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Abstract: This paper deals with the dissipative problem for uncertain time-delay networked
control systems with both multiple measurement and control packet dropouts. The uncertainty
is assumed to satisfy a dissipative inequality, and the multiple measurement and control
packet dropouts are described by two independent Bernoulli distributed sequences. By utilizing
the Lyapunov functional method, a robust dissipative controller is designed such that the
corresponding closed-loop system is asymptotically mean-square stable and strict (Q,S, R)-
dissipative. The sufficient condition on the existence of the controller is formulated in the form
of linear matrix inequalities. Then the controller gain is achieved by using an extended cone
complementarity linearization method. An example is given to illustrate the effectiveness of the
proposed design method.
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1. INTRODUCTION

Networked control systems (NCSs) are spatially dis-
tributed systems in which the communication between
sensors, actuators and controllers occurs through a shared
bandlimited communication network (Hespanha et al.
(2007)). The primary advantages of NCSs are reduced
system wiring, ease of system diagnosis and maintenance,
and increased system agility (Zhang et al. (2001)). There-
fore, increasing research attention has recently been paid
to the study of NCSs, see for example, Yue et al. (2004)
and Yu et al. (2004). However, since sensors, actuators and
controllers are connected via a shared band-limited com-
munication network, network-induced delays and packet
dropouts in NCSs are inevitable. The existence of the
network-induced delays and packet dropouts may degrade
the performance of the control system or even drive the
system to instability. Therefore, a realistic networked con-
trol system design should take the network-induced de-
lays and the packet dropouts into account. In the past
two decades, the problems of network-induced delays and
packet dropouts in the networked control systems have
been extensively studied. For example, Yue et al. (2004)
indicated the state feedback stabilization of networked sys-
tems with packet dropouts and Yu et al. (2004) discussed
the packet dropout and transmission delays in networked
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DP0986376; the Research Advancement Awards Scheme Program
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control systems in both continuous-time case and discrete-
time case using LMI approach.

Since the introduction of dissipativity by Willems (1972),
the dissipative problem for variety of practical systems has
been attracting much attention. Dissipativity is a genera-
tion of passivity in electrical networks and other dynamic
systems with dissipative energy. Dissipative property is
an expected system behavior, since the storage function
is closely related to system energy and serves as a can-
didate for a Lyapunov function. When the dissipativity is
assured, stability problems can be solved. Therefore, it has
been successfully used in diverse areas such as systems,
circuits, robots and control theory and applications. For
instance, Xie et al. (1998) discussed robust dissipative
control for linear systems and Li et al. (2002) extended this
work to the delay-dependant quadratic dissipative control.
Similarly, Yang et al. (2007) suggested the dissipative
control of singular systems and Shen et al. (1999) analyzed
the dissipative theory approach for robot systems. The
reliable dissipative control for stochastic impulsive systems
was considered by Zhang et al. (2008). As discussed al-
ready, dissipative control has been investigated by many
researchers and many results have been reported in the
literature. Since energy exists in NCSs and it may change
during transmission, it is not surprising that the dissipa-
tivity theory is generalized to the NCSs. Very recently,
the passivity and passification problems were discussed
by Gao et al. (2007). However, to the best of the au-
thors’ knowledge, for the networked control systems, in
the simultaneous presence of time-delays, packet dropouts
and uncertainties, the problem of dissipative control has
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received less research attention to date and still remains
challenging, which motivates the present study.

Based on the above discussions, the object of this paper
is to deal with the problem of dissipative output feedback
controller design for a class of networked control systems
with multiple packet dropouts, where the plant is a time-
delay system. First, we will extend the definition of dis-
sipativity to the stochastic setting. By using Lyapunov
approach and stochastic analysis method, the dissipativity
performance condition in the sense of expectation will be
formulated in the forms of linear matrix inequalities. Then
robust dissipative controller will be derived, which guaran-
tees the closed-loop system is asymptotically mean-square
stable and strictly mean-square (Q,S, R)-dissipative. The
extended cone complementarity linearization method will
be proposed to pursue a suboptimal system performance.
A numerical example will be provided to illustrate the
effectiveness of the proposed method.

