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CHAOS AND COMPLEXITY

CELSO GREBOGI

Institute for Complex Systems
King’s College

University of Aberdeen
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grebogi@abdn.ac.uk

A complex system is made up of many parts that are interrelated in a complicated man-

ner. These intricate mutual relations result in the formation of coherent and random struc-

tures over a wide range of time and/or length scales. I will argue, following the tradition of

the theory of dynamical systems, that these complex structures can be understood in terms

of dynamical invariants. I will also argue that the ability of a complex system to access

many different states, combined with its sensitivity, offers great flexibility in manipulating

the system’s dynamics to select a desired behaviour. In addition, I will discuss a paradigm

that combines targeting type of control problem for chaotic systems with techniques used

in system control theory.

————

E. E. N. Macau and C. Grebogi, Phys. Rev. E 59, 4062 (1999)
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PHASE SYNCHRONIZATION AND APPLICATIONS TO STOCHASTIC
RESONANCE AND BIOMEDICAL SIGNAL ANALYSIS

YING–CHENG LAI

Department of Electrical Engineering
Department of Physics and Astronomy

Arizona State University
Tempe, Arizona 85287–5706, USA

Ying-Cheng.Lai@asu.edu

Phase synchronization has been an active area in applied nonlinear dynamics. The phe-

nomenon occurs in weakly coupled nonlinear oscillators, where their phases tend to follow

one another but the state variables remain uncorrelated. Studies of stochastic and/or chaotic

phase synchronization have led to novel methods for signal processing and time-series anal-

ysis with significant applications in biomedical science and engineering.

In this talk, the basic dynamics of phase synchronization will be reviewed. Two prob-

lems will then be discussed: (1) characterization of stochastic resonance in terms of phase

synchronization and (2) analysis of nonstationary signals. For the first problem, it will be

shown that proper measures based on stochastic phase synchronization can provide orders-

of-magnitude improvement in sensitivity to noise variation. This may be desirable for de-

veloping stochastic-resonance based devices. For the second problem, a method to detect

phase synchronization in nonstationary dynamical systems will be introduced and appli-

cations to ECoG signal analysis for detecting and understanding epileptic seizures will be

presented.
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ESTIMATING THE STATE OF LARGE
SPATIOTEMPORALLY CHAOTIC SYSTEMS

EDWARD OTT

IREAP, University of Maryland
College Park, Maryland 20742, USA

edott@umd.edu

State estimation is a general requirement for controlling a system or for predicting its

future evolution. In this talk we will address the problem of estimating the state of a large

spatiotemporally chaotic system from limited noisy measurement data and a knowledge of

a system model. For large systems, state estimation can be particularly challenging because

straightforward application of the conventional techniques is typically not feasible due to

computational limitations. This problem has very general interest, e.g., for weather fore-

casting, etc. This talk will present background material, a proposed solution for treating

large systems, and illustrative results from application of our technique to weather fore-

casting and to a laboratory experiment.
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CONTROL OF SLEEP: THEORY AND EXPERIMENTS

HEINZ GEORG SCHUSTER

Institute for Theoretical Physics
University of Kiel

Kiel, 24098, Germany
yoffi@gmx.net

We begin with an overview about the problem of sleep. Slow wave sleep is generated

by the cortex, it influences the sleep spindles generated by the thalamus and both signals

induce synaptic changes which influence our memory.

Next, slow wave sleep will be modelled by way of coupled threshold elements with

self inhibition. These elements display a phase transition to an oscillating state which is

noise activated and displays strong collectively enhanced stochastic resonances. For an ex-

ponentially decaying distribution of dead-times the transition to the oscillating state occurs,

coming from high temperatures via a Hopf bifurcation and coming from low temperatures,

via a saddle node bifurcation. These transitions can be triggered externally by noise and

oscillating signals, offering new possibilities for controlling slow wave sleep.

Experiments show that spindle oscillations in the thalamus are synchronized via

thalamo-cortical projections. We model the underlying control mechanism and show that

it will lead to a control method that is applicable to a wide range of stochastically driven

excitable units. Finally, we discuss the influence sleep on synaptic changes, the problem of

homeostasis and the possibility of control by learning.
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ONE-DIMENSIONAL MAPS, NONLINEAR DYNAMICS
AND WINNERLESS COMPETITION OF PATTERNS

ALEKSANDR N. SHARKOVSKY

Institute of Mathematics, Natl. Acad. Sci. Ukraine
Kiev, UA–01601, Ukraine
sharkov@voliacable.com

In 60–70s of the last century the advancement of nonlinear dynamics was going on

at a quickened pace owing to the emergence of such notions as chaos, strange attractor,

fractal, etc. Developing the theory of one-dimensional dynamical systems has also made

a considerable contribution to this situation. In the report, we will have to do with some

stages of the creation of one-dimensional dynamical systems theory.

The use of this theory in modelling various nonlinear phenomena has allowed us to

explain many mechanisms of the onset of spatio-temporal chaos, in particular, the cascade

process of emergence of coherent structures of decreasing scales, up to fractal and stochas-

tic ones. However basic achievements in this line of investigation are likely to be gained in

the future.

One further line of considerable promise for the application of one-dimensional dy-

namical systems theory is modelling brain processes. Building dynamical models to study

the neural basis of behavior has long history. Recently a dynamical principle, called win-

nerless competition, was suggested in works of several authors. In such models, given by

multidimensional dynamical systems, spatio-temporal coding is realized in the form of de-

terministic trajectories moving along heteroclinic orbits that connect certain saddle fixed

points and saddle limit cycles in the state space. For modelling information of this kind, it

makes sense to use one-dimensional maps with positive topological entropy. Such maps,

being very simple in form, have nevertheless a countable set of saddle cycles and an un-

countable set of homoclinic and heteroclinic orbits connecting these cycles.
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COLLECTIVE BEHAVIOR IN EXCITABLE MEDIA:
DYNAMICAL NETWORKS AND INTERACTING PARTICLE-LIKE WAVES

KENNETH SHOWALTER∗

Department of Chemistry
West Virginia University

Morgantown, WV 26506–6045, USA
kshowalt@wvu.edu

We discuss two topics of collective behavior in the context of excitable media: spa-

tiotemporal networks and swarming behavior

A network of excitable nodes based on the photosensitive Belousov-Zhabotinsky re-

action is studied in experiments and simulations. The addressable medium allows both

local and nonlocal links between the nodes. The initial spread of excitation across the net-

work as well as the asymptotic oscillatory behavior are described. Synchronization of the

spatiotemporal dynamics occurs by entrainment to high-frequency network pacemakers

formed by excitation loops. Analysis of the asymptotic behavior reveals that the dynamics

of the network is governed by a subnetwork selected during the initial transient period.

We describe studies of interacting particle-like waves in the photosensitive Belousov-

Zhabotinsky reaction. Unstable waves are stabilized by global feedback that affects the

overall excitability of the medium, and the motion of these waves is controlled by impos-

ing excitability gradients that are regulated by a secondary feedback loop. Waves interact

via a Lennard-Jones type potential in which there are attractive forces at long distances

and repulsive forces at short distances. Processional motion is the most common behavior,

where waves align with one another to varying degrees depending on the strength of the

potential. Rotational motion is also observed, which may occur for the same parameters

as processional motion depending on initial conditions. We also discuss other modes of

behavior and an analysis of the wave interaction in terms of the gradient of the potential.

∗In collaboration with Aaron J. Steele and Mark Tinsley
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Noninvasive Optical Control of Semiconductor Lasers

Hans-Jürgen Wünsche, Sylvia Schikora, and Fritz Henneberger
Humboldt University of Berlin, Department of Physics

Semiconductor lasers are key components of modern optical information technologies. Not
only continuous-wave emission but also self-pulsations or even chaotic output on picosecond
timescales are of interest. In this context, ultrafast all-optical control methods become impor-
tant where the velocity of light sets the ultimate speed limit. After reviewing basic ideas as well
as the state of the art in this field, we focus on the experimental configuration developed in our
group [1]. A multisection laser is controled by phase-dependent optical feedback from a Fabry-
Perot (FP) interferometer. The multisection laser provides reproducible access to numerous
bifurcations within a codimension 4 parameter space spanned by 3 currents and temperature.
Optical feedback from a Fabry-Perot represents a generalization of the well-known extended
time-delayed feedback control [2] to the stabilization of periodically modulated waves. A
complex control gain is the consequence. Its phase represents the optical round-trip phase
shift providing an additional new control parameter. Phase-dependent noninvasive stabiliza-
tion of unstable continuous and periodic emission is demonstrated experimentally at Hopf- and
period-doubling bifurcations as well as in chaotic regimes of operation. Theoretical analysis,
in both generic models of the bifurcations as well as device-specific simulations, points out
the role of the control phase. In particular, there exist cases where modulated waves can be
stabilized although the control of corresponding periodic orbits fails.

References

[1] S. Schikora, P. Hövel, H-J. Wünsche, E. Schöll, and F. Henneberger, ”All-optical nonin-
vasive control of unstable steady states in a semiconductor laser”, Phys. Rev. Letters 97,
213902 (2006).

[2] J. E. S. Socolar, D.W. Sukow, and D. J. Gauthier, ”Stabilizing unstable periodic orbits in
fast dynamical systems”, Phys. Rev. E 50, 3245 (1994).
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The study of the synchronization properties of delay coupled systems has relevance in

different fields of science, including coupled semiconductor lasers and brain dynamics. In

studies of the brain, both from microelectrodes and from EEG recordings (MEG EEG),

zero-lag synchronization of neural firings and oscillations across separated cortical regions

has been found, despite of considerable coupling delays. Complementary, also in studies of

coupled semiconductor laser dynamics, zero-lag chaos synchronization has been observed.

Thus the question arises, how two distant lasers or neural assemblies can synchronize their

dynamics at zero-lag in the presence of non-negligible delays in the transfer of information

between them? We introduce and discuss simple net-work modules that naturally account

for zero-lag neural synchronization for a wide range of temporal delays. In particular, we

discuss how isochronous (zero-lag) millisecond precise synchronization between two dis-

tant neurons or neural populations can be achieved by relaying their dynamics via a third

mediating single neuron or population.
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The chaotic intensity fluctuations of a semiconductor laser consist of short spikes, ( 120
ps), and when two chaotic lasers are synchronized the pattern of these apparently random,
short spikes precisely coincide. Here we analyze the statistics of spikes of a solitary and two
mutually interacting chaotic semiconductor lasers on a sub-ns time scale and find a number
of similar features in the spiking behavior of lasers and neurons. As for neurons, repulsion
between two successive spikes is observed, resulting in a refractory period which is largest
at laser threshold. For time intervals between spikes greater than the refractory period, the
distribution of the intervals follows a Poisson distribution. In further analogy to neurons,
the spiking pattern of the laser is highly periodic over time windows corresponding to the
optical length of the external cavity, with a slow change of the spiking pattern as time
increases. When zero-lag synchronization between the two lasers is established, the spike
statistics are not altered and the mismatch in the timing of the spikes was found to be
less than our detection bandwidth of 80 ps, and the typical relative difference between
the heights of synchronized spikes was found to be around 10%. These results strongly
suggest that the bar-code of the spiking pattern can be used as encoded information in
novel communication systems based on synchronized chaotic lasers and may also play a
central role as an information carrier in synchronized neuronal networks.
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Synchronization phenomena of delay-coupled nonlinear oscillators have turned out to

be of importance in various fields of science. Mathematically, the delayed coupling renders

these systems infinite dimensional which often makes analysis challenging. In the last two

decades, analysis methods have been developed and experiments realized to study their

nonlinear dynamical behavior. Since then, manifold influences of delayed coupling have

been identified, comprising multistability of synchronized and desynchronized solutions,

amplitude death, and delay-induced instabilities in conjunction with symmetry breaking.

For the latter, it has been shown that two coupled systems can synchronize, but with a rel-

ative time-lag roughly corresponding to the coupling delay [1]. This has been overcome

recently by introducing a relay element in the coupling path [2].

We introduce a versatile system consisting of two mutually delay-coupled electro-optic os-

cillators. We have designed a coupling scheme, namely delayed shared feedback coupling,

which allows for nonlinear dynamics and implementation of robust chaos synchronization.

In our system we can experimentally and numerically demonstrate different types of chaos

synchronization comprising identical synchronization, anti-synchronization and general

synchronization. For identical synchronization, we demonstrate robustness, and identify

an extremely fast synchronization process which we can relate to the occurrence of a com-

mon drive signal acting as stabilizing mechanism. Further more, by relatively detuning the

nonlinearity of the oscillators, we can demonstrate anti-synchronization, exhibiting perfect

anti-correlation and general synchronization with vanishing linear correlation. Therefore,

the realized system represents an attractive model system for studying the transitions be-

tween different synchronization states. Such insight might be fruitful for the understanding

of dynamical phenomena in various systems in nature.

1. T. Heil et al. Phys. Rev. Lett. 86, 795 (2001).

2. I. Fischer et al. Phys. Rev. Lett. 97, 123902 (2006).
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The study of the synchronization properties of delay coupled systems has recently been

gaining considerable interest in the complex systems field due to the interesting behaviors

that emerge. While mutually delay-coupled semiconductor lasers (DCSCLs) were studied

for the first time only at the end of the last decade, the finding that delayed coupling induces

instabilities and synchronization at the same time triggered significant activity in the field.

One of the intriguing aspects is that the instabilities are not synchronized isochronously

but exhibiting a leader-laggard phenomenon in the dynamics of the lasers. Thus, delayed

coupling induces spontaneous symmetry breaking in the time domain. Recently it has been

demonstrated that nevertheless identical zero-lag synchronization can be established, if an

appropriate configuration of three mutually coupled semiconductor lasers in a chain is cho-

sen. Actually, zero-lag synchronization then occurs between the two outer elements, while

nearest-neighbors only synchronize in a generalized way with leader-laggard properties[1].

Here we study the configuration of N DCSCLs. We choose the ring configuration of

unidirectionally coupled elements, the dynamics of which can be understood as two bidi-

rectionally coupled systems with laser 1 being the first and laser N/2 + 1 the second el-

ement connected via N/2 other nonlinear elements. We concentrate on their correlation

properties and compute the corresponding optical and power spectra. Analyzing the auto-

correlation function for N = 2 we observe a significant reduction of the height of the first

peak (at t �= 0). We attribute this to the nonlinear response of the laser. Increasing the num-

ber of lasers in the path we find that the height of the first peak decays exponentially with

the number of elements being almost negligible for N ∼ 10 or larger. The cross correlation

between 1 and N/2+1 is almost flat indicating a complete loss of correlation between these

elements. However, when computing both optical and power spectra their shape is identical

and appears to be unaffected except for the peaks associated with the external cavity that

completely wash out. These results open new possibilities in chaos-based applications.

[1] I. Fischer, R. Vicente, J.M. Buldu, M. Peil, C.R. Mirasso, M.C. Torrent, J. Garcia-

Ojalvo, Phys.Rev.Lett. 97, 123902 (2006).
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We consider models for small networks of delay-coupled lasers. We show analytically

and numerically that for certain coupling architectures that involve delayed self-feedback

to the nodes, the lasers become isochronally synchronized, meaning that the time series

are completely synchronized with no time shift. Both fiber ring lasers, a spatiotemporal

system, and incoherent pump-coupled semiconductor lasers are studied. We consider how

to scale the coupling architecture to synchronize larger networks of lasers.
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Departamento de Matemáticas, Universidad de León,

León, Spain

miguel.carriegos@unileon.es

Linear systems over commutative rings have been studied from the late 1960’s. There
has long perceived the need for an extension of the framework of linear systems over the
field C of complex numbers to an arbitrary commutative ring R. This extension allows us to
consider as particular cases not only usual linear systems with constant coefficients over R

or C but linear digital systems over finite fields Fq (coding) or the ring Z of integers. Delay
systems over polynomial rings or Laurent series rings fit also in the definition.

Families of real linear systems parametrized in a topological space X can be studied
by setting the R-algebra R = C (X) of real continuous functions defined on X . This is the
case focused in this paper. In fact we review the pointwise approach to reachability (based
on the evaluations at the points of βX , the Stone-Čech compactification of X . Feedback
invariants are also reviewed and we state the conditions for a linear system to be ... locally
of Brunovsky type. It is well known that in the case of R = C (X) is projectively trivial then
locally Brunovsky = Brunovsky. But in general this is not the case.

Fixed the dimensions n and m of state space and input space, the problem of find all
(m,n)-Brunovsky systems is in fact the combinatorial problem of studying all the partitions
of integer n into pieces lower than m.

However the more general problem of finding all locally Brunovsky systems is shown
to be characterized by the Grotendieck’s K-group K0(C (X)) and by the problem of finding
all possible decompositions of state space module into projective direct summands.

In fact we review the case of rings of continuous functions defined on a real sphere
Sn and point out some examples of locally Brunovsky systems that are not globally of
Brunovsky type.

∗Universidad de León, Campus de Vegazana 24071 León, Spain.
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We consider quadruples of matrices (E,A,B,C), representing singular linear time in-
variant systems in the form Eẋ(t) = Ax(t) + Bu(t), y(t) = Cx(t) with E,A ∈ Mn(C),
B ∈ Mn×m(C) and C ∈ Mp×n(C), under proportional and derivative feedback, and propor-
tional and derivative output injection.

In this work study the equivalence relation as a Lie group action that permit see the
equivalence classes as differentiable manifolds and studying the tangent space to the orbits
we obtain a characterization of the structural stability of quadruples of matrices, in terms
of numerical invariants.

∗C. Minerı́a, 1, Esc. C, 1-3, 08038 Barcelona, Spain.
†Universitat Politècnica de Catalunya, Av. Diagonal 647 08028 Barcelona, Spain.
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In this work we study the problem of finding canonical forms that are stable under
small perturbations of the original entries. We solve the problem following ArnolThe author
studies the problem of finding canonical forms that are stable under small perturbations of
the original entries. He solves the problem d’s techniques, and we obtain a local canonical
form of a holomorphic family of triples of matrices (E(λ),A(λ),B(λ)) acted on by the state
and derivative feedback group. We obtain an explicit formula to compute the dimension
of the base space of any miniversal deformation of (E(0),A(0),B(0)). We make some
applications to local perturbations of a triple of matrices.

∗Universitat Politècnica de Catalunya, C. Mineria 1, Esc. C, 1-3, 08038 Barcelona, Spain
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Many of the real life problems are modelled as Matrix Second Order Systems. Nec-
essary and sufficient conditions for controllability of Matrix Second Order Linear(MSOL)
Systems have been established by Hughes and Skelton. However, no scheme for computa-
tion of control was proposed. In this paper we first obtain another necessary and sufficient
condition for the controllability of MSOL and provide a computional algorithm for the
actual computation of steering control. We also consider a class of Matrix Second Order
Nonlinear systems (MSON) and provide sufficient conditions for its controllability. In our
analysis we make use of Sine and Cosine matrices and employ Pade approximation for the
computation of matrix Sine and Cosine. We also invoke tools of nonlinear analysis like
fixed point theorem to obtain controllability result for the nonlinear system. We provide
numerical example to substantiate our results.

∗M.S.University of Baroda, Vadodara 390001, India.
†M.S.University of Baroda, Vadodara 390001, India.
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This work deals with the pole-shifting problem for non reachable single input linear
systems. Let R be a Bezout domain (i.e. R is an integral domain with the property that every
finitely generated ideal over R is principal). A single input n-dimensional linear system Σ
over R is a pair of matrices Σ = (A,b) where A is an (n× n)-matrix and b is an (n× 1)-
matrix with entries in R. Two single input n-dimensional linear systems Σ = (A,b) and
Σ′ = (A′,b′) are feedback equivalent if there exist a feedback (1× n)-matrix f t and an
invertible (n×n)-matrix P such that

(A′,b′) = (PAP−1 +Pb f t ,Pb).

For i = 1,2, . . . ,n consider the block matrix

(A∗b)i = (b | Ab | A2b | . . . | Ai−1b),

and recall that Σ is reachable (resp. weakly reachable) if the determinant of the reachability
matrix (A∗b)n is invertible (resp. non zerodivisor). The characteristic polynomial χ(A,X)
of A is not an invariant by the feedback action. In fact, a classical result in Control Theory
assures that (A ∗ b)n is invertible if and only if Σ has the coefficient assignability property
(i.e. for every monic polynomial f (X) of degree n there exists a linear system Σ′ = (A′,b′)
feedback equivalent to Σ such that f (X) = χ(A′,X)). Let Σ = (A,b) be a single input n-
dimensional linear system over a Bezout domain R. In this work we characterize the monic
polynomials f (X) of degree n such that there exists an (1×n)-matrix f t such that

f (X) = χ(A+b f t ,X).

In other words, we characterize the assignable polynomials to feedback class of Σ . We give
an algorithm to determine if a polynomial f (X) is assignable to Σ.

∗Universidad de León, Campus de Vegazana 24071 León, Spain.
†Universidad de León, Campus de Vegazana 24071 León, Spain.

40



PHYSCON 2007

PARTICLE SWARM OPTIMIZATION OF PD CONTROLLER FOR CARGO
SHIP STEERING

C.K. LOO∗

Faculty of Engineering & Technology, Multimedia University

Malaysia.

ckloo@mmu.edu.my

NIKOS E. MASTORAKIS†

Hellenic Naval Academy,

Greece

mastor@wseas.org

This paper discussed the implementation of Particle Swarm Optimization (PSO) to op-
timize a PD-type autopilot for a cargo ship. The tuning of the PD controller parameters
are considered to be difficult and tedious due to the high nonlinearity of the ship dynamic
model and the external disturbances. However, PSO can provide a very promising tech-
nique for its simplicity and ease of use. Three variants of PSO model are evaluated and
compared in the simulation experiment. Moreover, Centroidal Voronoi Tessellation (CVT)
is implemented to select the starting positions of the particles strategically. The promising
results from the experiment provide direct evidence for the feasibility and effectiveness of
PSO for autopilot control of cargo ship.

∗Faculty of Engineering & Technology, Multimedia University, Malaysia.
†Hellenic Naval Academy, Greece.
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A nonlinear parabolic problem with memory effect is considered. We establish a Car-
leman type estimate for a linear problem which is the adjoint of a suitable linearization
of the nonlinear problem. This is used to get an observability estimate. Then we establish
the exact controllability of the linearized system with distributed control over a subdomain.
Finally, we get the controllability of the nonlinear system via Kakutani fixed point theorem.

∗Department of Mathematics, Indian Institute of Science Bangalore 560012 India.
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A linear system over a commutative ring R is a pair (A,B), where A is an n×n matrix
and B is an n×m matrix with coefficients in R. Systems over rings are a generalization
of linear control systems, which are used in the study of evolution processes which can be
modelled as differential or difference equations, with states, inputs and outputs.

We will study two different aspects of systems theory: (i) the problems of pole assign-
ment (PA), coefficient assignment (CA) and feedback cyclization (FC), which basically
consist of replacing A by a matrix of the form A + BK such that the characteristic poly-
nomial of A + BK has some desired properties, and (ii) the ‘feedback’ classification of
systems: the pair (A,B) is equivalent to (PAP−1 + PBK,PBQ), for matrices P,Q,K of ap-
propriate sizes and P,Q invertible.

After giving an outline of the main linear algebraic techniques used, we will present an
almost-canonical form for systems with coefficients in rings for which the above mentioned
FC problem is solvable.

∗Universidad de León, Campus de Vegazana 24071 León, Spain.
†Prado de la Magdalena s/n. 47005 Valladolid, Spain.
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Given quadruples of matrices (E,A,B,C) defining a singular linear systems Eẋ(t) =
Ax(t) + Bu(t), y(t) = Cx(t) with E,A ∈ Mn(C), B ∈ Mn×m(C) and C ∈ Mp×n(C). After
defining an equivalence relation that it can be seen as the action under a Lie Group, permit
us to use geometrical techniques to obtain a lower bound for the distance between a struc-
turally stable quadruple of matrices and the nearest non-structurally one, in terms of the
singular values of a certain matrix associated to the quadruple.

∗Universidad de Zaragoza, Zaragoza, Spain.
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Recent findings indicate that ventricular fibrillation can arise from spiral wave chaos.  Our objective in this 
computational study was to investigate wave interactions in excitable media and to explore the feasibility of using 
overdrive pacing to suppress spiral wave chaos.  This work is based on the finding that in excitable media, 
propagating waves with the highest excitation frequency eventually overtake all other waves.  We analyzed the 
effects of two simultaneously applied low-amplitude forces: (i) constant current and (ii) high-frequency pacing in 
one-dimensional and two-dimensional networks of coupled, excitable cells governed by the Luo-Rudy model.  In the 
one-dimensional cardiac model, we found narrow high-frequency regions of 1:1 synchronization between the input 
stimulus applied to single cell and the whole system's response. Importantly, the frequencies in this region were 
higher than those present in fibrillation episodes. When we locally paced the two-dimensional cardiac model with 
frequencies from this region, we found that spiral wave chaos could be suppressed. This happens because the 
influence of constant current on the action potential duration (APD): The application of positive current leads to 
decrease of APD. As a result of such doubled force, spiral waves behavior  becomes more regular. This allows to 
suppress the spiral chaos more effectively. These findings suggest that low-amplitude, high-frequency overdrive 
pacing, in combination with low-amplitude positive constant current may be useful for eliminating fibrillation. 
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Bursting is a fundamental regime of neuronal behavior, exhibiting trains of spikes of
the action potential mediated by periods of silence. Synchronized bursts from central pat-
tern generators are known to coordinate movements. Experimentally observed synchronous
high- (> 300Hz) or low-frequency (< 300Hz) bursting in cortical areas of the behaving or
sleeping animal is hypothesized to participate in learning, cognition, motivation, movement
control. Another possible role of bursting is increasing reliability of cortical synapses.

In recent years the problem of the origin of bursting in neural ensembles has received
much attention. Beside being a result of intrinsic mechanisms or a response to external
stimulus, these oscillations may originate due to interaction between neurons. Currently,
there is a bunch of experimental and theoretical evidence of various network mechanisms
of burst generation in ensembles of non-bursting neurons.

We report on the mechanism of burst generation by populations of intrinsically spik-
ing neurons, when a certain threshold in coupling strength is exceeded. These ensembles
synchronize at relatively low coupling strength and lose synchronization at stronger cou-
pling via spatio-temporal intermittency. The latter transition triggers fast repetitive spiking,
which results in synchronized bursting. We present evidence, that this mechanism is generic
for various network topologies from regular to small-world and scale-free ones, different
types of coupling and neuronal model.

References
M.V. Ivanchenko, G.V. Osipov, V.D. Shalfeev and J. Kurths, Phys. Rev. Lett., 98, 108101 (2007).
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Recently q-breathers - time-periodic solutions which localize in the space of normal
modes and maximize the energy density for some mode number - were obtained for finite
nonlinear lattices. A q-breather in a nonlinear lattice is a continuation of a single-mode
solution of the corresponding linear system. The localization length of a q-breather in the
space of normal modes increases when the nonlinearity parameter is increased. When the
localization of a q-breather is weak, the concept of a linear normal mode becomes mean-
ingless: a single-mode solution is quickly destroyed and energy is redistributed among
the modes . We study localization properties of q-breathers in a system size independent
form in terms of intensive parameters: energy density and wavenumbers. Various particular
cases (different boundary conditions and parts of the spectrum) are considered. Different
approaches (general symmetry considerations, asymptotical methods, numerical calcula-
tion) are used.
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We consider the Hodgkin-Huxley type model of pacemaker activiy in the bursting neurons of snail Helix pomatia. 
Mathematical model and various  modes of  activity  of  a single cell  are shown. We  present  the results  of 
numerical  analysis  of   two  electrically, excitatory and inhibitory  coupled   neurons in  various initial  regimes.  
Different  effects of oscillatory death, in-phase and out of phase synchronization, chaos and collective burst 
generation are studied.  
Further  we show the results of numerical investigation of a chain of 50 nonidentical elements. Spatio-temporal 
structures of synchronous and asynchronous  activity  in spiking   and  bursting  regimes  are  found.  Phases  and   
frequencis of  different  synchronus  regimes  are presented.  Multistabilty  in  single  neuron  and  connection  
berween  neurons  leads  to the co-existence of different modes of dynamical activity and oscillation quenching.  
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We present an automatic control method for synchronization - desynchronization phenomena in ensembles of diffusively  
coupled  non-identical  regular and chaotic oscillators. In our approach the swith between synchronosu and asynchronous states 
can be achieved with the help of a feedback loop performing automatic phase and frequency control. We demonstrate the 
effectiveness of our strategy for controlled synchronization - desynchronization transitions on several examples: (i) two coupled 
regular and chaotic oscillators, (ii) ensembles of locally coupled regular oscillators. This method can be used for control 
synchronization -desynchronization of oscillators of different nature (regular and chaotic), and different topology. The control of 
synchronization-desynchronization transitions  sets in at very small values of control parameters. 
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The understanding of principles of functioning of the oscillatory ensembles and algorithms of information 
processing in oscillatory based networks is an important actual challenge. Answers to these problems will have an 
immediate impact on the creation of highly efficient and low cost artificial neuron systems which are capable to 
solve tasks, apparent now as extremely complex. There are already first solutions in this direction demonstrating the 
potentials of artificial networks constructed by analogy with neuron systems.  

We study synchronous behavior in ensembles of locally coupled non-identical oscillators, which can be 
considered as very simplified neuronal models. We show that in a chain of N elements 2N-1 different regimes of 
global synchronization are possible at the same values of parameters. There were two models under our 
consideration: system of coupled week and strong nonlinear Van der Pol oscillators. In both cases we considered (i) 
two coupled elements and found in-phase and anti-phase synchronous regimes, (ii) three coupled elements and found 
four different synchronous regime. In the chain of 50 locally coupled elements  we found several different regimes of 
global synchronization. 

In both studied models at weak coupling their behavior is characterized by the cluster synchronization. Increasing 
coupling causes decreasing number of clusters and then into one of synchronous regime of global synchronization. 
At further increasing coupling anti-phase synchronous regimes become unstable and brakes into another regime. At 
strong coupling any anti-phase regimes become unstable and only in-phase regime of global synchronization remains 
stable.  
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The idea of using chaotic self-oscillations as carriers in communication systems that
was put forward in was recently intensively discussed in the literature. Dynamical chaotic
oscillations are the kinds of wideband and ultrawideband signals. Chaotic oscillations pro-
vide rich opportunities for controlling and modulation. These are the reasons which make
them highly promising in the communication field of research.

Traditional communication systems with regular oscillations as carriers are usually
based on phase-locked loops (PLL). Such systems allow effective solution of the whole
complex of problems arising at transmission and reception of information, namely, gen-
eration of stabilized carrier oscillations, modulation of carrier oscillations by information
signal, optimal noise filtration, and others. There arises a question: Is it possible to construct
PLL-based nontraditional promising communication systems with chaotic oscillations as
carriers? Specifically, can PLL be a useful tool for generation and synchronization of car-
rier chaotic oscillations that is the key task in communication systems? This problem is
very scantily considered in the literature. The present work is concerned with generation of
carrier chaotic oscillations using PLL [1,2,3,4].

1. Shalfeev V.D., Matrosov V.V., and Korzinova M.V. // Controlling Chaos and Bifurca-
tions in Engineering Systems / Ed. by G. Chen. CRC Press. Boca-Raton-London-New
York - Washington, D.C. 2000. P.529

2. Shalfeev V.D., Matrosov V.V. // Chaos in Circuits and Systems / Ed. by G.Chen and
T.Ueta. World Scientific Publishing Company. Singapore. 2002. P.111.

3. Matrosov V.V. Self-modulation regimes of a phase-locked loop with the second-order
filter Radiophysics and Quantum Electronics. Vol.49, No.4. 2006. P.322-332.

4. Matrosov V.V., Shalfeev V.D., Kasatkin D.V. Analysis of regions of chaotic oscillations
in coupled phase systems Radiophysics and Quantum Electronics. Vol.49, No.5. 2006.
P.406-414.
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We present experimental and numerical evidence of synchronization of burst events
in two different modulated CO2 lasers bidirectionally coupled. Bursts appear randomly
in each laser as trains of large amplitude spikes intercalated by a small amplitude chaotic
regime. Experimental data and model show the frequency locking of bursts in a suitable
interval of coupling strength. We explain the mechanism of this phenomenon and demon-
strate the inhibitory properties of the implemented coupling focusing on the multiple time
scale behavior. We have implemented a master - slave coupling by using a programmable
function generator as master laser and a real laser as slave ; this way, we have demonstrated
the capability of this scheme for communication. The analogy with neuronal bursting will
be also discussed considering the importance of bursting synchronization for coding and
cognitive functions.

References
Riccardo Meucci, Francesco Salvadori, Mikhail V. Ivanchenko, Kais Al Naimee, Chansong Zhou, F.
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It is known that effects of collective dynamics of coupled nonlinear oscillators operating 
in synchronous regime can be used for beam steering in active phased antenna arrays [1]. 
For coupling of oscillators we use phase-locked loops (PLLs) [2,3], which have many 
benefits from the practical point of view (enhanced synchronization range and increased 
bandwidth of modulating signal, phase noise reduction, robustness and practical 
feasibility in different frequency ranges, etc.) and give us possibility to implement 
effective control of parameters. We present different methods, which allows manipulating 
gradient and random phase distributions in arrays of PLL-coupled oscillators. These 
methods assume control of natural frequencies of the oscillators and coupling parameters 
(coupling strength and phase). The problems, related to the time of synchronization and 
the influence of random detuning of the system parameters on the phasing accuracy, are 
discussed. It is shown that the characteristic time of establishment of a synchronized 
gradient phase distribution and the accuracy of phasing substantially depend on the 
number of elements in the array and on the type of coupling. Effects of inertance of PLL 
couplings such as: existence of pull-in and hold-in ranges into synchronous regime, 
regular and chaotic auto-modulation regimes and possible applications of them are 
studied. The principle of control based on the nonlinear dynamics of PLL-coupled 
oscillators offers a promising solution to the problems of phasing and controlled beam 
scanning in antenna arrays operating in different frequency bands. 
 
 
 
 
[1] A. A. Dvornikov, G. M. Utkin, and A. M. Chukov, Radiofiz. 27, 1384, 1984, 
Radiophys. Quantum Electron. 27, 967, 1984. 
[2] Maccarini P.F., Buckwalter J.,  and York R.A. Coupled Phase-Locked Loop Arrays 
for Beam Steering // IEEE MTT-S Digest. 2003. P. 1689-1692. 
[3] Mishagin K. G. and Shalfeev V.D. Controlling Gradient Phase Distributions in a 
Model of Active Antenna Array with Locally Coupled Elements // Technical Physics 
Letters. 2006. V. 32. N. 23. P. 1014-1016. 
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Synchronous behavior in networks of coupled oscillators is commonly observed phe-
nomena which attracted a growing interest in physics, biology, communication and other
fields of science and technology. Except of global synchronization, one observes spliting of
full network into several clusters of mutually synchronized oscillators. We study conditions
of such cluster partition. The most attention we pay at the existence and stability of unique
unconditional clusters which rise does not depend on the origin of the other clusters.

We consider the phenomenon of clustering in an ensemble of nonlocally coupled iden-
tical oscillators described by the following system

V̇ = F(V )+(G⊗P) f (V ),V ∈ RdN , (1)

where V = (v1, ...,vN)T is the set of dynamical variables of N oscillators forming the array,
vi is the d-dimensional vector of i-th oscillator variables, F(V ) = (F(v1), ...,F(vN))T , and
f (V ) = ( f (v1), ..., f (vN))T - coupling function. Elements of the d × d matrix P that are
equal to 1 determine by which variables the oscillators are coupled, and the rest part of P

is zero.
The conditions for cluster existence are expressed in terms of the N × N matrix G

elements, e.g. zero-row sums of G provide the existence of the synchronization manifold
(one cluster from N oscillators:

M(N,N) = {v1 = ... = vN} (2)

with the dynamics in it defined by the single oscillator.
We present the conditions of cluster partition when l clusters of mk elements exist

simultaneously, and are related to the corresponding manifolds.
We present a stability condition of the nontrivial unconditional cluster. Different aspects

of application of presented results to the problems of learning in oscillatory networks and
design of the networks with desired cluster partitions are discussed.
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The well known FPU phenomenon (lack of attainment of equipartition of the mode–

energies at low energies, for some exceptional initial data) suggests that the FPU model

does not have the mixing property at low energies.

We give numerical indications that this is actually the case. This we show by com-

puting orbits for sets of initial data of full measure, sampled out from the microcanonical

ensemble by standard Montecarlo techniques. Mixing is tested by looking at the decay of

the autocorrelations of the mode–energies, and it is found that the high–frequency modes

have autocorrelations that tend instead to positive values.

Indications are given that such a nonmixing property survives in the thermodynamic

limit. It is left as an open problem whether mixing obtains within time–scales much longer

than the presently available ones.

http://arxiv.org/abs/0705.1647
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Upon initial excitation of a few normal modes the energy distribution among all modes
of a nonlinear atomic chain (the Fermi-Pasta-Ulam model) exhibits exponential localiza-
tion on large time scales. At the same time resonant anomalies (peaks) are observed in its
weakly excited tail for long times preceding equipartition. We observe a similar resonant
tail structure also for exact time-periodic Lyapunov orbits, coined q-breathers due to their
exponential localization in modal space. We give a simple explanation for this structure
in terms of superharmonic resonances. The resonance analysis agrees very well with nu-
merical results and has predictive power. We extend a previously developed perturbation
method, based essentially on a Poincaré-Lindstedt scheme, in order to account for these
resonances, and in order to treat more general model cases, including truncated Toda po-
tentials. Our results give qualitative and semiquantitative account for the superharmonic
resonances of q-breathers and natural packets.
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The cardiac muscle cells and tissues can be either oscillatory (also called pacemakers) or excitable.  We observed 
various oscillating regimes that take place in ensembles of virtual coupled cells of both types. They were simulated 
accordingly to the Luo-Rudy model of membrane voltage potential. 

Firstly, we studied dynamics of two coupled cells. By means of numerical simulation we have found the range of 
coupling parameter where the synchronous regime exists. Secondly, we considered a chain consisted of excitable 
cells forced by a single pacemaker. On the basis of the first results we have investigated the conditions of spread of 
oscillations from the pacemaker into the excitable region. After that we modified the chain by addition of one more 
pacemaker. During studies of that structure we have found different regimes of oscillating behavior such as cluster 
synchronization or interaction through the excitable region. 

Finally, global and cluster synchronization regimes were studied in the lattice of coupled cells. Several available 
experimental results (formation of target and spiral waves in the cardiac cultures) were also reproduced in modeling. 
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Delayed feedback control is a convenient tool to stabilize unstable periodic orbits em-

bedded in strange attractors of chaotic systems. We review recent developments for the

control of chaos by time-delayed feedback methods focussing on two topical problems :

(i) We show, both analytically and experimentally [1], that the performance of time-

delayed feedback control depends sensitively on the continuous or discontinuous type of

transitions at the control boundaries. A subcritical transition at the control boundary gives

rise to small basins of attraction and limits the control scheme considerably.

(ii) We demonstrate the feasibility of an unstable control loop to stabilize torsion-free

orbits [2] not accessible by standard delayed-feedback control. Analytical normal form

calculations and numerical simulations reveal a severe dependence of the control perfor-

mance on the coupling scheme of the control force. These predictions are confirmed by

experiments in electronic circuits and emphasize the importance of the coupling scheme

for the global control performance.

[1] C. v. Loewenich, H. Benner, W. Just, Phys. Rev. Lett. 93, 174101 (2004)

[2] K. Höhne et al., Phys. Rev. Lett. 98, 214102 (2007)
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We shall discuss methods which allow one to estimate drift vector fields and diffusion

matrices for strongly fluctuating time series, which are generated by multivariate Langevin

processes. Special emphasis will be layed on the consideration of time-delayed feedback

systems.
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In this talk we consider the anticipating synchronization of chaotic time-delayed Lur’e-

type systems in a master-slave setting. We introduce three scenarios for anticipating syn-

chronization, and give sufficient conditions for the existence of anticipating synchronizing

slave systems in terms of Linear Matrix Inequalities. The results obtained are illustrated on

a time-delayed Rössler system and a time-delayed Chua oscillator.
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This talk will be devoted to the study of time-delay effects on the dynamics of a coupled

mechanical system. The system consists of a clamped-free cantilever beam with a mass-

spring-damper attached to its free end. Because of the specifics of the coupling, there is a

time delay arising in the connection between the beam and the mass-spring-damper. Math-

ematically, the system is modelled using partial delay differential equations. Finite mode

truncation of the beam based on Galerkin approximation leads to a system of neutral delay

differential equations. Applying a method of multiple scales we find amplitude response

as a function of time delay and frequency of the perturbation. Stability issues of the sys-

tem will be investigated using analytical studies and numerical simulations. Comparison

between analytical and experimental findings will be presented. The results discussed in

this talk can be found in

Y.N. Kyrychko, S.J. Hogan, A. Gonzalez-Buelga and D.J. Wagg, Modelling real-time

dynamic substructuring using partial delay differential equations, Proc. R. Soc. A, 463,

1509-1523 (2007).

61



PHYSCON 2007

Stabilizing steady states using multiple delayed feedback

Ulrich Parlitz

3. Physikalisches Institut
Universität Göttingen

Friedrich-Hund-Platz 1
37077 Gtötingen
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Multiple delay feedback control based on two or more independent delay times turned

out to be an efficient method for stabilizing steady states (fixed points) of various chaotic

dynamical system. We shall discuss the main features of this control scheme and com-

pare it to Pyragas’ single delay feedback control and related methods. Illustrations and

examples are given including stability analyses, numerical simulations, and an experimen-

tal application for stabilizing the output power of a chaotic frequency-doubled Nd:YAG

laser. Furthermore, we shall present theoretical and experimental results with an external

multicavity semiconductor laser where multiple delays suppress chaotic oscillations.
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We present a two-state model of an excitable system with time delayed feedback con-

trol. The two-state stochastic process s(t) = ±1 can be interpreted as a renewal process

with history-dependent residence time distributions (RTDs). We assume that the durations

of the excited and the refractory phases are equally long and not affected by the noise. This

reduces the problem to the only unknown RTD of the activation time.
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We demonstrate theoretically and experimentally that the unstable delayed feedback

controller is an efficient tool for stabilizing torsion-free unstable periodic orbits in nonau-

tonomous chaotic systems. To improve the global control performance we introduce a two-

step control algorithm. The problem of a linear stability of the system under delayed feed-

back control is treated analytically. Theoretical results are confirmed by electronic circuit

experiments for a forced double-well oscillator.
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We refute an often invoked theorem which claims that a periodic orbit with an odd num-

ber of real Floquet multipliers greater than unity can never be stabilized by time-delayed

feedback control in the form proposed by Pyragas [1]. Using a generic normal form, we

demonstrate that the unstable periodic orbit generated by a subcritical Hopf bifurcation,

which has a single real unstable Floquet multiplier, can in fact be stabilized. We derive

explicit analytical conditions for the control matrix in terms of the amplitude and the phase

of the feedback control gain, and present a numerical example. Our results are of relevance

for a wide range of systems in physics, chemistry, technology, and life sciences, where

subcritical Hopf bifurcations occur [2].

