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Abstract— This paper studies the problem of H∞ output
tracking control for discrete-time networked control systems
(NCSs) with and without parameter uncertainty. By defining
new Lyapunov function and using the discrete Jensen inequality,
linear matrix inequality (LMI)-based H∞ output tracking per-
formance analysis and controller design are presented, and the
merit of the proposed methods lies in their less conservativeness,
which is achieved by decoupling the Lyapunov and the system
matrices. The designed controllers can guarantee asymptotic
tracking of prescribed reference outputs while rejecting dis-
turbances. The simulation results illustrate the effectiveness of
the proposed H∞ output tracking performance analysis and
controller design.

I. INTRODUCTION

Nowadays, networks play important roles in many indus-

trial control applications, especially for example, complex

control systems and remote control systems. Advantages of

NCSs include low cost, high reliability, ease of diagnosis and

maintenance, small volume of wiring, etc.

Many researchers have studied stability/stabilization for

NCSs [1]-[3]. For other methods dealing with time delay and

packet dropout, see also [4]-[10]. Recently, there have been

considerable research efforts on H∞ control for systems with

delay [11]-[14]. In [15], the random delays were modeled

as a linear function of the stochastic variable satisfying

Bernoulli random binary distribution, and the observer-based

controller was also designed to exponentially stabilize the

networked system in the sense of mean square. In [16],

a new robust stability condition for uncertain discrete-time

systems with convex polytopic uncertainty was given, and

the condition exhibited a kind of decoupling between the

Lyapunov and the system matrices which may be explored

for control synthesis purposes.

Synthesizing feedback controllers to achieve asymptotic

tracking of prescribed reference outputs while rejecting dis-

turbances is a fundamental problem in control. The main

objective of tracking control is to make the output of the
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plant, via a controller, track the output of a given reference

model as close as possible. For the problem of output

tracking control, [17] studied the reliable robust tracking

controller design problem against actuator faults and control

surface impairment for aircraft. [18] solved the tracking and

disturbance rejection problem for infinite-dimensional linear

systems, with reference and disturbance signals that were

finite superpositions of sinusoids. For other results on output

tracking control, see also [19] and the references therein.

The study on NCSs and output tracking control keeps

attracting considerable attention due to the demands from

practical dynamic processes in industry. To the best of our

knowledge, however, few works pay attention to the problem

of output tracking control for networked control systems

except in [20]-[22], and output tracking control for discrete-

time NCSs is not studied in the literature, which motivates

the present study.

In this paper, the problem of H∞ output tracking control

for discrete-time NCSs with time delay and packet dropout

is studied. By defining new Lyapunov function and using

the discrete Jensen inequality, LMI-based H∞ output tracking

performance analysis and controller design are presented for

nominal NCSs, and the LMIs do not involve any product of

the Lyapunov matrices and the system dynamic matrices,

which may introduce extra degree of freedom. The H∞

output tracking performance analysis is also presented for

NCSs with parameter uncertainty. The proposed methods

can guarantee asymptotic tracking of prescribed reference

outputs while rejecting disturbances.

This paper is organized as follows. Section 2 presents the

closed-loop model of discrete-time output tracking NCSs.

Section 3 is dedicated to H∞ output tracking performance

analysis for nominal and uncertain NCSs with time delay

and packet dropout. Section 4 presents H∞ output tracking

controller design. The results of numerical simulation are

presented in Section 5. Conclusions are stated in Section 6.

Notation. Throughout this paper, MT represents the trans-

pose of matrix M. I and 0 represent identity matrices and

zero matrices with appropriate dimensions, respectively. ∗
denotes the entries of matrices implied by symmetry. Matri-

ces, if not explicitly stated, are assumed to have appropriate

dimensions.

II. PRELIMINARIES AND PROBLEM STATEMENT

Consider a linear time-invariant plant described by

xk+1 = Axk +B1uk−Lk
+B2ωk

yk = Cxk +Dωk
(1)

where xk ∈ Rn, uk ∈ Rm, yk ∈ Rr, ωk ∈ Rq are the state vector,

control input vector, measured output, and disturbance input,
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respectively, and ωk is assumed to belong to L2[0, ∞). A,

B1, B2, C, D are known constant matrices of appropriate

dimensions, B1 is full column rank.

