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Performance of Chaotic Lu System in CDMA
Satellites Communications Systems
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Abstract—This paper investigates the problem of spreading
sequence and receiver code synchronization techniques for satellite
based CDMA communications systems. The performance of CDMA
system depends on the autocorrelation and cross-correlation
properties of the used spreading sequences. In this paper we propose
the uses of chaotic Lu system to generate binary sequences for
spreading codes in a direct sequence spread CDMA system. To
minimize multiple access interference (MAI) we propose the use of
genetic algorithm for optimum selection of chaotic spreading
sequences. To solve the problem of transmitter-receiver
synchronization, we use the passivity controls. The concept of
semipassivity is defined to find simple conditions which ensure
boundedness of the solutions of coupled Lu systems. Numerical
results are presented to show the effectiveness of the proposed
approach.

Keywords—About Chaotic Lu system, synchronization,
Spreading sequence, Genetic Algorithm. Passive System

1. INTRODUCTION

OMMUNICATIONS satellites have redefined our world.

Satellites and other modern telecommunications
networks, together with TV, have now altered the patterns and
even many of the goals of modern society. Satellites, for better
or worse, have made our world global, interconnected, and
interdependent. Worldwide access to rapid
telecommunications networks via satellites and cables now
creates widespread Internet links, enables instantaneous news
coverage, facilitates global culture and conflict, and stimulates
the formation of true planetary markets. Satellites change our
world and affect our lives [1].

An increasing interest has been recently devoted to the idea of
using chaotic waveforms for radio communications [2]-[3].
Among the benefits that this approach should carry there is the
possibility to design systems which are very robust to
multipath impairments as well as to improve the signal quality
in a multi-user environment. Most of those features relate with
the favorable auto- and cross-correlation properties that
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chaotic signals show when used as carriers or spreading
sequences.

Direct sequence code division multiple access (DS-CDMA)
represents a spread spectrum technique that is used in many
wireless communication systems [4], [5]. With DS-CDMA,
each active user is assigned a unique sequence or signature,
which distinguishes it from other users. The sequences in a
spreading code should have low cross-correlation (CC) values
to suppress multiple access interference (MAI). The auto-
correlation (AC) function of the sequences, on the other hand,
should have a narrow peak to avoid inter-symbol interference
(IST) and to enable proper synchronization.

Interference parameter is one form of the optimization
criterion as a performance measurement and thus we need to
minimize the interference parameter by sequence selection to
improve the system performance. Because the interference
parameter is related to the Signal-to-Noise Ratio (SNR) and
the Bit Error Rate (BER), there are some papers working on
minimization of BER or SNR as an optimization criterion by
sequence selection using different assumptions, models and so
different expressions of BER or SNR [6]-[8].

The performance of a DS-CDMA system degrades with the
delay of synchronization. For example, the Global star
satellite system is taken as a basic model. Global star is a LEO
satellite communication system with CDMA technology,
which is already online. Recently immediate synchronization
has become very pertinent, due to the fact that it improves the
system [9]-[14].

Many people had paid attention to passive network theory
[15]-[19]. The passive system is a network theory concept,
and has dissipative network characteristics. A system’s
dynamical characteristic, such as stabilization, etc., can be
analyzed by using passive network theory

In this paper, we propose the use of chaotic Lu system to
generate binary sequences for spreading codes in a direct
sequence spread CDMA system and for minimization of
interference parameter in DS-CDMA systems is proposed by
using Genetic Algorithms (GA) and the feedback passivity
controls is used in order to establish transmitter-receiver
synchronization. The concept of semipassivity is defined to
find simple conditions which ensure boundedness of the
solutions of coupled Lu systems. Numerical result is presented
to show the effectiveness of the proposed.
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II. CHAOTICLU SYSTEM

We consider Lu system [16]:

X' =a(y —x)
y'=-Xz +cy (1)
Z'=xy —-bhz

Lu System has attractor for some typical parameter values:
a=36, b=3, c=20. The typical Lu chaotic attractor is showing
in figurel. For spreading sequence we use x , figure 2, show
the variation of x, with initial condition [6 -3 1], the
autocorrelation values of x and cross-correlation values of two
code for N=512.

