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摘要:本文研究一类多输出非线性系统基于一类数据截断协议的时滞多采样率输出反馈控制.所考虑的非线性
系统的输出以异步方式进行采集,通过网络传输到输出反馈控制端后立即用于构造输出反馈控制器. 当控制输入
信号可用时,立即用来更新被控制系统.这样,就存在两种传输时滞,一种是非线性系统输出端到输出反馈控制器端
的传输时滞,另一种是输出反馈控制器端到非线性系统输入端的传输时滞. 从而被控系统的更新和输出反馈控制
器的更新不在同一个时间区间. 利用区间分解,可以在同一个区间考虑被控系统和输出反馈控制器并分析闭环系
统的稳定性. 最后,一个算例用来验证所提方法的有效性.
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Multi-rate sampled and delayed output feedback stabilization for
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Abstract: Multi-rate sampled and delayed output feedback control law is presented for a class of multi-output nonlinear
systems under a kind of data truncation protocol. The system outputs are sampled in a fully asynchronous way, transmitted
through communication network, and used to construct the output feedback stabilizer immediately when they are available.
The nonlinear system is updated by the system inputs once they are available. There exist two kinds of transmission delays,
i.e., transmission delays from the nonlinear system to the output feedback stabilizer, and transmission delays from the output
feedback stabilizer to the nonlinear system. Therefore, the output feedback stabilizer and the nonlinear system are updated
at different time instants. Based on interval decomposition, we put the output feedback stabilizer and the nonlinear system
on the same interval to analyze stability of the closed-loop system. An example is provided to illustrate the efficiency of
the proposed methods.
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1 Introduction
The problem of global stabilization of nonlinear

systems has made great progress in the past years[1–9].
For instance, the author in [1] investigated global stabi-
lization for a class of single-input nonlinear systems by
state feedback. By constructing a linear state feedback
control law, the closed-loop systems could be global-
ly exponentially stabilized. In [2], state feedback con-
troller was constructed for a class of nonlinear contin-
uous systems based on a simple methodology. Howev-

er, it is not easy to extend the result from state feed-
back to output feedback for nonlinear systems with un-
certain nonlinearities. By presenting a “Tikhonov-like”
theorem, an observer-based controller was designed to
stabilize a fully linearizable nonlinear system in which
there exist uncertain nonlinearities[3]. This idea was
also applied for a class of single-input-single-output
(SISO) systems[4], which was then extended to multi-
input-multi-output (MIMO) systems[5].

However, the aforementioned studies about output
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feedback stabilization are on the basis of continuous
time analysis. More recently, sampled-data observ-
er and sampled-data output feedback stabilization for
nonlinear systems have received more and more atten-
tion. For linear systems, it is usual to design sampled-
data observers and sampled-data output feedback con-
trol laws on the basis of the exact discretized model of
the continuous systems. For nonlinear system, its ex-
act discretized model is usually difficult to obtain. In
order to overcome the difficulties, three main approach-
es are introduced as follows: i) The first approach is
discrete-time design in view of an approximate exac-
t discretized model[10–11]. ii) The second approach is
continuous-time design and discrete-time implementa-
tion[12–14]. iii) The third approach is continuous-discrete
design based on continuous-time model without dis-
cretization[15–22]. For instance, an explicit formula has
been proposed in [15] to guarantee stability of nonlinear
sampled-data systems with an emulated controller. The
closed-loop system is required to be transformed into
the form of a hybrid system introduced in [23]. In [24],
sampled-data and delayed observer is designed for non-
linear systems under two different kinds of truncation
protocols, static truncation and uniform truncation. A
sampled-data output feedback stabilizer has been pro-
posed for a class of single-output nonlinear systems vi-
a linear sampled-data control without considering time
delay[19]. The results in [20] are the extension of those
in [19] by taking time delay into account. However, the
upper bound of time delays is assumed to less than the
sampling period. In [21], a relaxed condition of time
delay is derived for the single-output nonlinear system,
that is, the time delay may be larger than the sampling
period. But, even if the sampled and delayed outputs
are available, they aren’t applied to update the stabilizer
immediately. In [25], an observer design was proposed
for multi-output nonlinear systems, in which there exist
multi-rate sampled and delayed outputs. The sampled
and delayed outputs are used to design the observer im-
mediately once they are available.

For a sampled-data system, its outputs are usually
sampled by transducers and transmitted via communi-
cation channels. The values of sampled data from trans-
ducer are usually not the true values of the original data
with measurement errors. However, in [18, 20–21, 25–
27], the values of sampled data are directly utilized to
design observers or output feedback control laws, ne-
glect of the effect of measurement errors. Therefore, it
is of great practical significance to research output feed-
back stabilization for multi-output nonlinear systems
with multi-rate sampled and delayed measurements by
taking the effect of measurement accuracy into account.
In this paper, the considered system outputs are sam-
pled in a fully asynchronous way and transmitted under
a kind of data truncation protocol as in [24]. They are

used to update the output feedback stabilizer whenever
they are available. The nonlinear system is also updated
by the system inputs once they are available. There ex-
ist two kinds of transmission delays, i.e., transmission
delays from the nonlinear system to the output feedback
stabilizer, and transmission delays from the output feed-
back stabilizer to the nonlinear system. Therefore, the
output feedback stabilizer and the nonlinear system are
updated at different time instants. In order to analyze
stability, we propose a method of interval decomposi-
tion and take the output feedback stabilizer and the non-
linear system on the same time interval into considera-
tion. Based on a Lypunonv-Krasovskii function, suffi-
cient condition is also derived to guarantee that the pro-
posed output feedback stabilizer can globally uniformly
stabilize the multi-output nonlinear systems.

This paper is organized as follows. In Section 2,
we present our main aim of this paper, and some defini-
tions and some useful results. An output feedback sta-
bilizer is proposed for a class of multi-output nonlinear
systems with multi-rate sampled and delayed measure-
ments under the static data truncation in Section 3. In
Section 4, an example is provided to illustrate the va-
lidity of the proposed design methods. This paper con-
cludes in Section 5.

2 Preliminaries
In this paper, our purpose is to design an output

feedback controller to stabilize a class of multi-output
nonlinear systems in the form of{

ẋ(t) = Ax(t) +B(x(t), t) + E(u(t)),

ỹ(t) = Cx(t) = [C1x
1(t) · · · Cmx

m(t)]T,
(1)

where

A=diag{A1, A2, · · ·, Am}, Ai=


0 · · · 0 0
1 · · · 0 0
...

. . .
...

