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Abstract: This paper investigates the static output-feedback mixed Hs/Hoo control problem
of discrete-time Markovian jump systems from a novel perspective. Unlike traditional methods,
the closed-loop system is represented as an augmented form, in which input and gain-output
matrices are decoupled. By virtue of the augmented representation, new characterizations on
stochastic stability and Ha/Heo performance of the closed-loop system are established in terms
of matrix inequalities. Based on these, a sufficient condition with redundant matrices for the
existence of the mode-dependent controller is proposed, and an iteration algorithm is given to
solve the condition. An extension to the mode-independent case is provided as well.
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1. INTRODUCTION

Discrete-time Markovian jump linear systems (DMJLSs),
modeled by a set of discrete-time linear systems with
transitions among the models determined by a Markov
chain taking values in a finite set, have appealed to a lot
of researchers in the control community. This is due to
their widespread applications to model various practical
processes that experience abrupt changes in their structure
and parameters, possibly caused by phenomena such as
component failures or repairs, sudden environmental dis-
turbances, changing subsystem interconnections. Stability
of DMJLSs has been investigated thoroughly in Costa and
Fragoso [1993], and the equivalence of different second
moment stability has been established in Ji et al. [1991].
The linear quadratic optimal control problem for DMJLSs
has been studied in Chizeck et al. [1986] and Costa and
Fragoso [1995], and the filtering problem has been con-
sidered in Costa and Marques [2000]. Some results on the
‘Ho and Hso control problems are available in Costa and
Marques [1998], Seiler and Sengupta [2003] and references
therein. As for robust stability analysis, we refer readers
to de Souza [2006] and references therein. More details on
DMJLSs can be found in Costa et al. [2005].

In the literature mentioned above, it is often assumed that
the system state is completely accessible to the controller.
However, in practice, this assumption may not be always
true, and only partial information through the measured
output is available. Therefore, it is necessary to consider
the more practical case that the system state is partially
accessible, i.e., the output-feedback case. Although Costa
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et al. [1997] proposed a non-convex cutting-plane algo-
rithm based on the output structural constraint approach
by Geromel et al. [1993] to solve the static output-feedback
‘Ho control problem of DMJLSS, it is not easy to apply due
to its nonlinearity and complexity. Apart from this work,
there are very few results on output-feedback control of
DMJLSs. This motivates us to seek an effective and easy-
to-use approach for output-feedback control of DMJLSs.

In this paper, we investigate the mixed Hs/Hoo control
problem of DMJLSs via static output-feedback controllers
from a new point of view. The closed-loop system is repre-
sent as an augmented form with algebraic constraints. By
virtue of the augmented representation, new characteriza-
tions on stochastic stability and Hs/Hs performance of
the closed-loop system are established in terms of matrix
inequalities. Two advantages of our characterizations lie
in the decoupling of the input matrix and the gain-output
matrix, which enables us to parameterize the controller
matrix by free matrix, and the separation of the Lyapunov
matrix and the system matrix, which avoids imposing any
constraint on the Lyapunov matrix when the controller
matrix is parameterized. Based on these, a sufficient con-
dition with redundant matrix variables for the existence of
the mode-dependent controller is proposed, and an itera-
tive algorithm is given to solve the condition. An extension
to the mode-independent case is provided as well. When
Markovian jumps disappear, the obtained results are also
applicable to the usual deterministic discrete-time linear
systems.

Notation: Throughout this paper, for real symmetric ma-
trices X and Y, the notation X > Y (respectively, X > Y)
means that the matrix X — Y is positive-semidefinite
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(respectively, positive-definite). I is the identity matrix
with appropriate dimension, and the superscript “T” rep-
resents the transpose. || denotes the Euclidean norm for
vectors and ||| denotes the spectral norm for matrices.
E {-} stands for the mathematical expectation with re-
spect to some probability measure. l5 refers to the space
of mean square summable infinite vector sequences with

norm |f|, = \/E{ch_o |f(k)|2} The symbol # is used

to denote a matrix which can be inferred by symmetry.
Matrices, if their dimensions are not explicitly stated,
are assumed to have compatible dimensions for algebraic
operations.

