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Summary

The field related to control of chaotic systems was rapidly developing during the 1990s.
Its state-of-the-art in the beginning of the 21st century is presented in this article.
Necessary preliminary material is given related to notion and properties of chaotic
systems, models of the controlled plants and control goals. Several major branches of
research are discussed in detail: feedforward or “nonfeedback” control (based on
periodic excitation of the system); OGY method (based on linearization of Poincaré
map); Pyragas method (based on time-delay feedback); traditional control engineering
methods of linear, nonlinear and adaptive control; neural networks; fuzzy control. Some
unsolved problems concerning the justification of chaos control methods are presented.
Other directions of research are outlined such as control of distributed (spatio-temporal
and delayed) systems, chaotic mixing, generation of chaos (chaotization), etc. Areas of
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existing and potential applications in science and engineering are pointed out.
1. Introduction
Chaotic system is a deterministic dynamical system exhibiting irregular, seemingly
random behavior. Two trajectories of a chaotic system starting close to each other will
diverge after some time (so-called “sensitive dependence on initial conditions”).
Mathematically chaotic systems are characterized by local instability and global
boundedness of the trajectories. Since local instability of a linear system implies
unboundedness (infinite growth) of its solutions, chaotic system should be necessarily
nonlinear, i.e. should be described by a nonlinear mathematical model.
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Control of chaos, or control of chaotic systems, is the boundary field between control
theory and dynamical systems theory studying when and how it is possible to control
systems exhibiting irregular, chaotic behavior. Control of chaos is closely related to
nonlinear control, and many methods of nonlinear control are applicable to chaotic
systems. However control of chaotic systems has some specific features.
A key property of chaotic systems is its instability: sensitive dependence on initial
conditions. An important consequence is high sensitivity with respect to changes of
input (controlling action). It means that small changes of control may produce large
variations in systems behavior. Such a phenomenon and its implications in physics were
described in the seminal paper of 1990 by E. Ott, C. Grebogi, J. Yorke from the
University of Maryland, USA that triggered an explosion of activities and thousands of
publications during the following decade.
A typical control goal when controlling chaotic systems is to transform a chaotic
trajectory into a periodic one. In terms of control theory it means stabilization of an
unstable periodic orbit or equilibrium. A specific feature of this problem is the
possibility of achieving the goal by means of an arbitrarily small control action. Other
control goals like synchronization and chaotization can also be achieved by small
control in many cases.
For almost three decades after the term “chaos” was coined, chaotic phenomena and
chaotic behavior have been observed in numerous natural and model systems in physics,
chemistry, biology, ecology, etc. Paradigm of chaos allows us to better understand
inherent properties of natural systems. Engineering applications are rapidly developing
in areas such as lasers and plasma technologies, mechanical and chemical engineering
and telecommunications. Possibilities of controlling complex behavior by means of
small control open new horizons both in science and in technology.
Development of new methods for control of chaos or “control by tiny corrections” may
be of utmost importance for sustained development of humanity. They may be efficient
for solving problems where applying stronger control is not possible either because of
lack of resources (like in many large scale systems: economies, energy systems, weather
control, etc.) or because intervening the natural dynamics is undesirable (e.g. in
biological and biomedical applications, ecological systems).
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It is worth noticing that, in spite of the enormous number of published papers, not many
rigorous mathematical results are so far available. A great deal of results is justified by
computer simulations rather than by analytical tools and many problems remain
unsolved. Main approaches to controlling chaotic behavior are described below. Before
exposition of the methods some preliminaries are given concerning system models,
control goals and properties of chaotic systems.
2. Notion of Chaos
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There exist different formal definitions of a chaotic system underlying different features
of chaotic behavior. Loosely speaking, chaotic processes are defined as solutions of
nonlinear differential or difference equations, characterized by local instability and
global boundedness. Their main feature is that the solutions with arbitrarily close initial
conditions diverge to a rather large distance after some time (so-called “sensitive
dependence on initial conditions”). Formal definitions are based on appropriate
formalizations of stability concept. Below a typical definition and a typical criterion of
chaos are introduced. More details can be found in Modeling and analysis of chaotic
systems.
Consider a dynamical system described by the differential equation
x = F ( x),

(1)

where x ∈ ℜn is n -dimensional state vector, x = d / dt stands for the time derivative of
x . Let x ( t ) , 0 ≤ t < ∞ be a solution of the system (1) with initial condition x ( 0 ) = x 0 .