The main objective of this paper is to make the output

yk of the plant, via a controller, track the output of a given

reference model as close as possible. Suppose the reference

signal ŷk is generated by

x̂k+1 = Jx̂k + rk

ŷk = Hx̂k
(2)

where x̂k ∈ Rp and rk ∈ Rp are the reference state and the

energy bounded reference input, respectively, ŷk has the same

dimension as yk. J and H are known constant matrices of

appropriate dimensions with J stable.

The state feedback controller takes the following form

uk = K1xk +K2x̂k (3)

where K1 and K2 are the state feedback controller gains

which will be designed in this paper.

Throughout this paper, we suppose if the NCSs experience

time delay or packet dropout, the latest available control

inputs will be used. Define LM and Lm as the upper-bound

and lower-bound of Lk, respectively, where LM ≥ Lm ≥ 0,

then the maximum of consecutive packet dropout is LM −1.

Considering the effect of time delay and packet dropout,

from (1)-(2), we can get the following augmented closed-

loop system

ξk+1 = Ψ1ξk +Ψ2Kξk−Lk
+Ψ3νk

ek = Ψ̃1ξk + Ψ̃2νk
(4)

where ξk =

[
xk

x̂k

]
, ek = yk − ŷk, νk =

[
ωk

rk

]
, Ψ1 =

[
A 0

0 J

]
,

Ψ2 =

[
B1

0

]
, Ψ3 =

[
B2 0

0 I

]
, Ψ̃1 = [C −H], Ψ̃2 = [D 0],

K = [K1 K2].
Then, the tracking requirements are expressed as follows

(see [22])

i) The augmented closed-loop system in (4) with νk = 0 is

asymptotically stable

ii) The effect of ωk and rk on the tracking error ek is

attenuated below a desired level in the H∞ sense. More

specifically, it is required that

||ek||2 < γ||νk||2

for all nonzero ωk ∈ L2[0, ∞) under zero initial condition,

where γ > 0. We say the H∞ output tracking performance γ
is achieved if the above two requirements are met.

Based on the discrete-time state equation (4), we will study

the problem of H∞ output tracking performance analysis

for nominal and uncertain discrete-time NCSs in this paper,

the problem of H∞ output tracking controller design is also

discussed.

The following discrete Jensen inequality will be used in

the sequel.

Lemma 1 [23]. For any positive definite matrix M ∈ Rs∗s,

integers β2 > β1, vector function C : {β1, β1 +1, · · · , β2}→
Rs such that the sums in the following are well defined, then

− (β2 −β1 +1)
β2

∑
i=β1

C
T (i)MC (i)

≤−
( β2

∑
i=β1

C (i)
)T

M
( β2

∑
i=β1

C (i)
)

(5)

Lemma 2 [5]. Suppose D, E, and F are real matrices of

appropriate dimensions with ||F || ≤ 1, for any scalar ε > 0,

the following inequality holds

DFE +ET FT DT ≤ εDDT + ε−1ET E

Suppose Γ1, Γ2, Γ3, Γ4, and Γ5 are matrices of appropriate

dimensions, and Γ1 is symmetric negative definite, then we

have the following lemma which will be used in Section 3.

Lemma 3. For given scalars LM and Lm, if there exist

symmetric positive definite matrices P, Z1, Z2, Z3, and matrix

G, such that the following LMI holds




Γ1 ΓT
2 GT ΓT

3 GT ΓT
4 GT ΓT

5 GT

∗ Γ22 0 0 0

∗ ∗ Γ33 0 0

∗ ∗ ∗ Γ44 0

∗ ∗ ∗ ∗ Γ55




< 0 (6)

where

Γ22 = P−G−GT

Γ33 = L2
MZ1 −G−GT

Γ44 = (LM −Lm)2Z2 −G−GT

Γ55 = L2
mZ3 −G−GT

then the following LMI is also feasible.