[1] B. Fiedler, V. Flunkert, M. Georgi, P. Hövel, and E. Schöll: Phys. Rev. Lett. 98,

114101 (2007)

[2] E. Schöll and H. G. Schuster (eds.): Handbook of Chaos Control (Wiley-VCH,

Weinheim, 2007), second completely revised and enlarged edition, to be published.

65



PHYSCON 2007

Non-invasive feedback with discrete updates

Jan Sieber

Centre for Applied Dynamics Research
Department of Engineering

University of Aberdeen
UK

j.sieber@abdn.ac.uk

We present a modification of the classical extended time-delayed feedback scheme (as

introduced by Pyragas, Socolar and others). Instead of continuously updating the delayed

term we suggest to update it only at discrete times keeping it periodic between updates.

This approach relaxes the real-time constraints on the update of the delay term allowing for

more complex operations than the filtering used in the original method. When the update

of the delayed term follows the iterates of a Quasi-Newton iteration the scheme becomes

robust in the sense that, if started near a periodic orbit, it always converges to the peri-

odic orbit regardless of the linearization of the periodic orbit. We demonstrate that with

this modification one can reliably continue a family of periodic orbits from stability to

instability through a fold (saddle-node) bifurcation with non-invasive feedback control.
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LONG-TERM THERAPEUTIC EFFECTS OF
DESYNCHRONIZING DEEP BRAIN STIMULATION

PETER A. TASS, UTAKO B. BARNIKOL

Institute of Neuroscience and Biophysics 3 - Medicine, Research Center Jülich, 52445 Jülich, Germany &
Institute of Neuromodulation, University of Cologne, 50924 Cologne

p.tass@fz-juelich.de
http://www.fz-juelich.de/inb/inb-3//index.php

CHRISTIAN HAUPTMANN, THOMAS T. BARNIKOL, OLEKSANDR V. POPOVYCH, VALERII

KRACHKOVSKYI, BORYS LYSYANSKY, EYLEM KIRLANGIC

Institute of Neuroscience and Biophysics 3 - Medicine, Research Center Jülich, 52445 Jülich, Germany

MUNIR AZFAL BHATTI

ANM Adaptive Neuromodulation GmbH
Karl-Heinz-Beckurts-Street 13

52428 Jülich

MOHAMMAD MAAROUF, VOLKER STURM

Department of Stereotactic and Functional Neurosurgery, University of Cologne, 50924 Cologne

HANS-JOACHIM FREUND

Institute of Neuroscience and Biophysics 3 - Medicine, Research Center Jülich, 52445 Jülich, Germany &
Department of Stereotactic and Functional Neurosurgery, University of Cologne, 50924 Cologne

To overcome limitations of standard high-frequency (HF) deep brain stimulation, we

have developed multi-site coordinated reset (MCR) stimulation, an effectively desynchro-

nizing brain stimulation technique. Our method is based on a computational modelling

approach, which specifically utilizes dynamical self-organization principles and plasticity

rules. The goal is to unlearn pathological synchrony by therapeutically reshaping neural

networks. We examined the effects of MCR stimulation in patients with severe PD or es-

sential tremor during the first week after electrode implantation with our novel portable

brain stimulator. According to our theoretical predictions, in all seven patients epochs of

MCR stimulation caused pronounced therapeutic effects, which outlasted MCR stimulation

during the whole post-MCR observation period prior to dismissal (i.e. during at least four

days), even in patients with severe fluctuations. Energy consumption and current delivery

of MCR stimulation were considerably smaller compared to HF stimulation.
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Detecting complex network modularity by dynamical clustering

S. Boccaletti
CNR-Istituto dei Sistemi Complessi, Via Madonna del Piano, 10, 50019 Sesto Fiorentino (FI), Italy

and

the Italian Embassy in Tel Aviv, Trade Tower, 25 Hamered Street, Tel Aviv, Israel

stefano.boccaletti@fi.isc.cnr.it

M. Ivanchenko
Department of Radiophysics, Nizhny Novgorod University, 23, Gagarin Avenue, 603600 Nizhny Novgorod,

Russia

V. Latora
A. Pluchino
A. Rapisarda

Dipartimento di Fisica e Astronomia, Universitá di Catania, and INFN Sezione di Catania, Via S. Sofia, 64,

95123 Catania, Italy

Based on cluster desynchronization properties of phase oscillators, we introduce an
efficient method for the detection and identification of modules in complex networks. The
performance of the algorithm is tested on computer generated and real-world networks
whose modular structure is already known or has been studied by means of other methods.
The algorithm attains a high level of precision, especially when the modular units are very
mixed and hardly detectable by the other methods, with a computational effort O(KN) on
a generic graph with N nodes and K links.
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Control of Chaos in Network Dynamics

Santiago Gil and Alexander S. Mikhailov
Abteilung Physikalische Chemie, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195,

Berlin, Germany

It is known that, by applying feedbacks, one can control spatiotemporal chaos (turbu-
lence) and induce various kinds of patterns in spatially extended systems (see [1]). Here, a
similar control problem is studied for chaotic network dynamics. We consider random net-
works of phase oscillators with the interactions including phase shifts. Although behaviour
of an individual oscillator is periodic, collective dynamics of oscillators in the network ex-
hibits chaos. To control it, global feedback is introduced, so that the oscillators are also
globally interacting one with another. If the feedback is strong enough, chaos is suppressed
and synchronization is established. By going back, i.e. by decreasing the feedback inten-
sity, the transition from synchronization to chaos is investigated. Our numerical studies
show that the desynchronization begins when some elements lose the entrainment and de-
velop phase slips. As the feedback intensity is further decreased, the number of such active
elements grows and they start to interact. As a result, coherent groups and subnetworks,
formed by active elements, emerge. At this stage, relatively regular collective dynamics of
the system is observed. Only at weaker feedbacks, fully developed network chaos is found.

[1] A. S. Mikhailov and K. Showalter, Control of waves, patterns and turbulence in
chemical systems, Phys. Rep. 425, 79-194 (2006).
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DYNAMICAL ORDER AND COMPLEXITY IN RHYTHMIC CHEMICAL
SYSTEMS

István Z. Kiss
Department of Chemistry, St. Louis University, 3501 Laclede Ave.

St. Louis, MO 63103, USA

izkissslu.edu

Craig Rusin, Swati Jain, Yumei Zhai, John L. Hudson
Department of Chemical Engineering, University Virginia

Charlottesville, VA 22904, USA

Hiroshi Kori
Deptartment of Mathematics, Hokkaido University

Sapporo, Hokkaido, 060-0810, Japan

The interaction and synchronization of populations of rhythmic processes is important
in a variety of fields including chemistry (influence on overall rate of reaction), biology
(circadian rhythm of suprachiasmatic nuclei, essential tremors), and engineering (lasers
and microwave systems). The collective behavior of a population of somewhat dissimilar
rhythmic processes depends on the dynamics of the individual elements and on the inter-
actions among them.

In this talk laboratory experiments are presented on rhythmic chemical systems; the
electrodissolution of nickel and iron electrode assemblies are studied in sulfuric acid solu-
tion. It is shown that several types of complex internal self-organization typically associ-
ated with biological systems, such as emerging coherence, dynamical differentiation, and
co-operative behavior can occur in simple chemical systems. Thus, the experiments serve
as a platform with which the effects of coupling, external forcing, and feedback can be thor-
oughly studied since in the electrochemical system elements of the array are addressable
and individual rates of reaction can be obtained with high precision.

We also show that mutual entrainment in interacting oscillators can be characterized
using phase models developed from direct and easily-performed experiments with a single
oscillator. The phase models are used to predict order-disorder transitions in populations
and the dependence of order on parameters in systems with positive or negative coupling.

Various external stimuli and feedback techniques are designed with the phase model
methodology to control and engineer desired structures such as synchronized or desyn-
chronized states and stable and itinerate clusters.
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POPULATION-LEVEL SINGULARITY BEHAVIOR OF MAMMALIAN 
CIRCADIAN CLOCK DRIVEN BY DESYNCHRONIZATION OF MULTI-

CELLULAR CLOCKS 

Tetsuya J. Kobayashi, Hideki Ukai, Hiroki R. Ueda 

Center for Developmental Biology, Riken,  

Laboratory for Systems Biology, 2-2-3 Minatojima-minamimachi, Chuo-ku, Kobe 650-0047, Japan 

tetsuya@crmind.net, hukai@cdb.riken.jp, uedah-tky@umin.ac.jp 

The singularity behavior of circadian clocks, the suppression of circadian oscillation 
driven by critical perturbation, was firstly predicted theoretically as the stop of oscillation 
of a limit cycle at the unstable fixed point, and then experimentally observed in various 
organisms such as bacteria, fungus, fly, and human. 

While the singularity behaviors were frequently observed, its underlying mechanism 
has not yet been elucidated due to two reasons. One is that another theory predicted that 
singularity behavior was experimentally unobservable because of the infinitely small 
attractor of the unstable fixed point, apparently contradicting with experimental 
observations of singularity behaviors. The other is that the hierarchical structure of multi-
cell-level circadian clocks exists behind the organism-level circadian rhythm, preventing 
us from directly examining the underlying mechanism by in vivo experiment. 

 In vitro light-responsible circadian system is, therefore, indispensable for revealing 
the underlying mechanism of the singularity behavior behind the hierarchical structure of 
multi-cell organisms. 

To obtain such in vitro system, we synthetically constructed light-responsible 
mammalian clock cells by exogenously introducing a photo-responsible receptor. By 
using this synthetic system and population-level high-throughput promoter activity assay, 
we found that a light pulse with critical timing and strength can induce population-level 
singularity behavior of the light-responsible mammalian clock cells. Subsequent single-
cell measurement revealed that desynchronization of multi-cellular clocks underlies the 
population-level singularity. The physiological relevance of this in vitro result was 
supported by the in vivo observation of desynchrony of clock-gene expression patterns in 
rat SCN. 

A mathematical model consistently explains our population-level and single-cell-level 
experimental data, and also demonstrates that the synchronization and desynchronization 
of cellular clocks is the underlying mechanism of population-level response circadian 
clocks to external perturbation. The problem in the observability of singularity behavior 
can be also naturally explained by our model, which suggests that fluctuation in single-
cell-level behavior of the clock cells is the key determinant of the observable singularity 
behavior.   
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Collective dynamical response to external forcing in complex oscillator networks

Hiroshi Kori
Department of Mathematics, Hokkaido university, Kita 10, Nishi 8, Kita-Ku, Sapporo, Hokkaido, 060-0810,

Japan

kori@nsc.es.hokudai.ac.jp

The study of complex networks has applications in various fields ranging from biology
to engineering and has attracted growing attention. Autonomous dynamical behavior taking
place in a network determines functions of the networks, related, e.g., to information pro-
cessing in the brain which is a network of neurons or to the production process in a factory
which is a network of machines. In many applications, control of the dynamical behavior
taking place in a complex network is a key issue. To get insight into the control principles
of complex networks, it is essential, at first, to understand the dynamical response of each
element and/or the whole network to external forcing applied to a subset of the network.

In this talk, we will present our recent studies concerning the dynamical response of
complex networks. Those studies provide insight into the function and the structure of
the brain clock (orchestrating our circadian rhythms) [1,2] and into the formation of a
feedforward network via neural network plasticity [3].

[1] Hiroshi Kori and Alexander S. Mikhailov, ”Entainment of randomly coupled os-
cillator networks by a pacemaker”, Phys. Rev. Lett 93, 254101 (2004)

[2] Hiroshi Kori and Alexander S. Mikhailov, ”Strong effects of network architecture
in the entrainment of coupled oscillator systems”, Phys. Rev. E 74, 066115 (2006)

[3] Naoki Masuda and Hiroshi Kori, ”Formation of feedforward networks and fre-
quency synchrony by spike-timing-dependent plasticity”, to appear in Journal of
Computational Neuroscience (2007)
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Inferring Network Topology via Driving the Dynamics

Frank van Bussel and Marc Timme
Network Dynamics Group, Max Planck Institute for Dynamics & Self-Organization and

Bernstein Center for Computational Neuroscience, Bunsenstr. 10, 37073 Göttingen, Germany

timme@nld.ds.mpg.de

We present a method to infer the complete connectivity of a network from its stable
response dynamics. As a paradigmatic example, we consider networks of coupled phase
oscillators and study their long-term stationary response to temporally constant driving.
The response depends characteristically on both the driving signals and the underlying net-
work connectivity [1]. Thus, for a given driving condition, measuring the phase differences
and the collective frequency reveals information about how the units are interconnected.
Sufficiently many repetitions for different driving conditions yield the entire network con-
nectivity (the absence or presence of each connection) from measuring the response dy-
namics only [2]. For sparsely connected networks we obtain good predictions of the actual
connectivity even for formally under-determined problems. We explicitely show that the
method works equally well for networks with lattice and random connectivity as well as in
the intermediate small-world regime.

[1] M. Timme, Europhys. Lett. 76:367 (2006).
[2] M. Timme, http://arxiv.org: cond-mat/0610188 (2006).
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COHERENT ELECTRON SPIN DYNAMICS IN QUANTUM DOTS 

MANFRED BAYER 

Experimentelle Physik 2, Institute of Physics, University of Dortmund, 

D-44221 Dortmund, Germany 

manfred.bayer@udo.edu 

http://e2.physik.uni-dortmund.de 

Electron spins in quantum dots (QDs) are promising building blocks for 
semiconductor based quantum information technologies. Due to the unavoidable 
inhomogeneities in a QD ensemble it is common believe that coherent manipulations 
ought to be performed on a single dot level. In this contribution we will show that by 
proper addressing by pulsed laser protocols it might be possible to perform corresponding 
studies on QD ensembles, with all the related benefits such as strong spectroscopic 
response. For our experiments we have primarily used a time-resolved Faraday rotation 
technique on (In,Ga)As/GaAs quantum dots singly charged with one electron. Using this 
methodology we have shown: (i) trains of circularly polarized laser pulses are extremely 
efficient to create spin coherence (spin initialization). (ii) Such pulse trains can be used to 
synchronize certain spin subsets within the ensemble. From the dependence of the 
synchronization on the pulse separation the electron spin coherence time can be measured 
to be 3 μs at cryogenic temperatures. (iii) The spins can be clocked by pulse doublet 
sequences such that they show periodic coherent responses. The period of these responses 
can be tailored by the details of the laser excitation. Finally we will also address the 
impact of the interaction of the electron spins with the background of nuclei, which is 
considered to be one of the prime reasons for spin dephasing. We will show that under 
specific conditions a strong interaction between electron and nuclear spins will be 
established leading to a drastic enhancement of the spin relaxation time. 
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WEIGHTED GRAPH STATES AND APPLICATIONS TO SPIN CHAINS, 
LATTICES AND GASES

LORENZ HARTMANN 

Institut für Theoretische Physik, Universität Innsbruck,  
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Grup de Física Teòrica & IFAE, Universitat Autònoma de Barcelona 
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WOLFGANG DÜR 

Institut für Theoretische Physik, Universität Innsbruck,  

Technikerstr. 25, 6020 Innsbruck, Austria 

wolfgang.duer@uibk.ac.at 
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HANS-JÜRGEN BRIEGEL 

Institut für Theoretische Physik, Universität Innsbruck,  

Technikerstr. 25, 6020 Innsbruck, Austria 

hans.briegel@uibk.ac.at 
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Weighted graph states naturally arise when spin systems interact via an Ising-type 
interaction. First, we abstractly define the class of weighted graph states and demonstrate 
its computational accessibility. We show how reduced density matrices of a small 
number of spins (about 10) can be computed from arbitrarily large systems using 
weighted graph techniques and projected entangled pairs techniques, and we discuss 
various entanglement measures accessible from these reduced density matrices. Second, 
we apply these findings to spin chains and lattices with long-range interactions and 
analytically derive area laws for the scaling of block-wise entanglement. Then, we turn to 
disordered spin systems, spin gases, which are connected to random weighted graph 
states and which share their entanglement properties. Finally, we use a spin gas as a bath 
that introduces decoherence in single as well as multipartite spin systems. The 
microscopic, exact decoherence model we obtain can operate in different regimes and 
exhibit non-Markovian features as well as spatially correlated noise effects.
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EXACT BENCHMARK CALCULATIONS FOR SYSTEM-BATH TYPE
QUANTUM DYNAMICS WITH VERY LARGE WAVE FUNCTIONS

MATHIAS NEST
University Potsdam, Karl-Liebknecht-Str. 25

14476 Potsdam, Germany

mnest@uni-potsdam.de

http://tcb16.chem.uni-potsdam.de/nest/

Many physical systems can be seperated into a primary part of interest, and a sec-
ondary part, which plays the role of an environment/bath/reservoir. While the former has
to be treated exactly, it is possible to represent the Hamiltonian of the latter by a (large)
number of Harmonic Oscillators. This discretization of the bath allows, to treat the quan-
tum dynamics of the full system with large dimensional wave functions [1,2,3]. Contrary to
the propagation of reduced density matrices with generalized Master equations, there are
no approximations, like the weak coupling limit or the Markov approximation, involved. In
this talk we present comparisons between reduced and exact dynamics, for different cou-
pling strengths and dissipative functionals. The advantages and shortcomings of the method
are discussed.

[1] M. Nest, H.-D. Meyer, J. Chem. Phys. 119, p. 24 (2003)
[2] M. Nest, H.-D. Meyer, J. Chem. Phys. 117, p. 10499 (2002)
[3] I. Burghardt, M. Nest, G.A. Worth, J. Chem. Phys. 119, p. 5364 (2003)
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TWO WEAKLY-COUPLED CONDENSATES  

MARKUS OBERTHALER 

Kirchhoff Institut für Physik , University of Heidelberg, Im Neuenheimer Feld 227, 

Heideberg, Germany 

oberthaler@matterwave.de*

http://matterwave.de

 
The recent realization of a single weak link for an atomic Bose-Einstein condensate in 

an optical double-well potential allows for the first time observation of coherent 
Josephson oscillations directly on the level of populations on either side of the junction. 
Furthermore it opens up the way to fully characterize the tunneling dynamics since not 
only the dynamics of the population difference can be measured but even the time 
evolution of the relative phase is detectable. How the residual interaction of the atoms 
can lead to a new dynamical regime, which is characterized by an inhibition of tunneling, 
will be discussed in detail. 

 
The good experimental control of the atomic system also allows for a quantitative 

study of thermally induced fluctuations of the relative phase between the weakly linked 
condensates. The connection of the phase fluctuation to the coherence between the two 
condensates will be discussed. Since the thermal fluctuations exist for any non-zero 
temperature their measurement can be employed as a new type of primary thermometer 
for atomic Bose-Einstein condensates. Our recent results on the heat capacity of a 
quantum gas at ultra low temperatures using this new noise-thermometer will be 
presented. 
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BREATHING IN A CLASS OF SWITCHED LINEAR SYSTEMS WITH
COMPLEX EIGENVALUES

Ilse Cervantes∗, Ricardo Femat
Laboratorio de Sistemas Dinamicos, DMAp-IPICYT,

Camino a la Presa San José 2055 Col. Lomas 4ta 78216

San Luis Potosı́, S. L. P., México

ilse@ipicyt.edu.mx

http://www.ipicyt.edu.mx/Englishnew/Divisions/Mathematics/

Francisco J. Perez-Pinal and Daniel Cartas-Ayala
Escuela Superior de Ingenieria Mecanica y Electrica ESIME-CU IPN,

Av. Santa Ana 1000 Col. San Fco. Culhuacan

Mexico D.F., México

http://www.ipn.mx

The phenomenon of breathing or intermittent operation in a class of piece-wise contin-
uous systems is studied as well as its relation with system parameters. The class of systems
under study comprises a continuous time subsystem and a switching rule that induces an os-
cillatory path by switching alternately between stable and unstable conditions. It is shown
that although regular and chaotic phases evolves irregularly for a given system, their aver-
age behavior is surprisingly regular with respect to a bifurcation parameter. It is found that
the phenomenon of breathing share some structural characteristics with intermittency; i.e.

existence of a critical exponent. However, for switched systems, many critical exponents
may be required. Bifurcation maps and other analysis tools allow us to gain insight into the
origin of breathing. An electronic circuit is proposed to observe experimentally the phe-
nomenon under study. In this way, the piece-wise continuous system is implemented by
switching alternately between two RC linear circuits. The electronic implementation of the
system has the feature of being very simple and easy to reproduce.

∗Corresponding Author. Also at ESIME-CU IPN
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TOWARDS AN ENCRYPTION SCHEME BASED ON HYBRID SYSTEMS

Juan Gonzalo Barajas Ramı́rez∗, Ricardo Femat, Ilse Cervantes
Laboratorio de Biodinámica y Sistemas Alineales, DMAp-IPICYT,

Apdo. Postal 3-90, Tangamanga 78231

San Luis Potosı́, S. L. P., México

jgbarajas@ipicyt.edu.mx

http://www.ipicyt.edu.mx/Englishnew/Divisions/Mathematics/

On this contribution, a hybrid time system that evolves switching between two
continuous-time vector fields, one stable and the other unstable, is used to construct a se-
cure communication scheme. The proposed cypher encrypts information on the trajectories
of a hybrid time system with a switching rule chosen such that the system presents complex
behavior. The main difference between conventional encryption schemes and those based
on dynamical systems is that conventional encryption is based on discrete-value elements
that evolve on discrete-time, while encryption based on dynamical systems utilize entire
sections of the trajectories of the system as elements for encryption; that is, continuous-
valued elements that evolve on either continuous or discrete-time. Therefore, in the latter,
the security characteristics are derived from the structure of the dynamical system used
for encryption and its security characteristics can’t be analyzed with the same tools as for
conventional encryption systems. Ultimately, the security characteristics of an encryption
scheme based on dynamical systems can be best analyzed statistically, in terms of how well
the information gets hidden by the cypher. A motivation for this study is to investigate the
effects of the switched nature of the hybrid-time system on the implementation, realization
and performance of an encryption system. One significant characteristic of hybrid-time
systems is their simplicity of construction, which may represent an advantage in practical
implementations. As an initial investigation, a hybrid time system is used to construct a
symmetric block cipher, where the encryption-decryption process is defined in terms of a
stroboscopic map of the system trajectories. In this way, the information signal is trans-
formed into a signal that can be transmitted over a public channel and requires from an
authorized receiver the use of the transmitter’s hybrid time system trajectories to recover
the original message. In order to illustrate the proposed encryption scheme, numerical sim-
ulations have been performed.

∗Corresponding Author.
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On the Controlled Synchronization of Dynamical Networks with Non Identical
Nodes

Juan Gonzalo Barajas Ramı́rez∗and Ricardo Femat
Laboratorio de Biodinámica y Sistemas Alineales, DMAp-IPICYT,
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San Luis Potosı́, S. L. P., México

jgbarajas@ipicyt.edu.mx
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On this contribution, the problem of chaos synchronization on networks of structurally
different dynamical systems is investigated. Synchronization on dynamical networks is
usually defined in terms of identical dynamical evolution of the state variables at every
node in the network. Thus is usually called complete or identical synchronization. For a
network with non identical nodes this type of synchronization can’t be expected. An al-
ternative form of synchronization is considered, in which the relation between the nodes
is defined in terms of a mapping between the state variables of the nodes in the network.
In this way, generalized synchronization can be achieved. Different types of generalized
synchronization can be defined, depending on how the state space of one node is mapped
to the others. The simplest form of generalized synchronization is define the relation be-
tween nodes by way of a coordinate transformation, for example a change of coordinates
defined by a feedback linealization. Synchronization is a phenomenon that can occur spon-
taneously. But, in certain circumstances it may be necessary to add interconnections or
controllers to the system in order to achieve or improve the characteristics of the synchro-
nization. In this contribution, the latter case is considered. The proposed approach consists
on designing a robust controller such that generalized synchronization is achieved. This
type of network synchronization is call controlled synchronization In this study, the case
of systems that can be expressed in canonical form by an appropriately chosen coordinate
transformation. In order to achieve generalized synchronization on a network of strictly
different nodes, local robust controllers are designed which force the network to synchro-
nize in terms of their transformed coordinates. The main results of this study are illustrated
by numerical simulations of a network of well-known chaotic benchmark systems.

∗Corresponding Author.
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Application of Gray code to the cryptanalysis of chatic cryptosystems

GONZALO ALVAREZ
DAVID ARROYO
JUANA NUNEZ

Instituto de Fisica Aplicada, Consejo Superior de Investigaciones Cientificas, Serrano 144, 28006 Madrid, Spain

{gonzalo,david.arroyo,juana.nunez}@iec.csic.es

Gray code (or reflected binary code) has been extensively used in engineering, telecom-
munications, genetics, and even mathematical puzzles. In short, the Gray code is a binary
numeral system where two successive values differ in only one digit. In [1], the kneading
theory on symbolic sequences, which manipulates symbols, was translated to number the-
ory by a transformation into Gray codes. It was showed how the symbolic sequences of a
1-D quadratic map are ordered according to the Gray code for a given parameter value and
different initial points as well as for a given initial point and different parameter values. The
Gray code was then generalised to introduce the Gray Ordering Number (GON) -in the in-
terval (0, 1) - allowing the simultaneous ordering of different size symbolic sequences. The
introduction of Gray codes and Gray numbers in 1D quadratic maps is highly beneficial
from the computing viewpoint, since the handling of symbolic sequences is substituted by
the use of numbers.

From other viewpoint, in [2] the Gray codes were applied to the cryptanalysis of the
Baptista cipher [3]. It was shown that given a symbolic sequence and the initial condition,
the map’s parameter value can be obtained. Likewise, given a symbolic sequence and the
map’s parameter value the initial condition can also be obtained. This result has a great
importance in cryptanalysis, since many cryptosystems use as secret key these two values:
initial condition and parameter.

In this presentation and starting from the preliminary work by [4], we explain how these
results can be taken further and provide different ways to get the secret key from just the
symbolic sequence. We show the limitations inherent to this method and in which cases
it is best applied. These results show that in the design of a cryptosystem based on 1D-
quadratic maps, it is all important to conceal the underlying symbolic sequence. We also
show the quality of initial condition and parameter estimates when only partial information
about the symbolic sequence is available.

[1] G. Alvarez, M. Romera, G. Pastor, and F. Montoya, Electronics Letters 34, 1304-
1306, 1998.

[2] G. Alvarez, F. Montoya, M. Romera, and G. Pastor, Phys Let A 311, 172-179, 2003.
[3] M.S. Baptista, Phys Let A 240, 50-54, 1998.
[4] X. Wu, H. Hu, and B. Zhang, Chaos, Solitons & Fractals 22, 359-366, 2004.
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On the security of a chaos-based encryption method for color image

Chengqing Li

Department of Electronic Engineering, City University of Hong Kong,
83 Tat Chee Avenue, Kowloon Tong, Hong Kong SAR, China

E-mail address: cqli@ee.cityu.edu.hk

Recently, a new chaos-based encryption method for color image was proposed in [X.

He, Q. Zhu, P. Gu, Lecture Notes in Artificial Intelligence, 4062 (2006) 671-678]. The

method is composed of two basic parts: position permutation and diffusion of pixel value.

The operations included in the two parts are both determined by a random number sequence

generated by iterating a chaotic dynamic system. According to the security requirement, the

two basic parts are performed alternatively for some rounds. Although the original authors

claimed that the method is very secure, we find there exist a serious flaw of the diffusion

function. In addition, the encryption method can be broken with two chosen images when

the iteration number is one. Furthermore, the flaw of the diffusion function is remained in

the final encryption function no matter what is the iteration number. Essentially, the encryp-

tion method under study can be attributed to the same type with the schemes proposed in

[G. Chen, Y. Mao, C. K. Chui, Chaos, Solitons & Fractals, 21 (2004) 749-761], [Y. Mao, G.

Chen, and S. Lian, International Journal of Bifurcation and Chaos, 14 (2004) 3613-3624],

[J. Shen, X. Jin, and C. Zhou, Lecture Notes in Computer Science, vol. 3768 (2005) 270-

280], where only the bitwise OR and addition operation are involved in the multi-round

encryption function. In [C. Li, S. Li, J. Nunez, G. Alvarez, G. Chen, IACR’s Cryptology

ePrint Archive: Report 2007/108], we have proved that some intermediate variables of any

scheme of the type can be recovered under differential attack. So, we also discussed the

probability for recovering the secret key from the intermediate variables.
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BERNIE SIN-HUNG KWOK 

Department of Electronic Engineering, City University of Hong Kong, 

83 Tat Chee Avenue, Kowloon Tong, Hong Kong 

50386987@cityu.edu.hk 

With the advancement of mobile communication technologies, the utilization of 
audio-visual information in addition to textual information becomes more prevalent. 
Cryptographic approaches are therefore necessary for secure multimedia content storage 
and distribution over open networks such as the Internet. A traditional way to resist 
statistical and differential cryptanalyses is to employ permutation and diffusion 
alternatively. Recently, research in the area of image encryption using chaos theory has 
been emerged. Some existing chaotic image encryption schemes use a multi-dimensional 
chaotic map for pixel permutation in the spatial domain while taking another one-
dimensional (1-D) chaotic map as the diffusion function. The multi-dimensional chaotic 
map for permutation is the discretized standard, cat or baker map since the number of 
pixels at each side of an image is an integer. However, for satisfactory security and 
diffusion performance, the 1-D chaotic map employed for diffusion is usually a real-
valued function whose high computational complexity lowers the overall encryption 
speed. In this paper, we propose a more efficient diffusion function using simple table 
lookup and swapping techniques as a light-weight replacement to the 1-D chaotic map. 
Simulation results show that at a similar security level, the proposed method requires a 
shorter encryption time than the cryptosystems using real-valued 1-D chaotic map. This 
is because the table lookup and swapping operations are much faster than the floating-
point computations. 
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EMERGING COLLECTIVE BEHAVIORS OF ANIMAL GROUPS 
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Many animal groups routinely make consensus decisions jointly with all group 
members. For example, a swarm of honeybees searching a new nest site, a flock of birds 
deciding when to leave a foraging patch, or a group of ungulates, primates, and fishes 
selecting where to travel after a rest period. Here we build a novel model merging the 
locally neighboring reciprocal action and alignment together to investigate the 
mechanisms of consensus decision-making and its robustness. Our model reveals that the 
shapes of the coherent flocks are limited in a common narrow interval for different group 
sizes and information structures, that is, the average elongation of a coherent flock is 
approximately varying from; the larger the proportion of informed individuals the easier 
to reach a consensus decision for a group with a little conflict of interest between 
informed individuals, however, the larger the proportion of informed individuals the 
more difficult to reach a consensus decision for a group with a significant conflict; the 
larger the group the easier to reach a consensus decision for a group with a little conflict 
of interest between informed individuals, on the contrary, the larger the group the more 
difficult to reach a consensus decision for a group with a significant conflict; the larger 
the difference between the numbers of the informed individuals the easier to reach a 
consensus decision for a group with a fixed total number of informed individuals; the 
alignment ratio and weights of preferred goals of informed individuals of the group are 
trade-offs between accuracy and split ratio for consensus decision-making. Moreover, the 
coherent groups keep a fixed shape and their average maximum move distances are 
linearly increasing as the distance between two information sources increases. In 
particular, when the information source is suddenly changed, a coherent group will 
collectively select the exact direction of the changed information sources in a short 
response time providing that there are enough informed individuals. The smaller the 
group the higher the average accuracy to collect the exact direction of the changed 
informed sources for a given proportion of informed individuals. Furthermore, the 
coherent groups display a surprising degree of tolerance against errors, however, they 
simultaneously show an extremely fragile to attacks. Our model and approach discover 
some novel phenomena and also reveal some underlying mechanisms of the consensus 
decision-making and its robustness in biological systems. 
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The coupled map lattice (CML) as a spatiotemporal chaotic system was proposed in
1983. Since it is a simple model with most essential features of spatiotemporal chaos, the
CML has been extensively studied in the fields of bifurcation and chaos, pattern formation,
physical biology and engineering. Recently, the CML has been applied in cryptography,
where spatiotemporal chaos in the CML is very desirable and plays a key role. There is a
method proposed, by shifting the binary representation of the CML output the first several
bits, to chaotify the CML, where the investigation of chaotification of the CML is numeri-
cal. Nevertheless, a mathematically rigorous and effective chaotification method for CML
is desirable, which can make an originally non-chaotic dynamical system chaotic, or can
enhance the existing chaos of a chaotic system. It is fortunate that mathematically rigorous
chaotification methods have been developed and some references therein) since the first
mathematical chaotification method proposed by Chen and Lai.

Similar to the Chen-Lai method, a chaotification algorithm is proposed in this paper
to chaotify a CML. In the controlled CML, a state feedback in each dimension is applied
to guarantee the system trajectory expanding in all directions, and then a mod-operaion
is used to “fold” the trajectories back into a compact region whenver the expansion takes
them to move out of it. Moreover, sufficient conditions for the feedback gain parameter are
derived, under which the controlled CML is proved to have a snap-back repeller. According
to the Marotto theorem, it is, thus, chaotic in the sense of Li-Yorke. In terms of a theorem
about chaotifying an n-dimensional system defined in a general metric space in the sense
of Devaney, the controlled CML with certain control parameter values is also proved rig-
orously chaotic in the sense of Devaney. Moreover, the above chaotification method with
certain feedback parameter values is suitable for chaotifying other coupled logistic-map
lattices with different coupling topologies. Finally, the chaotification method is applied to
control some typical CMLs by choosing suitable control parameters. Simulation results
show that the chaotification method makes an originally non-chaotic CML chaotic and en-
hances the chaos of an originally chaotic CML, and that the method is applicable to CMLs
with different coupling structures.
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Since late 1980s, chaos-based cryptography has attracted more and more attention from

researchers in many different areas. It has been found that chaotic systems and cryptosys-

tems have many similar properties. For example, each chaotic system is sensitive to the

initial condition, which corresponds to the diffusion property of a good cryptosystem. Most

analog chaos-based secure communication systems are designed based on chaos synchro-

nization technique, which was firstly developed in late 1980s. Given two chaotic systems

with different initial conditions, chaos synchronization denotes such a phenomena that one

chaotic system (called the slave system or response system) can asymptotically follow the

dynamics of another chaotic system (called the master system or driving system), under

the driving of a signal transmitted from the master system to the slave system. Here, one or

more driving signals have to be sent from the master system to the slave system. The es-

tablishment of chaos synchronization between two remote chaotic systems actually means

that some information has been successfully transmitted from one side to another. This nat-

urally leads to the foundation of a chaos-based communication system. Then, by keeping

some part of the master and slave systems secret, the chaos-based secure communication

can be used to further transmit secret information. That is, a chaos-based secure commu-

nication system is created. This paper gives a brief survey to analog chaos-based secure

communications and related cryptanalysis work. Firstly we introduce three basic types of

chaos-based secure communication systems, and then discuss related cryptanalytic results.

Finally some newly-proposed countermeasures against known attacks are outlined.
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Collective behaviors of biological system in nature have been studied by scientists from 
kinds of fields including biological, physics, animal behavior, social science, computer 
science and control engineering. A large number of animals, such as fish, birds, ants, 
bees, will emerge amazing and beautiful complex phenomenon only with local 
interactions. Many decades ago, biological scientists have developed a number of models 
for studying these interesting emerging phenomena, which motivates research 
developments in this field. In 1986, Reynolds [1] developed a model with three rules for 
mimicking flocks of birds that led to creation of the first computer animation of flocking. 
Moreover, physicists Vicsek et al. [2] proposed a simple 2 dimensional model for 
studying emergence of alignment of a group of particles in 1995, some interesting results 
have been derived, especial for that the group of particles would converge to a same 
direction under some conditions. There are some other important works done by 
physicists including Toner and Tu, Shimoyama et al., and Levine et al.. In recent years, 
there has been a surge of interest among control scientists in cooperative/coordinated 
control due to broad application of multi-agent system. Some engineering applications 
include mobile sensor networks, unmanned aerial vehicles (UAVs) and mobile robotics 
can be developed with research results from biological systems. Control scientists have 
done some distinguished work in stability analysis of multi-agent system including Reza 
Olfati-Saber [3], H. G. Tanner [4] for flocking study, A. Jadbabaie [5] for Vicsek model, 
Passino et al.[6] for swarming stability, and so on. All of these works highlights the 
development in these fields.  
 

In conclusion, we propose a model for studying collective behavior of multi-agent 
system. Some interesting results have been derived by simulations. Furthermore, the 
stable flocking can be reached by PI control laws, and stability analysis results have been 
derived under some assumptions. The simulation results show some parameters’ 
influence to the system. We expect our work can highlight the researches in this field. 
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Oriental migratory locust (Locusta migratoria manilensis) change phase in response to 
behavior change and morphological change. This individual-level process is the basis for 
swarm formation. In the present study, we have developed an individual-based model of 
locust behavior in which the increase in jumping and turning frequency leads to a phase 
change. The simulation results are consistent with earlier field and lab observations, and 
demonstrate that there is significant behavior difference between solitarious- and 
gregarious phase. The individual based model is implemented in Java using RePast. The 
computer simulation used a continuous two-dimensional arena. To distinguish between 
solitarious- and gregarious-type behavior in locusts, ten behavioral variables which 
discriminated between the solitary- and crowd-reared groups were entered in the 
construction of a model: 1) number of jumping per unit time, 2) number of turns per unit 
time, 3) mean length of jumping, 4) time of still, 5) walking speed, 6) walking time, 7) 
walking length, 8) number of walking. The first two variables described above were 
retained by the model as significant predictors of phase state. The model combined an 
individual’s values for these two variables to predict the probability that that insect 
belonged to the solitary-reared group. Model locusts are then characterized by (i) a 
behavioral-phase state, which ranges from 0 (solitarious) to 1 (gregarious), (ii) a sex state, 
and (iii) a Cartesian coordinate. Simulations were run with 10 and 20 initially solitarious 
locusts, placed at random within the arena. The results obtained using the RePast based 
simulation showed a similar trend to the experimental results; when the individual locust 
jumps at a frequency greater than 1. 6 times per minute and turns at a frequency greater 
than 1. 6 times per minute, it belongs to gregarious-type group. Both jumping and turning 
behaviors were significantly greater ( P < 0. 05) for gregaria locusts than for solitairia 
locusts. These behavioral parameters of the frequency of locust jumping and turning can 
be used as “the behavioral indices for phase transformation”. 

 
* This Project was supported by China Postdoctoral Science Foundation. 
† Corresponding author. Tel.:+86 10 6273 7824. 
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In recent years, multi-agent autonomous systems that imitate natural swarms have 

attracted a lot of interests. Herds of animals, flocks of birds, schools of fish and even 

crowds of people are all swarm examples. Swarming behaviors have many advantages, 

for example, to avoid predators and to increase chances of finding food. Scientific 

researchers also try to borrow swarm intelligence of cooperative behaviors to develop 

artificial autonomous systems such as formation control of multi-robot system, unmanned 

air vehicles (UAVs).  

Gazi and Passino analyzed the stability of a class of continuous-time swarm models 

under the assumption that the network is globally coupled with even weight. In this work, 

the stability of swarms of homogeneous agents with general coupling topology is 

investigated. We show that, when the topology of the underlying swarm is strongly 

connected, the swarm is proved to be stable in a hyper-ellipsoid in n-dimensional 

Euclidean space, both in open space and in profiles, whether the center of this hyper-

ellipsoid is on moving or not. The swarm boundary is characterized by the eigen-

structure (eigenvalues and eigenvectors) of coupling matrix; and all the swarm agents 

will exponentially form a cohesive swarm in a finite time. Swarm consideration on some 

time-varied profile is also given. Furthermore, as a generalization of the commonly used 

second smallest (or largest) eigenvalue of the symmetric weighted Graph Laplacian, a 

generalized critical parameter is proposed to describe dynamic property of the system. 

Thus this work extends the present results on stability analysis of continuous-time 

swarms, and gives the relationship between swarming behaviors and the coupling 

topology. 
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     It is well-known that a ring-shaped network structure is not a good one for efficient 
mutual communications and global control within a flock of agents, while the so-called 
small-world networking structure is much better in these respects and is very desirable 
for fast communication and information transmission, efficient synchronization, and 
effective global control over the entire network. Thus, in a flock of neighboring-
connected agents with a leader, for communication and control purposes it is 
advantageous to build a small-world-type network structure by random addition of long-
range connections from the leader to a few distant agents, so that the leader can affect all 
the other agents through them via fast communication and rapid control commands. 
 
    In this study, the familiar NARMAX model is applied to those agents with direct 
connections with the leader to predict its motion attitude several steps ahead. Meanwhile, 
the current attitude measurement error is fed back to rectify the prediction. Then, the 
attraction-repulsion function is combined with the model predictive control strategy to 
yield a novel predictive control law. Moreover, at each step, a moving horizon 
optimization index function minimizing the flock attitude error is optimized to update the 
control law. In this way, the few agents having direct connections with the leader become 
‘pseudo-leaders’, which can tighten the communications from the leader to all other 
agents. It is shown by statistical simulations that with no more than 20% ‘pseudo-
leaders’, the flock attitude error index will be decreased sharply by about 60% comparing 
with a conventional approach with one leader in flocking. Consequently, global 
synchronization is achieved much more effectively at a fairly low cost, with enhanced 
global stability due to the emergence of these few ‘pseudo-leaders’ in the flock.     

