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ROBUST DECENTRALIZED H, CONTROL
OF MULTI-CHANNEL DESCRIPTOR SYSTEMS WITH
NORM-BOUNDED PARAMETRIC UNCERTAINTIES

WEIHUA GUl, NING CHEN AND GUISHENG ZHAI

This paper considers a robust decentralized H2 control problem for multi-channel de-
scriptor systems. The uncertainties are assumed to be time-invariant, norm-bounded, and
exist in both the system and control input matrices. Our interest is focused on dynamic
output feedback. A necessary and sufficient condition for an uncertain multi-channel de-
scriptor system to be robustly stabilizable with a specified H2 norm is derived in terms of
a strict nonlinear matrix inequality (NMI), that is, an NMI with no equality constraint.
A two-stage homotopy method is proposed to solve the NMI iteratively. First, a decentral-
ized controller for the nominal descriptor system is computed by imposing block-diagonal
constraints on the coefficient matrices of the controller gradually. Then, the decentral-
ized controller is modified, again gradually, to cope with the uncertainties. On each stage,
groups of variables are fixed alternately at the iterations to reduce the NMI to linear matrix
inequalities (LMIs). An example is given to show the efficiency of this method.

Keywords: decentralized control, descriptor systems, parametric uncertainty, homotopy
method, nonlinear matrix inequality

AMS Subject Classification: 93A14, 93B51, 93B52, 93B40, 93C15

1. INTRODUCTION

Much attention has been paid to analysis and design of descriptor systems since
such systems have extensive applications in various fields [2, 4, 7, 10, 11, 14]. De-
scriptor systems are also referred as singular systems, implicit systems, generalized
state-space systems, differential-algebraic systems. A large number of results for
descriptor systems have been obtained both in the areas of centralized control and
decentralized control. For centralized control, Takaba et al. studied robust Hs
performance of uncertain descriptor systems using LMI method [9]. Ikeda et al.
considered Hy control problem for descriptor systems and derived a strict LMI con-
dition which is necessary and sufficient for Hs control [5]. Yang et al. studied the
design problem of standard Hs optimal controller for continuous-time descriptor sys-
tems. Parameterization of all stabilizing controller of the system is given using the
method of linear fractional transformation [13]. Furthermore, by means of two Ho
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generalized algebraic Riccati equations and two generalized Lyapunov equations re-
spectively, a design of standard Hs optimal controller and the calculation of optimal
Hs norm are presented.

As for decentralized control, Ikeda et al. considered centralized design of decen-
tralized stabilizing controllers for interconnected descriptor systems [6]. The design
problem was formulated as a feasibility problem for a bilinear matrix inequality
(BMI), and to solve the BMI, a homotopy method was proposed, where the in-
terconnections between subsystems are increased gradually from zeros to the given
magnitudes. Wo and Zou considered decentralized robust stabilization problem for
large scale descriptor systems with parametric uncertainty [12].

Up to now, the robust output feedback control problem for multi-channel de-
scriptor systems by LMI method still remains open. The model of multi-channel
descriptor systems includes the model of interconnected descriptor systems. There-
fore, the study of multi-channel descriptor systems has practical value. Zhai et al.
studied decentralized Hs control problem for multi-channel descriptor systems and
proposed strict LMI conditions for designing low order decentralized controller [16].
In that context, the uncertainties are not considered in the descriptor systems.

Based on the observation that there is very few existing result considering decen-
tralized Ho controller design for multi-channel descriptor systems with parametric
uncertainties, this paper considers a robust decentralized Hy control problem for
multi-channel descriptor systems with parametric uncertainties. The uncertainties
are assumed to be time-invariant, norm-bounded, and exist in both the system and
control input matrices. Our interest is focused on dynamic output feedback. A nec-
essary and sufficient condition for an uncertain multi-channel descriptor system to
be robustly stabilizable with Hs norm, is developed in terms of a strict nonlinear
matrix inequality (NMI), that is, an NMI with no equality constraint. Then, a two-
stage homotopy method is proposed to solve the NMI iteratively. The idea of the
two-stage homotopy method [3] has been proposed by Chen et al. in solving a suffi-
cient condition for a robust decentralized H., controller to exist for interconnected
systems, where the dimensions of local controllers are the same as those of corre-
sponding subsystems. Here, a decentralized controller for the nominal descriptor
system is first computed by imposing block-diagonal constraints on the coefficient
matrices gradually. Then, the decentralized controller is modified, again gradually,
to cope with the uncertainties. On each stage, groups of variables are fixed alter-
nately at the iterations to reduce the NMI to LMIs. A given example shows the
efficiency of this method.