...
0 · · · 1 0


λi×λi

,

B(x(t), t) = [b1(x(t), t)T · · · bm(x(t), t)T]T,

E(u(t)) = [(E1u1(t))
T · · · (Emum(t))

T]T,

Ei = [0 0 · · · 1]T1×λi
, C = diag{C1, C2, · · · , Cm},

Ci = [1 0 · · · 0]1×λi
,

x(t) ∈ Rn is the system state, u(t) ∈ Rm is the sys-
tem input, ỹ(t) ∈ Rm is the system output, x(t) =
[x1(t)T · · · xm(t)T]T, xi(t) ∈ Rλi(1 6 i 6 m) is
the ith partition of the state x(t), u(t) = [u1(t) · · ·
um(t)]

T, ỹ(t)=[ỹ1(t) · · · ỹm(t)]
T, ỹi(t)=Cix

i(t).
The ith block of system (1) can be rewritten by
ẋi
j(t) = xi

j+1(t) + bij(x(t)
[1,i−1];xi

[1,j](t), t),

j = 1, · · · , λi − 1,
ẋi
λi
(t) = ui(t) + biλi

(x(t)[1,i−1];x(t)i[1,λi]
, t),

(2)

where xi
j(t) is the jth element of the ith block xi(t),
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and x(t)[1,k] := [x1(t)T · · · xk(t)T]T and x(t)i[1,j] :=
[xi

1(t) · · · xi
j(t)]

T. The unknown nonlinear terms
bij(·) are assumed to satisfy the following condition
with a constant l1 > 0,

|bij(·)| = |bij(x1, · · · , xi−1;xi
1, · · · , xi

j, t)| 6
l1(|x1

1|+ |x1
2|+ · · ·+ |xi

j|). (3)

We also assumed that the system output ỹi(t) is mea-
sured at the sampling instants tik and only yi(t

i
k) =

hi(ỹi(t
i
k)) can be available. The sequences {tik} (i =

1, 2, · · · ,m) are strictly increasing and satisfy lim
k→+∞

tik

= +∞ for i = 1, 2, · · · ,m, and T i = tik+1−tik. In ad-
dition, each function hi(·) denotes a data truncation of
the sampled data, whose definition is given as follows.

Definition 1[25] The functions hi(·)(i = 1, · · · ,
m) are said to be data truncation at the sampling in-
stants tik or static data truncation, if the following in-
equalities

|hi(x
i
1(t

i
k))− xi

1(t
i
k)| 6 ci1, i = 1, · · · ,m (4)

hold, where ci1 > 0 denote absolute error limit.
The sampled-data output feedback control system

with network-induced delay is shown in Fig. 1. τ i
k

(k > 0) is the network-induced delay from sampler to
the stabilizer of block i and dik is the network-induced
delay from the stabilizer to the zero-order hold (ZOH).
We assume that τ i

k 6 τ̄i and dik 6 d̄i. Note that the
output updating signal at the instant tik has experienced
signal transmission delay τ i

k from sampler to the stabi-
lizer and then the control updating signal experienced
signal transmission delay dik from stabilizer to the ZOH
(see Fig. 1).

Fig. 1 Output feedback system with network-induced delays

The following inequality is also useful for our main
results.

Lemma 1 [28] For any positive definite matrix U ∈
Rn×n, scalar γ > 0, vector function w : [0, γ] → Rn

such that the integrations concerned are well defined,
the following inequality holds

[
w γ

0
w(s)ds]TU [

w γ

0
w(s)ds] 6 γ[

w γ

0
w(s)TUw(s)ds].

3 Multi-rate sampled and delayed output
feedback stabilization under the static da-
ta truncation
In this section, the output feedback control law in

the form of

˙̂xi
j(t) = x̂i

j+1(t) + Lj
ia

i
j(yi(t

i
k)− x̂i

1(t
i
k)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t) = ui(t) + Lλi

i ai
λi
(yi(t

i
k)− x̂i

1(t
i
k)),

t ∈ [tik + τ i
k, t

i
k+1 + τ i

k+1),

x̂i
j(t

i
k+1 + τ i

k+1) = lim
t→tik+1+τ i

k+1
−
x̂i
j(t),

i = 1, 2, · · · ,m, j = 1, · · · , λi, k > 0,

(5)

and
ui(t) =

−[Lλi

i ki
1x̂

i
1(t

i
k) + Lλi−1

i ki
2x̂

i
2(t

i
k) + · · ·+

Lik
i
λi
x̂i
λi
(tik)], t ∈ [tik + τ i

k, t
i
k+1 + τ i

k+1), k > 0

(6)

is proposed to stabilize the system (2) with the data
truncation (4), where t0 = ti0 and Li > 1, ai

j , ki
j

(1 6 i 6 m, 1 6 j 6 λi) are some parameters. Since
the outputs yi(t) are sampled at different rate, (5)–(6) is
called multi-rate sampled and delayed output feedback
stabilizer.

From (2)(5)–(6) and the control scheme shown in
Fig. 1, we have

ẋi
j(t) = xi

j+1(t) + bij(x(t)
[1,i−1];xi

[1,j](t), t),

j = 1, · · · , λi − 1,

ẋi
λi
(t) = −[Lλi

i ki
1x̂

i
1(t

i
k) + · · ·+ Lik

i
λi
x̂i
λi
(tik)]+

biλi
(x(t)[1,i−1];x(t)i[1,λi]

, t),

t ∈ [tik + τ i
k + dik, t

i
k+1 + τ i

k+1 + dik+1).

(7)

Remark 1 Usually, the transmission delays τ ik and
dik are unknown. However, we can obtain the time instants
that the inputs ui(t) (i = 1, · · · ,m) arrive. In another word,
the nonlinear system (1) is updated automatically once ui(t)

(i = 1, · · · ,m) are available.
Remark 2 For the system (5), when t ∈ [tik+τ ik, t

i
k+1+

τ ik+1), yi(t
i
k) − x̂i1(t

i
k) and ui(t) are constants, thus the sys-

tem (5) is continuous on [tik + τ ik, t
i
k+1 + τ ik+1). Moreover,

note that x̂ij(t
i
k+1 + τ ik+1) = lim

t→tik+1+τ i
k+1

−
x̂ij(t), then the

system (5) is continuous. For the same reason, we can obtain
that the system (7) is also continuous.

