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Abstract: A chaos–geometric approach to investigation of complex chaotic dynamical systems is applied to an analysis, modeling and processing the time series of emission intensities
of chaotic transmitter/receiver systems (two unidirectionally coupled semiconductor laser systems in the all-optical scheme) suited for encoding at rates of GBit/s. The problem of a signal
processing is directly connected with the corresponding cybersecurity in some chaotic optical
communictaion systems. The estimated values for the dynamic and topologic invariants such
as the correlation and Kaplan-York dimensions, Lyapunov indicators, Kolmogorov entropy
etc for investigated chaotic signal time series of two unidirectionally coupled semiconductor
laser systems are obtained. For the first time it is constructed a numerical prediction model for
the corresponding chaotic signal time series. The obtained data on the chaotic dynamical parameters can be utilized for indirect estimate of a privacy in the communication as the higher
the complexity of the carrier the more difficult is to decode a message without the appropriate
receiver.
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1. Introduction. Nonlinear Dynamics of Chaotic Optical Communication Systems
At present time there are carried out the intensive investigations in the field of signal processing
and cybersecurity in different optical chaos communictaion systems that is provided by a great
importance and interst due to its technical applications [1,2]. One should note that a message could
be encoded and decoded within a high dimensional chaotic carrier in devices with using coupled
single-mode semiconductor lasers subjected to coherent optical feedback or injection, or fiber ring
lasers. The important feature of such scheme is connected with successful possibility to synchronize
two spatially separated chaotic semiconductor lasers to each other. The authors [1] have presented a
review of the main characteristics for emitter/receiver devices concentrating on two kind of chaotic
systems: a semiconductor laser subject to a delayed all-optical feedback and a semiconductor lasers
subject to a delayed non-linear electro-optical feedback. It has been shown: i) there is generated a
direct-chaotic carrier in dynamics of both systems; ii). availability of chaotic regime in system is
sufficient to provide a privacy in the communication as the higher the complexity of the chaotic carrier the more difficult is to decode the message without the appropriate receiver [1].
In this paper an effective chaos –geometric approach [2-5] is applied to analysis, modeling and
processing the time series of emission intensities of chaotic transmitter/receiver systems (two unidirectionally coupled semiconductor laser systems in the all-optical scheme) suited for encoding at rates
of GBit/s. There are listed the estimated values for the dynamic and topologic invariants such as the
correlation and Kaplan-York dimensions, Lyapunov indicators, Kolmogorov entropy etc for investigated chaotic signal time series.

2. Results and Discussion
Using a chaos geometric approach in versions [2-5] there are obtained the numerical data of analysis and modeling time series of emission intensities of chaotic transmitter/receiver systems (two
coupled semiconductor laser systems in the all-optical scheme). The concrete step is an analysis of the
corresponding time series with 8x103 points and t=0.0125 ns. The corrective algorithms have been
used in order to reconstruct the missing time series terms. There is an important chaos emergency
parameter such as the Gottwald-Melbourne Egm≤1 .
The calculation allows to get the following values of the main topologic and dynamic invariants,
namely, the time lag =8, the embedding dimension DE=5, the correlation dimension DC=3.2, the
Kaplan-York dimension: DL=2.3, the positive and negative Lyapunov indicators 1=0.233, 2=0.003,
3=-0.004,…, the Kolmogorov entropy: EK=0.236.
The performed calculation allows to pay attention at a few important dynamic features in the system. Firstly, availability of two positive Lyapunov indicators is an evidence of a chaos availability in
the temporal dynamics and existence of the respective strange attractor in a phase space. It is important to underline that the Kaplan-York dimension is very close to the correlation dimension, but
indeed is smaller than the embedding dimension. The latter confirms the correctness of the choice of
the latter.
It is important to underline that a changing the governed parameters in a system will result in
changing the main dynamic and topologic parameters and can be performed in regime of the numerical experiment. As the problem of a signal processing in investigated chaotic optical communictaion
system is directly connected with the corresponding cybernetic security, it is obvious that the obtained
data on the chaotic dynamic parameters and carrier can be utilized for indirect estimate of a privacy in
the communication as the higher the complexity of the carrier the more difficult is to decode a message without the appropriate receiver [2].

3. Concluding Remarks
In order to conclude, a chaos–geometric approach (in versions [2-5]) has been applied to
investigation of complex chaotic optical communication dynamical systems with the aim of
modeling and processing data of the time series for emission intensities of chaotic transmitter/receiver
systems. The values of some dynamic and topologic invariants such as the correlation and KaplanYork dimensions, Lyapunov indicators, Kolmogorov entropy etc are obtained. These data on the
chaotic dynamical parameters can be utilized for indirect estimate of a privacy in the communication.
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