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Synchronization of Chaotic Systems Modulated by
Another Chaotic System in an Erbium-Doped Fiber
Dual-Ring Laser System

Rong Wang and Ke Shen

Abstract—We show that two chaotic systems in erbium-doped wdm
fiber dual-ring lasers can be synchronized by using the output 1 {7} output
of one chaotic system (called the driving system) to modulate
the parametrs of the two systems. Numerical calculation shows
that when the stiffness of modulation is properly adjusted, the
two systems can be synchronized. Simultaneously, we find that ] 0
when the driving system is in various periodic states, the two
synchronized systems can go into periodic states.

Index Terms—Chaos, chaotic attractor, directional coupler, e L} output
erbium-doped fiber dual-ring laser, power semiconductor diode, wdm

synchronization. ] ) ] ) ]
Fig. 1. Erbium-doped fiber dual-ring laser systefp, , I,,: pump light. CO:
coupler. WDM: wavelength division multiplexer.

|I. INTRODUCTION

A CHAQOTIC system is known to show a variety of oscil- [I. A SCHEME OF SYNCHRONIZATION

lation patterns, even in a low-dimensional system. This The basic chaotic system is shown in Fig. 1 and consists of

ghara_cteristiq of chaotic beha_vior. is advantageous in appliq jo coupled erbium-doped fiber ring lasers. This system has
tions in the fields of co_mmunlcauons and neu.ral netwqus' een shown to route to chaos [19], following a period-doubling
we can control a chaotic system and change its behavior iNite. To synchronize the two systems, we use the output of

any desired nonperiodic or periodic behavior intrinsic to thgnother chaotic system to modulate the pumping parameter of
system. In fact, there has been much research to demonst{ﬁé
5

) T T _ Ctwo systems. The scheme is shown in Fig. 2.
the change of chaotic behavior into periodic behavior [1]-] In the scheme, S1 is the driving system, of which the output
and the synchronization of a chaotic system with anoth ' '

. . . ﬁ‘{ring a (as shown in Fig. 1) is the modulating signal; S2 and
chaotic system [6]-[10]. Recently, erbium-doped fiber Iasegse, are modulated systenis.is the controller, which controls

have received much attention in the optical communicationg, amplitude of the voltage. When the input of the controller is

astj[hellr wavelen_gtr:_ (abouTthlpﬁ(*jn) IS N the ftTr']rd W'Q.dow dOf ore than some value, it puts out a max voltage. Otherwise, it
optical communications. The dynamics ot the erbium-dopgg, put out some value proportional to its input. Hence, after
fiber lasers with various kinds of cavities have been investigated o of the output coming from the driving system of ring

meorﬁtlcallyf ?r?d Iexpenmentally [t.ll]l_[lgl' By .Si’.nChron'Z'niﬁsses through the photodiode, itis turned into an electric signal.
€ chaos ot Ine 1aser, secure optical communiclions was regly passing through the controller, it is put into the diode laser

lized in both experiment [20], [21] and theory [22]. So far, th%rivers of the two modulated systems of ring As a result,

investigations of chaos synchronization in the erbium—dop?rciie pumping parameters of the two systems are modulated by

fiber laser involve chaotic lasers with long and short caviti A driving system. With proper modulating stiffness, the two
and modulating the loss parameter. They all use the memoiﬁzdulated systemé will synchronize '

m?stfr:_—slave synchronlzt?]non. tout of a chaot ¢ Since the lasing fields in the two rings of one system are fren-
n this paper, we use the output ot a chaoctic system as ency locked through the directional coupler CO with a phase
driving signal to modulate the parameter of two chaotic syste 5

d reali hronizati fih ange ofr /2 from one to the other [23], [24] we could express
and realize synchronization of the two systems the dynamic equations [19] with real and imaginary parts. In this

case, the dynamic equations of all the systems in our scheme can

be expressed as follows:
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Fig. 2. Synchronization schems;, will synchronize tols, . S1, S2, S3: chaotic erbium-doped fiber dual-ring laSercontroller D: photodiode. DLD: diode
laser driver. DL: diode laser.
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chaos between the modulated systems or nonsynchronization
between the driving and modulated systems can be seen
) [Fig. 3(b) and (c)] in the projection of the flow onth,-I3,

two modulated systems S2, S3, respectivelyanqr, 1, At the same time, the intensitids, andZs, could
change of the pump intensity of the modulatedy nchronize to each other while, (or Iz;) and I, could not
systems in ringy; o synchronize. In the,—Is, plane, it is clear that the motion
modulating stiffness of the driving system 5 giong a strange attractor [Fig. 3(d)]. Fig. 3 is shown at the
threshold of the pump parameters of the moqﬁodmaﬂng stiffness = 0.06.

ulated systems in ring o On the other hand, we investigate the synchronization under
real and imaginary parts of the lasing field ofhe conditions that the driving and modulated systems are in dif-
Slinringa, respectively; ferent states and that the modulated sytems are still in chaos.
real and imaginary parts of the lasing field ofjere, we make the driving system in different states by changing
S1inringb, respectively; the gain coefficient of the driving system in rirbg Similarly,

real and imaginary parts of the lasing field ofye find that the modulated systems can synchronize each other
S2 or S3 in ringa, respectively with proper modulating stiffness while the driving system still
real and imaginary parts of the lasing field ofcannot synchronize to the modulated systems. Moreover, it is
S2 or S3in ring, respectively; remarkable that the synchronized modulated systems are in dif-
population inversions of S1 in ring andb, ferent states as the driving system is in different state, as shown
respectively; in Fig. 4, in whichy = 0.06. Fig. 4(a) shows that the state of
population inversions of S2 or S3inrimgand  the driving system changes via the gain coefficient of fing

b, respectively; Fig. 4(b) shows that the states of the synchronized modulated
products ofr; and the decay rate of S1 in ringsystems change accordingly.

a andb, respectively; Compared with the method of mutual coupling, the method
products ofr, and the decay rate of S2 or S3of unidirectional driving has the advantage that it may realize
in ring a andb, respectively; the synchronization of several systems. This is significant in re-
products ofr, and the gain coefficient of S1 alizing secure communications by chaos synchronization. Here,
in ring ¢ andb, respectively; we present it as an example. In this case, there are three mod-
products ofr, and the gain coefficient of S2 ulated systems besides the driving system. In our simulation,
or S3 in ringa andb, respectively, the parameters used are the same as above. The numerical re-
lifetime of the population of the lasing uppersults show that the three modulated systems can synchronize
level in the erbium; with proper modulating stiffness. Under these conditions, the
pump intensities in the respective fiber ringegimes of synchronization or nonsynchronization are the same
laser; as is the case with two modulated systems. This demonstrates
coupling coefficient of the coupler CO. that we can make several systems synchronized by this method.

|E1a|?, |Ew)?, |Emel|?, and |E,.;|? are the lasing intensities Simultaneously, the synchronized systems can go into periodic
(L1a, L0, Imas Imp) OFf S1, S2, or S3, respectively. The time ir chaotic states as the driving state changes. This result has sig-

normalized to the lifetime of the lasing upper level.

nificant practical applications.
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Fig. 3. Synchronized chaos for= 0.06. (a) Time series for the intensitids,, 1., andls,. (b) Projection of the flow onto thé, .-, plane. (c) Projection
of the flow onto thel,,-I;, plane. (d) The strange attractor in the, -5, plane.

2049 (a) fiber dual-ring lasers. Numerical results have verified these con-
clusions. At the same time, we give the bifurcation diagram of
the synchronized systems via the driving system. These results
are significant in practice.
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