This work is supported by the Natural Science Foundation of China under Grant No.60340420431 and the Natural 
Sciences Foundation of HUST under Grant No.2006Q041B 
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The brain is one of the most complex systems in nature, with a structured complex
connectivity. Recently, large-scale corticocortical connectivities, both structural and func-
tional, have received a great deal of research attention, especially using the approach of
complex network analysis. Understanding the relationship between structural and func-
tional connectivity is of crucial importance in neuroscience. Here we try to illuminate this
relationship by studying synchronization dynamics in a realistic anatomical network of cat
cortical connectivity. We model the nodes (cortical areas) by a neural mass model (pop-
ulation model) or by a subnetwork of interacting excitable neurons (multilevel model).
We show that if the dynamics is characterized by well-defined oscillations (neural mass
model and subnetworks with strong couplings), the synchronization patterns are mainly
determined by the node intensity (total input strengths of a node) and the detailed network
topology is rather irrelevant. On the other hand, the multilevel model with weak couplings
displays more irregular, biologically plausible dynamics, and the synchronization patterns
reveal a hierarchical cluster organization in the network structure. The relationship between
structural connectivity and functional connectivity at different levels of synchronization is
explored. Thus, the study of synchronization in a mutilevel complex network model of
cortex can provide insights into the relationship between network topology and functional
organization of complex brain networks

97



�������	
���

����������	
�������
����������
��
�������
���������

������	���

��������	
������������������	�����������������������
������������ !"�#!$!!�%&�����"�%������

	�����'���(��'�)�'��
*)+,,---'�-��'��,.	���

���������������� 	 ���������� 	 ������ 	 �� 	 ��������� 	 �� 	 � ������� 	 �� 	 ��!""�# 	 ���	

�$��������%�� 	 &� 	 �$� 	 ����'���� 	 �( 	 ������'���� 	 ��(����) 	*� 	 �����%� 	 �$� 	 �����������	

����������	�(	��(����	��	�$��	��������	���	����+�	�	���&�&�������	�����������	&����	��	�$�	

'���	���	����	�����	�(	��(����)	,�+�������	(���	�$�	�$�����������	���������	����	��-�	���	&�	

� �������	&�	�$���.���'�	������������	&��-���	��(����	�(	��������	������'����	�$��'�)		

'��&��	����.�����	(���&��/	��$���	��	�����������	� ������������	��	�������	�$������	

�0�&0�����	��	�$��	��������)	*�	�������	���0���	�$�-��'	�$��	�0�&0�����	���	&�	�((��������	

�0��������	���	�	+������	�(	��+��	��������	���	&�	���&���%��	&�	�������'	'��&��	�������	

(���&��/) 	 *� 	 (0��$������ 	 �������� 	 �$� 	 ������������' 	 ������ 	 1��%&0�'23����0	

�40�����	��	�$�	���5����26���	0����&��	��'���	���	������������	��+����'���	�$�	���&�����	

�( 	 0��(��� 	 ������������ 	 ��������' 	 �� 	 �$� 	 (���&��/ 	 ����������) 	*� 	 �$�- 	 �$��7 	 ��	

�'������� 	 -��$ 	 �$� 	 � ���������� 	 ���0���7 	 � 	 �����+���+� 	 ���&���%����� 	 �( 	 0��(���	

������������	��	���	�����&��	��	�$��	����	�(	������)	

98



�������	
���

��������	
���������������������������

��������	�������	����	
	����	�	��	�	�
����	�����

���������	
������������������������������������������������������ ����� ��!��"���#��/$�
 %$&/���������'��(���

)��"��*+����)���!�����) �
��+011222)��+)���!�����) �1 %&3)�(�

������ 	����� 	�(	��������� 	��� 	 (������� 	���!���� 	 (�� 	 �"� 	�������#� 	 (��!���� 	�(	
������$��!�����	�������	�	!����������	�%���!�	(��	(��!	�"��!��%�!��	�&#���'��#!(	

� 	���� 	 ������ 	������� 	!��"��� 	�(	 (���'��)$!������� 	������ 	���(� 	�( 	������ 	����� 	 ��	
 #���	�	������	����	����	��� 	�	��'�����%	 ���	���*�����%	�"��# "	�	������'��	!���#!(	
+"� 	������ 	�( 	���� 	!���!�� 	 �� 	���% 	������� 	�� 	������ 	#�� 	 (�� 	���!���� 	 �� 	�����	
������ 	"����� �������	���"�	�"�	!���#!�	�"���	�"�	������	����	��#��	'�	����#���(

� 	 �#� 	 �"��������� 	 �������" 	 �"� 	 �������$��((#��� 	 �&#����� 	 �( 	 �"� 	 ������ 	!���#!	
������� 	'% 	����������� 	 (���'��) 	 ���!� 	��� 	!����� 	��� 	� 	�#���!�#� 	�%�!����	
�%���!	(��	�"�	(���'��)$��#���	���(�	�(	�"�	������	����(	8�	"���	��#����	'�(#�������	�(	
�"�	���(�	�������%	(����	���%� 	�"�	(���'��)	���� �"�	�"�	��!�	����%	�	�"�	(���'��)	�����	
��	�"�	 ��!�������	�"���	�(	�"�	��!��	(��!	�"��"	�"�	(���'��)	�� ��	��	��������(	�#�	
������!����	���#���	�'�����	���"�	�	���	 ��	�������	(��	�"�	�� "�$��������	����#���$
�"�'����)% 	�%���! 	��� 	 � 	���% 	 ��� 	� ���!�� 	���" 	�"��������� 	���������� 	 (��! 	�"�	
���������� 	 ���(� 	 �������% 	 (����� 	 �� 	 ��(��!�� 	 '% 	 #!������ 	 ��!#������ 	 �( 	 �"�	
#����%� 	��� �����	�&#�����(

9����%� 	 � 	'���(�% 	����#�� 	� 	���� 	�������" 	�"��� 	 �"� 	����!����� 	�( 	 �"� 	���"�!����	
�������!����	�(	�	������	����	���	����#�����	(��!	�"�	����� �	��!��	�(	�"�	����	(����	
�"��# "	�	�!���	#!'��	�(	����	���������(	��� 	�"�	�(��!����	�'�#�	�"�	���#��	�"���	
�( 	������ 	 �������� 	 �"� 	������ 	���� 	�� 	'� 	!���� 	 � 	� 	����$��������� 	!��� 	��� 	�	
�"���	���*�����%	��	�%	�������	�������	�	�"�	!���#!(

�#�	���#��� 	!� "� 	'�	�������� 	(�� 	�������� % 	'���#�� 	������ 	������� 	���"%�"!���	��	
������#��� 	 (�'�������� 	��� 	'������� 	 �� 	'� 	 ������� 	 �� 	������ 	���� 	�%�!��� 	�� 	������	
����'�������(

99



PHYSCON 2007

Boundary Control of Reaction-Diffusion Systems

Roman O. Grigoriev
School of Physics, Georgia Institute of Technology, Atlanta, Georgia 30332-0430, USA

roman.grigoriev@gatech.edu

http://www.cns.gatech.edu/∼roman/

Andreas Handel
Department of Biology, Emory University, Atlanta, Georgia 30322, USA

andreas.handel@gmail.com

Control of Reaction-Diffusion systems through feedback applied at a boundary repre-
sents an experimentally convenient (and often the only practically feasible) way to influ-
ence their stability and dynamics. The good news is that such feedback can be computed
analytically for a broad class of such systems in the linear approximation. The bad news
is that, as the size of the system grows, the feedback starts to lag the growing disturbances
in the bulk, leading to transient dynamics. Disturbances exhibit strong transient growth,
followed by an asymptotic decay once the feedback catches up. We show how transient
growth can lead to nonlinear instabilities in the presence of feedback and environmental
noise. In particular, we show how the basin of attraction of the target state in the presence
of feedback can be computed analytically and used to determine the magnitude and spatial
structure of the “optimal” (or most dangerous) disturbances leading to control breakdown.
This picture leads to a natural size limit for noisy systems controlled at the boundary.
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We consider the influence of a global feedback control on a nonlinear system governed
by a subcritical Ginzburg-Landau equation. It is shown that the feedback control can sta-
bilize spatially localized structures in a definite region of parameters. Out of the stability
range, these structures are subject to two basic modes of instability: (i) instability with re-
spect to the appearance of new localized structures; (ii) internal oscillatory instability of
the localized structure. The latter type of instability appears in the case of a delayed con-
trol. A generalized variational approach is used for the development of a low-dimansional
dynamical model of interacting localized structures. The basic types of nonlinear dynamics
are described.
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A control method for manipulating spatio-temporal chaos is presented using homoge-

neously, inhomogeneously or locally applied feedback signals based on several different

delay times. As illustrated with the two dimensional Ginzburg-Landau and the Fitzhugh-

Nagumo equation this method can, for example, be used to suppress turbulent fluctuations,

to convert chaotic spiral waves into guided plane waves and for trapping spiral waves.
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A new kind of nonlinear nonequilibrium patterns – twisted spiral waves – is predicted
for periodically forced oscillatory reaction-diffusion media. We show furthermore that, in
such media, spatial regions with modified local properties may act as traps where propa-
gating waves can be stored and released in a controlled way. Underlying both phenomena
is the effect of the wavelength-dependent propagation reversal of traveling phase fronts,
always possible when homogeneous oscillations are modulationally stable without forcing.
The analysis is performed using as a model the complex Ginzburg-Landau equation, appli-
cable for reaction-diffusion systems in the vicinity of a supercritical Hopf bifurcation.[1]

We consider two examples of realistic models describing reaction-diffusion systems
with local oscillatory dynamics under the conditions of periodic forcing. Using the
Krischer-Eiswirth-Ertl model for the catalytic CO oxidation on Pt(110) we demonstrate that
phase front reversal can be expected under periodic variation of the CO partial pressure.
Temperature heterogeneities on the Pt surface can be used to trap phase fronts. Another ex-
ample for a more realistic model is the Oregonator which describes the light-sensitive BZ
reaction. Our simulations of the Oregonator show that wavelength-dependent front propa-
gation reversal is possible when the light intensity is varied periodically. It can be expected
as well in the regime beyond the canard explosion, where the nature of the oscillations is
relaxational rather than harmonic. Phase front traps can be realized by spatial variation of
the forcing intensity.

[1] O. Rudzick and A. S. Mikhailov, Phys. Rev. Lett. 96, 018302 (2006)
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Pattern formations have been studied as typical phenomena in dissipative systems.  
In most cases, a system that can be described by the function of free energy is filled 

with one kind of pattern element such as a spot or a line. This nature is shown by 
Nonomura and Ohta in a block co-polymer system1. They showed mathematically and 
numerically that the final state of the system is filled with one of two pattern elements 
even if the system has two at the beginning. So far as we know, there is only one 
exception that the generalized Swift-Hohenberg system shows a static pattern with two 
stable pattern elements2.  

Similarly, most of dissipative reaction-diffusion systems are filled with only one kind 
of pattern element. Even when a system has two kinds of pattern elements initially, one 
of them shall be dominant and the other appears as defects in the final pattern. Therefore 
it is unlikely that a reaction-diffusion system supports more than two domains composed 
of different pattern elements at the same time. 

We will present that spots and lines coexist in a dissipative reaction-diffusion system 
that is supported by the reversible Gray-Scott model3, where the value of each parameter 
is spatially homogeneous. Such pattern formation occurs when both a single spot and a 
single line are solutions of the system. This phenomenon is associated with such a novel 
characteristics of the system that the distance between the pattern elements is widened 
spontaneously by local perturbation. We will discuss the interaction between two pattern 
elements and conclude that their repulsive nature is responsible for the self- 
rearrangement of patterns in the present system. 

 
1. M. Nonomura and T. Ohta, J. Phys. Condens. Matter., 13, 9089 (2001)  
2. M’F.Hilali, S Metens, P. Borchmans, and G.Dewel, Phys. Rev. E, 51, 2046 (1995) 
3. H. Mahara, N.J. Suematsu, T. Yamaguchi, K. Ohgane, Y. Nishiura, and M. Shimomura, J. Chem. 
Phys. 121, 8968 (2004). 
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Due to the long-range nature of coupling mediated by ion migration in an electric 
field, the pattern selection in reaction-migration systems (such as electrode surfaces, 
nerve cells) crucially depends on the system geometry. Consequently the dynamical 
behavior can be quite different by choosing different arrangements of the electrodes, in 
particular the distance between the electrodes and the location of conductor/insulator 
interfaces can significantly alter the patterns observed. The effects are presented with 
experiments using the formic acid oxidation on platinum electrodes. The corresponding 
reaction-migration equations are derived and their solutions compared to the 
experimental findings. 
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We study the dynamical mechanism underlying the transient state of competence in
the stressed bacterium Bacillus subtilis. Experimental analysis via time-lapse fluorescence
microscopy, together with mathematical modeling, allowed us to identify a genetic circuit
module that behaves in an excitable way. Competence for DNA uptake arises in this circuit
as a noise-driven excitable state, while the corresponding quiescent state represents vege-
tative growth. Identification of this excitable module allowed us to devise ways to control
the excitable dynamics, that could shed light on the evolutionary origin of this phenotypic
behavior.
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One of the most prominent dynamical structures observed in two-dimensional 
excitable media (such as neural or cardiac tissues, or the Belousov-Zhabotinsky reaction). 
Their three-dimensional analogues are scroll waves or rings. While the 2-dimensional 
systems have been extensively investigated and subject to many forms of perturbation or 
control, only scant reports on the experimental studies of 3-dimensional scroll waves and 
their stability have been presented. This is mostly due to the difficulties encountered in 
the observation of such 3-dimensional dynamic patterns. 

Here we present experimental studies on the scroll waves and their stability using the 
Belousov-Zhabotinsky reaction as a chemical excitable medium. Three independent types 
of instabilities have been detected. First, we show that scroll waves with a linear filament 
(the line connecting the spiral tips, and hence acting as organizing centre of the scroll 
wave) are instable upon a gradient-induced twist. The other two instabilities arise in a 
system where the scroll wave is allowed to meander: the so-called 3-D-meandering 
instability and the negative line tension instability: The initially straight filament becomes 
zig-zag shaped and its length oscillated showing a three-dimensional meandering 
instability, while, in the long time limit, the filament snakes and its length expands 
substantially due to the line tension which becomes negative. Numerical simulations that 
take into account the aging-induced decrease in excitability of the reaction medium. The 
simulations corroborate the experimental findings and their interpretation. 

Finally, we present the concepts how to experimentally manipulate these scroll waves. 
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Here I will review work in chaos-based computing, done in collaboration with W. L.
Ditto and K. Murali. First it will be shown how the rich variety of threshold-controlled
responses from a chaotic element may be exploited to constitute a reconfigurable comput-
ing medium. Then schemes using synchronization to design dynamic logic cells will be
discussed. Finally, the implementation of various different theoretical ideas in proof-of-
principle experiments will be presented.
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Suppose that a non-stationary system is given by some measurements of input-output

signals. Assume that there exist some parameter-dependent function spaces and a general

parameter-dependent input-output operator generating these signals. Certain parameters of

the function spaces and of the integral kernel are unknown. Using some elements of reali-

zation theory, we construct an abstract non-stationary system in some weighted function

space and describe positively-invariant sets of this system.
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Phase-locked loops (PLLs) are frequently encountered in radio engineering and com-

munication. Phase-locked loops (PLLs) are frequently encountered in radio engineering

and communication. Once they had been invented in the 1930s-1940s (De Bellescize, 1932;

Wendt, Fredentall, 1943), intensive studies of the theory and practice of PLLs were carried

out (Viterbi, 1966; Gardner, 1966; Lindsey, 1972; Leonov, Reitmann and Smirnova, 1992;

Leonov, Ponomarenko and Smirnova, 1996; Kroupa, 1973; Kroupa, 2003; Best, 2003,

Razavi, 2003; Razavi, 2001; Egan, 2000; Egan, 1998; Abramovitch, 2002). The main re-

quirement to PLLs for array processors or distributed clocks system is that they must be

floating in phase. This means that the system must eliminate the clock skew completely.

The elimination of the clock skew is one of the most important problems in parallel com-

puting and information processing (as well as in the design of array processors (Kung,

1988). Several approaches to solving the problem of eliminating the clock skew have been

devised for the last thirty years. In developing the design of multiprocessor systems, a way

was suggested (Kung, 1988) for joining the processors in the form of an H-tree, the lengths

of the paths from the clock to every processor (or to local region of processor) are the same.

However, in this case the clock skew is not eliminated completely because of heterogeneity

of the wires (Kung, 1988). Moreover, for a great number of processors (or local clocks re-

gion), the configuration of communication wires is very complicated. This leads to difficult

technological problems. In this paper new type of floating PLL for processors working in

parallel is designed. It is proved that in the classical case when the multiplier is applied as

a phase detector, for a complete eliminating of misphasing we need to involve a nonlinear

electron element with the characteristic of the relay type into a block-scheme. Global sta-

bility analysis for new of PLL is given. For the floating phase locked loops new stability

conditions are obtained.
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Andronov-Witt theorem is brilliant achievement of Andronov scientific school [1].

Generalization of this theorem for regular linearization was obtained by Demidovich [2].

Here for investigation of Zhukovskii stability a new research tool - a moving Poincare sec-

tion - is introduced. With the help of this tool, generalization of theorems of Andronov-Witt

and Demidovich for irregular linearization are carried out.

1. Andronov A.A., Witt A.A. On Lyapunov Stability. Journal of Experimental and Theo-

retical Physics. Vol. 3, N 3, 1933.

2. Demidovich B.P., Orbital Stability of the Solutions Autonomous Systems. I, II// Differ-

ential Equations, 1968, vol. 4, p. 575-588, N 8, p. 1359-1373 (Translated from Differen-

zialnya Uravneniya).
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In mechanical systems with thin elastic-plastic parts dynamic buckling may occur. In

practice the estimation of buckling loads is very often done for the static buckling problem

based on Hill’s bifurcation functional. In the contribution we investigate the time-dependent

analog of this functional, which goes back to L. H. N. Lee. We give an interpretation of this

functional as a quadratic constraint for the displacements and nonlinear parts of the equa-

tion of motion. This allows the use of frequency-domain methods from absolute stability

theory. An elastic-plastic bifurcation as loss of stability on a finite time interval occurs, if

the nonlinearities at a certain time moment do not satisfy the quadratic constraints.
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The attempts to apply classical methods of optimization based on the theory of 
optimal and adaptive control to realize the management of an investment portfolio very 
often tumble over serious problems. For instance the application of control theory as the 
stochastic version of dynamic programming approach implies the detailed information 
about the structure of factors in stochastic differential  equations describing the dynamics 
of assets constituting portfolio. The latter information in contemporary financial markets 
seems hardly to be available. The methods of adaptive control theory are also not very 
often applicable because of the strongly nonstationary behavior of parameters of these or 
those  modeling equations describing the dynamics of portfolio value. Because of the 
aforesaid  it is not surprising that the problem to create special control methods adapted 
to the investment portfolio management has long drawn the attention of researchers. 
Usually such methods imply the creation of control providing in a particular sense the 
positive dynamics of profit along with the minimization of quantitative and qualitative 
information about the structure of  modeling equations. Moreover one of the most 
common models for assets pricing is the model of geometrical Brownian motion. 
Nevertheless when following this way to create the control of investment portfolio there 
arise a number of difficulties which may be formulated as follows. The heart of the 
matter is that the designing of control up till now has been based as a rule on the 
principles of self-financing strategy. The latter means that the purchase or sale of any 
assets automatically implies sale or purchase of a volume in the equivalent money terms 
of other assets constituting portfolio. It is essential to note that realization of any circuit 
of management based on self-financing strategy implies the required number of assets in 
the portfolio significantly depends not only on the prices of struck bargains but also on 
the volatilities of corresponding assets. The point is that the tracking of the assets 
volatilities with arbitrary precision in real time is hardly possible. In this connection it is 
clear that the occurrence of essential mistakes is possible while defining the amount of 
assets included in a portfolio. How significantly such errors can affect the ultimate goal 
of management to provide the profitableness of portfolio remains not clear. The aforesaid 
makes reasonable to pose the problem of creating the management of portfolio with a 
feed-back control based only on the prices of struck bargains to provide in some sense 
portfolio profitableness on a certain time interval and within the framework of the pricing 
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HIROYASU ANDO
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S. BOCCALETTI
CNR- Istituto dei Sistemi Complessi, Via Madonna del Piano, 10, 50019 Sesto Fiorentino (FI), Italy

K. AIHARA
Aihara Complexity Modelling Project, ERATO, JST, and IIS, the University of Tokyo.

First, we present the method that enables chaotic systems to change its dynamics to sta-
ble periodic dynamics by an automatic feedback adjustment of an additional parameter of
a dynamical system with an extreme value approach. This approach uses only feedback of
the largest value obtained from observations of a fixed interval of time series of the system
variable and therefore does not require any a priori detailed information of the system. We
apply this method to several discrete-time chaotic systems and confirm numerically that
chaotic states can be stabilized to stable periodic ones. The stabilized states in the system
are formed in periodic windows with respect to the additional parameter.

Next, based on the automatic feedback adjustment of an additional parameter, we
propose a strategy for controlling periodic orbits of desired periods in chaotic dynamics
and tracking them toward the set of unstable periodic orbits embedded within the origi-
nal chaotic attractor. The improved method does not require information on any reference
states for the targets. Assessments on the method’s effectiveness and robustness are given
by means of the application of the technique for the stabilization of unstable periodic orbits
in both discrete- and continuous-time systems.

The advantages of the proposed method over the existing chaos control techniques are
as follows. The method overcomes some difficulties encountered by the existing methods,
e.g. the proposed method does not require a reconstruction of the parametrical variations
in the UPOs’ stable and unstable manifolds as in OGY-based methods, nor pre-tuning of
the principal parameters such as the delay time and the gain as in DFC-based methods, and
therefore it constitutes as an appropriate strategy to control fast dynamical processes in real
time toward any desirable periodic dynamics.

References
H. Ando and K. Aihara, Phys. Rev. E, 74, 066205 (2006).
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Departamento de Fı́sica, Universidad Rey Juan Carlos, Tulipán s/n
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Most nonlinear dynamical systems may possess chaotic behavior for a certain choice
of parameters. Since there are situations for which this behavior might be undesirable,
different methods have been developed in the past years to suppress or control chaos. The
idea that chaos may be suppressed goes back to the publications where it has been proposed
to perturb periodically the system parameters with the final effect of suppression of chaos.

The main idea of our investigations is to apply a general perturbation to a certain dy-
namical system in such a way that the final behavior is not chaotic. In other words, given
a certain dynamical system for which chaos exist for a given choice of parameters, the
challenge is to find an appropriate perturbation, that we call the function of stabilization,
which would convert the dynamical system into non-chaotic. This is done analytically for
a general two-dimensional system, and then the results are applied to the nonlinear pendu-
lum and Duffing oscillator for a choice of parameters for which these systems show chaotic
behavior. Afterwards, we show by using numerical computations that there is a complete
agreement with the analytical results. The physical meaning of the stabilizing perturbation
in the case of the pendulum and Duffing oscillator corresponds to a series of hits acting on
the system. Nevertheless, what we show here is that we can find this stabilizing perturba-
tion, which eventually will depend on each dynamical system. The idea can be useful for a
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A kelvin type satellite consists of two rigid parts, an axi-symmetric rotor and a bigger
platform. The rotor angular velocity is usually very high and the platform can rotate slowly
in comparison to rotor’s velocity. Singularities of this kind of gyrostate in zero gravitational
field were classified in [1]. Chaotic motion of this system in a circular orbit was first studied
in [2].

In this article we use fuzzy control of Poincar map method to stabilize periodic orbits
of chaotic regimes in a Kelvin type satellite.

[1] Guran, A. Classification of Singularities of a torque-free gyrostat satellite, Mechan-
ics Research Communications, 1992, 19 (5), 465-470

[2] Guran, A. Chaotic motion of a Kelvin type gyrostat in a circular orbit, Acta Me-
chanica, 1993, 98, 51-61

118



PHYSCON 2007
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lmsaha@sify.com

ARKADIUSZ SYTA
Department of Applied Mathematics, Technical University of Lublin,
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We examine a strange chaotic attractor and its unstable periodic orbits in case of a sin-
gle degree of freedom nonlinear oscillator with non symmetric potential with single well.
We propose an efficient method [1,2] of chaos control stabilizing these orbits by a pulsating
feedback technique. Discrete set of pulses enable us to transfer the system from one peri-
odic state to another. In this paper we consider the effects of different number of pulsations
per cycle and different pulsation time lengths.

[1] G. Litak, M. Ali, L.M. Saha, Int. J. Bifurcation and Chaos (2007) in press.
[2] G. Litak, M. Borowiec, M. Ali, L.M. Saha, M.I. Friswell, Chaos, Solitons & Fractals
33, 1672 (2007).
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In this work, we address the problem of how to exploit the dynamics behind a chaotic
transient behavior to improve system performance and adaptability to many operational
conditions requests. The phenomenon of chaotic transient is explained as due to the pres-
ence of a chaotic saddle in the phase space. Different systems operation points can be
associated to the set of unstable periodic orbits that exists embedded in the chaotic sad-
dle. A classical control procedure associated with a control of chaos strategy is proposed
as a methodology to quickly guide system trajectories among different operation points
and to keep the system on a particular operation point. The methodology is applied on an
electronic circuit system
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Nonlinear Dynamics and Chaos Group, Departamento de Fı́sica, Universidad Rey Juan Carlos

c/ Tulipán s/n, 28933 Móstoles, Madrid, Spain
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Control of nonlinear systems has attracted a great interest in last years. Here we present
a nonfeedback method to enhance or tame crisis-induced intermittency in nonlinear dy-
namical systems. By adding a small harmonic perturbation to a system parameter, the in-
termittent behavior can be enhanced or suppressed depending on the value of the phase
difference between the main driving and the small perturbation. The key role of the phase
in selecting the final dynamical state is very useful from a control point of view, since there
is a large variety of situations in which the modulation of the accessible parameters might
be limited, and the phase is an additional degree of freedom that may be useful.
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miguel.sanjuan@urjc.es

INMACULADA LEYVA
Nonlinear Dynamics and Chaos Group, Departamento de Fı́sica, Universidad Rey Juan Carlos

c/ Tulipán s/n, 28933 Móstoles, Madrid, Spain
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Chaos in a forced nonlinear oscillator can be suppressed by a nonfeedback method, just
by adding a harmonic perturbation to one of the system’s parameters. In this work we focus
on the role of the phase difference φ between this perturbation and the main driving from
a chaos control point of view. Using the Duffing oscillator as a paradigm of periodically
driven chaotic system, we show numerically and experimentally that chaos can be collapsed
to different periodic orbits and the required perturbation amplitude can be minimized by
an adequate selection of φ. Thus, a critical dependence on φ to suppress chaos is observed.
The method is applied in a real laboratory system reproducing the Duffing oscillator with a
slight asymmetry in the potential . We show the robustness of the method even in this non
ideal case, thus showing that this type of control can be applied in many real situations.
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State estimation is a general prerequisite for controlling a system or for predicting its
future evolution. In this talk we will address the problem of estimating the state of a large
spatio-temporally chaotic system from limited noisy data and a knowledge of a system
model. For large systems, state estimation can be particularly challenging because straight-
forward application of the conventional technique may become infeasible due to computer
limitations. This problem has very general interest, for example, in weather forecasting.
This talk will present background material, a proposed solution for treating large systems,
and results from application of our method to weather and to a laboratory experiment.
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Power electronic Dc-DC converters widely used in industry are known to exhibit un-
desirable subharmonic and chaotic behaviour beyond certain parameter ranges, and very
often the first onset of instability is caused by a period-doubling bifurcation. In this paper
we propose methods of controlling the bifurcation to extend the range of desirable period-1
operation, by taking advantage of the switching nature of such circuits. At the switching
events, the evolution of perturbation is given by the so-called ”saltation matrix,” and hence
it is possible to influence the Floquet exponents by manipulating this matrix. In physical
terms this implies controlling the triangular wave used in the pulse-width modulator, or
using a control logic that uses voltage as well as current feedback. We demonstrate the
resulting control of the bifurcation both by simulation and by experiment.
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In the paper we investigate the problem when the aim of control is the modification of
the system limit set (chaotic attractor) into the stable invariant set. This problem is on a
joint of chaos control and bifurcation control methods, and the complete understanding of
stabilization peculiarities requires the development of means of multiparametrical analysis.
Hence the dynamic correction technique of parametric space of chaotic systems is offered.
Thus the demand of small parametric changes naturally allows formulating the problem of
optimal correction. Based on Pontryagin’s maximum principle the corrective functions and
necessary conditions of achievement of the invariant stable set are found. The efficiency of
correction for chaos suppression is demonstrated on Lorenz system.
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Horseshoe maps are ubiquitous in nonlinear dynamical systems. Their stretching and
folding action implies the existence of a chaotic saddle, but it also makes all the trajectories
escape from the region where they are defined. Thus, there is a large variety of situations
in which it might be desirable to avoid such escapes. Here we propose an advantageous
method to achieve this goal. We show that the particular geometrical action of the horseshoe
maps implies the existence of a set, the safe set, where the trajectories can be stabilized
even if the control applied is smaller than the noise amplitude. We illustrate our technique
with the aid of the well known Hénon map, and we show how it can be applied to avoid
divergences in a noisy open billiard.

127



�������	
���

���������	
�����	�����	
����	������������	���	������������
�����	�����

����	��������

#�$�������
��
��������	
���
�������
�
��	��������
����������
���������������������	������� ����


��		
��	���		��	�������	��	�	�����	�	���	�����������	��		
�	����		������		
�	�	�����	�	
�� 	 ���
������ 	 ���	��� 	 ��	
 	 ������	���� 	 ���������� 	 �	��	��� 	 ��� 	 ���	����� 	 ����
��������	��� 	 ������ 	 �� 	 �����	���	��� 	�
� 	 �	�����	� 	 �� 	 �������� 	 �� 	 	
� 	 ���� 	�
�� 	 	
�	
�	��	��� 	������ 	
�� 	����� � 	�			
� 	�������	�
� 	�����	��� 	��� 	����	�	�� 	�	�����	� 	��	
	����	��	���	��	����������	�	��	��	�����	��	 ����	!�� ���	� ��	����

�
� 	������� 	�� 	���	����� 	������������	��� 	 ������ 	 ������������ 	 �������	�� 	 	
�	
�	�����	�	������	���	���� ���	�����		�����	���	��	���������	"�������
�	���		
�������				

��		
�	������	������	�	�������	���	��		
�	���������	���	��	��	�����	��	����������	
������	���	���	���	�����	������������	���	������	��	�������

�	�����	�	��	���������	���	��	��	
		��	�������	��	�������	��	�		�����	��	
		
�	
��	
�� 	��������� 	 �	�������	��� 	 #���	�����	� 	������ 	 �� 	 �$ �� 	 	� 	 	��%� 	 �� 	 	���� 	�� 	 ���	��	
����������	� 	 	
� 	 ����	�	�� 	 �	�����	� 	 �����	���� 	 ��� 	 ��	������ 	 �
� 	 ����� 	 �
�� 	 	
�	
���������	�	�������	���	��	�����	���	�����	���	���	��	� 		��	�����

128



�������	
���

���������������	�
�����
������
�
����	�������������


���%����	�����	

!�����$��
��
"����������	
�����������	�����
���������


������
��������

������	����������	����

���� ��!"�#�

���	���������������������	
�����������	�����
���������


������
��������

	�$%����	����������	����

���	
	������	�
��	������	��		������	��	�����
�	��	�	�
����	���
�	��		����	��	
��
	��������
	��	��	��	�����	�	�
���
�	����
�	�����	��	�	��	�����	����	��	�����	��������
��	
���	
	������	��	������	
��
�
� 	��	�����	���
�����	����	��		�
 �
�
����� 	���������	��	
���	
	�
����	�������	

�	����		�	
�	�	
�	�		�����	���	������	���	
	������	��	�
���	�������	��
	����	����	
�� 	 ��
 	 ����� 	���
�����!���
� 	 ���
�
 	 �� 	�
�
��	
�� 	� 	 ����
� 	�� 	
��
���� 	 �
�
����	
���
��	
��
��
�	���	�	��������
	�����	����	��	�	��������	���������	���	
	������	��	

������ 	 ��������
� 	 �� 	 ��
 	�
�
��	
� 	����� �� 	 ���� 	 ������� 	��������� 	 � 	 ���� 	 ����
�� 	��	
��"�����		����
�
��	����	��	�����#�	�
�������	�����#�	�
�����	��	��
	
��
�������		���#�	

$����� 	�� 	 ��
 	���
�� 	 ���	
 	�� 	�
��
���� 	����
 	�� 	 ��
 	�
�� 	�� 	�
 	�������
��	
�
�
��� 	��������� 	
���	�
� 	��
 	�� 	 ���� 	�
�������
� 	�����
��� 	����
�
� 	
��
�������	
	����	���	��
	���
�	����	��	�������	
��
���	�����	%������	�������
�������	��
	���
��
�	
� 	��
 	�
��
���� 	����
 	��������
� 	���� 	���� 	��� 	�� 	������� 	���������� 	���� 	���� 	��
 	��		
�
��
���� 	��� 	� 	�����
�
� 	�
�� 	
��
��
� 	���� 	������� 	��������� 	��
� 	�� 	
�
�������	
������	��	��
	��	�	

&���	�
����	��	�
	�		��
�	�	��������	����	���	�
����	����
�	����	��	����	��	��
	���
	
��	���
	���	��	������	

	���������������������������������� �� ��������!"���������������#�� �#��� ����

129



�������	
���

�$	%�������������	
�

�����	��	��������

��	������������������	
���	���������������	���
���������	��������
����������	��
���		��

���������������	�����

�����  ���������������	����

���	��
��	��	���������

!�	��������"���������	
���	���������������	���
���������	��������
�������
���	��
���		��

	������������	����

�����  	���������������	�����


����� 	�������� 	�� 	���������� 	 ��� 	���� 	� 	����� 	���� 	������� 	����� 	 ��� 	 ��� 	�� 
������� 	 �� 	�������� 	 ��� 	 �� 	 ��!����� 	"��� 	 �� 	 ��� 	 �������� 	����� 	�� 	��������#� 	 ������	
��������� 	 ��!������� 	�� 	 �������� 	������� 	��� 	������� 	���� 	 ��������� 	 ���$!�������	
���!���	���	�������	�������	��	���	�����	!����	������	��	�������	����������	���	��!��	
���	������������	�!���������	

"��	���%	���	�!�������	�	��"�� ��	���&	�����	���	�' (����() *�(*�

130



PHYSCON 2007

On D-stability of mechanical systems
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The concept of D-stability of matrices appeared rather long ago, for the first time,–
in the publications related to mathematical economics, and further it found application in
mathematical methods of ecology. Let σ(A) be the spectrum of matrix A ∈ Mn(R); Dn ⊂

Mn(R) be a class of diagonal matrices with positive elements on the main diagonal. Matrix
A ∈ Mn(R) is called D-stable when Re(λ) < 0 for all λ ∈ σ(DA) for any D ∈ Dn . Only
some necessary and some sufficient conditions of D-stability are known for general form
n×n−matrices. Necessary and sufficient conditions of D-stability are known for 2nd and
3rd order matrices. Matrix Q ∈ Mn(R) belongs to class P0 when all the main minors of
matrix Q are nonnegative, and for each k ≤ n there exists a strongly positive minor of
matrix Q of order k. It is known that the requirement A ∈ (−P0) is the necessary condition
of D-stability of matrix A ∈ Mn(R).

Let matrix A be the matrix of the differential equation of a linear mechanical system

dx

dt
= Ax, x ∈ R2m, A =

(
B C

E 0

)
,

where B is an m×m−matrix of dissipative and gyroscopic forces, C is an m×m−matrix
of positional forces, E is a unit matrix.

If matrices C and B are diagonal and definite negative then the system is D-stable.
This is an obvious corollary of the Thomson-Tait-Chetayev’s theorem. As far as arbitrary
matrices C,B ∈ Mm(R) are concerned, the known theorems on stabilization of mechanical
systems fail to give any constructive conditions of D-stability.

The paper suggests a complete analysis of the system having two degrees of freedom,
when the matrix A ∈ M4(R). Necessary and sufficient conditions of D-stability in terms
of matrix elements have been obtained. Furthermore, the problem has been reduced to the
verification of positiveness of the Hurwitz determinant for the characteristic equation of
matrix DA for any di > 0 (i = 1,2,3,4) and the conditions A ∈ (−P0).

As far as the system having three degrees of freedom is concerned, matrix A has the
dimension of 6×6. Complete investigation of positiveness of Hurwitz determinants in sym-
bolic form represents a complicated problem. We have obtained only necessary conditions
of D-stability in terms of matrix elements.

The work supported by INTAS-SB RAS grant No. 06-1000013-9019
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maria.isabel.garcia@upc.edu

In this work we consider differentiable families of triples of matrices ϕ(ξ) =
(E(ξ),A(ξ),B(ξ)) with the parameter vector ξ ∈ Rk, representing families of regulariz-
able singular linear time invariant systems in the form E(ξ)ẋ(t) = A(ξ)x(t) + B(ξ)u(t),
with E(ξ),A(ξ) ∈ Mn(C), B(ξ) ∈ Mn×m(C) for each ξ, under proportional and derivative
feedback.

The knowledge of a complete system of invariants for regularizable systems permit us
to obtain a canonical reduced form and describe generic families permitting to analyze the
neighborhood of a given system showing bifurcation diagrams of a critical points.

132



PHYSCON 2007
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DIMITRI V. GEORGIEVSKII
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The generalized Orr – Sommerfeld problem (GOSP) [1] simulating a hydrodynamical
stability of 1D (x1,x3) shear flow with velocity profile v◦(x3) in non-Newtonian, visco-,
and rigid-plastic materials is considered. This spectral problem consists of one ordinary
differential equation on stability for the perturbation ϕ(x3) of stream function

ϕIV
−2s2ϕ′′ + s4ϕ−4κs2

(
ϕ′
|v◦′|

)
′

=

= [(α+ isv◦)(ϕ′′
− s2ϕ)− isv◦′′ϕ]ℜ

(1)

and the certain set of uniform boundary conditions. The latter may be given both on rigid
walls and boundaries of rigid zones (layers in 1D case) typical for materials with yield
limit stress. In (1) α is spectral parameter, s is wave number along x1-axis, ℜ and κ are
Reynolds’ and Il’youshin numbers.

The following aspects are analysed in detail in the work:
— hydrodynamical interpretation of the GOSP problem as the problem on stability;
— sufficient estimates of stability;
— classical particular cases and possible limit transitions by ℜ and κ.

[1] D.V.Georgievskii (1998) Stability of Viscoplastic Solids Deformation Processes.
Moscow, URSS ed.
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The paper proposes a new approach to obtaining and qualitative investigation of in-
variant manifolds for the systems of differential equations, which assume polynomial first
integrals. The approach is based on the following Theorem: If a system of differential equa-
tions

ẋi = Xi(x,t,), i = 1, ...,n

assumes a family of smooth first integrals V (x,t,λ) = c (where λ is the family’s parameter),
and if partial derivatives of this family with respect to the variables xi, i = 1, ...,n may be
represented in the form

∂V

∂xi
=

k

∑
l=1

ai,l(x,t,λ)ϕl(x,t,λ)+
k

∑
l=1

k

∑
p=1

ai,l,p(x,t,λ)ϕl(x,t,λ)ϕp(x,t,λ)+ . . . ,

and the rank of matrix ||ai,l(x,t,λ)|| is ”k” on the family of manifolds

ϕl(x,t,λ) = 0, l = 1, . . . ,k,

then the equations ϕl(x,t,λ) = 0, l = 1, ...,k define a family of invariant manifolds, whose
elements attribute stationary values to the corresponding elements of the family of first inte-
grals V (x,t,λ) = c. Consequently, this is a family of invariant manifolds of steady motions
(IMSMs).

Investigation of the sets in the space of the variables x1, ...,xn,λ, on which the rank
of the matrix ||ail(x,t,λ)|| becomes lower, allows one to find (identify) invariant submani-
folds, which lie on the invariant manifold ϕl(x,t,λ) = 0, l = 1, . . . ,k.

Several examples related to application of this approach for the purpose of finding
IMSMs and their submanifolds in a number of mechanics problems are given, for example,
in Euler’s equations, which describe motion of a rigid body in perfect fluid, as well as
in some other quite integrable systems. In some cases, it appears to be possible not only
to find IMSMs and their submanifolds, but also, using Lyapunov’s second method, obtain
sufficient stability conditions.

The work was supported by INTAS-SB RAS, grant No. 06-1000013-9019.
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SYNCHRONIZATION AND PROPAGATION OF OSCILLATORY ACTIVITY: 
MULTI-STABILITY AND HYSTERESIS 

C.C.A.M. GIELEN 

Department Biophysics, Radboud University Nijmegen, Geert Grooteplein 21,  

Nijmegen, 6525 EZ, The Netherlands  

S.Gielen@science.ru.nl 

 http://www.mbfys.ru.nl/~stan/ 

J.M.A.M. KUSTERS 

Department Biophysics, Radboud University Nijmegen, Geert Grooteplein 21,  

Nijmegen, 6525 EZ, The Netherlands 

M.Kusters@science.ru.nl 
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A.P.R. THEUVENET 

Department  of Cell Biology, Radboud University Nijmegen,  

Nijmegen 6525 ED, The Netherlands  

A.Teuvenet@science.ru.nl 

http://www.celbi.science.ru.nl/

Oscillatory activity of cells has been the topic of many studies. Oscillatory activity 
can be due to action potential firing corresponding to the well-known Hodgkin-Huxley 
(HH) type dynamics of ion-channels in the cell membrane or due to HH-type IP3-
mediated calcium oscillations in the endoplasmic reticulum (ER) causing periodic 
oscillations of calcium transients in the cytosol. We show analytically that coupling of 
these two oscillatory mechanisms reveals a complex, rich spectrum of both stable and 
unstable states of cells with hysteresis. The predicted bi-stability corresponds to 
experimentally observed cell states. Coupling of these oscillatory systems in the cell 
provides a robust mechanism for intra- and intercellular signaling by propagation of 
activity in a network of cells.  
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MULTISTABILITY OF CARDIAC EXCITATION: A SIMULATION STUDY OF 
A MODEL OF VENTRICAL CARDIAC ACTION POTENTIAL 

ELENA  SUROVYATKINA 

Space Research Institute of Russian Academy of Science, 84/32 Profsoyuznaja Street, 

Moscow 117997, Russia 

selena@iki.rssi.ru

ROMAN  EGORCHENKOV  

Space Research Institute of Russian Academy of Science, 84/32 Profsoyuznaja Street, 

Moscow 117997, Russia 

roman.egorchenkov@gmail.com  

GUENNADY  IVANOV  

Cardiology Department of Moscow Medical Academy, 25 Trofimova Street, 

Moscow, 109432, Russia 

ivgen2004@mail.ru  

Many rhythms of physiological processes demonstrate the coexistence of different 
dynamical regimes at a fixed set of stimulation parameters, i.e. multistability. Several 
forms of bistability involving two different periodic rhythms have been described in 
experimental cardiac electrophysiology using isolated cells and small pieces of cardiac 
tissue. Results of these experiments have been illustrated by computational simulations of 
biophysical cell-models. However, a detailed analysis of the multistability of steady 
states of action potential duration as an intrinsic property of single cardiac cell has yet to 
be performed. The aim of this work is to elucidate the mechanism of multistability of 
steady states of action potential duration. In this study, the bifurcation analysis, as well as 
numerical simulations, are performed for a Luo and Rudy (LR1) action potential model. 
The main focus of investigation is on the sensitivity of steady states of action potential 
duration to initial conditions. We have found finite size regions of parameters of 
stimulation where the ventricular cardiac action potential model is very sensible to initial 
conditions. In this region, the different initial conditions lead to the different stable 
periodic rhythm. We determine the shaping of attraction basins on the action potential 
curves. Such basins of attraction contain a set of initial conditions which determinate a 
steady state of action potential duration. We have found a close association between the 
attraction basins of the steady states of action potential duration and the cardiac 
vulnerable windows on ECG record, during which extra stimuli can induce life 
threatening arrhythmias.  
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Reconstruction of mathematical models of neural dynamics from input-output mea-

surements is one of the most difficult problems in analysis and understanding of neuronal

function. This is particularly true when physical equations of the neuron are uncertain,

states are not available and parameters of the model are not known a-priory. In our paper

we restrict the class of possible models to the Hindmarsh-Rose neuron. This is a minimal

yet efficient model capable of mimicking broad ranges of neural activities -from single

spikes to chaotic bursts. We aim at the development of a procedure for fitting parameters of

the Hindmarsh-Rose model neurons to input-output data recorded in vitro. We demonstrate

that traditional techniques based on design of adaptive observers are not applicable here

because the model cannot be transformed into canonic observer form. We show, however,

that a combination of control-theoretic tools such as small-gain theorems and the concept

of Milnor attractors lead to successful solution of this problem. Using these two concepts

we develop a novel identification algorithm, which enables simultaneous reconstruction of

state and parameters of the model. We show how this algorithm can be used in the problem

of analysis of extra-synaptic signal transmission.
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The observation that hyperthyroid patients manifest symptoms and signs similar to 
those of hyperadrenergic states suggests autonomic dysfunctions in hyperthyroidism. The 
analysis of heart rate variability (HRV) has been used to understand the modulation of the 
cardiac autonomic nervous system and the characteristics of the heart rate dynamics. 
Time and frequency domain HRV parameters, along with correlation dimension (CD) 
and detrended fluctuation analysis (DFA), were assessed from 30 min electrocardiogram 
recordings in 25 newly diagnosed hyperthyroid Graves’ disease patients and 25 sex-,  
age-, and body mass index-matched normal controls. Compared to the normal controls, 
the hyperthyroid patients revealed significant differences in the following HRV 
parameters: a decrease in the standard deviation of RR intervals, total power, high 
frequency power (HF) and CD; and an increase in low frequency power (LF) in 
normalized units, the ratio of LF to HF, and DFA. We conclude that hyperthyroidism is 
characterized by both increased sympathetic and decreased vagal modulation of the heart 
rate. In addition, the fractal analysis of HRV indicates reduced complexity and impaired 
tolerance to cardiovascular stresses in hyperthyroidism. 

