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Abstract

Spread spectrum technigue becomes one of the most impoktagt eomm Qechnlques in
the recent decades. It provides high security, in additiq its resis to the various
interference and fading types. One of the most |mpo ani e met rin preading process is
the spreading code used in the spreading process C|aIIy i Irect sequence spread
spectrum. Recently, many researches focused on the cldotic cod;\d e to its attractive security
properties, in addition to its availability to geée a hug&wber of spreading codes. This
property is very useful in the multi-access a| ions. r, as the number of the MAI is
increased, the performance of the chaoU@ is d . This paper presents a new method

to generate a set of orthogonal self-b cha . The results show that the presented
method generates a set of cha:tim s with ¢ ation properties much better than the

traditional chaotic code. Th how, a hat the BER performance of the presented
orthogonal chaotic codes is superér and,o ming the BER performance of the traditional
chaotic codes in addition t PN seq

Keywords: Sprea@rum Cho%c Code, Direct Sequence Spread Spectrum, and Gold
Sequence.. Q

1. Introdu
Since the Federal C |cat|on Commission (FCC) has been established, its main basis in
managing the spec llocations was depending on the request-by-request basis. As the
communications@ations are hugely increased, it has realized that it had no more spectra to
he available solutions of this problem is to share the same spectrum by
ions through the spread spectrum. The spread spectrum simply can be defined
ion way in which the signal occupies a bandwidth much wider than its original
band - This wider bandwidth is obtained by using certain spreading code completely
i nt on the message signal, and has much higher bit rate than the original signal. This
sp ng code is synchronized in the receiver to retrieve the original signal by means of the
despreading process [2]. Generally, the spread spectrum techniques can be classified according
to the way in which the information data is injected by the spreading code. The main types of
spread spectrum are the direct sequence spread spectrum (DSSS), frequency hopping spread
spectrum (FHSS), time hopping spread spectrum (THSS), chirp spread spectrum (CSS) and
hybrid spread spectrum [3].
In direct-sequence spread spectrum (DS-SS) systems, the information signal is modulated by
the spreading code prior the transmission, resulting in a wideband signal resistant to
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narrowband jamming, multipath, interception, in addition to providing the multiple-access
capability. Typically, there are many codes types that can be used for the spreading process.
The pseudo-noise (PN) sequences, which are produced by the linear feedback shift register, are
the most popular codes used in the multiusers application. Although PN code has attractive
properties, however it has also a lot of drawbacks such as the limitation of the number of such
sequences, in addition to its periodicity feature, which make the intercepted signal is
predictable and is reconstructed by linear regression which leads to security limitations.

One of the alternative solutions is the long codes and chaotic code signals. Chaotic codes
have a lot of attractive properties over the conventional PN sequences, especially from the
security point of view. It is non-periodic, wide band, and more difficult to predict and to
reconstruct. Moreover, Chaos is a deterministic, random-like process found in non-linear
dynamical system, which is non-converging and bounded [4]. It has also a ver sensitive
dependence upon its initial condition and parameters, which gives the ty to
generate an infinite number of spreading codes [5]. These properties make ch als more
difficult to intercept, and more secured to decode the information spread d em [6]. In
recent decades, many researchers have studied and dISCUSS propert haotlc codes
from different point of views. The correlation propertle portant point of
views that has been studied and discussed in detai the cro rrelatlon properties,
since it has a direct effect on the performance of the@—acces ems. These studies lead to
create many types of maps that are used to generate aotic seq ces, such as logistic map,
tent map, Gauss iterated map, Gingerbread ma%p andeH map [7]. Since not all of the
chaotic maps can outperform the PN perfo it was ssary to study and create new
methods to improve the correlation pr \@otlc codes, and hence improve its

performances.

