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Abstract In this paper, the problem of robust H,, control for a class of uncer-
tain neutral stochastic systems with mixed delays is investigated. The parameter
uncertainties are assumed to be norm-bounded. A delay-dependent sufficient con-
dition is derived in terms of the nonlinear matrix inequality by constructing proper
Lyapunov—Krasovskii functional, using matrix inequality techniques and introducing
free weighting matrices. The new result obtained in this paper can be tested numer-
ically by using the so-called cone complementarity linearization (CCL) algorithm.
Two examples provided in the literature show the effectiveness of the proposed ap-
proach.

Keywords Neutral stochastic system with mixed delays - Robust Hy, control -
Nonlinear matrix inequality - Cone complementarity linearization (CCL)

1 Introduction

Dynamical systems modeled by neutral functional differential equations are gener-
ally called neutral systems in the literature. Neutral systems are frequently encoun-
tered in many practical situations such as chemical reactors, water pipes, population
ecology and so on [12]. It is well known that time-delay and stochastic perturba-
tions are often a source of instability and/or poor performance of many systems (see
[6, 8] and the references therein). Also, in practice, the systems almost present some
uncertainties because it is very difficult to obtain an exact mathematical model due
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to environmental noise, uncertain or slowly varying parameters, etc. Therefore, the
problems of analysis and control for uncertain neutral stochastic systems with delays
have attracted considerable attention (see [2, 3, 6-9, 11] and the references therein)
in recent decade. It should be emphasized that the achieved results mainly focus on
uncertain neutral stochastic systems with discrete and neutral delays, while few re-
sults concerning robust Hy, control problem for uncertain neutral stochastic systems
with discrete, distributed, and neutral delays can be found. In general, the problems
of robust Hs, control are solved by constructing Lyapunov—Krasovskii functional
and applying the linear matrix inequality (LMI) technique, and hence the achieved
results are described by LMIs which can be solved by the LMI Control Toolbox of
MATLAB. Howeyver, in order to obtain LMIs criteria, some nonlinear items in the
infinitesimal operators of Lyapunov—Krasovskii functionals have to be transformed
into linear ones, which may bring certain conservativeness.

Motivated by the above causes, in this paper we consider the problem of robust
Hyo control for a class of uncertain neutral stochastic systems modeled in [6]. By
constructing a new Lyapunov—Krasovskii functional, using matrix inequality tech-
niques and introducing free-weighting matrices, a novel delay-dependent sufficient
condition is derived in terms of the nonlinear matrix inequality, which can be tested
effectively by using the so-called CCL algorithm. Two examples are given to show
the effectiveness of our results as compared to the results obtained by the method
in [6].

Notation: R” denotes the n-dimensional Euclidean space. AT and A~! represent
the transpose and inverse of a matrix A, respectively. For real symmetric matrices X
and Y, the notation X > Y (respectively, X > Y) means that the matrix X — Y is posi-
tive semi-definite (respectively, positive definite). [ is the identity matrix of appropri-
ate dimensions. We denote by 0, «, the m x n zero matrix. p(-) denotes the spectral
radius of matrix. In a symmetric matrix, % denotes the entries implied by symmetry.
L»[0, 00) is the space of square-integrable functions over [0, co) with the norm || - ||2.
| - || will refer to the Euclidean vector norm. (£2, F, P) is a probability space, where
§2 is the sample space, F is the o-algebra of subsets of the sample space, and P is
the probability measure on F. The notation E stands for the mathematical expectation
operator. We denote by £5[£2, R¥) the space of square-integrable R*-valued vector
functions on the probability space (£2, F, P). We also denote by £,[[0, 00), Rk) the
space of nonanticipatory square-integrable stochastic processes f(-) = [ f(¢)];[0,00)
in R¥ with respect to (F;)se[0,00) satisfying

||f||%;2=JE[/O ||f(t)||2dt:|=f0 E|| f(0)]* dr < oo.