This paper is organized as follows. Section 2 is devoted to the formulation of
the robust decentralized Hy control problem. Section 3 presents a necessary and
sufficient condition for a robust decentralized Hy controller to exist. In Section 4,
a two-stage solution algorithm for the condition is proposed using homotopy meth-
ods. An example is presented in Section 5, which demonstrates the usefulness of the
proposed algorithm. Finally, Section 6 concludes the paper.
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2. PROBLEM DESCRIPTION

We consider an N-channel descriptor system with uncertainties, which is described
by

N
yi:CQix7 i:172a"'7N

where x € R" is the descriptor variable, w € RY is the disturbance input, z € RP
is the controlled output, and u; € R™ and y; € R are the control input and the
measured output of channel i(i = 1,2,---), respectively. The matrices E and A
are square, and E may be singular with the rank » < n. The matrices Bi, Bo;, C1
and Cy; are constant and of suitable dimensions, and A and dBy; respectively
denote uncertainties in the system and control input matrices. We suppose that the
uncertainties are described as

[ 0A 0Boy -+ 0Boy |=LA[ F1 Fy -+ Foy | (2)

where L, F4, ..., Fon are known constant matrices, and A is an unknown constant
matrix satisfying
ATA<T. (3)

Furthermore, to ensure fitness of the Hs control problem, we assume that the
system (1) satisfies the following condition [5]

ker E C ker C1.

Remark 1. It is known that systems having direct transmission paths from w
and u to z and y can be transformed to the form of (1) where no direct transmission
appears explicitly, by augmenting the descriptor variable [7]. Therefore, the system
(1) is a general representation of descriptor systems.

We adopt a decentralized output feedback controller described by

b= A2+ By,
{xz A1A1+Azyz7 i:1,2,~",N (4)
u; = C;% + Diy;
where #; € R™ is the state of the ith local controller and #; is a specified dimension.
The matrices /L-, BZ-, C’i, D;i=1,2,--- , N are constant and to be determined.
To write the closed-loop system composed of the system (1) and the controller
(4) in a compact form, we denote matrices in (1) and (2) as

By =] Bs1 By --- Ban ]

Cy=[Cfy C -+ Coy 1" 5)
0By =[ 0Byy 0Bss -+ 0Ban |

Fy=[Fy Fyn - Iy |
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and define the state and matrices of (4) as
p=[2] a3 - &y )"
AD = diag{14171427 o 7AN}5 BD = diag{BhBQa T 7BN} (6)
Cp = diag{C1,Cs,--- ,Cn}, Dp = diag{D1, D5, -+ , Dy}
Ap Bp
Cp Dp |’

Furthermore, we introduce the notations

GD:{

- ~ E  Opxa - A Onxi
_ T ~T 1T _ nxn _ nxmn
F=[a" 2T, E_[Oﬁxn I; }7 A_[Oﬁxn 0&><ﬁ:|7
[ B - Onxn B X

(8)

=~ [ 0,4 I; - §A  Opxa ~ Onxn OB
C _ nxn n , SA = nxn , 5B, = nxn 2 :| ,
Tl G Oixa } [ Oixn  Onxa } 2 [ Oixn Onsxcm
- L - -
L=1 ]’ Fi=[F Oxail], Fo=[F Ol
nxl

where N = Zf\il Ny, m = Zf\; m;,l = Zivzl l;, so that the closed-loop system is
written as . - - - - 5 -

T = [A + 0A + (BQ + 5BQ)GDCQ]53 + Byw

= [A-FI:AF& + (B;z +I~/AF~'2)GDC~'2]5+31U) (9)

z = C’l.’%
We denote the transfer function from the disturbance input w to the controlled
output z of the closed-loop system by T, (s). We say that the uncertain descriptor
system (1) is robustly stabilizable with Hs norm + if there exists a controller (4) so
that the closed-loop system is stable and ||Tq,(s)||2 < 7 holds for any A satisfying

(3), where  is a specified positive number. The control problem of this paper is to
design a decentralized controller (4) realizing such a closed-loop system.