This paper introduces a ne r@d to gene a zero mean self-balanced orthogonal
(ZMSBO) chaotic sequences usi gener map. The main idea depends on generating
one zero mean self-balanced ( ence as a basic code, and then generates the
other orthogonal sequenc usmg orthogonal function. The method constructed
mainly from four dlffe ges (i)sthe st stage is to generate the basic real value chaotic
sequence from any e chaoti p, (ii) the second stage is to map the real chaotic values
of the basic chaot ence mﬁ }ro ean (ZM) binary sequences, (iii) the third stage is to
generate the 3 alanced ( basic chaotic sequence from the ZM binary sequence [8], and
finally (iv) & urth st 0 generate the zero mean self-balanced orthogonal (ZMSBO)
chaotic sequences set f basic chaotic sequence. Due to the presence of a large number of
chaotic maps, the | map which is the most popular chaotic map is considered in the
simulation. The rrelation and the cross-correlation properties of the chaotic sequence
generated from t esented method, traditional chaotic code, and the gold code are compared
under th@g conditions. Also, the BER performances of the presented chaotic code,

tradition tic code, and the gold code are compared in case of the flat fading channel. The
result that the chaotic code generated from the proposed method has correlation
much better and superior performance over the traditional chaotic code, and the gold
co
The paper is organized as follows, Section 2 discusses the detailed steps of generating the
ZMSBO chaotic sequences, the results and the different comparisons of the correlation
properties and BER performances are illustrated in Section 3, and finally the conclusion is
presented in Section 4.
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2. Generating the ZMSBO Chaotic Sequence

2.1. Generate the Basic Real Value Chaotic Sequence
As mentioned in the previous section, the logistic map represented by (1) is considered with
the proposed method:

xip1 =Rx;(1—x;), x €(01) )]
Where, x; 4 is the new value generated from the old value x;, R is the bifurcation parameter.
As well known, the initial value x, affects on the rest of the generated values, which gives to

the chaotic codes its main advantage of generating the huge number of the spreading sequences

2.2. Generate the Basic ZM Binary Chaotic Sequence
In this stage, the real values of the basic chaotic sequence are mapped to ry values.

Actually, there various methods can be used to map the real values of the h ode into the
binary values such as chaotic bit sequence, chaotic thres quence e chaotlc mean
sequence [9]. In this paper, the third method, which can nte , will be used.

X; = sign(g{x(t) — mean x(t)

This method depends on shifting the real
and generates a new basic sequence g(x)
by taking the sign function of the new

for the ba% aotic code by its mean value
binary values will then obtained
ans (%).

2.3. Generate the Basic SBZ c Seg
In this stage, the self-bala process |$ormed in which the process is explained in

detail in [8]. Its idea is b depen r main steps which are, inversion, all upside
down, radix-S block up an the shift combination. As indicating in Figure 1,
after the basic real quence%)nverted to the basic binary sequence with length N, the
inversion process j rmed plying —1 to the ZM basic sequence X;, which can be
represented a caIIy by (3)

f(x%z‘éi, M<i<M+N 3)

Where M is th aming point, and 2N is denotes the spreading code length. The object of the
starting pomtg avoid the similarity that can be happened between the first values of the

generated codes due to the slight change of the initial condition. In the presented

system, basic chaotic sequence is generated, and hence M can be set to zero. The

invert ence is converted to the all up-side down sequence by arranging the original
n the opposite direction as cleared in (4):

Vi = —Xam4n-1-ir M <Iis=M+N 4

The radix-S operation is proceeding on the upside down sequence y; with the segment length
of N as illustrated in Figure 2. In this step, the sequence is divided into N /S short segments
with length of S for each. Then, each short segment is arranged in the opposite direction by
itself. The final form is obtained by make the combination between all the N/S inter-upside-
down short segments as represented in (5).
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Zi = YoM+(2j-1)S-1-i — ~XN—-(2j-1)S+1» (5)
M<i<M+N,j=1,2,..,N/S

Where j represents the short segments index number, which is a positive integer doesn’t
exceeds N/S. Finally, the combination process is performed between the radix-S block upside
down sequence z; and the original sequence x;, which are both has the length of N. The final
zero mean self-balanced sequence C; is produced according to (6) as:

xE+M k € even

Ce=14 2, k=0,1,2,..,2N -1
z—+M k eodd

Where k is the index number of the final ZMSB chaotic spreadmg code quya
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Figure 2. the illustration of the of the radix-S block upside down