 

153



�������	
���	*	��)�	-	��������������	�������

������������	
�����
	������
	�����	������	����
��	�����	
�����������	��	
�����
	���
�������������	��	����	����	

������	������������

A�!+A�	��������	�	

��������	�
������������
���������
�������������
���������
������ ��������!�
�����"�#�$��%
&	�������
�'�
 �

"���	(��
�"���	�����!�
�����)�
 ��


�%�
��'��	��
*	��
������

�
������� 	 ������������ 	 ������ 	 ������������ 	 ������ 	 ���� 	 ���� 	 ����������	
����������� 	 ��� 	 ��
����� 	 ��� 	 ��������� 	 �� 	 ���� 	 ������� 	 
� 	 ����������� 	 ��	
���������������� 	 ���������� 	 �� 	 ������������ 	 1� 	 ������������ 	 !������ 	 ������ 	 ��	
�������� 	 ���������� 	 �� 	 
� 	 ��������� 	 ������������� 	 
� 	 ������ 	 ������� 	 �����	
�������	"����#	��	����������	��������	���� 

�������� 	��������� 	 ���� 	���
����� 	
���	����� 	 ����� 	��� 	��������������� 	�����	
"��$�# 	 ������� 	 ����� 	 ������������ 	 ��
������ 	 �������� 	 ��������� 	 ��� 	 ����������	
����������� 	1� 	��������� 	 ��$ 	 ��� 	���� 	 "�%������ 	�&'�	%������# 	 ��� 	���%
�����(�� 	 ��������� 	 ��� 	 �������� 	 ���������� 	 "������������ 	 ��
������ 	 ��� 	 ������	
�)��������# 	 �� 	��$� 	 "!��� 	"!# 	* 	��� 	�#� 	������� 		�!��� 	 "�	# 	������� 	��� 	��$�	
�������	!���	+�,	
�����	"-�������	"-��#	B���.��.�/	!	�# 

�������� 	������� 	
���� 	�������� 	 "0�# 	��� 	����� 	 ����������� 	 "��# 	 �������� 	 ��	
��$� 	 ���� 	!��� 	 * 	 �� 	 � 	!��� 	 ������� 	 �� 	 ������ 	 �	 	��� 	-�� 	 ������� 	�������	
"�1� �*# 	 ����� 	 �������� 	 !��� 	 ��������� 	 
� 	 ����������� 	 ������� 	 �� 	 ���������	
��
�����	���	������	��	���	������	�)�������� 

����	��	���������	��$�	���!��	�����������	������������	��	��%	���	��������(�����	
������� 	�������	�� 	!��� 	* 	������� 	 �� 	������� 	������������� 	�� 	��������(����� 	���	
��������(����� 	 �������� 	!���	����������� 	�� 	����� 	������ 	������� 	 ����� 	���� 	��	
��$� 	 ���!�� 	 ���� 	 ��������� 	 ������ 	 �� 	 ���� 	 ��������(����� 	 ��������� 	 !��� 	 -��	
��������	���	����	���������� 	

����������	����	�������������	��������(��	������	��	��������	����������	���	
����� 	��	������������� 	���������	��	������������ 	������	����� 	������	��	�����	
������� 	��� 	���������� 	��� 	������� 	�������	�� 	�����	������� 	!���	����� 	��
����� 	���	
�����������	
����	��	������� 

154



�������	
���	%	��,�	2	�������������	������

�����������
���������
�����������������	
����
������������������������������

&%B�	�����

���������	
��������������������������������	��	
���
�	������	���	��� �

�������������� ��� !!"!�#�����$�����

�	%&����'(	����&��	)*���&��

����+,,�---&(	����&��	)*���&��

��	��	
�	�������	���	&	��&'��&	�(	��	�������
�		���(���&���	�	�	���

����	���	&�	
&��	��'�
�*&�	�(	&��	����	
���	�	�������+	

��� 	��	�������
�	 	 ���&�' 	 ���	��	�&�� 	 ����	�
 	���&	�

�� 	 '������'� 	��&�� 	��	
(�������	
����	���		�((�	��&	&'�	��	����+	�������	�(	&��		��'�
�*	�&�		�
�&�������	
�(�	'�&��������	'�&����	����	��	��&���'�	�(�	'�&��	(
��	���� 	(���&���	�	�'��	
&� 	 �� 	 ���(�
 	 � 	 ���&(��� 	 ��	'�
 	 ��� 	 ��&��
����
 	 ������	+ 	 ��&'�
 	 ��!��&'��&	
��&����	&����	���&	�

�	�	�	�������	�	(�		���
&��	�
���
	������		�(	&��	�	����'+	

"�	����&��&��	&��	#���&���	���&��		&��	�	�	�	&����
		�
�&������	��&����	���	&�
&�	'	��� 	 
����&�	'	��� 	�� 	'���� 	�( 	� 	'�&�����
��� 	�( 	����	�
 	�( 	��	 	��� 	�
���
	
�&����	�(	&��	�	������	�(	��&��&�	�&�	'�
&�
�	�	���	���(���&��	����	�'��	��	���	
���	& 	 (�
�	�� 	��	��� 	�		��&� 	'����	��
 	 �(�	�&��� 	 ����&�� 	�
�&�� 	��	��'����&���	
���	�(&�		����'��
	��	&�	��	��	�+	

"�	(����	�	(����'��&�
	������&��	�(	��	�����	���	&�&�	'		����'����	����	�����	
��� 	 ��� 	 ���	����� 	 
����&�	' 	 	����'���� 	 ���	����� 	 ��� 	 ��� 	 &� 	 ��&��
��� 	 ���	
������&��	�&�	��	�����		��+	

�	���&�'�	&���	�&�	��
��&��	�(	&��	(����'��&�
	&���	�(	������&��	���	����	��	��	
���	��	�&�	'�&��'�&��
	'���
	����	�	�����&��	���&�'	�&�	&��	(�������	
����	���		
�((�	��&	&'�	��	����+	���	���&�'�&�	�'�
�&��	�(	��	��	�����	��

����	�(	&��	���	&	
(������� 	 
��� 	 ���(	'�� 	 &�� 	 ���	�� 	 ������&�� 	 ��&���� 	 ���	&�&�	' 	 ��� 	 
����&�	'	
�(�	'�&��	(
��	��	�	(����'��&�
�	���&�'	���	��&	&���	�(		����!��&'��&	����	����	�	
����		��&��
����
	����&���+	

��������	&��	�&�	�
��	��&����	'������'�	��&��	��	�((�	��&	&'�	���
��	��	���	
(���&��� 	 �	����&�� 	 � 	 &�� 	 ����	 	 '�� 	 '�	��� 	 &�� 	 ����	�&����� 	 �( 	 ��'�
�*	
��	�������
�		���&	�
	���	����
����	&��	����&�	'�
��&���+	

155



�������	
���	�	$�%�	&	��	�������
�		������

�����������	��
�	��
���
	��
��
	���������	���	��
�	��
��	
��
	������
���	����

�'���	���	����	��


.
#�����������	�
���������������
	�	�	�����������	��������������
�	�	

	�������

��������������������

��	��� !�����	�������"�

�		�&''(((����	�"�

����� 	 � 	������� 	 ���� 	����� 	��������� 	 ����� 	��� 	�������� 	������ 	������ 	���	
���������	����	�����	������	��	����	��������	�����	�	����	�	���	��� � ���	��	������	
��� 	 ������� 	 �����!�������� 	 ����� 	 ���� 	 ������� 	 �������� 	 ����� 	 ���� 	 ��� 	���������	
������� 	 ���"������ 	 �� 	 ��� 	 ���������� 	 ������ 	 ����������� 	 	� 	 ���������� 	 ����	
�������� 	 �������� 	 �� 	����������� 	 ������ 	 ��������� 	 ������ 	������ 	 ��� 	 �����	
����	 �	�������	 �	����������	��������	�����	�����	��	��	���	���#	���	��	������	���	
���������� 	 �� 	 �����!�������� 	 ����� 	 ���� 	 ��������$���� 	 ������ 	 ����� 	 �������� 	 ��	
����������	 �������	��	���	�������		�	�%�����	�����	�������	��������	�����	 ������	
���	&'��	���	(���	���#	��	���������	)�	����	���������	��	� �����	�����������	*	���	
����� 	 ��� 	 �������� 	 ����������������� 	 +,�-. 	 ��� 	 ������ 	 ����� 	 �� 	 ��������	
���������/	������������	
*	����	
�	����	
�	����	

	���	���	������������	)�	����	��	
���	�������� 	
0	,�- 	���� 	�����	����� 	��� 	�������� 	�	���#�	���� 	��������� 	��� 	��	
�������	���	�����	����	������������	1���	����	���	��	�����	���	��������	��	�������	
�����	������������	����	�����������	����	���	���� ������	�����"��	���	���	������	��	
��������$���� 	2
�� 	���� 	 �������� 	 )� 	����� 	 �� 	�������� 	 ������ 	 �������� 	 ����	
�����������	���������	���	�����	���	��	��������	��� ������	��	�����	������	��!������	
3��� 	��������� 	���� 	����3 	�� 	��� 	�������� 	,�- 	���� 	������������ 	��� ��� 	���	���	
�����	,�-	����	���	����	�%�����	��	����� ��	� ����	)�	���	������	�����	����	������	
+&*4.	����	�����	��	�	 �������	����	��	
�	����	���	�����	+'4.	��	�	����	��	
�	����	����� 	
����������� 	 �������	��	����	�� 	��	

	��� 	
*	����	��� 	��� �� 	��	������	����� 	���	
�����	+
(!
�4.�	)�	���	���������	�����	���	�������	����������	��	������	���	�����	��	
����	��	���	������	����	���	�����������	 �������	���	

	���	+
(!
04.	��	����	��	���	
�	
��� 	 +�4.� 	�������� 	 ��� 	��� �� 	�� 	������ 	 ��� 	
�	��� 	��� 	 ����� 	 ���� 	 ���� 	 ��� 	 ���	
������ 	���� 	 +
�4. 	 ��� 	 ����� 	 ��� 	
* 	 ��� 	 +
'4.� 	��� 	 ������� 	 ������� 	 ���� 	�����	
��������	��	�������	����	 �������	���	��� � ���	��	�����	��������	������	���������	
�	��������	1�����������	���	������	��	����	��������$����	�����	��	��������	��	
*	���	

�	���� 	)� 	���������� 	����� 	�������� 	 ������� 	����� 	��� 	������ 	�������� 	�����	
����	�����	��������	������	���������	���	 �	�������


	5����	6����������	-�7�������	)�������	���	,�����������	�������8������	
(
�	((�99	6������	-�������

156



�������	
���	!	,�
�	:	�������������	������

��������������	
��������	��������������������	��������
������	���	�
�����������	����������

�����	�������

#��	�	�	��	�$�'(()����*�#(�	�$��%���%����������	
���	��������������������������		���	����������

���������

�	���	����������� �	�!"#$$�������	%

������
&���' �('��

�	
�
�������	����	��	�	�
	����	����	�
		����	����	��	������	���	��	�����	����		���	
��	���	�	
������� 	� !" 	�#	�	�	
�����	���
�	�	
	�##
��
�$	��	�	�	
�������	��	���	
����##���
��	��	������	�	�����
$	�������	����	�	
�
�������	����
���	����	����������	
��
	��
 	 �
	#����� 	 �� 	 ��
 	 �
���� 	 �	��
��
	% 	 ���� 	 ��	��
�
	 	 ��� 	 � 	 ������&
 	 �	
�����&
	
����	���	�#	���	�� %	�����	��'
�	��	��������
	#�		
�	�%		
���
	�	
�������$	(�
	�����	
��	���
�	��	��
	������
��� 	����	��
	������	��	��	���&�����			
�����	�	�
��&��		���	�
	
��
�	��	�	
����	��$	���
�����)	�	
�����	���
�	��	����	*���
		��&
���������	�
�
��
�	
�
	#����� 	����	�
	� 	�# 	��
 	��
	��
 	�	�
	�
� 	�
	
 	 �����
� 	�� 	 ��
 	�����$	(�
��� 	#��		�#	
��
�
	�	
�����	���
�	�
&
��
�	��	�#�
		��
	����	�

'	�#	�
�������$	*�	���	�	
������%	
���������	�
&
	�	�����&���&
	����������	����	�	
���	
		
��	�����	�
	
	���
	�&
		��	
��� 	���
	 		
����� 	���������� 	�� 	�
��� 	�# 	� 	#���
	 	��##$ 	(�
 	 ���
 	�
	�
� 	
)�	���
� 	�#	
������� 	�� 	�
 	�� 	�������� 	�
�������
�� 	�	
���	
� 	��� 	 ��
 	�
�	� 		��
 	�
	
 	�����
� 	��	
&�	������� 	��� 	������� 	������� 	 �� 	 #��� 	�	
�����&
 	 #����	� 	�	
�
���� 	�
�
��� 	�# 	 ��
	
���
��
$ 	 +� 	 ��
 	�
	��� 	�
��

� 	 ��
 	,-�� 	��� 	
.�� 	�

'� 	�# 	�	
������% 	 ��	

 	��
���	
&�	������� 	��� 	��	�	
#
) 	��	��
�
	� 	�
	
 	 ��
 	 �� 	�	
���� 	 �� 	 �
&
	� 	�

'� 	�
#�	
	
������ 	����#
�������$ 	*���	������� 	#������� 	������� 	�# 	 ��
�
 	��	��
�
	� 	��� 	��
 	 ��	
�	
����	��	����	�	�
�����&���	���	��
��#�����	�#	-�$" 	���	�	������&
	�	
�����&
	&��
	�#	
�� $ 	 (�
 	 ������
� 	 ������ 	 ���
���
�� 	 �# 	 ��
	��
 	 �
	#����� 	 ��� 	 ��	���&�����		
&�	������� 	 �
�����	��
� 	 ��
 	 �
�� 	 ��		
�� 	 �	
������� 	 �
&
	� 	�

'� 	 �
#�	
 	 ������	
����#
�������	�#	��$

157



�������	
���

�������������
�������	
����������
�����	
�������
�
�
�
������

���������	������	���

)����������	�
��������
����������������������������������������������������

��� ��!�"����#$��%%&''(�����!����������)	


�����*������)����


��	
����	����	���

�����������	�
��������
����������������������������������������������������

��� ��!�"����#$��%%&''(�����!����������)

!+��*������)����

����,--����������)����-.!�"/���-!+��

��� 	 ����������� 	 ������)����� 	 ������������� 	 ����� 	 ��� 	 � ������ ��! 	 ���������	
)������ ���	����!����!������"	#����	���	���	����	������	���������	��	� ����	�������	
�����$ 	 ��#�)��" 	 ��������� 	 ���! 	 ��� 	 �)���������)� 	 % 	 #���� 	 ����� 	 �� 	 � 	 �� ��� �	
�����)������	��	���	��)���$	�)��!	� ��	�����)������	��!	��	���	�� ��	��	�	����&�	��	���	
���� �	��	���	�����	���	��	���	��	����	����� �$	��&�����	#���	��!�����&����	��������	����	
���	��� ������	��	��	���	�����)������	�������"	�� ��� �	�����)�������	��������	���	' ����!	
��	����	��	���	�������$	������	����	���	����	��	�����	��	�����)���	��������&	���	�����	��	
���!�����	��	#���	��	�������	��' �����	%	� ��	����	��	���	���	#���	�	������	����!�����$	��	
���� 	#��(" 	#� 	�)������ 	�� 	 ��������&� 	�� 	
�	��������$ 	��� 	��� 	�� 	 ���� 	�� �! 	#�� 	 ��	
��������� 	��" 	 ���& 	 ��� ������ 	�����" 	 �� 	 �� 	�������� 	 �� 	������& ���	���#��� 	 ��� 	�������	
��������&�" 	 ��� 	 ��������&� 	�����& 	#��� 	�� 	 ��� 	 �����)������ 	��� 	 ����� 	�����& 	#��� 	�	
�� ��� �	�����)������$	

����	��������&	#��	��� �	
���	��	�����)���	���&$	��	��	�����)������	���	��� ����"	���	
����	���������&	���	��&�����&	��	���	����!�����	������	���	�����)������	#��	�������	����	
���	��������&$	���	��������&�	#���	����!*��	 ���&	�	��)��&	#���#	��	
��	��	�����)���$	
���	��	#��	���� ���	���	����	#����#	���������!	���	���	��������	��	���	#����#	#��	
����������� 	 �! 	 � 	 ���&�� 	 �� 	 �����)��$ 	 +�� 	 ���� 	 ��" 	 ���������� 	 �� 	 ��� 	 ��� ������	
, ������������	����!���	#���	���� �����$	�����	����������	#���	�������	��	�	� ������	��	���	
����)	��	���	������&	#����#$	��	������	����������� 	���#���	��������&�	�����&	#���	��	
�����)������	���	���	��������"	��)����	���������	�����������	�������	#���	 ���$

	�	��������	��	-�	�������	� �����	����	���	���	#����	�� �!	&�� �$	�������	��	���(��&	
���	#�!�	��	������& ���	���#���	&�� ��	��	��������&�	��$&$	���#���	���	&�� �	��	�������	
��������&�	��	���	��������	���	���	&�� �	��	��� 	�����)������	��������&��	#�	�������	��	
���(	���	��������	�������&	��	������& ���	���	�������"	���	�� ��� �	�����)������	���	���	���.
���� 	 ��� 	 �����)������ 	 ��������&� 	 ��� 	 ��� 	&�)�� 	�������$ 		� 	 �� �� 	 ���� 	��������� 	�,�	
����������	#���	������������!	��&��������	���	���������	��������$	

������ 	� �������&�!" 	� � 	������ 	����#� 	���� 	 �� 	 ����� 	 ��������&� 	#���	� 	��&��������	
�������	��	������	������������$	���	��	���	�������	���	�� ��� �	�����)�������	��	���	��������	
��� 	��&������� 	 �� 	 ��� 	����������������� 	�� 	 ���� 	���������$ 	�� �" 	� � 	 ��� �� 	��! 	��)�	
���������	������������$	
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�������������� 	 ����� 	 ��������� � 	 � �!�����" ��� 	 #��$�% 	 �& 	  	 !�&��!�� 	 �� �	
"��!���� ����	 ''���&	���	�����	���������	 �!	� �&�&	��������� �	� ��� �������� &	#$��%(	
��!�)&��' �� 	 "������ � 	 � ""��� 	 #���*% 	 � & 	 +��� 	 &��,� 	 �� 	 +� 	  	 �&�'�� 	 ���� 	 ��	
����&��� �� 	 ��� 	��������� � 	��"�� ��- ���� 	"��"�����& 	 �� 	��$�( 	��� 	 �� 	�' 	 ��� 	"��&���	
&��!� 	, & 	 �� 	�. ���� 	,������ 	� ������ 	'���! 	� ""��� 	#*�*% 	� � 	+� 	 � 	 !!����� �	
!� ���&���	����	,���	 !� �� ��&	���" ��!	��	���*	(	 	*����!&/	��.��)'���	�� !&	+�!�)
&��' �� 	"������ � 	� "& 	 �! 	0
	 �� !& 	� ������ 	 '���! 	� "& 	,��� 	�+� ���! 	!����� 	&���&	
������	��	1
	" �����&	,���	� &2	'����	+ &�!	!� ���&�&	��	"�&�����	������"�	�'	��$�	 �!	
1
	�� ���� 	&�+3���&( 	����� 	�' 	1
	��$�	" �����& 	� ! 	 	��&���� 	�' 	$��( 	���*) 	 �!	
*�*) 	 � "& 	 �' 	 ��� 	 ��"�� ��- ���� 	 "����! 	 ,��� 	  � ��-�! 	 +��� 	 ��&� ��� 	  �!	
� ���� ��� ���(	��	"��'����!	 	'���!	" �����	�����������		 � ��-�!	���+��	 �!	"�&�����	
�'	� "	��� � 	�.���� 	 �!	� ���� ��!	��� 	�������������	��!�. 	#���%( 	��&���&/ 	��	 ��	1
	
�� ����	���������&	 	���� �	!�"�� �	'���!	!�&���+�����	 �!	 	���	, &	'���!	��	���*	 �!	
*�*(	���	���	, &	&����'�� ����	����� &�!	��	���	��$�	����"	+���	��	*�*	 �!	���*(	
�""��.�� ���� 	 �,� 	 ����! 	�' 	 ��� 	��$�	"�& 	 � ! 	!�"�� � 	 '���! 	" ����� 	 �� 	���* 	,���	
 +���� ���	� ���	��� ����	 �� &	����	���	�����	���� .		,���� &	���	��� �����		"�&	&��,�!	
&����	����	�����"�� �	'���!	" �����	!�����	���	�), ��(	��	����� &�		������	�'	1
	��$�	"�&	
&��,�!	+���	 +���� ���	� ������	'���!	!�&���+�����	 �!	*�*)�����"�� ����(	�	&"���'��	
� ������	'���!	" �����	,���	�,�	"�&�����	�.���� 	 �	���	+��������	�'	���	��"�� ��- ����	
"����!	, &	'���!	��	4511	"�&	(	��.	�'	�	"�&	,���	 	��&����	�'	$��	 �!	156	" �	,������	
$�� 	!����&�� ��! 	���& 	" ����� 	��	��� 	*�*	 	��� 	&��� 	��	���	���*(	����	"�& 	,������	
$��	�����&	&��,�!	!�''�����	�����"�� �	*�*	" �����(	������&���/	���	� ������	'���!	
� ""���	����&	��,	��'��� ����	��� �!���	���	�������"��&������� �	"��"�����&	�'	���	�����	
���������	�� �	 ��	��!����� +��	+�	���*(	��	&���&	�� �	*�*	�&	 	�&�'��	����	'��	&��������	
�'	� �!�����" ����&	 �!		��&2	 &&�&&����	�'	$��	,�����	���	��$�	"�"�� ����(
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����	��������	&���(	���	�����������	�������	&��(	��	����������	��	�����	����	���	 ����	
��������	����� �����	&����	+��(	��������	���	�	���%��������	����	��������������	��	��������	
���	���������	�������	��������!

)��	����	��������������	��	��		��������	&�,A-(	 ����	��	B�	���	���	���	����������	
 ���� 	 �������� 	 ���������� 	 ���� 	 ���������� 	 ���� 	 +��� 	 �
�� 	 ��� 	 ��� 	 ��������	
����������� 	 ����������� 	  ����� 	 �� 	 ��� 	 ���� 	 ���� 	 &��#���� 	 �����������. 	 A�/�	
�����������. 	 A�/(! 	
���� 	 ������� 	 ������� 	 ���� 	 �
�� 	 ��� 	 ��� 	 ��� 	������ 	 ���%������	
�������	���	��������	����	��������������	��	��		��������!

)��	����	��������������	��	0�A	&��������	���	���%��������(	�����	�������	��������	 ����	
�� 	
F�	��� 	 ���������� 	���� 	���������� 	 ���� 	���� 	"
��� 	�� 	��� 	���������� 	�)�	
�������� 	����������� 	����������� 	 ����� 	�� 	��� 	����	����! 	
���� 	������� 	������� 	����	
���������� 	�)� 	��� 	"
�� 	 �� 	��� ������� 	���	��� 	�������� 	����������� 	�����������	
 �����	��	���	����	����	&��#����	�����������.	10/�	�����������.	10/(!	
����	�������	
������� 	 ���� 	 "
�� 	 ��� 	 �)� 	 ��� 	 ������ 	 ���%������ 	 ������� 	 ��� 	 �������� 	 ����	
��������������	����������	��	��������	�����	�������	��������!

��	�����������	���%������	����������	�������	����	��������������	��	�������	��������	 ��	
�����	����������	���������	�������	���������	��	���	�������	�����	�������!
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/	±	0�1	2	!%	����	���	0�	±	��1	2	
!% 	���,�� 	��� 	(!, !(� �-�� 	!� 		0��03��3�	 	(�  �� 	
�� 	���!(����!� 	!% 	����	*���	
���,��	���	���	������� �-���!�	!%	���,��	���	�!��	��������� 	�'	��1��,104�	�	"�"����	
����	�����	���!�# '	���	�"�(�%�(�  '	�!	���	"�"����,������#	#�!!��	!%	�  	���,��	�  � ���	
� 	 ��$� �� 	 ��������!� 	 !% 	 ���,�� 	 ������� �-���!� 	 �' 	 ��1��,104	 *�� 	 � �! 	 !������� 	 ��	
$!�!('���,�������	��������(	(�  ��	��	(!�( &��	����	����	������(��	*���	���	��	���	
%�(� ������	������� �-���!�	!%	�$"�'	���,��	���!	���	('�!" ��$�	
���	*!& �	���� �	���	
��	$! �(& ��	�!	����	�5!#��!&�	"�"�����	��	��� '	���!�!$��	"��!�	�!	��('( ��#	���	��&�	
!"��$�-��#	���	��"���!���	!%	����!(!$"����� ��'	$! �(& ��	���� �� �	��	���	(�  	�&�%�(�	!%	
�� 	����#�� 	"��������# 	(�  � 	
��� 	��&�' 	!%%��� 	� 	$!�� 	%!� 	 �������#����# 	"�!����,"�!����	
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�������	����	�	��������������	���	�!	�������	!�� ������	����	+�$	+�	+���	�#��	��	����#����	
������ 	��������	����	��$	����	��	�������	���	���#�#����$	+���	+����	��	��#�����$	�������	
#���	+���	#�	�������	#$	���	�����������	)���	�������$"	+�	����	!������	��	���	��-�����	
�����!����$	�!	����	�����	���������	���������	���$���	��������	��	���	)��&8	��������	
���� �� 	������������. 	 ��� 	 ����������� 	!�� 	���� �� 	������������ 	(�
�* 	�������� 	��������	
!���	���	�$�����	����	���	�����������	���������	(�	*	���	��	������	������� 	���������	
��������	��	���	�$�����	���	���	�		���	�����,�� 		��������	!���	�����	�&��������	����	���	
���,	+���	�������	��	�������+	�!	�����	�������������	�������	��	+���	��	�!	���	�������	
��������	 	��	�������	�	,������	�����	�!	���	+����	)��&8	������������	����+�$	��,�� 	
����	�������	���	,������	���	�����!����$	!�������	�!	���	����	������	
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������� 	 �%������� 	����������� 	 ��� 	 ����!���� 	�%��"���# 	� 	 ��� 	 ���� 	 ������� 	�� 	 ���	
��������	��������	���	�����	���	����������%	������	���	�%��"���	��	���	�%���"	�������	��	
$���%����� 	 ���� 	 �� 	 ����������� 	 �%��������� 	 ��� 	 ��%��������� 	 ������������� 	 ���	
�����������#	&����%���	�����	�������	����������	��	����"��	�"����	��	�����	���	����	��	
��������� 	����� 	 �� 	 ��� 	�%���"# 	� 	��� 	���� 	 ���� 	 �����$�� 	 ��"��� 	�� 	���������"�'���	
��������� 	���	$� 	����"������� 	���	�����	������ 	���������� 	������ 	�� 	���� 	�� 	�����	���	
���$���%	�������	$%	���"����	"����#	��	���	�����	��	�����	��������	 �	���(������	����	����	
��������������	��	���	��������	��	���������	��""����������	�����	���%���	�	"�������"	���	
�����$��	��������	"�'���	��	���	��������	��	������	$%	����������	��������	�����������	���%	
 ���	���	 ����	����	����������	�������	�	�������	����#

��!�� 	 �� 	 �������� 	 �� 	 ���%���� 	 ������� 	 ������� 	 �� 	 ��� 	 �%������������� 	 ��	
��""��������� 	 ������� 	 ������ 	 � 	 ������� 	 ��� 	 )�������* 	 ��� 	"�������"� 	 ��� 	 $�	
��������$��	���	"������%��"����%	��	���$���%	�������	�������	�����+	����	 �	��� 	����	��	
����������� 	 ��������� 	��""��������� 	�%���" 	 ���� 	���%���� 	�������� 	$�� ��� 	�%�������	
�������	�����������	 ���	���������%	����	��	"������%��"����%	���	���	����������	��	��%����	
���!������	�%��"����	����"��#	,������"����	 �	�������	�	�� 	"�������"	���	)��������	
��"� 	���������� 	 �� 	��� ��' 	�� 	������� 	����!������ 	$���� 	�� 	 ��� 	 ��������%	�� 	����������	
��""���������	���	������������%#	�	�������	�� 	����"�������%	���	$�	����	��	�������	
����	)���������	��������	 ����	���	������	��	%����$����%	�$������	���	$�	����������	�����	
���	�����	��������%	��	���)����	�%���"	����"�����#
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���	�����"���	������	�����"��	���	�����	��������	 ���	���	�����	� 	���	��������	��	
��� 	�������� 	� 	 ��� 	����� 	!�"� 	��" 	 ��� 	 ����������� 	���� 	 ��� 	�����������" 	 	� 	���#���	
���"������$	���	�����"���	����%	��	���������"	!�	�	�����"��	��"	����	�����!��	�&������	������
"��%	�����	��"	��	���������%�"	��	��"		�	�������	���	�����"���	������%��	��	������"	��	
���	�#�������������	�#���#�	� 	���	����������#�	��"	��������	� 	���	�����"	�#����$	����	
����������	'(�$���	��#����"	���	��#����	���	���������"	!�	�������	��������������	� 	�	
������� 	����% 	����#��" 		������������$	��� 	�����"��� 	����% 	��	�!�� 	�� 	���"#�� 	������� 	��� �
�#������"	������������ 	#�"�� 	�������� 	 ����� 	���"������" 	)� 	���� 	��"	�������� 	 ����� 	 ���	
�����"��� 	 ����% 	 #�"������ 	 � 	 ���������� 	  ��� 	 ��� 	 �������� 	 ������ 	 �� 	 �� 	 ����������	
!������#�	�����#�	���	�����	������	��	���	��������"

*� 	��"�� 	 ��� 	�����"��� 	������%�� 	�� 	 ��� 	������� 	 ����� 	��"	 	 ����������� 	�� 	 �����	
�����!��	� 	�����"�������	
��"���	�����������	���!����	��#���"	!�	��#��������������	+(,"	
��� 	
��"��� 	���������� 	"�����!�� 	 ��� 	 ��������� 	������� 	 ��� 	����% 	����$ 	 ��� 	����%	
�������$ 	 ��" 	 ��� 	 ��������������� 	 ����!����" 	 ��� 	 ���������� 	 �������� 	 � 	 ��� 	 �����������	
���������	��	�����	������	����	���	!�	�"�"	���	�����	��������	��	���	!�"�	��������#��"	���	
"�������	� 	�	������	����	��	�  ����"	!�	�����	��"	���������#���	��#�����"	�����"���	��	�� "	
+
,	��	���#��	��	�� �#����	� 	���	�����	���������	��	���	��#�����	��������	��	�#��	�	���	
���� 	 ���������� 	 ����� 	 ��"#��� 	 ��� 	 ��#�����" 	 ��� 	 "�  ����� 	 ������ ��-#������ 	 � 	 ���	
��"���"#�� 	 
��"��� 	 ����������� 	 ��#�� 	 � 	 "�����������������$ 	 ����� 	 ��� 	 ������������	
#�"������	�	����������	 ���	��� �������������	��	�	����"�	�����	 ��	����������	�����	�������	
���	��"���"#��	�����"�������	�������	�����������	��������	�����	��� �������������	 ��	���	�����	
���"������	!#�	"�������������	�������	����	 ��	�����	�����	������"

*�	���	���������"	��	������#�����	�  ����	� 	�����	��	���	������������� 	�����	��	���	
�����"���	�����	������"	*�	 �#�"	�	�����	��"#��"	�����	������	����������	 ��	��������	
�����	�����������	����	���%�	��	����������	��������	��	���	������ ���	����"	���	�����	���	�	
������������%�	�� �#����	��	���	�����	������	����	�	�����	��&��#�	��	��	�������	�����	
���������"	�#�	��	���	�!�����	� 	���	�&������	������%��	��	�����"��	������$	!���#��	��	
��� 	���%��� 	#�"�� 	�������� 	����� 	���"������$ 	��� 	��������� 	 �#�"	 �� 	��� 	����� 	������	
����#� 	 ��� 	����� 	 ��������� 	 �� 	� 	%��" 	� 	��������� 	���������" 	��� 	 ��������� 	��� 	!�	
�!�����"	����	��	���	�����	������	��"	���	��	���	�����	� 	���	��"���"#��	�����������$	�����	
��	 �#�"	�	.����	�  ���	� 	�����$	��#�����	��"	���	���������������	�������	���	�����������"	
����������$ 	 ��� 	 ��������"#��" 	 ������ 	 ���������� 	 ���� 	 ���"� 	 � 	 ���� 	 �����	
���������������	�����"
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As an alternative to electronic charge, the storage and transport of electronic spin in 
semiconductor devices - “spintronics”, may revolutionize the electronic device industry, 
with spin based transistors, opto-electronic devices, and memory. Moreover, the 
semiconductors and quantum dots may eventually enable quantum computing in the solid 
state. Although efficient room temperature electrical spin injection in metals has been 
commercially employed into today's magnetic read heads through giant 
magnetoresistance, electrical spin injection into semiconductors has been quite 
challenging. One of the promising candidate for effective spin-injection is so-called half-
metallic ferromagnets (HMF). 

Potential applications of systems based on HMFs in magneto- and spinelectronics 
including spin injectors, magnetic field sensors, and magnetic memory devices stimulated 
the investigation of the electronic properties of HMFs by a multitude of experimental and 
theoretical approaches. The main question remains however if the 100% spin polarization 
at the Fermi level theoretically predicted for HMFs can be confirmed experimentally. 

In the talk we will consider theoretical predictions which were made for a huge 
number of materials as well as the experimental methods that allow to control the spin-
state of electron in the solid. As an examples we will present the recent experimental 
results on the investigation of materials with high spin polarization by different 
experimental methods: spin-resolved photoemission, point contact Andreev reflection, 
magnetoresistance of tunneling barriers, etc. 
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Method of measurements with random perturbation 
Dmitry Fedin,1 Yuriy Dedkov,2 and Serguei Molodtsov2 

 
1Department of Mathematics and Mechanics, St. Petersburg State University, St. Petersburg 198904, Russia 

2Institut für Festkörperphysik, TU Dresden, 011062 Dresden, Germany 
 
Here we report on application of simultaneous perturbation for stochastic approximation (SPSA) 
algorithm [1] for filtering systematic noise in photoelectron spectra of solid state (oxygen-
terminated W(110) surface was taken as an object) [2]. In many experiments physicists have to deal 
with the observation noise of unknown nature. Traditionally, the observed noise is assumed to be a 
mutual independent and zero-mean. These assumptions are often hard to justify in practice and 
without them, the validity of many algorithms is questionable in physics applications. For example, 
it is known that the standard “least-squares method” or the “maximum likelihood method” give 
wrong estimates if the observed noise has an “unknown-but-bounded” deterministic nature or it is a 
probabilistic “dependent” sequence. 
Photoelectron spectra were measured in normal 
emission geometry from the oxygen-terminated 
(for better stability in long-time experiment) 
preliminary cleaned W(110) surface. As light 
sources we have used He II� and Al K� lines 
with photon energies of 40.8 and 1486.6 eV. 
The first line was used in order to obtain the 
photoelectron spectra of the valence band and 
the second one as source of a systematic noise. 
The studied spectra were recorded with He II� 
line in the range of 30-42 eV of kinetic energy 
and respective noise was introduced in the 
range between 33 and 40.2 eV via switching-on 
and -off of the Al K� photon source, respecti-
vely. In this case the secondary electrons 
excited in the W(110) were produced as a 
perturbation. 
In our analysis of the experimental data by 
means of SPSA algorithm we have used 50 
photoelectron spectra where systematic noise was introduced. Figure 1 shows the valence band 
spectra of original oxygen-terminated W(110) surface (with and without noise) and spectra obtained 
on the basis of SPSA algorithm (systematic noise is shown in the low part of the plot as a grey 
area). We have found that the resulted SPSA-spectrum is in good agreement with the spectrum 
measured without systematic noise. On the basis of these results we conclude that application of 
SPSA algorithm can be useful for analysis of different experimental data (for example, 
photoelectron spectra). We can expect a wide application of this method for filtering out of 
systematic noises that can appear in different kind of measurement/experiments. 

 
Fig. 1.  Experimental photoelectron spectra of the 
valence band of W(110) obtained with He II� radiation 
with (open circles) and without (closed circles) 
systematic noise. Spectrum obtained after application of 
SPSA algorithm to the series of 50 experimental spectra 
is shown by straight line. The gray area in the low part 
of the plot is a systematic noise. 

 
[1] O. N. Granichin, Vestnik Leningrad Univ. Math. 21, 92 (1988). 
[2] S. Hüfner, Photoelectron Spectroscopy, 3 rd. ed. (Springer, Berlin, 2003). 
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Various advanced experimental approaches to development of hardware for solid-
state quantum and hybrid computers will be reviewed. Underlying physical aspects of 
realization and operation of quantum elements will be thoroughly discussed. Particular 
attention will be paid to recent developments in the field of ordered magnetic quantum-
dot arrays coupled to biological objects like proteins and DNA molecules. 
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In this paper model of new breed stochastic hybrid computer is proposed. The new 
way of possible element base creation and computation process organization are 
described. Recommendations for architecture and language development are given. Some 
process oriented computing models are discovered. 

In a few years the size of the computer unit cell will reduce to 100-200 angstrom 
(0.01-0.02 microns). Such devices will not be able to work with ordinary bits {0, 1} and 
the information nature itself will change. New devices will operate with the “wave 
functions” instead of “digits” and the new breed of mediums will require new 
mathematical fundamentals.  On one hand this will lead to the change of the main 
classical algorithms and on the other hand it will allow to come closer to the solution of 
the artificial intelligence problems.  

It is very likely that the basic principle of the future computing devices operation will 
be asynchronous work of a number of parallel processes. One of the processes can be a 
quantum bit or a register of a classical computer. At specific moments of time stepwise 
changes will take place in the evolution of the essential processes. Usually such changes 
are caused by restrictions imposed on resources and the necessity to redistribute resources 
between the processes. When describing the mathematical model of such new devices we 
cannot use the rough digitalized approximation, because the majority of real physical 
processes have fundamentally non-linear nature. That is why small inaccuracy in the 
initial conditions even for the short periods of time may lead to significant dispersion of 
the trajectory. This makes for the necessity to study the new type of computers as 
stochastic hybrid systems. 

States and memory of the hybrid stochastic computing device change both stepwise 
(discretely) and evolutionally (continuously). At the same time it is implied that all data 
is defined nonstrictly and has stochastic nature. 

The set of processes lying at basis of the new device will be called a set of basis 
primitives. For example for the elementary operations the classical bit, quantum bit, or 
quantum bit cluster (f-bit) can be used as basis primitives. In this situation it is possible to 
use the f-bit for function convolution operation performed at one cycle. 

 

178



PHYSCON 2007

OPTIMAL CONTROL OF A MECHANICAL TWO-MASS-SPRING SYSTEM
USING INVARIANT ELLIPSOIDS TECHNIQUE

B. T. POLYAK, P. S. SHCHERBAKOV, M. V. TOPUNOV
Institute of Control Science, 65, Profsoyuznaya str., Moscow, 117997 Russia

(boris,sherba,mtopunov)@ipu.ru

In description and control of real-life physical systems, exogenous disturbances and
uncertainties in the system coefficients should unavoidably be accounted. There exist var-
ious models for both; in this paper we adopt the unknown-but-bounded model due to its
adequacy to many systems encountered in practice and minimum a priory requirements
imposed. Namely, no statistical properties, rates of variation, etc., are involved; the uncer-
tainties and disturbances are assumed to be arbitrary, and only bounds for their admissible
values are known. This viewpoint leads to the guaranteed set-membership approach to
control and system theory and to the invariant sets ideology. In particular, this ideology has
got diverse applications in estimation, filtering, minimax control in the presence of uncer-
tainty, etc., because it often provides simple yet somewhat accurate outer approximations
of reachable sets of dynamic systems.

In many cases, of the most adequate models of exogenous disturbances are the so-called
persistent disturbances. However, the presently known techniques such as l1-optimization
theory, lead to high-dimensional controllers and are very hard to implement. Also, precise
description of reachable sets for systems subjected to persistent disturbances is extremely
cumbersome.

A natural way to overcome these difficulties is to appeal to the invariant sets ideology
in order to reduce complexity and attain the control objectives. Among possible shapes
of invariant sets, ellipsoids should be distinguished because of their simple structure and
direct connection to the quadratic Lyapunov functions approach. On top of that, a powerful
apparatus of linear matrix inequalities and semidefinite programming can be used as a
technical solution tool.