2 Problem Formulation

Consider the following uncertain neutral stochastic system with mixed delays:

d[x(t) — Dx(t — 71)]
t
= [A(t)x(t) +AIM)x(t—11)+ Az(t)/ x(s)ds + B1(t)u(t) + Ev(z)} dr
-1
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t
+ [le(t)—i- sz(t—rl)—i—Fg/ x(s)ds:| dw(t), (1a)
-7
y() =Cx(t)+ Bau(t), t>0, (1b)
x(1)=¢@), te[—max{2t,12},0], (1c)

where x (¢) is the n-dimensional state vector, u(¢) is the m-dimensional control input
vector, y(t) is the g-dimensional controlled output vector, v(t) is the p-dimensional
disturbance input vector which belongs to L,[0, 00), ¢ (s) is an R"-valued continuous
initial function specified on [— max{271, 72}, 0], 71 and 1 are positive scalars repre-
senting the system delays, w(f) is a scalar Brownian motion defined on a complete
probability space (£2, F,P), C, D, By, E, Fy, F>, and F3 are known real constant
matrices of appropriate dimensions, and A(r), Aj(¢t), A2(¢), and B (¢) are matrix
functions with time-varying uncertainties, that is,

At)=A+ AA(@), A1(t) = A1+ AA(2),
()
Ax(t) = A+ AAy(t), B1(t) = B1 + AB (1),

and A, A1, As, and B are known real constant matrices of appropriate dimensions.
Throughout this paper, we make the following assumptions.

Assumption 1 p(D) < 1.

Assumption 2 The time-varying uncertainties AA(t), AA1(t), AA>(t), and ABj(t)
are assumed to be of the form

[AA() AA(1) AAy(1) ABI()]|=MF@®OLS Si S S, 3)

where M, S, S, S2, and S3 are known real constant matrices of appropriate dimen-
sions, and F(¢) is a time-varying uncertain matrix satisfying

FT(O)F@t)<I Vt>0. “4)

Remark 1 Assumption 1 guarantees that the zero solution of the homogeneous dif-
ference equation Dx; := x(t) — Dx(t — t1) = 0 is asymptotically stable.

When the state feedback controller
u(t)=Kx(), ©)

where K is a constant gain to be designed, is applied to system (1a)—(1c), the resultant
closed-loop system is as follows:

d[x(t) — Dx(t — 71)]
t
= [(A(t) + Bi()K)x(t) + Ai(D)x(t — 1) + Az(t)/ x(s)ds + Ev(z)} dr
-1
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t
+ |:F1x(l) + Fox(t—1)+ F3/ x(s) dsi| dw (1), (6a)
1—17
y() =(C+ B2K)x(t), t=0, (6b)
x(t)=¢(t), te[—max{2t), 2}, 0] (6¢)

Next, we will give the concepts of mean-square asymptotic stability and robustly
stochastic stabilization with disturbance attenuation level y for system (la)—(1c).

Definition 1 For system (la) with u(¢) = 0 and v(¢) = 0, the equilibrium point 0 is
said to be mean-square asymptotically stable if lim;_, oo E||x(¢) 12 =0 for any r >0
and all admissible uncertainties satisfying (3) and (4).

Definition 2 For a given positive constant y, system (la)—(lc) is said to be ro-
bustly stochastically stabilizable with disturbance attenuation level y if there exists
a state feedback controller (5) such that, for all admissible uncertainties satisfying
(3) and (4), the closed-loop system (6a)—(6c) with v(¢) = 0 is mean-square asymp-
totically stable and, under the zero-initial condition, the inequality ||y|lg, < ylvll2
holds for any nonzero disturbance input.

The aim of this paper is to design a state feedback controller of the form (5)
which robustly stochastically stabilizes system (1a)—(1c) with disturbance attenua-
tion level y.

The following lemmas will be useful to realize our aim.