To define a chaotic system the notions of attracting set, attractor and a chaotic
attractor are used.
A set B is called an attracting set for system (7) if there exists an open set B0 ⊃ B such

that all the solutions x ( t ) starting from the set B0 exist for all t ≥ 0 and

lim dist ( x ( t ) , B ) = 0 for any solution x ( t ) with x ( 0 ) ∈ B0 . The set of initial
t →∞

conditions B0 for which (8) holds is called basin of attraction. A closed attracting set B
is called attractor if it is minimal, i.e. there is no smaller attracting subset of B . An
attractor B is called chaotic if it is bounded and all the trajectories starting from it are
Lyapunov unstable. Finally, a system (1) is called chaotic if it possesses at least one
chaotic attractor. Similar definitions are introduced for discrete-time system
xk +1 = f ( xk ) , k = 0,1,…

Because of coexistence of different definitions of chaos, theoretical studies are often
based only on some features of chaotic systems, without specifying a rigorous
definition. An important feature of chaotic trajectories for many purposes is recurrence:
they return to any vicinity of any past value of the trajectories.
Since formal verification of chaoticity of a system behavior is usually very difficult,
various numerical criteria are used. The most common criterion of chaotic behavior for

©Encyclopedia of Life Support Systems (EOLSS)

CONTROL SYSTEMS, ROBOTICS, AND AUTOMATION - Vol. XIII- Control of Chaotic Systems - A.L. Fradkov

a system is the positivity of its largest Lyapunov exponent. For a linear system
x = A ( t ) x the largest Lyapunov exponent ρ L is defined as follows:

ρ L = lim

ln Φ ( t , t0 )
t − t0

t →∞

where

Φ ( t ,τ )

(2)

,

is the fundamental matrix of system

x = A (t ) x

satisfying

x ( t ) = Φ ( t ,τ ) x (τ ) for all t ,τ ∈ ℜ , Φ ( 0, 0 ) = I .
1

Hereafter x stands for Euclidean norm of a vector or a matrix x , I denotes the unit
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matrix of appropriate size.
For a nonlinear system the largest Lyapunov exponent depends on a prespecified (base)
solution x ( t ) and for given x ( t ) it can be defined as the largest Lyapunov exponent of

the system linearized near x ( t ) (i.e. the linear system x = A ( t ) x with the matrix

(

)

A ( t ) = ∂F x ( t ) / ∂t ). (See Modeling and analysis of chaotic systems)

3. Models of Controlled Systems and Control Goals

Models of controlled systems. A formal statement of a control problem typically
begins with a model of the system to be controlled (controlled system or controlled
plant) and a model of the control objective (control goal). If the plant model is not
given a priori (as in many real life applications) some approximate model should be
determined in some way. Several classes of models are considered in the literature
related to control of chaos. The most common class consists of continuous systems with
lumped parameters described in state space by differential equations
x = F ( x, u ) ,

(3)

where x is n -dimensional vector of the state variables; u is m -dimensional vector of
inputs (control variables). The vector–function F ( x, u ) is usually assumed continuously
differentiable which guarantees local existence and uniqueness of solutions of (3). The
model should also include the description of measurements, i.e. the l -dimensional
vector of output variables y should be defined, for example
y = h ( x).