With a well-known benchmark control problem for a mechanical two-mass-spring sys-
tem as a motivation, in this paper we provide a robust formulation for the problem of
optimal rejection of persistent exogenous disturbances in systems subjected to matrix un-
certainties and develop the solution technique based on the invariant ellipsoids concept.
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Prospective computers based on quantum logic can be efficiently modelled as dynamic
systems subjected to uncertainty, and the architecture ideology of these quantum comput-
ers (QC) suggests use of stochastic tools to control and describe their functioning. On the
other hand, such new devices are expected to be especially powerful when implementing
various randomized algorithms of data processing and structuring, image recognition, clus-
tering, etc. Also, peculiar to these new tasks are massive arrays of information corrupted
by exogenous perturbations and subjected to uncertainty in the model description. In other
words, in the new line of research related to quantum computations, the development of
new stochastic optimization methods and robust approaches are of great current impor-
tance both in optimizing the functioning of a QC and solving typical applied problems for
which use of QCs is supposed to be highly advantageous.

We consider a broad class of optimization problems of this type and propose a new
approach to dealing with them. The problems under consideration are formulated in terms
of linear matrix inequalities (LMI) and reduce to optimizing a linear function subjected
to these constraints, referred to as semidefinite programming (SDP). Many problems in
various areas such as optimization, control, estimation of reachability domains of dynamic
systems, optimal control, to name just a few, are reducible to such setup.

Our approach is based on estimating the center of gravity xc of convex bodies by means
of random walk using the new notion of boundary oracle. This estimate of xc is then used
in a new modification of the cutting hyperplane method aimed at reducing the value of the
objective function at a guaranteed rate. Of most practical importance is a generalization
of the method to robust statements of the problem where the coefficient matrices contain
additive norm-bounded uncertainties. In this case, the robust boundary oracle is devised
and the method appropriately modifies. Preliminary numerical examples show the validity
and good performance of the method.

It should be also noted that the random walk algorithm for estimating the center of
gravity is expected to have an independent interest in the QC-related problems.
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System is called hybrid when it uses some alternative computations, based on another 
architecture than von Neumann. Hybrid systems are often used to solve difficult 
problems in many applications more effectively, than pure classical computations. 
Contemporary technologies provide a way to integrate into one system many different 
devices by wrapping them into web-services or using other network technologies. This 
allows to build distributed non-trivial systems of devices running certain algorithms 
together with objects observed.  

The whole task for such a system can be formulated in terms of sub-tasks and 
algorithms solving them and streams of data going through the system. Several 
algorithms can be used to solve common task, communicating through the common 
informational space of facts. In these terms it is easier to describe systems of artificial 
intelligence, using different techniques of adaptation and optimization. 

Practically, typified tasks, data streams and parameterized algorithms, described in 
certain way, can be run in container which instanciates entities. So, user of such a 
systems gets possibility to switch between algorithm solving one task, adjust algorithm 
parameters, construct complicated blackboard systems from simpler sub-systems. 

Several projects evolving in the Department of Mathematics and Mechanics of SPbU, 
including software for biological identification, load balancing, and other projects 
stimulate the authors to create a comon framework for sufficient lexical description of 
hybrid systems and running them. 
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The main biological function of DNA is to retain genetic information in all living 
species. However, the recent painstaking research of physical and chemical properties of 
DNA suggests, that humanity could try to use the “building block of life” for completely 
different things that nature did not originally intend for such kind of molecules. For 
instance, DNA molecule could be used as a molecular wire for design of novel circuits of 
nanoelectronics, which probably could help to overcome the limit of modern silicon-
based technology. For this purpose reliable information about electronic structure, as well 
as morphology of assembled of DNA molecules are highly important.  

In the present work we present spectroscopic research with application of synchrotron 
radiation of careful studying of mentioned above properties of DNA molecules 
immobilized on gold surface. We demonstrate that X-ray photoemission can be 
successfully applied for characterization of chemical environments of DNA molecules. In 
the same time, the results of X-ray absorption experiment shows spacing orientation of 
assembled DNA and demonstrates the ability to control manipulation with this molecules 
at nanometer scale. 

 

182



PHYSCON 2007

How dynamic instabilities can help to increase the performance of low-temperature
fuel cells
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Fuel cells are promising energy conversion devices and much effort is focused on their
improvement. One problem is that the fuel gas (H2) is contaminated with CO when pro-
duced from methane, the main H2 source. CO acts as a poison since it adsorbs on the
Pt catalyst, blocks H2 oxidation and reduces the efficiency. The coadsorption of CO also
introduces feedback loops in the reaction kinetics which render homogeneous, stationary
operation conditions unstable and promote dynamic instabilities.

We present theoretical and experimental results on instabilities and pattern formation in
the H2-CO|Pt-system and discuss strategies how the dynamic instabilities can be exploited
to maximize the fuel cell performance in the presence of CO contaminations.
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The morphological richness of electrochemical semiconductor etching is not suffi-
ciently counterparted yet by theoretical modeling. This paper investigates a minimal ver-
sion of the Current-Burst model with Aging of Föll and Carstensen and demonstrates for
a restricted geometry that the Aging concept is essential for underetching, or cavity gen-
eration. If the influence of Aging is neglected, the dynamics reduces to a Random Etch-
ing Model similar to the Random Deposition model. This computer gedanken experiment
demonstrates that the stochastic dynamics with ageing-dependent kinetic reaction probabil-
ities accounts for the different etching morphologies compared to those obtained in surface
roughening and related systems.

184



PHYSCON 2007

Electrochemical pore formation in semiconductors: Oscillations, Structure
Formation and Control

Helmut Föll
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The electrochemical semiconductor-liquid interface is an inherently instable system,
capable of complex spatiotemporal dynamics resulting in a rich variety of pore geometries
and diameters. The Current-Burst model with Aging is a stochastic model of electrochemi-
cal etching which can explain the morphological structures. I will discuss the main current
and voltage oscillation scenarios and possibilities to control the structure formation.

185



PHYSCON 2007

Stochastic analysis of nonlinear electrochemical systems

Vladimir Garcia-Morales
Katharina Krischer

Technische Universität München, Physik Department E19, James-Franck-Str. 1, D 85748 Garching

vmorales@ph.tum.de,krischer@ph.tum.de

Electrochemical reactions may generate oscillations when driven far from thermody-
namic equilibrium. In macroscopic systems, such oscillations are described by nonlinear
differential equations which rule the time evolution of the chemical concentrations and the
double layer potential according to the laws of electrochemical kinetics. Such a macro-
scopic description does not take into account the molecular fluctuations which become
important in systems with a low number of molecules and/or small (nanometer-sized) elec-
trodes. To quantify the effect of fluctuations we have extended Gillespie’s algorithm to
electrochemical systems (in which rate constants depend on time through the double layer
potential). Simulations using this algorithm allow the evolution of the time autocorrelation
function for each of the dynamical variables to be calculated and its behavior as a function
of system size and of the distance to a Hopf bifurcation to be studied. We have performed
a detailed stochastic analysis of electrochemical oscillations that have been recently ob-
served for H2O2 reduction on a Pt electrode in an acidic solution when a small amount of
halide ions is added to the solution.
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We present first data on the photoactivity of a silicon-based device that was prepared
by low-temperature, scalable (photo)electrochemical processing. The structure comprises
electrochemically metallized silicon oxide nanopores which serve as emitters in the solar
cell, an insulating oxide inbetween the pores and the crystalline Si substrate. Nanopores are
created in a self-organized oscillatory process on n- and p-type Si. Results with Pt nano-
islands show meanwhile above 7% efficiency in a photovoltaic photoelectrochemical solar
cell, H2 evolution using illuminated p-Si and yet poor efficiency in solid state photovoltaic
devices. Strategies for further improvements are outlined.
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On n-type silicon photoelectrodes, immersed in concentrated ammonium fluoride, frac-
tal etch patterns are observable at anodic potentials near 6V. The formation of these pat-
terns was investigated in dependence upon light intensity. For low photon flux, and cor-
respondingly low density of electron-hole pairs, the etch structures exhibit random den-
dritic branching. For medium photon flux, regular patterns are achieved preserving, e.g.,
the four-fold symmetry of Si(100) surfaces. At increased light intensities, a transition to
chaotic corrosion was found. Model considerations relate the rate of oxide formation to
the strength and homogeneity of local strain forces exerted onto silicon bonds. Numerical
simulations of strain-induced crack propagation, carried out in dependence upon light in-
tensity and oxidation rate respectively, are reproducing the structures in good agreement
with experimental data.
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Stainless steels are corrosion-resistant because they are protected by natural self-
repairing oxide layers covering their surface. Nonetheless, they can undergo pitting cor-
rosion, rapidly leading to their failure. Resistance to pitting corrosion is a key factor in
the safety of nuclear reactors and in the selection of materials for nuclear waste storage.
One third of all chemical plants failures is furthermore due to this kind of corrosion. The
pitting corrosion is preceded by the appearance of metastable pits on the metal surface,
typically initiated at surface defects and inclusions. A transition from metastable pitting to
irreversible corrosion occurs abruptly, under only a small change in the corrodant concen-
trations or temperature. The onset of pitting corrosion has been traditionally attributed to
pit stabilization at a single defect site. In contrast to this, we have proposed a theory where
the transition is explained as a cooperative effect, resulting from interactions between many
metastable pits which lead to an autocatalytic chain reaction of their reproduction. Thus, the
corrosion onset corresponds to an effective explosion, with the number of metastable pits
undergoing an exponential increase. Near the transition, spreading of corrosion activation
waves, similar to infection fronts, should take place on the metal surface. Special experi-
ments in the Fritz Haber Institute and in the Virginia University (USA) have fully confirmed
these theoretical predictions. The theory can be applied to design better corrosion-resistant
alloys and to develop new methods of corrosion prevention and control.
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We study, experimentally, the interaction of noise and nonlinear electrochemical dy-
namics. Both external and internal noise sources are considered. For appropriate noise and
system parameters, a variety of interesting and counterintuitive phenomena are observed. It
includes the inception of numerous well known resonance effects such as Coherence Reso-
nance, Periodic Stochastic Resonance and Aperiodic Stochastic Resonance. Moreover we
detect, a new resonance phenomena that involves the coexistence of Periodic Stochastic
Resonance and Coherence Resonance. The above resonances indicate that noise if used
judiciously can provoke regularity in electrochemical systems.
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Eduardo G. Altmann
Max-Planckk Institut komplexer Systeme, Nöthnitzer Strasse 38

Dresden, 01187, Germany

edugalt@pks.mpg.de

The analysis of first recurrence time between events is a powerful tool to quantify tem-
poral properties of dynamical systems or sequences of data. If the temporal correlation
decays fast enough (e.g., as in strong mixing systems or uncorrelated data) the distribution
of recurrence times follows a Poisson law (exponential decay). In this talk we concentrate
on the opposite case of systems showing long-term correlations (power-law with exponent
0 < γc < 1). We analyze two examples that show that in this case the distribution of recur-
rence times is non-universal: it decays as a power-law in different intermittent dynamical
systems and as a stretched exponential in Gaussian time series.
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Recurrence plots and Shannon entropy for a dynamical analysis of asynchronisms in
noninvasive mechanical ventilation

Christophe Letellier
Université de Rouen, Avenue de’l Université, Boı̂te Postale 12

Saint-Etienne du Rouvray cedex, F-76801, France

christophe.letellier@coria.fr

Recurrence plots were introduced to quantify the recurrence properties of chaotic
dynamics. Hereafter, the recurrence quantification analysis was introduced to transform
graphical interpretations into statistical analysis. In this spirit, a new definition for the Shan-
non entropy was recently introduced in order to have a measure correlated with the largest
Lyapunov exponent. It will be shown that this Shannon entropy, as any geomtric estimation,
is dependent on the time series used, a dependence which can be removed when the recur-
rence plots are computed in a Poincar section. Recurrence plots and this Shannon entropy
are thus used for the analysis of the dynamics underlying patient assisted with a mechanical
non invasive ventilation. The quality of the assistance strongly depends on the quality of
the interactions between the patient and his ventilator which are crucial for tolerance and
acceptability. Recurrence plots provide a global view of these interactions and the Shannon
entropy is shown to be a measure of the rate of asynchronisms as well as the breathing
rhythm.
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Using Recurrence Plots to detect Pomeau-Manneville Intermittencies and the related
bifurcations

Katarzyna Malinowska and Jan J. Żebrowski
Physics of Complex Systems, Faculty of Physics, Warsaw University of Technology, ul.Koszykowa 75

00-662 Warszawa, Poland

zebra@if.pw.edu.pl

One of the common routes to chaos is intermittency. The identification of the intermit-
tency type is usually made on the basis of the probability distribution of the laminar phases
and the average length of the laminar phases. Both properties have a statistical character,
thus to obtain them a long time series has to be examined. We present a Recurrence Plots
method, with which a short time series can be analyzed and the identification of the type of
intermittency be made. The three types of intermittency introduced by Pomeau and Man-
neville were examined. The identification of the type of intermittency is equivalent to the
identification of the bifurcation associated with it. Our method allows the analysis of short
time series.

193



PHYSCON 2007

DETECTION OF CLIMATE TRANSITIONS IN ASIA
DERIVED FROM SPELEOTHEMS

NORBERT MARWAN

Nonlinear Dynamics Group, Institute of Physics, University of Potsdam, 14415 Potsdam Germany
marwan@agnld.uni-potsdam.de

SEBASTIAN BREITENBACH

GeoForschungsZentrum Potsdam, Telegrafenberg 326, 14473 Potsdam, Germany
sebastian.breitenbach@gfz-potsdam.de

Speleothems offer archives of climatic variability in the past. We analyse isotope

records of stalagmites from several caves at different locations in Asia: Oman, NW and

NE India and China. These records are proxies for the monsoon rainfall variability at these

locations and cover a time range between today and about 12 kyr. At these locations, the

influences of the summer and winter monsoon are rather different.

Recurrence is a fundamental property of dynamical systems. A statistical analysis of

recurrence plots can uncover hidden transitions in data series, which are not obvious using

linear statistical methods.

The analyses of the recurrence structure of the different isotope records of the stalag-

mites reveals simultaneous transitions at same times, although the data series itself do not

correlate. These transitions are also not obvious considering the data by eye. This result

suggests that at certain times the entire monsoon system underwent changes which are vis-

ible in the isotope records despite the different reaction of the local rainfall on the summer

and winter monsoon. Therefore, these changes were probably of global nature.
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Estimation of the direction of the coupling by conditional probabilities of recurrence

M. Carmen Romano
School of Engineering and Physical Sciences, University of Aberdeen, King’s College

Aberdeen, AB 24 3UE, UK

m.romano@abdn.ac.uk

We introduce a new method to detect and quantify the asymmetry of the coupling be-
tween two interacting systems based on their recurrence properties. This method can detect
the direction of the coupling in weakly as well as strongly coupled systems. It even al-
lows detecting the asymmetry of the coupling in the more challenging case of structurally
different systems and it is very robust against noise. We also address the problem of de-
tecting the asymmetry of the coupling in passive experiments, i.e., when the strength of the
coupling cannot be systematically changed, which is of great relevance for the analysis of
experimental time series.
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Marco Thiel
School of Engineering and Physical Sciences, University of Aberdeen, King’s College

Aberdeen, AB 24 3UE, UK

m.thiel@abdn.ac.uk

Recurrence Matrices (RMs) of dynamical systems exhibit an intricate structure that
helps to analyse and understand systems based on time series. RMs and the derived Recur-
rence Plots have been used successfully to study time series from many different fields, e.g.
ecology, biology, geopphysics and astrophysics. A successful interpretation of Recurrence
Plots is fostered by a deep understanding of the mathematics behind recurrences. Much ef-
fort has been made to understand first return times and their statistics. However, much less
is known about RMs. In this presentation I will summarise some of the open and solved
problems concerning RMs.
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Distinction between quasiperiodic and sticky orbits from a recurrence perspective

Yong Zou
Nonlinear Dynamics, University of Potsdam,Am Neuen Palais 10

Potsdam, 14469, Germany

yong@agnld.uni-potsdam.de

It is important to recognize that non-integrable Hamiltonian systems exhibit chaos with
some particular features, e.g. the full space is a complicate mixture of periodic, quasiperi-
odic, and chaotic orbits. Viewed on shorter time scales, chaotic orbits can be divided
into two relatively distinct types, namely, filling chaotic orbits which travel unimpededly
throughout the chaotic regions and confined, or sticky, chaotic orbits which are trapped near
islands of regularity and only escape on much longer time scales. The presence of stickiness
yields some substantial difficulties in the use of conventional tools, such as the Lyapunov
exponents and spectral analysis. We will present a careful numerical investigation of the
recurrence properties of these orbits by using a two dimensional visualization technique,
Recurrence Plots. We found that there exist significant distinctions between quasiperiodic,
sticky and filling chaotic orbits. Furthermore, RP-based quantification analysis helps to
identify the contributions of sticky orbits in the mixed phase space. The most important
advantage of our procedure is that the computation time is significantly saved.
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ulrike.feudel@icbm.uni-oldenburg.de

http://www.icbm.de/ feudel

Many systems in nature are characterized by the coexistence of different attractors for a
given set of parameters. Examples for such behavior can be found in different fields of sci-
ence ranging from mechanical to chemical systems and ecosystem dynamics. The behavior
of multistable systems is rather complicated because of the complexly interwoven basins of
attraction for the various coexisting attractors. Which of the attractors is realized depends
crucially on the initial condition. Multistable systems are very sensitive to noise leading
to a hopping process of the trajectory between different states. One of the system classes
where this kind of behavior appears are coupled systems where multistability is often re-
lated with the loss of complete synchronization leading to the coexistence of synchronized
and nonsynchronized attractors. A particularly interesting dynamics appears in two identi-
cal coupled systems when a special coupling is applied. This coupling is designed in such
a way that the differential equation for the difference of 2 variables, say for example the
first one of each system d(x1-y1)/dt=0 in the long-term limit. In that case this difference
will be a constant c which is determined by the initial condition. In the long-term limit the
system synchronizes but exhibits in principle infinitely many attractors corresponding to
the different synchronization manifolds defined by the parameter c. This phenomenon has
been called uncertain destination dynamics. We study two coupled Lorenz systems with a
parameter set where each of the systems is monostable. This monostability persists when
the coupling is turned on and for a particular value of the coupling strength the system
becomes multistable and infinitely many attractors emerge all of a sudden. This particular
kind of multistability is rather fragile. One can show that a very tiny mismatch in the pa-
rameters of the system leads immediately to a disappearance of multistability. If noise is
applied to such coupled systems then the trajectory jumps between different attractors as
expected. These jumps correspond to a hopping between different synchronization mani-
folds. We study strategies to control the system in such a way that different attractors can
be realized on purpose.
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Crisis Resonance in Multistable regime

B. K. Goswami

Laser and Plasma Technology Division, Bhabha Atomic Research Centre, Mumbai 400085, India
binoy@apsara.barc.gov.in

Autonomous nonlinear systems commonly exhibit simultaneous coexistence, in the
phase space, of chaos and stable steady states, created by subcritical Hopf bifurcation.
We show that such chaotic instability can be destroyed by small-amplitude modulation of
any system parameters. The chaotic attractor undergoes boundary crisis due to modulation-
induced collision with an unstable periodic orbit (UPO). Such boundray crisis exhibits a
new resonance that we refer to as ’crisis resonance’ in the control parameter space. Crisis
resonance implies that crisis occurs at minimal modulation depth due to maximal evolu-
tions of the UPOs and the chaotic attractor. Crisis resonance occurs close to some critical
frequency (we refer to as ‘crisis resonance frequency’) or its multiples. The UPO frequency
is a good estimate of the crisis resonance frequency. The small-amplitude parameter mod-
ulation destroyes chaos in the presence of noise as well. These features are observed the-
oretically with the paradigm of autonomous systems, namely Lorenz equations of thermal
hydraulics and are in excellent agreement with the experimental results, obtained with an
analog circuit of Lorenz equations. These results are to appear in B. K. Goswami, Phys.
Rev. 2007.
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We consider a deterministically chaotic system subjected to delayed feedback F (t) in

the Pyragas form F (t) = K
(
g(x(t))−g(x(t − τ))

)
, where g is some scalar function of the

current system state x(t), τ is time delay, x(t − τ) is the system state τ time units ago, K is

the feedback strength. It is well-known that a skeleton of a chaotic attractor is formed by a

countable set of unstable periodic orbits (UPOs). If τ is precisely equal to the period T of

some UPO, the orbit may become stable under the appropriate choice of feedback strength

K. Note that only the stability properties of the orbit are changed, while the orbit itself and

its period remain unaltered. In most real-life applications the periods of UPOs are unknown.

However, it might be possible to estimate them approximately in an experiment. Natural

questions arise: How a mistake with which the required value of τ is estimated influences

our ability to stabilize the UPO? What would be the general effect of the delayed feedback

in Pyragas form on the chaotic system at arbitrary values of parameters K and τ?

As an example of chaotic system Rössler system is considered. We reveal the general

bifurcation diagram in the parameter plane of time delay τ and feedback strength K which

allows one to explain the phenomena that have been discovered in some previous works.

Already in 1992 it has been reported by Pyragas that delayed feedback can suppress oscil-

lations and also induce multistability for sufficiently large K. We show that the bifurcation

diagram has essentially a multi-leaf structure that constitutes multistability: the larger the τ,

the larger the number of attractors that can coexist in the phase space. Feedback induces a

large variety of regimes non-existent in the original system. Finally, we extend the analysis

of Just et al from 1998 to estimate how the parameters of delayed feedback influence the

periods of periodic orbits in the system.
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CRISTINA MASOLLER
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Feedback loops are relevant for generating persistent memory in neuronal systems, for

cellular differentiation in genetic circuits, etc. Time-delays, arising from the fact that sig-

nal propagation realistically occurs at a finite velocity, are often a source of multi-stability.

Here I discuss the interplay between the intrinsic nonlinearity of an oscillatory neuron and a

weak time-delayed feedback loop representing a recurrent synaptic connection. The neuron

dynamics is modeled based on a Hodgkin-Huxley type model of thermally sensitive neu-

ronsab that presents a variety of firing patterns, including subthreshold oscillations, tonic

spikes, spikes with skippings and spike trains. In the regime of subthreshold oscillations,

due to the excitable character of the dynamics, it can be expected that even weak feed-

back can be a strong perturbation of the subthreshold oscillations, and can induce dras-

tic changes. I will show how the feedback amplifies the oscillation amplitude, inducing

threshold-crossings and giving rise to a firing activity that is self-regularized by the delay

time of the feedback loop. Multistability of firing patters can occur, induced by the feed-

back loop and controlled by the delay time of the loop. Negative feedback enhances the

oscillation amplitude, but if the feedback is weak, it does not induce threshold-crossings

and firing activity for all delays: there are feedback-induced spikes only in windows of

the delay centered at τ ∼ (n+1/2)T0 with n integer and T0 the intrinsic oscillation period.

Moreover, in these windows the firing pattern is regularized by the delay: for short τ there

are tonic spikes; for slightly longer τ there are spikes with skippings. These results will be

interpreted in terms of a simple model of an oscillator with a weak delayed feedback loop.

I will also analyze a small ensemble of neurons mutually coupled through their delayed

mean field, and show that the ensemble displays different behaviors depending on the de-

lay of their coupling. Either all neurons synchronize their spike or subthreshold activity,

or some neurons display subthreshold oscillations while the others fire spikes (i.e., the en-

semble divides into clusters). Again, the activity is regularized by the delay of the coupling

and the neuronal oscillations can be inphase or out of phase depending τ. There is also

multistability of solutions with the coexistence of inphase and out of phase patterns.

aH. A. Braun, M. T. Huber, M. Dewald, K. Schafer, and K. Voigt, Int. J. Bif. Chaos 8, 881 (1998).
bU. Feudel, A. Neiman, X. Pei, W. Wojtenek, H. A. Braun, M. T. Huber, and F. Moss, Chaos 10, 231 (2000).
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The coexistence of several stable states for a given set of parameters has been observed

in many natural and experimental systems as well as in complex theoretical models includ-

ing lasers. A laser, as a complex nonlinear system, is a very useful instrument for studying

many dynamical phenomena. The advantages of the laser proceed from its relative stability

under a wide range of operating conditions and its fast response in comparison with, for

example, mechanical or fluid systems. Complexity and strong nonlinearity of a laser may

result in coexistence of multiple attractors. Such multistability is not convenient for some

applications, for example, if one desires to create a stable source of optical radiation with

determinate output characteristics. The existence of multiple attractors restricts the devel-

opment of practical devices for signal or data processing. Several feedback control methods

have been developed to stabilize unstable periodic orbits embedded in a chaotic attractor

and suppress undesired fluctuations. However, not all instabilities can be suppressed by the

feedback control. Small fluctuations in the pump rate can provoke sudden switches between

coexisting attractors that impairs the stability of the laser output. The control of multista-

bility in the form of small harmonic modulation of an available laser parameter may help

in resolving this problem. The modulation with properly adjusted frequency and amplitude

induces boundary crisis to undesirable attractors resulting in their selective annihilation.

I will demonstrate with experiments and numerical simulations how the method works in

different types of lasers, CO2, semiconductor, and fiber, as well as the robustness of the

control against small noise.
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Construction of stochastic models that describe the dynamics of observables of interest
is a useful instrument in various fields of application, such as physics, climate science,
and finance. We will discuss a new approach to extract models that describe the effective
stochastic dynamics of variables for which data in the form of timeseries are available. The
variables are modeled as Markov processes (diffusion processes, or Markov jump processes
/ continuous-time Markov chains). The problem is one of system identification, in which
the generator of the process needs to be estimated from data. This is done by minimizing
an object function that measures the difference between the eigenspectrum of the generator
and an eigenspectrum obtained from the data. Numerically, it amounts to solving a convex
quadratic program with a unique minimum, for which well-established solution methods
are available. Several numerical examples will be shown.
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We present a method for simultaneous dimension reduction, model fitting and metasta-
bility analysis of high dimensional time series. The approach is based on the combination of
hidden Markov models (HMMs) with localized principal component analysis (PCA) and
fitting of multidimensional stochastic differential equations (SDE). We construct a func-
tional combining the part which minimizes the distance from the observed time series to a
sequence of low-dimensional linear manifolds (dimension reduction) and a part connected
to the probability of the observed projected SDE dynamics in respective manifolds to be
coming from the locally linear SDEs (model reduction). We derive the explicit estima-
tors for PCA-SDE model parameters in the case of the fixed sequence of HMM states
and employ the Expectation Maximization algorithm for numerical optimization of HMM-
PCA-SDE parameters. We demonstrate the performance of the method by application of
the algorithm for analysis of historical temperature data in Europe during 1976-2002. We
compare the performance of the method with the existing multidimensional SARMA (sea-
sonal autoregressive moving average model) and interpret the results wrt. errors of one–day
temperature predictions generated by the models.
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In this study we analyze data from three atmospheric models in order to investigate
the existence of atmospheric flow regimes despite nearly Gaussian statistics of the plane-
tary waves in these models. We use a hierarchy of models which describe the atmospheric
circulation with increasing complexity. To systematically identify atmospheric regimes we
search for the presence of metastable states in the data, and we do so by fitting so-called
Hidden Markov Models (HMMs) to the timeseries.

A Hidden Markov Model is designed to describe the situation in which part of the
information of the system is unknown or hidden and another part is observed. Within the
context of this study, some representative variable of planetary scale flow (for example,
mean zonal flow, or leading Principal Component) is known (”observed”), but its dynamics
may depend crucially on the overall flow configuration, which is unknown. The behavior of
this latter, ”hidden” variable is described by a Markov chain. If the Markov chain possesses
metastable (or quasi-persistent) states, we identify these as regimes. In this perspective,
regimes can be present even though the observed data has a nearly Gaussian probability
distribution.

We fit the parameters of the HMMs to the timeseries using a maximum-likelihood ap-
proach; well-established and robust numerical methods are available to do this. Possible
metastability of the Markov chain is assessed by inspecting the eigenspectrum of the asso-
ciated transition probability matrix.

We first apply the HMM procedure to data from a simplified model of barotropic flow
over topography with a large scale mean flow. This model exhibits regime behavior of its
large-scale mean flow for sufficiently high topography. In the case of high topography we
find three regimes; two of those correspond to zonal flow and the third to blocking.

Next a three-layer quasi-geostrophic model is used as a prototype atmospheric Gen-
eral Circulation Model (GCM). Its first Empirical Orthogonal Function (EOF) is similar to
the Arctic Oscillation (AO) and exhibits metastability. For this model we find two regime
states: one corresponding to the positive phase of the AO with large amplitude and de-
creased variability of the streamfunction field, and another regime corresponding to the
negative AO phase with small amplitude and increased variability. Finally, we investigate
a comprehensive GCM. The leading 4 EOFs of this model show no signs of metastability.
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Recently I. Horenko et al. introduced several novel data-driven approaches to analyze
high-dimensional time series with hidden regime switching, e.g., time series obtained from
metastable molecular dynamics. Based on maximum-likelihood estimators, one can iden-
tify regime-switches in the time series, but also parametrize different models for different
regimes of the time series. For example, one can assume a Markov jump process corre-
sponding to the regime switching, while the dynamics within each of regime is governed
by a Langevin equation. In this talk we give a short overview of these approaches, paying
special attention to the reliability of the obtained parameter estimators and their variance.
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Markov jump processes can be used to model the effective dynamics of observables in
applications ranging from molecular dynamics to finance. In this talk we present a method
which allows the inverse modeling of Markov jump processes on the basis of incomplete
observations in time. For a given time series we estimate an infinitesimal generator which
optimally fits the data by maximizing its likelihood. Furthermore, the method allows to
handle non-equidistant observations in time as is illustrated on a toy problem as well as on
data arising from simulations of chemical kinetics of a gene toggle switch.
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The study of the long time behavior of systems with time scale separation is consider-
ably facilitated if the fast degrees of freedom can be eliminated without affecting the slow
dynamics. By applying projection operator techniques we show that in chaotic Hamiltonian
systems the fast subsystem can be replaced by a suitable stochastic process so that the slow
motion is effectively described by a Fokker-Planck equation where the interplay of viscous
damping and diffusion conserves the total energy and ensures the correct long time behav-
ior. The accuracy and efficiency of this approach is verified by a numerical investigation of
suitable model systems.
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Within a certain range, living organisms are remarkably robust against external pertur-

bations (e.g. changes in nutrient supply or temperature) or internal perturbations (e.g. spon-

taneous mutations). On the cellular level, dynamic robustness in view of the regulation of

metabolic fluxes and concentrations can be distinguished from structural robustness imply-

ing redundant pathways to compensate, for instance, enzyme deficiencies in metabolism.

The simple approach just to take the number of elementary flux modes (EFMs) of a given

metabolic network as a measure of its structural robustness (Stelling et al., 2002) does not

completely reflect the change in its topology after the knockout of enzymes. Therefore

we developed a more elaborate way of quantifying the structural robustness of metabolic

networks. The robustness measures are based on the ratio of the number of EFMs in the

unperturbed situation vs. the number of remaining EFMs after knockout of one enzyme

(Wilhelm et al., 2004) or several enzymes, averaged over all possible knockouts. We ap-

plied the robustness measures to biochemical networks describing the amino acid synthesis

in Escherichia coli and human liver cells, and the central metabolism in human red blood

cells. With the help of the calculated robustnesses we compare the different networks and

discuss the results from an evolutionary perspective. We find that E. coli has the most ro-

bust metabolism among the cell types we considered. As for the anabolism of non-essential

amino acids, E. coli and the hepatocyte show nearly the same robustness.

J. Stelling, S. Klamt, K. Bettenbrock, S. Schuster and E. D. Gilles, 2002. Metabolic net-

work structure determines key aspects of functionality and regulation. Nature 420 (6912),

pp. 190-193.

T. Wilhelm, J. Behre and S. Schuster, 2004. Analysis of structural robustness of

metabolic networks. IEE Proc. Syst. Biol. 1 (1), pp. 114-120.

∗Corresponding author
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We instinctively refer to objects as robust that have proven long-term success and re-

sisted mechanical stress or mishandling, for example a high quality backpack or a well-

designed software. This is in particular true for biological systems the existence of which

over billions of years has proven long-term success. The perturbations that biological sys-

tems have to face may be external ones such as a lack of the favorite substrate or internal

ones such as mutations. Their variety makes it difficult to formulate a universal and quanti-

tative framework for biological robustness. However, there are some qualitative properties

commonly present in complex robust systems, such as a modular structure or a hierachical

organization. Furthermore, the robust behavior with respect to distinct perturbations may be

studied. Compared with any engineered or produced object, for biological systems robust-

ness is not the only design principle. Evolvability and adaptability are other properties that

are also essential requirements. A nice example for this biological trade-off are mutations

that on one hand may result in dramatic internal failure while the same mechanisms may

pave the way for adaptation, for example increasing thermostability of a specific enzyme.

Obviously, biological systems find the right balance between these conflicting objectives.

Analyzing biological strategies therefore may guide the design processes of non-biological

systems especially in engineering applications.

This introductory talk will elucidate different aspects of robustness with respect to bi-

ological systems: What is meant by robustness in various contexts compared to biological

systems? What are the organizational principles that characterize highly robust systems

and what are the costs of their realization? How is the robustness of a system related to

evolvability, adaptability and the systems degree of fitness?
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The presented study is an analysis of the structural design of intracellular signal trans-

duction networks. Given a simple differential equations model of the dynamics of sig-

nalling species existing in active or inactive form, it is shown how the circuitry determines

the region in the parameter space for which dynamic stability of the so-called signal-off

state can be assumed. The extent of this region is defined as a measure for signal-off ro-

bustness of the signalling network. The analysis is based on the hypothesis that signalling

networks have evolved towards a design which confers signal-off robustness. A stable

signal-off state is important because spurious activations between signalling compounds

should be dampened rather than amplified to prevent self-sustaining states. This type of

robustness turns out to be closely related to positive feedback cycles, or, more generally, to

the set of strongly connected components in the network. The analytical results confirm but

also rectify some numerical results and conclusions about the relation between cycles and

signal-off robustness made previously (Binder et al.). Furthermore, the effect of structural

perturbations on signal-off robustness is analysed, i.e. the structural signal-off robustness

of signalling networks. As such perturbations may occur in ontogenesis and during evo-

lution, alike, it is assumed that there is selection pressure towards a design which as far

as possible maintains a robust off-state. A systematic numerical analysis on small acyclic

digraphs suggests, that networks have a high structural robustness if (1) the connectivity is

low, (2) the number of sinks/sources is high, and (3) the path density is low. Investigation

of a kinase network retrieved from the Transpath database reveals that it displays maxi-

mal signal-off robustness as well as a quite high structural signal-off robustness. Thus, the

hypothesis about signal-off robustness as a selective force during evolution may provide a

rationale for the design of signalling networks or can at least highlight some design con-

straints.

Binder B., Heinrich R.: Interrelations between Dynamical Properties and Structural

Characteristics of Signal Transduction Networks, Genome Informatics, 15:1, 13-23 (2004)
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Information processing networks in cellular systems suffer from strong variations in the

amount of their components. As shown in recent experiments, these variations originate to

large extent from the stochastic nature of gene expression. Although the underlying mech-

anisms of gene expression is quite different in eukaryotes and prokaryotes the resulting

variations of protein levels show surprisingly the same cause: random bursts of RNA syn-

theses. Using a combined theoretical and experimental approach we were able to identify

the timescales of RNA bursts in E. Coli and their consequences on the variation of protein

levels in a clonal population. As a result, highly sensitive signalling networks should not

have been evolved on cellular level because of large noise to signal ratio. But as shown for

the chemotaxis network in E. coli and the circadian clock in cyanobacteria there exist topo-

logical design principles within signalling networks that allow for strong noise suppression

on the post transciptional level.
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Autonomous oscillations at the cellular level are important for various timing and sig-

nalling functions. The rhythms depend on environmental influences in a specific manner.

Here we focus on the question whether sensitivity and robustness are determined by the

underlying oscillatory mechanism. In a first step we study the sensitivity of the oscillatory

period in models describing oscillations in calcium signalling, glycolysis and the circadian

system. By comparing models for the same and different rhythms it is shown that the sen-

sitivity strongly depends on the oscillatory mechanism. In particular, we find models for

circadian rhythms to be highly robust, whereas the models describing calcium oscillations

show a high sensitivity. The results are discussed with respect to the temperature depen-

dency of these rhythms. In a second step the question of what impact design principles

have on the robustness of an oscillator is addressed more explicitly by a direct comparison

of systems with positive and negative feedback regulation for various chain length.
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Consider a linear measurement model

yi = H ′
iθ+ξi, i = 1, ...,n.

Here yi and ξi are scalar measurements and measurement errors; Hi are known m-vectors,
θ is an unknown estimated m-vector satisfying the constraints Aθ ≤ a, where a and A are
given s-vector and (s×m)-matrix, respectively. In the least absolute value method the full
estimate set of the vector θ is defined as

Θ = Argmin
θ

{
n

∑
i=1

∣∣yi −H ′
iθ
∣∣ : Aθ≤ a

}
.

In general, the set Θ has more then one element. The purpose of the paper is to investigate
fundamental properties of the set Θ and to approximate it by a reasonable method. First
of all, we find a certain solution θ̂0 of the problem. It may be obtained from an auxiliary
linear programming problem. Another way consists in the application of a certain iterative
algorithm. Secondly, we find a set L such that L ⊆Θ. The set L is a convex hull of certain
extreme points which belong to the boundary of Θ. The calculation of each extreme point
reduces to the solution of a large-scale linear programming problem. We show that this
problem may be efficiently solved by the method of column generation. Assuming that the
constraints Aθ ≤ a have the form |θi| ≤ ai, i = 1, ...,m, we present the calculation for a
polynomial measurement model.
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In various dynamic systems, the future state of a process depends not only on a current
state but also on the past states of the process. Delayed equations describe a wide class of
automatic systems; they are used for modeling mechanical processes which contain pneu-
matic and hydraulic circuits, the motion of a solid in liquid media, etc. The optimal filtering
problem for linear delayed dynamic systems was solved by Kolmanovskii and Maisenberg
under the assumption that the initial state of the system is zero almost everywhere. How-
ever, this assumption does not always hold. In the present work, this result is extended to
the case of nonzero initial conditions. The generalization obtained in this work renders the
classical result by Kolmanovskii and Maisenberg more final.

Consider a classical filtering problem for a continuous systems without delay but with
arbitrarily correlated plant noise (with a given correlation function) and continuous mea-
surements. We construct an auxiliary delayed system where the delay is equal to the length
of the observation time and the term with delay is equal to the term with correlated plant
noise. Then it turns out that the filtering problem with correlated plant noise is a special
case of the corresponding estimation problem for delayed systems. It can be shown that
the solution of the filtering problem with correlated plant noise is defined by a Kalman-
type dynamic filter with an additional integral term. The gains in this filter are calculated
via the solution of a system of functional differential equations that generalize the Riccati
equation. Since the plant noise may have an arbitrary correlation function, our problem
statement allows us to consider the plant noises that are modeled by nonlinear transforma-
tions of stochastic processes.
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We consider the minimax control problem for linear stochastic dynamic systems

with both continuous and discrete observations. It is assumed that the intensities of the

continuous- and discrete-time noises are not known exactly. The only information avail-

able is that the noise intensities are constant matrices which belong to some a priori known

compact uncertainty sets of positively semidefinite matrices.

To obtain the optimal control process defined by the system with a priori parameter un-

certainty the game-theoretic approach is used, i.e. we find a control process that is minimax

with respect to classical mean-square criterion.

We use the results previously obtained for the minimax discrete-continuous linear fil-

tering problem and minimax control problem for purely continuous stochastic systems and

obtain the analytical representation for minimax control strategy under natural restrictions

on non-degeneracy of the observation processes.

It is shown that the separation principle (which holds for the classical linear stochastic

control problem with mean-square criterion) is violated for the minimax control problem

for the general case of the uncertainty set. In classical settings the optimal estimate used

for the optimal control design does not depend on the parameters of the optimization crite-

rion. For the case of parameter uncertainty, it turns out that this key feature does not take

place: the estimate depends on the solution to the dual problem, which, in turn, depends

on the parameters of the optimization criterion, so any change of the latter one leads to the

necessity of re-computation of the estimate. Hence, unlike the case of full a priori informa-

tion, the problem of control process design and the observation processing problem are not

separated in the minimax case. It should be noted that for a particular case of uncertainty

set with a maximal element, the separation principle still holds.

∗This work was supported by INTAS (YSF 04-83-3623) and Russian Foundation for Basic Research (05-01-

00508, 05-08-17963).
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In this work we study the problem of optimal estimation in the multivariate uncertain-
stochastic observation model by minimax criterion with generalized probabilistic risk func-
tions. The most general results in this area are obtained using the mean-square error as
loss. Nevertheless, the statistical references based on the mean-square error could lead to
non-adequate decisions if the exact joint distribution of random parameters differs from the
Gaussian law. At the same time, given a’priori statistical information in terms of restrictions
on the moment characteristics, one can find the tight bounds of various non-mean-square
risk functions at linear decision rules. This makes possible to suggest efficient optimiza-
tion procedures for designing linear estimation algorithms, which are optimal in a minimax
sense. The practical and theoretical interests motivate the following question: whether li-
near estimators are minimax-optimal over the class of all measurable decision rules given
fixed second-order moments of random parameters? For various linear uncertain-stochastic
systems this problem has been investigated in detail using the mean-square risk. In this
work we are going to show that there exists a linear operator that is minimax over the fami-
ly of all unbiased estimators for the broad class of risk functions monotonous with respect
to the Euclidean norm of the estimation error. In addition, we treat three kinds of estimation
criteria based on expectation, probability, and quantile risk functions.

∗The work is supported in part by Russian Foundation for Basic Research under Grants No 05-01-00508 and
05-08-17963
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Let us consider a discrete-time, linear, time-invariant system S, described as:
xt+1 = Fxt +G1ut +G2d t

yt = H1xt +υt

lt = H2xt

where, for a given time instant t, xt is the system state, ut is a known deterministic input,
d t is a (possibly vectorial) unknown disturbance input, yt is a known (measured) scalar
output, lt is a partially unknown scalar output, υt is the measurement noise and F , G1, G2,
H1, H2 are constant matrices of suitable dimensions.

Assume that the pair [F,H1] is observable and the system matrices F , G1, G2, H1, H2 are
unknown. The filtering objective is to obtain a (possibly optimal in some sense) estimate
l̂t of lt for t > τ given that a finite set of noise-corrupted measurements of ut , yt and lt are
available for t = 1,2, . . . ,τ. At any time instant t > τ, only the measurements of uk and yk

for k = 1,2, . . . ,t are available.
A huge literature exists on the minimum variance filter design, assuming that the system

S is known and the disturbances and measurement noises are stochastic white sequences.
In the present context, on the contrary, the system model is not known and the filter should
be obtained from a noise-corrupted set of data generated by S in an initial experiment.

The usual solution to the presented problem is a two-step procedure, where an approx-
imate system model is first identified and then a minimum variance filter is constructed on
its base. The authors here investigate a possible alternative approach, performing the direct
identification of a filter, named Direct Virtual Sensor (DVS), which gives an estimate l̂t

V of
lt using ut and yt as inputs. In general, the DVS offers better performances than the two-
step approach. In this work, a new methodology is proposed for the direct identification of
virtual sensors for linear dynamic systems.

