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Global and Local Control of Spatiotemporal Chaos in Coupled Map Lattices
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We present a simple method, using constant pinnings, to suppress spatiotemporal chaos and achieve
global control in coupled map lattice models under different situations, e.g., for uniform pinning,
nonuniform pinning with regular or random distributions, and lattices with spatial heterogeneity in local
dynamics and coupling strength. The method is easy to implement and does not requéreraoy
information of the system dynamics or explicit changes in its parameters. This method can also be
used for local control of spatiotemporal dynamics, an aspect that has crucial importance in many natural
systems. [S0031-9007(98)06896-3]

PACS numbers: 05.45.+b, 05.50.+(, 47.20.Ky, 87.22.—q

Spatially extended systems are commonly described ushe application of regularly spaced or randomly distributed
ing coupled map lattice (CML) models which exhibit a nonuniform pinnings. The major advantage of the method
wide variety of novel and complex spatiotemporal behavis that, unlike other feedback or adaptive control algo-
iors including spatiotemporal chaos (STC) for differentrithms [3,6], it does not require arg priori knowledge
levels of spatial coupling and nonlinearity in the local dy- of the system dynamics, such as stable or unstable fixed
namics [1]. Along with physicochemical systems such agoints and periodic orbits, nor does it require modifying
plasma devices, laser systems, and chemical reactions, tbetracking any of the system parameters or variables ex-
CMLs are also being increasingly used in modeling spaplicitly. Therefore this method can also be easily used to
tially extensive excitable media in biology, such as thesuppress chaos in lattices with heterogeneity in the local
cardiac, neural, or retinal tissue, and metapopulations inonlinear parameter or in the coupling strength—a situ-
ecology, where the coupled discrete nature of the mediation common in reality. In addition to global control, we
and the resulting spatiotemporal dynamics has signifishow that this method can also effectively control spatio-
cance in both physical and biological functions [2]. Al- temporal dynamics in spatially localized regions in CMLs.
terations in the normal functions in these systems lead to The diffusively coupled map lattice model in one
pathological conditions, and thus control of spatiotempodimension is given by the following general form [1]:
ral dynamics has major implications in biological func- , ,
tions. However, only a few methods have been proposed®n+1(0) = (1 — €)f (x, (7))
for controlling such spatially extended systems [3—5]. € ) )

The dynamical control of spatially extended systems + E[f(x"(’ — D)+ [+ D] @)
can have two different motivations: (a) control of the full
system by manipulating all or parts of the system, andvheren = 1,2,...,N are the discrete time steps,—

(b) controlling only a localized spatial region, leaving the1,2,..., L is the discrete lattice sites with periodic bound-
rest of the system unperturbed. The first is needed wheary conditions,x, (i) represents a continuous statejs
one desires to exert global control over the system irthe diffusive coupling strength to the nearest neighbor
the event of its exhibiting undesirable dynamics, e.g., insites, andf(x) governs the local dynamics. Heféx) =
stabilities in coupled chemical reactors, or in arrays ofrx(1 — x) for 1 = r =4, 0 = x = 1, which shows the
Josephson junctions, etc. The second is extremely usehiversal bifurcation structure of period doubling route to
ful in situations where local control is required without in- chaos with increasing nonlinear parametgr].

terfering with other parts of the system, viz., suppressing The method proposed to control the spatiotemporal
activities of an ectopic node in the heart, or introducingdynamics in CMLs involves applying constant pinnings on
localized alterations in neural tissues. the lattice sites as follows:

In this Letter we propose a novel and simple method to . }
control the spatiotemporal dynamics in CMLs by applyingx”“(’) = (1 = €)f (D)
constant pinning in the spatial domain. The STC in the lat- € . . .
tice can be suppressed by pinning all sites uniformly, and + 5 Gl = D) + fla+ D)+ pulD),
the high dimensional system can thus be stabilized in any )
desired periodic state on appropriately varying the pinning
strengths in few time steps~60). Global suppression wherep, (i) represents the pinning strength at ilie site
of STC (as measured by negative maximum Lyapunowatnth time step. It can assume negative or positive values
exponent,\.x) can also be achieved by this method bydepending on the nature of the local dynamics [8] and can
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be either uniform and the same on all the lattice sites ostable states using this simple method. It is clear that one
nonuniform and site dependent; i.e., it assumes differenteed not have any information about the system parame-
constant values at different sites. For uniform globalters or stabléunstable states of the CML to implement this
pinning, p,,(i) = p, fori = 1,2,...,L. For nonuniform method.
pinning, p,(i) = (i — i,)p, wherei, is the inverse of (i) Heterogeneous lattices: Most natural systems are
the pinning density,p,: if 6(i — i,) = 1, the ith site  unlikely to have the same system parameters over the
is said to be pinned and takes a finite valugor else entire spatial domain [e.g., the growth ratg hay not be
p.(i) = 0. For all numerical simulations the lattice length identical in all the subpopulation patches, or the junctional
is L = 60, and the initial conditions are chosen randomlycoupling strengths &) may vary in arrays of coupled
from the ranger, = 0.01, wherex. is the critical point of  nonlinear oscillators or within cells in an excitable tissue
the local map functionx, = 0.5 here) [9]. [2]]. The left side of Fig. 1(c) shows the STC in a het-

Global control of STC with uniform pinning=(i) Ho-  erogeneous CML with small random variations+rand
mogeneous lattices: We show the effect of uniform pin-e. In contrast to the homogeneous lattice where all
ning on the CML dynamics for a homogeneous latticesites exhibit identical dynamics, here, because of spatial
(samer and e at all the sites). Figure 1(a) summarizes parametric variations, suppression of STC is achieved with
the long term spatiotemporal behavior of the CML whendifferent lattice sites settling down to different fixed point
subjected to both negative and positive pinning strengthdynamical states for a chosen value of pinning strength
in the (r-p) parameter space. In a uniformly pinned lat- [see the right side of Fig. 1(c)]. It may be noted that all
tice, the long term dynamics is similar at all the sitescontrol algorithms which involve parametric corrections to
and depends only on the pinning strength Figure 1(b)  control the system dynamics [3,6] will not work easily in
shows the dynamical behavior of a lattice site in a CMLsuch situations.
with r = 4 for varying pinning strengths. A clear period- Global control of STC with nonuniform pinning:
halving behavior is seen with a decrease in the magnitudelaving uniform distribution of probes over the entire
of p, from spatiotemporally chaotic to periodic and equi-spatial domain to control the system dynamics is neither
librium behavior. Thus it is possible to find the proper very efficient nor always practically feasible. This method
choice of pinning strength required to control spatiotempo-€an also be used to suppress STC (measuree by.x)
rally chaotic dynamics in homogeneous CMLs to desiredn the CMLs with nonuniform pinning at a lower density

of pinned sites.
(i) Regularly spaced pinned sites: The left side of

0.6 1.0 Figs. 2(a) and 2(b) show weak and strong STC in CMLs.
] ] This chaotic dynamics can be suppressed (shown in the
0.2 \ right sides of the figures) by applying nonuniform pinning
& =2 05 at a very low densityp, = 0.1 [i.e., one in ten sites in
-0.2 1 1 | Fig. 2(a)] and a denser distribution @f; = 0.25 for a
-@)\ highly chaotic Iattice' [in Fig. Z(t'))].' Fixed point contrql
0'62.8 35 36 40 0.(_)0. of STC can be achieved by pinning the alternate sites

(pa = 0.5) of the CML.
Whenp, < 1, € plays an important role in the suppres-

TR sion of STC at higher values of In Fig. 3 is shown the
!!ll"l.!ﬂ!!ilI.i!'lI"lIﬂ'!|""5."'-~:=?=’-|$!I ) behavior of the\,x for the full CML, for increasing values
s RN of e at different pinning densities. There exists more than

B one window ine at pinning densitiep,; = 0.25 where

STC is suppressed in a highly chaotic CML< 4). Con-
trol is easily achieved in a weakly chaotic lattiece=€ 3.6)
L — — even forp, = 0.25 over a large range of. Thus, control

20 40 160 0 20 40 60 of STC is possible in CMLs over a wide rangeeoéndp,

i . . at low r values, but at higher, only a narrow range oé
FIG. 1. (a) Spatiotemporal behavior of the CML inp ﬁlndpd is available for control.

