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ABSTRACT

A robust reliable control with integral quadratic constraint (IQC) performance for a class of uncertain neutral
systems with state and input time-varying delays is considered in this paper. Two classes of failure situations for
sensor or actuator are studied. In the first class, a delay-dependent criterion for time-delay system without perturbations
is proposed to design the reliable control with IQC performance. Next, a criterion for uncertain time-delay systems
with parameter uncertainties is obtained via simple derivations. The linear matrix inequality (LMI) approach is
used to design a robust reliable state feedback control with IQC performance. In the second class, a reliable control
with IQC performance is also provided from the previous method. A numerical example is given to illustrate the
effectiveness of the procedure.
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1. INTRODUCTION

In practical systems, the failures of sensor and actuator will destroy the stability and system performance.
Hence reliable controls have been introduced to tolerate some failures for sensors/actuators and maintains
the system stability and performance. Many approaches had been proposed to design reliable controls for
the outages of sensors and actuators [1]-[5]. In [6]-[10], the reliable control of time-delay systems has been
studied. In [1], the Hamilton-Jacobi equation approach is used to design a reliable control for nonlinear
systems. In [3], an algebraic Riccati equation approach is presented to guarantee the closed-loop stability
and H� performance in some admissible component failures. In [5], an LMI approach is provided to guarantee
the H� performance for nonlinear system in some admissible component outages. On the other hand, the
system models contain always some uncertain elements and nonlinearities; these uncertainties and
nonlinearities may be due to unknown additive noise, environmental influence, poor plant knowledge, and
limitations of actuators or sensors. Hence a robust reliable control technology is to be developed to stabilize
the uncertain linear or nonlinear systems with sensor and actuator failures [1], [5]-[10]. In Ref. 6, matrix
and linear matrix inequalities have been proposed to design reliable controls with IQC performance for
uncertain systems with input delay. In [7], reliable control problem for uncertain nonlinear systems with
multiple time delays has been solved by proposing some matrix and linear matrix inequalities. In [9], [10],
reliable controls for uncertain time-delay systems have been designed via a modified Riccati equation
approach. In [11], a reliable control for uncertain fuzzy dynamic systems with time-varying delays has been
designed via the LMI approach.

Over the past few decades, the H� control problem for uncertain systems with disturbance inputs has
been an active topic in control system theory and application [1], [4], [5], [9], [12], [13]. The H� control is
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proposed to reduce the effect of the disturbance input on the regulated output to within a prescribed level.
There are many approaches to dealing the H� control problem. Riccati equation approach was proposed to
design H� control for time-delay system [12]. The Riccati equation and Hamilton-Jacobi equation approaches
have difficulties in finding feasible solutions and minimizing the H�-norm bound (�). In [4], the LMI
approach has been used to design a reliable H� control for a given H�-norm bound �. Reliable control with
IQC performance is a generalization of the H� control problem [6], [8]. In [6], a reliable control for uncertain
systems with input delay has been considered. In [8], a robust reliable control for uncertain systems with
input and state delays has been considered. In this paper, the LMI approach will be used to design reliable
control with IQC performance for uncertain neutral systems with both state and input time-varying delays.
The useful nonnegative inequalities and the Leibniz-Newton formula will be used to improve the
conservativeness and find delay-dependent stabilization results. Two types of faulty are considered in this
paper. A numerical example is given to show the main results of this paper.

2. RELIABLE CONTROL FOR UNPERTURBED NEUTRAL SYSTEMS WITH IQC
PERFORMANCE

Consider the following neutral system with state and input time-varying delays:

� �� � � � � �� �ttuBtxAthtxAtxAtx f
u �� ������� �� 210 )()(

� � � � � �� � � �� ������ txthtxtxftwBw �,, , 0�t , (1a)

� � � � � �� � � � � �� � � �twDttuDtxCthtxCtxCtz w
f

u �������� ���210 , 0�t , (1b)