3. EXISTENCE CONDITION FOR DECENTRALIZED H, CONTROLLER

To obtain the condition under which the closed-loop system (9) is stable with Hj
norm +y, we employ the following lemmas. Let V,U € R"*("~") be matrices of full
column ranks and composed of bases of Null E and Null E7, respectively. We
decompose F as F = ELEg, where E;, and Er are of full column ranks.

Lemma 1. (Ikeda et al. [5]) Consider a linear descriptor system

Fr=A B
{ € T+ bw (10)

z=Cx
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where x € R" is the descriptor variable, w € RY is the input, z € RP is the output,
and F, A, B,C are constant matrices of suitable dimensions. Then, for a given
constant v > 0, the system (10) is stable and satisfies

IC(sE — A)7'Bll2 <~ (11)

if and only if there exist a symmetric matrix P and a matrix S which satisfy the
LMIs
(PE+USVOYTA+ AT(PE+USVT)+CTC <0

T ) (12)
trace[B” PB] < v~.

Lemma 2. (Petersen [8]) Suppose that =, L, and F are matrices of suitable di-
mensions and = is symmetric. Then,

E4 LAF + FTATLT <0 (13)

holds for all A satisfying ATA < I, if and only if there exists a scalar £ > 0 such
that

E4+eLll” +e'FTF <. (14)

From these lemmas, a necessary and sufficient condition for the existence of a
robust decentralized Ha controller is derived as follows.

Theorem 1. For a given constant v > 0, the uncertain descriptor system (1) is
robustly stabilizable with Hs norm -~ via a decentralized controller (4) composed
of fi;-dimensional local controllers, if and only if there exist a matrix Gp of (7), a
symmetric matrix P € R+ x(+0) 4 matrix § € RO=)%(=") and a scalar e > 0
such that s

J(Gp,P,S,e) =d1 4+ ¢ <0

R (15)
trace[Bf PB;] < ~*
hold, where
¢1 = (PE+USVT)T(A+ BGpCs)
+ (A + ByGpCo)'(PE+USVT) + CTCy
¢u =e(PE+USVT)LLT(PE + USVT)T (16)

+8_1(F1 +F2GD02)T(F1 +F2GD02)
~ 1% ~ U
V= L U= .
|: Oﬁ,x(n—r) :| |: szx(n—r) :|

Proof. From Lemma 1 for the system (9), we see that the uncertain multi-channel
descriptor system is robustly stabilizable with the disturbance attenuation level 7,
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if and only if there exist a matrix Gp of (7), a symmetric matrix P, and a matrix S
such that L _ _
¢1 + [(PE + USVT)LIAIF, + F,GpCy]
+{[(PE+USVTL)A[F, + F.GpCs)}T < 0 (17)
trace[BT PB,] < +2

hold. Based on Lemma 2, inequalities (17) hold for any A satisfying (3) if and only
if there exist Gp, P, S and € > 0 such that (15) hold. This completes the proof. [

4. COMPUTATION ALGORITHM

The existence condition (15) for a robust decentralized Ha controller is an NMI with
the variables Gp, P, S and e, which is generally very hard to solve. In order to over-
come this difficulty, we adopt the idea of the homotopy method. For this purpose,
we first decompose J(Gp, P, S,¢) of (15) into the nominal part Jo(Gp, P, S) and
the perturbation part J,(Gp, P, S, e) generated by the uncertainties, as

J(GD,p,S,cS):JO(GD,p,S)+Ju(GD,P,S,5) (18)
where
Jo(Gp, P,S) = ¢ (19)
and
Ju(Gp,P,S,e) = ¢y (20)