Fig. 1 the typical Lu chaotic attractors
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Fig. 2 a- variation of x, with initial condition [ 6 -3 1].; b-
autocorrelation values of x ; ¢c- cross-correlation values of two code
for N=512;
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Our approach for generating chaotic binary sequences utilizes
correlation criteria to select qualified sequences. It is found
that when some special auto- and cross-correlation criteria are
applied to the system, the performance of bit-error-rate (BER)
of chaotic binary sequences is better than that chaotic real
value sequence. In addition, unlike conventional sequences,
chaotic spreading codes can be generated for arbitrary length
and for any number of sequences.

In general, pseudorandom binary sequences obtained from
chaotic (real-valued) sequences are referred to as chaotic
binary sequences. A number of methods to obtain chaotic
binary sequences from sequences by various chaotic maps
have been proposed [9], [11].

The binary chaotic code can generated by firsts choosing
initial condition [XO, Xo ZO] which can see as the key in stream
cipher or as the user identity in DS-CDMA. Then the map is
iterated N times to generate a continuing value
code X = {XI 3 Xy gees X, } Using a proper quantification function

Q(X) we get the code ensemblesa = {a,,a, ..., 4, |

The quantization function for a binary code takes the
form [11]:

-1
Q=1

x<l,

2

X1,

Where |, is the threshold that guaranties the binary code is
balanced (number of ones equal number of zeros).

II. OPTIMIZING OF CHAOTIC SPREADING
SEQUENCES BY GENETIC ALGORITHM

Consider a direct CDMA system by K active user.
The k-th user’s data signal b, (t) is assumed to be on the form

of a train of rectangular pulses of unit amplitude and
durationT . The spreading code of the k-th user is a, (t) which

consists of periodic sequence of unit amplitude, positive an
negative, rectangular pulses of duration T_ the code period is

then T/ T, the transmitted signal of the k-th user is :

S, (t) =+/2Pa, (t)b, (t)cos(w,t +6,)
Generally multi-user interfere is represented by cross-
correlation function of spreading sequences. According to
Mazzini’s deduction [22], an expected interference-to-signal
ratio per interfering user is given:

a’(l,)= 6LNZ Z [2Ci,k (OC, (H+C,, (HC,, (1+ 1)]

k=i 1=1-N

3)

where C, | (7) is the discrete a periodic cross-correlation

function
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(k) o (i)

=0

0, I=Nj

0<I<N-1

C.(0)= I-N<I<-1 “4)

The probability of error under the standard Gaussian
approximation (SGA) can be given by:

P, = %erfc («/SNIR ) %)

Ou SNIR is the signal to interference plus noise ration defined
by :

SNIR = K -1 . ] (6)
— O

6N° SNR

The problems (k —1)c ® are integer discrete optimization

problems with binary variables. These problems can be solved
efficiently by using the genetic algorithm [20], [21] which is a
stochastic search method that mimics the metaphor of natural
biological evolution. The advantage of the method is its
significant computational saving over other discrete
optimization methods. It is noted that the presented genetic
algorithm can be easily modified to include performance
characteristics other than those suggested above.