Lemma 1 [10] Let D, S, and WT = W > 0 be real matrices of appropriate dimen-
sions. Then for any nonzero vectors x and y of appropriate dimensions, we have

2xTDSy <x'DWDTx + yTSTW_lSy.

Lemma 2 (Jensen Inequality) [5] Let x(t) be a vector-valued function which is inte-
grable on the interval [a, b]. Then

b b b
(b—a)/ xT(s)Rx(s)dsz[ xT(s)dsR/ x(s)ds

for any matrix R = RT > 0.

Lemma 3 [1] Let U, W and XT = X be real matrices of appropriate dimensions.
Set S={V:VTV <1I}. Then

X+UvWw+wiviuT <0 vves
if and only if there exists a scalar € > 0 such that

X+e'lvuT +ewTw <.

Birkhauser



Circuits Syst Signal Process (2013) 32:631-646 635

3 Main Results

In this section, we will investigate a new delay-dependent sufficient condition for
the solvability of the robust Hy, control problem for a class of uncertain neutral
stochastic systems with mixed delays. We have the following theorem.

Theorem 1 For given y > 0,11 > 0, and 3 > 0, the uncertain neutral stochastic
system (1a)—(1c) is robustly stochastically stabilizable with disturbance attenuation
level y if there exist real matrices PT =P > 0,RT=R>0, Ql.T =0Q; >0, Wl.T =
Wi>0(@G=1,2), K and f,, and a scalar € > 0 such that

Vit Vio Viz Vig 48T
* Vo 0 0 0

where
Vi1 = eelTMMTel — ezrla(l + D)_TQl(I + D)_lﬁez — yzeSTeS — eZer4
+ ATel +61TA +(e1 —ep +63)Ti + iT(el —ey+e3)— e3TISQ213e3,
Vip=[AT +eel MMT AT +eel MMT],
Vis=[FT #T LT LT],
Via=[el PDT el (PCT +KB]) el P welP eJP(I+D)TDT],

eMMT — P eMMT
2= T RRE
* eMM' — (T R)

V33 =diag(—(1’1W1)71,—ﬁ,—ﬁWlﬁ,—TflﬁRIS),
Vag = diag(—=Q, ', =1, —0; ", W, ', —P),
8=[SP+SKT SiU+D)'P 0 S 0],

A=[AP+B KT A (I+D)'P 0 Ay E],

«\
Il

In this case, a desired state feedback gain can be obtained as K = KTp-1,
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Proof By the Schur complementary lemma, inequality (7) is equivalent to

Vit Viz Vis | ;| Vi3 " v 1| Vs ! HMESIED !
b Ll L) L)
<0. (®)
Pre- and post-multiplying by diag(P, I, I) with
P =diag(P~', P~ P71 1,1)
on the both sides of (8), one can easily derive that
O+eM"™ M+ 1887 <0, 9
where
M=[M"Pe; MT MT], P=P"', §=[82 0 o],
M+ +el PA+ AT Pe; AT AT
—P 0 :
A 0 —rflR_l

2>

I =

1) = —e] Qre3 — e Waeq + LT (e1 —er+e3) + (e1 —er +e3) L
+ET(P+aWDE+el (1 +D)"T(DTPD— Q1)U + D) e
+e[[DT QD+ Q1+ 13 Waler + LT (W' +riR7)L,

My =ef (C+ B2K)(C + BaK)ey — y2el es,

L=PLP, A=AP, F=5FP, K=K'P.
The combination of Lemma 3 and (9) gives that
O+ SFToM+M"F©»)ST <0

for any uncertainty F(¢) satisfying (4). This, together with the Schur complementary
lemma, implies that

M+ I + el PAGt) + AT (1) Pey + AT (t)(P + 11 R)A(1) <0, (10)
where
A()y=A+MF(@1)8P.
For convenience, let

g(t)z[xT(t) xT¢t - +D)T xT@—2r)DT fl’;fsz(s)ds vT(t)]T.
(11

Birkhauser



Circuits Syst Signal Process (2013) 32:631-646 637

Then the closed-loop system (6a)—(6¢c) becomes
dDx; = g1 (1) dt + g2(2) dw(2), (12)
where

gD =AWEW),  g@)=FEQ). (13)