An example related to the vertical dynamics of a road vehicle shows the effectiveness
of the proposed approach.

∗This research was supported in part by funds of Ministero dell’Istruzione, dell’Università e della Ricerca under
the Project “Advanced control and identification techniques for innovative applications”.
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The state estimation problem for statistically uncertain systems with observation is 
investigated. A system is called statistically uncertain one if it contains random perturba-
tions with incompletely known distributions, or it contains both random and nonrandom 
uncertain perturbations. In this paper different approaches to the confidence estimation 
for statistically uncertain problem with observation are analyzed. It is shown that linear 
estimates are not optimal even for linear systems depended on Gaussian random perturba-
tions with uncertain mean values. The nonlinear confidence estimates for the system state 
are constructed using a notion of a random information set. The properties of the esti-
mates are studied.  

Let consider an ordinary statistically uncertain problem 

110 �Qxx �� ,   22�QvxGy ��� .  (1) 

Here x is unknown n -vector, y is known observation. Perturbation � �21,��� �  is ran-
dom vector with the standard normal distribution and independent components. The non-
random vectors  are known by memberships: vx ,0 00 Xx � , Vv� .  

Definition 1. The set )(�X  of all states x of system (1) consistent with the observa-
tion y for a given value of the random perturbation �  is called random information set. 

Definition 2. The measurable set  is called a confidence region of a level �X �  for 
the system (1), if the conditional probability 	
 )(|)({ �� � XXXP Ø .} ��  
The conditional probability cannot be substituted by unconditional one. The calculation 
algorithm for the confidence estimates is more complicated than the linear procedure. But 
it allows us to improve significantly the confidence estimate in the case of small disper-
sions of the random perturbations. The confidence regions approach to the information 
set for a system without random perturbation in this case in contrast to the linear esti-
mates. 

Theorem. Let the matrices of the coefficients in (1) tend to 0: , 0
ii QQ �� 0�� . If the 

sets  have interior points and for a given observation y the information set 
 is not empty, then for any probability 

VX ,0

)(0
det VyGXX � �

� )1;5.0(��  there are con-

fidence sets  such that  if .�
�X detXX ��

� 0��  

 
* Supported by the Russian Foundation for Basic Research, project 05-01-00434  
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Consider an n-level quantum system, namely a system where states are represented by 
unit vectors in a complex, n-dimensional Hilbert space H. The pure states evolution is 
then given by the Schroedinger equation. In the Nelson-Guerra stochastic mechanics  [1]-
[3], to each quantum evolution {�(t)}, it is associated a jump Markov process (a 
continuous-time Markov chain) {q(t)} taking values in X={1,2,…,n}. The probability of 
occupying the site j at time t is given by �j(t)=|�j_(t)|2. In [4], stochastic mechanics, 
together with the theory of Schroedinger bridges and stochastic control, has been 
exploited as a tool to attack a steering problem for the infinite-dimensional Schroedinger 
equation. There exists, of course, a large body of  literature dealing with control of jump 
Markov processes. In this paper, we seek to use the latter to derive corresponding results 
for n-level quantum systems. 

  
 
 
 

1. E. Nelson, Dynamical Theories of Brownian Motion, Princeton University Press, 
Princeton,1967. 
2. F. Guerra, Structural aspects of stochastic mechanics and stochastic field theory, 
Phys.Rep. 77 (1981) 263. 
3. F. Guerra and R. Marra, Phys.Rev.D 29, 1647 (1984). 
4. A.Beghi, A. Ferrante and  M. Pavon, How to steer a quantum system over a 
Schroedinger bridge, Quantum Information Processing, 1 (2002), 183-206. 

 
 
 

 

 
1 Work partially supported by the MIUR-PRIN Italian Government grant ``New Techniques and Applications 
of Identification and Adaptive Control". 

235



Indirect control of the asymptotic states of a dynamical semigroup

Raffaele Romano∗
Department of Theoretical Physics, University of Trieste,

and The Abdus Salam International Centre for Theoretical Physics

The largest obstacle to the implementation of quantum technologies is the unavoidable interaction of quantum
systems with the surrounding environment. Because of this interaction, the system dynamics is subject to loss of
coherence, irreversibility and dissipation, and the appealing properties of quantum systems are lost or compromised
[1].

In many situations the environmental action can be accounted for by describing the dynamics of a system s by a
quantum dynamical semigroup, that is a Markovian reduced dynamics whose generator L, defined by ρ̇s = L[ρs], has
the standard form

L[ρs] = −i[Hs, ρs] +
∑
i,j

cij

(
FiρsF

†
j − 1

2
{F †

j Fi, ρs}
)
, (1)

where ρs is the statistical operator associated to the system s, Hs is an Hermitian operator and the set {Fi; i} satisfies
TrFi = 0, Tr(FiF

†
j ) = δij . The Kossakowski matrix C = [cij ] must satisfy C† = C � 0 in order to guarantee a

consistent physical interpretation of the formalism [2].
The second contribution in the right hand side of (1) is a non-coherent term responsible of the irreversible behavior

of the system s. The introduction of this term leads to the appearance of attractors in the state space of s, producing
relaxation to equilibrium of the states of the system, not realizable in the absence of the environment. A stationary
state for the dynamics, ρ∞s , is defined by the condition L[ρ∞s ] = 0. Necessary conditions for the existence of stationary
states and for the convergence of ρs(t) to them have been derived in terms of the operators {Vi; i} appearing the
diagonal form of (1),

L[ρs] = −i[Hs, ρs] +
∑

i

(
ViρsV

†
i − 1

2
{V †

i Vi, ρs}
)
, (2)

The conditions that are relevant to our purposes are summarized by the following theorem.

Theorem 1 Given the quantum dynamical semigroup (2), assume that it admits a stationary state ρ0 of maximal
rank. Defining M = {Hs, Vi, V

†
i ; i} the commutant of the Hamiltonian plus the dissipative generators, the following

conditions hold true:
1. If M = span(I), then ρ0 is the unique stationary state. Moreover, if {Vi; i} is a self-adjoint set with {Vi; i}′

=
span(I), then for all ρs(0)

lim
t→+∞ ρs(t) = ρ0.

2. If M �= span(I), then there exist a complete family {Pn; n} of pairwise orthogonal projectors such that Z =
M ∩ M′

= {Pn; n}′′
. If {Vi; i}′

= M, two extreme cases together with their linear superpositions may occur. If
Z = M, then for all ρs(0)

lim
t→+∞ ρs(t) =

∑
n

Tr(Pnρs(0)Pn)
Pnρ0Pn

Tr(Pnρ0Pn)
.

If Z = M′
, then for all ρs(0)

lim
t→+∞ ρs(t) =

∑
n

Pnρs(0)Pn.

∗Electronic address: rromano@ictp.trieste.it
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Motivated in part by the rapid growth of nanofabrication and nanotechnology, as well
as a surge of interest in novel applications of quantum effects such as quantum informa-
tion processing (QIP), many control strategies for quantum systems have been proposed.
Despite the obvious practical importance of selecting the best strategy for a particular im-
plementation, very little work has been done in comparing different strategies in terms of
their effectiveness, efficiency and robustness.

In this paper we compare open-loop control strategies, with focus on geometric, Lya-
punov and iterative optimal control techniques. We give a comparative discussion of the
several possible formulations of a quantum control problems and an overview of these
three control strategies. These strategies are then numerically compared using two typical
problems of practical significance in QIP: simultaneous, selective control of several qubits
using global pulses and controlled entanglement of coupled qubits in a well-established
NMR model.

We find that frequency-selective geometric control tend to produce unwanted off-
resonant excitation and low gate fidelities. Lyapunov-derived pulses tend to be spectrally
complex with guaranteed but slow convergence, showing that asymptotic convergence is
theoretically attractive, but appears less useful in practice, where gate operation and state
preparation times are critical. Non-converging antipodal points are also discussed. The it-
erative optimal control algorithm allows more realistic models including implementational
restrictions to be used, and thus generally gives more suitable pulses. Convergence to a
global optimum is not guaranteed, however.

Further, although optimisation problems in state, process or observable control are often
theoretically equivalent, we find that different formulations can lead to different solutions
for the optimal control field. Various parameters which can affect the final solution are
discussed. More work is necessary to understand how model choice, problem formulation,
numerical solution and algorithmic parameters can be optimised for practical scenarios.
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 The development of technologies that could exploit the potential of 
quantuminformation processing is nowadays mainly limited by the capabilities of 
engineering scalable physical devices that act as protected realization of quantum 
information. This means we need a physical system that admits a controllable and 
monitorable quantum subsystem for which the action of noise is either negligible or 
correctable on the time-scale needed in order to complete the desired information-
processing task. .Noiseless Subsystems (NS) have been introduced and studied as passive 
way to protect quantum information from noise. A subsystem of a quantum system Q 
with associated Hilbert space HQ is defined by specifying a factor HS (in the the tensor-
product sense) of a subspace of HQ, i.e. HQ = HS � HF � HR.. The main problem one is 
led to face in many practical cases is that of determining the maximum dimensional NS 
of a given dynamical model for an open quantum system. Relying on the same ideas that 
led to the proposal of NSs as error-protected realizations of quantum information, a C*-
algebraic approach is employed to provide a procedure that finds a maximum-
dimensional NS for a given quantum operation has been recently proposed. The strategy 
employs advanced results and algorithms from operator-algebras theory, and it is 
effective only in the case of quantum operation. In the present paper we try to follow 
another, simpler approach. A linear-algebraic characterization of noiseless structure has 
been recently developed, and provides a simple tool to verify whether or not a given 
subsystem corresponds to a noiseless subsystem. The problem of finding protected 
subsystems in this setting remains non trivial, but we present here some promising results 
that may lead to linear-algebraic algorithms suitable to both Kraus maps and Markovian 
generators. After recalling the relevant linear-algebraic characterization for NS dynamics, 
we start by proposing a simple search procedure for noiseless subspaces, based on the 
search for simultaneous eigenspaces of the matrices involved. This let us exemplify the 
differences between the Kraus-map and the Markovian cases. We next provide an 
algorithm to construct a basis for a given NS in order to make the matrix block-structures 
explicit. This algorithm also represents a test for the existence of NSs on an invariant 
subspace directly based on the matrices, and a procedure to find NS in the case of pure 
tensor factors of the whole system. We also devise a procedure that relies on the previous 
result and leads to find maximal NS up to some weak hypothesis. Further work is needed 
in order to turn the algorithm in a tool for finding NS in the general case.  
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 In this paper, we focus on the problem of characterizing and controlling a 
quantum subsystem of a system undergoing continuous-time, Markovian quantum 
dynamics. Mathematically, a subsystem S (with corresponding co-subsystem F ) of an 
overall system Q with Hilbert space HQ is defined by specifying a factor of a subspace in 
the tensor product sense that is, HQ = HS � HF � HR . From both a conceptual and 
practical standpoint, the main motivations for introducing and studying dynamical 
features of quantum subsystems come from Quantum Information Processing (QIP) 
applications. The notion of a quantum subsystem provides the most general pathway 
toward protected quantum information: since subsystem-encodings do not demand the 
state of the whole physical system to be protected, this may allow for enhanced 
implementation flexibility. As a first step in our work, we both provide a general 
reformulation of the concept of a quantum subsystem in linear-algebraic terms, as well as 
a complete characterization of invariant and noiseless subsystems for Markovian 
quantum dynamics. In order to practically exploit subsystems, initialization of the system 
in the intended state-space component is required. As in realistic scenarios initialization 
is unlikely to be achieved perfectly, an intriguing possibility is to explore the existence of 
invariant subsystems that are both invariant and attractive under the dissipative evolution. 
We develop a Lyapunov’s analysis of the problem from a linear-algebraic perspective 
and identify sufficient conditions for attractive subsystems to be supported by a 
Markovian generator. As a main control application, we consider quantum dynamical 
systems in optical cavities continuously monitored via a homo-dyne detection scheme. 
Under the assumption that arbitrary open-loop control and feedback operators may be 
accessible, our linear-algebraic setting provides the starting point for developing 
synthesis strategies for feedback state-stabilization. In particular, we obtain an explicit 
characterization of two-dimensional generators able to ensure stabilization of an arbitrary 
pure state, and extend similar ideas to a feedback-stabilization strategy for n-level 
systems. The Markovian, output-feedback techniques we employ are also compared, in 
terms of robustness features, with the Bayesian-feedback approach. More work is needed 
in order to establish a general Markovian, feedback stabilization scheme for arbitrary n-
level systems. Among the most interesting perspectives, further investigation is required, 
in particular, to establish the full power of Hamiltonian control and Markovian feedback 
in closed-loop generation of noiseless structures. This may lead to new venues for 
engineering protected realizations of quantum information in physical systems described 
by Markovian semi-groups.  
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Dynamical decoupling offers a versatile control toolbox for quantum dynamical en-

gineering in both high-resolution spectroscopy and quantum information science. Decou-

pling schemes operate by subjecting the target system to a series of open-loop control

transformations, in such a way that the net evolution is coherently modified to a desired

one. This avoids auxiliary memory and measurement resources, while additionally enabling

straightforward integration with other passive or active quantum control techniques.

Up to now almost all the experimental demonstration of decoupling techniques have

been carried out within nuclear magnetic resonance (NMR) systems. However propagation

of photonic qubits along optical fibers could represent an important field of application of

dynamical decoupling schemes for combatting decoherence. In such a case “bang-bang”

techniques have to be implemented “in space”, rather than in time, i.e., along the fiber

length. In fact, polarization effects in singlemode fibers are a common source of problems

in all optical communication schemes, as well classical as quantum ones. The idea is that,

once that the main decoherence sources affecting a single photon polarization qubit have

been analyzed and found, one could appropriately engineer the fiber by applying a stress

pattern on the fiber implementing a periodical decoupling sequence on the polarization

qubit. In order to do that we shall first provide a proof-of-principle demonstration of the ef-

ficiency of bang-bang decoupling by modeling the propagation along a fiber as a sequence

of birefringent crystals differently oriented with respect to the propagation direction, placed

inside an optical ring cavity. Due to birefringence, the polarization and the frequency de-

gree of freedom of a single photon are coupled and the latter degree of freedom induces

phase decoherence once is traced over. This scheme has been already considered and ex-

perimentally discussed in the simplest case of multiple passes through a single birefringent

crystals oriented orthogonally to the wave vector. Here the sequence of differently oriented

crystals will provide a more general and complete model of the decoherence affecting the

polarization qubit. The sequence of bang-bang operation will be realized by inserting ap-

propriate waveplates between the crystals and we shall see that, by decreasing the length

of the crystals, the fidelity of the transmitted qubit increases, approaching unity when the

length scale of polarization mode dispersion becomes smaller than the length of the crystal

used.
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In this paper, by using synchronization scheme of chaotic neural networks with delay,

an adaptive secure communication scheme with channel noise and time delay is proposed.

Based on the idea of chaotic masking-modulation, the transmitted message is encrypted

by the chaotic signal, and via the adaptive feedback control techniques, the transmitter and

the receiver are synchronized with channel noise, so the masked signal can be perfectly re-

covered by the receiver in the presence of channel noise. In light of the Lyapunov stability

theory for stochastic differential equations, several theoretical results are rigorously estab-

lished. Finally, a numerical example is provided to verify the effectiveness of the proposed

scheme, and the time required for recovering the information signal and the performance

of the recovered signal very sensitively depending on the time delay and the frequency of

the information signal will also be found from the simulation results.
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The problem of performance and stability analysis of networked control systems with

random network delay and data dropout is considered in this paper. The networked con-

trol systems with random network delay are described in a state-space form. It presents a

new control scheme, which is termed networked predictive control. This scheme mainly

consists of the control prediction generator and network delay compensator. The control

prediction generator provides a set of future control predictions to make the closed-loop

system achieve the desired control performance and the network delay compensator re-

moves the effects of the network transmission delay. The stability criteria of the closed-loop

networked predictive control systems are analytically derived for two different control in-

puts to the observer. In case of stability analysis, a switched system’s method has been

proposed, which solves the stochastic problem in a deterministic way.

Two different ways to choose control input to the observer are discussed in the paper

and the results of performances and stability are presented. Both real-time simulations and

practical experiments show the effectiveness of the control scheme.

∗Innsbruck Medical University, Anichstr 35, A-6020 Innsbruck, Austria
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Linear models for the plasma control system of the tight tokamak Gutta are discussed. 
The characteristics of the different order models are compared. Parameters of the models 
are calculated using special software that was developed on the base of the PET-code 
(which is used for the derivations of the linear models for the ITER control system 
design). 

Calculation of a linear model includes 4 parts: 
� Description of the tokamak geometry in the appropriate format; 
� Calculation of inductances and resistances for all pairs of the circuits including in the 

models; 
� Computation of the plasma equilibrium database; 
� Calculation of the linear model matrices. 

Before derivation of the models some parameters (e.g. plasma beta, plasma internal 
inductance and others) are prescribed. 

As a result the linear models of the minimal order are chosen to describe the plasma 
dynamic properly. The linear models derived are necessary for the controller design. The 
controllers will be used in experiments with plasma control system of Gutta tokamak. 
Software package for the linear model derivation is used in educational process in 
accordance with the Applied Mathematics & Physics specialty of the Saint-Petersburg 
State University. 
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The problems of design of program control and synthesis of feedback controllers in 
tokamak are considered. The results of the first experiments on the plasma shape control 
in Gutta tokamak [1] are presented. 

A dynamical model that describes the current behavior was built for research of 
dynamical processes in poloidal conducting circuits. The calculated data obtained on the 
basis of mathematical model was compared to electromagnetic measurements that were 
received during the series of test experiments. The problems of program control of 
discharge with consideration of engineering features of Gutta tokamak are discussed.  

In order to design the control system for plasma current, shape and position the 
structural parametric optimization of transient processes is suggested. 
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The paper describes modern procedures for analysis and synthesis of tokamak plasma 
vertical position, plasma current and shape controllers on the base of the MAST tokamak 
example. The linearized plasma model has been obtained with the help of PET code and 
has been thoroughly analyzed. As a result, a completely controllable system which could 
be used as a base for controllers synthesis has been extracted. Several controllers for 
plasma vertical stabilization system have been designed, including some built on a base 
of LQG-optimal synthesis theory 

On the basis of H� control methods the computational technique is presented which 
allows to estimate robust stability margins and to compare feedback controllers with 
respect to their robust features. 

Some problems related to application of the robust synthesis procedures based on 
modern �-theory, such as D-K iterations technique for tokamak’s control systems design 
are described. 
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A new lattice for a Muon Collider storage ring with a design collision energy of 750 
on 750 GeV will be discussed. The important building blocks of the lattice: the Final 
Focus Section, the Chromatic Correction Section and the Arc Module are described in 
detail. These components of the collider have been designed keeping in mind that the 
storage ring must approximately match the footprint of the Tevatron Ring in order to take 
advantage of existing services and tunnels. The model presented here relies heavily upon 
a previous, highly optimized 50×50 GeV storage ring lattice design. The current design 
value for is chosen to be 1 cm, which has the advantage of lower chromaticities and 
longer bunch lengths (due to the hour-glass effect) as compared to the previous standard 
lattice with a  of 3 mm. 

*�

*�
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Optimization of the beam transport line for the customs cyclotron [2-3], is presented. 
At first it was solving the beam dynamics inverse problem [1] to match the beam line 
parameters of the cyclotron. The beam transport line configuration, including two 
quadrupoles magnetic lenses, was suggested. Magnetic lenses parameters and position 
was obtained by the CELLY code [4]. The particles trajectory calculations in the space 
charge dominated beam transport line were performed at the beam intensity of 200 
microA by the CBDA code [3]. After optimization the beam Twiss parameters at the 
entrances and at the exit of the beam line were estimated and found satisfactory. 
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        A nonlinear system consisting of a rigid platform and mechanical vibroactuator is 
considered. The platform, connected to an immovable base with elastic and damping 
elements can move along a fixed direction by means of mechanical vibroactuator (an 
unbalanced rotor, mounted on the platform and driven with an electric drive). Such a 
system is a model of many vibrational machines and technological units. During the 
speed up of the actuator a capture of the current frequency § near resonance frequency p 
(Sommerfeld phenomenon) can be observed. Further increase of the supply power of the 
drive leads to a jump transition from §©p to an above resonance frequency §1>p. A 
comprehensive study of Sommerfeld effect carried on in numerous publications 
discovered that “semi-slow” oscillations of rotor frequency may appear with the 
frequency less than resonance frequency of the system. Analysis of semi-slow 
oscillations of the rotor is important for a number of methods for control of vibration 
units allowing to significantly reduced the motor power required for passage through 
resonance zone.  
          The main contribution of this paper is analysis of existence and dynamics of “semi-
slow” oscillations. The problem is solved by an iterative method combined with direct 
method of separation of motions. Two autonomous second order equations for slow 
motions (for rotation frequency) and for semi-slow motions (for oscillations of rotation 
frequency) are obtained and solved separately. Both equations are valid both in below 
resonance and in above resonance area.  Expression for the frequency and damping of 
semi-slow oscillations (internal pendulum) in below resonance area are derived. The 
frequency depends essentially on rotation frequency § and decreases down to zero when 
§ approaches the resonance frequency p. The damping of semi-slow oscillations is 
proportional to the damping in the initial system, i.e. semi-slow motions decay in damped 
systems. A comparison of the obtained analytical results with numerical results obtained 
by simulation of initial system equations is given demonstrating a good concordance of 
the results.  
        The results of the paper can be used for design and improvement of control methods 
for vibration units in the start-up mode. Similar analysis is done for the system with two 
vibroactuators. It is shown that the frequency of semi-slow motions for this system is «2 
times greater than for the previous one. 
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Performance analysis and optimal design of control systems and signal processing de-

vices substantially rely on the statistical characteristics of the underlying random distur-

bances. The inevitable uncertainty in the knowledge of these last is a standard motivation

for stochastic mini-max settings in Robust Control. The anisotropy-based approach to sto-

chastic robust control occupies a unifying intermediate position between the H2 and H∞-

optimal control theories. Initiated about thirteen years ago at the interface of Information

Theory and Robust Control, the approach employs the concepts of mean anisotropy of

signals and anisotropic norm of systems.

The mean anisotropy of a multidimensional random signal is defined via its relative

entropy, or historically, the Kullback-Leibler informational divergence, with respect to

Gaussian white noises with scalar covariance matrices. It therefore quantifies both tem-

poral correlations, that is, “colouredness” or predictability, of the signal and its spatial

“non-roundness”. The a-anisotropic norm of a system is the worst-case sensitivity of its

output measured by the largest root mean square gain of the system with respect to input

random disturbances whose mean anisotropy is bounded by a nonnegative parameter a.

The anisotropy-based approach to controller design employs the a-anisotropic norm of the

closed-loop system as a performance index which is to be minimized, with the magnitude

of the parameter a governing the robustness, and hence, conservativeness of the controller.

Since the exogenous perturbations are often caused by superposition of various effects

from other interacting systems, the present paper provides a collection of results on the

changes in the mean anisotropy of signals propagating through filter connections. In this

context, a leading part is played by feedback as a unversal mechanism for creating the

temporal correlations in a signal via “recycling” its past history. Furthermore, the role of

feedback for the mean anisotropy of signals is closely related to the Kolmogorov-Szegö

formula for the Shannon entropy production rate in a stationary Gaussian sequence.

Revisiting the underlying definitions, the paper emphasizes the role of feedback in the

construct of mean anisotropy of signals and discusses the propagation of the latter through

various types of filter connections. The results of the paper can be used to support physical

and engineering intuition for a “rational” choice of the anisotropy level a in the design of

anisotropy-based robust controllers.
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We theoretically study the pure dephasing dynamics of two charge qubits in

double dot due to the interaction with acoustic and optical phonons.

Semiconductor quantum dots (QDs) are often considered as candidate devices

for a solid-state implementation of quantum information processing [1,2,3].

The implementation of charge states in quantum dot (QD) systems, recently

supported by an experimental demonstration [4], has driven a lot of

investigations on coherence properties of these systems. Coherent

oscillations in double quantum --dot qubit are observed [5]. 

We consider the quantum dynamics of two interacting electrons in a

vertically coupled quantum dot driven by external electric field, in terms

of equations of motion for the density matrix, in which the presence of one

electron confined in the double dot representes one qubit. The pure

dephasing rates depend on the parameters of the double dot [6]. In order to

study the pure dephasing effects on entangled states we adopt three possible

measures. We adopt the concurrence C( � ) in order to quantify the

evolution of the degree of entanglement of two qubits in the presence of a

bath of acoustic phonons. For second measure, we consider the fidelety F(t)

in order to quantify the stability of the quantum system under the action of

the phonon-electron interaction. Finally, we explore the linear entropy S( �  )in order

       to study the mixed character of a system described by a density matrix � ,

Keywords: decoherence, entanglement, double quantum dot
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Hydropower constructions, their high dams at seismic loads behave as complicated
dynamic systems. During long-term exploitation because of different reasons irreversible
processes take place in the body of dam, which can negatively be shown at earthquakes.
For behavior forecasting of such constructions at seismic loads the network of complex
instrumental and geophysical monitoring should be organized. The material getting in
the result of this monitoring can serve as a base for constructions projecting methods
perfection, right counting of seismic forces, as well as for conducting of necessary
aseismic preventive arrangements.

With this aim the information-measuring system (IMS) of observing and testing is
developed, which realizes the continuous tracking, detection and registration of seismic
events in digital and graphic forms. The system is set on “Her-Her” dam in Republic of
Armenia. IMS allows:

• to conduct continuous monitoring of exploitation object and to forecast the
possible development of dangerous seismic deformations;

• to provide the storage of actual data on construction behavior during
earthquakes.

IMS consists of hardware part and program control. . In hardware part the
seismosensors, computer, printer, power supply unit, commutator of analog signals, 14-
digit position module of analog input-output (ADC) of AI16-5A type of Fastwel firm are
used.

The system allows to connect up to 128 sensors of seismic oscillations. On seismic
event coming the system begins the recording of all sensors data in file, which then can
be printed out in form of diagram or saved in diskette in digital form. The results of
measurings and analysis of dynamic processes parameters are stated, which are take
place in body of dam. The system can be used for monitoring of other hydropower
constructions and atomic power plants.

 
 
 
1. Gyumri, 3103, 24/25, N. Shnohrali st., Republic of Armenia

2. Gyumri, 3101, 21/8, Tigran Mets st., Republic of Armenia
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In this paper we study the synchronization properties of a distributed system of N ran-

dom walkers in which each agent is a chaotic system. We consider N moving individuals

distributed in a planar space. Each individual moves with velocity vi(t) and direction of

motion θi(t) [v being the modulus of the agent velocity, which is the same for all individ-

uals]. In our model, the agents are random walkers that update stochastically the direction

angle θi(t).
Furthermore, each agent is a dynamical system, and in particular a chaotic one. It is

then characterized by a state variable vector yi(t) ∈ R
n which evolves according to a given

chaotic law. In this paper, the case of Rössler oscillators is considered.

Each agent interacts at a given time with only those agents located within a neighbor-

hood of an interaction radius, defined as r. When two agents interact, the state equations of

each agent are changed to include diffusive coupling with the other agents.

The interaction network underlying the system is a dynamical one with links evolving

in time. In this paper we study the properties of the system and link them with the so-called

fast-switching property.

As an example, the case with N = 2 is discussed. Both the cases of identical systems

and non-identical systems are taken into account. For the analysis of the numerical sim-

ulations, we defined the following synchronization error δ(t) = |x1−x2|+|y1−y2|+|z1−z2|
3 and

we defined 〈δ〉 = 〈δ(t)〉 as synchronization index, where the average is performed on the

interval [4/5T,T ] (T = 500s is the total length of the simulation).

The behavior of the system depends on v. If v is sufficiently high (i.e., under the hy-

pothesis of sufficiently fast switching), we expect that the system behavior with respect to

the density ρ has two thresholds, ρ1 and ρ2: the two agents synchronize if ρ1 < ρ < ρ2.

Numerical results confirm the theoretical prediction.
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Insituto de Fı́sica Interdisciplinar y Sistemas Complejos, CSIC-UIB, 07122 Palma de Mallorca, Spain
claudio@ifisc.uib.es, raul@ifisc.uib.es, www.ifisc.uib.es

Claudio J. Tessone

ETH Zrich, Kreuzplatz 5, CH-8032 Zrich, Switzerland
tessonec@ethz.ch, www.sg.ethz.ch/people/tessonec

Toni Pérez
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We have recently shown [1, 2] that a system can respond better to an external stimulus

if there is some degree of diversity in the constituent units. This shows that, at variance

with accepted results, diversity (i.e. variability or heterogeneity) can have a constructive

role in the dynamics of an extended system. This result is somewhat reminiscent of that

of stochastic resonance by which noise enhances the response of a non-linear system to an

external forcing. As in stochastic resonance, the basic mechanisms for diversity-induced

resonance are rather generic and require only simple ingredients and we have provided clear

evidence in bistable and excitable systems in which the diversity is modelled by quenched

noise or, more specifically, by a parameter that adopts a different value for each of the units.

These findings show that, under the right conditions, diversity might have a constructive

role and suggest that natural systems might profit from their diversity in order to optimize

the response to external perturbations. In this communication, we will explain the basic

mechanism leading to the resonance effect and show new results concerning a model for

opinion formation, in which diversity appears both in the internal preferences of the agents

and in the network of contacts amongst them, and in a model of interacting neurons coupled

by chemical synapses whose coupling coefficients assume different values according to a

certain distribution.

[1] C.J. Tessone, R. Toral, C. R. Mirasso, J.D. Gunton, Phys. Rev. Lett. 97, 194101 (2006).

[2] R. Toral, C. J. Tessone, J. Viana Lopes Eur. Phys. J. Special Topics 143, 59 (2007)
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The control of dynamical systems is a classical problem of engineering, as well as

many other sciences, where the most commonly problem is to inhibit the instabilities. Two

of the best known methods of control are the OGY method, named from the creators Ott,

Grebogi and Yorke [1], and the Delayed Feedback Control method introduced by Pyragas

[2]. The aim of this presentation is to introduce an alternative control method, with the

particular application to excitable systems, ie., systems that represent the typical spiking

dynamics of the heart cells, neurons in the brain as well as many other cells This new

control method is based on two steps: prediction and prevention. For prediction we use

the anticipated synchronization scheme [3] considering unidirectionally coupled excitable

systems in a master-slave configuration. The master is a perturbed system to be controlled,

while the slave is an auxiliary system which is used to predict the master’s behaviour.

We demonstrate that efficient control may be achieved for particular regimes of coupling

parameters. Our numerical results are corroborated by using electronic circuits that mimic

the Fitzhugh-Nagumo model.

[1] E. Ott, C. Grebogi, J. A. Yorke, Phys. Rev. Lett. 64, 1196 (1990).

[2] K. Pyragas, Phys. Lett. A 170, 421 (1992).

[3] M. Ciszak, O. Calvo, C. Masoller, C. Mirasso and R. Toral, Phys. Rev. Lett. 90, 204102

(2003).
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Coupled oscillators show two types of phase synchronization, namely, in-phase and 

antiphase or out-of-phase, in both instantaneous coupled and delay coupled systems. A 
transition to either of the synchronization states can be induced by changing the coupling 
strength in instantaneous coupled systems or by changing delay time in delay coupled 
systems. However, the transition from inphase to antiphase state or vice versa is found 
intercepted by a desynchrornization regime in instantaneous coupled oscillators. On the 
contrary, a sharp transition from inphase to antiphase is observed in delay-coupled 
oscillators. Obviously, the phase difference of the coupled oscillators jumps from 0 to �� 
for a delay time above a critical value. This phenomenon of sharp transition from inphase 
to antiphase with delay is defined as phase-flip bifurcation. Phase-flip bifurcation is 
accompanied by a large change in oscillator frequency from a lower to higher value. It 
may be noted that the phase-flip bifurcation is reported in different dynamical regimes 
like amplitude death, periodic to periodic, quasiperiodic to quaisperiodic and chaotic to 

chaotic transition states of many delay coupled nonlinear oscillators, Lorenz system, 
Rössler systems. Further this phenomenon is found true in many natural systems like 
ecological models, excitable systems. We report, in this paper, the theoretical background 
and experimental evidence of phase-flip bifurcation in electronic circuit using Chua 
oscillators.  
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The terminal phase of plane rendezvous of an active space vehicle and a passive 
orbital station on the Earth orbit is considered. A rendezvous method used on active 
spacecraft is an algorithm of proportional navigation which is realized with some minor 
constant time delay. The coefficient of the guidance law is considered as a control 
variable, a step time function. The objective is to optimize the guidance law taking time 
delay into account, namely to determine the coefficient of the law which provides 
minimization of rendezvous time. 

Relative motion of the concerned objects is described by the system of nonlinear 
differential equations. The problem is studied using Pontryagin maximal principle; results 
of numerical simulation are presented. 

It is shown that time delay essentially effects on the character of optimal guidance. 
Optimal solution includes regular and singular control values both. In contrast to the case 
when delay is absent, the coefficient of the guidance law should be chosen variable. 
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Bound states of topological defects arising in a tetragonal lattice formed by two 
orthogonal standing parametrically excited capillary surface waves are investigated. A 
system of four coupled Ginzburg-Landau equations is proposed to model the dynamics of 
waves and formation of the bound states of defects. We choose the boundary conditions 
for the waves corresponded to zero wave amplitude at side boundaries of square region of 
integration. The initial conditions were set to correspond to the topological defect 
belonging to one wave in each standing wave. It was found that it is possible to excite 
one bound state of topological defects in each standing waves of square pattern. Two 
topological charges forming a bound state moved as a whole. The defects were spaced 
apart in the direction of wave propagation. It was revealed that increasing of group 
velocity resulted in increasing distance between the defects and the bound state will 
decay, which was verified in numerical experiment. The higher the group velocity, the 
longer was the distance between defects in the bound state. 

Numerical modeling of the system gave solutions corresponding to the bound states 
observed in experiments with Faraday ripples: formation of bound states in each of 
perpendicular standing waves, scattering of two bound states belonging to perpendicular 
standing waves, annihilation of bound states belonging to the same standing wave and 
having with opposite charges. Numerical simulation showed us that dynamics of 
topological defects at parametric excitation of waves, formation of bound states of 
defects, and structure of spatio-temporal chaos depend significantly on boundary 
conditions. For example, it is not possible to observe a formation of solitary bound state 
and formation of several bound states with the same topological charges in the system if 
we use periodic boundary conditions. Only homogeneous boundary conditions allowed 
us obtained bound states observed in experiments. 
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It is well known that two-mass systems can move progressively in various resistive 
media, if the masses perform oscillations relative to each other. In the paper, simple 
mechanical models are considered that demonstrate this phenomenon. 

The system under consideration consists of two rigid bodies with masses M and m 
that can move along a straight line. These bodies are called body M and body m, 
respectively. The main body M is subjected to the external resistance forces and contains 
the internal body m that performs specific periodic motions relative to body M. Periodic 
progressive motions of the two-mass system are obtained and analyzed for certain classes 
of the relative motions of the internal body m.  

Various types of the resistance forces acting upon body M are considered including 
linear and quadratic resistance depending on the velocity of body M as well as Coulomb's 
dry friction forces. Both isotropic and anisotropic external resistance forces are 
examined. 

Optimal periodic motions are obtained that correspond to the maximal average speed 
of the system as a whole.  

The maximal average speed is evaluated explicitly for various cases. This speed is zero 
in the case of the isotropic linear resistance but is positive in the anisotropic linear case. 
Also, it is positive in the quadratic and dry friction cases, both isotropic and anisotropic.  

The principle of motion based on the relative oscillations of internal masses does not 
require outward devices like wheels, legs, screws, oars, etc. That is why this principle is 
used for mobile robots and underwater vehicles equipped with moving internal parts. 
This kind of mobile robots seems especially prospective for robots moving inside tubes 
and in aggressive media.  

In the paper, experimental models employing internal moving masses are presented 
including carts carrying inverted pendulum and rotating wheels, capsules and two-mass 
system moving inside tubes. Experiments confirm the realizability of the principle of 
motion described in the paper. 
References 
F. L. Chernousko. On the motion of a body containing a movable internal mass. Doklady 
Physics, 2005, vol. 50, N 11, pp. 593-597. 
F. L. Chernousko. Analysis and optimization of the motion of a body controlled by a 
movable internal mass. Journal of Applied Mathematics and Mechanics, 2006, vol. 70, N 
6, pp. 915-941. 
H. Li, K. Furuta, F. L. Chernousko. Motion generation of the Capsubot using internal 
force and static friction. Proc. 45th IEEE Conference on Decision and Control, San 
Diego, CA, USA, 2006, pp. 6575-6580. 
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We investigate the possibility to suppress noise-induced intensity pulsations (relaxation
oscillations) in semiconductor lasers by means of the Pyragas control scheme. In contrast
to previous studies, where the control was used to enhance the correlation time and thus the
coherence of the oscillations, we focus on the suppression of the oscillations and use the
mean oscillation amplitude as a measure. We first consider a generic normal form model
which is a paradigm for a system close to a Hopf bifurcation. Here, we find an analytic ex-
pression for the mean square amplitude of the oscillations. We then investigate the control
scheme analytically and numerically in a laser model of Lang-Kobayashi type.
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     The aseismic system, concerning the proposed suspension construction, has the 
following characteristics: 
1. absence of direct contact of the construction with the soil (suspension construction);  
2. transfer of the load to the soil by means of elastic steel tie-rods. 
      The inertial force in the construction due to an earthquake undulatory shock is 
directly proportional to the construction displacement variation and inversely 
proportional to the length of the tie-rods. It has a zero value when the first parameter has 
zero value or when the second parameter has infinity value. The displacement variation is 
never equal to zero if the soil displacement and the construction displacement are in 
phase; vice versa it is equal to zero in phase opposition only with reference to the design 
seismic frequency equal to �p = 1,41 �o,n, where �o,n is the construction horizontal natural 
frequency. The design seismic frequency is selected only on the basis of statistical data 
concerning the design area. In order to safeguard the construction against the resonance 
danger, which occurs when the seismic frequency equalizes the construction natural 
frequency, it is necessary to determine an interval of - undulatory and sub-undulatory - 
seismic frequencies, where the frequencies, including the resonance one, are not 
compatible with the construction safety. Therefore, with respect to this emergency 
interval it is essential that suitable devices – that is horizontal dampers and vertical 
frequency converters – spontaneously start in order to decrease the construction 
displacemts to values not greater than prearranged admissible displacements of design. In 
addition, the numerical analysis points out that the inertial force in the suspension 
construction with tie-rods is on average 4% of the corresponding inertial force in the 
same construction without tie-rods. This considerable decrease of earthquake energy in 
the construction gives to the proposed system a remarkable economical competitiveness 
with respect to other existing aseismic systems. 
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The principal difficulty involved in describing and studying biologic diversity lies in its 
more or less pronounced spatial structurization and strong heterogeneity. This is most 
clearly pronounced in phytocenoses, since the majority of plant species as a rule fill their 
habitats rather nonuniformly to form accumulations and voids that can far from always be 
convincingly explained by heterogeneity of the environment in the respective ranges. A 
successful description and analysis of the mechanisms of this heterogeneity within the 
framework of classic biological investigation methods are still pending. This 
communication suggests a mathematical model for spatial-temporal dynamics of plant 
communities to explain the occurrence of heterogeneous (spotty) spatial distribution by 
instability of community dynamics by phenomena of dynamic chaos and processes of 
chaotic self-adjustment. In plotting the given model, we accounted for interaction of 
plants situated close to each other and affecting both increase of biomass (new shoots, for 
instance) and restricted biomass growth caused by competition for resources needed for 
vital activity The basic model version is as follows: 

� �� �
j M

jiji
M

iii dytyuyxtxudytyuyxtxu ji ),(),(),(),(),(),( �� ��� , 

where ui (x, t) is the biomass density of the i-th species in point x in time t, M the physical 
space, the community habitat range. Parameter �i characterizes the sensitivity of 
suppressed biomass to competitive impact; parameter �j reflects the non-linearity of 
dependence of degree of competitive limitation on the density of the overwhelming 
biomass. Kernels �i (x, y) characterize the growth of the biomass of the i-th species from 
point y to point x. Kernels �� (x, y) characterize competitive impact of the biomass of the 
j-th species in point y for the biomass of the j-th species in point x.  

An analogous mathematical model of evolution of a biological community with 
continuous variety of inherited properties was also suggested. The presence of selective 
densely dependent competition involving high individual adaptability of species was 
shown to lead to forming of discrete groups (taxons) in distribution of species in accord 
with inherited variables. 

The Far Eastern Branch of Russian Academy of Sciences, the Programs of Presidium 
of RAS “Biodiversity” and “Origin and evolution of Biosphere” supported this work 
(grants FEB RAS 06-I-P11-035, 06-I-P18-082). 
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The study of the new principles of the construction of electronic and optics, places the 
problem of developing of the physical models, which adequately describe their 
functioning. The promising possibilities present the regular structures, which were 
formed on the surface of semiconductor material. Regular structures on the surface give 
to them uncommonly properties. The special surface properties are connected with the 
disturbance in one of the directions of a strict periodicity of crystal lattice, with the break 
of the translational symmetry of crystal. Its properties are differed from the properties of 
crystal in the volume and formation on the surface of some topological special features 
can reveal the unexpected possibilities for creating fundamentally new type solid-state 
elements. Behavior of silicon plate, to which by the method of plasma-chemical etching 
was substituted the figure from a large quantity of grooves of annular form, was 
investigated. Figure from the ring circuits is basis for fulfilling the affine transformations. 
The transformations are the multiplication of the points of the figure by the scale factor of 
m1=2i and the turnings to the angle proportional to coefficient of m2=2j.. Interaction of 
silicon plate with the described self-affine relief was investigated. The simulation was 
executed both with two-dimensional and three-dimensional non-stationary models. It was 
examined the nonlinear and spasmodic jump of the electric charge between the walls of 
the grooves of surface relief. With this condition was obtained the coherent solution for 
the emission, generated by semiconductor surface with the self-affine relief. The 
experiments showed, that the semiconductor plate with the self-affine relief of surface 
function as the converter of incident to it radiation into the coherent form The motion of 
electric charges over the surface of plate leads to the formation of the standing soliton-
like surface waves, which possess coherent properties The length of these waves is 
determined by the relief of surface   
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The paper describes the problem of development of control system, which is 
applied to grow high quality crystals by the AHP method. The main feature of this 
system is that it allows to directly realize the control of a growing crystal properties. In 
order to solve this problem, a numerical model of thermal processes in growth set-up and 
temperature distribution control algorithms has been proposed and is now under 
development. It has been shown and preliminary investigated the nonlinear and unstable 
behavior of the the control plant. 
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Time-delayed feedback methods can be used to control unstable periodic orbits as well
as unstable steady states. We present an application of extended time delay autosynchro-
nization introduced by Socolar et al. [1] to an unstable focus. This system represents a
generic model of an unstable steady state which can be found for instance in a Hopf bifur-
cation. In addition to the original controller design, we investigate effects of control loop
latency and a bandpass filter on the domain of control. Furthermore, we consider coupling
of the control force to the system via a rotational coupling matrix parametrized by a vari-
able phase. We present an analysis of the domain of control and support our results by
numerical calculations.