2. PRELIMINARIES

Consider the following class of discrete-time stochastic
systems, denoted 7:
z(k+1) = A(r (k)z(k) + B (r (k) u (k)
+B, (r (k) w (k) X
2(k) = Clr ()e(k) + D (r (k) u (k)
y (k) = Cy(r (k))z(k)
where z(k) € R", u(k) € R, y(k) € R™, z(k) € R,
w(k) € RY are the system state, control input, mea-
sured output, regulated output to be controlled and ex-
ogenous noise process, respectively, and A(r(k)) € R™*",
B(r(k)) € R™! B,(r(k)) € R™ C(r(k)) € RP*",
D(r(k)) € RP*L Cy(r(k)) € R™ ™ are the system ma-
trices of the stochastic jumping process {r(k), k > 0}; the
parameter 7 (k) represents a discrete-time, discrete-state
Markov chain taking values in a finite set S = {1,2,...,s}
with transition probabilities

Pr{r(k+1)=jlr(k)=1i}=m, (2)
where m;; > 0, and for any 7 € S, 377, m; = 1. The
processes w (k) and r(k) are mutually independent. To
simplify the notation, M(r (k)) and My(r(k)) will be
denoted by M,y and My, (x), respectively, and, for a set
of matrices M;, i € S, M; denotes ijl i M.

Definition 1.

(7):

(1) System 7 is said to be stochastically stable if, when
w(k) =0, u (k) =0, there exists a scalar M (xq,r9) >
0, for = (0) = z¢ and r (0) = rg, such that

VlggoE{Z |z (k)|?

k=0

(2) Assume that system 7 is stochastically stable.
The Ho norm of system 7 with z(0) = 0 and
u (k) = 0, denoted as || 7|, is defined as || 7| =

[2],
SuproGS SupO#wElz [wl, *

(3) The H2 norm of system 7 with #(0) = 0 and

u(k) = 0, denoted as || 7T||,, is defined as ||’T||§ =
q

an’rO} S M(xo,’]"o).

o0?

s 2
ijl |zij|5, where z;; represents the output

i=1
sequence generated by (1), ie., (2(0),z(1),...),
when
(a) the input sequence is w = (w(0),w(1),...),
where w(0) = e;, the unit vector formed by

one at the ith position and zero elsewhere, and
w (k) =0, for k> 0.
(b) r(0)=r(1)=.

The static output-feedback controller under consideration

is of the form

u (k) = Ky ryy(k). (3)
When static mode-dependent controller (3) is applied to
(1), the closed-loop system becomes

z(k+1) = Agranx(k) + Byrmyw (t),
@+ " S e @

where

Actr(ky = Ariy + Bre) Ko (1) Cyr (k) »
Cetrk) = Crr)y + D) K (1) Cyr (k) -

Our goal is to design a controller in (3) such that system
7., is stochastically stable and satisfies

1Tetlloe <00y 1 Zetlly <72,
where Yo, > 0 and 72 > 0 are prescribed scalars. Since
K, (ry is embedded in the middle of two matrices, it is
hard to parameterize it by matrix variables. Hence, our
fundamental idea is to extract K, (i) from the middle of two
matrices. To this end, we view the input u (k) as a state

component and choose [z (k) u” (k)}Tas a new state
variable. Then the closed-loop system can be re-written
as the following augmented form:

{ ES (k4 1) = A€ (k) + Byramyw (k)
z (k) = Crayé (K),

where
cw=[a] 5[50

A B B,
A — r(k) r(k) B — wr (k)
r(k) |:Kr(k) Cyr(k:) —7J ) r(k) 0 5

Coy = [ Crity Driiy |-
An advantage of this augmented representation lies in the
separation of B,y and K, (x)Cy ), which enables us to
parameterize K, () by matrix variables. It is noted that

if we choose [27 (k) y" (k)]T as a new state variable,
we may also obtain a similar augmented representation,
which we call dual augmented representation. In this pa-
per, we do not intend to present any results on dual
augmented representation, due to the page length consid-
eration, and further discussion on this issue will appear
in our future work. In addition, many dynamic output-
feedback synthesis problems can be reformulated as a
static output-feedback control design involving augmented
plants. Therefore, the approach presented in this paper is
applicable to the dynamic output-feedback case as well.

We end this section by giving several lemmas, which will
be useful in the sequel.