Note that the systems (5)–(6) is updated at the time
instant tik + τ i

k, and the system (7) is updated at the d-
ifferent time instant tik + τ i

k + dik. In order to analyze
the stability of the closed-loop system, we assume that
the time delays dik and τ i

k satisfy dik < m̄1T
i and τ i

k <
m̄2T

i for all k > 0, where m̄1 and m̄2 are two positive
integers. Then, tik + τ i

k + dik < tik +(m̄1 + m̄2)T
i and
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tik+1 + τ i
k+1 + dik+1 < tik + (m̄1 + m̄2 +1)T i. There-

fore, there exist two positive integers mk1
< m̄1 + m̄2

and mk2
< m̄1 + m̄2 + 1 such that

tik + τ i
k + dik ∈

[tik+mk1
+ τ i

k+mk1
, tik+mk1

+1 + τ i
k+mk1

+1)

and
tik+1 + τ i

k+1 + dik+1 ∈
[tik+mk2

+ τ i
k+mk2

, tik+mk2
+1 + τ i

k+mk2
+1).

Without loss of generality, let mk1
< mk2

. Then,

[tik + τ i
k + dik, t

i
k+1 + τ i

k+1 + dik+1) =

mk2
−1∪

s=mk1
+1

[tik+s + τ i
k+s, t

i
k+s+1 + τ i

k+s+1)
∪

[tik + τ i
k + dik, t

i
k+mk1

+1 + τ i
k+mk1

+1)
∪

[tik+mk2
+ τ i

k+mk2
, tik+1 + τ i

k+1 + dik+1). (8)

With the interval decomposition (8), we can consid-
er the systems (5)–(6) and the system (7) on the same in-
terval. When t ∈ [tik+τ i

k+dik, t
i
k+mk1

+1+τ i
k+mk1

+1),
the output feedback control law is given as

˙̂xi
j(t) =

x̂i
j+1(t) + Lj

ia
i
j(yi(t

i
k+mk1

)− x̂i
1(t

i
k+mk1

)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t) =

ui(t) + Lλi

i ai
λi
(yi(t

i
k+mk1

)− x̂i
1(t

i
k+mk1

)),

t ∈ [tik + τ i
k + dik, t

i
k+mk1

+1 + τ i
k+mk1

+1),

i = 1, 2, · · · ,m,

(9)

and

ui(t) =

−[Lλi

i ki
1x̂

i
1(t

i
k+mk1

) + · · ·+ Lik
i
λi
x̂i
λi
(tik+mk1

)],

t ∈ [tik + τ i
k + dik, t

i
k+mk1

+1 + τ i
k+mk1

+1).

(10)

From (7)(9)–(10), we have

ėij(t)=eij+1(t) + Lj
ia

i
j(x

i
1(t

i
k+mk1

)−
hi(x

i
1(t

i
k+mk1

)))−Lj
ia

i
je

i
1(t

i
k+mk1

)+bij,

j = 1, · · · , λi − 1,

ėiλi
(t)=[Lλi

i ki
1x̂

i
1(t

i
k+mk1

) + · · ·+
Lik

i
λi
x̂i
λi
(tik+mk1

)]− [Lλi

i ki
1x̂

i
1(t

i
k)+

· · ·+ Lik
i
λi
x̂i
λi
(tik)]+

Lλi

i ai
λi
(xi

1(t
i
k+mk1

)− hi(x
i
1(t

i
k+mk1

)))−

Lλi

i ai
λi
ei1(t

i
k+mk1

) + biλi
,

t ∈ [tik+τ i
k+dik, t

i
k+mk1

+1+τ i
k+mk1

+1),

i = 1, 2, · · · ,m,

(11)

and

˙̂xi
j(t) = x̂i

j+1(t)+Lj
ia

i
j(yi(t

i
k+mk1

)−x̂i
1(t

i
k+mk1

)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t) =

−[Lλi

i ki
1x̂

i
1(t

i
k+mk1

) + · · ·+ Lik
i
λi
x̂i
λi
(tik+mk1

)]+

Lλi

i ai
λi
(yi(t

i
k+mk1

)− x̂i
1(t

i
k+mk1

)),

t ∈ [tik + τ i
k + dik, t

i
k+mk1

+1 + τ i
k+mk1

+1),

i = 1, 2, · · · ,m,

(12)

where eij(t) = xi
j(t)− x̂i

j(t) (1 6 i 6 m, 1 6 j 6 λi)

and e(t) = [e1(t)T e2(t)T · · · em(t)T]T, ei(t) =
[ei1(t) · · · eiλi

(t)]T.
Using the same method, when t ∈ [tik+s + τ i

k+s,
tik+s+1+τ i

k+s+1), s = mk1
+1, · · · ,mk2

−1, we have

ėij(t) = eij+1(t)+Lj
ia

i
j(x

i
1(t

i
k+s)−hi(x

i
1(t

i
k+s)))−

Lj
ia

i
je

i
1(t

i
k+s) + bij, j = 1, · · · , λi − 1,

ėiλi
(t) = [Lλi

i ki
1x̂

i
1(t

i
k+s)+Lλi−1

i ki
2x̂

i
2(t

i
k+s)+· · ·+

Lik
i
λi
x̂i
λi
(tik+s)]− [Lλi

i ki
1x̂

i
1(t

i
k) + · · ·+

Lik
i
λi
x̂i
λi
(tik)] + Lλi

i ai
λi
(xi

1(t
i
k+s)−

hi(x
i
1(t

i
k+s)))− Lλi

i ai
λi
ei1(t

i
k+s) + biλi

,

t ∈ [tik+s + τ i
k+s, t

i
k+s+1 + τ i

k+s+1),

i=1, · · ·,m, s=mk1
+ 1, · · ·,mk2

− 1,

(13)

and

˙̂xi
j(t) = x̂i

j+1(t) + Lj
ia

i
j(yi(t

i
k+s)− x̂i

1(t
i
k+s)),

j = 1, · · · , λi − 1,
˙̂xi
λi
(t) =

−[Lλi

i ki
1x̂

i
1(t

i
k+s) + · · ·+ Lik

i
λi
x̂i
λi
(tik+s)]+

Lλi

i ai
λi
(yi(t

i
k+s)− x̂i

1(t
i
k+s)),

t ∈ [tik+s + τ i
k+s, t

i
k+s+1 + τ i

k+s+1),

i=1, · · ·,m, s=mk1
+ 1, · · ·,mk2

−1.