[1] J. E. S. Socolar, D. W. Sukow, and D. J. Gauthier, Phys. Rev. E 50, 3245 (1994).
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We consider a mechanical systems governed by Lagrange’s equation

d

dt

∂T

∂q̇
− ∂T

∂q
= u+ s− ∂P

∂q
. (1)

Here q, q̇ ∈ Rn are the vectors of the generalized coordinates and velocities, T is the kinetic
energy

T (q, q̇) =
1
2

q̇A(q)q̇

The potential energy P(q) ∈ C1 is a bounded from below function which has a point of
global minimum.

Positive definite symmetrical matrix A(q) is represented as follows

A(q) = A0(q)+A1(q)

where A0(q) is a given symmetrical matrices, whereas A1(q) is unknown. The potential
energy is also presented as a sum of a given function P0(q) and an unknown function P1(q)

P(q) = P0(q)+P1(q)

The vector of unknown disturbances s and the vector of control forces u are bounded

|s| ≤ S0, |U | ≤U0, S0,U0 > 0.

The matrix A1 and the vector-function ∂P1/∂q are assumed to be small in comparison
with A0 and the control vector-function u respectively. We assume also that the disturbances
are smaller than the control forces which in turn do not exceed the potential forces.

A bounded control is proposed which, under certain conditions, steers the system from
an arbitrary initial state to a prescribed terminal state in finite (unfixed) time.

The computer simulation results for the controlled motion of a double pendulum illus-
trate the efficiency of the proposed algorithm.
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A novel approach is presented for extracting phase equations from multivariate time
series data recorded from a network of weakly coupled limit cycle oscillators. Our aim is
to estimate important properties of the phase equations including natural frequencies and
interaction functions between the oscillators. Our approach requires the measurement of an
experimental observable of the oscillators; in contrast to previous methods it does not re-
quire measurements in isolated single or two-oscillator setups. This non-invasive technique
can be advantageous, for example, in biological systems, where extraction of few oscilla-
tors may be a difficult task. We apply this technique to simulated data from prototypical
example of coupled limit cycle oscillators. It is shown that our technique enables precise
estimation of the natural frequencies and the interaction function from only a single data
set. The method is most efficient when data are taken from the non-synchronized regime
where the phases of the oscillators are affected by coupling but where no complete phase
locking of the oscillators occurs. Applicability to experimental systems is demonstrated
by using a network of electrochemical oscillators; the obtained phase model is utilized to
predict the synchronization diagram of the system.
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The aim of this work is to establish that, while using the so-called Darboux [1,2] theory

of invariant curves (resp. surfaces), algebraic manifolds of dynamical systems provided by

a new method [3] of determination based on the use of Differential Geometry properties

such as curvature and torsion, are locally (resp. globally) invariant and then, represent local

or global first integral of such dynamical systems [4,5]. Conditions for local or global

invariant are given. Moreover, it is also established that existence in the phase space of

such invariant algebraic manifolds ensures stability of trajectory curves evolving in their

vicinity and so, geometrically structure the attractor. Applications to various examplles

and particularly to Chua’s piece wise linear model and Chua’s cubic model exemplify this

statement.

References
1. C. Christopher and J. Llibre, Ann. Differential Equations, 16(1), 5-19 (2000).

2. G. Darboux, Bull. Sci. Math. Sr. 2(2), 60-96, 123-143, 151-200 (1878).

3. J.M. Ginoux, B. Rossetto, Int. J. Bifurcation and Chaos 4 Vol. 16 887-910 (2006).

4. A. Goriely, Integrability and Nonintegrability of ordinary differential equations, Advanced Series

on Nonlinear Dynamics, Vol 19 World Scientific, 436 pages (2001).

5. J. Llibre, Integrability of polynomial differential systems, Handbook of Differential Equations (Or-

dinary Differential Equations Volume I), pp. 437-532. Elsevier, Northholland (2003).
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The dynamics close to one complex codimension-two Hopf degeneracy, known as the 
non resonant double Hopf bifurcation (DH), is analyzed. This singularity appears in 
several engineering models, especially those concerning with coupled oscillators in 
electrical and mechanical systems. A frequency domain methodology is applied and then 
the so-called graphical Hopf theorem is used to detect its nearby dynamic bifurcations. 
The emerging periodic solutions are approximated using higher order harmonic balance 
techniques. Thus, the stability change of the limit cycles is checked through the evolution 
of the eigenvalues of the monodromy matrix under a suitable parameter variation. 
Particular local cyclic bifurcations are connected with this singularity, mainly originated 
by a Neimark-Sacker type. This scenario includes naturally the appearance of 
quasiperiodic solutions (or 2D tori), in what is recognized as the simple case type of the 
DH. The complex case, which is related with the bifurcations of the mentioned 2D tori, 
has been considered specially. The frequency approach in conjunction with normal form 
theory has enabled to recognize certain regions in the parameter plane close to the 
singularity, in agreement with well known classical results. Moreover, these 
complementary techniques have allowed to prove the existence of a region of the 
parameter plane where 3D tori can be found. For completeness, cyclic fold and period-
doubling bifurcations, codimension-one Hopf degeneracies and some resonances have 
been found close to the DH in a doubly LCR coupled electrical circuit. All the outcomes 
have been contrasted with LOCBIF software. 

 

270



PHYSCON 2007

Nonlinear Observer-based Synchronization of Neuron Models

Jung-Su Kim and Frank Allgöwer
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Multiple subsystems are required to behave synchronously or cooperatively in many

areas. For example, synchronous behaviors are common in networks of (eletro-)mechanical

systems, cell biology, coupled neurons, and cooperating robots. This paper presents an

observer-based nonlinear feedback scheme for synchronization among Hindmarsh-Rose

models which have polynomial vector fields. To this end, first we show that the problem is

equivalent to finding an asymptotically stabilizing control for error dynamics which is also

a polynomial system. On the basis of the previous result which uses full state information

of the other model, we propose a certainty-equivalence control for the error dynamics. In

other words, it is shown that the observer error linearization method can be applied to the

error dynamics and that the error variable converges to zero due to the stable observer error

dynamics and the globally asymptotically stable error dynamics.
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A master-equation approach is used to study phase-change processes that describe vari-
ous operating regimes of optical and electronic processors and multi-state memory devices.
The model is able to predict the behaviour of phase-change materials in energy accumula-
tion and direct overwrite regimes, thus providing a background for future device design and
evaluation. We compare the theoretical results with experimental observations and discuss
possible further developments of the model.
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The problem of designing optimal algorithms for estimating random elements has
received earlier considerable attention. Basically, the works devoted to the infinite-
dimensional estimation problems deal with linear procedures and do not discuss the ef-
ficiency of nonlinear estimates. On the other hand, the nonlinear optimal estimation algo-
rithms are essentially based on using the true distribution of the random elements involved.
Nevertheless, these obstacles of optimal methods can be overcome by means of a minimax
approach. Actually, even though the class of estimators contains all nonlinear transforma-
tions, the minimax estimate turns to be linear under very broad assumptions. In the finite-
dimensional case, this result holds whenever the covariances of the model parameters are
supposed to belong to a compact set. Furthermore, it turns out that for the uncertainty set
under consideration the least favorable distribution is Gaussian. In this paper, the analo-
gous results are proved for the infinite-dimensional model. Using the technique of dual
optimization we provide the sufficient conditions for the minimax estimate to be defined
analytically via a solution of the dual optimization problem. Thus, if the least favorable
covariance (i.e., the solution of the dual problem) is found, the minimax estimate should be
designed as the optimal one. For numerical calculation of the minimax estimate we present
the recursive algorithm which takes into account only finite-dimensional transformations
of the observed random element.

∗The work is supported in part by Russian Foundation for Basic Research under Grants No 05-01-00508
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In this work we study the localization problem of all compact invariant sets of the 5- 
dimensional coupled laser system. By a localization we mean a description of a set 
containing all compact invariant sets of the system under consideration in terms of 
equalities and inequalities defined in the state space. Our approach is based on using the 
first order extremum conditions. Nowadays there have been published a number of 
papers containing a solution of this problem for different chaotic systems. The principal 
aim of our paper is to examine the localization problem for the coupled laser system. The 
interest to studies of coupled lasers is due to needs of constructing high power coherent 
lasers. Besides, now it is well-known that the coupled laser system can exhibit chaos 
even if each of individual laser systems is stable. Therefore it justifies the appearance of 
publications containing a dynamical analysis of the coupled laser system. Our main 
results consist in finding a number of localization sets formed by frusta, a circular 
cylinder, two parabolic cylinders and some other quadratic surfaces. Parameters of these 
localization sets are computed explicitly. 
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Oscillations and multistability in selected electrochemical systems will be described. 
The description of such systems has some common points with the characteristics of the 
ac circuits, in terms of the impedance measurements.  

The systems under study were the electrolytic processes in which, at the streaming 
mercury electrode, the thiocyanate and azide complexes of nickel underwent reduction to 
the respective products. These systems exhibit one or two regions of the negative 
differential resistance (NDR) in their current-potential characteristics. Accordingly, under 
appropriate conditions the former system exhibits sustained current oscillations and 
bistability, whereas the latter one – bistability and, very rarely reported in chemical 
systems, tristability. 

It will be shown how the mechanisms of these processes give rise to such instabilities, 
particularly to tristability. The experimental bifurcation diagrams will be compared with 
the theoretical ones. Furthermore, the experimental (Nyquist) impedance spectra of both 
systems, indicating the possibilities of the respective bifurcations, will be presented and 
the theory underlying these spectra will be outlined.  

The reported phenomena widen the set of electrochemical systems in which complex 
dynamic behaviors can be observed. In particular, the conditions for the onset of 
tristability indicate the ways of searching for other electrochemical systems in which such 
a rarely reported behavior could be found.  

 
Selected literature: 
1. R. Jurczakowski, M. Orlik, J. Phys. Chem.B, 2002, 106, 1058 
2. R. Jurczakowski, M. Orlik, J. Phys. Chem. B, 2003, 107, 10148 
3. R. Jurczakowski, M. Orlik., J. Electroanal. Chem., 2007, 605, 41 
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Chaos, signifying randomness and irregularity, is ubiquitous in nonlinear dynamical

systems. The hallmark of chaos is sensitive dependence of the system’s state on initial

conditions. That is, a small error in the initial conditions can lead to a large error in the

state of the system after a finite time interval. In many practical situations it is desirable

if chaos can be avoided. The OGY-method was proposed as the first method controlling

chaos in 1990, and since then, much related research has been carried out. The principal

purpose of chaos control is stabilization of a periodic orbit embedded in an attractor.

Symbolic dynamics is introduced in order to characterize the orbit structure of a dy-

namical system via infinite sequences of ”symbols”. The study on symbolic dynamics has

a long history, and many dynamical systems that are topologically conjugate to symbolic

dynamics are known. One of the advantages of using symbolic dynamics is that it is easier

to focus on certain properties of a dynamical system. For example, the existence of a peri-

odic orbit with any period can be easily proven, and it is even possible to show there is a

dense orbit in the state space. In chaos engineering, symbolic dynamics is used for chaos

communication and the targeting problem.

The purpose of our study is global stabilization of a periodic orbit embedded in an

attractor for a class of chaotic systems that are topologically conjugate to symbolic dynam-

ics. To this end, first, a control law is designed in the sequence space such that the target

periodic orbit becomes asymptotically stable. Next, the control law is transformed to the

state space. We also apply the control method to a population model in ecosystem so that

the number of individuals is fluctuated in a prescribed periodic way. This work is the first

exposition that uses symbolic dynamics systematically in order to design control systems.

The use of symbolic dynamics for design is effective in the sense that it is possible to sta-

bilize any periodic orbit with arbitrarily small inputs, which is not an easy task with the

conventional state space approach.
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Shannon’s Capacity Theorem is the main concept behind the Theory of Communica-
tion. It says that if the amount of information contained in a message, to be transmitted
through a physical channel of communication, is smaller than the channel capacity, the
message can be transmitted with a low probability of errors. This theorem is usually ap-
plicable to ideal channels of communication in which the information to be transmitted
does not alter the passive characteristics of the channel that basically tries to reproduce the
source of information. Here, we show that for active (non-ideal) channels of communica-
tion, such as a complex network formed by elements that are dynamical systems (such as
neurons, chaotic or periodic oscillators), the information signal entering the network might
generate the ideal environment for its transmission by altering the information capacity of
the channel. We also show in which conditions synchronization, in an active channel, im-
plies more information transmission. Contrary to the current belief, we show that synchro-
nization does not necessarily imply more information transmission. In particular, networks
composed of non self-excitable systems (e.g. Rössler-type oscillators) achieve its maximal
capacity to transmit information whenever the elements forming it are in complete syn-
chrony. On the other hand, networks composed of self-excitable systems (e.g. neurons),
achieve its maximal information capacity when there is still at least one time-scale which
is out of synchrony. Most of the previous results were derived for time-independent chaotic
networks. Then, we will discuss under which conditions such results can be extended to non
chaotic time-independent networks. Under such conditions, the amount of information that
can be measure in one node of the network about a time-dependent arbitrary signal perturb-
ing the network in some other node, is given by the information capacity of an equivalent
autonomous chaotic network. Finally, we will discuss which conditions one has to respect
in order to construct a network that maximizes the amount of information transmission.
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In this work, we introduced a programmable network with a cloning template in order to

generate autowaves. The presented model of the network can be easily implementable. The

waves diffract from sources can be located on the network using the inputs of the network.

Furthermore new waves on the network have been observed. Propagation of autowaves on

the inhomogeneous network, formed by the fixed-state map on the network is presented.
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We demonstrate experimental results on a novel mechanism for controlling the phase

synchronisation of coupled oscillators. In a recent paper [Belykh et al., Physica D, 200 81

(2005)] presented a feedback control method for automatic phase-locking of regular and

chaotic oscillators. Interestingly enough, this method allows for synchronisation among

oscillators of different kind. In the particular set-up considered in our work, we consider a

chaotic oscillator (Rössler) and a regular (van der Pol) one. Within this setting, one acts as

a master unit, while the other is the slave. The feedback mechanism is implemented in the

following way: a multiplier works as a correlator between two variables of the dynamical

systems. This mechanism acts separating the sum of the frequencies of both variables and

the difference. Only in the case of perfect phase synchronisation (frequency difference

equal to zero) the feedback mechanism does not contribute to the dynamics.

We have designed electronic implementations of Rössler and van der Pol oscillators,

and coupled them directionally through the feedback mechanism described above. We have

experimentally verified that this mechanism can effectively control the synchronisation of

both units, even though they have different inherent dynamic properties. We observe that

the driven unit synchronises to the controller by means of the feedback mechanism above

a critical coupling strength.

It is of particular interest for practical implementations also to consider alternative con-

trol mechanisms, that might be more robust to changes in the working conditions. With

this aim, we replaced the feedback mechanism for a fuzzy controller. We found that phase

synchronisation to master’s frequency is also achieved.
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We study the self-organization and optimization of conflicting material flows on com-

plex networks as it may take place in the case of vehicular traffic or the supply of goods in

a production network. A decentralized control is used to approach a demand-driven switch-

ing between ”on” and ”off” states of the flow in a particular direction at intersections or

merges represented by nodes in the corresponding networks. Whereas intrinsic oscillatory

instabilities of material flows in networks usually have negative effects on the performance

of the overall system, these self-organized oscillations allow to optimally use the available

transportation capacity of the network. Under rather general conditions, our control ap-

proach leads to phase synchronization of the switching dynamics at the respective nodes,

which is studied using a new framework for measuring the strength and homogeneity of

frequency locking in networks of oscillatory components.
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A unidirectional coupling scheme is investigated in double 

scroll type chaotic oscillators that unfolds interesting multiscroll 
dynamics. Instead of using two self-oscillating systems, in this 
scheme, double scroll chaos from one oscillator is forced into 
another similar oscillator in resting state.  We explored this 
coupling scheme in Chua oscillator, a modified Chua oscillator and 
Lorenz oscillator. We modified the piecewise linear function of the 
Chua oscillator a little bit to derive a 3-scroll attractor. We observed 
4-scroll, 6-scroll attractors in the driven Chua oscillator and 
modified Chua oscillator respectively in an intermittency regime of 
intermediate weaker coupling. We extended the coupling scheme to 
Lorenz system when more interesting multiscroll dynamics (3-, 4-, 
5-, 6–scroll) is observed with decreasing coupling strength. One 
after another additional scroll appears in the driven Lorenz system 
when the coupling strength is gradually decreased in the weaker 
coupling regime. The origin of such multiscroll dynamics is 
explained using eigenvalue analysis and a bifurcation diagram. We 
present experimental evidences of multiscroll dynamics in Chua 
circuit and in electronic analog of Lorenz system.
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Some models treat the cardiac tissue as an active conductive system, taking into account
oscillatory properties of heart cells. In this case the cardiac rhythms can be described on
the basis of the dynamical system theory [Loskutov et al., 2004].

In this work we developed a general simplified model describing a network of oscilla-
tory elements coupled by their response to internal depolarization of mutual stimulations.
Our primary aim was to keep the model as simple as possible and to introduce a mini-
mal number of parameters. Therefore, in our model the pacemakers are fully characterized
by their intrinsic cycle length T . Their interaction is described by phase response curves
(PRCs) . At first, we considered two interacting pacemakers to demonstrate the basic con-
cepts of the model. Then we applied our approach to construct a pacemaker network model
with global coupling. As a next step, this PRC based model of coupled pulse oscillators
was applied to derive an additional, useful for controlling, model of three pacemakers of
the cardiac conductive system. Our further intention was to go on to the next level and rep-
resent each pacemaker as an ensemble of interacting oscillatory elements. Extrapolation
of the approach to the one- and two-dimensional matrices (or lattices) of pacemaker cells
allows to construct active media with a set of oscillators coupled to nearest neighbors.

References
Loskutov, A., Rybalko, S., and Zhuchkova, E. (2004). Model of cardiac tissue as a conductive system

with interacting pacemakers and refractory time. Int. J. Bifurcation and Chaos, 14(7):2457–2466.
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We demonstrate the possibility to stabilize the probability amplitude of the upper level

for a single quantum two-level atom in a classical optical field with feedback control

scheme.
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We propose the simple shell model to describe the focusing of cool atomic beam inter-

acting with open-loop modulated optical field. This model can be applied to form efficient

splitting effect in momentum space.
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Control of chaotic behaviours in dynamical systems has become one of the most 
rapidly developing topics in nonlinear science and engineering in the last two decades. 
Chaos controllers used for stabilizing unstable periodic orbits (UPO) and/or unstable 
steady states (USS) are very sensitive to unavoidable latency of the controlling feedback 
force. When the delay value exceeds some critical value, the controller fails to work.  

We have investigated the possibility to improve chaos controller by adding in the 
feedback loop an analogue Taylor predictor. Analysis shows that even for small latency 
times, e.g. 10 ns, the derivative control technique fails to stabilize USS of a chaotic 
system oscillating at the fundamental frequency f* � 16 MHz (the mean period 1/f* is 
about 60 ns). The time lag in the control loop of only 17% does not allow achieving 
stabilization. Moreover, it gives rise to high frequency parasitic oscillations at about 
20 MHz. Meanwhile the inserted Taylor predictor compensates the latency effects and 
ensures perfect stabilization of the USS. An important result from a practical point of 
view is, that the prediction time should not exactly match the latency time. In addition, 
the order of the Taylor predictor should not necessarily equal the order of the circuit, 
causing the latency effect. The PSPICE and experimental results obtained for a realistic 
third-order chaotic circuit qualitatively confirm the findings from a simplified 
mathematical model. 

In this paper we employed the simplest RC differentiator based first order Taylor 
predictor. Evidently, higher order Taylor predictors can be used. In addition, more 
sophisticated analogue predictors, like active filters based circuits and extended 
TaylorLagrange predictors can be exploited.  

Although the investigation has been performed for a specific system we expect 
similar results for other fast chaotic systems. The Taylor type predictors can be useful not 
only for the derivative control technique stabilizing USS, but also for various techniques 
designed to stabilize UPO, e.g. by the time-delayed feedback or by second order resonant 
negative feedback controllers. 
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We characterize the spatiotemporal evolution of a photosensitive Belousov-
Zhabotinsky medium that is made up of coupled oscillatory cells with randomly 
distributed frequencies. The medium evolves from an initial state of multiple wave 
sources to a synchronized state governed by a single wave source. The synchronization 
occurs via a competition between the sources, which arises when the oscillators are not 
identical but have slightly different natural frequencies. The evolution of each cell is 
monitored to demonstrate frequency and phase synchronization of the inhomogeneous 
cellular medium, and a simple kinematic description for the advance of the phase-
diffusion wave is presented. 
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In this paper theoretical and experimental aspects of an estimation of a design method 
efficiency of pulse energy converter (PEC) control systems are presented. The key idea of 
the proposed method is an iterative application of stage of classical frequency domain 
design, based on small signal modeling, with a consecutive nonlinear dynamics analysis. 
This method application and experimental confirmation is demonstrated on an example 
of control system design of direct current-direct current (DC-DC) buck converter. The 
result of the proposed method application: settling time was decreased in two times in 
comparison with the traditional frequency domain design. 

 
* This author is also with CReSTIC, Université de Reims Champagne-Ardenne, Moulin de la Housse, BP 1039, 
51687 Reims Cédex 2, France. 
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In the report the application of the quadratic eigenvalue problem in the electrical 
power systems is examined. The spectra and pseudospectra of an electrical power system 
are defined. The quadratic eigenvalue problem in terms of the concept of a pseudospectra 
have a bright future in electrical enegetics. Electrical power systems experience the 
continuous action of signal and arametric disturbances (large load scatter and 
fluctuations, short circuiting, unauthorized disconnection of equipment, natural 
cataclysms, etc) inducing changes in the power station operation mode. The response of a 
power system to external perturbations is exhibited as variations in operation parameters 
(changes in the modulus and voltage phases, overcurrents and currents in elements, 
unstable rotation speed of synchronous and induction machines, etc.). The composition 
and magnitude of these variations depend on the topology of the circuits of the power 
system, its parameters (resistance and conduction, controls, characteristics of control 
devices, etc.) and many other factors, which are innumerable for large power systems. 
The parameters that are most sensitive to external disturbances are called sensors in 
electrical energetics. Sensors arise as a result of heterogeneities in a power system. 
Analysis of a power system and, primarily, its stability and robustness is rather 
complicated mostly due to the multidimensionality and multi-factor nature of analysis. 
The modern computation methods developed for the eigenvalue problem are helpful in 
this analysis.  
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A set of new ideas and concepts (which the authors treat as a new version of the

theory of hierarchic dynamic systems) are set fort in the article. In turn, the set of

hierarchic principles is put in the methodogical basis of this theory. As it is shown, a

peculiar version of the theory of hierarchic waves and oscillations can be developed on

the basis of proposed general theory.
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It is shown that the multi-harmonic two-stream superheterodyne free electron laser

(MTSFEL) can be treated as a hierarchic wave-oscillation electrodynamic system. A

possibility of realization of the degenerated (multi-harmonic) version of the effect of

superheterodyne amplification of electromagnetic waves in plasmas of relativistic two-

stream electron beam is shown, too. Besides that, a new method of generation the femto-

second electromagnetic packages is discussed, and a new model of the source of such

packages is proposed. The analysis accomplished shown that such source can be

constructed on the basis of MTSFEL. Therein, it can be do on the existing today

technological level.
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APPLICATION OF THE THEORY OF HIERARCHIC WAVE AND
OSCILLATIONS TO NONLINEAR ANALISIS OF THE TWO-STREAM

INSTABILITY
1V.V. Kulish, 1I.V. Gubanov, 2Le Huu Dien, 3O.V. Lysenko

1Department of Theoretical Physics, National Aviation University, 1 Kosmonavta Komarova Prospect,
03058, Kyiv, Ukraine, e-mail: kulish2001@ukr.net

2Institute of Physics and Electronics, 10 Dao Tan Street, Ba Dinh District, Hanoi, Vietnam
3Department of Theoretical Physics, Sumy State University, 2 Rymskii-Korsakov Str., 44007, Sumy,

Ukraine

Abstract. The calculation algorithm for quantitive nonlinear analysis of the multi-harmonic two-stream instability is

worked up. It is done using the theory of hierarchic wave and oscillation as a methodical basis. The results obtained

illustrate high effectiveness of practical application of the this theory for complex (from calculation point of view)

nonlinear multi-harmonic wave-oscillation electrodynamic problems.

INTRODUCTION
It is well known that nonlinear self-consistent resonant-wave problems in electrodynamics challenge

many theorists over the last hundred years. In general case, mathematical description requires taking into
account, at the same time, nonlinearity in right-hand parts of corresponding equations, partial derivatives in
both their parts, wave nature of initial and boundary conditions etc. Up to now the number of effective
methods solving problems of such type was limited [1-10]. These methods include the dispersion nonlinear
equation method, the slowly varying amplitude method and a few other less widespread approaches. In
studying the nonlinear mechanisms of higher orders (cubic and higher with respect to amplitudes of
oscillations) all these methods are either too inaccurate (the method of nonlinear dispersion equation, for
instance) or limited in their application (method of slow-varying amplitudes and other similar).

Thus, the problem of developing some new and more conventional approaches and improving the
traditional ones is rather topical for the general theory of nonlinear oscillations and waves in electrodynamic
systems. This paper to present such kind calculative technology, which, in turn, is based on the new version
of the theory of hierarchic waves and oscillations [8-10]. We have referred the method of this group to as the
hierarchic method with use of the averaged transformations. There are the methods of averaged
characteristics, averaging kinetic, and quasi-hydrodynamic equations, the current-density equations methods
[8-10], etc. The mathematical arrangement of all these methods is similar. Therefore let us illustrate their
main ideas and practical algorithms using the method of averaging characteristics as a convenient example.

1. CONCEPT OF THE STANDARD FORM WITH PARTIAL DERIVATIVES
As analysis shows, the method of averaged characteristics is suitable for asymptotic integration of

the standard form (or, the same, standard system with partial derivatives) [8-10]
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where RZRCZA ,,,,, ′′′′ are square matrices of size ll × , ( )tzUU ,= is some vector function in Euclidean n-

dimensional space n
R with coordinates { }nzzz ,...,, 21 , i.e. ∀z∈ ( )Tn

n zzzzR ,...,, 21= , ∀ iz ∈ (-∞ ,+∞ ), i∈ (1,2,
…,n), ( )...R is a given weakly nonlinear periodical (m-fold, in general case) vector function, t is some scalar
variable, for instance, the laboratory time. Therein, it is considered that some hierarchy of the dynamic
values (in time or spatial coordinates) could be determined. It is not difficult to prove that in the case of
typical electrodynamic problems the standard form (1) can be transformed into so-called quasi-linear (with
respect to the derivatives!) homogeneous equation
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where all designations are self-evident in view of (1). Further in this paper we shall be oriented on
the studying the standard equations (and systems of equations) of form (2).
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It is well known that conducting systems can manifest a multi-valued current-voltage 
characteristics, which is specified as the appearance of the negative differential 
conductance (NDC). At the presence of the NDC, the homogeneous state of a spatially 
extended system may become unstable, while there may grow spatially non-
homogeneous fluctuations. This results in the appearance of a dissipative structure. In 
semiconductor electronics, classic examples of dissipative structures are current filaments 
in devices that demonstrate the current voltage characteristic (CVC) of S-type and 
domains of high electric fields in samples showing the N-type CVC, see, e.g. [1]. 

In the present study, an example is considered where a dissipative structure itself is 
responsible for formation of the NDC of a system. The phenomenon is observed at 
studying a two-component reaction-diffusion model introduced earlier to interpret the 
occurrence of pattern formation in planar semiconductor-gas discharge devices [2]. A 
brusselator-like variant of the model is analyzed, where the global NDC does not exist. 
However, the spatially homogeneous state becomes unstable due to the diffusion (Turing) 
mechanism when control parameter reaches a critical value. In particular, the studied 
model demonstrates the existence of stationary localized states [2] in the subcritical 
domain, which are dissipative solitons (DS) [3]. 

The growth of the dissipative structure may proceed via the self-completion scenario, 
where an initial DS serves as the source of nucleation of a spatially extended Turing 
phase. Formation of a large amplitude structure is accompanied by essential increase of 
the overall activator quantity, which gives rise to increasing the conductance of the 
system. When an external load is incorporated into the theoretical model, the presence of 
the NDC of the S-type can be revealed, when solving equations numerically. It is 
suggested that complicated scenarios of further spatiotemporal self-organization can be 
realized due to the NDC. As an example, there can appear the oscillatory dynamic of a 
system, where Turing patterns exist in the bursting mode. 

 
[1] A. F. Volkov and Sh. M. Kogan, Sov. Phys. Usp. v. 11, pp. 881-903, 1969. 
[2] Yu. A. Astrov and Yu. A. Logvin, Phys. Rev. Lett. v. 79, pp. 2983-2986, 1997. 
[3] M. Bode and H.-G. Purwins, Physica D, v. 86, pp. 53 – 63, 1995. 
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Wireless transmission is an increasingly more and more popular method of 
information exchange – almost every portable computer is equipped with some means of 
wireless transmission. In wireless networks, several problems appear that are not known 
from wired networks, but play an essential role for the efficiency and stability of medium 
access control protocols. Their influence can be especially observed in ad-hoc networks. 
These networks have irregular and rapidly changing structure and they suffer from lack 
of supervisory control station that coordinates operation of remaining stations. 

In this article, two collision avoidance methods for wireless networks are discussed, 
namely, busy tone sensing and control information exchange. They seem completely 
different, but in fact are quite similar to each other. In both methods, a part of 
transmission band is sacrificed for sending of additional control information, defining 
link status. The difference, however, lies in the way the information is sent. Busy-tone 
based method keeps notifying of link status continuously during entire data frame 
transmission, while exchange of control frames, which allow determine link status, only 
precedes data transmission. Although it does not affect the networks that are either 
stationary or contain small number of stations of limited mobility, in case of complex ad-
hoc network with large number of highly mobile stations it may cause network efficiency 
degradation. 

Due to Raleigh and Rice fades, a mobile station traveling nearby the receiver’s range 
continuously disappears and reappears in this range. If the receiver protects data 
transmission by busy tone, the mobile station is aware of this transmission every time it 
falls into range. If the receiver uses control frames exchange, it is quite likely that the 
mobile station will miss such a control frame due to fading. 

In order to make collision avoidance effective, control frame transmission time must 
be less than the time between fades observed by a mobile station. It depends on radio 
frequency, transmission rate, some physical layer details and velocity of the mobile 
station. In the paper, a criterion is presented that shows when control frames exchange 
may be effective in a mobile ad-hoc network. Example calculations are done with data of 
IEEE 802.11 standard in its basic version. 
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In vector controlled induction motor drives, the instantaneous rotor speed is measured 

using whether sensors or estimators. However, the use of speed sensors has two 
fundamental drawbacks, namely: cost and sensibility. For this fact, many methods have 
been suggested to estimate the motor speed, all of them may be classified under one of 
the following major techniques: open loop methods, MRAS methods, observer based 
methods, non-linear observers and artificial intelligence based methods.  Since the basic 
Kalman filter is a state observer, its use in vector controlled schemes has received much 
attention. However, these schemes are based on the assumption that the existence of iron 
loss in an induction motor may be neglected. The paper shows the effect of iron loss on 
the extended Kalman filter performance that is designed on the basis if the ironless 
induction machine model. Simulation results are carried out to demonstrate this effect as 
well as the effectiveness of the suggested approach to minimise the speed estimation 
error without modifying the observer algorithm.     
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The paper is devoted to the synchronization problem of the discrete-time chaotic sys-
tems, coupled by the link (“the communication channel”) with the limited bit-per-step rate.
The observer-based full-order coder is designed, ensuring decay of the synchronization
error asymptotically for the case when channel imperfections and computation errors are
neglected. This result complies with the statement, that that if the capacity of the channel is
larger than the Kolmogorov-Sinai entropy of the driving system, then the synchronization
error can be made arbitrarily small.

It is shown that if the computations in the both master and slave nodes of the channel are
identical, the synchronization error can be made close to the maximum achievable accuracy
of the given computer (computer epsilon) depending only on the number of digits in the
computer. Such a phenomenon can be called practical synchronization, by analogy with
practical stability: the limit absolute value of synchronization error decreases unlimitedly
if the accuracy of the computation increases unlimitedly. If the calculations in the coder
and decoder are not identical (e.g., if the computers on these nodes have different number
of digits), after the some time interval of decreasing the synchronization error, the mis-
synchronization occurs due to unstable properties of the chaotic systems. For this case, the
practical synchronization may be ensured applying the fixed-point arithmetic calculations.

The result is demonstrated by synchronization of chaotic Hénon systems.
Similar results for continuous-time systems were obtained (A. L. Fradkov, B. Andriev-

sky, R. J. Evans, Physical Review E, 73, 2006, 066209).

∗The work was supported by the Russian Foundation for Basic Research (projects RFBR 05-01-00869, 06-08-
01386) and Scientific Program of RAS No 22 (project 1.8).
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       New opportunities for development of vibration equipment, especially for vibrational 
transportation of materials can be provided by using multiple synchronous modes. It 
keeps constant the ratio of average velocities and/or phases of vibroactuators. In this 
paper an algorithm of multiple synchronization of two-rotor vibration unit with time 
varying payload is proposed. A time-varying payload attached to a platform allows to 
analyze dynamics of processing material. The speed-gradient algorithms developed in 
control engineering area have been applied previously to control of oscillatory motion 
and particularly to control of vibration units (Tomchina O.P, Kudryavtseva I.M. 
Controlled Synchronization of Unbalanced Rotors with Flexible Shafts in Time-Varying 
Vibrational Units. Proc. 2nd Intern. Conf. “Physics and Control”, IEEE, St.Petersburg, 
2005, pp.790-794). In contrast to the previous results, in this paper a new goal variable – 
multiple difference of rotor velocities - is introduced. It allows the control system to 
stabilize the multiple synchronous rotation mode. For practical implementation of the 
algorithm it is important to ensure its stability and performance under restrictions 
imposed on the controlling torques, determined by the nominal power of driving motors. 
        It is demonstrated by intensive simulations that a stable multiple synchronous mode 
in vibration units is maintained with changing payload mass. It holds if the unit is loaded 
in a synchronous mode and controlling torques are bounded. The main dynamical 
properties of the multiple synchronous mode do not depend on the rate of payload mass 
changing and synchronization time is less than 3 – 4 s if the unit is loaded in synchronous 
mode. Comparison of systems with bounded and unbounded controls shows that the 
system dynamics in both cases are equivalent. They differ only by the number of rotor 
turns made before the multiple synchronization is achieved. The final payload mass 
varies in our simulations up to the value of 25% from the mass of the supporting platform 
which is equal to 9 kg. The maximum rate of the payload mass change is V*=0.33kg/s. 
Instant values of controlling torques varied from 0,8 to 13 N·m. In addition, the case of 
bounded controlling torques was studied, with upper bounds of  controlling torques 
varying from 1 to 3 N·m. In all cases the phenomenon of the multiple synchronization 
phenomenon was observed. 
       New opportunities for development of vibration equipment, especially for vibrational 
transportation of materials can be provided by using multiple synchronous modes. It 
keeps constant the ratio of average velocities and/or phases of vibroactuators. In this 
paper an algorithm of multiple synchronization of two-rotor vibration unit with time 
varying payload is proposed. A time-varying payload attached to a platform allows to 
analyze dynamics of processing material. The speed-gradient algorithms developed in 
control engineering area have been applied previously to control of oscillatory motion 
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The Ergodic Magnetic Limiter (EML) is used to generate chaotic magnetic field lines 

in the vicinity of the tokamak inner wall. The EML is a device designed to generate 

external magnetic fields which interact with the equilibrium tokamak field and cause a 

selective destruction of magnetic surfaces. Magnetic field lines dynamical behavior is 

studied by means of a two- dimensional symplectic map which is derived analytically. 

We have studied the poincare' surface of section for different values of perturbation 

parameter "p" and magnetic shear "s".When the perturbation strength "p" increases the 

poincare' surface of section begins to show besides the KAM tori, also higher order 

islands, which are structured around periodic orbits of the symplectic map with higher 

integer periods. The fixed points of period one and two are determined and the results are 

compared with the bifurcation diagram of this map. The location of the fixed point is 

important information since they identify islands positions and separations. With the help 

of KAM theory, we could obtain the rotational number of the magnetic islands and the 

epicyclic frequency for the secondary islands by using continued fraction which is 

observed in the poincare' surface of section. The size of an island of stability depends on 

the last KAM torus. As the perturbation parameter "p" increases the size of a given KAM 

curve increases. With decreasing the values of shear parameter "s" the width of the 

islands is increased.      
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A Variable Structure Model Reference Adaptive Controller using state variables is proposed for a class of multi 

input–multi output systems. Adaptation law is of variable structure type and switching functions is designed based 
on stability requirements. Global exponential stability is proved based on Lyapunov criterion. Transient behavior 
is analyzed using sliding mode control and shows perfect model following at a finite time. 

Consider a linear time variant plant with unknown parameters, which their bounds are known. Let the plant be 
of n-th order with accessible states and described by the differential equation 

 BUAXX +=&      where n × n matrix A matrix is unknown and of full rank, while the n × m matrix B is 

assumed to be known and partitioned as [ ]mbbbB ...21=  . U is a m-dimensional control vector, and 

(A,B) is controllable.  
The reference model is characterized by the linear time invariant differential equation  

Vmmmm BXAX +=&    where  Am is a n× n asymptotically stable matrix, Bm is a  known matrix, and  V  is a 

m-dimensional input vector with bounded elements. The purpose is to find control  U  such that the state error     

mXXe −=    exponentially tends to zero in a finite time. 

  The control  U  to the plant, is generated introducing control law  V U *QX +Ψ=   where m × n feedback 

matrix Ψ , with the elements ijψ  are adjusted using VS approach by designing switching functions ijψ . 

introducing the switching functions ijψ  as   *
ij       , ) (sgn   ijj

T
iijij xPeb θθθψ >−=   . 

  This controller has some significant advantages compared to the conventional model reference adaptive 
controller. Global exponential stability is proved without requirements on persistence of excitation. Then it was 
shown that, it is always possible to introduce sliding mode into the system. Transient behavior was analyzed and 
showed perfect model following at a finite time. Insensitivity with respect to input disturbances was investigated 
and showed preference to the conventional schemes. Simulation was presented to clear the theoretical results. 
simulation results are presented to show the performance of the proposed schemes and comparing these with the 
conventional schemes. 
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A generic model exhibiting a saddle-node bifurcation on a limit cycle is investigated.

The model has served as a prototype example of excitability, strongly related to the existing

global bifurcation, and coherence resonance, when a stochastic force is added. We extend

the system including time-delayed feedback control according to the Pyragas scheme and

study it both in the presence and absence of Gaussian white noise. We find that the de-

lay itself is able to create multistability of periodic orbits and the fixed point. Homoclinic

bifurcations, period-doubling and saddle-node bifurcations of limit cycles are found in ac-

cordance with Shilnikov’s theorems. A bifurcation diagram in the K − τ plane is given (K
being the strength of the control force and τ the time delay). Finally, we switch on Gaussian

white noise. We compare our results to those of the uncontrolled system, in particular, the

coherence resonance curve and features of the oscillations and the corresponding power

spectra.
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The task of operating speed measuring instruments (MI) creation is very
important, especially in systems of centralized acquisition and processing
of measuring information. Usually the operating speed of MI, as of
metrological system, is determined mainly by response of sensor (primary
measuring converter) - the least operating speed node MI. Owing to wider
use of various physical quantities sensors in engineering the question of
their output parameters ( )CLR ,, measuring obtains the primary
significance. In this paper it is described the mode and device allowing to
determine measuring circuit (MC) parameters by separate instant value of
transient in the circuit at connection to it the voltage of direct current
(dynamic measuring method).The unknown parameter is determined by
results of two measurings at arbitrary value of reference voltage. In this
case the measuring time doesn’t depend of time constant of circuit
unknown element, but is determined mainly by instant values measuring
time of transient and realization of measured values processing algorithm.
The realization of proposed measuring mode allows to provide high
operating speed and to raise the measuring accuracy. The measurer can be
used in systems of centralized acquisition and processing of measuring
information.

1. Gyumri, 3103, 24/25, N. Shnohrali st., Republic of Armenia

2. Gyumri, 3103, 24/25, N. Shnohrali st., Republic of Armenia
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For the last few decades, many probes have been concentrated on magnetic response 
of mesoscopic normal metal rings and have been obtained many exotic results as a 
consequence of phase coherence of the electrons in the mesoscopic scale.  

We have used the tight-binding model to describe a mesoscopic normal metal ring 
with N sites, and the Hamiltonian in this model can be achieved as follows: 

 

where i� ’s are the on site energies and the phase factors are �ij�2�|i-j|/%&N. We have 
taken the hopping integral between any two sites i and j; in the form vij�vexp'�(*,ij,)-, 
where v is the hopping strength between any two neighboring sites. By using this 
Hamiltonian, we have evaluated the total persistent current for the mesoscopic normal 
metal ring. We have presented the diagrams of the total persistent current versus the 
magnetic flux that show saw-tooth behavior which are diamagnetic for even or odd 
number of electrons. 
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We have also obtained the difference between persistent currents of various 
successive order hopping integrals versus the magnetic flux for even or odd number of 
electrons.Whenever this difference approximately approaches to zero, we can neglect 
the higher order hopping integrals in calculation of the physical transport properties of 
the system and as a result, the enough number of hopping integrals is  intensively 
depends on the number of electrons in the ring. 
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Synchronization processes in 2D lattice of coupled Rossler oscillators are studied. 
Computational modeling was carried out for the system with dimensions from 5x5 to 
500x500 of oscillators with periodic boundary conditions. Euler method with the time 
step of 10-3 was applied for modeling; frequency spread of the oscillators was ��=0.1. It 
was determined that the systems with dimensions 5x5 ÷ 10x10 of oscillators are capable 
of full synchronization at certain coupling force values. An increase of system 
dimensions leads to clustering effect: at some threshold values of � parameter separate 
synchronized areas with different lifetime form in the system. Starting from the 
oscillators’ dimension of 50x50 there are no qualitative dynamic changes in the studied 
system. Dependence of synchronized cluster fraction on the chaotic mode and the 
coupling parameter has a threshold character. At the same time the part of the 
synchronized oscillators with a long lifetime even in intense chaos conditions reaches 5-
10%. The synchronization effect is accompanied by potential energy decreasing of the 
system which turns to kinetic oscillators’ energy. The transition of a part of nonlinear 
oscillator interaction potential energy into kinetic energy can be used to explain the 
experimentally observed heat emission effect when approaching the melting point of 
crystalline substances. The given qualitative model of premelting process of crystalline 
substance using phase synchronization of thermal atom vibrations as the main mechanism 
allows explaining such experimentally observed premelting effect features as a possibility 
of appearance of both endo- and exothermal effects, macroscopic fluctuation ability, 
existence of temperature rage of premelting effect onset.  
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This work deals with left invertibility for implicit hyperbolic systems with delays in
Hilbert spaces which are either left or right invertible ( hereafter called “one side invert-
ible”) and described by

(Σ)
{

E
..
z(t)+α .

z(t)+A0z(t)+A1z(t −h) =Bu(t)
y(t) = Cz(t)

where z(0) = 0, .
z(0) = 0 et z(t) ≡ 0, ∀t ∈ [−h,0[, h > 0, α ≥ 0, E, A0, A1, B and C

are linear (unbounded) operators on real Hilbert spaces. The system (Σ) can be rewritten
as follows:

(Σ̃)

{
Ẽ

.
w(t) = Ã0w(t)+ Ã1w(t −h)+ B̃u(t)

ỹ(t) = C̃w(t)

As usual, u, w, ỹ represent respectively the input, state and output of the system (Σ̃).
The setting is very general in the sense that Ẽ is not invertible, Ã0, Ã1are unbounded

operators, B̃ and C̃ are restricted to be bounded, uniqueness of the solution is not required,
and an explicit solution, will even not be demanded. The concept of left invertibility is the
problem of determining the conditions under which a zero output y(.) corresponding to a
zero initial state (w(0) = 0) can only be generated by a zero input u(.).