2. PROBLEM FORMULATION

Consider the following system with time-delay



x(k + 1) = Ax(k) + Adx(k − d) +
p∑

i=1

H1iξi(k)

+B1w(k) + B2u
F (k),

z(k) = C1x(k) + Cdx(k − d) +
p∑

i=1

H2iξi(k)

+D11w(k) + D12u
F (k),

y(k) = C2x(k) + D21w(k),
σi(k) = E1ix(k) + Edix(k − d)

+E2iw(k) + E3iξ(k) + Ecu
F (k),

x(k) = φ(k), k = −d,−d + 1, ...,−1, 0,

(1)

where x(k) ∈ Rn is the state vector, w(k) ∈ Rr is
the disturbance belonging to l2[0,∞), z(k) ∈ Rq is
the output, uF (k) ∈ Rm is the control input, y(k) ∈
Rp is the measure output vector; d > 0 is a known
time delay, φ(k) represents the initial function; Matrices
A, B1, B2, C1, C2, D1, D2, H1i, H2i, H3i, E1i, E2i, E3i, E4i

are known real matrices with appropriate dimensions.

The variables ξi(k) ∈ Rki and σi(k) ∈ Rhi , which are used
to describe the system uncertainty, are assumed to satisfy
the following dissipative inequality

ξT
i (k)Liξi(k) + 2ξT

i (k)Miσi(k) + σT
i (k)Giσi(k) ≥ 0 (2)

where Li, Mi, and Gi are known real constant matrices
with Li and Gi are symmetric.

L̄=diag{L1, L2, ..., Lp}, H1 =[ H11 H12 ... H1p ] ,

M̄=diag{M1,M2, ..., Mp},H2 =[ H21 H22 ... H2p ] ,

Ḡ=diag{I1, I2, ..., Ip}, H3 =[ H31 H32 ... H3p ] ,

ET
1 =

[
ET

11 ET
12 ... ET

1p

]T
, ET

2 =
[
ET

21 ET
22 ... ET

2p

]
T ,

ET
3 =

[
ET

31 ET
32 ... ET

3p

]T
,

ξ(k)=
[
ξT
1 (k) ξT

2 (k) ... ξT
p (k)

]T
,

σ(k)=
[
σT

1 (k) σT
2 (k) ... σT

p (k)
]T

.

Then from the dissipative inequality (2), we have
[
ξT (k) σT (k)

]T
[

L̄ M̄T

M̄ Ḡ

] [
ξ(k)
σ(k)

]
≥ 0 (3)

Throughout this paper, suppose that the packet transfers
between the controller and the remote system, e.g., sensors
and actuators in a distributed control system, in the
presence of the control network, which is shown in Fig.1.

Uncertain time-delay 
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Fig. 1. Structure of a networked control system.

Because network is introduced to control- system design,
the packet dropouts phenomenon, which appears in a typ-
ical network environment, may make the controller-design
problem much more involved. Considering the multiple
packet dropouts, the network can be modeled as a switch
that opens and closes in a random manner. When the
switch is open, its output at the previous value, which
means the packet is lost. The measure signals are sent
by the plant to the controller via the communication
channel and there may be random dropouts, where only
the probability of the dropouts is known. The current
observation yF (k) is the current system output y(k), with
the probability of (1− β(k)). Similar to the measurement
channel, the control signals sent by the remote controller
to the plant via the communication channel. The plant
control input uF (k) is the current controller output u(k),
with the probability of (1 − α(k)). The multiple control
and measurement packet dropouts can be represented by
the following relations{

uF (k) = (1− α(k))u(k) + α(k)uF (k − 1)
yF (k) = (1− β(k))y(k) + β(k)yF (k − 1)

(4)

Both α(k) and β(k) are satisfied with the Bernoulli dis-
tributed white sequence




Prob{α(k) = 1} = E{α(k)} := ᾱ,
Prob{α(k) = 0} = 1−E{α(k)} := 1− ᾱ,
Prob{β(k) = 1} = E{β(k)} := β̄,
P rob{β(k) = 0} = 1−E{β(k)} := 1− β̄

(5)

where Prob{·} means the occurrence probability of the
event ·. E{α(k)} stands for the expectation of the stochas-
tic variable α(k). E{β(k)} stands for the expectation of the
stochastic variable β(k) . ᾱ and β̄ are known scalars. At
the same time, α(k) and β(k) are independent.