� � � � � �0,, Htttx ��� � , (1c)

where nx �� , x
t
 is state at time t defined by ]0,[),(:)( Htxxt ����� ��� , mfu ��  is the control input

of actuator or sensor fault, lw ��  is the disturbance input, qz ��  is the regulated output. nn
iA ��� ,

i = 0,1,2, mn
uB ��� , ln

wB ��� , nq
iC ��� , 2,1,0�i , mq

uD ��� , and lq
wD ���  are some given constant

matrices. The time-varying delays satisfy � � hth ��0 , � � �� �� t0 , h , � , and � are nonnegative constants

with � ��� ,,max hH � . The initial vector � is a differentiable function on [–H, 0]. At first, the fault of
control input for actuator (or sensor) is described as follows:

� � � �tRutu f � , (2a)

where R is the actuator fault matrix with

� �mrrrR ,,,diag 21 �� , iii rrr ���0 , 1�ir , mi ,,2,1 �� , (2b)

ir  and ir , mi ,,2,1 �� , are some given constants. r
i
 = 0 means that ith actuator or sensor completely fails,

r
i
 = 1 means that ith actuator or sensor is normal.

Define

� �020100 ,,,diag mrrrR �� , 
20

ii
i

rr
r

�
� , (2c)

� �121111 ,,,diag mrrrR �� , 
21

ii
i

rr
r

�
� . (2d)

Hence the matrix R can be rewritten as

JRRR ���� 10 , (2e)
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where

� �mjjjJ ,,,diag 21 ��� , 11 ��� ij .

The function � � � �� � � �� ���� txthtxtxf �,,  satisfies the following condition:

� � � �� � � �� � � � � �� � � �� ��� ���� txthtxtxftxthtxtxf T �� ,,,,

� � � � � �� � � �� � � � � ����� ����������� txtxthtxthtxtxtx TTTTTT �� , (2f)

where �, �, and � are some given matrices.

Definition 2.1. [8] Consider the system (1), with (2) and � � � �tKxtu �� ; let the following conditions be

satisfied:

(i) With w(t) = 0, the closed-loop system (1), with (2) and u(t) = –Kx(t) is globally asymptotically
stable.

(ii) With the zero initial condition (i.e. ��= 0), the signals w(t) and z(t) are bounded by
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, � � 0,,02 ���� wLw , (3)

where � is a given matrix, with �
11

 > 0 and � 22
 < 0. In this condition, the system (1) with (2) is said to

satisfy the IQC performance defined by �  and the control law u(t) = –Kx(t) is said to be a reliable control
with IQC performance.

Remark 2.1. If we choose �
11

 = I, �
12

 = 0, �
22

 = –�2 � I, the condition (3) can be written as

� � � ���
��

��
0

22

0

2
dttwdttz � .

This yields a standard H� control problem. The parameter ��> 0 is the H�-norm bound for the reliable
H� state feedback control u(t) = –Kx(t) (see Ref. 5). Hence the reliable control with IQC performance can
be seen as a generalized reliable H� control.

The following two lemmas will be used to design a reliable state feedback control with IQC performance.

Lemma 2.1. [6], [8] Let U, V, W, X be real matrices of appropriate dimensions with X satisfying X = XT.
Then

X + UVW + WTVTUT < 0, for all VTV � I,

if and only if there exists a scalar ��> 0 such that

� �� � � � � � 0111 ������������ ��� WWUUXWWUUX TTTT ������ .

Lemma 2.2. (Schur Complement of [15]). For a given symmetric matrix �
�

�
�
�

�
�

22

1211

* S

SS
S , with TSS 1111 � ,

TSS 2222 � , the following conditions are equivalent:

(i) S < 0,

(ii) 022 �S , .012
1

221211 �� � TSSSS
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Now, the reliable state feedback control u(t) = –Kx(t) will be designed from the following result.