4.1. A solution algorithm for nominal descriptor system

We propose a two-stage homotopy method. On the first stage, we consider only the
nominal part. In this case, the NMI (15) is a BMI Jo(Gp, P, S) < 0, trace[BI PB,] <
v2. To solve this, we introduce a real number A varying from 0 to 1 and define a

matrix function as

Hyo(Gp,P,5,\) = Jo((1 = \)Gp + \Gp, P, S) (21)
where
| Ar Br
Gr=| or o (22)

and Ap, Bp,Cpr, D are coeflicient matrices of a centralized Hs controller for the
performance 7y with the same dimension as the decentralized one (4). The idea of the
matrix function Hy(Gp, P,S, A) of (21) is that we gradually impose block-diagonal
constraints on the coefficient matrices of the controller. Then,

Hoy(Gp, P,5,)) = { ! (23)
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and the problem of finding a solution to (15) is embedded in the parametrized family
of problems

Ho(Gp,P,S,\) <0, trace[B{ PBi] <~% Xe0,1]. (24)

We start computation of the solution to (24) with A = 0 where we need a central-
ized Ho controller as the initial value in the homotopy method for the decentralized
controller. Here, we suggest using the design method [5] of an Hs controller for a
descriptor system with an appropriate modification. That is, we first compute a cen-
tralized Hs controller in a descriptor form, and then convert it to a state equation.
The dimension of the centralized controller obtained in the state space is r.

Following the discrete method [1], we let M be a positive integer and consider
(M +1) points A\, = k/M(k=0,1,---, M) in the interval [0,1] to generate a family
of problems

Ho(Gp, P,S,\¢) <0, trace[BI PB;] < ~% (25)

If the problem at the kth point is feasible, we denote the obtained solution by
(Gpk, Py, S'k) Then, we compute a solution (Gp k41, pk;+1, gk;Jrl) of Hy(Gp, P, S,
Akt1) < 0, trace[BTPBl] < 7% by solving it as an LMI with variables being fixed
as P =P, S =8, or Gp = Gpy. If the family of problems HO(GD,P S, M) <
0, trace[BT PBy] < 42,k =1,2,--- , M are all feasible, a solution of the NMI (15) is
obtained at k = M (X = 1). If it is not the case, that is, both Ho(Gp, P, S, Agy1) <
0, and trace[Bf PB;] < ~? are infeasible for some k, we consider more points in
the interval [\, 1] by increasing M, and repeat the procedure from the solution
(GDk7Pk, Sk) at A = Ap.

The above idea is summarized as a computation algorithm for a decentralized Ho
output feedback controller.

Step 1. Initialize M to a certain positive integer, and set a certain upper bound
Mpax for M. Set k =0. Let Gpp = éDO and P, = ]50, Sy, = 5’0 in accordance with
the initial centralized controller.

Step 2. Set k := k+1 and A\, = k/M. Compute a solution Gp of Hy(Gp, Po_ 1,851,
Ar) < 0. If it is not feasible, go to Step 3. If it is feasible, set Gpy = Gp, and com-
pute a solution (P, S) of HO(GDk,P S, M) < 0. Then, set P, = P, S, = S and go
to Step 5.

Step 3. Compute a solution (P, S) of Hy(Gp k1, P, S, ; Ak) <0 t]race[B1 PB] <42
If it is not feasible, go to Step 4. If it is feasible, set P, = P Sy = S and compute
a solution Gp of HO(GD,Pk,Sk,)\k) < 0. Then, set Gpr = Gp, and go to Step 5.
Step 4. Set M := 2M under the constraint M < M.y, set I:’Q(k,l) = Py_q, gg(k,l)
= Sk_l,@D,g(k,l) = Gpr1,k:=2(k—1) and go to Step 2. If we cannot increase
M any more, we conclude that this algorithm does not converge.

Step 5. If k < M go to Step 2. If k = M the obtained (Gpas, Par, Sir) is a solution
of (24).
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If the dimension 7 of the decentralized controller (4) is equal to r, we can apply
the computation method of Zhai et al. [15], which has been proposed for state-space
models. If we obtain a solution at A = 1, it gives us a decentralized Hy controller
for the nominal system. If the dimension 7 of the controller (4) is less than r, we
can also use the technique of Zhai et al. [15]. More precisely, we define Gp by
augmenting the matrix Gp as

Ap  Oix(—n) | Bp
GD = * _Irfﬁ *3k (26)
C(D Omx(r—ﬁ) ‘ DD

where the notations *, xx are any submatrices, and A D, B D, C D, Dp were defined in
(6). We note that the r-dimensional controller defined by G'p of (26) is equivalent to
the fn-dimensional decentralized controller defined by Gp of (7) if we extract their
controllable and observable parts. Then, replacing with Gp in the matrix function
(21), we solve the feasibility problem of (24) by the homotopy method.