Γ1 ΓT
2 P ΓT

3 Z1 ΓT
4 Z2 ΓT

5 Z3

∗ −P 0 0 0

∗ ∗ Γ33 0 0

∗ ∗ ∗ Γ44 0

∗ ∗ ∗ ∗ Γ55




< 0 (7)

where

Γ33 = −L−2
M Z1

Γ44 = −(LM −Lm)−2Z2

Γ55 = −L−2
m Z3

Proof: Pre- and post-multiply (6) by [I, ΓT
2 , ΓT

3 , ΓT
4 , ΓT

5 ]
and [I, ΓT

2 , ΓT
3 , ΓT

4 , ΓT
5 ]T , we have

Γ1 +ΓT
2 PΓ2 +L2

MΓT
3 Z1Γ3 +(LM −Lm)2ΓT

4 Z2Γ4

+L2
mΓT

5 Z3Γ5 < 0
(8)

By the Schur complement, one can see that (8) is equivalent

to (7), this completes the proof.
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III. H∞ OUTPUT TRACKING PERFORMANCE

ANALYSIS FOR NCSS

This section is concerned with the problem of H∞ output

tracking performance analysis for nominal and uncertain

discrete-time NCSs, respectively.

A. Nominal NCSs

For the augmented closed-loop system (4), we suppose the

controller gains K1 and K2 are given. The following theorem

presents the condition under which the system (4) achieves

the H∞ output tracking performance γ .

Theorem 1. For given controller gain K, scalars LM and Lm,

if there exist symmetric positive definite matrices P, Q1, Q2,

Q3, Z1, Z2, Z3, matrix G, scalar γ > 0, such that the following

LMI holds



Λ11 0 Z3 Z1 0 Ψ̃T
1

∗ Λ22 Z2 Z2 0 0

∗ ∗ Λ33 0 0 0

∗ ∗ ∗ Λ44 0 0

∗ ∗ ∗ ∗ −γI Ψ̃T
2

∗ ∗ ∗ ∗ ∗ −γI

∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗

ΨT
1 GT W1 W1 W1

W2 W2 W2 W2

0 0 0 0

0 0 0 0

ΨT
3 GT ΨT

3 GT ΨT
3 GT ΨT

3 GT

0 0 0 0

Λ77 0 0 0

∗ Λ88 0 0

∗ ∗ Λ99 0

∗ ∗ ∗ Λ10,10




< 0 (9)

where

Λ11 = −P+(LM −Lm +1)Q1 +Q2 +Q3 −Z1 −Z3

Λ22 = −Q1 −2Z2

Λ33 = −Q3 −Z2 −Z3

Λ44 = −Q2 −Z1 −Z2

Λ77 = P−G−GT

Λ88 = L2
MZ1 −G−GT

Λ99 = (LM −Lm)2Z2 −G−GT

Λ10,10 = L2
mZ3 −G−GT

W1 = (Ψ1 − I)T GT

W2 = (Ψ2K)T GT

then the augmented closed-loop system described by (4) is

asymptotically stable with H∞ output tracking performance

γ .

Proof: The proof is omitted here for briefness.

Remark 1. Just as shown in Theorem 1, the Lyapunov

condition for H∞ output tracking performance analysis does

not involve any product of the Lyapunov matrices and the

system dynamic matrices, which is realized by introducing

the matrix G. Note that the extra matrix G is not even

constrained to be symmetric, which may introduce extra

degree of freedom.

Remark 2. Theorem 1 of [16] did not involve any product

of the Lyapunov matrices and the system dynamic matrices

either, however, it can not be used directly to solve the

problem in this paper, and Lemma 3 is introduced in Section

2 to solve the H∞ output tracking performance analysis for

discrete-time NCSs.

B. Uncertain NCSs

Consider the following uncertain discrete-time NCSs with

time delay and packet dropout

xk+1 = [A+∆A(k)]xk +[B1 +∆B1(k)]uk−Lk
+B2ωk

yk = [C +∆C(k)]xk +Dωk
(10)

where xk, uk, yk, ωk, A, B1, B2, C, D are the same as the

ones presented in the system (1). ∆A(k), ∆B1(k), ∆C(k)
are unknown matrices representing time-varying parameter

uncertainties, and are assumed to be of the form

∆A(k) = M1F(k)N1

∆B1(k)= M1F(k)N2

∆C(k) = M2F(k)N1

(11)