(14)

When t∈ [tik+mk2
+τ i

k+mk2
, tik+1+τ

i
k+1+d

i
k+1), we have

ėij(t)=eij+1(t) + Lj
ia

i
j(x

i
1(t

i
k+mk2

)−
hi(x

i
1(t

i
k+mk2

)))− Lj
ia

i
je

i
1(t

i
k+mk2

) + bij,

j = 1, · · · , λi − 1,

ėiλi
(t)=[Lλi

i ki
1x̂

i
1(t

i
k+mk2

) + · · ·+
Lik

i
λi
x̂i
λi
(tik+mk2

)]−[Lλi

i ki
1x̂

i
1(t

i
k)+· · ·+

Lik
i
λi
x̂i
λi
(tik)] + Lλi

i ai
λi
(xi

1(t
i
k+mk2

)−
hi(x

i
1(t

i
k+mk2

)))−Lλi

i ai
λi
ei1(t

i
k+mk2

)+biλi
,

t∈ [tik+mk2
+τ i

k+mk2
, tik+1+τ i

k+1+dik+1),

i = 1, 2, · · · ,m,

(15)
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and

˙̂xi
j(t) = x̂i

j+1(t)+Lj
ia

i
j(yi(t

i
k+mk2

)−x̂i
1(t

i
k+mk2

)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t) = −[Lλi

i ki
1x̂

i
1(t

i
k+mk2

)+

Lλi−1
i ki

2x̂
i
2(t

i
k+mk2

) + · · ·+
Lik

i
λi
x̂i
λi
(tik+mk2

)]+

Lλi

i ai
λi
(yi(t

i
k+mk2

)− x̂i
1(t

i
k+mk2

)),

t∈ [tik+mk2
+τ i

k+mk2
, tik+1+τ i

k+1+dik+1),

i = 1, 2, · · · ,m.

(16)

During the time periods [t0, t0 + τ i
0) (i = 1,

· · · ,m), we set

˙̂xi
j(t) = x̂i

j+1(t) + Lj
ia

i
j(yi(t0)− x̂i

1(t0)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t) = ui(t) + Lλi

i ai
λi
(yi(t0)− x̂i

1(t0)),

t ∈ [t0, t0 + τ i
0),

x̂i
j(t0 + τ i

0) = lim
t→t0+τ i

0
−
x̂i
j(t),

i = 1, 2, · · · ,m, j = 1, · · · , λi,

(17)

and

ui(t) = −[Lλi

i ki
1x̂

i
10
+ Lλi−1

i ki
2x̂

i
20
+ · · ·+

Lik
i
λi
x̂i
λi0

], t ∈ [t0, t0 + τ i
0), (18)

where x̂i
j0

(i = 1, · · · ,m, j = 1, · · · , λi) are the initial
values of x̂i

j(t) at the time instants t0. For the nonlinear
system (2), we also set ui(t) = −[Lλi

i ki
1x̂

i
10

+ · · · +
Lik

i
λi
x̂i
λi0

], t ∈ [t0, t0 + τ i
0 + di0). Then,

ẋi
j(t) = xi

j+1(t) + bij(x(t)
[1,i−1];xi

[1,j](t), t),

j = 1, · · · , λi − 1,

ẋi
λi
(t) = −[Lλi

i ki
1x̂

i
10
+ · · ·+ Lik

i
λi
x̂i
λi0

]+

biλi
(x(t)[1,i−1];x(t)i[1,λi]

, t),

t ∈ [t0, t0 + τ i
0 + di0).

(19)

There also exists a positive integer m01 < m̄1 + m̄2

such that t0+τ i
0+di0∈ [tim01

+τ i
m01

, tim01+1+τ i
m01+1).

Then we have

[t0, t0 + τ i
0 + di0) =

[t0, t0 + τ i
0)

m01−1∪
s=0

[tis + τ i
s, t

i
s+1 + τ i

s+1)∪
[tim01

+ τ i
m01

, t0 + τ i
0 + di0). (20)

By using the same method, when t ∈ [t0, t0 + τ i
0),

from (17), (18) and (19), we have

ėij(t) = eij+1(t) + Lj
ia

i
j(x

i
1(t0)− hi(x

i
1(t0)))−

Lj
ia

i
je

i
1(t0) + bij, j = 1, · · · , λi − 1,

ėiλi
(t) = Lλi

i ai
λi
(xi

1(t0)− hi(x
i
1(t0)))−

Lλi

i ai
λi
ei1(t0) + biλi

,

t ∈ [t0, t0 + τ i
0), i = 1, 2, · · · ,m,

(21)

and

˙̂xi
j(t) = x̂i

j+1(t) + Lj
ia

i
j(yi(t0)− x̂i

1(t0)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t) = −[Lλi

i ki
1x̂

i
10
+ · · ·+ Lik

i
λi
x̂i
λi0

]+

Lλi

i ai
λi
(yi(t0)− x̂i

1(t0)),

t ∈ [t0, t0 + τ i
0), i = 1, 2, · · · ,m.

(22)

When t ∈ [tis + τ i
s, t

i
s+1+ τ i

s+1), s = 0, · · · ,m01 − 1,
we have

ėij(t) = eij+1(t) + Lj
ia

i
j(x

i
1(t

i
s)− hi(x

i
1(t

i
s)))−

Lj
ia

i
je

i
1(t

i
s) + bij, j = 1, · · · , λi − 1,

ėiλi
(t) = [Lλi

i ki
1x̂

i
1(t

i
s) + Lλi−1

i ki
2x̂

i
2(t

i
s) + · · ·+

Lik
i
λi
x̂i
λi
(tis)]− [Lλi

i ki
1x̂

i
10
+ · · ·+

Lik
i
λi
x̂i
λi0

] + Lλi

i ai
λi
(xi

1(t
i
s)−

hi(x
i
1(t

i
s)))− Lλi

i ai
λi
ei1(t

i
s) + biλi

,

t ∈ [tis + τ i
s, t

i
s+1 + τ i

s+1),

i = 1, 2, · · · ,m, s = 0, · · · ,m01 − 1,

(23)

and

˙̂xi
j(t) = x̂i

j+1(t) + Lj
ia

i
j(yi(t

i
s)− x̂i

1(t
i
s)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t)=−[Lλi

i ki
1x̂

i
1(t

i
s)+Lλi−1

i ki
2x̂

i
2(t

i
s)+· · ·+

Lik
i
λi
x̂i
λi
(tis)]+Lλi

i ai
λi
(yi(t

i
s)−x̂i

1(t
i
s)),

t ∈ [tis + τ i
s, t

i
s+1 + τ i

s+1),

i = 1, 2, · · · ,m, s = 0, · · · ,m01 − 1.