In this paper, we propose the following dynamic feedback
controller for system (1){

x̂(k + 1) = AF x̂(k) + BF yF (k)
u(k) = CF x̂(k) (6)

where x̂(k) ∈ Rn is the state of the controller, AF , BF , CF

are the parameters of the controller to be designed.

From the system (1) and controller (6), the closed-loop
system can be described as




η(k + 1)=Aclη(k)+ÂdZη(k − d)+Bclw(k)+Hclξ(k),
z(k)=Cclη(k)+CdZη(k − d)+D11w(k)+H2ξ(k),
σ(k)=Eclη(k)+EdZη(k − d)+E2w(k)+E3ξ(k).

(7)

where
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η(k)=
[
x(k)T uF (k − 1)T yF (k − 1)T x̂(k)T

]
T ,

¯α(k)=1− α(k), ¯β(k) = 1− β(k), Hcl =
[
HT

1 0 0 0
]T

,

ÂT
d =

[
AT

d 0 0 0
]
, Z = [ I 0 0 0 ] ,

Acl=




A α(k)B2 0 ¯α(k)B2CF

0 α(k)I 0 ¯α(k)CF
¯β(k)C2 0 β(k)I 0

¯β(k)BF C2 0 β(k)BF AF


 ,

Bcl=
[
BT

1 0 ¯β(k)DT
21

¯β(k)DT
21B

T
F

]T
,

Ccl=
[
C1 α(k)D12 0 ¯α(k)D12CF

]
,

Ecl=
[
E1 α(k)Ec 0 ¯α(k)EcCF

]
.

We are now ready to introduce the notion of dissipativity
for the closed-loop system (7). In the literature, there have
been several different definitions about dissipativity. In
consideration of the presence of the network, we define
the dissipativity in the sense of the expectation, which
is an extension of the concept in Lozano et al. (2000).
Definition 1. A function E(w, z, T ) is called a supply
rate, if it satisfies

t2∑

k=t1

E(w, z, k) < ∞, t2 > t1 ≥ 0 (8)

Definition 2. The closed-loop system (7) is dissipative
with respect to the supply rate E(w, z, T ) if there exists
a nonnegative-definite function V (x(t)), called a storage
function, such that the dissipation inequality

V (x(t2))− V (x(t1)) ≤
t2∑

k=t1

E(w, z, k), t2 > t1 ≥ 0 (9)

The above inequality formalizes the idea that a dissipative
system is characterized by the property that the change of
internal storage V (x(t2)) − V (x(t1)) on any time interval
[t1, t2] will never exceed the amount of supply that flows
into the system. Taking into account the stochastic nature
of the system (7), we define the notion of dissipativity in
the sense of expectation.

Assume that the system (7) is given together with a mean-
square energy supply function E(w, z, T ) defined by

E(w, z, T ) = E{
T∑

k=0

zT (k)Qz(k)}+ 2E{
T∑

k=0

zT (k)Sz(k)}

+E{
T∑

k=0

wT (k)Rw(k)}, (10)

where Q = QT , R = RT , S with appropriate dimensions.
Definition 3. The closed-loop system (7) with the mean-
square energy supply function E(w, z, T ) defined in (10),
storage function V (T ), is said to be strictly mean-square
(Q,R, S)-dissipative, under zero initial state, for any T ≥ 0
and w(k) ∈ l2[0, T ], if for some scalar α > 0, such that

V (T ) + α
T∑

k=0

wT (k)w(k) < E(w, z, T ). (11)

With these definitions, the objective of this paper is to
design the output feedback controller (6) for the system
(1), such that for both measurement and control packet
dropouts, the closed-loop system (7) satisfies the following
requirements

i) The closed-loop system (7) is asymptotically mean-
square stable with w(k) = 0;

ii) Under the zero-initial condition, the system (7) is
strictly mean-square (Q,R, S)-dissipative.

Throughout this paper, we need the following assump-
tions.

