)C(s) € S.

Thus, the existence of a S-stabilizing controller is replaced
by the characterization of S-stabilizability and S-
detectability. For uncertain systems, the S-stabilizability
can be the Q-stabilizability ([7]); for descriptor systems,
the S-stahilizahility can be the existence of a constant gain
such that the closed loop system is regular, stable and
impulse-free ([12]). In what follows we assume the S-
stabilizability and S-detectability of the plant and search
for the characterization of all S-stabilizing controllers.
Although it is not required an external or transfer matrix
representation of the system, some classes of system
equivalence involving the internal and a possible
input/output representation are considered. The external
equivalence below is weaker than the 1/0 equivalence of
[3] onceit is not required the uniqueness of outputs.

Definition : Two generalized Rosenbrock  systems

P(p) = [é(g) (1;)} and Pe1(p) = {Aez(p) “(p )} are said to
be externally equivalent systems(EE) and we write
Pee£ pe if the sequence of (E1)-(E3) relations below hold

(E1) [ A*(p)|B“(p) | _ _TA(P)R|TB(P)}
| CHp)[D%(p) | — | Clp)R | Dip)

for some two nonsingular real matrices 7T, R, or
M pe (][4 (P) As(p)|Bi(p)

E2) [A7(0)|B(p)] _ A }

( )_ququ_ C(g) D(}}:)

for some 4, (p), A»(p), and Bi(p )
[ 4e e 1 Al( ) 0

E3) [29w(B ) ] _ [58) 00|5 }

( ) | C¥1(p) [ D" (p) | C1(p) C(p) D(];)

for some A;(p), 4s(p), and Cy(p).

The generalized Rosenbrock system matrices P(p) and
P#(p) are externally equivalent withinternal equivalence
systems(EEIE) and we write P % P< if they are externally
equivalent with (E2) and (E3) restricted to A;(p) € S. For
EEIE systems we have A(p) € S & A“(p) € S. We say
that P(p) isinternally S-stable if its A-matrix is S-stable,
i.e, A(p) € S. A controller K is a S-stabilizing controller
or an admissible controller to the generalized plant G and
wewrite K € A(G) if the A-matrix of §(G,K) isS-stable.

3. Parametrization of S-stabilizing controllers
Assume that the plant is characterized by the following
system :

G(p) = | Ci(p)[D11(p) Dia(p (3.1)

Co(p)|Dan(p) O

From the definitions it can be easily verified that
if =G and K=K then F(G=K)%3GK) and
3(G K9 % 3(G,K). Thus, the following lemma is
immediate.
Lemma 3.1: Consider the generalized plant G with
Dy, =0 and the controller K. Let Z and @ be systems
such that K % 3(Z,Q). Then for any given redization
3oeG,z)  satisfying  §90(GL,Z) £ §a(G,Z) we have
K€ AG) & Q€ AFE™(G.2)).

A(p) | Bi(p) Bz(p)}

Proof : By definition, K € A(G) < the A-matrix of (G K)
is S-stable < the A-matrix of F(G,3(Z,Q)) is S-stable < the
A-matrix of F(Zr(G, Z), Q) is S-stable < the A-matrix of
J(FEn(@,2), Q) is S-stable & Q € AFE™G,2)). O

From Lemma 3.1, the task of determining the set
of admissible controllers, A(G), can be replaced by the
problem of stabilizing 7 .= §%4"*(G,Z), which has trivia

solution for 7 = {? é} since, in this case, §(7,Q) = Q for

any Q. The problem of finding Z such that 3(G,Z)

{‘IJ é} corresponds to finding a 'LFT inverse Z for the

generalized system G and is considered in the next
lemma, in which we also characterize A(G) for this case.
The expression of Z and the stability conditions used in
this lemma can be derived asindicated in Remark 3.2.
Lemma 3.2: Consider G given by (3.1) with D, and Dy,
nonsingular and such that A- B D;'C, and
A — ByDy}Cy are S-stable. Then there exists a generalized
Rosenbrock system matrix Z such that

506, 2% [94] and 5u(z.0) =[],
For this z we have

() Q= 3(G.K) & K=3(Z,Q)
(i) AG) = {K £ 3(Z,Q) : Q isinternaly stable}.
One such system is given by

A- BlDEIICZ BZDIZ Cy — D11D21 Cy) | BZDIZ Dy D21 BZDIZ
=D (C1 ~ DnD3C) - D12 Dan Dy
—pilc, 0

7 =

In the next we will consider the construction of
the controller parametrization. Having in mind the
general feedback characterization of the set of al s-
stabilizing controllers of the above lemma, it is reasonable
to suppose that in the general case, where the plant (3.1)
is considered, we can consider controllers of the form K
= 3(Z,Q), where

A, | B, B - 1Bo
TR mee- () e
Let us search a system 3*(G,Z,Q) ¥ 3(G,Z,Q) such that
the S-stahility of the A-matrix can be easily characterized.