(24)

When t ∈ [tim01
+ τ i

m01
, t0 + τ i

0 + di0), we have

ėij(t) = eij+1(t) + Lj
ia

i
j(x

i
1(t

i
m01

)−
hi(x

i
1(t

i
m01

)))− Lj
ia

i
je

i
1(t

i
m01

) + bij,

j = 1, · · · , λi − 1,

ėiλi
(t) = [Lλi

i ki
1x̂

i
1(t

i
m01

) + Lλi−1
i ki

2x̂
i
2(t

i
m01

)+

· · ·+ Lik
i
λi
x̂i
λi
(tim01

)]− [Lλi

i ki
1x̂

i
10
+

· · ·+ Lik
i
λi
x̂i
λi0

] + Lλi

i ai
λi
(xi

1(t
i
m01

)−
hi(x

i
1(t

i
m01

)))−Lλi

i ai
λi
ei1(t

i
k+mk2

)+biλi
,

t ∈ [tim01
+ τ i

m01
, t0 + τ i

0 + di0),

i = 1, 2, · · · ,m,

(25)

and

˙̂xi
j(t) = x̂i

j+1(t) + Lj
ia

i
j(yi(t

i
m01

)− x̂i
1(t

i
m01

)),

j = 1, · · · , λi − 1,

˙̂xi
λi
(t) = −[Lλi

i ki
1x̂

i
1(t

i
m01

)+Lλi−1
i ki

2x̂
i
2(t

i
m01

)+

· · ·+ Lik
i
λi
x̂i
λi
(tim01

)]+

Lλi

i ai
λi
(yi(t

i
m01

)− x̂i
1(t

i
m01

)),

t ∈ [tim01
+ τ i

m01
, t0 + τ i

0 + di0),

i = 1, 2, · · · ,m.

(26)
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Definition 2 We say that the system (2) under the
condition (4) is uniformly ultimately stabilizable, or the
closed-loop system (2)(5)–(6) is uniformly ultimately
bounded, if there exists an n dimensional dynamic sys-
tem (5)–(6) and two positive constants δ, T ′(e0, δ) such
that

∥x̂(t)∥6δ, ∥x̂(t)−x(t)∥6δ, ∀t>t0+T ′(e0, δ), (27)

where e0 = x0 − x̂0 ∈ Rn. Moreover, if for any
x0 ∈ Rn and x̂0 ∈ Rn, there exists an n dimension-
al dynamic system (5)–(6) and constants δ, T ′(e0, δ)
such that (27) holds, then the system (2) under the con-
dition (4) is globally uniformly ultimately stabilizable,
or the closed-loop system (4)–(6) is globally uniformly
ultimately bounded.

Let ηi(t) = t − tik, γi(t) = t − ti
k̃

and θi =

xi
1(t

i
k̃
)− hi(x

i
1(t

i
k̃
)), where k̃ is given by

k̃ =



0, t ∈ [t0, t0 + τ i
0),

s, t ∈ [tis + τ i
s, t

i
s+1 + τ i

s+1),
s = 0, 1, · · · ,m01 − 1,

m01 , t ∈ [tim01
+ τ i

m01
, t0 + τ i

0 + di0),

k +mk1
, t ∈ [tik + τ i

k + dik,
tik+mk1

+1 + τ i
k+mk1

+1),

k + s, t∈ [tik+s+τ i
k+s, t

i
k+s+1+τ i

k+s+1),
s = mk1

+ 1, · · · ,mk2
− 1,

k +mk2
, t ∈ [tik+mk2

+ τ i
k+mk2

,

tik+1 + τ i
k+1 + dik+1).

Then tik and ti
k̃

can be expressed by

tik = t− ηi(t), t
i
k̃
= t− γi(t), (28)

where
ηi(t) = t− tik 6 tik+1 + τ i

k+1 + dik+1 − tik 6
(m̄1 + m̄2 + 1)T i,

γi(t) = t−ti
k̃
6 t−tik6(m̄1+m̄2+1)T i, |θi|6ci1.

Denote ϖi = (m̄1 + m̄2 + 1)T i, i = 1, 2, · · · ,m.
Consider a change of coordinates as follows: εij =

eij /Lλi
j−1, zij = x̂i

j /Lλi
j−1, 1 6 i 6 m, 1 6 j 6 λi,

where λi
j =

i−1∑
k=1

λk + j, (1 6 i 6 m, 1 6 j 6 λi).

Then the error systems can be rewritten by

ε̇ij(t) = Liε
i
j+1(t)− Lia

i
jε

i
1(t) + Lia

i
jθi+

Lia
i
j(ε

i
1(t)−εi1(t−γi(t)))+

bij

L
λi
j−1

i

,

j = 1, · · · , λi − 1,
ε̇iλi

(t) =

−Lia
i
λi
εi1(t) + Lia

i
λi
θi+

Lia
i
λi
(εi1(t)− εi1(t− γi(t))) +

biλi

L
λi
λi

−1

i

+

Li[k
i
1z

i
1(t−γi(t))+· · ·+ki

λi
ziλi

(t−γi(t))]−
Li[k

i
1z

i
1(t−ηi(t))+· · ·+ki

λi
ziλi

(t−ηi(t))],

i = 1, 2, · · · ,m, t > t0,

(29)

and (26) can be written by

żij(t) = Liz
i
j+1(t)− Lia

i
jθi + Lia

i
jε

i
1(t)−

Lia
i
j(ε

i
1(t)− εi1(t− γi(t))),

j = 1, · · · , λi − 1,

żiλi
(t) = −Lia

i
λi
θi − Li[k

i
1z

i
1(t− γi(t)) + · · ·+

ki
λi
ziλi

(t− γi(t))] + Lia
i
λi
εi1(t)−

Lia
i
λi
(εi1(t)− εi1(t− γi(t))),

i = 1, 2, · · · ,m, t > t0.

(30)

Remark 3 Note that the systems (5) and (7) are updated
based on the updated information yi(t

i
k) and x̂i(tik) on intervals

[tik+τ ik, t
i
k+1+τ ik+1) and [tik+τ ik+dik, t

i
k+1+τ ik+1+dik+1),

respectively. In order to facilitate stability analysis, the inter-
val decomposition (8) is introduced to take the system (5) and
the system (7) into consideration on the same interval. First-
ly, based on the interval decomposition (8), we obtain three
kinds of closed-loop system on three different time intervals.
Then based on the transformations (28) and the change of co-
ordinates, the unified closed-loop system (29)–(30) is derived,
which is convenient for stability analysis.