Define a Lyapunov—Krasovskii functional candidate for the closed-loop system
(6a)—(6¢) as

V() = Vi) + Va(t) + V3(1) + Va(0) + V5 (1), (14)

where

Vi(t) = (Dx)" PDx,,

t

t
vz(r>=/ xT(s)le(s)dH/ xT(s)DT Q2 Dx(s)ds,
-1 t

—21’]

0 t

Va(t) = / / gl (s)Rgi(s)dsd6,
—11 J14+6
0 t

Vi(t) = / / g3 (5)Wiga(s)ds d6,
—11 J14+6

0 t
Vs(t) = r2/ / xT(s)Wax(s)ds do.
—1p Jt+60
Using It6’s formula, we get from Lemmas 1 and 2 that

Lvit)y =T 0[(el —el 1+ D)D) PAW) + FTPF

+ AT P(er — DU + D) 'e2) ()

<eT'[ef PAG) +eb (1 + D)D" PDU + D) ey
+ ATt Per + AT (1) PA(r) + FT PF]e(1), (15)

LVa(t) =" (1)[e] (01 + DT Q2D)ey

—el(I+D) 011+ D) ey — e Qre3]E(), (16)
Lvs(t) =" AT (ORAME®R) — / _ g1 (s)Rgi(s)ds, (17)
Lvy(t) =& O FT W FE@r) — / i 83 ($)Wiga(s)ds, (18)
LVs(t) < €7 (0)[t7e] Waer — e Waes )6 (D). (19)
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By the Newton—Leibniz formula, it is easy to achieve from (12) that

2gT(r)LT[x(t) — (I + D)x(t — 1) + Dx(t — 211)

t '
_f g1(s)ds —/ gz(s)da)(s)i| =0.
=7 t—1

Using Lemma 1, we have that
t
2T oL” [ g
t—11

t t
gngT(z)LTR—ng(t)+r;‘/ ng(s)dst g1(s)ds
-1 1—

T

and

t
2T (LT / 22(5) doo(s)
1—1

t t
<eTL"W ' 'Le() + / g2 (s) dw ()W / g2(s) dw (s).
t—1] =7

Therefore,

ETOLT (R + WYL+ L (e —ex+e3) + (e1 —e2 +e3)  L]E(1)
t t
+r1_1/ ng(s)dsR/ g1(s)ds
t—1 t—1

+ / g3 (s)dw(s)W / g2(s) d(s)
> 0. 1 1 (20)
This, together with (15)—(19), implies that
ELV (1) <E{ET (O[T +e] PA@) + AT (1) Pe; + AT (1)(P + TIR)A() E(1) }.
When v(¢) =0, it follows from (10), (11), and (21) that v
ELV (1) < —2E|e@)|* (Vi >0),

where A is some positive scalar, which implies that

t
—EV(0) <EV() — EV(0) =/ ELV (s)ds
0

¢ t
< —A/ EHS(S)”ZCIS < —k/ E||x(s)||2ds,
0 0

Birkhauser
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ie., fot Ellx(s) ||2 ds < %IEV(O). Since EV(0) is a finite number, it follows that
lim;_, o0 [|x(#)]| = 0, that is, the closed-loop system (6a)—(6c) is asymptotically mean-
square stable for all admissible uncertainties satisfying (3) and (4).

Next, for any nonzero v(z), under the zero initial condition we consider the index

t
J(t)=E /O [T )y (s) — y*uT (s)v(s)] ds.
Clearly,

t
J(t) 5/ E[y" (5)y(s) — y* T (s)v(s) + LV (s)] ds.
0
This, together with
Y ©)ys) =xT(s)(CT + KT BI)(C + BoK)x(s),

implies that

t
J@t) < E/ T[T + Mo+ el PAGs) + AT (5) Pey
0
+ AT (5)(P +TiR)A(5)]£(s) ds.