Theorem 2.1. For a constant ��> 0, let there exist two constants ��> 0, ��> 0, some n×n positive-definite

symmetric matrices P , iQ , 5,,2,1 ��i , 
22R , 

22R̂ , 
22S , 

22Ŝ , some 5n×5n positive-definite symmetric

matrices 
11R , 

11R̂ , 
11S , 

11Ŝ , and some matrices 
12R , 

12R̂ , 
12S , nnS ��� 5

12
ˆ , nmK ���ˆ , such that following

LMI conditions are satisfied:
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ˆ RR � , 
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ˆ SS � , 

222 RQ � , 
222 R̂Q � , 

224 SQ � , 
224 ŜQ � , (4b)
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where

111112221212221212111212111211
ˆˆˆˆˆˆˆˆˆˆ RhSSSSSRRRR TTTTTTTT ��������������������� � ,

� �0001 II ��� , � �000ˆ
1 II ��� ,

� �0002 II ��� , � �II ��� 000ˆ
2

,

310011 QQPAAP T ����� , PA112 �� , KRBu
ˆ

014 ��� , TAP 016 ��� � , PA217 �� ,

12018 ���� T
w CPB , I��� �19 , TCP 0110 �� , 1111 RBu��� � , TP���113 ,

TAP 126 ��� � , 12128 ��� TCP , TCP 1210 �� , TP���214
, 133 Q��� ,

T
u

TT BRK 046
ˆ���� � , 12048

ˆ ���� T
u

TT DRK , T
u

TT DRK 0410
ˆ��� , TK̂412 ��� ,

355 Q��� , PQQQh �������� �� 254266 , PA267 ��� � , wB��� �68 ,

I���� ��69 , 1611 RBu���� �� , 577 Q��� , 12278 ��� TCP ,

TCP 2710 �� , TP���715 , w
TT

w DD 12122288 ������� , T
wD��810 ,

112811 RDu
T���� � , 1

111010
����� , 11011 RDu��� � ,

I���������� �15151414131399 , I������ �12121111 .

Then, the system (1) with (2) is asymptotically stabilizable via the reliable control

� � � � � �txPKtKxtu 1ˆ �����  with IQC performance.

Proof. Define the Lyapunov function as

� � � � � � � �� � � � � ��� ��
�����

t

ht

Tt

ht

TT
t dssxQsxhtsdssxQsxtPxtxxV �� 21 )()(

� �� � � � � � ��� ���
�����

t

t

Tt

t

Tt

t

T dssxQsxdssxQsxtsdssxQsx
���

� )()()()( 543 ���� , (5)

where 01 �� �PP , 011 �� �� PQPQ ii , 5,,2,1 ��i . The time derivative of V(x
t
) in (5), along the

trajectories of the system (1), with (2) and u(t) = –Kx(t), is given by

� � � �� � � � � �� � � �� � � �tPxftwBttuBtxAthtxAtxAxV
T

w
f

ut ��������� ����
210 )(

� � � �� � � � � �� � � �� �ftwBttuBtxAthtxAtxAPtx w
f

u
T ��������� ���210 )(

� � � �htxQhtxtxQtx TT ���� 11 )()( � � � � � � � �� �
���

t

ht

TT dssxQsxtxQtxh ���� 22

� � � ��� ���� txQtxtxQtx TT
33 )()( � � � � � � � �� �

���
t

t

TT dssxQsxtxQtx
�

� ���� 44

� � � ��� ���� txQtxtxQtx TT ���� 55 )()( , (6)

where f is the abbreviation of � � � � � �� �� ���� txthtxtxf �,, . By the Leibniz-Newton formulas, we have
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� � � � � �htxtxdssx
t

ht
���� �

� , (7a)
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� , (7b)
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� . (7c)

Define
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From condition (2f), we have

� � � � � �� � � �� � � � � � 0������������ fftxtxthtxthtxtxtx TTTTTTT ���� �� . (9)

From the system (1) with (2a) and � � � �tKxtu �� , we have
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, (10b)

111112221212221212111212111211
ˆˆˆˆˆˆˆˆˆˆ RhSSSSSRRRR TTTTTTTT ��������������������� � ,

