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Abstract: A practical way of limiting the bandwidth of the tion conditions for this bandlimited system have been analy
transmitted signal in a chaos-based communication schenigally determined in [7]. However, it is not clear if the tan

is to use linear discrete-time filters in the feedback lodp. Imitted signals remain chaotic. Preliminary numerical Itssu
was recently proved that such filters do not disturb chaotipresented in [8] show that the insertion of finite impulse re-
synchronization. However, there is no guarantee that thgponse (FIR) filters can turn originally chaotic signalsint
generated signals remain chaotic. In this paper, we corperiodic or even unbounded signals depending on the filter
sider the Hénon map plus a linear time-invariant finite im-coefficients.

pulsive response filter. We numerically access its larggsst L In this work, we extend the results of [8], numerically
punov exponent as a function of the filter coefficients, abtai accessing the effect of the filters coefficients on the naifire
ing regions where chaotic, periodic or unbounded orbits aréhe transmitted signal, considering as chaotic generhtor t
present. Hénon map [9].

keywords: Analysis and Control of Nonlinear Dynamical 5 HENON MAP WITH A LINEAR FILTER

Systems with Practical Applications, Nonlinear Dynamics

and Complex Systems, Discrete Dynamical Systems, Time The two-dimensional H&énon map can be expressed as [1]

series Analysis. )

a—z7(n) + Bra(n)
z1(n)

x(n+1) = fu (x(n)) = 1)

1. INTRODUCTION
The motivation for using chaotic signals in a commu-yhere {o, 3} € R are parameters ande(n) =
nication system is related to their sensitive dependence O[’ll(n) wz(n)]T.

initial conditions (SDIC) [1]. The SDIC can improve secu- | the system proposed in [5], the statg(n) is filtered

rity issues involving information coding [2, 3]. This way, i through a FIR filter withNg coefficients before been fed
the system structure or the transmitted message modifies the .\ in the nonlinearity. The filtered Hénon map, is then
chaotic map, as in the system proposed in [4] and adapted ascribed by ' ’

discrete-time by [5], it is necessary to determine whether t

transmitted signal remains chaotic. z1(n+1) a —z2(n) + Bra(n)
Chaotic signals are often broadband and the physicalw(n +1) = |za(n+1)| = x1(n)

transmission channels are always bandlimited. This way, th z5(n+1) SN e (n41— )

authors of [5] proposed to place linear discrete-time losgpa =0 @)

filters [6] in the feedback loops in order to limit the band-

. ; : ) “wherez(n) = [z1(n) z2(n) IS(")]T, ande;,0 < j < Ng—1,
width of the chaotic transmitted signals. The synchroniza

are the filter coefficients.



In this extended abstract we analyse the casgs= 1 a=14,p=03
and Ng = 2 postponing the analysis of filters with more ‘ ‘

coefficients for a complete paper. 0 ,,\((W
< B ///'/ - / \\f ‘(
3. LYAPUNOV EXPONENTS FOR Ng =1 AND Ng = OB |t r
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For Ng = 1, (3) can be rewritten as

a — x3(n) + Br2(n) 1" B
xz(n+1)= z1(n) . 3 Z o
co (a = z3(n) + Baz(n)) -
In particular, forcy = 1, z3(n) = z1(n) and the dynamics is 2 o2 o0a
that of the original Hénon map of (1). For the usual parame- <,

ter 3 = 0.3 [9], Figure 1 shows the largest Lyapunov expo-
nent and the bifurcation diagram of (n) for 0 < a < 1.4. -
We can see that after a period-doubling cascading, we have a
range of values of that generate chaotic signals. In partic-
ular for the usuatv = 1.4 we have chaos.