If the dimension 71 of the controller (4) is greater than r, we define Gr by aug-
menting the matrix G as

GD = * 7_[73’_7, kk (27)
CF Omx(ﬁ—r) ‘ Dp

where Ap, Bp,Cr and Dp were defined in (22). We note that the n-dimensional
centralized controller defined by Gz of (27) is equivalent to the r-dimensional central-
ized controller defined by G of (22) if we extract their controllable and observable
parts. In this case, replacing Gp with Gr in (21), we solve the feasibility problem
of (24) by the homotopy method.

Remark 2. In this paper, we consider local controllers of specified dimensions.
Then, we may not stabilize the system even if the sum of dimensions of the local
controllers is equal to that of the system. For this reason, we deal with the case n > r
as well as n < r. Furthermore, by considering higher dimensional local controllers,
we may achieve a better disturbance attenuation level.

Remark 3. Though —I was set at the (2,2)-block of Gp in (26) and G in (27)
for simplicity, it can be any stable matrix and variable.

4.2. A solution algorithm for uncertain descriptor system

Now, we suppose that a solution (Gp, P, S) of (24) at A = 1 on the first stage has

been obtained, which we denote by (GDO, ]50, SO). That is, we have a solution of the
decentralized Hs control problem for the case of no uncertainty. Then, we proceed
to the second stage, where we take into account uncertainties in the multi-channel
descriptor system (1). In order to compute a solution of NMI (15), we again employ
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a homotopy method in a different way. We introduce a real number A € [0,1] and
define the matrix function

Hy(Gp,P,S,e,\) = Jo(Gp, P,S) + Nu(Gp, P, S,¢). (28)

Then, o
- Jo(Gp,P,S),A=0

H,(Gp,P,S,e,\) = S 29
1(Go ) {J(GD,P,S,s),A_l (29)

and the problem of finding a solution to (15) is embedded in the parametrized family
of problems

Hl(GD,ﬁ,S,E, 5\) <0, trace[BlTpél] <72 Aeo,1]. (30)
We note that the solution to (30) with A = 0 has been already obtained as
(G’Do, Py, 5'0) on the first stage.

To solve the matrix inequalities (30), we apply the Schur complement and consider
two equivalent matrix inequalities shown as

L + by Fi + F,GpCy)T
H1(Gp,P,S,e,\) = ~¢1~¢1~ (Fy 2y 2) <0
Fi+ FQGDCQ —8>\71]
o~ ~ 31
trace[B] PB,] < 72 (B
b = SMPE 4 DSVTVEET (BB + TSV
and
5 & —1 3\ _ o1+ bu2 (PE+USVT)L
HiG. P50 = | g B CEEEN)E ] <0
(32)

trace[BT PB,] < ~*
¢1L2 = 6715\(F1 + FQGDOQ)T(Fl + FQGDOQ).

We note that if we fix P and S, then Hy1(Gp, P.S.e, 5\) < 0 becomes an LMI with
respect to Gp and e. On the other hand, if we fix Gp, then H12(Gp, P,S. e 1, A) <0
is an LMI in P,S and e~!. We use this property in the homotopy method of the
second stage.