Hence, from (10) we have J(#) < O for any ¢ > 0. Therefore, under the zero initial
condition, ||y (#)||g, < yllv(t)ll2 is satisfied for any nonzero disturbance input and all
admissible uncertainties satisfying (3) and (4). This completes the proof. g

Remark 2 Comparing with the corresponding results in [6, 7], we construct a new
Lyapunov—Krasovskii functional (for example, the item V3(¢) is introduced) in the
proof of Theorem 1, which may reduce the conservativeness of results. This will be
tested by numerical examples in Sect. 5. Moreover, a CCL algorithm will be offered
in Sect. 4 below to solve the nonlinear inequality proposed in Theorem 1, which
avoids transforming some nonlinear items into linear ones. This may reduce the con-
servativeness of results but may increase the computational complexity.

4 A CCL Algorithm to Design State Feedback Gains

Due to the existence of the terms like PRP, inequality (7) in Theorem 1 is not an
LMI, and hence no state feedback gain K can be obtained directly by using the LMI
Control Toolbox. In order to solve the nonlinear inequality (7), in this section we will
design a CCL algorithm.

Motivated by the idea of the so-called CCL algorithm [4], we require to intro-
duce the matrix variables P > 0, R> 0, Q,- >0, W,- >0@G=12),X;>0,and

Birkhauser
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X;>0(j=1,2,3,4) satisfying

I+D)yTo,u+D)"! P 0, P
» 2, >0, -~ | =0,

R P W, P R . n (22)
R >0, N >0, PP=I, RR=1I1, Q;0,=1,
P X3 P X4
WiWi=1(G=1,2), X;X;=1(=1,2,3,4).
Obviously, inequality (7) is feasible if (22) and

Vit Via Viz Vi 8T 7]
x Vm 0 0 0
* * ‘733 0 0 <0 (23)

* * * Va 0

* * * * —el |

are satisfied, where Vy; (i =2, 3,4) and 4 are defined as in Theorem 1, and
\711 = e{eA + ATel + eelTMMTel — 62TX162 — e3TX2e3
- e4TW264 — yzeSTes +e1—exte) L+ LT (e) —ex+e3),
. eMMT — P eMMT
Vo = T 1Al
* eEMM” —t 'R
Vi3 = diag(—tflﬁ/l, —P,—Xy, —Tf1X3),
Vag = diag(— 02, —1, —Q1, —Wa, — P).

Based on the preparation above, now we can give the following CCL algorithm to
compute the maximum of 7o for given t; > 0 and y > 0 under the premise that the
LMI (7) is feasible.

Algorithm 1 (Compute the Maximum of 7, for Given 71 > 0 and y > 0)

Step 1 Choose a sufficiently small 75 such that there exists a feasible solution to (23)
and

R>0, R>0, P>0, P>0, 0;>0, Q;>0, W;>0, W;>0, X,>0,

P
) Plo
P X

|:(I+D)‘TQ1(I +D)y' P }
~ |=0
P X1
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(R P P I R I
. | =0, . [ =0, .| =0, (24)
P X3 I P I R

Qi {:|20’ |:
Y

~ =
=~
1
[\
e
1
> =
v
| |
\
L

Set Tmax = 2.
Step 2 Find a feasible set of Ry, Iéo, Py, 130, 0Qio, Q,’o, Wio, Wi() (i=12),Xjo, on
(j=1,2,3,4), Lo, €0, and Ky satisfying (23) and (24). Set k = 0.