The idea of the genetic algorithm can be summarized as
follows. At the first phase of genetic algorithm, a number of
encoded chromosomes called population in the initialization
process are generated in that each chromosome (individual)
consists of a sequence of binary or real numbers known as
genes. In this research, we use an integer as a gene. Once the
population is generated and each individual is given a fitness
value that is computed by an objective (fitness) hction. Then,
selection of chromosomes is carried out based on the fitness
values of the chromosomes. A type of selection method,
Roulette Wheel selection, is used in order that chromosomes
having better fitness values can be chosen at a higher chance.
The next two operations are crossover and mutation.
Crossover allows two chromosomes to exchange part(s) of
their genes and mutation changes gene(s) in chromosome(s).
After these operations, some modified chromosomes are re-
produced. If any modified chromosome has repeating
integer(s), it is an illegal solution and chromosome repair will
be applied on the chromosome so as to convert it back to a
feasible solution. The fitness value of each modified
chromosome is evaluated again. Finally, the older
chromosomes are replaced by the new and next generation
cycle starts. The whole GA process is finished until the
maximum generation is reached or the objective is met.
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A. Objective function

Our aim is to optimize the interference parameter o :

(1) ==> Y [C, 10, (1)+C (T, +D)

k#i  1=1-N

For a code set of N chips and k active users.

IV. OPTIMIZING OF CHAOTIC SPREADING
SEQUENCES BY GENETIC ALGORITHM

Some preliminaries of passivity theory used in this paper will
be shortly reviewed for the consistency of the presentation.
Passivity is applied to non-linear systems which are modelled
by ordinary differential equations with input vector u(t)and

output vector y(t) : [18]

(1) = F(x(®),ut)) R
y(® = h(x(t))

The system (1) is dissipative with the supply rate
W (u(t), y(t)) if it is not able to generate power by itself, that is

the energy stored in the system is less than or equal to the
supplied power:

V (x(t)) = 0andV (x(T)) =V (x(0)) < j}/v (u(t), y(t)dt (8)

Furthermore, the storage function V(X(t)) must satisfy the

requirements for a lyapunov function. If there exist a positive
semidefinite layponov function, such that:

IUT (r)y(r)dr > J‘[% f(x(7),u(r))+eu’ +

&' (0)y(0) + pHX(z))ldz

then the system (7) is passive. A passive system implies that
any increase in storage energy is due solely to an external
power supply.

Then the equilibrium point of the system:

X(t) = f(t,x(1),0) (10)

is asymptotically stable in either of the two cases:
1- p>0
2- e+ 0 >0 and the system is zeros-state observation.

The system (7) can be represented as the normal form:
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x=f(2)+9(z,y)y

y=1(z,y) +k(z,y)u a

The non linear system (11) may be rendred bay a tate
feedback of the form [15]:

u=a(x)+ g(x)o (12)

Next we define a semipassive system. This notion was
introduced in [17] and [19], an equivalent notion was called
quasipassivity. Roughly speaking, a semipassive system
behaves like a passive system for sufficiently large |X| . More
precisely, assume that there exists a nonnegative function
V :R" > R, such that for all admissible inputs, for all initial
conditions and for all t for which the corresponding solution
of (7) exists, we have

V <yu-H(x) (13)

where the function
some ball:

H:R" — Ris nonnegative outside

3p>0,V|X|2 p = HX) =n(x) (14)
For some continuous nonnegative function 77 defined for
|| = p. If the function H is positive outside some ball, i.e.,
(14) holds for some continuous positive function 77 , then the

system (9) is said to be strictly semipassive.

The concept of semipassivity allows one to find simple
conditions which ensure boundedness of the solutions of
synchronization systems.

Consider a coupled chaotic Lu system of the form (7) as

{X,(t): Fx) {)’(r(t): f(x.)+ Bu s

y () =Cx, y, (0 =Cx,

Where: f(0)=0 and B,C constant matrices of appropriate

dimension. Define the symmetric 2*2 matrix I as:

7 AT
—Vu 7

I= (16)

V=7 20all row sums are zero. The matrix T is

symmetric and therefore all its eigenvalues are real.

Moreover, applying Gerschgorin’s theorem about localization

of eigenvalues, one can see that all eigenvalues of I' are

nonnegative, that is, the matrix is positive semidefinite. [15]
We say that the systems (15) are diffusively coupled if the

matrix CB is similar to a positive definite matrix and the

systems (15) are interconnected by the following feedback:
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u:_yll(yr _yt) (17)

where y,, =y,; = 0are constants.