(4)

If the outputs are not defined explicitly, it is assumed that all the state variables are
available for measurement, i.e. y = x .
The model (3) encompasses two physically different cases:
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A. The input variables represent some physical variables (forces, torques, intensity of
electrical or magnetic fields, etc.). For example a model of a controlled oscillator
(pendulum) can be put into the form
J ϕ + rϕ = ml sin ϕ = u ( t ) ,

(5)

where ϕ is the angle of deflection from vertical; J , m, l are physical parameters of the
pendulum (inertia, mass, length); u ( t ) is a controlling torque. The description (5) is
transformable into the form (3) with the state vector x = (ϕ , ϕ ) .
T
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B. The input variables represent change of physical parameters of the system, i.e.
u ( t ) = p − p0 , where p0 is the nominal value of the physical parameter p . For
example, in the case when the pendulum is controlled by changing its length, its model,
instead of (5), becomes
J ϕ + rϕ = m ( l0 + u ( t ) ) sin ϕ = 0,

(6)

where l0 is the initial length of the pendulum.

Although from a physical point of view the difference between the cases A and B does
exist, for the purpose of studying the nonlinear system (3) this difference can be
neglected.
If external disturbances are present, more general time-varying models
x = F ( x, u , t )

(7)

are considered. Often more simple affine in control models
x = f ( x) + g ( x)u

(8)

can be employed.

It is convenient for the purposes of analysis to represent a nonlinear system in the socalled Lurie form: system consisting of a linear part
x = Ax + Bu,

y = Cx

(9)

where A, B, C are constant matrices of appropriate dimensions with a static nonlinearity
u = ϕ ( y ).

If the nonlinear part satisfies some input-output relations, e.g. sector constraints:
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ϕ ( y ) ≤ Kϕ y ,

(11)

then for analysis of Lurie systems efficient frequency-domain methods based on
−1
examination of the frequency response Re W ( jω ) , where W ( λ ) = C ( λ I − A ) B is the
transfer function of the linear part (9), j = −1 can be employed.

Many real world systems can be described by discrete-time state-space models
xk +1 = Fd ( xk , uk ) .

(12)
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where xk ∈ ℜn , uk ∈ ℜm , yk ∈ ℜl , are the values of the state, input and output vectors at
the k th stage of the process, respectively. Since the model (12) can be described by
specifying the map Fd , in the literature the term “control of the map” is often used
instead of “control of the discrete-time system”.
In some cases delay-differential models
x = F ( x (t ) , x (t −τ ) , u (t ) , u (t −τ u )) ,

(13)

and delay-difference models

(

xk +1 = Fd xk , xk −1 ,… , xk −τ , uk ,… ,uk −τ u

)

(14)

are used. To determine solutions of system (13) on some time interval [t0 , t1 ] it is
necessary to specify the initial state function X 0 = { x ( s ) , t0 − τ ≤ s ≤ t0 } in addition to

the input function U 0 = {u ( s ) , t0 − τ ≤ s ≤ t0 } . In what follows it is assumed that all the

models under consideration satisfy conditions guaranteeing existence of the their
solutions starting from given initial conditions for all t ≥ t0 . For simplicity we will also
assume that t0 = 0 whenever possible.
Control goals. Stabilization. A typical goal for control of chaotic systems is
stabilization of an unstable periodic solution (orbit). Let x∗ ( t ) be the T -periodic

solution of the free ( u ( t ) = 0 ) system (3) with initial condition x∗ ( 0 ) = x∗0 i.e.
x∗ ( t + T ) = x∗ ( t ) for all t ≥ 0 . If the solution x∗ ( t ) is unstable, a reasonable goal is

stabilization or driving solutions x ( t ) of (3) to x∗ ( t ) in the sense of fulfillment of the
limit relation
lim ⎡⎣ x ( t ) − x∗ ( t ) ⎤⎦ = 0
t →∞
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or driving the output y ( t ) to the desired output function y∗ ( t ) , i.e.
lim ⎡⎣ y ( t ) − y∗ ( t ) ⎤⎦ = 0
t →∞

(16)

for any solution x ( t ) of (3) with initial conditions x ( 0 ) = x0 ∈ Ω , where Ω is a given
set of initial conditions.
The problem is to find a control function in the form of either an open-loop
(feedforward) control
u ( t ) = U ( t , x0 )

(17)

U
SA NE
M SC
PL O
E –
C EO
H
AP LS
TE S
R
S

or in the form of state feedback
u (t ) = U ( x (t ))

(18)

or output feedback
u (t ) = U ( y (t ))

(19)

to ensure the goal (15) or (16).