Our main results can be stated as follows.
Theorem 1 Consider the system (2) with the con-

dition (3) and the data truncation (4), there exists an out-
put feedback control law of the form (5)–(6) with some
suitable parameters Li, ai

j , and ki
j , which globally uni-

formly ultimately stabilizes the system (2).
Proof Select ai

j > 0 and ki
j > 0 (1 6 i 6 m,

1 6 j 6 λi) such that there exist two symmetric posi-
tive definite matrices P and Q such that

ĀTP + PĀ 6 −I, (31)

B̄TQ+QB̄ 6 −2I, (32)

where
Ā = diag{Ā1, Ā2, · · · , Ām},
B̄ = diag{B̄1, B̄2, · · · , B̄m},
P = diag{P1, P2, · · · , Pm},
Q = diag{Q1, Q2, · · · , Qm},

Āi =


−ai

1 1 · · · 0
...

...
. . .

...
−ai

λi−1 0 · · · 1
−ai

λi
0 · · · 0

 ,

B̄i =


0 1 · · · 0
...

...
. . .

...
0 0 · · · 1

−ki
1 −ki

2 · · · −ki
λi

 .

Let

λi
m1 = λmax(Pi), λ

i
m2 = λmin(Pi),

λi
m3 = λmax(Qi), λ

i
m4 = λmin(Qi),

āi = max
16j6λi

{(ai
j)

2}, βi = 2λiāi(λ
i
m3)

2,
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k̄i = max
16j6λi

{(ki
j)

2},

Ξ1 = (3 + 2λi
1)(a

i
1)

2L2
i + λi(2λi + 4)L2

i āi,

Ξ2 = 8(βi + 1)Liλiāi(λ
i
m1)

2 +

8Liλiāi(λ
i
m3)

2 + αiLi,

Ξ3 = λi(2λi + 4)(k̄i + 1)L2
i ,

Ξ4 = 32(βi + 1)Liλik̄i(λ
i
m1)

2 +

8Liλik̄i(λ
i
m3)

2 + αiLi.

P i
j,r is the element of Pi at the jth line and rth column,

p̄i2=max{|P i
j,r|}, 1 6 i6m, 16j6λi, 16r6λi.

Now, consider the following Lyapunov-Krasovskii
function

V (t) =
4∑

i=1

Vi(t) =

m∑
i=1

(V i
1 (t) + V i

2 (t) + V i
3 (t) + V i

4 (t)), (33)

where

V1(t) =
m∑
i=1

V i
1 (t) =

m∑
i=1

(βi + 1)εi(t)TPiε
i(t),

V2(t) =
m∑
i=1

V i
2 (t) =

m∑
i=1

zi(t)TQiz
i(t),

V3(t) =
m∑
i=1

V i
3 (t) =

m∑
i=1

w T

t−ϖi

w T

ρ
ε̇i1(s)

2dsdρ,

V4(t) =
m∑
i=1

V i
4 (t) =

m∑
i=1

w T

t−ϖi

w T

ρ
żi(s)Tżi(s)dsdρ,

and supplement definitions of εi1(t) and zi(t) are giv-
en as ε̇i1(t) = 0 and żi(t) = 0, for t ∈ [t0 − ϖi, t0),
i = 1, · · · ,m.

ε(t) = [ε1(t)T · · · εm(t)T]T,

z(t) = [z1(t)T · · · zm(t)T]T,

εi(t) = [εi1(t) · · · εiλi
(t)]T,

zi(t) = [zi1(t) · · · ziλi
(t)]T.

Then the derivative of V1(t) along the system (29) is
given by

d

dt
V1(t)|(29) =

m∑
i=1

(βi + 1)[ε̇i(t)TPiε
i(t) + εi(t)TPiε̇

i(t)] 6

−5

8

m∑
i=1

(βi + 1)Liε
i(t)Tεi(t) +

2l1
m∑
i=1

λi∑
r=1

λi∑
j=1

(βi + 1)|εij(t)P i
j,r| ×

(
λb∑
a=1

i−1∑
b=1

(|εba|+ |zba|) +
j∑

k=1

(|εik|+ |zik|)) +

8
m∑
i=1

(βi + 1)Li(a
i
1, a

i
2, · · · , ai

λi
)×

(εi1(t)− εi1(t− γi(t)))PiPi ×
(ai

1, a
i
2, · · · , ai

λi
)T(εi1(t)− εi1(t− γi(t))) +

16
m∑
i=1

λi∑
j=1

(βi + 1)Liλik̄i(λ
i
m1)

2 ×

((zij(t)− zij(t− γi(t)))
2 +

(zij(t)− zij(t− ηi(t)))
2) +

8
m∑
i=1

(βi + 1)Li(a
i
1, a

i
2, · · · , ai

λi
)θiPi ×

Pi(a
i
1, a

i
2, · · · , ai

λi
)Tθi 6

−
m∑
i=1

(
5

8
Li − 2λil1p̄

i
2)(βi + 1)εi(t)Tεi(t) +

16
m∑
i=1

λi∑
j=1

(βi + 1)Liλik̄i(λ
i
m1)

2 ×

((zij(t)− zij(t− γi(t)))
2 +

(zij(t)− zij(t− ηi(t)))
2) +

2l1
m∑
i=1

λip̄
i
2(βi + 1)zi(t)Tzi(t)) +

8
m∑
i=1

(βi + 1)Liλiāi(λ
i
m1)

2 ×

((εi1(t)− εi1(t− γi(t)))
2 + (ci1)

2). (34)

The derivative of V2(t) along the system (30) is giv-
en by
d

dt
V2(t)|(30) =

m∑
i=1

[żi(t)TQiz
i(t) + zi(t)TQiż

i(t)] 6

−5

8

m∑
i=1

Liz
i(t)Tzi(t) +

m∑
i=1

Liλiāi(λ
i
m3)

2εi1(t)
2 +

8
m∑
i=1

Liλiāi(λ
i
m3)

2((εi1(t)−εi1(t−γi(t)))
2+(ci1)

2)+

8
m∑
i=1

λi∑
j=1

Liλik̄i(λ
i
m3)

2(zij(t)− zij(t− γi(t)))
2.

(35)

By using the Leibniz integration formula and Lemma 1,
we have

|εi1(t)− εi1(t− γi(t))|2 =

|
w T

t−γi(t)
ε̇i1(s)ds|2 6 ϖi

w T

t−ϖi

|ε̇i1(s)|2ds,

|zij(t)− zij(t− γi(t))|2 =

|
w T

t−γi(t)
żij(s)ds|2 6 ϖi

w T

t−ϖi

|żij(s)|2ds,

|zij(t)− zij(t− ηi(t))|2 =

|
w T

t−ηi(t)
żij(s)ds|2 6 ϖi

w T

t−ϖi

|żij(s)|2ds.