Assumption 1. Real matrices L̄, M̄ and Ḡ satisfy{
M̂ = L̄ + M̄E3 + ET

3 M̄T + ET
3 ḠE3 < 0;

Ḡ ≥ 0
(12)

Assumption 2. Real matrices R, Q, S are satisfied the
following conditions{

R̂ = R + DT
11S + ST D11 + DT

11QD11 > 0;
Q− = −Q > 0.

(13)

2.1 Dissipative analysis

Theorem 1. Given real matrices L̄, Ḡ, M̄ satisfying
Assumption 1 and Q, R, S satisfying Assumption 2, with
Q,R, L̄, and Ḡ symmetric. Then under the zero initial
state condition, the closed-loop system (7) is asymp-
totically mean-square stable and strictly mean-square
(Q,R, S)-dissipative, if there exist positive definite matri-
ces P > 0, W1 > 0 and W2 > 0 such that[

Ψ1 ΨT
2

Ψ2 Ψ3

]
< 0 (14)

where a =
√

ᾱ(1− ᾱ), b =
√

β̄(1− β̄),

Ψ1=




−P ∗ ∗ ∗
0 −W2 ∗ ∗

−ST Ccl0 −ST Cd −R̂ ∗
M̄Ecl0 M̄Ed M̄E2 −HT

2 S M̂


 ,

Ψ3=
[

Λ1 ΛT
2

Λ2 Λ3

]
,

Ψ2=




PAcl0 PÂd PBcl0 PH1√
dZ(Acl0 − I)

√
dZÂd

√
dZBcl0

√
dZH1

Ecl0 Ed E2 E3√
dbZAcl2 0

√
dbZBcl2 0

Q−Ccl0 Q−Cd Q−D11 Q−H2

bPAcl2 0 bPBcl2 0
aPAcl1 0 0 0

Z 0 0 0
aQ−Ccl1 0 0 0√
daZAcl1 0 0 0
aEcl1 0 0 0




,

where
Λ1 = diag{−P,−W−1

1 ,−Ḡ−1,−W−1
1 ,−Q−,−P},

Λ2 =




0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0


 ,

Λ3 = diag{−P,−W−1
2 ,−Q−,−W−1

1 ,−Ḡ−1}.
Proof. Denote

ε(k) = η(k + 1)− η(k) (15)
Since the parameters of system (7) contain the stochastic
parameters, we separate the stochastic parameters as

Acl =Acl0+(α− ᾱ)Acl1+(β−β̄)Acl2,

Bcl =Bcl0+(β − β̄)Bcl2, Ccl =Ccl0+(α−ᾱ)Ccl1,

Ecl =Ecl0+(α−ᾱ)Ecl1

where
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Acl0=




A ᾱB2 0 (1−ᾱ)B2CF

0 ᾱI 0 (1−ᾱ)CF

(1−β̄)C2 0 β̄I 0
(1−β̄)BF C2 0 β̄BF AF


 ,

Acl1=




0 B2 0 −B2CF

0 I 0 −CF

0 0 0 0
0 0 0 0


, Bcl0=




B1

0
(1−β̄)D21

(1−β̄)BF D21


 ,

Acl2=




0 0 0 0
0 0 0 0

−C2 0 I 0
−BF C2 0 BF 0


, Bcl2=




0
0

−D21

−BF D21


 ,

Ccl0=[ C1 ᾱD12 0 (1− ᾱ)D12CF ] ,

Ccl1=[ 0 D12 0 −D12CF ] ,

Ecl0=[ E1 ᾱEc 0 (1− ᾱ)EcCF ] ,

Ecl1=[ 0 Ec 0 −EcCF ] .
From (7), we can get that

η(k + 1)=(Acl+ÂdZ)η(k)−ÂdZ
k−1∑

i=k−d

ε(i)

+(Bcl0 + (β(k)−β̄)Bcl2)w(k)

+(Hcl0+(β(k)−β̄)Hcl2)ξ(k) (16)
and

ε(k)=(Acl−I + ÂdZ)η(k)−ÂdZ
k−1∑

i=k−d

ε(i)

+(Bcl0 + (β(k)− β̄)Bcl2)w(k)

