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Robust H,, control of neutral delay systems

with Markovian jumping parameters
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Abstract: The problem of H., control of neutral delay systems with Markovian jumping parameters and polytopic uncer-
tainty was addressed. By using a descriptor model transformation of the system and Moon’ s inequality for bounding cross terms,
a new delay-dependent sufficient condition for the existence of a memoryless H,, state feedback controller was derived in terms

of linear matrix inequalities.
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1 Introduction

Markovian jump linear systems (MJLS) are hybrid
systems with two components in their state vectors: The
first component refers to the mode, and the second, the
state. The mode is described by a continuous Markovian
process with a finite state space; the state in each mode
is described by a system of differential equations.

For MILS with time-delays, the problems of stability
and H,, control have been extensively studied ( the reader
can refer to [ 1 ~ 3] and the references therein) . Recent-
ly, delay-dependent conditions for stability and H,, con-
trol of MJLS with constant delay were presented in [4] .
However, the work did not consider the time-delay in
the controller output. In this note, we are concerned
with the problem of H,, control for uncertain neutral de-
lay systems with Markovian jumping parameters. The
time-delays in this system are assumed to be mode-de-
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pendent. To the best of our knowledge, this problem has
not been investigated prior to the present paper. Based
on the application of the descriptor model transformation
and Moon’ s inequality on inner product of two vectors,
new delay-dependent solutions to the problems of stabili-
ty and H, control are derived in terms of linear matrix
inequalities .
2 Model description
Let {r(z),t = O} be a time homogeneous Markovian
process with right continuous trajectories taking values
from a finite set S = {1,2,---, N}, with stationary tran-
sition probabilities:
Pir(¢ +4A) = j1r(e) =i} =
;A + 0(4), i J,
{l +m;4 +0(4), i =7,
where A > 0,£i_x.n0 0(A)/A =0, andw; = Ofori « j,
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N
n; < Owith 2 m; = — = for each i € S. Consider

Jeh i

a continuous-time linear hybrid neutral delay system with
N models. Suppose that the system mode is governed by
{r(t),t = 0} and let the system dynamics be described
as follows:

’x(t') - F(r(e))i(t - h) =

ACr(e)=(e) + Ag(r(e))x (e - o(r(2))) +
B(r(t))u(t) + B,(r(2))w(t),

| 206) = CCr() 20+ Calr()x(e-2(r(1))) +
D(r(t))u(t) + D,(r(1))w(t),

(x(t) = (), r(t) = ro, ¢t € [~ h,0],

(1)
where x(t) € R"is the state of the system, u(t) € R™
is the control input, w(¢) € R?is the exogenous distur-
bance input, z(t) € R is the output to be controlled.
(i) = Ois the constant delay time of the state in the
system when the mode is in i.7 = max {7(i),i €
St,h =max {z,h}. ro€ Sand p(t) € C[k,0] are
the initial conditions of the mode and the continuous
state, respectively. To simplify the notation, M (i) will
be denoted by M, .

The aim of this paper is to design a state feedback
control law
u(e) = K(r(t)) (2)
such that for a given real number ¥ > 0, the closed-loop
system (1) with controller (2) and w(¢) = Ois stochas-
tically stable and the following inequality holds

E j“zT(t)z(t)dt < rwm)w(:)dz
o 0

for all functions w(:) € L,[0, ).

For the sake of convenience, we introduce the follow-
ing notations.

A=max {Ixn;1,i € S}, ¢ = min {z;,i € S},
p=1l+A(r-1), pi = 7, + A/2(z2 - 7).
3 Main results

In this section, we first consider the stability of sys-
tem (1) with u(¢t) = 0, w(t) = 0.

