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a b s t r a c t 

This paper focuses on the observer-based periodically intermittent control issue for lin- 

ear systems by utilizing piecewise Lyapunov function method. Based on the concept of 

intermittent control, the description of an observer-based periodically intermittent con- 

troller is initially proposed. Then, stability of the corresponding periodically intermittent 

control system is analyzed by resorting to piecewise Lyapunov function method. Here, the 

so-called piecewise Lyapunov function means that Lyapunov function on control time in- 

tervals differs from the one on free time intervals. Besides, the existence of an observer- 

based periodically intermittent controller is converted into the feasibility of linear matrix 

inequalities. It is worth pointing out that, in comparison with an observer-based contin- 

uous controller, the designed observer-based periodically intermittent controller can still 

retain satisfactory performance with shorter control task execution time. Finally, an illus- 

trative simulation example is given to show the validity and superiority of the result. 

© 2016 Elsevier Inc. All rights reserved. 

1. Introduction 

Intermittent control, as a transition between continuous control and impulsive control, emerges in control field. Its char- 

acteristic lies in that the control signal is imposed on a plant during certain nonzero time intervals, but is off during other 

nonzero time intervals. Due to its convenient implementation and high efficiency, intermittent control has been applied to 

various fields such as secure communication, medical treatment, air-quality control, transportation, and so on. 

Recently, much attention has been paid to intermittent control technique to investigate two types of problems: stabi- 

lization (see references [1–8] ) and synchronization (see references [9–17] ). For the former, the description of a periodically 

intermittent state feedback controller is introduced in [1] , based on which an exponential stability criterion of a periodically 

intermittent control system is obtained by using Lyapunov function theory. Paper [3] studies the exponential stabilization 

for a class of delayed chaotic neural networks by periodically intermittent control, and the exponential stabilization crite- 

rion is established by Lyapunov function and Halanay inequality. In [5] , a periodically intermittent state feedback controller 

is designed to stabilize a class of uncertain nonlinear time-delay systems, and Lyapunov–Krasovskii functional method is 

adopted to seek the exponential stabilization conditions. For the latter, paper [9] focuses on the synchronization of chaotic 

systems via intermittent feedback method, and a Lyapunov function is constructed to deduce a synchronization criterion. 

In [13] , the complete synchronization of chaotic neural networks with time delays is explored by intermittent control with 
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two switches in a control period, and Lyapunov stability theory is used to derive some sufficient conditions for complete 

synchronization. Paper [15] deals with the exponential synchronization for chaotic systems with time delay by means of 

periodically intermittent state feedback control, and Lyapunov–Razumikhin methodology is utilized to deduce a new expo- 

nential synchronization criterion. 

Whether for the former or the latter, Lyapunov function or functional plays a critical role during the procedure of deriva- 

tion. However, it should be observed that, in above literatures, the constructed Lyapunov function or functional on control 

time intervals is the same with the one on free time intervals, which leads to more conservativeness of the deduced re- 

sults. This inspires the authors to adopt piecewise Lyapunov function or functional to analyze the stability of a periodically 

intermittent control system. The main idea of piecewise Lyapunov function or functional discussed in literatures [18–21] is 

to construct different Lyapunov functions or functionals on time interval sequence. In comparison with Lyapunov function 

or functional, piecewise Lyapunov function or functional overcomes the limitation of Lyapunov function or functional and 

presents more generality. Therefore, in this paper, Lyapunov function is replaced by piecewise Lyapunov function to establish 

less conservative stability and stabilization criteria. Here, the so-called piecewise Lyapunov function means that Lyapunov 

function on control time intervals differs from the one on free time intervals. 

On the other hand, for the stabilization issue, periodically intermittent state feedback controllers are usually considered 

to stabilize the concerned systems. However, in most practical situations, system states are unmeasurable. Literatures [22–

26] do much work on this issue. In [22] , an observer-based state feedback controller is addressed to stabilize a class of 

nonlinear time-delay systems subjected to input and output time-varying delays. Delay-dependent observer-based H ∞ 

finite- 

time control problem is explored in [24] for switched systems with time-varying delay. It should be pointed out that these 

papers focus on the design problem of an observer-based state feedback controller and do not involve in an observer-based 

periodically intermittent control issue. 

Motivated by above two aspects, we are concerned with the observer-based periodically intermittent control in this paper 

for linear systems by utilizing piecewise Lyapunov function method. The main contributions of this paper lie in the following 

three aspects. Firstly, based on the concept of intermittent control, the description of an observer-based periodically inter- 

mittent controller is proposed. Secondly, piecewise Lyapunov function is constructed to analyze the stability of the corre- 

sponding periodically intermittent control system. The so-called piecewise Lyapunov function means that Lyapunov function 

on control time intervals differs from the one on free time intervals. Thirdly, the existence of an observer-based periodically 

intermittent controller is converted into the feasibility of linear matrix inequalities. Compared with an observer-based con- 

tinuous controller, the designed observer-based periodically intermittent controller is still capable of retaining satisfactory 

effects with shorter control task execution time. 

Notation: In this paper, notations are fairly standard. R n denotes the n dimensional Euclidean space, ‖ · ‖ refers to the 

Euclidean vector norm, and R n × m r epr esents the field of n × m dimensional real matrices. The superscripts T and −1 stand 

for the transposition and the inverse of a matrix, respectively. Matrix A > 0( < 0, ≥0, ≤0) means that A is positive definite 

(negative definite, positive semi-definite, negative semi-definite). � stands for the symmetric term in a symmetric matrix. In 

addition, λm 

( P )( λM 

( P )) denotes the minimum (maximum) eigenvalue of matrix P . 

2. Problem formulation and preliminaries 

Consider the following linear system ⎧ ⎨ 

⎩ 

˙ x (t) = Ax (t) + Bu (t) , t > 0 , 

y (t) = Cx (t) , 

x (0) = x 0 , 

(1) 

where x ( t ) ∈ R n is the state vector, u ( t ) ∈ R m is the control input, y ( t ) ∈ R q is the measured output. A ∈ R n × n , B ∈ R n × m , C 

∈ R q × n are the known real constant matrices. x 0 is the initial state vector. 

Assumption 1. When u (t) = 0 , system (1) is unstable. 

Assumption 2. The state vector x ( t ) is unmeasurable. 

Assumption 3. ( A , B ) is completely controllable and ( A , C ) is completely observable. 

Assumption 4. Matrix C is of full row rank. 

Here, the description of an observer-based periodically intermittent controller is proposed as ⎧ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎩ 

˙ ˆ x (t) = A ̂

 x (t) + L (t )(y (t ) − ˆ y (t)) + Bu (t) , 

ˆ y (t) = C ̂  x (t) , 

ˆ x (0) = 

ˆ x 0 , 

u (t) = K(t ) ̂  x (t ) , 

(2) 
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