Following the discrete method [1], we let M be a positive integer and consider
(M +1) points \y, = k/M(k=0,1,--- , M) in the interval [0, 1] to generate a family
of problems

H(Gp,P,S,e,\¢) <0, trace[BIPB] <~% (33)

If the problem at the kth point is feasible, we denote the obtained solution by
(Gpk, Pr, Sk). Then, we compute a solution (Gp k+1, Pi+1, Sk+1) of H11(Gp, P, S, ¢,
Me+1) < 0 or Hio(Gp, P,S,e !, A1) < 0, trace[Bf PB] < 42 by solving it as an
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LMI with variables being fixed as P = Pk, S = Sk or GD = Gpg-. If the family

of problems H,(Gp, P,S,e,\) < 0, trace[BI PBy] < 4%, k =1,2,---, M are all
feasible, a solution of the NMI (15) is obtained at k = M(\ = 1) If 1t is not the
case, that is, both Hll(GD,]Bk,Sk,s 5\k+1) < 0 and ng(GD,I5 S, e 5\k;+1) <0,
trace[B1 PBl] < 7?2 are infeasible for some k, we consider more points in the interval
[Ak, 1] by increasing M, and repeat the procedure from the solution (G pg, Py, Si)

at A = )\k

We formulate this idea of the second stage as an algorithm for computing a robust
decentralized Hs controller.

Step 1. Initialize M to a certain positive integer, and set a certain upper bound
Mppax for M. Set k = 0. Let Gpr = GDQ and P, = ]50, S, = So using the solution
of the first stage.

Step 2. Set k := k+1and Ay = k/M. Compute a solution (Gp,e) of Hi1(Gp, Py_1,
Sy 1,&, )\k) < 0. If it is not feasible, go to Step 3. If it is feasible, set Gpr = Gp and
compute a solution (P, S,e~1) of Hya(Gpy, P,S,e™1, \) < 07trace[BTPBl] <~
Then, set P, = P, S, = S and go to Step 5.

Step 3. Compute a solution (P,S,e ") of Hia(Gp 1, P,5,e7 1, \) <0, trace[BTP
Bl] < ~2. If it is not feasible, go to Step 4. If it is feasible, set P, = P, S, = S, and
compute a solution (Gp,¢) Of H11(GD,Pk,Sk,57)\k) < 0. Then, set Gpr = Gp,
and go to Step 5.

Step 4.  Set M := 2M under the constraint M < My, set Pg(k,l) = P4,
Sg(k- 1y = S,_1,Gp 20k—1) = GD k—1,k :=2(k — 1) and go to Step 2. If we cannot
increase M any more, we conclude that this algorithm does not converge.

Step 5. If k < M go to Step 2. If K = M the obtained (GDM,P]V[,SN’M,E) is a
solution of the NMI (15).

Remark 4. The convergence of the algorithm depends on the choice of the ini-
tial controllers, and a possible improvement is to consider random generation of the
initial controllers since the subcontroller’s size is small and can be parametrized.

Remark 5. When it is necessary, we can try to obtain a tight Hs norm by
considering the generalized eigenvalue problem (EVP): “minimize 72, s.t. (24) or
(30), respectively”.

5. AN EXAMPLE

We present an example to demonstrate the efficiency of the proposed design method.
We deal with a two-channel descriptor system, where the coefficient matrices of the
nominal descriptor system are
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1 1 0 0 0 06 -1 0
1 -1 10 -4 0 08 0
E= 2 0 1 0|’ A= 0O 0 15 -1\’
0 0 01 -1 1 0 0
(1 1 0
0 0 1
Bi=\ (5| Ba=| | Bz2=],|
| 0 0 1
Ci=[100 1], Cun=[-23 -2 1],
Cog = [ 2 -1 10 ]
and the uncertainties are defined by
L=[-02 03 01 03], FF,=[05 01 06 -0.2],
F,=[06 05].

Here, we consider the case r < n and set the disturbance attenuation level to
be achieved as 3. We design a decentralized Hy controller composed of two local
controllers (4) whose dimensions are 711 = 2 and 7z = 2. We note that the total
dimension of the local controller is 7 = n; + Ny = 4, which is higher than the

dimension r = 3 of the controlled system.