7 =

. : I 0
Connecting the systems G and Z and using T' = { g I}
and R = H ?} we have
S:R(G,Z)

A+ By(Di,Cy + Cyy) B0y, Bi+ ByDit. D ByDige
ie 0 A + (BanZ - BlZ)Cz - Bl - (BZDHZ - Blz)DZI BZz - BZDIZZ
T | G+ DilCy, + D) Dy, ‘ Dt + DieDy, D DiaDige
Dy, Cy+ Csy C, Dat, D 0
(3.3)

Whae we set Az = A+ BQDHZCQ + Bgclz — BIZCQ to
make the (2,1)-block zero. Thus, for the central controller
(when @ = 0), the dynamic of the closed loop system can



be easily characterized by the (1,1) and (2,2) matrices.
Dencting

F = Cy, + Dn,Cy, L = ByDyy, — By, (3.4

and considering that (A4, B,) is S-stahilizable and (C;, A)
is S-detectable, we can determine F and L such that
A+ B,F and A+ LC, are S-stable. In this case, the
central controller is S-stabilizing. Now, in order to
simplify the expression of the A-matrix of 3(G,Z,Q) (see
the presence of convenient zero blocks in (3.6)), we
impose the restrictions
Co, = — Dy, Co, By, = ByDy, (3-5)
and we have Z expressed by (3.12.2),
3r(G.2) ¥ 394G, 2) = (3.13.2)

and
5(G.2.Q) ¥54(G.2,Q) = F(FH(G.2).Q)

A+ ByF By[F — (Dh1; + D12.DgDs1.)C3] BaDra,Co|*
_ 0 A+ LCy 0 *
| o — BgDs.Ch

*

2ok ee

|~k

where* are unimportant terms. Let A be the A-matrix of
3(G,Z,Q). We have by internal equivalence and (S2) that

A€Se A+ByF, A+LCy, AgeS.  (37)

In this case, with the above choice of F and L andby
definition of admissible controller:

QEAFNGZ) e Acs
= Ag € S & Qisinternally S-stable. (3.8

Hence, each controller given by (3.12) s-stabilizes
internally G. To show that (3.12) furnishes al the
controllers, we impose that Z isinvertible and use Lemma
3.2. Theresult is stated in the following theorem.

Theorem 3.1: Assume the plant (3.1) with (A, B,,C;) S-
stabilizable and S-detectable. For any F, L, D,,,, D;», and

D,,, satisfying
(i) Dy, free Dy,, and D,,, are nonsingular (3.9
(i) A + LG, iss-stable (3.10
(iii) A + B,F isS-stable (3.11)
we have

K € A(G) & K % 3(2,Q), Q isinternaly S-stable(3.12.1)

where

A+ ByF + LCy — BoD1,Cy|By D11, — L ByDrg,
Z = F*DHZCQ Dllz DIZZ
— DQlZCQ DZIZ 0

(3.12.2)
Furthermore, the set of all S-stable closed loop systems is
parametrized by :

3(G.K) ¥ 3(7.Q), Qisinternally s-stable (3.13.1)

where

A+ ByF By(F—D11.Co)
0 A+ LC,y
C1+ Do F Dio(F—D11,C5)

0 = D310y

By + ByDi, Dy ByDhs,
—(B1 + LDy) 0
Dy + D13Dy1, Doy Do Dy,
Dy1, Doy 0

T = .(3.13.2)

Proof: (sufficiency) To show that all controllersin (3.12)
is S-stabilizing, it suffices to perform §(G,2,Q) &

3G, Z,Q) with Z given by (3.12.2) and to verify the s-
stability of the A-matrix as above.