+(Hcl0 + (β(k)− β̄)Hcl2)ξ(k). (17)
Then choose a Lyapunov function

V (k) = ηT (k)Pη(k)+
k−1∑

i=k−d

ηT (i)ZT W2Zη(i)

+
0∑

l=−d+1

k−1∑

i=k−l−1

εT (i)ZT W1Zε(i) (18)

To establish dissipative performance, we assume the zero
initial state condition V (0) = 0. For T > 0, we introduce
the cost function

J(T )=
T∑

k=0

z(k)T Qz(k) + 2
T∑

k=0

zT (k)Sw(k)

+
T∑

k=0

wT (k)Rw(k). (19)

Using Schur complement if (14) is satisfied, then J(T ) −
V (T ) > 0. So the closed-loop networked control system (7)
is asymptotically mean-square stable and strictly mean-
square (Q,R, S)-dissipative, and the proof is completed.

2.2 Dissipative control

This section is devoted to designing the controller such
that the closed-loop networked control system in (7)

is asymptotically mean-square stable and strictly mean-
square (Q,S, R)-dissipative.

First, we define

Ă11 =




A ᾱB2 0
0 ᾱI 0

(1− β̄)C2 0 β̄I


 , Ă12 =

[ (1− ᾱ)B2

(1− ᾱ)I
0

]
,

¯̄A11 =

[ 0 0 0
0 0 0

−C2 0 I

]
, Ā11 =

[ 0 B2 0
0 I 0
0 0 0

]
,

Ā12 =
[−BT

2 −I 0
]T

, Ă21 =
[
(1− β̄)C2 0 β̄I

]
,

¯̄A21 = [−C2 0 I ] , B̆1 =
[
BT

1 0 (1− β̄)DT
21

]T
,

¯̄B1 =
[
0 0 −DT

21

]T
, H̆ =

[
HT

1 0 0
]T

,

C̆ = [ C1 ᾱD12 0 ] , C̄ = [ 0 D21 0 ] ,

Ĕ0 = [ E1 ᾱEc 0 ] , Ĕ1 = [ 0 Ec 0 ] ,

Ād =
[
AT

d 0 0
]T

, Z̄ = [ I 0 0 ] .
Then the controller design problem is solved in the follow-
ing theorem, and the controller parameters are given in
terms of the solution to a matrix inequality, which can be
solved by the extended cone complementarity linearization
method.

Theorem 2. Given real matrices L̄, Ḡ, M̄ satisfying
Assumption 1 and Q, R, S satisfying Assumption 2, with
Q,R, L̄, and Ḡ symmetric. Then the closed-loop system (7)
is asymptotically mean-square stable and strictly mean-
square (Q,R, S)-dissipative, if there exist positive definite
matrices N , U , V , K, T1, T2, Γ1, Γ2 and Γ3 such that


Φ11 ∗ ∗ ∗
Φ21 Φ22 ∗ ∗
Φ31 Φ32 Φ33 ∗
Φ41 Φ42 Φ43 Φ44


 < 0 (20)

where

Φ11=




−N ∗ ∗ ∗ ∗
−N −U ∗ ∗ ∗
0 0 −T2 ∗ ∗

Υ41 −ST C̆ −ST CdT2 Υ44 ∗
Υ51 M̄Ĕ0 M̄EdT2 M̄E2 −HT

2 S Υ55


 ,

Φ21=




Υ61 Ă11 ĀdT2 B̆1 H̆

Υ71 Υ72 ĀdT2 Υ74 H̆

Υ81 Υ82

√
dZ̄ĀdT2

√
dZ̄B̆1

√
dZ̄H̆

Υ91 Ĕ0 EdT2 E2 E3

Υ101 Υ102 0
√

dbZ̄ ¯̄B1 0




,

V̄ =
[ −V ∗
−K −K

]
,Φ22 = diag{V̄ ,−T1,−Ḡ−1,−T1},

Φ31 =




Ξ11 Q−C̆ Q−CdT2 Q−D11 0
b ¯̄A11 b ¯̄A11 0 b ¯̄B1 0
Ξ31 Ξ31 0 Ξ34 0
Ξ41 aĀ11 0 0 0
Ξ41 aĀ11 0 0 0