Such a problem is nothing but a tracking problem standard for control theory. However
the key feature of the control of chaotic systems is to achieve the goal by means of
sufficiently small (ideally, arbitrarily small) control. Solvability of this task is not
obvious since the trajectory x∗ ( t ) is unstable.

A special case of the above problem is stabilization of the unstable equilibrium x∗0 of

system (3) with u = 0 , i.e. stabilization of x∗0 , satisfying F ( x∗o , 0 ) = 0 . Again, this is
just the standard regulation problem with an additional restriction that “small control”
solutions are sought. Such a restriction makes the problem far from standard: even for a
simple pendulum, nonlocal solutions of the stabilization problem with small control are
nontrivial. The class of admissible control laws can be extended by introducing dynamic
feedback described by differential or time-delayed models. Similar formulations hold
for discrete and time-delayed systems.

Chaotization. A second class of control goals corresponds to the problems of excitation
or generation of chaotic oscillations (also called chaotization, chaotification or
anticontrol). Sometimes these problems can be reduced to the form (16), but the goal
trajectory x∗ ( t ) is no longer periodic, while the initial state is equilibrium. The goal

trajectory may be specified only partially. Otherwise, the goal may be to meet some
formal criterion of chaos, e.g. positivity of the largest Lyapunov exponent.
Synchronization. Third important class of control goals corresponds to synchronization

©Encyclopedia of Life Support Systems (EOLSS)

CONTROL SYSTEMS, ROBOTICS, AND AUTOMATION - Vol. XIII- Control of Chaotic Systems - A.L. Fradkov

(more accurately, controlled synchronization as opposed to autosynchronization or selfsynchronization). Generally speaking, synchronization is understood as concordance or
concurrent change of the states of two or more systems or, perhaps, concurrent change
of some quantities related to the systems, e.g. alignment of oscillation frequencies. If the
required relation is established only asymptotically, one may speak about asymptotic
synchronization. If synchronization does not exist in the system without control ( u = 0 )
the following controlled synchronization problem may be posed: find a control function
u ( t ) ensuring synchronization in the closed-loop system. In this case synchronization is
the control goal. For example, the goal corresponding to asymptotic synchronization of
the two system states x1 and x2 can be expressed as follows:
lim ⎡⎣ x1 ( t ) − x2 ( t ) ⎤⎦ = 0.
t →∞

(20)
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In the extended state space x = { x1 , x2 } of the overall system, relation (20) implies

convergence of the solution x ( t ) to the diagonal set { x : x1 = x2 } .

Asymptotic identity of the values of some quantity G ( x ) for two systems can be
formulated as

lim ⎡⎣G ( x1 ( t ) ) − G ( x2 ( t ) ) ⎤⎦ = 0.
t →∞

(21)

Goal functions. To solve a control problem it is often convenient to rewrite the goals
(15), (16), (20) or (21) in terms of appropriate goal function Q ( x, t ) as follows:
lim Q ( x ( t ) , t ) = 0.

(22)

t →∞

For example, to reduce goal (20) to the form (22) one may choose
Q ( x ) = x1 − x2 .
2

Instead of Euclidean norm other quadratic functions can also be used, e.g. for the case
of the goal (15) the goal function
Q ( x, t ) = ⎡⎣ x − x∗ ( t ) ⎤⎦ Γ ⎡⎣ x − x∗ ( t ) ⎤⎦ ,
T

where Γ is a positive definite symmetric matrix, “T” stands for matrix transposition can
be used. The choice of the matrix Γ provides the possibility of weighting different
components of the system state vector to take into account differences in their scale or
importance.
In the case of chaotization problem, a goal function G ( x ) may be introduced such that
the goal is to achieve the limit inequality
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limt →∞ G ( x ( t ) ) ≥ G∗ .