where M1, M2, N1, N2 are known real constant matrices and

F(k) is an unknown time-varying matrix function satisfying

F(k)T F(k) ≤ I, ∀k

Suppose the reference model is the same as the one

presented in (2). Considering the effect of time delay and

packet dropout, from (2), (10) and (11), we can get the

following augmented closed-loop system

ξk+1 = Θ1ξk +Θ2Kξk−Lk
+Ψ3νk

ek = Θ̃1ξk + Ψ̃2νk
(12)

where ξk =

[
xk

x̂k

]
, ek = yk − ŷk, νk =

[
ωk

rk

]
, Θ1 = Ψ1 +

M̄1F(k)N̄1, Θ2 = Ψ2 + M̄1F(k)N2, Θ̃1 = Ψ̃1 + M2F(k)N̄1,

Ψ1 =

[
A 0

0 J

]
, Ψ2 =

[
B1

0

]
, Ψ3 =

[
B2 0

0 I

]
, Ψ̃1 = [C −H],

Ψ̃2 = [D 0], M̄1 =

[
M1

0

]
, N̄1 =

[
N1 0

]
, K = [K1 K2].

For the augmented closed-loop system (12), we suppose

the controller gains K1 and K2 are given. The following

theorem presents the condition under which the system (12)

achieves the H∞ output tracking performance γ .

Theorem 2. For given controller gain K and scalars LM , Lm,

ε > 0, if there exist symmetric positive definite matrices P,

Q1, Q2, Q3, Z1, Z2, Z3, matrix G, scalar γ > 0, such that the

following LMI holds



Ω εW UT

∗ −εI 0

∗ ∗ −εI


 < 0 (13)
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where

Ω =




Λ11 0 Z3 Z1 0 Ψ̃T
1

∗ Λ22 Z2 Z2 0 0

∗ ∗ Λ33 0 0 0

∗ ∗ ∗ Λ44 0 0

∗ ∗ ∗ ∗ −γI Ψ̃T
2

∗ ∗ ∗ ∗ ∗ −γI

∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗

ΨT
1 GT W1 W1 W1

W2 W2 W2 W2

0 0 0 0

0 0 0 0

ΨT
3 GT ΨT

3 GT ΨT
3 GT ΨT

3 GT

0 0 0 0

Λ77 0 0 0

∗ Λ88 0 0

∗ ∗ Λ99 0

∗ ∗ ∗ Λ10,10




,

Λ11 = −P+(LM −Lm +1)Q1 +Q2 +Q3 −Z1 −Z3

Λ22 = −Q1 −2Z2

Λ33 = −Q3 −Z2 −Z3

Λ44 = −Q2 −Z1 −Z2

Λ77 = P−G−GT

Λ88 = L2
MZ1 −G−GT

Λ99 = (LM −Lm)2Z2 −G−GT

Λ10,10 = L2
mZ3 −G−GT

W1 = (Ψ1 − I)T GT

W2 = (Ψ2K)T GT

and

W =




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 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

M2 0 0 0 0 0 0 0 0 0

GM̄1 GM̄1 0 0 0 0 0 0 0 0

GM̄1 GM̄1 0 0 0 0 0 0 0 0

GM̄1 GM̄1 0 0 0 0 0 0 0 0

GM̄1 GM̄1 0 0 0 0 0 0 0 0




U = diag(N̄1, N2K, 0, · · · , 0︸ ︷︷ ︸
8

)

then the augmented closed-loop system described by (12) is

asymptotically stable with H∞ output tracking performance γ .

In the following, we will study the problem of H∞ output

tracking controller design for the system (4).