� �0001 II ��� , � �000ˆ
1 II ��� ,

� �0002 II ��� , � �II ��� 000ˆ
2

,

��������� � TT QQPAPA 1
310011 � , 112 PA�� , RKPBu���14 , PAT

016 ��� � ,

217 PA�� , 12018 ���� T
w CPB , ����� � T1

22 � , PAT
126 ��� � , 12128 ��� TC ,

133 Q��� , PBRK T
u

TT���� �46 , 1248 ���� T
u

TT DRK , 355 Q��� ,

PQQQh �������� �� 254266 , 267 PA��� � , wPB��� �68 , ��� TQ ����� �1
577 ,

12278 ��� TC , w
TT

w DD 12122288 ������� .

Premultiplying and postmultiplying the matrix � in (10b) by

� � 0diag 1111111 ��������� IIPPPPPPP �

with 1�� PP , we can obtain the following matrix with (3e), PKK �ˆ , PQPQ ii � , 5,,1 ��i ,
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, (11)

111112221212221212111212111211
ˆˆˆˆˆˆˆˆˆˆ RhSSSSSRRRR TTTTTTTT ��������������������� � ,

� �0001 II ��� , � �000ˆ
1 II ��� ,

� �0002 II ��� , � �II ��� 000ˆ
2

,

PPQQPAAP TT ��������� �1
310011 � , PA112 �� , KRBu

ˆ
14 ��� ,

TAP 016 ��� � , PA217 �� , 12018 ���� T
w CPB , PP T ����� �1

22 � ,

TAP 126 ��� � , 12128 ��� TCP , 133 Q��� , T
u

TT BRK̂46 ���� � ,

1248
ˆ ���� T

u
TT DRK , 355 Q��� ,

PQQQh �������� �� 254266 , PA267 ��� � , wB��� �68 ,

PPQ T��� ����� �1
577 , 12278 ��� TCP , w

TT
w DD 12122288 ������� .

Define the matrix

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

��
��

�
��

�����
�

���
�

���
�������

��

�1
11

88

27877

686766

55

4104846

33

1282622

0181716141211

*********

0********

0*******

0******

0*****

00000****

ˆ0ˆ0ˆ00***

0000000**

00000*

0ˆ0

ˆ

I

D

CP

I

CP

CPI

T
w

T

T

T

�

��

�



76 Long-Yeu Chung, Chang-Hua Lien, Ker-Wei Yu and Yuan-Shuo Hsu

�
�
�
�
�
�

�

�

�
�
�
�
�
�

�

��

�

00000

00000

00000

00000

000011

T

u

u
T

u

u

T

T

T

T

u

u
T

u

u

RD

RD

RB

RB

J

KK

J

RD

RD

RB

RB

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

�

�

1
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1

1

1

112

1

1

0

0

0

0

0

0

0
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0

0

ˆ
0
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0
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, (12)

where

KRBu
ˆˆ

014 ��� , T
u

TT BRK 046
ˆˆ ���� � , 

12048
ˆˆ ���� T

u
TT DRK , T

u
TT DRK 0410

ˆˆ ��� .

By Lemmas 2.1-2.2, we get that � < 0 in (4c) is equivalent to 0ˆ ��  in (12). By Lemma 2.2, 0ˆ ��  is

equivalent to 0��  in (11). Condition 0��  is also equivalent to 0��  in (10b). From (8), (9), (10a), and

0��  with � � 0�tw , there exists a constant 0��  satisfying

� �� �
� �

� � � � � � 2

110
txtztztxV T

tw
�����

�
�� .

With 011 �� , we obtain the following condition:

� �� �
� �

� � 2

0
txtxV

tw
���

�
�� .

Hence, the closed system (1)-(2) with � � � � � �txPKtKxtu 1ˆ ����� and � � 0�tw  is asymptotically stable

[16], [17].