(necessity) We now show that all admissible controllers
can be written in the form (3.12). Since D,,, and D,,, are
nonsingular, and F and L are such that A+ B,F and
A+LC, ae S-stable, we have that 7z satisfies the
conditions of Lemma 3.2 and we can determine a system
H such that

AR N P N CA T

It follows that, for this H, §z(G.Z,H) ¥ G. Thus, for any
K we havethat _

3(G.K) ¥ 3(G,Z,HK). (3.15)

Setting Q = J(H,K), from (3.14) and Lemma 3.2(i) we
have K % 3(Z,Q). By Lemma3.1, K € A(G) impliesthat
Q= F(HK) € A §UG,Z) ), where §4(G,Z) is given by
(3.13.2). By (3.8) it follows that A is S-stable. Thus, for
any admissible K, we have that K isgiven by (3.12) for an
internaly S-stable Q(K). O
Remark 3.1:

a) Note that no result from the observer theory was used in
order to derive the expression of Z asit ismadein [8] for
state space systems. In fact, in this paper, the notions of S-
stabilizability and S-detectability for general linear
systems were introduced motivated by the S-stabilizing
problem. In [7] and [16], for state space systems, the
expression of Z is derived using duality and the specia
systems full information and output estimation. Also, the
term Dy, which appears naturally in our derivation is not
considered in these works. The use of Dy, #0 is
considered in the next subsection.

b) In the proof of necessity part of the above theorem, the
expression of system H does not need to be determined.
The proof of sufficiency is non-constructive and is well
known in literature for state-space systems (see Theorem 1
of [8], Lemma 12.12 of [16], Theorem 11.4 of [15]). In
fact, if we can determine the LFT-invertible matrix Z, the
ideas of the proof can be used for any given S-stabilizing
controller. The problem of how to determine some
desirable Z, when a S-stabilizing controller is given, is
considered in Section 4.

¢) For descriptor systems, the above theorem extends the
parametrization of stabilizing controllers of [6] to non-
regular systems.

3.1. Parametrization for some particular plants

The construction of the controller parametrization was
developed using only the similarity transformation (EZ1).
Thus, some potentialities ((E2) and (E3)) of the relation
¢ were not explored yet. That is, we can consider now
when we have stable hidden modes in, for example, the
closed loop system 7 given by (3.13.2). Some smple
situations where we can create hidden modes or simplify
the state-space expression of 7 are given by the following
conditions:



C,+ D1,F = 0, A+ B,F isS-stable (3.16.b)

It is clear that, if the plant has C,, Dy, or D, with full
rank, the above equations have solutions. So, we can
consider the following particular plants:

(a) state feedback (SF) plant: €, invertible and (3.16.a) is
satisfied

(b) FC and OE plants. D;, has full row rank and (3.16.b) is
satisfied

(c0 DF and H plants: D,; has full column rank and
(3.16.c) issatisfied .

In order to smplify the final expressions of the plants, one
can consder C,=1I;, D=1, Dj=[0 I] and
By=1[I 0; Dy=Iand, Djy=[0 If andC,=1[1 ofF
which are exactly the SF, OE, FC, DF and Fl cases
presented in [2], [7] and [16]. These particular plants are
important in the study of H», and H,, control problems
and so, the characterization of all S-stabilizing controllers
for them is interesting. As an example of how to
determine all controllers for these cases, we present the
following corallary.
Corollary 3.1: Assume G given by (3.1) with D, full
column rank. If
(i) (A, By) isS-dtabilizable and
(i) A—BiD;Cy+ M(1— Dy Dylp )Cy isS-stable for
some M, where Dy, isaleft inverse of Dy,
then
K € A(G) & K “3(Z,Q), Q internaly S-stable

where Z isgiven by (3.12.2) with L given by
L = —BDy, + M(I—DyDsi).
Moreover, all closed loop systems are parametrized by
(G, K) ¥ Gp 4+ UpQDy, Dy, Q internaly S-stable

A + ByF | ByDyy,
Cr+ D1aF|D13 Dy, |

Dy, isfreeand D,,, and D,,, are nonsingular.

where

A + ByF | B1 + ByDui. Dy
Ci + D F|Di + DigDiDan

Gr=

Ur =

Proof: The assumption (ii) corresponds to the solvability
of (3.16.¢). In this case, every solution L is such that in
(3.13.2) A + LC, becomes non-controlable, and it follows
that

i A + ByF | B+ ByD11,Dy1 ByDips
T = | C1 + Do F D + D13 D11, Doy DisDra, |- O
0 212 Da1 0

As we can see by the above coradllary, for the FI
case where Dy, = [?] the final expression of the matrix

Z, that is, the final expresson of all stabilizing
controllers, is not intuitive due to the freedom in matrix
M. So, dthough it is smple to determine a single F
stabilizing control, this fact leads to difficulties in
beginning the stabilization study with the Fl case as in
[16], [7], [2]. Working in the same way as the above
corollary with the condition (3.16.a) for the SF case, the

parametrization expression of [10] can be recovered as a
particular case. The same do not occur if we start with the
matrix Z presented in [8], [16], [7], [2], Since in these
works it isassumed D;;, = O.