Figure 2 — The largest Lyapunov exponent/ and the orbit of
(n) as a function ofcy for « = 1.4 and g = 0.3.
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Figure 1 — The largest Lyapunov exponent), and the orbit of ~ Figure 3 — Regions of positive and negative largest Lyapunov
z1(n) as a function ofa for 3 = 0.3 and ¢o = 1. exponenth in the ¢y x ¢ space fora = 1.4 and 8 = 0.3 in (4).
Purple (dark) regions representh < 0 and yellow (light) regions
representh > 0. In the blank regions the orbits diverge.
For0 < ¢o < 1, Figure 2 shows the largest Lyapunov ex-
ponent and the bifurcation diagram ©f (n) as function of
co for « = 1.4 andf = 0.3. Both graphics are distorted ver-
sions of the ones in Figure 1. We clearly see that depending
on the value ot the chaotic condition presented fagr= 1
can vanish. Itis possible to obtain chaosdgr> 0.87.
For Ng = 2, (3) can be rewritten as

A more profound analysis in the parameter space will be
given in a full paper.

4. CONCLUSIONS

2
a —x3(n) + fra(n) The numerical simulation presented show that filtering a
z(n+1) = , 1(n) - (4 Hénon map can modify its chaotic regions. This way, ban-
co (o — 3 (n) + Br2(n)) + c1z1(n) dlimited chaos-based communication systems must be care-

Figure 3 shows regions of positive and negative IargesfP"y projected to guarantee that the generated signalairem
Lyapunov exponent in the ¢, x ¢; space. Purple (darker) chaotic. In our present research we are studying the infeienc
regions represerit < 0 and yellow (lighter) regions repre- ©Of filters with more coefficients.
senth > 0. In the blank_reglons the or_blt_s dlve_rge. For low ACKNOWLEDGMENTS
values ofcy andc; chaos is lost and periodic orbits are found.
Itis possible to obtain chaotic signals t@ror ¢; sufficiently ME thanks FAPESP (2014/04864-2) and CNPq
large. However, if both are simultaneously large, the erbit (479901/2013-9 449699/2014-5 and 311575/2013-7)
can diverge as is shown by the blank area in Figure 3. for financial support.



References

[1] K. Alligood, T. Sauer, and J. York&haos: An Introduc-
tion to Dynamical Systems. Textbooks in Mathematical
Sciences, Springer, 1997.

[2] A. Argyris, D. Syvridis, L. Larger, V. Annovazzi-Lodi,
P. Colet, I. Fischer, J. Garcia-Ojalvo, C. R. Mirasso,
L. Pesquera, and K. A. Shore, “Chaos-based commu-
nications at high bit rates using commercial fibre-optic
links,” Nature, vol. 438, pp. 343—-346, Nov. 2005.

[3] M. S. Baptista, E. E. Macau, C. Grebogi, Y.-C. Lai, and
E. Rosa, “Integrated chaotic communication scheme,”
Phys. Rev. E, vol. 62, pp. 4835-4845, Oct 2000.

[4] C.W.Wu and L. O. Chua, “A simple way to synchronize
chaotic systems with applications to secure communica-
tion systems,International Journal of Bifurcation and
Chaos, vol. 3, pp. 1619-1627, Dec. 1993.

[5] M. Eisencraft, R. D. Fanganiello, and L. A. Baccala,
“Synchronization of Discrete-Time Chaotic Systems in
Bandlimited Channels Mathematical Problems In En-
gineering, vol. 2009, pp. 1-13, 2009.

[6] A. V. Oppenheim and R. W. Schafdjscrete-Time Sg-
nal Processing. Upper Saddle River, NJ, USA: Prentice
Hall Press, 3rd ed., 2009.

[7]1 R. T. Fontes and M. Eisencraft, “A digital bandlimited
chaos-based communication systei@gmmunications
in Nonlinear Science and Numerical Smulation, pp. —,
2016.

[8] M. Eisencraft, R. D. Fanganiello, and L. H. A. Monteiro,
“Chaotic synchronization in discrete-time systems con-
nected by bandlimited channel&bommunications Let-
ters, IEEE, vol. 15, pp. 671 —673, june 2011.

[9] M. Hénon, “A two-dimensional mapping with a strange
attractor,” Communications in Mathematical Physics,
vol. 50, pp. 69-77, 1976. 10.1007/BF01608556.