To compute an initial value for the homotopy method of the first stage, we use
the design method [5] of an Hy controller for a descriptor system with an appropriate
modification as stated above. Then, we obtain a centralized controller in the state

equation with the coefficient matrices

—5.2 245 —-0.87 0.35 0.97
445 —-719 -2.00 1.6 0.08
Gr = 3.74 —-1.82 -—-1.31]| -0.19 0.69
—-2.53 0.08 —-0.79 0.24 -0.61
3.12  —-1.51 —-1.05| —0.49 1.25

We compute the solution of r-dimensional centralized Hy controller and augment

it as G of (27), that is

-5.2 245 —-0.87 O 0.35 0.97

445 =719 -2.00 O 1.6 0.08

Cp— 3.74 -182 -131 0 | -0.19 0.69
1 1 1 -1 1 1

—-253 008 =079 O 0.24 —-0.61

3.12 —-151 —-1.05 0 | —-0.49 1.25

An initial solution (Py, Sy) for Hy(Gp, P,S,\) < 0,

puted by replacing Gp with this Gp in Jo(Gp

trace[BT PBy] < 42 is com-

P, S) < 0,trace[BT PB,] < 42 as
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11.45 045  0.12 —10.29 —3.52
045 202 155 —826 5.02
0.12 155 1.01 1817 1.41
po_ | 1029 826 1817 2184 —0.18
7| —352 502 141 —0.18 33.39
~1.34  6.09 119 —0.94 —2.46
—2.36 —4.00 -0.8 —5.86 4.20
325 5.23 —585 —0.73 —0.02
Sy = —8.29

—-1.34
6.09
1.19

—-0.94

—2.46

17.81
2.57

—2.43

—2.36
—4.00
—0.80
—5.86
4.2
2.57
33.62
—0.81

3.25
5.23
—5.85
-0.73
—0.02
—2.43
—0.81
7.23

Then, for the nominal descriptor system, we design a decentralized Hy controller
composed of two local controllers (4) of the dimensions 77 = 2 and 72 = 2. Aug-
menting Gp as G’D of (26), we obtain the coefficient matrices of a decentralized Ho
controller by using the homotopy method with M = 16 as

—7.68 14.49 0 0 -3.8 0

3.50 —11.91 0 0 3.57 0

Cipo = 0 0 —-23.95 -7.61 0 2.76
0 0 -10.6 —6.70 0 -3.12

—-8.33 14.60 0 0 —3.74 0

0 0 —-0.74 040 0 2.43

and (]:DOA, §0) by computing (P, S) < 0 of Jo(Gp, P, S) < 0, trace[Bf PB,] < 7? with

GD = GDO as

3.46 —5.28 —0.10 —13.19 —3.00
—5.28 860 16.04 —5.67 —1.72
—0.10 16.04 7.47 1462 —6.01
A o_ | —1319 567 1462 2108 —0.09
=1 —3.00 -1.72 —6.01 —0.09 20.37
—0.19 951 092  0.35 957
—0.46 —1.06 0.56 —3.98 0.64
| 317 322 371 7.66 —0.97
Sy = —6.19.

—0.19
9.51
0.92
0.35
9.57

17.16
1.37

—-3.34

—0.46
—1.06
0.56
-3.98
0.64
1.37
6.40
—2.83

3.17
3.22
-3.71
7.66
-0.97
—-3.34
—2.83
10.68

On the second stage, we compute a robust decentralized Hs controller for the
uncertain system using the algorithm proposed in Section 4. With M = 8, we
obtain the coefficient matrices

Gp =

—4.61 1.89 0 0 0 0
0.22 —2.18 0 0 0.70 0
0 0 —25.16 —9.03 0 1.73
0 0 -9.16 —5.96 0 —-3.79
-5.25 1.23 0 0 0.16 0
0 0 —-0.48 0.63 0 2.69
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6. CONCLUSION

This paper considered a robust decentralized Hy control problem for uncertain multi-
channel systems. Based on a version of the strict bounded real lemma for descriptor
systems, an NMI condition with no equality constraint was derived for a robust
decentralized H> controller to exist, which achieved a specified Hy norm. A two-stage
homotopy method was proposed to solve the NMI iteratively. The method started
with the solution to the centralized Hs control problem. The first homotopy stage
considered decentralized controller with no uncertainty, and the second homotopy
stage considered the presence of uncertainty. The proposed method allowed for
controllers which have dimension either higher or lower than that of the centralized
H, controller. An example was given to illustrate the proposed method.