(23)

Typical choice of the goal function for chaotization is the largest Lyapunov exponent:
G = λ1 with G∗ > 0 . In some cases the total energy of mechanical or electrical

oscillations can serve as G ( x ) .

In terms of goal functions more subtle control goals can be specified, e.g. the control
goal may be to modify a chaotic attractor of the free system in the sense of changing
some of its characteristics (Lyapunov exponents, entropy, fractal dimension, etc). The
freedom of choice of the goal function can be utilized for design purposes.
(see Elements of control systems, Stability concepts, Popov and circle criterion)
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4. Methods of Controlling Chaos: Continuous-time Systems
4.1. Feedforward Control by Periodic Signal

Methods of feedforward control (also called nonfeedback or open-loop control) change
the behavior of a nonlinear system by applying a properly chosen input function u ( t ) –

external excitation. Excitation can reflect influence of some physical action, e.g.
external force/field/signal, or it can be some parameter perturbation (modulation). In all
cases the value u ( t ) depends only on time and does not depend on current
measurements of the system variables. Such an approach is attractive because of its
simplicity: no measurements or extra sensors are needed. It is especially advantageous
for ultrafast processes at the molecular or atomic level where no possibility of system
variable online measurements exists.

The possibility of significant changes to system dynamics by periodic excitation has
been known, perhaps, since the beginning of the 20th century. A. Stephenson
discovered in 1908 that a high frequency excitation can stabilize the unstable
equilibrium of a pendulum. Later theoretical results and experiments of P. Kapitsa, N.N.
Bogoljubov in the 1940s-1950s triggered the development of vibrational mechanics and
vibrational control. Analysis of general nonlinear systems affected by high frequency
excitation is based on the Krylov-Bogoljubov averaging method. According to the
averaging method stability analysis of a periodically excited system is reduced to
analysis of the simplified averaged system. The method provides conditions
guaranteeing approximate stabilization of the given equilibrium or the desired (goal)
trajectory. A related form of averaging method deals with systems excited by stochastic
disturbance (dither). Accuracy of averaging method increases if excitation contains
high-frequency harmonics. For physical systems it implies high forcing amplitudes.
The possibility of transforming a periodic motion into chaotic one and vice versa by
means of periodic excitation of medium level was demonstrated by V. Alexeev and
A.Loskutov in 1985 for a fourth-order system describing dynamics of two interacting
populations. The results were based on computer simulations. In 1990 R. Lima and M.
Pettini studied Duffing-Holmes oscillator
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ϕ − cϕ + bϕ 3 = −aϕ + d cos (ωt )

(24)

by Melnikov method. The right-hand side of (24) was considered as a small perturbation
of the unperturbed Hamiltonian system. The Melnikov function related to the rate of
change of the distance between stable and unstable manifolds for small perturbations
was calculated analytically and parameter values producing chaotic behavior of the
system were chosen. Then additional excitation was introduced into the parameter of
nonlinearity b → b (1 + η cos Ωt ) and a new Melnikov function was computed and
studied numerically. It was shown that if Ω is close to the frequency of initial
excitation ω then chaos may be destroyed. Experimental confirmation of this
phenomenon was made by L. Fronzoni et al. in 1991 using a magnetoelastic device with
two permanent magnets, an electromagnetic shaker and an optical sensor.
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Similar approach was applied by R. Chacon in 1999 to a general model of one-degreeof-freedom nonlinear oscillator with damping excited with a biharmonic forcing. The
relation between damping strength and forcing amplitudes guaranteeing either chaotic
or periodic behavior of the given trajectory of the excited system was obtained. Since
Melnikov method leads to intractable calculations for state dimensions greater than two,
analytical results are known only for systems with one degree of freedom. For higher
dimensions computer simulations are used. The general problem of finding analytic
conditions for creation or suppression of chaos by feedforward periodic excitation of
small or medium level still remains open.

