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Abstract: We propose a general method for constructing multi-message chaos-based 

communications schemes based on the use of a single nonlinear oscillator subjected to multiple 

delayed feedbacks. 
 

Chaotic dynamics produced by nonlinear oscillators can be used to convey [1] or encrypt [2] information-

bearing messages. In particular, optical chaos has proven to be a practical way of encrypting, at the 

physical level, a multi-Gbit/s information-bearing message [3].  

One aspect of chaos-based communications that deserves further attention is the simultaneous 

transmission of several independent messages. The solutions that have been proposed so far either require 

the use one different chaotic oscillator per message [4,5], or involve complex computations at the 

receiving end to decode the message [6]. 

We propose a general method for constructing a multi-message communications scheme, based on a 

single nonlinear oscillator, which allows for simple message decoding. The emitter is built by adding to 

the nonlinear oscillator as many feedback loops as there are messages to be sent.  The messages are 

inserted into these feedback loops leading to a chaotic oscillator dynamics to which the various messages 

participate. A scalar function of the chaotic state is sent to an array of open-loop receivers which exploit 

synchronization to recover the different messages efficiently.  

We apply our method to a numerical model of an optoelectronic oscillator exploiting the nonlinear regime 

of a Mach-Zehnder intensity modulator [7]. The resulting chaotic fluctuation of modulated light intensity 

is used to convey several messages at the same time. At the receiving end, the messages are extracted by 

exploiting synchronization phenomena between the chaotic light and receiver Mach-Zehnder modulators. 

Figure 1 represents the transmission of four pseudo-random digital messages, encoded on 32 levels at a 

rate of 1 giga symbol per second. It is seen that the levels are correctly decoded for all four messages. 

 
Fig. 1 The first row represents four 32-level digital messages mEi at 1 Gsymbol/s which are used to drive the 

nonlinear dynamics of a Mach-Zehnder modulator. The second row represents the decoded messages mRi at the 
receiving side. 
 

Because of its simplicity, we are hopeful that our method will prove helpful in building multi-user and 

high-bit-rate chaos-based communication and encryption systems. 
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