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Ly =126.65 [pH]. (33) Self-Control of Chaotic Dynamics using LTI Filters
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VI. EXPERIMENTAL RESULTS
) o ) ) ) Abstract—n this brief, an algorithm for controlling chaotic systems
An experimental circuit designed in Section V was tested. Foging small, continuous-time perturbations is presented. Stabilization is
starting, we gave the driving signaB,; and D.» from reference achieved by self controlling feedback using low order LTI filters. The
inverter because the circuit needs an external trigger signal to start #gorithm alleviates the need of complex calculations or costly delay
illation elements and can be implemented in a wide variety of systems using simple
oscl : _ circuit elements only.
Fig. 6 shows the waveforms of the switch voltage and output
voltagev,. They agreed well with theoretical predictions. The mea- Index Terms—Feedback control of chaos, linear time invariant filters,
o : . unstable periodic orbits.
sured efficiency was 93.3% at the output of 2.3 W and operating fre-

quency of 1.0 MHz.

|. INTRODUCTION

ViI. ConcLusioN There has been some increasing interest in recent years in the study

In this paper, a high-efficiency class DE tuned power oscillator waé controlling chaotic nonlinear systems [2], [7]. The possibility of ob-
introduced. The proposed circuit can be used as a simple high-eféiining periodic waveforms from a chaotic system by stabilizing any of
ciency tuned power inverter. The analysis, design examples, and #he numerous embedded unstable periodic orbits (UPO’s) has been the
perimental results were presented. The measured performance shaguidding control philosophy. The breakthrough in this direction is the
good agreement with the theoretical predictions.
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Fig. 1. Block Diagram of the Control Algorithm.

OGY algorithm [1], which stabilizes the UPO by applying occasionathe system gets stabilized to an equilibrium point for an high dgain

small, well-calculated perturbations to the system parameters. To select the pass frequency of the filter, an FFT of the output signal is
The above methods are in essence discrete in nature and calculatekttained, which would be typically spread spectrum, with broad peaks

perturbation based upon local behavior of the system in a neighborhaetitered around frequencies corresponding to the UPO’s. We select

of the UPO. This is an advantage, as knowledge about the entire glotha pass frequency of the filterg;(s) to be within this windows. A

dynamics is not necessary. However, since control is exercised osuyfficiently high-value is selected for the filters and is assumed to be

occasionally in a small neighborhood of the UPO, the system becontesable. If the output of thé,, filter is y, (¢) the perturbation applied

susceptible to occasional bursts away from the UPO under moderat¢he system parametgris of the form

noise. To overcome this limitation the idea of time continuous control

was proposed by Pyragas [3]. Among the two algorithms suggested Ap(t) = K (Z yr,(t) — ?I(f)) - 2

by Pyragas one required an external periodic signal approximating the N . A

UPO, while the other recovered the periodic signal by delay coordina e value of g_am@ IS _tuned_to obtain stabilization. )

method. Though various implementations of the second method ha¥Vhen stabilization is achieved the output of the filter bank and the

been reported, the inspiration behind the present report is to repl e\’/%tem;)o;r; lt;ecome pe”tOd'C almd Cloﬁ’e_l_tﬁ eafch other; alﬁo’ theggr\t(ur-
the delay element which is difficult and costly to obtain at some ti ationAp(t ’ecomes extremely smatl. Therefore, as well as in L
scales. and Pyragas’s method small external force is used for stabilization.

The present algorithm also achieves control by perturbing the systélﬁo since the pass frequency Of, the filters were cho_se_n tg be in the
parameters in proportion to the error signal between the output sigﬁglne window as that of the UPO S t_he stabilized orbit lies in a small
to be controlled and a periodic signal, but the periodic signal is derinSIgthIrhOOd of the UPO of the o_rlglnal system. .
from the chaotic attractor itself, by passing the chaotic output of theT_he Lorentz system is u_sed (o illustrate the main results for the al-
system through a bank of band pass filters with narrow pass ban%r'thm' The system equations for the Lorentz system are given by
The filters may be simple LTI ones, which can be implemented using
resistor, capacitor and opamps only. It has been observed that though
LTI filters are unable to filter out a periodic signal from a chaotic one
[8], when connected in the above configuration, the whole system can B3 =—w129 + rag — 3. 3)
be controlled to periodic orbits.