Lemma 1. (Seiler and Sengupta [2003]). Assuming system
7., is weakly controllable !, it is stochastically stable with
171l oo < 7Yoo if and only if there exist matrices P; > 0
such that, for each i € S,

|:Acli Bwi:|T|:pi 0:| |:Acli Bwi:|_|:Pi 0

Cai 0 07||Cai O 0 vgof} <0

1 System 7; is said to be weakly controllable with respect to w (k)
if for every initial state/mode, (zo,70), and any final state/mode,
(zg,ry), there exists a finite time t. and an input w (k) such that
Pr(z(te) =z, r(te) =ry] > 0.
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Lemma 2. (Costa et al. [1997], Costa and Marques [1998]).

Assuming that system 7 is stochastically stable, if P; > 0
is the unique solution of the following equations:
AL P AL — P+ CLCyi =0, i€,

then ||T¢l||2 = >, trace (BgiPisz‘) .
Lemma 3. If system 7. is stochastically stable, then, for
any @; € R"™" ¢ € §, there exists a unique solution
P, € R*™ 4 € S, such that P; — AmPAcll = Q.
Moreover if Qi; > Q2 > 0 (> 0, respectively) and

Aclzplz cli = Q177 Py — AL P21Acl1' = Qin then
Ph > Py; > 0 (> 0, respectively).

cli

Lemma 3 is an analogue in the real number field of
Proposition 6 in Costa and Fragoso [1993]. Its proof can
be conducted in a similar way, and thus omitted here.

3. NEW CHARACTERIZATIONS ON STOCHASTIC
STABILITY AND H,/H., PERFORMANCE

3.1 Stochastic Stability and Ho, Performance (Bounded
Real Lemma)

On the basis of the proposed augmented system represen-
tation, we establish a new bounded real lemma for the
closed-loop system in the following theorem.

Theorem 1. Assuming that system 7. is weakly control-
lable, it is stochastically stable with || 7|, < Yoo, if and
only if there exist Pi; = PL, Py = PL, Py, Qu = Q1L
and scalars a; > 0 such that, for each ¢ € S,

Qooi = ATPLA; — EcPioc + QL + LT QT <0,  (5)

where
A; By, . A _|E 0
Py PL 0 0 —iCpp K Qui
Pi=| Py Pyy 0| >0, Qi = |0 %Q4z
0 0 I 0 0

Proof: (Sufficiency) Define two nonsingular transformation
matrices as follows:

I 00 100
Tyi=|KCy I0 To,=1001].
0 01 070
Pre- and post-multiplying (5) by T4 7% and its transpose

yields that

Ty TE Qoo Ty To
Aclzplz cl; Plz + C llcclz Acllplz
= B Pleclz 2 I + B Plszz
B'TpliAcll P21Aclz + D Cclz B Plszl PQszz
A PllB AclzPQZ + C’clz
BT P;B; — BT, Pm
BF PMB BTPQl Py B;
+P4z + D D 2a1Q4z
<0, (6)
which implies that

cli

U, — Aclzplec Plz + C('Z'LCCZ’L Acllpll wi
! szpllACll 77001 + BZ:ZPthz
_ Acli Bwi r Pli 0 Acli Bwi
o Ccli 0 01 C1cli 0
Py O
0 741
< 0.

Therefore, according to Lemma 1, system 7 is stochasti-
cally stable with || 7|, < Voo-

(Necessity) If system 7. is stochastically stable with
17l < 7Yoo, then according to Lemma 1, there exist
matrices Pp; > 0 such that

Now set Pj4; to be any positive definite matrices, Py; = 0,

Qui = ]541-, and «; > 0 to be sufficiently large scalars such
that

—r 7wt r+ BYPyuB; + DID; — (205 — 1) Py < 0, (7)
where

F.= AclzpllB + Cclz
! BT PhBZ
Then, directly manipulating together with (6), (7), and
Schur complement equivalence yields that

v, Fi
Qooi =T7; T3 " (B PyiB; + D D; ) I3y
‘ (2a; — 1) Py
<0.
This completes the proof. O

Remark 1. When the assumption of weak controllability
is not satisfied, the necessity of Theorem 1 may be lost,
but the sufficiency still holds. For the subsequent synthesis,
we only need to use the sufficiency of Theorem 1, since the
controller matrices are unknown before they are computed.