Remark 3.2: The assumptions of Lemma 3.2 and the
expression of Z reflect the situation where we can solve
(3.16.b), (3.16.0), D11 + D19 D11,D91 = 0, DysDyy, = [ and
Dy, Dy = 1. O

4. Admissible controllers parametrization centred on
an arbitrary stabilizing controller

In the previous section, we saw that, corresponding to the
classical state-space formulae given by [9], [14], the
obtained set of all admissible controllers is centred on an
observer based contraller, that is

AG) = {K = 3(2,Q): Qinternaly s-gtable} (4.1)

is such that Z;; is an observer based controller. For state
space systems, formulae to the parametrization of all
stabilizing controllers centred on any given stabilizing
controller is given in [4], using coprime factorization
techniques. Notwithstanding it is a smple task to verify if
a set of controllers characterized as (4.1) isin fact the st
of all admissible controllers (it suffices to follow the proof
of Theorem 3.1), it was not considered yet how to
determine a expression of Z corresponding to a known
stabilizing controller. In this section, we derive the
formulae to the parametrization of all dsahilizing
controllers centred on any given stabilizing controller for
general Rosenbrock systems using only systems
connections arguments.

We are interested in the determination of new
systems 7., and Q,., Which parametrize A(G) and such
that the central controller isagiven controller K, that is

AG) = {K 2 F( ZnewQrow ) : Qrew iNternally S-stable}

With  (Znew )1y K, In order to generate a new
parametrization from (4.1), consider any systems W and

M satisfying Fa(W,M) % §a(M,W) L2 {‘;é} We have
that

K = §(2,Q) ¥ 3(Z,5:(W.M).Q) _
L3@a(2W)IMQ) =32 Q)

where we defined Z' = §x(Z,W) and Q' = §(M,Q). By
Lemma 3.2 (ii) it follows that

{§(M,Q) : Q internally S-stable} = A(W).
And so, the parametrization (4.1) becomes
A@) ={K £ (2.9 ) Q € AW)}.
But by Theorem 3.1,
AW) ={Q % 3(Zw, Quen ), Qrew internally S-stable}
where we can choose Zy, as

Aw + BawFw + LwCow | — Lw  Bow
— Cow I 0



with F, and L, matrices such that Ax + BwFw and
Ay + Ly Cyy are S-stable. Hence a new parametrization to
all S-gtabilizing controllersis given by

K e AG) e K “ F( Znow, Qnew), Qrew iNternally s-stable

where Z., = §z(Z2',Zw). It follows that it is only
necessary to find a convenient z’, F, and L, such that
W = .(H,2') is"LFT invertible’ and (Zyew )y, 2 Ko (H
isthe "LFT inverse’ of Z and K, is the given controller).
With some suitable choices of these variables we have the
following theorem.

Theorem 4.1: Assume the plant (3.1) with (A, B,,C;) S-
stabilizable and S-detectable. Consider an internally S-

stabilizing controller K, = [ézf gﬂ and matrices Fx and

Ly such that Ax + BgFr and Ax + LxCx are S-stable.
Then, parametrizations of A(G) centred on K, can be
given by

K e AG) & K“3(2,Q), Qinternaly S-stable
where the system Z can be chosen as one of the
following :

A+ BoDCyr By 0 0 B>
_ By Cs Ag 0 |0 Ly
i)z = 0 0 Ag |Bx —Lg
0 0 Ck | Dk I
-y Fy —Fg | I 0
A+LC, BCk |BoDx—L By
(“) Z — 0 AK BK - LK
0 Ck Dy I
—c, 0 ‘ i 0
A+ BoF B,

0 0
~BxC» Ax |Bx O
T DgC, Cx | Dx I
—C, | Iy ‘ I 0

(iii) z =

with F and L such that A+ B,F and A+ LC, are S-
stable.]

From the above considerations, it is clear that
there are many other possible realizations centred on K.

5. Conclusions

This work was focused on the controller
parametrization for generalized Rosenbrock systems. It
was intended to put some state-space formulae, obtained
by many ways in the literature, unified in a single "LFT
context”. We first presented an alternative construction of
the parametrization to that presented by [16], [15], [8],
[11]. The obtained state space expression for the
coefficient matrix Z has extra freedom in the Dy1,, D12,
and D,;, matrices which is useful in the characterization
of all controllers for special cases full information, state
feedback, and their duals. We solved also the problem of
construction of the parametrization of al stabilizing
controllers centred on any given stabilizing controller
using only system connections arguments. For state space
systems, this is a state-space result corresponding to the
existence of coprime factors satisfying the Bezout identity
once given the plant and any stabilizing controller

([13],(4]).
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