Step Aj’ Solve the follqwing LMI problerAn for theA variables R, Ié P, 1'3 0, Q,-,
Wi, W; (i=1,2),X;,X;(j=1,2,3,4),L,¢,and K:

’

min tr
subject to (23) and (24)

where

2
W =RiR+ RRe+ PP+ PP+ ) Qi Qi + Qi Qik + Wi Wi + W; Wi)
i=1

4
+ Z(Xijj + XX ).
=1

Set Rix1 =R, Rip1 =R, Pp1 =P, Peyr = P, Qi1 = Qi Qi1 = 0.
Wike1=Wi, Wigr1 =W, Xjir1 =X, Xjpr1=X; (i=1,2,j=1,2,3,4).
Sjep 4 1If the following LMI (25) is feasible for the variables K L€, 0i, W (i=1,2),

L, and the matrices P and R obtained in Step 3, then set T.x = T2, increase 12 by

a small amount, and return to Step 2. If LMI in (25) is infeasible within a specified

number kn,x of iteration, then stop; otherwise, set k =k + 1 and go to Step 3.

Vit Viz Vi Vig 8T ]
* Voo O 0 0
* * ‘733 0 0 < 0, (25)

* * ¥ Va 0

* * * * —el |
where
Vie=[#Tw, #7 LT LT],

Via=[el PDT Qs el (PCT +KBY) T PO nel PWy el P(1+D)"DT],
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Vis = diag(—1; 'Wi, =B, —BW, B, -1, ' BRP),

and Vi1, Vi2, Va2, and & are defined as in Theorem 1.

5 Numerical Examples

In this section, we offer the following two examples to present that the theoretical
results proposed in the paper may be less conservative than those in [6].

Example 1 [6] Consider system (la)—(1c) with the following parameters:

—-0.2 0.1 0.1 0 0.1 —-0.2
A= ; A= , Ay = ;
|: 0.2 —O.5:| |:0.1 —0.1i| |: 0 0.1 i|

T —
0 0.2 -0.3 0.3 0.2
S = 9 D = 9 Bl = 9
0.1 0 0.3 0 05
- - - T
02 0 0.1 0.2 0.1
By = , S1= , C= ,
0.1 0.3 —0.1 0.3 0.3
- - - T
0.1 0.2 —-02 O 0.2
Fy = , F,= , S = ,
0 0.1 —-0.1 0.2 0
- - T
0.1 O —0.1 —0.1 0.3
F= ., E= ., M= . S = .
0 0.1 0.1 0.1 —-0.1

Case 1: t1 = 1o. When y = 0.5, the maximum allowable upper bounds of 7o and
corresponding state feedback gains K obtained from [6, Theorems 2] and Theorem 1
(i.e., Algorithm 1) of this paper are listed in Table 1. When F(t) = 1, v(t) =0,
71 = 15 = 3.35, and the initial values x(f) = [10eZ 20e2] for ¢ € [~6.7, 0], Fig. 1
illustrates the mean-square asymptotical stability of the closed-loop system (6a)—(6¢c)
for a given scalar Brownian motion w (¢).

Case 2: 11 # 12. By using Theorem 1 (i.e., Algorithm 1), when y = 0.5, Table 2
shows the maximum allowable upper bounds of 1, for different prescribed values
of 71 and kmax. When 71 = 0.1 and 7o = 3.53, a state feedback gain obtained from
Theorem 1 is given by

—1.6823  0.1892
—0.3642 —0.9437 |
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6 T 15 T 15 T
4 10 L 4
4 5 4
12 o _
x
4 -5 4
4 10} 4
-15 :
40 0 20 40
t
Fig. 1 State responses when F(¢f) =1, v(r) =0, and t; = 7p =3.35
Table 1 The max t; and state
feedback gains K (Example 1) Methods max 73 K
[ 02393 08688 |
[6, Theorem 2] 0.47
| —0.8628 —0.2357 |
[—1.3856  0.5104 ]
Theorem 1 (kpax = 10 2.82
(max = 10) | 02434 —0.4874 |
[—1.5108 0.2858 |
Theorem 1 (kmax = 40) 3.35
| —0.2306 —0.8137 |
Table 2 The max 1 for
different 71 and kmax i 0.1 0.5 0.9 L3 L7
(Example 1)
kmax = 10 3.16 3.01 2.96 2.93 2.89
kmax = 20 3.40 3.31 3.27 3.25 3.23
kmax = 30 3.48 3.40 3.36 3.34 332
kmax = 40 3.53 3.45 3.41 3.39 3.37