Integrating the function in (10a) from 0 to � and from ��< 0, we have

� �� � � � � �
� �

� �
� � 0lim

0 2212

1211
0 ��

�

�
�
�

�
�
�

�
�
�

�
��
��

�
�

�
�
�

�
�� �

�

��
dt

tw

tz

tw

tz
xVtxV T

T

t
.

With the zero initial condition (x
0
 = 0), we have

� � 00 �xV , � �� � 0lim �
��

txV
t

,

and

� �
� �

� �
� � 0

0 2212

1211 ��
�

�
�
�

�
�
�

�
�
�

�
��
��

�
�

�
�
�

�
�
�

dt
tw

tz

tw

tz
T

T

, � � 0,,02 ���� wLw .

By the Definition 2.1, the system (1)-(2) satisfies IQC performance.
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If the constaints of time-varying delays are given by:

� � hth ��0 , � � �� �� t0 , � � 1�� Dhth� , � � 1�� Dt ��� , (13)

where h , � , h
D
, and �

D
 are some given constants. Then Theorem 2.1 can be rewritten as the following

result:

Corollary 2.1. For a constant 0�� , let there exist two constants 0�� , 0�� , some nn�  positive-

definite symmetric matrices P , iQ , 7,,2,1 ��i , 22R , 
22R̂ , 22S , 

22Ŝ , some nn 55 �  positive-definite

symmetric matrices 
11R , 

11R̂ , 
11S , 

11Ŝ , and some matrices 
12R , 

12R̂ , 
12S , nnS ��� 5

12
ˆ , nmK ���ˆ , such that

LMI conditions (4a)-(4b) and the following condition are satisfied:

� � �� wuwu DDCCCBBAAA ,,,,,,,,,ˆ
210210
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, (14)
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where

76310011
ˆ QQQQPAAP T ������� , � � 622 1ˆ QhD ����� , � � 744 1ˆ QD ����� � ,

other matrices ij� , 15,,2,1, ��ji , and 
11�  are defined in Theorem 2.1. Then, the system (1) with (2) and

(13) is asymptotically stabilizable via the reliable control � � � � � �txPKtKxtu 1ˆ �����  with IQC performance.

Proof. Define the Lyapunov functional as follows:

� � � �
� �

� � � �
� ��� ��

���
t

tt

Tt

tht

T
tt dssxQsxdssxQsxxVxV

� 76 )()( ,

where � �txV  is defined in (5), 011 �� �� PQPQ ii , 7,6�i . This proof is same as Theorem 2.1.

3. RELIABLE CONTROL FOR UNCERTAIN NEUTRAL SYSTEMS WITH IQC
PERFORMANCE

Consider the following uncertain neutral system with state and input time-varying delays:

� � � � � � � � � �� � � � � � � � � �� � � � � �twtBttutBtxtAthtxtAtxtAtx w
f

u �������� ���� 210

� � � �� � � �� ����� txthtxtxf �,, , 0�t , (15a)

� � � �ttx �� , � �0,Ht �� , (15b)

� � � � � � � � � �� � � � � � � � � �� � � � � �twtDttutDtxtCthtxtCtxtCtz w
f

u �������� ���210 , 0�t , (15c)

where

� � � �tAAtA 000 ��� , � � � �tAAtA 111 ��� , � � � �tAAtA 222 ��� , � � � �tBBtB uuu ��� ,

� � � �tBBtB www ��� , � � � �tCCtC 000 ��� , � � � �tCCtC 111 ��� , � � � �tCCtC 222 ��� ,

� � � �tDDtD uuu ��� , � � � �tDDtD www ��� ,

0A , 1A , 2A , uB , wB , 0C , 1C , 2C , uD , wD , are some given constant matrices, � �tA0� , � �tA1� , � �tA2� ,

� �tBu� , � �tBw� , � �tC0� , � �tC1� , � �tC2� , � �tDu� , � �tDw� , are some time-varying functions satisfying

� � � � � � � � � �
� � � � � � � � � ���

�
�
�

�
�����
�����

tDtDtCtCtC

tBtBtAtAtA

wu

wu

210

210

� � � �43210 NNNNNtF
M

M

z

x ���
�

�
�
�

�
� , (15d)

xM , zM , iN , 4,3,2,1,0�i , are some given constant matrices, � �tF  is real time-varying function with

appropriate dimensions and bounded as follows:

ItFtF T �� )()( , 0�� t .