The applications of feedforward control of chaos to control of CO2 lasers, Josephson
junctions, liquid crystal models, bistable mechanical devices, circular yttrium-ion-garnet
films, Murali-Lakshmanan-Chua electronic circuit, FitzHugh-Nagumo equations
describing propagation of nerve pulses in a neuronal membrane etc. were reported.
(see Describing function method)
-

TO ACCESS ALL THE 38 PAGES OF THIS CHAPTER,
Click here

Bibliography
The following comprehensive bibliographies on control of chaos can be found on the Web:
Chen, G. (1996), The bibliography “Control and Synchronization of Chaotic
www.ee.cityu.edu.hk/~gchen/chaos-bio.html [A useful source of references before 1997.]

Systems”,

Fradkov A.L. (2001) Chaos Control Bibliography (1997 – 2000). Russian Systems and Control Archive
(RUSYCON), www.rusycon.ru/chaos-control.html [Classified bibliography on control of chaos,
containing about 700 references.]

©Encyclopedia of Life Support Systems (EOLSS)

CONTROL SYSTEMS, ROBOTICS, AND AUTOMATION - Vol. XIII- Control of Chaotic Systems - A.L. Fradkov

Books
Chen, G., (Ed) (1999). Controlling Chaos and Bifurcations in Engineering Systems CRC Press, Boca
Raton, USA. [A collection of papers representing recent trends focusing on engineering applications.]
Chen, G., and X. Dong, (1998), From chaos to order: perspectives, methodologies and applications.
World Scientific, Singapore. [A survey-like book, presenting state-of-the-art of the field and describing
many approaches at the engineering level.]
Fradkov, A.L. and Pogromsky, A.Yu.(1998). Introduction to control of oscillations and chaos. World
Scientific, Singapore. [Introduction into the field from the point of view of nonlinear and adaptive
control.]
Handbook of Chaos Control (1999) /Ed. H.G. Schuster, Wiley & Sons. [A collection of survey papers
written by physicists.]
Chapters in the books

U
SA NE
M SC
PL O
E –
C EO
H
AP LS
TE S
R
S

Gad-el-Hak M.(2000) Flow Control: Passive, Active, and Reactive Flow Management. Cambridge
University Press, London. [Description of main approaches to control of turbulence including chaos
control.]

Kapitaniak T. (2000) Chaos for Engineers. 2nd edition. Springer-Verlag. [Simple introductory exposition
of some methods of control and synchronization of chaos.]
Moon F. (1992) Chaotic and Fractal Dynamics. An Introduction for Applied Scientists and Engineers.
Wiley. [A readable and detailed exposition of the chaos theory with many methods and examples,
including first ideas of control of chaos.]
Nayfeh A. and B. Balakrishnan (1995) Applied Nonlinear Dynamics. Wiley. [A comprehensive collection
of concepts, methods and numerical procedures from the nonlinear dynamics field. Brief account of chaos
control methods.]
Strogatz S. (1994). Nonlinear Dynamics and Chaos. Reading, Addison-Wesley. [A clear and deep
introduction into the field of nonlinear dynamics. First works on controlled synchronization of chaos are
briefly described.]
Journal papers

Alekseev V.V. and A.Yu.Loskutov (1985). “Destochastization of a system with a strange attractor by
parametric interaction. Moscow Univ. Phys. Bull., vol.40 (3), 46-49. [The first paper where the possibility
of transforming a chaotic motion into a periodic one by means of periodic excitation of medium level was
demonstrated.]