In this case, we rewrite the systems (15) in a form which can

be obtained from (14) via a linear change of coordinates due to

the nonsingularity of:
7=0q(z,
/=4(2.) s
y=a(z,y)+CBu

Theorem 1 [15]: Consider the smooth diffusively coupled
systems (15) and (18), which, because of the nonsingularity of
CB are rewritten as (15) and (18). Assume the following.
Assumption.l. The system

2=q(z,y)

y=a(z,y)+CBu
is strictly semipassive with respect to the input
output y with a radially unbounded storage function V

u and

Assumption.2. There exists a -smoothc® positive definite
function and a positive number & such that
V, the following inequality is satisfied :

(W, (z, - 2,) ((z,y) -z, - y,)) < —alz, —2,] (19)

Theorem 2 [8]: Assume that there exists a positive definite

matrix P =P" such that all eigenvalues of the symmetric
matrix

1 (e M)
> {P[az (Z,§)j+ P[ e (Z,é)j P}

are negative and separated from zero for all ze Rand £e D
. Then the system Z = (z,0)) is noncritically convergent in
the class ID .

We consider Lu system:

X =a(y, —x,)
yt, =—X.Z, +Cy, (20)
Z[' =X Y, —bZt

We assume Eq. (20) to be the transmitter and we select its
output as:

Y=Y 2y

Then the receiver equations are
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X, =a(y, —Xx,)
’

yl’ :_XTZI' +Cyl' +u
’

ZI’ :Xryr _bzl'

To force the two systems to synchronize, a connection is
needed between the two systems. If the purpose of the control
is to force y, — Yy, ast — oo, we can add control terms U into

the reveiver system in the form of

U==7,(, =¥ (22)

First, we check that the receiver system is strictly semipassive
with respect to the input U and output Yy,

To this end, consider the smooth function:

V(x,,yr,zr)=%(xf+yf+(z,—a)2> 23)

Its time derivative with respect to the uncontrolled system

satisfies:
- b(zr - EJ + b@
2 4

It is seen thatV =0 determines an ellipsoid outside of which
the derivative of V is negative. If K satisfies

2 2

V = —ax’ —y; 24

K? :l+9max l,l} (25)
4 4 a
Then this ellipsoid lies inside the ball
E:{x,y,z:xr2+yr2+(zr—a)zusaz} (26)

which means that all solutions of the uncontrolled system
approach within some finite time the set defined by (23)
Calculating the time derivative of along solutions of the
system (18) yields

V(X,,Y,.2,u)=V(X,.Y,,2,.0)+y.u (27)

Therefore, the function V 1is a storage function which proves
strict semipassivity of the system (18) from the input to the
output.

Secondly, we find the zero dynamics by imposing the external
constraints y, =Y,

t
ZI’ =X Y, —bZt

{Xl =a(y, —x,)

2/ =x,y, ~bz,
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Now we show that the receiver system is noncritically convergent
for any bounded Yy, (t) . Indeed, the symmetrized Jacobi matrix

for this system has two eigenvalues —a and—b and, therefore,
according to Theorem 2, there exists a quadratic function which
satisfies Assumption A2 of Theoreml.

Thus, all the conditions of Theorem 1 are satisfied and coupled
Lu systems has an asymptotically stable compact subset of the
set {x[ =X,Y. =Y,,2 = zr}.