,
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Φ32 =




0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0


 , Φ42 = Φ43 =

[ 0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

]
,

Φ33 = diag{−Q−, V̄ , V̄ },

Φ41 =




Z̄ Z̄ 0 0 0
aQ−(C̄ −D12Γ3) aQ−C̄ 0 0 0

a
√

dZ̄(Ā11 + Ā12Γ3) a
√

dZ̄Ā11 0 0 0
a(Ĕ1 − EcΓ3) aĔ1 0 0 0


 ,

Φ44 = diag{−T2,−Q−,−T1,−Ḡ−1},
Υ41 = −ST (C̆ + (1− ᾱ)D21Γ3),

Υ44 = −R−DT
11S − ST D11,

Υ51 = M̄(Ĕ0 + (1− ᾱ)EcΓ3)

Υ55 = L̄ + M̄E3 + ET
3 M̄T ,Υ61 = Ă11 + Ă12Γ3,

Υ71 = Ă11 + Γ2Ă21 + Ă12Γ3 + Γ1,

Υ72 = Ă11 + Γ2Ă21, Υ74 = B̆1 + (1− β̄)Γ2D21,

Υ81 =
√

dZ̄(Ă11 − I + Ă12Γ3),

Υ82 =
√

dZ̄(Ă11 − I), Υ101 = Υ102 =
√

dbZ̄ ¯̄A11,

Υ91 = Ĕ0 + (1− ᾱ)EcΓ3,

Ξ11 = Q−C̆ + (1− ᾱ)Q−D21Γ3,

Ξ31 = b( ¯̄A11 + Γ2
¯̄A21), Ξ33 = b( ¯̄B11 − Γ2D21),

Ξ35 = b(H̄ − Γ2H3), Ξ41 = a(Ā11 + Ā12Γ3).
Moreover, the parameters of the controller are




AF = X−1
12 UΓ1V Y −T

12 ,
BF = X−1

12 UΓ2,
CF = Γ3V Y −T

12 ,

(21)

where I − UV = X12Y
T
12 < 0.

Proof. Firstly, we partition P and P−1 as

P =
[

U X12

XT
12 X22

]
, P−1 =

[
V Y12

Y T
12 Y22

]
, (22)

where the partition is compatible with the parameters of
the closed-loop system.

Let Π1 =
[

V I
Y T

12 0

]
, Π2 =

[
I U
0 XT

12

]
, which imply

that PΠ1 = Π2 and ΠT
1 PΠ1 = ΠT

1 Π2.

We apply the congruence transformation
diag{Π1, I, I, I,Π1, I, I, I, I,Π1,Π1, I, I, I, I}

to (14).

Define that V =N−1, K =U−1, T1 =W−1
1 and T2 =W−1

2 .

Then apply the congruence transformation
diag{N, I, I, I, I, I,K, I, I, I, I, I, K, I,K, I, I, I, I}

again. After that, we can obtain (20).

The formula(20)implies that: I − UV = X12Y
T
12 < 0. So

if there exist the nonsingular matrices X12 and Y12, the
controller exists. Based on Theorem 1, system (7) is mean-
square stable and satisfies the dissipative performance,
which completes the proof.

Theorem 2 gives the design method of the controller, but
it should satisfy the equation constraints

V = N−1, K = U−1 (23)

For N > 0, V > 0, and
[

N I
I V

]
> 0, then we can obtain

that V N = I if and only if trace(V N) ≥ n + m + p.
Similarly, trace(KU) ≥ n + m + p.

It is noted that this condition is not a convex set for the
matrix equality constraints. This problem can be solved
via the cone complementarity linearization method de-
scribed by Ghaoui et al. (1997) or the sequential lin-
ear programming matrix method, which was proposed
by Leibfritz (2001). But both of them are defective. The
cone complementarity linearization method is highly con-
servative. Although the sequential linear programming
matrix method has improved the cone complementarity
linearization method, it also exists defect. It can not realize
the iteration between 0 and 1. Because when ρ = 0,
the iteration stops. The algorithm proposed in this paper
avoids this occurrence.