With the result of Theorem 2.1 and by comparing system (1) and system (15), a result to design the

robust reliable control � � � �tKxtu ��  with IQC performance for system (15) is presented.
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Theorem 3.1. For a constant 0�� , let there exist some constants 0�� , 0�� , 0�� , some nn�

positive-definite symmetric matrices P , iQ , 5,,2,1 ��i , 22R , 
22R̂ , 22S , 

22Ŝ , some nn 55 �  positive-definite

symmetric matrices 
11R , 

11R̂ , 
11S , 

11Ŝ , and some matrices 
12R , 

12R̂ , 
12S , nnS ��� 5

12
ˆ , nmK ���ˆ , such that

that (4a)-(4b) and following LMI conditions are satisfied:

� �
0

*

,,,,,,,,,

2

1210210 ��
�

�
�
�

�
�
�� wuwu DDCCCBBAAA

, (16a)

where � �wuwu DDCCCBBAAA ,,,,,,,,, 210210�  is defined in (4c) and
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0

0
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ˆ0

00

0

31

412

2

30

1

0

1

TT
z

T
z

T

T
x

TTT

T

T
x

NR

M
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NP

M

NRK

NP

NPM

�
�

�

��

�

(16b)

�
�

�
�
�

�
��

��
��

I

I

�
�
0

0
2 . (16c)

Then, the system (15) with (2) is asymptotically stabilizable by the reliable control

� � � � � �txPKtKxtu 1ˆ �����  with IQC performance.

Proof: From the systems (1) and (15) with Theorem 2.1, a sufficient condition to design the reliable
control with IQC performance for the system (15) is given by

� � � � � � � � � � � � � � � � � � � �� �tDtDtCtCtCtBtBtAtAtA wuwu ,,,,,,,,, 210210�

� �wuwu DDCCCBBAAA ,,,,,,,,, 210210�� � � � � TTT tFtF 1221 ������ ,

where
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� �00000000000 121
T
z

T
z

T
x

T
x

T MMMM ���� � ,

� �00000000ˆ0 134203102 RNNPNKRNPNPNT ���� � .

By Lemmas 2.1 and 2.2, condition (16) is equivalent to

� � � � � � � � � � � � � � � � � � � �� � 0,,,,,,,,, 210210 �� tDtDtCtCtCtBtBtAtAtA wuwu .

The proof is completed.

Corollary 3.1. For a constant 0�� , let there exist some constants 0�� , 0�� , 0�� , some nn�

positive-definite symmetric matrices P , iQ , 7,,2,1 ��i , 
22R , 

22R̂ , 
22S , 

22Ŝ , some nn 55 �  positive-

definite symmetric matrices 
11R , 

11R̂ , 
11S , 

11Ŝ , and some matrices 
12R , 

12R̂ , 
12S , nnS ��� 5

12
ˆ , nmK ���ˆ ,

such that LMI conditions (4a)-(4b) and the following condition are satisfied:

� �
0

*

,,,,,,,,,ˆ

2

1210210 ��
�

�
�
�

�

�
�� wuwu DDCCCBBAAA

,

where � �wuwu DDCCCBBAAA ,,,,,,,,,ˆ
210210�  is defined in (14), �

1
 and �

2
 are defined in (16b)-(16c). Then,

the system (15) with (2) and (13) is asymptotically stabilizable via the reliable control

� � � � � �txPKtKxtu 1ˆ �����  with IQC performance.

