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a b s t r a c t

This paper studies the event-based control for memristive systems. Consider the state-
dependent properties of the memristor, a new fuzzy model employing parallel distributed
compensation (PDC) gives a new way to linearize complicated memristive system with
only two subsystems. As the existence of uncertainties of memristor and to reduce the
amount of communication, event-based control algorithm to stabilize memristive systems
and extend the results to systems with signal quantization and networked induced delays.
Through the fuzzy modeling and distributed event-based control, there are three main
advantages: (1) only two linear subsystems are considered to reduce the numbers of fuzzy
rules from 2n to 2� n as for traditional Takagi–Sugeno fuzzy model, n is the number of
memristive subsystems; (2) the memristive subsystem is triggered at its own event time,
which reduces communication burdens and lowers the controller updating frequency; (3)
the effects of quantization and time delays are taken into account.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

1.1. Memristor-based circuits

As the missing fourth passive circuit element [1], memristor took scientists almost 40 years to invent it, until a team at
Hewlett-Packard Labs proposed the development of a memristor in Nature on May 1, 2008 [2]. More and more attention has
been attracted to the memristor because of its potential application [3–14]. The HP memristor is described as

v ¼ MðqÞi; or i ¼WðuÞv;

where u ¼
R

vdt,

MðqÞ ¼ duðqÞ
dq

; or WðuÞ ¼ dqðuÞ
du

;

where MðqÞ and WðuÞ are the memristance and memductance. Itoh and Chua assumed that the memristor is ‘‘piecewise-
linear’’ as shown in Fig. 1. uðqÞ; qðuÞ are given by
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uðqÞ ¼ bqþ 0:5ða� bÞðjqþ 1j � jq� 1jÞ;
qðuÞ ¼ duþ 0:5ðc � dÞðjuþ 1j � ju� 1jÞ;

where a; b; c; d > 0. memristance MðqÞ and memductance WðuÞ are defined as

MðqÞ ¼ duðqÞ
dq

¼
a; jqj � 1;
b; jqj > 1;

�
WðuÞ ¼ dqðuÞ

du
¼

c; juj � 1;
d; juj > 1:

�
Consider the memristor-based Chua’s circuit with a PWL memristor [6] in Fig. 2, we can get

dV1ðtÞ
dt ¼ 1

C1
iðtÞ �WðuðtÞÞV1ðtÞð Þ;

dV2ðtÞ
dt ¼ 1

C2
GV2ðtÞ � iðtÞð Þ;

diðtÞ
dt ¼ 1

L V2ðtÞ � V1ðtÞ � iðtÞRð Þ;
duðtÞ

dt ¼ V1ðtÞ:

8>>>>><>>>>>:
ð1Þ

For technical simplicity, we set x1ðtÞ ¼ V1ðtÞ; x2ðtÞ ¼ V2ðtÞ; x3ðtÞ ¼ iðtÞ; x4ðtÞ ¼ uðtÞ, then

_x1ðtÞ ¼ a x3ðtÞ �Wðx4ðtÞÞx1ðtÞð Þ;
_x2ðtÞ ¼ a1x2ðtÞ � a2x3ðtÞ;
_x3ðtÞ ¼ a3ðx2ðtÞ � x1ðtÞ � a4x3ðtÞÞ;
_x4ðtÞ ¼ x1ðtÞ;

8>>><>>>: ð2Þ

where a ¼ 1
C1
;a1 ¼ G

C2
;a2 ¼ 1

C2
;a3 ¼ 1

L ;a4 ¼ R,

Wðx4ðtÞÞ ¼
a; jx4ðtÞj 6 1;
b; jx4ðtÞj > 1:

�

Fig. 1. The piecewise-linear memristor: Charge-controlled (left) and flux-controlled (right) memristor.

Fig. 2. Memristor-based Chua’s circuit.
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