This paper proposes the extended cone complementarity
linearization method as follows

Step 1: Given the maximum iteration times N , and the
iteration accuracy ε ;
Step 2: Find the feasible solution to (20), (23), and
let N (k) = N, V (k) = V, K(k) = K, U (k) = U, k = 0;
Step 3: Find a set of optimal solution N̂ , Ū , Ṽ , W1, W2, Γ1,
Γ2 and Γ3, such that min trace(NV (k) + N (k)V +
trace(KU (k) + K(k)U), subject to (20);
Step 4: If the formula (23) is satisfied, and |trace(NV (k)+
N (k)V ) + trace(KU (k) + K(k)U)− 4(n + m + p)| ≤ ε; else
Stop.
Step 5: If k > N , then output the optimal solutions.
Iteration stops; else go to Step 6 ;
Step 6: Let N (k) = N, V (k) = V, K(k) = K, U (k) =
Uand k = k + 1, go to Step 3.

Remark 1. We will consider both network-induced delays
and packet dropouts in the following paper.

3. A NUMERICAL EXAMPLE

In this section, we give an example to demonstrate the
effectiveness of the proposed method. For this purpose,
consider the model as the system (1) with parameters

A=

[ 0.9995 −0.8339 0.09976
0.3032 0.9894 −0.2667
−0.01008−0.0166 0.9949

]
,Ad=

[−0.20.1 0
0 0.1 0

0.5 0 0.05

]
,
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H1 = [ 0.5 0.5 1 ]T , B1 = [ 0.5882 0.7151 0.01175 ]T ,

B2 = [ 0.7387 −0.03757 0.01479 ]T ,

C1 = [ 0.018 0.114 0.47 ] , C2 = [ 0.5 0.6 0.3 ] ,

Cd = [ 0.023 0.114 0.43 ] , E1 = [ 0.1 0 0 ] ,

D11 = 0.1, D12 = 1, D21 = 0.1,

H2 = 0.005, H3 = 0.5, E2 = 0.1, E3 = 0.1,

E4 = 0.1, Ec = 0.2, Ed = [ 0.1 0 0 ] , d = 1.

Matrices Q, S, L̄, Ḡ and M̄ are given by

Q = −1, S = 0, R = γ2I, L̄ = −0.1, Ḡ = 0.2, M̄ = 0.1.

Assume that Prob{β(k) = 1} = 0.9 and Prob{α(k) =
1} = 0.9. From (20), using extended cone complementarity
linearization method and MATLAB LMI toolbox, we can
obtain the parameters of the controller are

AF=




−0.1119 0.0571 0.0230 −2.0070 −0.0095
−0.0324 −0.0541 0.0381 0.3161 −0.0249
−0.0019 −0.0122 0.0022 −1.8495 −0.0025
0.0025 0.0000 −0.0017 0.7819 −0.0001
−0.0009 −0.0068 0.0060 −2.9648 0.0008


 ,

BF=[−0.0179 −0.0338 −0.0603 −0.0002 −0.9932 ]T ,

CF=[−0.0080 0.0063 0.0010 −0.8710 −0.0001 ] .
The table next shows the performance of the system with
different probabilities of packet dropouts.

ᾱ β̄ γ

0.9 0.9 1.1879

0.9 0.5 1.1782

0.5 0.5 1.1538

0.2 0.5 1.1298

0.2 0.2 1.1242

Table 1. The cases with different probabilities

From what we said above we can know that, the more
packet dropouts, the poorer the performance of the sys-
tem.

4. CONCLUSION
This paper has addressed the dissipative output feed-
back control for uncertain time-delay networked control
systems. The Bernoulli distributed sequences have been
used to describe the multiple measurement and control
packet dropouts. The dissipativity performance condition
has been proposed in the form of linear matrix inequality.
Based on this condition, a controller design procedure has
been developed, which guarantees the closed-loop NCS
is asymptotically mean-square stable and strictly mean-
square (Q,S, R)-dissipative. Then the controller gain has
been obtained by using the extended cone complementar-
ity linearization method, which is better than a sequential
linear programming matrix method. The relationship be-
tween robust dissipative control and uncertain time-delay
networked control systems has been also established for

the first time. The illustrative example has been provided
to present the effectiveness of the proposed design method.
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