Besides, Fig. 2 presents an illustrative simulation of the mean-square asymptotical
stability of the closed-loop system (6a)—(6c) for a given scalar Brownian Motion
w(t) when F(t) =1, v(t) = 0 and the initial values x(¢) = [10e% ZOe%]T for t €

[—3.53, 0]
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8 T T 15 T T 15

10

-10}

4 15— 15—
0 10 20 3 0 10 20 30 0 10 20 30

t t t

Fig. 2 State responses when F(f) =1, v(r) =0, 7y =0.1, and 1p = 3.53

Remark 3 Example 1 shows that Theorem 1 in this paper can provide less conserva-
tive results than [6, Theorem 2]. On the other hand, this reduced conservatism is at
the price of some additional computation, for example, for Case 1 of Example 1, we
can easily calculate that the running time is approximately 3313 seconds when Theo-
rem 1 is used (ky,qx = 10), but the corresponding running time is only approximately
13 seconds when [6, Theorem 2] is used.

Example 2 [6] Consider system (1a)—(1c) with the following parameters:

-0.8 0.1 0.2 0.1 0 0.1
A=| 02 =05 03 |, Ar=|01 -0.1 -0.11,
0.1 0.1 -0.6 0.1 -0.1 0.1
(0.1 =02 -0.1 02 -03 -0.1
A= 0 0.1 0 |, D=| 0 03 =02/,
10.1 02 =02 0.1 -0.1 0.2
0.3 02 0.2 02 O 0
Bi=| 0 05 0.1], B,=|[0.1 03 0o |,
102 02 0.1 0.1 0.1 -0.1
02 0.1 0 0.1 02 0.1
c=| 03 03 0.1], Fi=] 0 0.1 0 |,
-0.1 -0.2 0.1 0.1 0.1 -0.1
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Table 3 The max )

(Example 2) Methods max 7y
[6, Theorem 2] 042
Theorem 1 1.71 (kmax = 10)

1.89 (kmax = 20)
1.96 (kmax = 30)
2.01 (kmax = 40)

Table 4 The max t; for
different 7| (Example 2) 71 0.1 0.5 1 1.5

1) 1.86 1.76 1.73 1.72

-02 0 0.1 0.1 O
Fr=|-01 02 0.1 [, F= 0.1 ,
0.1 0.1 -=0.1 0 01

0
1 0
0
—0.1 {0.1 07"

E=|o01 |, wmM=|o1]|. s=|o01],
0.2 0.1 0
0.1 17 02 17 03 77
Si=|-01] . S$=| o0 . S3=] —0.1
0 —0.1 0

Case 1: t1 = 7o. When y = 0.5, the maximum allowable upper bounds of 7, obtained
from [6, Theorems 2] and Theorem 1 (i.e., Algorithm 1) of this paper are listed in
Table 3.

Case 2: 11 # 12. By using Theorem 1 (i.e., Algorithm 1), when y = 0.5 and
kmax = 10, Table 4 shows the maximum allowable upper bounds of 1, for different
prescribed values of 7.

The above two examples show that the method proposed in this paper may be less
conservative than one reported in [6] when 71 = 1, while for the case 11 # 12, the
method proposed in [6] is not available.

6 Conclusions
In this paper, the problem of robust Hy, control for a class of uncertain neutral
stochastic systems with mixed delays is investigated. A less conservative result was

presented in terms of a nonlinear matrix inequality. To solve the Hy, control problem,
a CCL algorithm has been designed, and thereby, a desired state feedback controller
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can be constructed. The numerical examples show that the method proposed in this
paper maybe less conservative than one reported in [6].
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