In the following theorem, we provide an equivalent char-
acterization of the bounded real lemma, which will play a
key role in the subsequent controller synthesis.

Theorem 2. (5) holds if and only if there exist Py; = PL,
P4i = Pzz; P2i7 Q4i = Q;ll—jm Hl/ia GVia (V = 1727 cee 76)a and
scalars «; > 0 such that, for each 7 € S,

H;A; + .A;THZT — EoPif ATGT _
+QiLi+ LT Q] Y <0,
GiA; — HT -G -Gl

(8)
where A;, P;, Q;, L;, and & are defined as in Theorem
1, and

Hy; 0 Hy; Gii 0 Gy
H; = [HSi 0 H4i1 , Gi = | G3i Qui Gy
Hs; 0 Hg; Gsi 0 Ge;

Proof: (Sufficiency) By pre- and post-multiplying (8) by
[I .AZT] and its transpose, we obtain (5) immediately.

(Necessity) If there exist P; > 0, Py; = 0, Py > 0,
Qu = ]54i, and sufficiently large «; > 0 such that
(5) holds, then, by simple manipulating and Schur com-
plement equivalence, we can obtain that (8) holds with
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Hlji - 9; (V: 1727"'76)3 G2i - G3i - G47,' - G5’i = 07
G1i = Pri, Ggi = 1. U
Remark 2. The major merit of the equivalent characteri-
zation is the separation of the Lyapunov matrices P;; and
the system matrices, which avoids imposing any constraint
on the Lyapunov matrices when K; is parameterized. In
addition, by following the idea proposed in de Oliveira
et al. [1999], redundant matrices H,; and G,; are in-
troduced to reduce the conservatism and to improve the
solvability of the iterative calculation to be presented later.

Remark 3. It should be pointed out that, without loss
of generality, the matrices Py; and Q4; in Theorems 1
and 2 can be set to be mode-independent, i.e., Py =
Py = ... =P and Q41 = Qu2 = ... = Qus, and the
corresponding conditions are still necessary and sufficient.
In view of this feature, it is easy to design a mode-
independent controller for the case that the jump variable
r(k) is not available without imposing any restriction on
the Lyapunov matrices Pp;, which may cause excessive
conservatism.

3.2 Ho Performance

Likewise, we first propose a new condition for Hy perfor-
mance, and then give an equivalent characterization.

Theorem 3. System 7 is stochastically stable with || 74|, <

Y2 if and OIﬂy if there exist Xli = X,lz;, X4i = XZ;, Xgi,
Wy = W42, A; = AT, and scalars 8; > 0 such that, for
each i € S,

7

Z trace

Qg = IZ;)AZ»T X ATy, +I5 AT X, ATy,
—Ei X0 + WiLi + LIWT <0,
where A; and £; are defined as in Theorem 1, and

) < '727 9)
(10)

Xy X2 0 0 —B;Cp K Wai
Xoi X430 >0, Wy= 10 BiWai ;
0O 0 I 0 0

Ly 0 oo [E 0
Iup|: 0 O:|aIdn |:O Iq:|752i|:0 Az./2 .

Proof: (Sufficiency) By pre- and post-multiplying (10) by
TITE and its transpose, we obtain that

X =

TITLQ T Ty
AZiniAcli - X1+ C(g,Cdi 0
= 0 BZ;leszz — Az
Bl X1 A — XoiActi + DY Cuti 0

A XhB A X2Z—|-C’Clz
O

(BiTXl,;Bi - BI'XJ,

- X2iBi)
+ X4 + DiTDi —

28;Wa;
<0,
which implies that

A Xl’LAC Xlz + CclfLCCl’L < 0

BwiXIiBwi < Az

Hence, the stochastic stability of system 7. follows from
(11) immediately. On one hand, it follows from (11) that
there must exist some F; > 0 such that

— AL XA, = CL,Cui + FIF,. (13)
On the other hand, by Lemma 2,
I7ell; = trace (BY,SiBu) ,
where
S; — AchS Ag, = CL.Cu. (14)

Therefore, from (13), (1
X1; > S; > 0, and thus

4) and Lemma 3, we obtain that

|72 Hg = Z trace (BL;S; Bu )

< Z trace

where (12) is used.