V. NUMERICAL RESULTS

In this section, results of minimization of interference
parameter are given as below. The genetic algorithm is used in
the selection of chaotic code over random selection of initial
conditions for different code lengths and different number of
users. In order to show the improvement of these proposed
approach ,we comparers the resultants the resultant presented
in [11] with classical spreading code as m-sequences, Gold
codes and Kassami code and logistic map code with the same
code length and the same number of users. Parameter of
genetic algorithm are given as below in tableau 1

TABLE I
GA PARAMETERS
Parameter Value
Population size, N, 100
Generation , GmaX 800
Crossover probability , P, 0.6
Mutation probability Pm 0.7
TABLE II
INTERFERENCE PARAMETER OPTIMIZED RESULTANTS
OF DIFFERENT METHODS
. .. | Propose
Classical codes Logisti d
¢ map
approach
N | k | Code
Cco/ Lu
AO/LS | LES/ MSQC
. MSQC AG system
famil E AO C C-CO with GA
y
1512 M 430 430 410 358 94 69
1514 | SK 1224 1224 1184 1186 440 392
15 15| LK 6608 6608 6663 6646 4641 4324
31| 6 M 9963 9598 9148 9434 6248 5356
31|33 G 60268 | 60231 | 61566 | 62570 | 51007 | 49785
63| 6 M 40398 | 40089 | 39086 | 41769 | 28915 | 26812
63 | 65 G 50(3)85 504070 | 513710 52(1)92 43314 402367
172 18| M 55854 557080 | 552900 56339 46344 448561

M: m-sequence; SK: Small Kassami, LK: Large kassami, G: Gold code
AO/LES, LES/AO, CO/MSQCC, MSQCC/CO: classical method for code
optimization
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Fig. 3 variation BER via K for SNR=15 and N=127
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Data
QD ) Demodulator
[m=———————————— == -1
1 1
1 Xr 1
: Genetic :
1 Algorithm 1
1 1
Yi 1 [Chaotic Lu Passive :
. system Control .
1 1
1 1
1 1

Fig. 4 proposed schema

Fig. 1 and Fig. 2 show the variation of BER via Eb/No with
different values of N and K. Fig.3 Variation BER via K for
SNR=15 and N=127. From this figure, we can see the
improvement of optimized chaotic lu system with over
classical codes optimized with classical methods for different
code lengths and different number of users.

In Fig.4 we show the proposed schema for synchronization
and dispread sequence in CDMA system

The goal is to force the two systems to synchronize under
control, while they have different initial conditions. The
transmitter system stars from [6 -6 5] and the receiver system
from [-3 -2 -4]. We select y,, =4 and use the controller as in

(19): u=-4(y, -y,).
In figure 5 and figure 6, we note that the system is quickly and
perfectly synchronized, also the bigger y, give the best

performance.
20

-20

40 \ \ \ \ \ \ \ \ \
0

%
40 ! ! ! ! ! ! ! ! \
0 1 2 3 4 5 6 7 8 9 10
time
50 T T T T T T T T T
/’ X Q < / /
0L’ B
. zr
4
50 ! ! ! ! ! ! ! ! !
0 1 2 3 4 5 6 7 8 9 10

time

Fig. 4 Synchronization of two Lu system with proposed method
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Y['yt

Fig. 5 Phase-space trajectory

VI. CONCLUSION

In direct sequence code division multiple access (DS-CDMA)
applications, system performance depends on the
autocorrelation and cross-correlation properties of the used
spreading  sequences and the transmitter receiver
synchronization. In this paper we have proposed the uses of
chaotic Lu system to generate binary sequences for spreading
codes in a direct sequence spread CDMA system. To
minimize multiple access interference (MAI) we have
proposed the use of genetic algorithm for optimum selection
of chaotic spreading sequences. Also the problem of
controlled synchronization of Lu system in CDMA satellite
system was presented. passivity nonlinear control techniques
are presented and semipassivity technique was defined to find
simple conditions which ensure boundedness of the solutions
of coupled systems. Experimental results showed that MAI
could be greatly reduced and these approach are more adapted
for DS-CDMA system than M-sequences, Gold codes,
Kassami code and logistic map and the system is quickly and
perfectly synchronized with the proposed method
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