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Abstract This special issue selects some interesting contributions of recent scientific achievements in circuit
application of chaotic systems, focusing on showing the new methods and technologies of the modeling,
dynamical analysis and control of chaotic systems. This presented letter summarizes the work of the special
issue and discusses some thoughts on the future directions of chaotic circuits and systems.

Chaos research arose from the discovery of the
famous Lorenz attractor in [1], and has gradually
matured after intensive and extensive investigation in
the past few decades. The breakthrough of the broad
engineering applications of chaos has prompted the
chaos generation (or chaotification) to be an important
research issue, yielding the appearance of large quan-
tities of chaotic systems [2–7]. Generally speaking, any
dynamical system with chaotic solution can be regarded
as a chaotic system. There are three main research prob-
lems involving chaotic systems that have been endur-
ing, i.e. how to generate special chaotic systems, how to
detect and show the complex dynamics of chaotic sys-
tems, and how to control the chaotic systems targeting
a desired behavior. Although some research progress
has been made on these problems, it is far from form-
ing a unified theoretical and technical framework that
can solve these problems well. So we organize this spe-
cial issue to get some inspiration on the new methods
and technologies to model, analyze and control chaotic
systems.

The study of chaotic circuits has received much atten-
tion since the invention of the Chua circuit in [8].
Many nonlinear electronic circuits which can produce
chaos have been established. A chaotic circuit is essen-
tially a kind of chaotic system, and scholars usually
use the electronic circuits to yield chaotic signals and
demonstrate the physical existence of chaotic systems.
Thereby the circuit implementation has become an
important method for transiting chaotic systems from
theory to practice, and it has been a necessary step
for the application of chaos to engineering practice. So
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far the circuit application of chaotic systems has been
greatly developed. Additionally the discovery of mem-
ristors has pushed the study of circuit application of
chaotic systems to reach a new level and presented some
new challenges. Thus it is very necessary to consider
new problems encountered in the circuit application of
chaotic systems in this special issue.

This special issue is dedicated to present state-of-the-
art results on circuit application of chaotic systems in
terms of the modeling, dynamical analysis and control
design. We believe that such selected papers will be
useful references for the readers. Some of the papers
present the generation, analysis, realization and appli-
cation of memristive chaotic systems [9–17] with mul-
tistability, where five papers study the integer-order
memristive systems and two papers study fractional-
order memristive systems. Authors in paper [9] pro-
pose an interesting memristive chaotic system with con-
ditional symmetry, attractor growing and amplitude
frequency control properties, and show its coexisting
of multiple chaotic attractors by bifurcation diagrams
and phase portraits, and use the circuit implementa-
tion to determine its existence. Authors in paper [10]
construct a five-dimensional two-memristor-based Col-
pitts system which can yield parameter-boosted attrac-
tors and initial-boosted coexisting attractors, and study
the circuit simulations of the system on PSIM soft-
ware platform. Authors in paper [11] establish a sim-
ple memristive chaotic oscillation circuit by integrat-
ing the memristor emulator and second-order RLC cir-
cuit. Simulations results illustrate the coexistence of
two symmetric attractors of the system. The hardware
circuit design of the system is given. Authors in paper
[12] analyze the bursting oscillations and bifurcation
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mechanism two types of piecewise-smooth memristor-
based Shimizu-Morioka system. These two systems can
exhibit different types of bifurcation and motion states.
The accuracy of the work is illustrated by the simula-
tion results from the designed fully integrated circuit.
Authors in paper [13] construct a new two-memristor-
based FitzHugh-Nagumo circuit with chaos and coex-
isting attractors, and establish the synchronization con-
ditions of the system with unidirectional and bidirec-
tional coupling. Authors in paper [14] study the com-
plex dynamical behaviors and FPGA circuit realiza-
tion of a five-dimensional memristive hyperchaotic sys-
tem and consider its pseudorandom number genera-
tor. Authors in paper [15] present four fractional-order
memristive, meminductive and memcapacitive chaotic
systems with hidden multistability. Numerical simula-
tions and experimental circuit results well describe the
influence of parameters and initial conditions on the
dynamic behaviors of the systems. Authors in paper
[16] put forward a time-delayed fractional-order mem-
ristive chaotic system and apply it to the design of
image encryption algorithm with DNA encoding. Also
there are one paper designs a unified asymmetric mem-
ristive diode-bridge emulator with current constraints
of the parallel bridge arms and implement the emulator
via Multisim circuit, Matlab simulations and hardware
experiment [17]. It can be used for the construction of
chaotic circuit.