The aim of this paper is to extend this notion in the direction of infinite dimensionnal
linear systems with delays and to give necessary and sufficient conditions for the system to
be left invertible. Furthermore, from a decomposition procedure, invertibility for this class
of systems is shown to be equivalent to the left invertibility of a subsystem without delays.
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Application of nano-dimensional objects with the fractal self-similar structure 
presents wide field for their application in the most different devices. For understanding 
of their nature and behavior it is necessary to consider the phenomena, which earlier into 
the examination did not start. Also should be searched for the new methods of their 
description with a simultaneous study of the properties of such objects. . In this case 
should be isolated not only physical properties as, for example, electrical conductivity. 
Should be also investigated both geometric properties and their connection with the 
physical properties. . It was revealed the anomalous behavior of thin films and the effect 
of "memory", which was expressed in the "memorization" of the highest value of 
resistance, achieved with the heating by the films with the self-affine structure of surface. 
This effect is explained by the registered by the authors redistribution of energy in the 
spectrum in the installation for the magnetron evaporation. In this case are observed the 
changes in the surface structure of metallic thin film. Studies showed, that the resonance 
which leads to the redistribution of energy of the fluctuations of electromagnetic field, is 
the reason for this.  
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Magneto-rheological (MR) fluids and magneto-sensitive (MS) rubbers are a class of
smart materials whose mechanical properties change instantly by the application of a mag-
netic field. The damper based on MR fluids is one of the most promising new devices for
structural vibration reduction. We present an original model of active MR damper with MS
rubber element:

d2x

dτ2 + γ(1+u f )
dx

dτ
+(1+ur)x = f (τ) ,

where x is the relative axial displacement of the dampers piston, τ = (El/m)1/2t is the
dimensionless time, γ = ν(mEl)−1/2 � 1 is the dimensionless viscosity of the damper

without magnetic field, u f ≈ 1.27δ f H2
(

H2
f −H2

)−1
(|H|< Hf ) is the additional viscosity

of MR fluid and ur = krH
2 (|H| ≤ Hr) is the additional rigidity of MS rubber in a magnetic

field with density H, kr = δrμrμ0 is the coefficient of magnetic sensitivity of MS rubber,
μ0 ≈ 1.26 ·10−6 is the magnetic permeability of a vacuum, f (τ) is an external dimensionless
force. Here m is the mass of loading damper, ν is the viscosity of MR fluid without magnetic
field, l is the length of MS rubber element, μf and μr is the magnetic permeability of MR
fluid and MS rubber, respectively; δ f and δr is the iron particle volume fraction in MR fluid
and MS rubber, respectively.

The problems of the parametric control of damping and generation of harmonic os-
cillations for the presented dynamical system are solved by the Lyapunov method. All
theoretical results are based on the theorem about asymptotic stability in reference to the
part of variables as well as the Barbashin-Krasovski and Chetaev theorems.
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Synchronization is a general phenomena occuring in systems of coupled oscillators.
Many natural systems show synchronous behavior when weak coupling is present be-
tween the components of the network but the nature of the coupling is a research topic.
Moreover, for artificial networks the possibility of an analytical coupling term is still
to be developed. In this work we propose an efficient and new general analytical cou-
pling for a system of four identical oscillators. The algorithm is applied to any system
dx/dt = F(x) and the network including the coupling has the following form: dxi/dt =
F(xi)+(H−dF(si)/dsi)(xi − si). The matrix H is a Hurwitz matrixa and can be chosen to
be as simple as possible. The network is chosen of all-to-all (each oscillator is connected to
all the other), ring (each oscillator is connected only to its neighbours on a ring) and star (a
central oscillator connected to the others). For each of these networks analytical terms are
proposed and the synchronization is numerically verified. Each oscillator has the form of a
system from the Sprott’s collectionb. The conclusion is that the synchronization is achieved
faster in all-to-all network than in the ring and star case.

aI.Grosu ’Robust Synchronization’, PRE 56 (1997) 3709
bJ.C. Sprot ’Some Simple Chaotic Flows’, PRE 55 (1994) 5285
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In single-pass Kelvin Probe Force Microscopy (KPFM), the contact potential difference
(CPD) and the topography of a sample are imaged simultaneously. To this end, dynamic
Atomic Force Microscopy (AFM) operation is extended to multi-frequency excitation. In
mere AFM application, the microcantilever is mechanically driven at the first normal bend-
ing resonance frequency, while nested feedback loops keep the oscillation parameters (am-
plitude and frequency) constant under the influence of nonlinear interatomic forces acting
between the cantilever tip and the sample surface. Especially, in frequency modulation
mode (FM-AFM), the frequency setpoint is controlled by adjusting the tip-sample distance
to a constant value. Thus, the topographical information is contained in the frequency con-
trol signal. In KPFM, the cantilever is additionally excited by an electrostatic force through
application of a bias voltage to the cantilever tip. The bias voltage is composed of a static
and a harmonic component at the modulation frequency fmod. The resulting electrostatic
force at fmod is forced to vanish by adjusting the static component of the bias voltage by
an additional feedback control loop. The static voltage then corresponds to the CPD of the
surface. In this work, a simulation model of single-pass KPFM is presented. The cantilever
dynamics are represented by a reduced order Finite Element (FE) model. This approach
allows to accurately describe complicated cantilever geometries which are e. g. suggested
to enhance the sensitivity of the simultaneous imaging mode. The closed-loop model of
KPFM, which contains all essential electronic components, i. e. demodulation stages and
feedback controllers, can be used to test such cantilever geometries under realistic condi-
tions. Furthermore, the model enables the application and evaluation of advanced control
strategies. Simulation results demonstrate the operation principle of single-pass KPFM and
the effects of uncompensated CPD on topography imaging.
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The stability of a limit cycle emerging from a Hopf bifurcation can be determined by

computing the curvature indexes or Lyapunov coefficients. There are several methods to ob-

tain these coefficients but most of them require the system to be previously reduced to the

normal form of the Hopf bifurcation. Different techniques, such as Poincaré normal forms,

Lyapunov functions, power series expansion, etc., can be applied to achieve the reduction.

Nevertheless, in higher dimensional systems this task may be cumbersome. Sometimes, de-

pending on the system nonlinearity, the frequency domain method provides a simpler way

for computing analytical closed form expressions to calculate the curvature indexes. This

approach uses some well known tools like harmonic balance, Nyquist stability criterion

and state space representations.

The dynamics of an electric oscillator is analyzed in this article. The attention is fo-

cused on computing Hopf bifurcation curves and the conditions on the physical parameters

leading to the first and second curvature index failures. In this example, the analytical ex-

pressions of the indexes have been easily obtained using the frequency domain method,

since the nonlinearity depends only on one variable of the system. Thus, the frequency

domain approach is used to calculate analytical expressions of the indexes to establish the

location of the first two curvature singularities and the dynamical scenario emerging from

these degeneracies are obtained using AUTO. A relatively complex structure of nested limit

cycles has been found near these degeneracies. In addition, some global phenomena includ-

ing connections of cyclic fold bifurcations and cuspidal points of cyclic fold bifurcations

are also described.
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The goal of this work is to provide some remarks on the diffeomorphisms between
vector fields; the Lie algebra of vector fields representing the dynamical model of para-
metrically different Hodgkin-Huxley neurons. To begin with, the original vector fields are
transformed to a linearizable triangular form. These transformations are diffeomorphic and
invertible. On these transformed coordinates, it is possible to determine a synchronization
function, which allows to describe for the complete synchronization, even in the case of
parametrically different neurons. The diffeomorphic transformations are found solving a
partial differential equation for the internal dynamics of each vector field. Similar results
can be obtained since the neurons are only different on their parameter values. On the origi-
nal coordinates this complete synchronization becomes generalized, since the synchroniza-
tion function is obtained from the composition of diffeomorphysm of each neuron.

The contribution of the work is to show that by using Lie algebra, it is possible to
explicitly derive a generalized synchronization function for a class of neuron model. The
result presented provide information on the synchronization manifold, which is obtained
from the relation between the corresponding diffeomorphic transformations. This result can
be applied to a network of Hodgkin-Huxley neurons, where the synchronization manifold
plays an important role in stability issues.

∗Apdo. Postal 3-90 Tangamanga 78231, San Luis Potosı́, S.L.P., México rfemat@ipicyt.edu.mx
†jgbarajas@ipicyt.edu.mx
‡Av. Revolución 1500, Guadalajara, Jal., México. gualberto.solis@cucei.udg.mx
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Abstract

Long data sets are the prime requirement of the time series analysis techniques to reveal the

dynamics of various systems. However, acquiring long data sets is always not possible and often

we end up with only short data sets. Given the fact, is it possible to extract and understand

the complete dynamics of the underlying systems ? This is the question we address in our study.

The answer to this question lies on the simple fact that however short the time series may be,

it still has some potential to describe something about the system dynamics. We try to harvest

the information present in such short data sets using the idea of recurrences in phase space and

generate a long time series. The so generated long segments are capable of imitating the dynamics

of the underlying systems.

∗Electronic address: komala@agnld.uni-potsdam.de

1
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The initial-boundary problem for the linear theory of elasticity is considered. Based on 
the method of integrodifferential relations a new dynamical variational principle in which 
displacement, stress, and momentum functions are varied is proposed and discussed [1–
4]. To minimize the nonnegative functional under initial, boundary, and partial 
differential constraints arising in this approach a regular algorithm for approximation of 
the unknown functions is worked out. The algorithm gives us the possibility to estimate 
explicitly the local and integral quality of obtained numerical solutions. An effective 
numerical method for the optimization problems of controlled motions of elastic bodies 
with quadratic objective functionals is developed. As example, the 3D problems of 
optimal longitudinal motions of a rectilinear elastic prism with a quadratic cross section 
are considered for the terminal total mechanical energy to be minimized. The numerical 
results and their error estimates are presented and discussed. 

References 
1. Kostin,G.V., Saurin,V.V.: Modeling of Controlled Motions of an Elastic Rod by the 

Method of Integro-Differential Relations. J. of Computer and Systems Sciences Int. 

45(1), 56–63 (2006) 
2. Kostin,G.V., Saurin,V.V.: The Optimization of the Motion of an Elastic Rod by the 

Method of Integro-Differential Relations. J. of Computer and Systems Sciences Int. 

45(2), 217–225 (2006) 
3. Kostin,G.V., Saurin,V.V.: Modeling and Optimization of Elastic System Motions by 

the Method of Integro-Differential Relations. Doklady Mathematics. 73(3), 469–472 
(2006) 

4. Kostin G.V., Saurin V.V.: The method of integrodifferential relations for linear 
elasticity problems // Archive of Applied Mechanics. 76(7–8), 391–402 (2006) 
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Flüelastrasse 11, CH-7260, Davos Dorf, Switzerland.

P. Utreras-SM
Center for Quantum Optics and Quantum Information, Departamento de Fı́sica, Universidad de Concepción,

Casilla 160-C, Concepción, Chile.

We have study the dynamics of the entanglement between two non interacting two-
level atoms weakly coupled and far from the resonance with the same single mode field.
We find that a dispersive vacuum can generate maximum entanglement between them when
there is a single photon to share. We emphasize that in the dispersive regime, the atomic
energy is not exchanged with the single mode, so the single mode is required to be only
the mediator between the two two-level atoms effective interaction. This effect can not be
generated by classical field because classical fields can not couple the two atoms, at any
intensity. When they are initially in a type of Werner state, the entanglement is in general
zero at high energy, but the so called Entanglement-beats effect take place and the narrow
beats are separated by the Entanglement Dead Valleys. In other words, in that regime, the
initial entanglement amount is periodically recovered in a sudden manner, only for a short
moments separated by the time scale πΔ/g2. The wide of a E-beat is inversely proportional
to the energy of the single mode. Besides, in that atomic initial condition the entanglement
does not change when the single mode is initially in the vacuum state. However, we have
already seen that the vacuum initial state makes an important effect when each atoms starts
in a pure state. A physical implementation of this Hamiltonian interaction between two
two-level system and a single mode can be performed with two quantum dots interacting
with a boson mode. Another physical implementation could be implemented considing the
Zeeman’s level structure in a 138Ba cold ion moving in a linear Paul trap in a standing wave
configuration.
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We present a controller design based on parametric resonance concepts for a 
pendulum with erratic bounded motion of the support point and an actuator consisting of 
a sliding mass along the bar. The control algorithm is supported on relations of 
potential/cinematic energy in synchronized manner according to principle of parametric 
resonance. In this way, the induced nonlinear oscillation of the pendulum is damped 
down using a generic control law. A bifurcation study is made for the Simulations and 
lab experiments with a prototype illustrate our approach. 
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In this work a procedure to qualitative long-term prediction of limit sets of a 
convection-loop system is presented. The procedure employs estimation of system 
parameters of a previously defined process structure with time-varying coefficients and 
an interpolator to track in advance the path of the parameter vector on a basin of 
stationary limit sets. Numeric simulations with a convection-loop system illustrate the 
features of the approach.  
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Spatio-temporal excitation patterns in various neurological disorders constitute ex-
amples of excitable behaviour emerging from pathological pathways. During migraine,
seizure, and stroke, an initially localized pathological state can start to spread indicating
a transition from unexcitable to excitable medium. We investigate this transition in the
generic FitzHugh-Nagumo (FHN) system of excitable media. Our goal is to define an ef-
ficient neuromodulation minimizing the volume of invaded tissue. The question of such a
therapeutic optimization is whether structures in control theory can be treated as a structure
in differential geometry by regarding parameter plane S of the FHN system as a differential
manifold endowed with a Riemannian metric. We suggest to equip S with a metric given
by pharmacokinetic-pharmacodynamic models of drug receptor interaction.
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A distribution Δ of rank k on a smooth n-dimensional manifold M is a smooth rank k

sub bundle of the tangent bundle T M. The iteration of the Lie bracket of vector fields in Δ
yields the flag of modules of vector fields Δ1 ⊂ Δ2 ⊂ ·· · ⊂ Δl · · · ⊂ T M, where Δ1 = Δ and
Δi+1 = Δi +[Δ,Δi]. The distribution is said to be non-holonomic or bracket generating, if
for each p ∈ M, there exist a positive integer m for which Δm

p = Tp M.
We take G to be the Lie algebra Δm

p = Tp M, and we shall assume that G is nilpotent.
An inner product in G determines a natural decomposition G = Hp ⊕Vp, in terms of the
horizontal vector space Hp = Δp and the vertical vector space Vp = H ⊥

p .
An absolutely continuous curve t �→ p(t), is said to be horizontal, if ṗ(t) ∈ Δ(p(t)),

almost everywhere. A sub-Riemannian metric on is defined by a smooth varying inner
product p �→ 〈·, ·〉p in Δ(p). For horizontal curves the length and the energy functionals are
defined as usual, and for curves parametrized by arc-length, the variational problems for
both are equivalent.

In this paper we consider nonlinear dynamical systems given by a non-holonomic dis-
tribution of real vector fields. We approach the problem as a sub-Riemannian geodesic
problem, that is, the one of minimizing the energy functional in the class of horizontal
curves. We use the Hamiltonian formalism to set the problem as an optimal control prob-
lem, we integrate some cases of the Hamiltonian equations and derive some geometric
properties of the geodesics.
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Recurrence analysis of strange nonchaotic dynamics

E. J. Ngamga1, A. Nandi2, R. Ramaswamy2, M. C. Romano3, M. Thiel3, J. Kurths1
1Nonlinear Dynamics Group, Institute of Physics,

University of Potsdam, Potsdam 14415, Germany
2School of Physical Sciences, Jawaharlal Nehru University, New Delhi 110 067, India and
3Department of Physics, University of Aberdeen, Aberdeen AB24 3UE, United Kingdom

We present new methods to detect the transitions from quasiperiodic to chaotic motion via strange
nonchaotic attractors (SNAs). These procedures are based on the time needed by the system to recur
to a previously visited state and a quantification of the synchronization of trajectories on SNAs. The
techniques are then applied to detect transitions to or from SNAs in representative quasiperiodically
forced discrete maps. The fractalization transition to SNAs—for which most existing diagnostics
are inadequate—is clearly detected by recurrence analysis. These methods are robust to additive
noise, and thus can be used in analyzing experimental time–series.
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In recent years the problem of controlling chaos has attracted a considerable interest 
in nonlinear dynamics. Usually it means stabilization of initially unstable periodic orbits 
of a dynamical system by small controlling forces. Among the controlling chaos 
techniques the most popular is the time-delayed autosynchronization method suggested 
by K. Pyragas [Phys. Lett. A, 1992, 170, 421] when an additional feedback path (FP) is 
applied, with the delay time approximately equal to the period of motion to be stabilized. 
In this paper, we develop a generalization of the Pyragas method for distributed systems 
which itself possess time-delayed feedbacks. The proposed method is based on 
introduction of an additional feedback loop with parameters chosen so that the 
fundamental frequency components after passing through different FP appear in phase, 
while the most unstable sidebands appear in antiphase, thus suppressing each other. We 
demonstrate the capability of the method for the example of the well-known Ikeda system 
[K. Ikeda et al., Phys. Rev. Lett., 1980, 45, 709] that is a ring-loop resonator partly filled 
with a nonlinear dispersive media and forced with an external harmonic signal. The 
model of the system is described by the Nonlinear Schrödinger Equation (NSE) with 
time-delayed boundary conditions. 

First we examine a simplified model which could be reduced to the discrete 4D map 
that we refer as modified Ikeda map. For this map, we derive analytical predictions of the 
control and robustness. We show that for properly chosen delays and phase shifts of the 
feedback loops the increase of the amount of control feedback results in suppression of 
self-modulation instability and provides stable single frequency oscillations even when 
the dynamics of the system without control is chaotic. We perform extensive numerical 
simulations of the modified Ikeda map, as well as for the initial spatio-temporal system 
described by the delayed feedback NSE. Numerical results are in good agreement with 
the theory. In conclusion, the proposed scheme of controlling chaos opens a way to 
improve performance of practical devices at microwave or optical frequencies. 

The work is supported by the Russian Foundation for Basic Research grant No. 05-
02-16931. 
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The two types of issues appeared when attempts of ecological and population-genetics 
theory combination were made. The first type of issues is investigation of evolution 
factors effect (most of all the natural selection) on genetic structure changes and dynamic 
behavior of population under the limited ecological resources. The second one is analyses 
necessity of evolutionary-ecological consequences of harvest.  

The conception of maximal equilibrated catch asserts that harvested populations are 
not in the same ecological conditions as non-harvested ones. So the conditions of 
selection and hence fitnesses of genotypic groups can changes in harvested populations. 

The consequences of optimal harvest in the model of density-depended natural 
selection are considered in our work. So, it has been shown even in very simple model 
situation, that the optimal stationary harvest with constant quota can change the stability 
of model equilibriums and consequently can result in not only dynamics regime character 
changes but even in essential changes of population’s genetic structure.  

In this research we compare stationary harvest strategy (exploitation with constant 
quota) with non-stationary one for those cases generally, when exploitation with constant 
quota doesn’t result in stabilization of population dynamics.  

It is shown with some examples, that non-stationary strategy of harvest sometimes 
may be more preferable then stationary one.  
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State estimation (or filtering) is a research field of primary importance for industrial sys-

tems operation. It is well known that the optimal filter for linear models with Gaussian

noise is the Kalman Filter. State estimation for nonlinear systems with non-Gaussian noise

is a difficult problem and in general the optimal solution cannot be expressed in closed-

form. Suboptimal solutions use some form of approximation such as model linearisation in

the Extended Kalman Filter (EKF). The Extended Kalman Filter is an incremental estima-

tion algorithm that performs optimization in the least mean squares sense and which has

been successfully applied to neural networks training and to data fusion problems. In this

paper the EKF has been employed for the localization of an autonomous vehicle by fusing

data coming from different sensors. In the EKF approach the state vector is approximated

by a Gaussian random variable, which is then propagated analytically through the first or-

der linearization of the nonlinear system. The series approximation in the EKF algorithm

can, however, lead to poor representations of the nonlinear functions and of the associated

probability distributions. As a result, sometimes the filter will be divergent.

To overcome these shortcomings, a new kind of nonlinear filtering method, the so-called

Particle Filtering, has been proposed. Particle filtering has improved performance over the

EKF, since it can provide optimal estimation in nonlinear non-Gaussian models. Particle

filters can estimate the system states sufficiently when the number of particles (estima-

tions of the state vectors which evolve in parallel) is large. However the method has not

yet become popular in industry because implementation details are missing in literature,

and because its computational complexity has to be handled in real-time applications. The

particle filtering algorithm reminds of the genetic algorithms where a number of N parti-

cles is subject to a mutation mechanism which corresponds to the prediction stage, and to

selection mechanism which corresponds to the correction stage.

In this paper implementation and tuning issues of particle filtering are discussed. The per-

formance of the proposed methodology is evaluated against EKF in the problem of sensor

fusion for the localization of an autonomous mobile robot. The problem is to succeed an

accurate estimation of the state vector of the mobile robot fusing measurements from odo-

metric and sonar sensors. At a second stage the estimated state vector is used by a nonlinear

controller in-order to make the mobile robot track a desired trajectory.
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The approaches to modelling and optimization of controlled dynamical systems with 
distributed elastic and inertial parameters are considered. The general integro-differential 
method for solving wide class of initial-boundary value problems is developed and 
criteria of solution quality are proposed. The numerical algorithm for discrete 
approximation of controlled motions is worked out and applied to design the optimal 
control low steering an elastic system to the terminal position and minimizing the given 
objective function. The polynomial control of plane motions of a homogeneous cantilever 
beam is investigated. Such type of system disturbances can induce essential elastic 
deflections and lead to sufficient computational difficulties when the conventional 
approaches are used. The optimal control problem of beam transportation from the initial 
rest position to given terminal state, in which the full mechanical energy of the system 
reaches its minimal value, is considered. The obtained numerical results are analyzed and 
compared with the conventional Fourier’s solution. 

References 
1. Kostin, G.V. and Saurin, V.V.: The method of integrodifferential relations for linear 

elasticity problems // Archive of Applied Mechanics. 76(7–8), 391–402 (2006) 
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An original self-organizing neural network models for solution of blind source 
separation problem via adaptive independent technique is proposed. The purpose of 
research consists in  generalization of a wiled-known method of independent component 
analysis to adaptive neural networks model. We develop an algebraical approach to 
unsupervised learning rule of heterogeneous neural nets with adaptive flexible activation. 
In frame of this approach we develop new information adaptation filtering model with 
entropy-based learning rule for self-organizing neural network. The main feature of our 
model is a flexible non-linearity of neuron activation that can be tuned in accordance to a 
true signal distribution. This approach allows accurately separating informative 
components of vector signals with different types of probability distribution functions.  
The article focuses an extended independent component analysis algorithm for mixtures 
of arbitrary signals with non-gaussian distributions. 

The underlying principle involved in BSS-problem solution is formulated as an 
independent component analysis (ICA).   We apply self-organizing neural networks (NN)  
which demonstrated that a self-organizing neuron with linear Hebbian learning rule was 
capable of extracting the maximum amount of information, in a least square sense, from 
the observed data. Several algorithms based on information maximization approach in 
blind separation and blind deconvolution problems via entropy or high-order statistics 
criterions have been developed.  ICA and the related BSS (Blind Source Separation) 
problem are currently studied extensively in neural learning and statistical signal 
processing. But the vast majority of described algorithms is oriented to stationary 
statistical characteristics. However, in many practical tasks we need to analyze a non-
stationary vector stochastic processes and phenomena’s. The applications of this problem 
arise in speech and sound recognition, machine vision of dynamic scene, technical 
diagnostic. This task leads to a  nesesety of realization an on-line adaptation for such 
processes  analysis. Solution of problem can be founded in implementation of on-line 
adaptive signal processor with adaptation to non-stationary of statistical data.     
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Time-delayed feedback methods can be used to control unstable periodic orbits as well

as unstable steady states. We present an application of extended time delay autosynchro-

nization introduced by Socolar et al. [1] to a semiconductor laser system with undamped

relaxation oscillations implemented as a model of Lang-Kobayashi-type. We show that the

control method is able to enhance the local stability of the lasing fixed point leading to

cw-operation by suppression of unwanted intensity pulsations. Due to the self-feedback,

multistable behavior can also occur in the form of delay-induced limit cycles and fixed

points for certain choices of the control parameters.

[1] J. E. S. Socolar, D. W. Sukow, and D. J. Gauthier, Phys. Rev. E 50, 3245 (1994).
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Random corrections, caused by low-level decisions based on self-made short-term and 
short-scale estimations, make the trajectory of complex hierarchical system rather “rough”. 
The more complicated is the motion, the more unstable becomes the system and the higher 
becomes the fractal dimension of the attraction channel of its trajectory. To survive, these 
systems will attempt to restore the “directed” development due to adequate interactions of 
the all levels of hierarchy. This self-adjusting process stands for the adequate control of the 
system.  
As the theoretical analysis of the self-adjusting in real systems is quite complicated the 
experimental study was carried out. The stock-market system (the Sberbank-Russia) was 
chosen as a study object. The temporal price-variations of the Sberbank-Russia stocks were 
studied from March 2006 to June 2007. The fractal dimension df as a measure of 
complexity of the attraction channel and intermittency exponent μ - local dissipation 
intensity characteristic - were estimated by means of time-series analysis. The existence of 
short- and middle-term substructures with various life-time /. was revealed. The disrupt of 
the sign of the <»df/»μ>-ratio is observed for short- and middle-term substructures when 
the system evolution switches to another attraction channel. For reversible Sberbank-index 
decreases (18-19.04 and 26-27.04 2007, for example) the sign the averaged derivative 
<»df/»μ> changes from negative to positive with increase of life-time /. of dynamic 
substructures. But for irreversible index decrease (10.05 and 11.05 2007) the sign the 
averaged derivative <»df/»μ> changes from positive to negative with increase of life-time 
/.. 
To explain the obtained results, it was used the approach based on Kolmogorov theory of 
turbulence. According to this approach, the inertial force, caused by the nonuniformity of 
evolution of the system in the space/time, provides the transfer of energy through the 
system of cascades with minimum possible losses. As long as the sign of the averaged 
derivative K=0/df//�1 is positive, the increasing of evolution irregularity and (as result of 
it) the growing of intermittency exponent � leads to increase of the fractal dimension df. In 
its turn, this leads to increase of chaotic components in the system motion. To avoid the 
uncontrolable df-increasing and system creeping to chaos the system must switch the sign 
of the averaged derivative 0/df//�1 from positive to negative. In terms of control theory, 
one can say, that the surviving of the system is reached by the transition from positive to 
negative feedback between the growth of the evolution irregularity (measured as the /�-
increasing) and the increment /df  of the fractal dimension. This switching of the feedback 
makes it possible adaptation of the system to a new reality in the presence of forcing. 
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All-optical noninvasive control of a multi-section semiconductor laser by means of
time-delayed feedback from an external Fabry-Perot cavity is realized experimentally. A
theoretical analysis, both in a generic model as well as a device-specific simulation, points
out the role of the optical phase. Using phase-dependent feedback we demonstrate sta-
bilization of the continuous-wave laser output and noninvasive suppression of intensity
pulsations.
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In this paper we consider a multidimensional discrete phase system

z(n+1) = Az(n)+Bξ(n),
σ(n+1) = σ(n)+C∗z(n)+Rξ(n),

ξ(n) = ϕ(σ(n)), n = 0,1,2, . . .

(1)

Here A,B,C,R are real matrices of order (m×m), (m× l), (m× l), (l × l) respectively
and the symbol ∗ is used for Hermitian conjugation. The pair (A,B) is controllable, the
pair (A,C) is observable and all eigenvalues of A lie inside the open unit circle. Function
ϕ : Rl → Rl is a vector-valued function with the property ϕ(σ) = (ϕ1(σ1), ...,ϕl(σl)) for
σ = (σ1, ...,σl) ∈ Rl . Every component ϕ j(σ j) is Δ j-periodic, belongs to C1, has a finite
number of zeros on [0,Δ j).

In this paper the subject of cycle–slipping for discrete phase systems, which has been
investigated for the case of scalar nonlinear function (l = 1), is developed. Investigation is
carried out by second Lyapunov method and by Yakubovich–Kalman frequency–domain
theorem. That is why all the results are formulated in terms of the transfer matrix of the
linear part of system (1) K(p) = C∗(A− pE)−1B−R (p ∈ C), where E is a unit matrix.

Central hypothesis of any theorem proved in this paper is a frequency–domain inequal-
ity with varying parameters. For instance

ℜe{æK(p)−K∗(p)εK(p)−η} ≥ 0, |p| = 1, p ∈ C, (2)

where (l × l)-diagonal matrices æ, ε > 0, η > 0 are varying.
It is established that if there exist such diagonal matrices ε > 0, η > 0, æ and such

positive integers m1,m2, ...,ml that the inequality (2) (or a more complicated frequency–
domain inequality) is true and certain additional algebraic inequalities are satisfied then for
any solution (z(n),σ(n)) of (1) the estimates |σ j(n)−σ j(0)| < m jΔ j ( j = 1,2, ..., l) are
true for all natural n.
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The explosive crystallization processes in nanocrystalline ¼½-¼ and ¼½-Pd films have 
been studied by transmission electron microscopy and electron diffraction methods. In 
the presented work the physical and chemical processes occuring at plastic deformation 
of alloys of Co-C and Co-Pd systems are considered. In work it is shown, that features of 
structural reorganization during mechanosyntesis can be described within the limits of the 
share transformation zone (STZ) theory based on model of excited atoms [1]. The 
analysis of bend extinction contour has shown on microphotographies the considerable 
internal bend (~100º/micron) of crystalline lattice. On the basis of the experimental data 
we founded the correlation of magnetic properties and lattice curvature. In present paper 
the shear transformation zone theory was used for attempt to explain the mechanism and 
kinetics of the explosive crystallization in Co-C and Co-Pd films. The comparison of 
microstructure of the nanocrystalline ¼½-¼ and ¼½-Pd films containing bend contours 
with the results of saturation magnetization measurements has been made. Microstructure 
and magnetic properties of ¼½-¼ and Co-Pd crystallizing with the internal bend of a 
lattice are being compared. As it has been observed on the electron microscopic patterns, 
for the samples with the maximal density of bend contours the saturation magnetization is 
several times less as compared to the initial nanocrystalline state. 

 

[1] M.L. Falk, J.S. Langer // Phys. Rev. 1998, V. E57, P. 7192-7204. 
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The problem of chaos control in the nonlinear Bloch equations is considerd based on

a new control technique. The new control technique combines a recursive approach and

active control mechanism to design control functions that suppresses chaotic behaviours

in nonlinear Bloch equations. The effeciency of the proposed Recursive Active Control

(RAC) is demonstrated with numerical simulations.
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Wing-in-Ground (WIG) Effect vehicles use the influence of the supporting surface applying the aerodynamics 
characteristics of special aerofoil, which result in the increase of lift and the decrease of induced drag. 
Undisplacement vessels successfully used advantages of motion close to the supporting surface long ago. For the 
WIG-craft the flight near the surface is the natural mode of motion, but many control problems arise at providing 
the safety and effectiveness of such flight.  
Nowadays some countries have taken deep interest in this technology and started to work in the development of 
this promising and advanced kind of transport. The Venezuelan WIG Effect craft project called BUCHON-1 is 
one of them and it is projected to be used as a transport vehicle in the Caribbean Sea. The velocity of WIG-flight 
for the Buchon-1 would be around 200-250 km/h. The vehicle length would be 13 m and the altitude has to be in 
the range from 0.5m to 3m. Methods of providing stability to WIG Effect flight by special automatic control 
systems and the development of special altimeters are analyzed especially considering the BUCHON-1 and the 
experiments and tests extensively carried out using its prototype. 
The flight parameters measuring system was designed for WIG-craft It is intended for control and record of flight 
parameters:  altitude of flight up to 5 m with accuracy 5 cm;  speed up to 180 m/s with accuracy 0.1-0.2 m/s;  roll 
and pitch angles with accuracy 0.1-0.2 deg;  vertical overloads up to 3g with accuracy 0.06g;  considerable sea 
waves height up to 1.5 m with accuracy 5 cm. 
The characteristics of specially designed radioaltimeter (RA) are: Altitude (or distance) measured - 0-10m; 
easurement error - not more than 5 cm; measured parameter frequency range - 0-50 Hz; the operating RF - from 
X-range ( 9000 MHz); power consumption - 2 W; mass - 1.2 kg. 
The structure of integration algorithm for altimeters and vertical accelerometer output signals involves: The 
block of recalculation of measurements  RA on a point of installation Inertial Unit (IU); the block of 
recalculation of an estimation of altitude from a point of installation IU on CG; the filter of altitude; the filter of 
vertical acceleration. 
The measuring system allows to track the profiles of sea waves in three points, corresponding to the points of 
RA installation at a nose and both sides of the vehicle, with the accuracy 10 cm at seaway number 4. 
The following criteria of automatic control quality for BUCHON-1may be considered: stability provision of 
motion in the longitudinal plane; rise of seagoing ability of a vehicle, i.e. its capability to move in given direction 
and to solve another functional tasks at the largest number of sea conditions; reduction of fuel consumption; 
depression of vehicle rocking for creating the favorable conditions for crew and passengers or for functioning of 
on-board equipment. It is impossible to reach the extremum of all these criteria simultaneously and each concrete 
case requires appointing the only main criterion of control effectiveness, and transforming other ones to the rank 
of limitations.  
The demanded characteristics of vehicles for flight close to surface can be achieved only by the use of the new 
capabilities of perfecting the systems of navigation and motion control created by modern means of supply with 
flight information and by resources of on-board computers. in this paper.  

REFERENCES 
Nebylov A.V.(2002). Controlled flight close to rough sea: Strategies and means. In: 15th IFAC World Congress. 

Barcelona, Vol.8a. . 
Nebylov, A.V and P.Wilson (2001). Ekranoplane - Controlled Flight close to Surface. Monograph. WIT-Press, 

Southampton, UK, 226 pp+ CD. 
Nebylov A.V.(2007). Wing-in-Ground Vehicles: Modern Concepts of Design, Automatic Control, Applications 

In: AERO INDIA Seminar, Bangalore, India. 
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One of the actual problems of the objectives of control is the problem of synthesizing the law of control, effective under 
the conditions of various indeterminacy and limitations on motion properties. At the same time the deriving of the robust 
laws of control is very important under the conditions of illegible data. In this work it is shown, that the solving of the 
mentioned problem comes to solution of some certain logarithmic correlations from the specially created connected 
phase plane. As far as smooth phase limitations are concerned, these correlations can be converted into algebraic 
equations, according to the synthesized law of control. The investigation in the cases of uneven limitations, which 
describe linear polyhedrons in state space, is performed in this work. It is shown, that in case of being symmetrical to set 
point of the coordinate system the solvability of synthesizing problem is all defined by the random apex of the 
polyhedron. If the required condition of the symmetry is not fulfilled, than the minimum amount of the random 
polyhedron apexes is concerned for analyzing the solvability of the objective. The description (symmetrization) of the 
phase plane is concerned with the help of the polyhedrons, symmetrical in any way. At the same time the system` 
indeterminacy is considered straight according to the algebraic correlations of the symmetric polyhedrons` apexes. 
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The purpose of this paper is to discuss the relationship between the structure at 
infinity of a linear multivariable system and its interactor matrix. 

An interactor was originally defined by Wolovich and Falb as the system invariant 
under dynamic compensation, which is a lower left triangular polynomial matrix and has 
been used in various types of control systems for linear multivariable systems. However, 
in general, an interactor can be defined by any polynomial matrix which cancels all zeros 
at infinity of a given plant transfer matrix by premultiplying. This implies that the 
interactor can be regarded as another expression of the structure at infinity of the plant, 
and hence, there must be a direct relationship between the structure at infinity of the plant 
and the structure of degrees of it’s interactor. However, although the structure at infinity 
is determined uniquely, the interactor and even its structure of degrees are not determined 
uniquely. In this paper, to establish this explicit relationship, the regular interactor in 
defined as the interactor whose row degrees coincide with the structure at infinity of the 
plant. It will be proven that the interactor is regular if and only if the interactor is row 
proper. 
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Recently, new approach was developed for description of physical hysteresis, which is
based on set-valued differential equation with discontinuous right-side. The paper briefly
presents new results on modelling a hysteresis damping and describes in detail their ap-
plication to a communication spacecraft (SC) attitude guidance and robust digital gyromo-
ment control with precise pointing the large-scale flexible weak-damping antennas.

Applied general approach to synthesis of a nonlinear control system with a partial
measurement of its state is presented, moreover the method of vector Lyapunov functions

is used in cooperation with the exact feedback linearization technique. Comparison of lin-
ear and hysteresis modelling the SC structure weak-damped oscillations was developed.
Obtained results are close, but resonance ”peaks” on ”frequency characteristics” have very
narrow form for hysteresis modelling. New results on multiply filtering the incomplete
discrete measurements and robust digital control are presented, moreover the discrete fil-
tering efficiency is evidently demonstrated. Some results of computer simulation are pre-
sented, including additional angular deflection by antenna’s flexibility both at pointing,
target tracking and guidance by a rotation maneuver. Conclusions formulate the paper prin-
ciple results on modelling a physical hysteresis and it application for digital gyromoment
attitude control of a flexible spacecraft structure.

The work was supported by the RAS Presidium (Programme 22), the RAS Division on
EMMCP (Programmes 15 and 18) and the RFBR (Grant 07-08-97611).
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In this paper, by using synchronization scheme of chaotic neural networks with delay,

an adaptive secure communication scheme with channel noise and time delay is proposed.

Based on the idea of chaotic masking-modulation, the transmitted message is encrypted

by the chaotic signal, and via the adaptive feedback control techniques, the transmitter and

the receiver are synchronized with channel noise, so the masked signal can be perfectly re-

covered by the receiver in the presence of channel noise. In light of the Lyapunov stability

theory for stochastic differential equations, several theoretical results are rigorously estab-

lished. Finally, a numerical example is provided to verify the effectiveness of the proposed

scheme, and the time required for recovering the information signal and the performance

of the recovered signal very sensitively depending on the time delay and the frequency of

the information signal will also be found from the simulation results.
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Soft starters based on thyristorised voltage controller (TVC) are used as induction 
motor controllers in many industrial applications. At present soft start devices are 
developed based on the pulse-phase control system (PPCS) with TVC. A complicated 
mathematical modeling and simulation is a disadvantage of the PPCS-TVC of induction 
machines (hereafter PPCS-TVC-IM). It’s difficult to research the PPCS-TVC-IM 
behaviors in transient and stationary states. For example, stability of the stationary states 
has been researched with the help of linearized models of the PPCS-TVC-IM especially. 
The PPCS-TVC can operate under two types of synchronization: line voltage 
synchronization and phase current synchronization. Oscillation processes, characterized 
by deviation of angular velocity of IM exist in the stationary states of the PPCS-TVC-IM 
with voltage synchronization. An averaging modeling approach does not allow to 
investigate this problem and to analyze the model stability adequately. Therefore, both an 
analysis of the dynamic behaviors and control algorithm design must perform by non-
linear model. In the paper, such complete (non-linear) model of the PPCS-TVC-IM is 
used for simulation and stability analysis. The parametric stability analysis of the 
stationary state, base on monodromy matrix numerical calculation is carried out for both 
types of the model synchronization. In conclusion, the periodical processes of the 
stationary state are stable in both the turndown of the control angle and range of the IM 
inertia moment J=Jrated:Jrated·8. However, the oscillation processes exist in the stationary 
states of the PPCS-TVC-IM with voltage synchronization in the IM inertia moment range 
J=Jrated:Jrated·3. As shown in paper, current synchronization of the PPCS-TVC-IM 
decreases the oscillations in the stationary state. It makes current synchronization of the 
PPCS-TVC-IM more attractive for implementation against the voltage synchronization. 
Especially, it can use in both the soft start devices and energy-saving drive systems. 

 
* 4 Akademicheskaya, Apt. 1. Orel 302020, Russia 
† 12 Privokzalnaya, Apt. 27, Orel 302006, Russia 
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Considering a two-dimensional system of nonautonomous differential equations with
discontinuous right-hand sides describing the behavior of a DC/DC converter with pulse-
width modulated control, we demonstrate how a two-dimensional invariant torus can arise
from a stable node equilibrium point. We determine the chart of dynamical modes and
show that there is a region of parameter space in which the system has a single stable
node equilibrium point. Under variation of the parameters, this equilibrium may collide
with a discontinuity boundary between two smooth regions in the phase space. When this
happens, one can observe a variety of different bifurcation scenarios. One scenario is the
continuous transformation of the stable equilibrium into a stable period-1 focus. A second
is the transformation of the stable node equilibrium into an unstable period-1 focus, and
the associated formation of a two-dimensional (ergodic or resonant) torus.

The bifurcation phenomena observed for this system are distinguished from a classic
Hopf bifurcation by the following characteristics:

First, the transition is connected with the disappearance of the stable equilibrium point,
when it collides with a discontinuity boundary between two smooth regions in the phase
space. It is not connected with the loss stability of equilibrium point as it occurs in the
classic Hopf bifurcation.

Second, the disappearance of the equilibrium point gives rise to two types of bifurcation
behavior:

(i) the stable equilibrium disappears and is replaced by a stable period-1 orbit, the
amplitude of which is growing linearly from zero as the system moves away from the
bifurcation point.

(ii) rather than as a stable node, the periodic cycle arising in the bifurcation is born as
an unstable focus surrounded by a resonant or ergodic torus.
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