ACKNOWLEDGEMENT

The authors would like to thank Professor Masao Ikeda with Osaka University for valu-
able discussions. This research has been supported in part by National Natural Science
Foundation of China (60634020), in part by Hunan Provincial Natural Science Foundation
of China (07JJ6138), in part by Specialized Research Fund for the Doctoral Program of
Higher Education (20050533028), and in part by Postdoctoral Science Foundation of China
(20060390883).

(Received March 13, 2008.)

REFERENCES

[1] J.H. Alva: The feasibility of continuation methods for nonlinear equations. STAM J.
Numer. Anal. 11 (1974), 1, 102-120.

[2] T.N. Chang and E.J. Davison: Decentralized control of descriptor systems. IEEE
Trans. Automat. Control 46 (2001), 1589-1595.

[3] N. Chen, M. Ikeda, and W. Gui: Robust decentralized Ho, control of in-
terconnected systems: A design method using homotopy. In: Preprints 10th
IFAC/IFORS/IMACS/IFIP Symposium on Large Scale Systems: Theory and Ap-
plications, Osaka 2004, pp. 330-336.

[4] L. Dai: Singular Control Systems. Springer-Verlag, Berlin 1989.

[5] M. Ikeda, T.W. Lee, and E. Uezato: A strict LMI condition for H» control of descriptor
systems. In: Proc. 39th IEEE Conference on Decision and Control 2000, pp. 601-604.

[6] M. Ikeda, G. Zhai, and E. Uezato: Centralized design of decentralized stabilizing
controllers for large-scale descriptor systems. DCDIS Journal, Series B: Algorithms
and Applications 11 (2004), 509-520.

[7] I. Masubuchi, Y. Kamitane, A. Ohara, and N. Suda: H. control for descriptor sys-
tems: A matrix inequalities approach. Automatica 33 (1997), 669-673.

[8] I.R. Petersen: A stabilization algorithm for a class of uncertain linear systems. Systems
Control Lett. 8 (1987), 351-357.

[9] K. Takaba: Hs output feedback control for descriptor systems. Automatica 34 (1998),
7, 841-850.



62 W. GUI, N. CHEN AND G. ZHAI

[10] D. Wang and P. Bao: Robust impulse of uncertain singular systems by decentralized
output feedback. IEEE Trans. Automat. Control 45 (2000), 500-505.

[11] D. Wang and C.B. Soh: On regularizing singular systems by decentralized output
feedback. IEEE Trans. Automat. Control 44 (1999), 148-152.

[12] S.L. Wo and Y. Zou: Decentralized robust stabilization for singular large scale systems
with parameter uncertainty. Control and Decision 19 (2004), 8, 931-934 (in Chinese).

[13] H.S. Yang, Q.L. Zhang, and C. M. Shang: H» optimal control for descriptor systems.
Acta Automat. Sinica 28 (2002), 6, 920-926 (in Chinese).

[14] R. Yu and D. Wang. (2003). On impulsive modes of linear singular systems subject to
decentralized output feedback. IEEE Trans. Automat. Control 48 (2003), 1804-1809.

[15] G. Zhai, M. Ikeda, and Y. Fujisaki: Decentralized Ho controller design: A matrix
inequality approach using a homotopy method. Automatica 87 (2001), 4, 565-573.

[16] G. Zhai, M. Yoshida, J. Imae, and T. Kobayashi: Decentralized H> controller design
for descriptor systems: An LMI approach. Nonlinear Dynamics and Systems Theory
6 (2006), 1, 98-108.

Weihua Gui and Ning Chen, School of Information Science and Engineering, Central
South University, Changsha, Hunan 410083. China.
e-mails: gwh@moail. csu.edu.cn, ningchen@mail.csu.edu.cn

Guisheng Zhai, Department of Mechanical Engineering, Osaka Prefecture University,
Sakai, Osaka 599-85381. Japan.
e-mail: zhai@me.osakafu-u.ac.jp



	INTRODUCTION
	PROBLEM DESCRIPTION
	EXISTENCE CONDITION FOR DECENTRALIZED H2 CONTROLLER
	COMPUTATION ALGORITHM
	A solution algorithm for nominal descriptor system
	A solution algorithm for uncertain descriptor system

	AN EXAMPLE
	CONCLUSION