Z trace B XlzBW)

i=1

<’727

(Necessity) If system 7, is stochastically stable with
| 7aills < 72, then there exist Zi; > 0 and S; > 0 such
that

ACthZACli — Zli <0 (15)

|1 Talls = Ztrace (BL,SiBu;) <2, (16)

where S; satisfying (14). Now, define

X1, =8, +¢eZy,
Ay = BT, X1;Byi + 61,

where € > 0 and § > 0 are sufficiently small numbers such
that

Z trace (BgisiBwq;) +e€ Z trace (BgiZliBwi)

i=1
+ Z trace (61)
i=1
<92
Then, it follows that

BT X1;Bu: < Ay, Ztraee (A;) < 73 (17)
i=1
Meanwhile, from (14) and (15), we have that
AclinzAc Xlz + Cclzcclz
=€ (AclrLleAcli - le)
<0. (18)

Combining (17)—(18), and following the same line as used
in the proof of Theorem 1, we obtain that (9) and (10)
hold. This completes the proof. O

Theorem 4. (9) and (10) hold if and only if there exist
Xlz = Xlia X41' = X417 275 W4z - W417 Uz/u Vuza
(v=1,2,...,6), and scalars §; > 0 such that, for each
1 €S,
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S

Ztrace (A;) <72, (19)
=1
ViAiZup + T, ATV
+I5 AT XA T, L AUl = Vil _
—EniXiEait Wiy + LIWT =0
Ui AT,y — VI X, — U —ur
(20)

where A;, Xi, W;, L;, and &;, are defined as in Theorem
3, and

Vli 0 Vgl Uli 0 U2i
Vi= |V O Vy |, Uy = | Uszy Wy Uy
Vsi 0 Vai Us; 0 Us;

The proof can be conducted by following the same line as
used in the proof of Theorem 2, and thus omitted here for
brevity.

4. CONTROLLER SYNTHESIS

We are now in a position to establish a sufficient condition
for the existence of desired mode-dependent controllers.
Theorem 5. If there exist Py; = Pf’;, Py = Pf;, P, Hy;,
Gui7 Xli = X,11:7 X4i = XZ;» X2’i7 UVi7 Vllia (V = 1727 o '76)u
M;, Li, Qui = Q1,, A; = AT, and scalars a; > 0, 3; > 0
such that, for each i € S,

Py; PL Xy X7
> 0, v >0, 21
[ 2 Pai Xoi Xy (21)
Ztraee (A;) < 73, (22)
=1
‘i’m #o# H#F HH
DPori Pozi # # H#H
B31; B3y P3zg # H#  H#
(I)ooi Oéi,Mi = 2 2 2 P <0
( ) a1y Pazi Pugi Pasi #  #
D515 Po2i Pozi Poas Pssi #
Dg1; Po2i Pozi Poai Posi Poos
v (23)
Qv # # OH# H#H
Pori Pooi #  H  H H#
Cia oy | P31 Paop Pz H# O H# H#
Lo (B M) =N 6 sy basy s e # | O
Ps1i Ps2i 0 Psay P #
Dg1; Po2i Po3i Poss Posi Pees
(24)
where

$yy; = Hi;A; + HoCy + ATHEL + ¢l HY, — Py
2aiMiTQ4iMi — ZOQCZ;LZTMZ — 20{1]\4?[/26‘[”7
By = Vi A + Vo, O + ATVE + CIVEE — Xy,
263, M;" QaiM; — 2B;C, LT M; — 28 M L;Cy;,
Doy, = Hy; A; + HyC; + B HE + DY HE + 20, 1,0y,
®o1; = Vi Ai + Vi C; + Bl VI + DIV +28,L,Cy,
Boy; = H3; B; + HyD; + BI HY, + DY HE — 20,Qu,
Poo; = Va; By + Vi D; + BzTV;gj; + D]V = 28,Qui,
O3y = Hy; Ay + HeiCi + BL HY, @31 = Vo Ay + Vi Ci,