IV. H∞ OUTPUT TRACKING CONTROLLER

DESIGN

Theorem 3. For given scalars LM , Lm, if there exist symmet-

ric positive definite matrices P, Q1, Q2, Q3, Z1, Z2, Z3, G,

matrices S, V ∈ Rm∗m, scalar γ > 0, such that (14) and (15)

hold 


Λ11 0 Z3 Z1 0 Ψ̃T
1

∗ Λ22 Z2 Z2 0 0

∗ ∗ Λ33 0 0 0

∗ ∗ ∗ Λ44 0 0

∗ ∗ ∗ ∗ −γI Ψ̃T
2

∗ ∗ ∗ ∗ ∗ −γI

∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗ ∗

ΨT
1 G W1 W1 W1

ST ΨT
2 ST ΨT

2 ST ΨT
2 ST ΨT

2

0 0 0 0

0 0 0 0

ΨT
3 G ΨT

3 G ΨT
3 G ΨT

3 G

0 0 0 0

Λ77 0 0 0

∗ Λ88 0 0

∗ ∗ Λ99 0

∗ ∗ ∗ Λ10,10




< 0 (14)

GΨ2 = Ψ2V (15)

where

Λ11 = −P+(LM −Lm +1)Q1 +Q2 +Q3 −Z1 −Z3

Λ22 = −Q1 −2Z2

Λ33 = −Q3 −Z2 −Z3

Λ44 = −Q2 −Z1 −Z2

Λ77 = P−2G

Λ88 = L2
MZ1 −2G

Λ99 = (LM −Lm)2Z2 −2G

Λ10,10 = L2
mZ3 −2G

W1 = (Ψ1 − I)T G

then with the control law

uk = Kξk, K = V−1S (16)

the augmented closed-loop system described by (4) is asymp-

totically stable with H∞ output tracking performance γ .

Proof: Letting

GΨ2 = Ψ2V, V K = S (17)

we can conclude that (14) is equivalent to (9).

On the other hand, since the matrix B1 is full column

rank, then Ψ2 is also full column rank, the columns of Ψ2

and GΨ2 are all linearly independent with G > 0. Hence, if

(14) is satisfied, we have

rank(V ) ≥ rank(Ψ2V ) = rank(GΨ2) ≥ rank(Ψ2) = m (18)

which implies that the matrix V must be nonsingular. There-

fore, (16) is obtained from (17), this completes the proof.

For the sake of eliminating the matrix equation constraint

in (15), we assume that the extra matrix G is symmetric

positive definite. For the matrix Ψ2 of full column rank, there
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always exist two orthogonal matrices X ∈ R(n+p)∗(n+p) and

Y ∈ Rm∗m such that

XΨ2Y =

[
X1

X2

]
Ψ2Y =

[
Σ
0

]
(19)

where X1 ∈ Rm∗(n+p), X2 ∈ R(n+p−m)∗(n+p), and Σ =
diag(σ1, · · · , σm), where σi (i = 1, · · · , m) are nonzero

singular values of Ψ2.

Lemma 4 [24]. Let the matrix Ψ2 be of full column rank.

If the matrix G has the following structure

G = XT

[
G11 0

0 G22

]
X = XT

1 G11X1 +XT
2 G22X2 (20)

where G11 and G22 are symmetric positive definite matrices

with appropriate dimensions, X1 and X2 are defined in (19),

then there exists a nonsingular matrix V such that GΨ2 =
Ψ2V .

Based on Lemma 4, we can get the following theorem.

Theorem 4. For given scalars LM , Lm, if there exist sym-

metric positive definite matrices P, Q1, Q2, Q3, Z1, Z2, Z3,

G11, G22, matrix S, scalar γ > 0, such that (14) holds, where

G = XT
1 G11X1 +XT

2 G22X2, then with the control law

uk = Kξk, K = Y Σ−1G−1
11 ΣY T S (21)

the augmented closed-loop system described by (4) is asymp-

totically stable with H∞ output tracking performance γ .

Proof: The proof is similar to Theorem 4 of [15], it is

omitted here.

In the following, we will illustrate the effectiveness of the

proposed methods by two examples.