(36)

Choose Li such that Li > max{1, l1, 16(βi +1)×
λil1p̄

i
2, 2(βi+1)λi

m1, 2λ
i
m3}. It follows from (34)–(36)

that
d

dt
V1(t)|(29) +

d

dt
V2(t)|(30) 6
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−1

2

m∑
i=1

Liε
i(t)Tεi(t)− 1

2

m∑
i=1

Liz
i(t)Tzi(t) +

8
m∑
i=1

(βi + 1)Liλiāi(λ
i
m1)

2ϖi

w T

t−ϖi

|ε̇i1(s)|2ds+

8
m∑
i=1

Liλiāi(λ
i
m3)

2ϖi

w T

t−ϖi

|ε̇i1(s)|2ds+

8
m∑
i=1

Liλiāi((βi + 1)(λi
m1)

2 + (λi
m3)

2)(ci1)
2 +

8
m∑
i=1

Liλik̄i(λ
i
m3)

2ϖi

w T

t−ϖi

żi(s)Tżi(s)ds+

32
m∑
i=1

(βi+1)Liλik̄i(λ
i
m1)

2ϖi

w T

t−ϖi

żi(s)Tżi(s)ds.

(37)

The derivatives of V3(t) and V4(t) are given by
d

dt
V3(t) =

m∑
i=1

ϖiε̇
i
1(t)

2 −
m∑
i=1

w T

t−ϖi

ε̇i1(s)
2ds 6

m∑
i=1

ϖi(3 + 2λi
1)(1 + (ai

1)
2)L2

i ε
i(t)Tεi(t) +

m∑
i=1

ϖi(3 + 2λi
1)L

2
i z

i(t)Tzi(t) +

m∑
i=1

ϖi(3 + 2λi
1)(a

i
1)

2L2
i (c

i
1)

2 +

m∑
i=1

ϖ2
i (3 + 2λi

1)(a
i
1)

2L2
i

w T

t−ϖi

ε̇i1(s)
2ds−

m∑
i=1

w T

t−ϖi

ε̇i1(s)
2ds, (38)

and
d

dt
V4(t) =

m∑
i=1

ϖiż
i(t)Tżi(t)−

m∑
i=1

w T

t−ϖi

żi(s)Tżi(s)ds 6

m∑
i=1

λi(2λi + 4)(k̄i + 1)ϖiL
2
i z

i(t)Tzi(t)−

m∑
i=1

w T

t−ϖi

żi(s)Tżi(s)ds+
m∑
i=1

λi(2λi+4)ϖiL
2
i āi ×

εi(t)Tεi(t) +
m∑
i=1

λi(2λi + 4)L2
i āiϖ

2
i ×

w T

t−ϖi

ε̇i1(s)
2ds+

m∑
i=1

λi(2λi + 4)āiL
2
iϖi(c

i
1)

2 +

m∑
i=1

λi(2λi + 4)(k̄i + 1)L2
iϖ

2
i ×

w T

t−ϖi

żi(s)Tżi(s)ds. (39)

We also have

V3(t) 6
m∑
i=1

ϖi

w T

t−ϖi

ε̇i1(s)
2ds,

V4(t) 6
m∑
i=1

ϖi

w T

t−ϖi

żi(s)Tżi(s)ds.

Then from (37)–(39), we have
d

dt
V (t)|(29),(30) 6

−
m∑
i=1

(
1

2
−ϖi(3 + 2λi

1)(1 + (ai
1)

2)Li −

λi(2λi + 4)ϖiLiāi)Liε
i(t)Tεi(t)−

m∑
i=1

(
1

2
−ϖi(3 + 2λi

1)Li −

λi(2λi + 4)(k̄i + 1)ϖiLi)Liz
i(t)Tzi(t) +

8
m∑
i=1

(βi + 1)Liλiāi(λ
i
m1)

2ϖi

w T

t−ϖi

ε̇i1(s)
2ds+

m∑
i=1

ϖ2
i (3 + 2λi

1)(a
i
1)

2L2
i

w T

t−ϖi

ε̇i1(s)
2ds+

8
m∑
i=1

Liλiāi(λ
i
m3)

2ϖi

w T

t−ϖi

ε̇i1(s)
2ds+

m∑
i=1

λi(2λi + 4)L2
i āiϖ

2
i

w T

t−ϖi

ε̇i1(s)
2ds+

32
m∑
i=1

(βi+1)Liλik̄i(λ
i
m1)

2ϖi

w T

t−ϖi

żi(s)Tżi(s)ds+

8
m∑
i=1

Liλiāi((βi + 1)(λi
m1)

2 + (λi
m3)

2)(ci1)
2 −

m∑
i=1

w T

t−ϖi

ε̇i1(s)
2ds+

m∑
i=1

ϖi(3 + 2λi
1)(a

i
1)

2 ×

L2
i (c

i
1)

2 −
m∑
i=1

w T

t−ϖi

żi(s)Tżi(s)ds+

m∑
i=1

λi(2λi + 4)āiL
2
iϖi(c

i
1)

2 +

8
m∑
i=1

Liλik̄i(λ
i
m3)

2ϖi

w T

t−ϖi

żi(s)Tżi(s)ds+

m∑
i=1

λi(2λi + 4)(k̄i + 1)L2
iϖ

2
i

w T

t−ϖi

żi(s)Tżi(s)ds.

(40)

If the bounds T i satisfy

T i <
1

m̄1 + m̄2 + 1
×

min{ 1

8λi(λi + 4)(k̄i + 1)Li + 4(3 + 2λi
1)Li

,

1

8λi(λi + 4)āiLi + 4(3 + 2λi
1)(1 + (ai

1)
2)Li

,√
Ξ2

2 + 4Ξ1 −Ξ2

2Ξ1

,

√
Ξ2

4 + 4Ξ3 −Ξ4

2Ξ3

}. (41)

It follows from (40) that
d

dt
V (t)|(29),(30) 6 −

m∑
i=1

(αiLiV
i(t) + Liξi), (42)

where

αi = min{ 1

4(βi + 1)λi
m1

,
1

4λi
m3

},

ξi = 8λiāi((βi + 1)(λi
m1)

2 + (λi
m3)

2)(ci1)
2 +

ϖi(3 + 2λi
1)(a

i
1)

2Li(c
i
1)

2 +
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λi(2λi + 4)āiLiϖi(c
i
1)

2.

