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This paper studies the correlation property and the spectral density of the binary spatiotemporal chaotic
sequences that are generated by the one-way coupled map lattice. The results show that this kind of chaotic
sequences possesses excellent randomlike property and could be used directly in the spread spectrum multiple
access(SSMA) communications. The multiple access interference in the additional white Gaussian noise
background is then analyzed, and the corresponding formulas are presented. The simulation and computation
results indicate that the communication system adopting such spreading sequences possesses as good perfor-
mance as the one employing Gold sequences. But the former has larger capacity and higher complexity.
Therefore, the binary spatiotemporal chaotic sequences are good candidates for the spreading sequences in
SSMA communications.
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Since the synchronization of chaos was reported in 199@heren is the discrete time, is the lattice number is the
[1], there has been a great deal of interest in the study afoupling coefficient and we take=0.95 in the computa-
chaotic sequences. Because of the ergodic and randomlikions. f(-) is simply defined as the Logistic mafx)
properties[2], chaotic spreading sequences suit the spreae-4x(1—x). X, is the driving sequence of syste). Here it
spectrum(SS communications and secure communicationsis defined as the Chebyshev mjaid
quite well[3-6].

Recently, the investigations have been focused on the spa- Xp+1=cogkcos 1x,), —1=x,<1. 2
tiotemporal chaotic sequenc¢g—10. The spatiotemporal
chaos systems are a kind of infinite-dimensional dynamic Quantizing the continuous-state sequences generated in
systems. They perform chaotic behaviors in both temporasystem (1), we get the binary spatiotemporal chaotic se-
and spatial directiongl1]. One spatiotemporal chaos system quences
could provide large number of chaotic sequences, which
couple to each other. So the complexity of these sequences is y‘n=sgr{x‘n— E(xin)}. 3)
very high[12]. It is a natural idea to use spatiotemporal
chaotic sequences in multiple accéb#A) communications The correlation property is one of the important factors in
(8] measuring the degree of randomness of pseudorBikk

In the earlier papers, the spatiotemporal chaotic sequencegquences. Moreover, in a spread spectrum multiple access
generated by the coupled map latti€€ML) model are in-  (SSMA) system, the correlation property is utilized to im-
vestigated. The results show that these sequences have gasidve the performance of the communication sysf{di3.
correlation property. This performance is very much ex-The spreading sequences with good autocorrelation functions
pected in SS communications. However, the sequences froguarantee the least probability of a false synchronization.
a CML model are continuous-state ones. They are not suitwhile the sequences with good cross correlation can help the
able for digital communications. In the practical SS commu-receiver decrease the influences caused by both noises and
nication system, the spreading sequences must be quantizegher users.
But the performance of quantized spatiotemporal chaotic se- Define the normalized periodic autocorrelation function as
guences is not studied well.

This paper studies the performance of binary spatiotem- N-1
poral chaotic sequences. The sequences are generated by the Cii(m)= > YnY[n+ gmodns 4
one-way CML(OCML) model[11] and subjected to quanti- n=0
zation treatments. The OCML model is described as

cii(7)=C;(n)/c; (0), (5)
0_
Xn=Xn, And the normalized periodic cross-correlation function as
) ) 1 N—1
i i1 _ i i— - ~ Lo
Xne1=(1=e)f(x) +ef(x, ), 1=12,..., @ Ci,j(T)= nZO ylnyj[n+r]modN' (6
*Electronic address: xiayx00@mails.tsinghua.edu.cn ¢i (=i (1IN (0)c; ;(0). (7)
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FIG. 1. Correlation properties of binary spatiotemporal chaotic
sequences(a) Normalized periodic autocorrelation functiofb)
Normalized periodic cross-correlation function.

FIG. 2. Spectral density of the binary sequen@. Spectral
density of the purely random binary sequen@®.Spectral density
of the binary spatiotemporal chaotic sequence.

We could get the correlation functions of binary spatiotem-¢,,ryes in Fig. 2 are quite similar. This fact illustrates that the

poral chaotic sequences as shown in Fig. 1. The figure indigegree of randomness of binary spatiotemporal chaotic se-
cates that the sidelobe of the autocorrelation function is QUit§uences is quite good.

low and. the c_ross_—correla.tion function approaches to zero. e analyses of correlation property and the spectral den-
Comparing this figure with the correlation functions of gjty ingicate that the binary spatiotemporal chaotic sequences

continuous-state spatiotemporal chaotic sequences in Réfnssess good randomlike property. This feature is very much
[9], we can conclude that, when the length of the sequence Bxpected in SS communications.

large enough, its correlation property is quite similar to that |, he practical MA communication system, many users
of the continuous-state one. , occupy the same channel. The signal of one user could be
The power spectral density is another important measuresonsidered as interference to the others. For the wireless en-
ment of PN sequences. If the binary sequence is considerggsnment, the noise in the channel is also unneglected. MA
to be purely random, its spectral density has the fftA] interference and the noise are two main factors to influence
the performance of SSMA communication system. In the fol-

simrftl)z lowing part, we will evaluate the bit error ra(BER) caused

’7Tftl

(8 by them.
Set the spreading sequencesutti user andyth user are

the binary spatiotemporal chaotic sequenggsandy;, re-
and is displayed in Fig.(@), in whicht, is the duration of ~SPectivelyne{0,1,... N—1}, Nis the length of a SPfeﬁ‘d'
one bit of the sequence. In fact, the expression has bedR9 Séquence. Thkth information bit of theuth user isS,
normalized to represent a signal having unit average poweg{—1,+1}. Its duration isT. After SS modulation, the
Unfortunately, the spectral density of binary spatiotemporafransmitted signa§,(t) could be written as
chaotic sequence could not be expressed analytically. It