V. SIMULATION RESULTS AND DISCUSSION

Example 1. To illustrate the effectiveness of the proposed

H∞ output tracking performance analysis for nominal NCSs,

we present the following system

xk+1 =

[
1.1740 −0.1053

0.0719 0.2676

]
xk +

[
0.4735

−0.3325

]
uk−Lk

+

[
−0.0078

−0.3332

]
ωk

yk =
[
0.2253 0.1501

]
xk −0.1552ωk

(22)

The reference model is described as follows

x̂k+1 = 0.58x̂k + rk

ŷk = 0.36x̂k
(23)

In this example, we suppose LM = 2, Lm=0, the initial state

of the augmented system (4) is ξ0 = [0 0 0]T . For simplicity,

suppose the packets at the instants 0, 2, 4, · · · are transferred

to the actuator successfully, that is one packet are dropped

among every two packets. By using Matlab and from (19),

we can get

X1 =
[
−0.8184 0.5747 0

]

X2 =

[
0.5747 0.8184 0

0 0 1.0000

]

Y = −1

Σ = 0.5786

(24)

0 10 20 30 40 50 60
−0.12
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−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06
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y
k

y
rk

Fig. 1. Outputs yk and ŷk
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k
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Fig. 2. Outputs yk and ŷk

Solving the LMI presented in Theorem 4, we obtain

the minimum H∞ output tracking performance γ = 1.0890

with the controller gain K = [K1 K2] = [−0.4913 −
0.0330 0.0165].

Suppose the input signals are given as follows

ωk =





0, 0 ≤ k ≤ 11

−0.32, 12 < k ≤ 15

0.39, 16 < k ≤ 17

0, 18 < k ≤ 59

rk =





0, 0 ≤ k ≤ 11

0.09, 12 < k ≤ 15

−0.21, 16 < k ≤ 17

0, 18 < k ≤ 59

(25)

The output yk of the system (22) and ŷk (denoted as yrk)

of the reference model (23) are pictured in Fig. 1.

From Fig. 1, we can see that the output yk of the system

(22) tracks the reference signal ŷk generated by the reference

model (23) well in the H∞ sense, which illustrates the

effectiveness of the proposed H∞ output tracking controller

design.

Example 2. To illustrate the effectiveness of the proposed

H∞ output tracking performance analysis for the augmented

closed-loop system (12), we suppose the system matrices A,
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B1, B2, C, D are the same as the ones presented in (22), J

and H are the same as the ones presented in (23), and

M1 =

[
0.0010

−0.0122

]
, M2 = −0.1246,

N1 =
[
0.0083 0.1181

]
, N2 = −0.0783

(26)

In this example, we suppose LM = 2, Lm = 0, the initial

state of the augmented system (12) is ξ0 = [0 0 0]T , the

controller gain K = [−0.4913 − 0.0330 0.0165], the scalar

ε = 160. For simplicity, suppose the packets at the instants

0, 2, 4, · · · are transferred to the actuator successfully, that

is one packet are dropped among every two packets. Solving

the LMI presented in Theorem 2, we obtain the minimum

H∞ output tracking performance γ = 3.1420.

Suppose the input signals are given as follows

ωk =





0, 0 ≤ k ≤ 11

−0.25, 12 < k ≤ 15

0.24, 16 < k ≤ 19

−0.1, 20 < k ≤ 21

0, 21 < k ≤ 59

rk =





0, 0 ≤ k ≤ 11

0.07, 12 < k ≤ 15

−0.09, 16 < k ≤ 19

0.07, 20 < k ≤ 21

0, 21 < k ≤ 59

F(k)=





0, 0 ≤ k ≤ 11

1/(k +1), 12 < k ≤ 15

0, 16 < k ≤ 19

0, 20 < k ≤ 21

0, 21 < k ≤ 59

(27)

The output yk and ŷk (denoted as yrk) of the system (12)

are pictured in Fig. 2.

From Examples 1 and 2, one can see that the H∞ output

tracking performance of uncertain NCSs is a little worse than

that of nominal NCSs. Fig. 2 also illustrates the effectiveness

of the proposed H∞ output tracking performance analysis for

uncertain NCSs.

VI. CONCLUSIONS

In this paper, the problems of H∞ output tracking

performance analysis and controller design for discrete-time

NCSs with time delay and packet dropout have been

investigated. By defining new Lyapunov function and using

the discrete Jensen inequality, LMI-based H∞ output tracking

performance analysis and controller design for nominal

NCSs are presented. The results are also extended to

uncertain NCSs. The merit of the proposed methods lies in

their less conservativeness, which is achieved by decoupling

the Lyapunov and the system matrices. Numerical examples

have illustrated the effectiveness of the proposed H∞ output

tracking performance analysis and controller design.
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