Dyo; = Hy; B; + He; D; + BL,HY, ®39; = V5; B; + Vi; Dy,
®33; = Hsi Bui + Buoy Hay — Voo I, ®33: = Bl X1, Bui — A,
D1y = G1iA; + GoiCi — H;, @415 = Uri Ay + Uz C; — VL,
Dyp; = G1;B; + G2 D; — Hyj, ®42; = U1 B; + U D; — Vi,
G435 = G1iBui — Hyy, Pusi = — Vi,
Dy = Pr; — Giy — G, bany = X1y — Uy — UL,
D51y = G Ai + Gy G + L;Cyi,
¢)51i =UsiA; + UyiCs + LiCy;,
D50 = G5 Bi + Ga;D; — Qui, B39 = Ui Bi + Uy Di — Quy,
D53 = G3iBui, ®54i = Poi — Gi, P54i = Xoi — Uss,
D5 = Py — 2Qui, D550 = Xui — 2Qu;,
Dg1; = G5 A; + G Ci — Hi, ®615 = Usi Ay + UgiC; — Vi,
Dgoi = G5;Bi + G Dy — HE;, ®g2; = Us; By + Ui D; — Vit
Dgs; = G5 Bui — Hiy, Pesi = — Vi,
Dg4i = —G5; — G5y, Poss = —Usi — Uy,
bgsi = —G1y, b5 = ~UL;,
Dgo; =1 — Goi — Gy, Peoi = I — Us; — Uy,
then, a mode-dependent control law

u (k) = Q' Liy (k) (25)
exists, and makes the closed-loop system stochastically

stable with || 74|, < 72 and ||74]l o < Yoo-

Proof: 1t follows from Theorems 2 and 4 that a desired
control law exists if (8), (19), and (20) hold. For the
purpose of parameterization, (04; in Theorem 2 and Wy; in
Theorem 4 can be set to be equal without loss of generality,
i.e., Qq = Wy, for i € S. By expanding (8) and (20), and
noting that

—2CT KT QuKiCyi < —2 (CLETQT) M;
—2MI (QuK;Cyi) + 2MI QuiM;,

we obtain that (8), (19) and (20) hold if (22)-(24) hold,
where the parameterization L; = Q4; K; is used. O

When «;, §;, and M; are fixed, (23) and (24) become
strict LMIs, which could be verified easily by conventional
LMI solver. According to the proof of Theorems 1 and
3, the larger the «; and f;, the higher the reduction in
conservatism of (23) and (24). If (21)-(24) do not hold
for sufficiently large «; > 0 and B; > 0, it is plausible
to conclude that a desired controller does not exist. As a
matter of fact, when M; = QZilLiCyi, the left sides of (23)
and (24) are monotonic decreasing matrix functions with

respect to «; and [;, respectively, i.e., for agl) > aEQ) and
1 2
8" > 8,

Doi (%(1), QLleCyz) <P (al(?), QL-ILszi> ,

Do, (51'(1)an:¢1[’1'0?!"> <Dy, (ﬂl‘(Q),QZilLiCyi) :

Hence, we can set «a; and [; to be large values. The
remaining problem is how to select M;. It can be seen from
the proof of Theorem 3 that the left sides of (23) and (24),
Do (a5, M;) and Po; (s, M;), achieve their minima only
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if M; = QZiILiC’yi. Therefore, we adopt a simple iterative
algorithm to solve the condition of Theorem 5.

Algorithm:

(1) Set v =1 and a4, f5; to be sufficiently large values (for
example, a; = 3; = 10%, for each i € S). Select initial
values MZ-(V)7 1=1,2,...,s, such that system 7 with
u(k) = Mi(y)x(k;) (denoted as 7yf) is stochastically
stable with ||Zs¢]l, < 72 or [|[Tss|l . < Voo-

(2) For fixed «;, f;, and Mi(")7 solve the following convex
optimization problem with respect to Lgu), QZ),
P >0, P >0, P, x¥ >0 x>0 x,
Y v e v (r=1,2,...,6).

Minimize () subject to, for each i € S, (21), (22)
and

(Dooi ((Xi, Mz(y)> < 7(”)17

Dy, (OmMi(V)) <y¥r.
If a yl(t';) < 0 is found during solving the convex
optimization problem, then the system is output-
feedback stabilizable, and a controller law can be
obtained as (25). STOP.

(3) Denote 1) as the optimal value of v). If
=400 <,

where § is a prescribed tolerance, then go to next step,
else update M+ as

-1
M = (@) L Cy,

and set v = v + 1, then go to Step 2.
(4) A desired control law may not exist. STOP.

