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For thecaseofone-dimensionaliteratedmapswepresentanew methodfor controllingdeterministicchaosby thestabilization
of oneoftheunderlyingunstableperiodicorbits.Themethodworksby applyingaseriesof regularproportionalfeedbacksin the
variableanddoesnot requirethat theparticulardynamicallaw is known. The methodis illustratedwith anapplicationto the
logisticandexponentialmaps.

Thelast30 yearshaveseenagrowing interestin havingtypically embeddedwithin it aninfinite num-
the studyof low-dimensionalnon-lineardynamical berofunstableperiodicorbits, the latterbeingdense
systems.Thestudyof systemswhoseinteractionlaws in the attractor [51.This methodneedstheknowl-
are no longer linear offers a new integratedframe- edgeof a Poincaréreturn map of the systemand
work for the studyandinterpretationof many nat- works by perturbingthe systemstatein sucha way
uralphenomena.Oneofthebestknowneffectsisde- that it is led to thefixed point, andhasbeenapplied
terministic chaos, characterizedby the sensitive to control someexperimentalsystems[6—8].
dependenceof thedynamicson theinitial conditions An interestingextensionof the methodhasbeen
andwhich hasa pictorial expressionin termsof the developedby Showalteret al. [9] for suchdissipa-
so-calledbutterfly effect [1]. In many practicalsit- tive systemsas canbe representedwell by a one-
uationsone is interestedin enhancingthe appear- dimensionalreturnmap.This simplified procedure
anceof chaosin order to favour processessuchas allowsonetoconcentrateon theevolutionofa single
mixing of fluids — throughthe onsetof turbulence— parameter,andallowscontrol by the applicationof
orheattransfer(e.g. in the chemicalindustry [2]). a feedbackproportionalto the differencewith the

However,in many otherplaceschaosmay be un- referencevalue.Thereexist also someexperimental
desirable,as chaoticvibrationsmay produceirreg- implementationsof this method [10—13].
ular operationandfatiguefailure in mechanicalsys- Another interestingtechnique,that presentsthe
tems,temperatureoscillationsoutsidesafemargins advantageof having a much easierimplementation,
in thermalsystems,etc.PlappandHübler [3] have consistsof the applicationof resonantperiodicpar-
deviceda chaoscontrolmethodthatallows the con- ametricperturbations[14,151 (e.g.sinusoidal)that
trol of chaoticsystemsby applying large perturba- effectively stabilizesomeunstableperiodicorbit of
tions to somesystemparameters.More interesting, the system.It is interestingto pointoutthat the issue
perhaps,is themethodput forwardby Ott, Grebogi of chaoscontrolhasbeenappliedto othersituations
andYorkein theirseminalcontributiontothisprob- suchasthesynchronizationof chaoticsystems[161,
lem [4]. Theirproposalrelieson a chaoticattractor the directionof trajectoriesto specifiedtargets[17]
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Fig. 1. Logisticmap(1) with ).=0.9, ‘=0.05andM=5. Fig. 2. Logistic map(1) with~=1.0, y= —0.396andAn=4.

andthe transmissionof information [18]. Our control algorithm consistsof the application
In the presentcontributionwepresenta different every An iterationsof a feedbackto the variablex

strategytogaincontroloverchaoticsystems,andap- having the form
ply it to thecaseof iteratedmaps.It hasin common — ~ + 3
with otherapproachesthat it alsoactsby stabilizing Xfl — Xn~ Y
a given unstableperiodicorbit. If differs from them where y representsthe strengthof the feedback.In
in thefactthatit doesnotchangesystemparameters, otherwords,themapis controlledby changingx,, in
butratherperformsafeedbackin thepopulation,i.e. sucha waythata proportionalfeedbackis appliedin
thevariableof themap,everyAn iterations.Iterated the form of pulses.This meansthat, dependingon
maps are interestingbecausethey are good models the signofy, somepartof x is injectedorwithdrawn
of thegrowing of populationsof individuals,being dependingon the value of x~at thatmoment.
also useful as simple modelsof more complexdy- Forbothmodels(1) and (2) wehaveconsidered
namicalsystems.In particular,in thiswork wehave two different conditions, thatcanbe found in figs.
consideredthe logistic map, 1 and2 (for the logistic map)andin figs. 3 and4

—42x ‘1 ‘ ‘1 ~ (for theexponentialmap).In everyfigure, part (a)Xfl + I — fl~ — XflJ ‘ / showsa plot of x,, versusthe numberof iterations,

togetherwith the exponentialmap, while in part (b) wehaveplottedx~÷
1versusx,,. In

the former partof the plots the dottedvertical line
x~1 =x,, exp[).(l —x~)]. (2) separatesa region(at theleft), wherethecontrola!-
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Fig.3. Exponentialmap (2) with A=2.8, y=O.2 andM= 10. Fig. 4. Exponentialmap (2) with).=2.8,?= —0.066and~n=4.

gorithm is not acting, and anotherone (the right tions,one caneasily discoverdiscretejumpsin the
part),which showstheperiodicbehaviorof thesys- variableat the momentthe injecting control algo-
tem whencontrol is applied.It mustbe pointedout rithm is acting,andthis interpretationiseasierthan
thatperiodicity doesnotset in immediately,andso the onefoundfor continuoussystems[191. Thus, it
a transientof 30000 iterationsis left in the calcu- is very clear that the effect of the control algorithm
lations to assureconvergence,although a smaller is to stabilizea particularunstableperiodicorbit by
numberwould also suffice in all cases. changingits value everyAn iterations,allowing the

Thex,~÷1versusx~plotscanbe easilyinterpreted orbit to matchandyield a cycle.
by usinga straightforwardgeometricinterpretation. In our procedure,the ability of controlling chaos
First of all, one has the bisecting line y=x (or dependscritically on thevaluesof y andAn.The lat-
x~÷1=x~)andthecurvethat representsthefunction ter is closely relatedto the periodicity of the ob-
studied.Operatingwith somex,, valueamountsto servedcycle,this beinga multiple ofAn. On theother
startingon the axisof abscissaeandgoingvertically hand,if onedoesnot use the appropriatevalueof y
until intersectionwith the function (one getsthen periodic dynamicsis not obtained.It appearsthat
x,,~.1).In thisprocess,nextonegoeshorizontallyun- the effectof our methodis very similarto theuseof
til the y=x line is found, allowing one to usethis resonanceparametricperturbations[14,151,with the
valuefor the next iteration,which will consistagain differencethat one only changesthe valuesof the
of movingverticallyuntil intersectionwith thefunc- variables.
tion. Repeatingthisprocessfor a numberof itera- Regardingthepossibleapplicationsoftheseideas,
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