There are three papers [18–20] which address
improved chaotic oscillators. Paper [18] studies the
complex dynamics and circuit experimental implemen-
tation of Shinriki’s oscillator. It shows that the rupture
of symmetry enables the system to yield a pair of sym-
metric coexisting chaotic attractors. Paper [19] presents
a ferroresonant chaotic oscillation circuit and study its
chaos control problem by applying backstepping con-
trol method. Paper [20] investigates the multistability
of Chua’s oscillator with piecewise-linear nonlinearity.
The effective multistability control method the system
is established and the basins of attractions of the coex-
isting attractors are discussed. Also the image encryp-
tion algorithm for the system is designed and its secu-
rity against various attacks are numerically tested.

There is significant interest in dynamical analysis,
circuit implementation, control design and engineer-
ing applications of different types of continuous-time
chaotic systems, see papers [21–27] in this special issue.
Paper [21] designs and implements a new chaotic sys-
tem with only one unstable equilibrium and two coex-
isting strange attractors, and investigates the impul-
sive synchronization control problem of the system.
Paper [22] constructs a three-dimensional chaotic sys-
tem with no equilibrium and different types of hidden
multi-scroll attractors. The dynamical properties of the
system are verified by simulations and circuit experi-
ment. Paper [23] uses the pulse control approach to gen-
erate compounding self-excited and hidden attractors
from Sprott D system. The digital oscilloscope results
obtained from the FPGA implementation demonstrate
the physical existence of the chaos of the system. Paper
[24] presents a four-dimensional chaotic system with

absolute value nonlinearities. The symmetry property,
antimonotonicity, offset boosting feature, total ampli-
tude control and multistability of the system are ana-
lyzed. Also the Pspice circuit realization of the system
is done as well. Paper [25] generates a new chaotic sys-
tem in which the number of equilibrium points varies
with the parameters. The existence of hidden attrac-
tors and coexisting attractors of the system is illus-
trated and the corresponding circuit realization is given.
Paper [26] studies the chaos control and synchroniza-
tion of a new chaotic system via linear quadratic regu-
lator method, and analyzes the circuit implementation
and pseudo random number generator of the system on
FPGA platform. Paper [27] gives a simplest Lorenz-
like system and uses the hardware circuit to imple-
ment the chaos-based secure communication of the sys-
tem. Authors in papers [28,29] analyze the complex
dynamical behaviors and hardware circuit experimental
observation of two-dimensional discrete chaotic maps.
Authors in papers [30–32] show the rich dynamics and
circuit realization of the stretch-twist-fold flow, semi-
conductor laser diode and Wilson neuron system.

Moreover several papers address the dynamical anal-
ysis and control of special chaotic systems [33–37].
Authors in paper [33] give a class of simplest symmet-
ric chaotic flows with different equilibria and investigate
the chaos synchronization of the systems for revealing
the collective behaviors of networks of these systems by
analyzing the corresponding master stability function.
Authors in paper [34] use the chaotification method
to yield new hpyerchaotic map with complex nonlinear
performance and effective resistance to parameter iden-
tification. The design of pseudo-random number gener-
ator illustrates the effectiveness of engineering appli-
cation of the system. Authors in paper [35] study the
multistability and chaos of fractional-order oscillator
with extreme events. Authors in paper [36] consider the
complex generalized synchronization control problem
of complex-variable chaotic systems and establish the
synchronization conditions by using Lyapunov stability
theory. Authors in paper [37] study the synchronization
of the network of chaotic mobile agents by applying the
speed-accelerating method.

The circuit application of chaotic systems mainly
contains three aspects: the construction of chaotic cir-
cuits, the circuit realization of chaotic systems, the
practical control and application realization of chaotic
systems on electronic circuits. The papers included in
this special issue involve these aspects, and give a broad
and close observation on the recent research of chaotic
systems. To our best knowledge, we think there are still
many problems on the circuit application of chaotic sys-
tems to be solved. The generation of complex and spe-
cial chaotic circuits for practical application need to be
further studied, such as high-dimensional chaotic cir-
cuits with multistability and hidden attractors, large-
scale memristive chaotic neural network circuits, etc.
The study of the circuit realization of the control and
application of chaotic systems is also relatively rare. It
also will be an important topic to use electronic circuits
to actually show the multistability and hidden attrac-
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tors as they are interesting dynamical behaviors com-
monly found in chaotic circuits and systems [38–40]. We
will continue to carry out the research of chaos theory
and application, and collect more interesting work on
the corresponding area in future issues.

Finally and importantly, we sincerely thanks all the
authors for their high-quality papers in this special
issue, and express our sincere gratitude to all the
reviewers for their timely and valuable comments of
the papers. Also we would like to appreciate all the
members of EPJST for their timely and patient help.
Moreover we would like to solemnly recommend this
special issue to readers and hope this special issue can
provide some help for chaos research and popularity.

Data Availability Statement This manuscript has no
associated data or the data will not be deposited. [Authors’
comment: There is no data because all obtained results are
in the paper. All authors confirm that there is no part of
the paper that requires data.]
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