Remark 4. The convergence of the iteration is not guar-
anteed. However, it can be shown easily that the sequence

'yﬁu) is monotonic decreasing with respect to v, i.e., 'yiy) <

7£V71). If 7*”) does not converge to a positive number,
then, after a sufficiently large number of iterations, %((,,)
will always be negative, which means that the system is
output-feedback stabilizable. Therefore, the case that the
iteration is non-convergent is trivial.

Remark 5. Initial values Mi(l) are Ho or Hs state-
feedback controller matrices, which can be found by exist-
ing approaches Ji et al. [1991], Costa et al. [1997]. It should
be pointed out that the optimum of the converged value

(o0

Vi ) is affected by the initial values Mi(l)7 «;, and G;, and

the optimization of Mi(l), «;, and B; will be investigated
in the future.

By setting Py;, X4;, and Q4; to be mode-independent, as
stated in Remark 3, we give a sufficient condition for the
existence of mode-independent controllers.

Theorem 6. If there exist Py; = Pf;, Py, Py, H,;, Gy,
Xl’i = le;v X4a XZia Ul/iv Vl/i7 (V: 1a2)"'36)7 Mi? L?
@4, and scalars «; > 0, 5; > 0 such that, for each
i € S, (21)—(24) hold, then a mode-independent control
law u(k) = Qy'Ly(k) exists, and makes the closed-
loop system stochastically stable with |7, < 72 and
[7etll oo < Yoo

5. CONCLUSION

The mixed Hy/Ho control problem of discrete-time
Markovian jump systems via static output-feedback con-
trollers has been solved by employing an augmented sys-
tem representation. New characterizations on stochastic
stability and Ha/Heo performance of the closed-loop sys-
tem are established in terms of the new representation
and the matrix inequality technique. Based on these new
results, a sufficient condition with redundant matrix vari-
ables for the existence of the mode-dependent controller is
proposed, and an iterative algorithm is given to solve the
condition. An extension to the mode-independent case is
provided as well.

REFERENCES

H. J. Chizeck, A. S. Willsky, and D. Castanon. Discrete-
time Markovian-jump linear quadratic optimal-control.
Int J. Control, 43(1):213-231, January 1986.

O. L. V. Costa and M. D. Fragoso. Stability results for
discrete-time linear-systems with Markovian jumping
parameters.  Journal of Mathematical Analysis and
Applications, 179(1):154-178, October 1993.

O. L. V. Costa and M. D. Fragoso. Discrete-time LQ-
optimal control problems for infinite Markov jump pa-
rameter systems. IEEE Trans. Automatic Control, 40
(12):2076-2088, December 1995.

O. L. V. Costa and R. P. Marques. Robust Hs-control
for discrete-time Markovian jump linear systems. Int J.
Control, 73(1):11-21, January 2000.

O. L. V. Costa and R. P. Marques. Mixed Hz/Ho-control
of discrete-time Markovian jump linear systems. [EEE
Trans. Automatic Control, 43(1):95-100, January 1998.

O. L. V. Costa, J. B. R. Do Val, and J. C. Geromel. A
convex programming approach to Hsy control of discrete-
time Markovian jump linear systems. Int J. Control, 66
(4):557-579, March 1997.

O. L. V. Costa, M. D. Fragoso, and R. P. Marques.
Discrete-Time Markov Jump Linear Systems. Springer,
London, 2005.

M. C. de Oliveira, J. Bernussou, and J. C. Geromel. A new
discrete-time robust stability condition. Syst. Control
Lett., 37(4):261-265, July 1999.

C. E. de Souza. Robust stability and stabilization of
uncertain discrete-time Markovian jump linear systems.
IEEE Trans. Automatic Control, 51(5):836-841, May
2006.

J. C. Geromel, P. L. D. Peres, and S. R. Souza. Convex
analysis of output feedback structural constraints. In
Proceedings of the 32th Conference on Decision and
Control, volume 2, pages 1363-1364, December 1993.

Y. Ji, H. J. Chizeck, X. Feng, and K. A. Loparo. Sta-
bility and control of discrete-time jump linear-systems.
Control-Theory and Advanced Technology, 7(2):247-270,
June 1991.

P. Seiler and R. Sengupta. A bounded real lemma for
jump systems. IEEE Trans. Automatic Control, 48(9):
1651-1654, September 2003.

5914