Let V1(c1) = {(ε(t), z(t)) : V (t) 6 2
m∑
i=1

ξi
αi

}, where

c1 = (c11, c
1
2, · · · , c1m)T. When (ε(t), z(t)) ∈ Rn×

Rn/V1(c1), we have
d

dt
V (t) 6 −1

2

m∑
i=1

αiLiV
i(t), t > t0. (43)

Thus,

V (ε(t), z(t)) 6
m∑
i=1

e−αiLi(t−t0)/2V i(t0) 6

e−αLt/2
m∑
i=1

eαiLi/2(t0)V i(t0), (44)

where L = min
16i6m

{Li}, α = min
16i6m

{αi}. Let

π1 = 2
m∑
i=1

ξi
αi

, π2 =
m∑
i=1

eαiLit0/2V i(t0),

T ′ = 4(lnπ2 − ln 4π1).

For any (x0, x̂0) ∈ Rn × Rn/V1(c1), when t > T ′, we
have V (ε(t), z(t)) < 4π1, or (ε(t), z(t)) ∈ V1(2c1).
Thus, it is easy to find that there exist a constant
δ1(π1) > 0 such that ||x̂(t)−x(t)|| 6 δ1 and ||x̂(t)||
6 δ1. On the other hand, if (x0, x̂0) ∈ V1(c1),
||x̂(t)−x(t)|| 6 δ1 and ||x̂(t)|| 6 δ1 hold all the time.
Therefore, from Definition 1, the closed-loop system-
s (2)(5)–(6) is globally uniformly ultimately bounded.
The proof is completed.

Remark 4 If m = 1, the multi-output system (1) is
a single output system. For the closed-loop systems (1) and
(5)–(6), if τk = 0, some similar results on output feedback
stabilization have been obtained without considering transmis-
sion delay in [19]. If τk < T , T denotes the sampling period,
sample-data observer design and sample-data output feedback
stabilization have been studied for the SISO systems in [18,24]
and [20], respectively. In [21], the authors investigated sample-
data output feedback stabilization for the SISO systems. The
time delay may be larger than the sampling period. But, the
sampled and delayed outputs aren’t applied to update the sta-
bilizer immediately even if they are available. Whereas, in this
paper, although the transmission delays are unknown, the time
instants that the sampled data arrive are known. Once they are
available, they are used to design the stabilizer immediately.

4 Numerical simulations
In this section, we use an example to show the ef-

fectiveness of our proposed methods. Consider a multi-
output nonlinear system in the form of (2):

ẋ1(t) = x2(t) + lx1(t) cos t, ẋ2(t) = u1(t),

ẋ3(t) = x4(t) + l(x2(t) + x3(t)) sin t,

ẋ4(t) = u2(t), ỹ1(t) = x1(t), ỹ2(t) = x3(t),

with x(0) = (0.55,−0.54, 0.7, 0.5). It is easy to ob-
serve that this nonlinear system consists of two blocks,
the first one (ỹ1) consists of x1 and x2, the second one
(ỹ2) consists of the rest. From (5)–(6), an output feed-

back stabilizer can be constructed by
˙̂x1(t) = x̂2(t) + a1

1L1(y1(t
1
k)− x̂1(t

1
k)),

˙̂x2(t) = u1 + a1
2L

2
1(y1(t

1
k)− x̂1(t

1
k)),

u1 = −[L2
1k

1
1x̂1(t

1
k) + L1k

1
2x̂2(t

1
k)],

t ∈ [t1k + τ 1
k , t

1
k+1 + τ 1

k+1), k > 0,

˙̂x3(t) = x̂4(t) + a2
1L2(y2(t

2
k)− x̂3(t

2
k)),

˙̂x4(t) = u2 + a2
2L

2
2(y2(t

2
k)− x̂3(t

2
k)),

u2 = −[L2
2k

2
1x̂3(t

2
k) + L2k

2
2x̂4(t

2
k)],

t ∈ [t2k + τ 2
k , t

2
k+1 + τ 2

k+1), k > 0,

with x̂(0) = (−0.1, 0.3,−0.4, 0.2) and the parame-
ters are given as (a1

1, a
1
2, a

2
1, a

2
2) = (0.3, 0.3, 0.2, 0.2),

(k1
1, k

1
2, k

2
1, k

2
2) = (2, 3, 2, 1) such that matrices Ā and

B̄ are Hurwitz. Figs. 2–3 show the simulation results.

Fig. 2 Trajectories of the states xi(t) (1 6 i 6 4) with
T 1 = T 2 = 0.01 s

Fig. 3 Trajectories of the errors ei(t) (1 6 i 6 4) with
T 1 = T 2 = 0.01 s

In the simulation, we set the sampling period T 1 =
T 2 = 0.01 s. τ 1

k and d1k denote the unknown transmis-
sion delays and are simulated by random numbers in the
intervals [0, 1.5T 1] and [0, 1.7T 1], respectively. τ 2

k and
d2k are simulated by random numbers in the intervals
[0, 1.6T 2] and [0, 1.9T 2], respectively. Then the upper
bounds τ̄1 = 1.5T 1 > T 1, d̄1 = 1.7T 1 > T 1, τ̄2 =
1.6T 2 > T 2, d̄2 = 1.9T 2 > T 2, whereas, it is required
that the maximum delay is strictly less than the the sam-
pling period, that is, τ̄ < T in [17–18, 20, 24, 27]. The
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other parameters are selected as: l = 0.1, L1 = 2,
L2 = 4, c11 = 10−4 and c21 = 10−3. For simplicity, the
following algorithms are used to truncate the sampled
data, h1(x) = [104x]/104 and h2(x) = [103x]/103,
where [x] denotes the integer part of x.

5 Conclusions
In this paper, we addressed the output feedback

stabilization for a class of multi-output nonlinear sys-
tems under static data truncation protocol. The sys-
tem outputs were sampled in a fully asynchronous way,
transmitted through communication network, and used
to construct the output feedback stabilizer immediately
when they were available. The nonlinear system could
be updated by the system inputs once they were avail-
able. There also existed two kinds of transmission de-
lays, i.e., transmission delays from the nonlinear sys-
tem to the output feedback stabilizer, and transmission
delays from the output feedback stabilizer to the non-
linear system. Therefore, the output feedback stabilizer
and the nonlinear system were updated at different time
instants. Based on interval decomposition, we put them
on the same interval and obtain the closed-loop system.
Sufficient condition was presented to guarantee that the
closed-loop system was globally uniformly ultimately
bounded. Numerical simulation was provided to illus-
trate the efficiency of the proposed methods.
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