Blekhman I., Fradkov A., Nijmeijer H. and A.Pogromsky (1997), “On self-synchronization and controlled
synchronization”, Systems and Control Lett. vol.31, 299-305. [General definition of synchronization
encompassing both self-synchronization and controlled synchronization. General speed-gradient approach
to design of synchronization algorithms.]

Boccaletti S., Kurths J., Osipov G., Valladares D.L. and C.S.Zhou (2002), «The synchronization of
chaotic systems”, Phys. Reports, vol.366, 1-101. [A comprehensive survey on synchronization of chaotic
systems, with 350 references.]

Bondarko, V.A. and V.A. Yakubovich, (1992) “The method of recursive goal inequalities in adaptive
control theory,” Int. J. Adaptive Control Sign.Proc., vol. 6(3), pp.141–160. [Exposition of Yakubovich's
method of recursive goal inequalities that is efficient for adaptive control of nonlinear (particularly,
chaotic) systems.]
Chacón R. (2001) “Maintenance and suppression of chaos by weak harmonic perturbations: A unified
view”, Phys. Rev. Lett. vol.86, 1737-1740. [An analytical treatment of feedforward control for one
degree-of-freedom chaotic oscillator based on Melnikov method.]

©Encyclopedia of Life Support Systems (EOLSS)

CONTROL SYSTEMS, ROBOTICS, AND AUTOMATION - Vol. XIII- Control of Chaotic Systems - A.L. Fradkov

D'Alessandro D.; Dahleh M. and I.Mezic, (1999) “Control of mixing in fluid flow: a maximum entropy
approach”. IEEE Trans. Automatic Control, vol. 44(10), 1852–1863. [First rigorous formulation and
solution of the prototype control of mixing problem.]
Ditto, W. L., Rauseo, S. N. and M. L. Spano, (1990) “Experimental control of chaos,” Phys. Rev. Lett.,
vol 65, pp. 3211–3214. [First experimental work on controlling chaos: control of a flexible beam whose
elastic properties are sensitive to small magnetic fields.]
Gade P.M. “Feedback control in coupled map lattices” (1998), Phys. Rev. E, vol.57, 7309-7312.
[Theoretical analysis of spatio-temporal chaos control.]
Hu, G., Qu Z. and K. He, (1995) “Feedback control of chaos in spatiotemporal systems,” Intern. J.
Bifurcation and Chaos, vol.5, 901–936. [A survey on control of chaos in spatiotemporal systems.]
Lima R. and M. Pettini, (1990) “Suppression of chaos by resonant parametric perturbations», Phys. Rev.
A vol. 41, 726-733. [Analytical and numerical study of suppression of chaos by periodic excitation.]

U
SA NE
M SC
PL O
E –
C EO
H
AP LS
TE S
R
S

Ott, E., C. Grebogi, and J. Yorke, (1990) “Controlling chaos”. Phys. Rev. Lett., vol. 64(11), pp. 1196–
1199. [A seminal paper that triggered the development of the field.]
Parmananda P, Hildebrand M and M. Eiswirth, (1997) “Controlling turbulence in coupled map lattice
systems using feedback techniques”. Phys. Rev. E, vol.56, 239–244. [Frequently quoted paper on control
of chaos in spatio-temporal systems.]

Pecora, L.M. and T.L. Carroll, (1990) “Synchronization in chaotic systems,” Phys. Rev. Lett., vol. 64, pp.
821–823. [A paper introducing the idea of master-slave synchronization of chaotic systems and its
possible application to secure communications.]
Pyragas K. (1992) “Continuous control of chaos by self-controlling feedback”. Phys. Lett. A., vol. 170,
pp.421–428. [A paper introducing the idea of continuous-time delayed feedback.]
Vincent T. L. and J. Yu, (1991) “Control of a chaotic system», J. of Dynamics and Control, vol. 1, 35-52.
[One of the first papers to use traditional engineering control for a chaotic system and to observe that
chaos may facilitate control.]
Wang X.F and G.R. Chen (2000), “Chaotification via arbitrarily small feedback controls: Theory,
method, and applications”, Intern. J. Bifurcation and Chaos, vol.10, 549-570. [A survey on chaotization
by feedback, including the Marotto theorem-based approach.]
Wu C.W. and L.O.Chua, (1994), “A unified framework for synchronization and control of dynamical
systems», Intern. J. Bifurcation and Chaos , vol.4, 979-998. [Unifying synchronization and control
problems for chaotic systems based on goal-oriented and Lyapunov functions approaches.]
Biographical Sketch