arameter space. The regions marked 1, 2, and 4 exhibil .. L. . o .
ﬁxed-point, gand 4 perio?j dynamicss4 includes higher (i) Random distribution of pinned sites: Instead of pin-

periodic states and STC with small stable periodic windows;Ning a few regularly spaced lattice sites, in some practical
x,(i) — — in the rest of the region. (b) The period-halving situations it may be advantageous to be able to suppress
behavior exhibited at = 30 in the CML (- = 4, ande = 0.8)  chaos by pinning sites randomly. For example, to suppress
as a function of uniformp. (c) STC (shown in left) in @ certain types of cardiac arrhythmia (e.g., tachycardia),

spatially heterogeneous CMk & 3.9 = 0.1, e = 0.7 = 0.01) . . . . .
is suppressed to fixed point state (shown in right) by IOinningelectrlcal stimulations are generally applied to different

uniformly with p = —0.15; here data forl00 consecutive time ~parts of the whole tissue [3,5,10]. In Fig. 4 we show the
steps are superimposed after eliminati@g0 transients. results culled from 100 experiments each on randomly
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FIG. 2. Space-amplitude plots for nonuniform pinning+{*
denote the pinned sites). (a) CMk & 3.6) exhibiting two-
band STC (left side) and suppression of ST = —0.13)
with p = —0.25 andp, = 0.1 (right side); (b) CML ¢ = 3.9)
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FIG. 4. Suppression of STC in CMLs (= 0.7, p = —0.4)
with randomly distributed pinned sites.

pinning only75% of the sites. With the increase in pin-
ning density, success rate increases and randomly pinning
90% of the sites yield control of STC in=50% of the
cases. Thus, this method can also be useful in systems
where regularly spaced distribution of pinning may not be
feasible.

Local control of spatiotemporal dynamies.Control of
the dynamics in spatially localized regions, leaving the rest
of the system undisturbed, is usually not addressed in spa-
tially extended systems, though this has important applica-
tions in both physical and biological systems [11]. With

exhibiting fully developed STC (left side) and suppression ofMany of the existing algorithms, spatially localized con-

chaos Q. = —0.07) with p = —0.45 and p, = 0.25 (right
side). Heree = 0.7.

pinned CMLs for increasing pinning densities, where th

suppression of STC is scored by the percentage of cas

with negatived,.,. It is clear that for a weakly chaotic

CML (denoted by dashed lines), control of STC is pos-

sible even by randomly pinning only a few sites. How-
ever, as expected, control of STC in fully turbulent
CML (denoted by the solid line) is more difficult—though
it is still possible in aboul5% of the cases by randomly

0.6

0.8 1.0

02 04 406

FIG. 3. Role of coupling strengtla in suppression of STC
(regions of negativel,,s) in CMLs at different pinning
densities forp = —0.4.

trol is not possible since parametric changes are needed to
achieve control. The present method can be effectively
used for controlling the dynamics in spatially localized

ereg|ons in a CML. Figure 5 shows that when a region

8§ ten sites in a CML exhibiting spatiotemporal chaos is
pinned locally leaving the rest of the sites undisturbed, it
shows suppression of STC in that localized region, and
the rest of the lattice continues to show STC. The desired
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FIG. 5. Space-time-amplitude plot for local control. Sites
i =26,...,35in the CML (r = 4.0, e = 0.8) exhibiting STC
are pinned withp = —0.3 and controlled to equilibrium state
while the rest of the lattice continues to exhibit STC.
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dynamics in the pinned region can be obtained by approprifiwari for discussions. The Departments of Biotechnol-
ately choosing the pinning strength (from Fig. 1). In thisogy and Science & Technology, India, are thanked for
method a pinned site can exert its influence to at most thresupport.

neighboring sites depending on the coupling and pinning
strengths. Thus suppression of STC is indeed quite strictly
localized when coupling is weak, and the pinning region
can be appropriately chosen at high coupling strengths.
To summarize, we have shown that it is possible to sup-
press spatiotemporal chaos in coupled map lattice mod-
els both globally and locally by applying constant pinning
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