In many practical systems, the actuator or sensor is working either in normal or completely faulty
conditions [8], [10]. When the actuator or sensor has some failures, the possible fault matrices R in (2a) can
be rewritten as

� �miiii rrrR ,,,diag 21 �� , 0�jir  or 1�jir , mj ,,2,1 �� , Ni ,,2,1 �� , (17)

where jir , mj ,,2,1 �� , Ni ,,2,1 �� , are some given constants, but 0�jir , for all mj ,,2,1 ��  and

some Ni ,,2,1 ��  (no input) are not allowed.

With the results of Theorems 2.1-2.2, the robust reliable control � � � �tKxtu ��  with IQC performance

for system (15) with (17) is provided in the following result.

Theorem 3.2. For a constant � > 0, let there exist two constants ��> 0, ��> 0, some n×n positive-definite

symmetric matrices P , iQ , 5,,2,1 ��i , 
22R , 

22R̂ , 
22S , 

22Ŝ , some nn 55 �  positive-definite symmetric

matrices 
11R , 

11R̂ , 
11S , 

11Ŝ , and some matrices 
12R , 

12R̂ , 
12S , nnS ��� 5

12
ˆ , nmK ���ˆ , such that that (4a)-

(4b) and following LMI conditions are satisfied:

� �
0

*

~
,,,,,,,,,,

~

2

1210210 ��
�

�
�
�

�

�
�� iiwuwu RDDCCCBBAAA

, Ni ,,2,1,0 �� , (18a)

where 2�  is defined in (16c), IR �0 , and
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TP���111