Theorem 1 The jump linear system (1) with u(t)
= 0, w(t) = Ois stochastically stable if for eachi € S,

there exist matrices P; > O,Pj,Mg,Sj > 0, Wy’., =

1,2, W;3, and Q > O satisfy the coupled matrix inequali-

ties:
[0y 0, PLA;- M, PLF
* 0z PhAg - My PLF,
. . _ s, 0 <0,
[ * * 0 -5,
Wy Wa M,
Wo Wa Ma|>o0,
LMY, ML Q
where

Q; = A?Pil + P;rlAi + Wy + My +
N
MY+ Zﬂapl + uSy,
i=1

Qp =P; - P}y + AlPy + tWp + MY,
2; =-Pi2-PT2+TiWi3+PiQ+S2-

The proof of Theorem 1 can be achieved as follows.
First represent (1) with u(¢) = Oand w(¢) = Oin the
equivalent descriptor form:

(1) = y(t),

0=-y(t)+ F(r(t))y(t - h) + [A(r(2)) +

A 1a) A

Take stochastic Lyapunov functional V(t) to be
V(t) =
() P(r(e))x(t) +

t
J x7(s)S;x(s)ds +
t-7(r(2))

)y(s)ds.

0 .
J‘—r(r(t))deJ‘“_oyT(‘s)Q)’(S)ds +
Aj:fdﬁjtt+0[y7(s)oy(s)(s o 8) .

()Si2()] + [ 575 Say(s)ds.

-
Then, using Moon’ s inequality’! and the techniques in
[6], we can obtain Theorem 1.

Now we apply Theorem 1 to the H., control problem
of system (1), we get the following theorem.

Theorem 2 If for each i € S, and for some pre-
scribed scalar ¢;, there exist matrices X; > 0, Y, Z,,K;,
U >0,W;,j=1,2,Ws,R > 0, satisfying the follow-
ing coupled matrix inequalities:
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(2002 0 0 Hy Ly Ly ]
* i3-Ls B, 0 Ly 0
0 = -, 0 H, O 0
0 * 0 YID, O 0 [<o,
* 0 * * -1 0 0
* 0 0 0 -&, O
L * 0 0 0 0 0 -,
3)
and
Wa Wa 0
Wsz WB AR | = O, (4)
0 &RAT, R
where
-(—)il = Z; + Z.T' + mX; + Tiﬁ/il,
Do = X(AT+ eA%) + KIBT - ZT 4+ Y, + ©Wh,
-(—);3 =-Y,-Y+ TiWB’
D; = diag [Xps s Xisgs Xivrsm Xn 15
T Xis o Tt Koo/ i Xy o/ X 1

‘15;'2 = dlag [#UI’UZ’P;'R];

Loy = [pX; 2T pZ7], Lp = [0 YT pYT],

O =diag (U}, U,], Lz = [(1-€) 44U, FU,],
H, = XCT + KIDI, H}, = [C4U, 0].

Then the controller (2) with K; = K.X7! stabilizes sys-
tem (1) and the closed loop system verifies noise attenu-
ation level 7.

Theorem 2 is derived for the system (1) where the
system matrices are all known. However, since the
LMIs of (3) and (4) are affine in the systern matrices,
Theorem 2 can be extended to the case where the system
matrices are not exactly known and they reside within a
given polytope. For fixed mode ;| € S, denoting M; =
[F;A;A; B;B,; C; C; D; D,;], we assume that M; €
cov {Mi,j = 1,,v},here M} = [F, Al 4i; B
B, ¢ ¢ DI DI

Theorem 3 Consider the system (1), where the
system matrices reside within the polytope M; for each
i€ S. If for each i € S, and for some prescribed
scalar ¢;, there exist matrices X; > 0, ¥4, Z,K;, U, >

Vol.20
0,W,l = 1,2,W5,R > 0, satisfying (3) and (4),
WheIe Fi’Ai’Adi’Bi’Bwi’Ci’Cdi’Di’Dwi’Yi’zi’

W,,l = 1,2,3, are taken with the upper index j for all
j = 1,--,v, Then the controller (2) with K; = K.X}!
stabilizes system (1) and the closed loop system verifies
noise attenuation level .
4 Conclusion

In this note, we have studied the problem of H,-con-
trol for neutral delay systems with Markovian jumping
parameters. Based linear matrix inequalities, efficient
delay-dependent sufficient solutions have been obtained.
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