T =—x1 + 223

To =3(x3 — 22)

The stater, is selected as the output signal to be controlled aisl
the system parameter available for perturbation. The nominal value of

Il. CONTROL ALGORITHM r is taken as 26.0.
Let us consider a dynamical system given by the model The second-order filter with transfer function
. F(s) = _ Cw
X =f(X,p) 32—|—w—05—|—wg

y =CpX )
is used in the feedback loop. The spectrum of the output signal is shown

where,p is a parameter available for perturbation ani the output in Fig. 2(b). For stabilization of the period-1 orbit a single filter with
signal to be controlled. We assume bgthndp to be scalars. pass frequency of 1.2 Hz is chosen, which lies in the pass window of

The system is connected in the configuration shown in Fig. 1. Thiee chaotic system. Stabilization is obtainedjat= 8.0, K = 0.52
feedback path consists of an inverter and a bank of filters connectedimdC' = 0.90. Fig. 3(b) and (a) shows the stabilized output signal and
parallel. The filters are band pass type with narrow pass bands, secahd-perturbation in the system parameter, respectively. Fig. 3(c) shows
order notch filters are found to be sufficient for effective control. Thehe spectrum of the controlled output.
number of filters required depends on the periodicity of the UPQ'’s to For stabilization of a period-2 orbit two filters with pass frequencies
be stabilized. To obtain a period-1 output only a single filter would b = 1.2 Hz andf. = 0.4 Hz are chosen. Stabilization is achieved at
necessary, while two filters are required to obtain a period-2 output = 8.0, @2 = 6.0, C; = C> = 0.9, with a gain of ' = 0.60. Fig.
may be noted in this context that if only the inverter loop is presemt,shows the stabilized orbit.
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Fig. 2. Dynamics of the uncontrolled Lorentz system. (a) Phase portrait and outpdof the uncontrolled system. (b) Power spectrum of the output over a
time scale of 50 s, sampled at 50 Hz, (c) Frequency response of the filter used in feedback path.
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Fig. 3. Controlled period-1 orbit for the Lorentz system: (a) Phase Portrait and perturbatiofmate that unlike Pyragas’s method where perturbation can be
large during the transient period, leading to problems like multistabilty, here perturbation is small even during the transients). (b) Olutm)tSpgtarum of the
output after the transients are over, (the peak at dc is due to the dc bias of the output), the stabilized @lpitdstari orbit, a small higher frequency component

is present along with the main frequency component at 1.2 Hz.
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10 : ; : The main advantage of the above method lies in its easy applicability
. : . to a wide variety of systems. No complex calculations are involved and
the algorithm can be implemented using low-order LTI filters only.
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[ : CMOS Circuits Generating Arbitrary Chaos by Using
-3 R § B 1 S I A N S | Pulsewidth Modulation Techniques
Takashi Morie, Souta Sakabayashi, Makoto Nagata, and Atsushi Iwata
-10 ; ; ;
20 25 30 35 40 Abstract—This paper describes CMOS circuits generating arbitrary

sec chaotic signals. The proposed circuits implement discrete-time contin-
uous-state dynamics by means of analog processing in a time domain.
rbitrary nonlinear transformation functions can be generated by
sing the conversion from an analog voltage to a pulsewidth modulation
(PWM) signal; for the transformation, time-domain nonlinear voltage
waveforms having the same shape as the inverse function of the desired

‘g - i~ . dransformation function are used. The circuit simultaneously outputs
Though general validity and sufficiency conditions for the effectlveg.oth voltage and PWM signals following the desired dynam)i/cs. I?the

ness of .the above algorithm is. difﬁcglt to prove, it appears that stablspjinear voltage waveforms are generated by digital circuits and D/A
lization in the above method is achieved through additional degregsverters with low-pass filters, high flexibility and controllability are

of freedom introduced into the system by the filter in the feedbaclbtained. Moreover, the nonlinear dynamics can be changed in realtime.
loop. The filter does not change much the projection of the system @gpmmon waveform generators can be shared by many independent
g

Fig. 4. Dynamics of the controlled period-2 orbit of the Lorentz system. (
Phase portrait (b) Output:§)

ics into th iqinal low di . | stat but ch ao0s generator circuits. Because the proposed circuits mainly consist of
namics into the original low dimensional state space, but change o acitors, switches, and CMOS logic gates, they are suitable for scaled

the Lyapunov exponent of the UPO. As compared to the delayed fe€dls| implementation. CMOS circuits generating arbitrary chaos with

back method suggested by Pyragas [3], where the system dimensipito third-order nonlinearity and two variables have been designed and

increases to infinity, a finite increase in system dimension occurs hef@bricated using a 0.4sm CMOS process. Chaos has been successfully

i.e., the finite dimensional LTl filter (a second-order transfer functiofi"erated by using tent, logistic, and Hénon maps, and a chaotic neuron

for a single filter) approximates the delay element (having a transfer

functione™"*) up to some frequency. Index Terms—Chaos, CMOS analog integrated circuits, nonlinear cir-
cuits, nonlinear functions, pulse width modulation.

Ill. CONCLUSION

The above algorithm offers in a naive form a paradigm in which
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