~ , TP���212

~ , TP���713

~
, I�������� �131312121111

~~~
,

KRB iu
ˆ~

14 ��� , T
u

T
i

T BRK̂
~

46 ���� � , 1248
ˆ~ ���� T

u
T
i

T DRK , T
u

T
i

T DRK̂
~

410 ��� ,

other matrices ij� , 15,,2,1, ��ji , and 
11�  are defined in Theorem 2.1. Then, the system (15) with (2a),

(2f), (17) is asymptotically stabilizable by the reliable control � � � � � �txPKtKxtu 1ˆ �����  with IQC performance.

Proof: Under the vertex conditions in (17), we have the following convex combination for the matrix
R in (2a):

�
�

��
N

i
ii RR

0

� , 1
0

���
�

N

i
i� .

From the conditions (18), we have

� �
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RDDCCCBBAAA wuwu

� �
0

*

~
,,,,,,,,,,

~

2

1210210

0

��
�

�
�
�

�

�
��

�� �
�

iwuwu
N

i
i

RDDCCCBBAAA
� .

From the spirit of Theorems 2.1 and 3.1, this will imply that the asymptotic stabilization for the reliable
control of the system with IQC performance under normal and failure situations has been achieved.

Corollary 3.2: For a constant � > 0, let there exist two constants ��> 0, ��> 0, some n×n positive-

definite symmetric matrices P , iQ , 7,,2,1 ��i , 
22R , 

22R̂ , 
22S , 

22Ŝ , some 5n×5n positive-definite
symmetric matrices 

11R , 
11R̂ , 

11S , 
11Ŝ , and some matrices 

12R , 
12R̂ , 

12S , nnS ��� 5
12

ˆ , nmK ���ˆ , such that
LMI conditions (4a)-(4b) and the following condition are satisfied:

� � 0
*

~
,,,,,,,,,,

~~

2

1210210 �
�
�
�

�

�
�
�

�

�
�� iwuwu RDDCCCBBAAA

, Ni ,,2,1,0 �� , (19)

where � �iwuwu RDDCCBBAAA ,,,,,,,,,
~~

10210�  is defined by

� � �� iwuwu RDDCCBBAAA ,,,,,,,,,
~~

10210
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�
�
�
�
�
�
�
�
�
�
�

�
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�
�
�
�
�
�
�
�
�
�
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�

�
�

�
�

�
��

����
����

�
����

�
�����

���������

1313
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99

81088

7137107877

69686766

55

410484644

33

212210282622

11111019181716141211

~
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~
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~
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000*********

0000********

0000*******

~
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~
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~

0
~
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~
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0
~
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~
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~

0
~
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�
�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�
�

�

��

�

000000000

000000000

000000000

000000000

000000000

000000000

000000000

000000000

0000000011

,

76310011

~
QQQQPAAP T ������� , � � 622 1

~
QhD ����� , � � 744 1

~
QD ����� � ,

other notations are defined in Theorem 3.1, 
1

~�  and �
2
 are defined in (18b) and (16c), respectively. Then,

the system (15) with (2a), (2f), (13), (17) is asymptotically stabilizable via the reliable control

� � � � � �txPKtKxtu 1ˆ �����  with IQC performance.

4. NUMERICAL EXAMPLE

Consider the uncertain neutral system (15) with the following parameters:

�
�
�
�

�

�

�
�
�
�

�

�

�

��
�

�

1.05.005.0

1100

05.001

0011

0A
, 

�
�
�
�

�

�

�
�
�
�

�

�

�

�

�

3.02.01.02.0

2.02.02.01.0

3.03.02.00

1.03.02.03.0

1A
,

�
�
�
�

�

�

�
�
�
�

�

�

�
�

��

1.01.01.01.0

1.01.01.01.0

1.01.005.00

1.01.01.01.0

2 �A
, 

�
�
�
�

�

�

�
�
�
�

�

�

�

�
�

11

22

11

12

uB
, 

�
�
�
�

�

�

�
�
�
�

�

�

�
�

�

3.05.0

5.01

5.05.0

3.04.0

wB
,

�
�

�
�
�

�
�

5.0000

8.002.00
0C , 021 �� CC , �

�

�
�
�

�
�

7.01

08.0
uD , �

�

�
�
�

�
�

5.00

04.0
wD ,

�
�
�
�

�

�

�
�
�
�

�

�

�

0

2.0

0

1.0

xM
, �

�

�
�
�

�
�

1.0

1.0
zM , � �2.03.04.02.00 �N , � �1.02.01.01.01 �N ,

� �2.01.02.01.02 �� �N , � �2.01.03 �N , � �1.02.04 �N , � =�=� =0,

0�� , 125.0�� , 0�D� , 0�Dh , 2�h . (20)
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The obtained results with � = � = 0.1 in this paper are formulated in the following.

(a) Consider the failure condition in (2), 16.0 1 �� r , 1.19.0 2 �� r , and the IQC performance bound

�
�
�
�

�

�

�
�
�
�

�

�

�
�

��
�

�
�
�

�
��
��

��

21.01.02.0

1.022.01.0

1.02.010

2.01.001

2212

1211
T . (21)

From (2c)-(2d), we have

�
�

�
�
�

�
�

10

08.0
0R , �

�

�
�
�

�
�

1.00

02.0
1R .

By using Corollary 3.1 with � = 0.22, the system (15) with (2) and (20) is asymptotically stabilizable by
the robust reliable control

� � � � � �txtxPKtu �
�

�
�
�

�
���� �

0.71540.74720.63060.2418

0.11860.35970.7022-0.2084ˆ 1

with IQC performance bound in (21).

(b) Consider the fault matrix �
�

�
�
�

�
�

10

00
1R  in (17) (the input u

1
(t) may completely fail in the future).

From Corollary 3.2 with � = 0.27, the system (15) with (17) and (20) is asymptotically stabilizable by the
robust reliable control

� � � � � �txtxPKtu �
�

�
�
�

�
���� �

0.74182.30320.6866-0.4247

0000ˆ 1

with IQC performance bound in (21).

Even when in the special condition � = � = 0, the LMI conditions in our past results in Ref. 8 have no
feasible solution for the above two cases. The results in Ref. 8 cannot be used for any ��> 0, �, �, �, �, ��� 0.

5. CONCLUSION

In this paper, a robust reliable control with IQC performance for a class of uncertain neutral systems with
state and input time-varying delays has been considered. The asymptotic stabilization has been guaranteed
by our proposed reliable control via the LMI approach. A numerical example has been given to show the
use of our results.
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