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Abstract  The statistic characteristics of chaotic sequences generated by improved logistic-map are analyzed and it is found that improved logistic-map chaotic sequences have good correlation and they can be  used as address sequences in spread-spectrum communication. The discrete-time synchronization of H(non map is immediate. We apply the discrete-time synchronization to chaotic spread-spectrum communication and propose an original communication scheme. The simulation shows that the application is successful.
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1  Introduction

Chaos is a deterministic, random-like process found  in non-linear, dynamical system, which is non-period, non-converging and bounded.  Moreover, it has a very sensitive dependence upon its initial condition and parameter [1]. Chaotic signals can be used in communication.

A chaotic map is a discrete-time dynamical system




running in chaotic state. The chaotic sequence 




can be used as spread-spectrum sequence in place of PN sequence in conventional CDMA DS/SS communication systems [2]. Chaotic sequences are uncorrelated when their initial values are different, so in chaotic spread-spectrum systems, a user corresponds to an initial value.

In addition, it is possible to synchronize two copies of a discrete-time chaotic system, in the sense that their state trajectories tend asymptotically to be identical when one system is suitably driven by the other. If the driving signal is selected appropriately, the discrete-time synchronization will be immediate [3].

In CDMA spread-spectrum system, how to attain the transmitter-receiver synchronization im-mediately is a problem. We try to apply the discrete-time synchronization to chaotic spread-spectrum communication systems in order to solve this problem, and we propose an original communication scheme.

2  Improved Logistic-Map Chaotic 

    Sequence

Let’s consider improved logistic-map discrete-time systems. Improved logistic-map is defined by:



         (1)

The chaotic sequence , 

 

, generated by im-proved logistic-map, is neither periodic nor conver-ging, and sensitively dependent on initial value.

The chaotic sequences are random-like, so probability and statistics can be used in discussing their characteristics. Reference [4]  proved  density function of points in sequence generated by Eq.(1) is




(2)



 does not depend on initial point 

 . Namely, the chaotic system is ergodic.

Applying density function 

，we can get：
Property 1  The average of chaotic sequence is

 

 
       (3)

Property 2  The auto-correlation function of chaotic sequence is 

             

  (4)

Property 3  If  two  chaotic sequences  begin-ning  with  different initial values 

 and 

 are not overlapping, the cross-correlation function of these two sequences is




(5)

From properties 1, 2, and 3，we know that the chaotic sequence, 

, is identical with white noise whose average is zero. Hence, improved logistic-map chaotic sequence is suitable to be used as spread-spectrum address sequence.

3  Discrete-Time Synchronization

We consider H(non map, a two-dimensional extension of the logistic-map:




(6)

This map exhibits a chaotic behavior in a large neighborhood of the parameter values 

  and  

 .

We assume Eq.(6) to be the transmitter and we select its output  as




           (7)

then the receiver equations are




(8)

and the synchronization errors are




                (9)

So we can see that the errors will reach exactly zero in two steps regardless of their initial values, i.e., chaotic systems achieve synchronization. Due to the deterministic nature of chaotic motions, once synchronization has been achieved,  the two systems will remain synchronized.

In addition,  we find that the orbit of 

 and 

 is on interval of ( —2, 2 ).

We can use this immediate synchronization in chaotic spread-spectrum multiple-access communi-cation systems.

4  Applying Discrete-Time Synchro-nization to Chaotic Spread-Spectrum Communication System

In chaotic DS/SS communication systems,  the detection of the data sequence is also based on correlation of the received signal with the chaotic sequence of  the receiver. Before transmitting data information,  the transmitter and the receiver must be synchronized. The transmitter-receiver synchroni-zation may be attained in a number of ways, such as ranging from absolute time measurement and periodic transmission of pre-defined synchronizing sequence. Here, we propose a new scheme.

In order to simplify the case, we consider that in a DS/SS communication system, there are one base station and more than one mobile terminals. The base station has two chaotic maps: Eqs.(1) and (6), each terminal also has two chaotic maps: Eqs.(1) and (8). Eqs.(6) and (8) are used for synchronization, Eq.(1) is used to generate spread-spectrum sequence.

(1) The base station sends [ y(0), y(1) ] to all terminals as driven signal to synchronize terminals. As described previously, after two steps, the termi-nals will be synchronized with the base station, i.e., 

.

(2) After synchronization, the base station communicates with terminals using distinct chaotic spread-spectrum sequences.  In detail,

(a) Between the base station and terminal 1 , the chaotic spread-spectrum sequence is generated along with its initial value 

.

(b) Between the base station and terminal 2, the chaotic spread-spectrum sequence is generated along with its initial value 

.

(3) The receivers generate local chaotic se-quences and demodulate received signals by cor-relation.

So, we can see that terminals synchronize with the base station immediately. The communication between terminals and the base station is simul-taneous.  In addition,  each initial value of Eq.(6). corresponds to a base station.

5   Example

We consider a simple system consisting of one base station and two terminals,  assuming that the initial value of Eq.(6) in the base station: 

 and 

,  the initial value of Eq.(8) in terminal 1 : 

 and 

, and the initial value of Eq.(8) in terminal 2 : 

 and 

.   We also assume a data bit contains 2048 chips.  The synchronized results are depicted in Fig.1. Assuming the data stream in which base station sends to terminal 1 is ( 0,1,0,1,0 ), then the demodulated result of  terminal 1 before decision is as shown in Fig.2.  We find the result is good. The chaotic spread-spectrum sequences of terminal 1 and terminal 2 are different, so terminal 2 cannot demodulate the data transmitted from the base station to terminal 1 correctly, the result is shown in Fig.3.



      

Fig.1 Synchronized results



               

Fig.2 Demodulated result of terminal 1




 Fig.3 Demodulated result of terminal 2

6   Conclusion

Here, we discuss discrete-time synchronization and chaotic spread-spectrum, and propose an original communication scheme.  Experiment results show that the synchronization of this system is immediate and the communication result is correct and reliable.
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