S(f):t1<

could only be expressed numerically. Figurg)2gives the N—1 T
numerical result of such spectral density. In fact, the curve is Ut) = Uy, u (t— ke D) T—n— 9
the spectral density average of 100 sequences. The two Se(t) n=0 SYndri ( ) N/’ ©
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wheregrn(t) is a rectangular pulse as indicated below

1, te[OT/N],

. 10
0 otherwise. (10

gT/N(t):r

BER

At the receiver of thaith user,S; can be recovered after
correlative demodulation.

1 (kT 7 N2 5
OR'=o7 | S(OQt—(k=1)T]dt=55¢ 3, |yj|
(k=1)T n=0 Ey/Ny(dB)
B N " 11 FIG. 3. BER vsE,/Ny. —, binary spatiotemporal chaotic se-
_Esk! (11 guences. ---, Gold sequences.
where I=Eyuuiluots (16)

N—1
u T whereE, ,{-} is the mean value with both andv varying.
Q”[t—(k—l)T]=n§0 YT t_nﬁ_(k_l)T : Assume that there are totally users in the system. The
(120  signal-to-interference ratio of the entire system can be de-
fined as
Assume the signals of theth user and theth user are
independent in phase as is always the case. The time differ- Ep 1
enceAt is a zero-mean random variable. So the interference N, - u-n1’
caused by theth user at the receiver of theh user can be

expressed as

(17)

whereE,, is the signal energy per information bit aiyj is
the interference caused by other users.

1 (k=T+at Consider the contribution of both MA interference and

U _ 4 +T— ur{ — (k— o . . .
i 2T J (k-1)T S (tHT-ADQT = (k= 1)T]dt additional white Gaussian nois$@WGN), BER for a coher-
1 ently demodulated binary phase shift keying systefil§
+——= t—AH)QYt—(k—1)T]dt. (13
2T (k*l)T+A’[Sﬁ( )Q [ ( ) ] ( ) BER:Q \/Tb :Q 1
No/2+N, No N,
The interference-to-signal ratio cause by thé user at 2—Eb+ E,

the receiver of theith user is

[ 1
_UZ(CDE”) =Q Ne |’ (18
Iu,v—W Z—Eb+(u—1)|

N—1
> N [2Cy,(M)Cy,(M)+Cy,(M)Cy ,(M+1)]

m=1—

whereN,/2 is the double-sided noise power spectral density,
and Q(x) = 1\2x [ “e Y dy.
6N3 ' Equation(18) shows the relationship between BER and
Ey/Ng and the user numbeiJ). This relationship is dis-
(14 played in Fig. 3. In the figure, the results of binary spa-
tiotemporal chaotic sequences are compared with Gold se-
guenceg 13]. The latter are well known as a kind of PN

in which

m=-1,-2,...,—N+1,

0 otherwise,
(15

sequences generated by modulo-2 addition of a pair of
maximal-length linear shift register sequences (se-
guences They possess good correlation property and are
widely used in SS communications. In the figure, the length
of spreading sequencésis equal to 127. The curves show
that the bit-error performances of binary spatiotemporal cha-
otic sequences and Gold sequences are quite similar. When
is relatively less, their BER curves almost overlap. When

is large enough, the BER performance of binary spatiotem-

is the partial cross-correlation function. poral chaotic sequences is a little bit worse than that of the
Here we assume the strict power control is concerned t&old sequences. But the difference is nearly negligible.

equalize the power of each user. Then the average interfer- However, one should note that the binary spatiotemporal

ence of one user to another can be written as chaotic sequences possess some additional advantages be-
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yond Gold sequencedi) The chaotic sequences exhibit of these sequences are as good as the continuous-state ones.
higher complexity. It is reported that the linear complexity of The autocorrelation function is similar to the impulse func-
such sequences N/2 [12], whereN is the length of the tion and the cross-correlation function approaches to zero.
sequence. Gold sequences are generated by modulo-2 ad@ihe spectral density of these binary chaotic sequences is
tion of a pair ofm sequences. So their linear complexity is up similar to the ideal random binary sequences. All these fea-
to 2 log,(N+1). WhenN is large enough, the linear complex- tures are expected in SSMA communications. Comparing
ity of binary chaotic sequence is much higher than the Goldvith the continuous-state chaotic sequences, the binary ones
one. (i) the spatiotemporal chaotic sequence generator caare more practical. The calculation results of BER, consider-
generate much more sequences than the Gold sequence garg the MA interference and AWGN channel, show that the
erator does. Therefore, the capacity of the spatiotempordflA performance of binary spatiotemporal chaotic sequences
chaotic SSMA system could be extended to be much larges as good as that of the Gold sequences. But the former
than the traditional one. possesses higher complexity and larger capacity. The theo-

From the investigations in this paper, we can concludeetical analysis and numerical results conclude that the bi-
that the binary spatiotemporal chaotic sequences could shomary spatiotemporal chaotic sequences are good candidates
the excellent randomlike property. The correlation functionsfor the spreading sequences in SSMA communications.
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