Alexander Lvovich Fradkov born May 22, 1948; received the Diploma degree in mathematics from the
Faculty of Mathematics and Mechanics of St. Petersburg State University (Dept. of Theoretical
Cybernetics) in 1971; Candidate of Sciences (Ph.D.) degree in Engineering Cybernetics from St.
Petersburg Mechanical Institute (now - Baltic State Technical University - BSTU) in 1975 and Doctor of
Sciences degree in Control Engineering in 1986 from St. Petersburg Electrotechnical Institute.
From 1971 to 1987 he occupied different research positions and in 1987 became Professor of Computer
Science with BSTU. Since 1990 he has been the Head of the Laboratory for Control of Complex Systems
of the Institute for the Problems of Mechanical Engineering of Russian Academy of Sciences. He is also a
part time professor with the Faculty of Mathematics and Mechanics of St. Petersburg State University
(Dept. of Theoretical Cybernetics). His research interests are in fields of nonlinear and adaptive control,
control of oscillatory and chaotic systems and mathematical modeling. He is also working in the
borderland field between Physics and Control (Cybernetical Physics).
Dr. Fradkov is coauthor of more than 300 journal and conference papers, 9 patents, 15 books and
textbooks, including:
INTRODUCTION TO CONTROL OF OSCILLATIONS AND CHAOS (with A.Yu. Pogromsky,
Singapore: World Scientific, 1998), NONLINEAR AND ADAPTIVE CONTROL OF COMPLEX

©Encyclopedia of Life Support Systems (EOLSS)

CONTROL SYSTEMS, ROBOTICS, AND AUTOMATION - Vol. XIII- Control of Chaotic Systems - A.L. Fradkov

SYSTEMS (with I.V. Miroshnik and V.O. Nikiforov, Dordrecht: Kluwer, 1999) SELECTED
CHAPTERS OF AUTOMATIC CONTROL THEORY with MATLAB examples (with B.R. Andrievsky,
St. Petersburg: Nauka, 1999, in Russian) ELEMENTS OF MATHEMATICAL MODELING IN
SOFTWARE ENVIRONMENTS MATLAB 5 AND SCILAB (with B.R. Andrievsky, St. Petersburg:
Nauka, 2001, in Russian). Dr. Fradkov is the Vice-President of the St. Petersburg Informatics and Control
Society since 1991, Member of the Russian National Committee of Automatic Control, IEEE Senior
Member. Dr. Fradkov was Co-Chairman of 1st-9th International Baltic Student Olympiades on
Automatic Control in 1991-2002; NOC Chairman of the 1st and 2nd International IEEE-IUTAM
Conference "Control of Oscillations and Chaos" in 1997 and 2000; NOC Chairman of the 5th IFAC
Symposium on Nonlinear Control Systems (NOLCOS'01). He was an associate editor of European
Journal of Control (1998-2001); a member of IEEE Control Systems Society Conference Editorial Board
(1998-2002); a member of the IFAC Technical Committees on Education and Nonlinear Control.

U
SA NE
M SC
PL O
E –
C EO
H
AP LS
TE S
R
S

Dr.Fradkov was awarded William Girling Watson Scholarship in Electrical Engineering (University of
Sydney, 1995) and JSPS Fellowship for Research in Japan in 1998-1999. During 1991-2001 he visited
and gave invited lectures in more than 60 Universities of 20 countries.

©Encyclopedia of Life Support Systems (EOLSS)