2.4. Generating the Orthogonal ZMSB Chaotic Code.

The main idea in generating the orthogonal chaotic set is to multiply the basic ZMSB chaotic
code with a certain orthogonal function. This function is constructed from the orthogonal
matrix F which has a dimension of K x 2N, where K is the number of codes required to be
generated according to the number of users, 2N is the code length as indicated before. Each
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row in the orthogonal matrix F is generated from 1, and -1 such that sum of each row equal

zero (i.e. the number of 1’s equal to the number -1’s with different orders). The orthogonal

codes are generated as the result of the dot product multiplication between the basic ZMSB

code and the corresponding row in the orthogonal matrix F.

For the comparison purposes with the PN sequences, it is assumed that the chaotic code
length is subjected to the binary system. Consequently, the matrix F is created as follows:-

a. Generate a vector v of length 2N contains the values 1 and -1 alternately.

b. Create n levels, where n = log,(2N) or 2™ = 2N, such that the nth level representing the
half division of the vector v into 2 similar segments with length N for each. The (n — 1)th
contains 4 similar segments with length N /2 for each; representing the half division of
each segment in the first level, and so on until reach to the first level which contains N
segments with length 1 for each.

c. The first row in the matrix F constructed from the 2N elements of the fi Wlth
exchanging the first two segments. The second row is the same level w @ anging the

second two segments, and so on until the Nth row.

d. To form the (N + 1)th row, the first two segments inﬁ?nd Ie@ exchanged, and
so on until the (N + N/2)th row. Generally, the,e‘ benea— 1) + i will be
constructed by exchanging the two segmen@— —s _W e level | where =
1,2,..,N/20-D

e. By contlnumg thls process until the veI 1 row will be performed
corresponding to 2N — 1 user. This, 2 Iength orresponding to one symbol
duration. For R symbols the avalla er f@s will be 2RN — 1, which leads to

provides 2RN — 1 users.
In general, for code length is s b@d to the blﬁ%ystem the total number of the available
chaotic codes will be calculat@ ngtq (%

RZZ n@ )

i=
Figure 3 illustra 3@00935 eating the orthogonal matrix F. The main drawback of
io ber of spreading codes, however it is clear that the
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Figure 3. lllustration of the Orthogonal Matrix Construction
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3. Simulation results

In this section a comparison between the orthogonal chaotic code, traditional chaotic code
and gold code is performed from many points of views. Regarding to the correlation properties,
Figure 4, and 5 discusses the autocorrelation function (ACF) and the cross correlation (CCF)
for the logistic traditional chaotic code, logistic orthogonal chaotic code, and the gold code for
lengths 127 and 255.

In Figure 4, the results for the code length 127 show that, although the orthogonal chaotic
code has some peaks with large amplitudes over £20, however generally its CCF is much better
than that of the traditional chaotic and the gold code, since its majority values are within £10,
its zero mean, in addition to its noise random like. For the ACF, it is found that the orthogonal
code has better ACF than that of the traditional chaotic code, since its side loops variation has
zero mean, in addition to it has lower values.

Figure 5 shows the same results for the code length 255. It is clear that th the
orthogonal code has some peaks with amplitudes larger +40. However, |ts peaks are
noise like has amplitude between +20 with zero mean. This leads to be s ’@ han that of
the traditional chaotic and gold code. &
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Figure 5. Comparisons of Correlation Properties for Length 255
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In Figures 6, the cross correlation values between the first users and the rest of the other
users in the CDMA system is calculated and plotted for the traditional and orthogonal chaotic
codes. The Figure shows that for code length 127 and in presence of 120 user, , the cross
correlation between the desired user and any other user for the orthogonal code is zero, which
mean that all the other codes is completely orthogonal on the desired user. Meanwhile in the
case of the traditional chaotic code and under the same condition, the cross correlation values
between the desired user and the other users are varying between 40 and -30.

Figure 7 has the same comparison of Figure 7 but with code length 511 and in presence of
500 different users. The result shows also that all the interfering users are completely
orthogonal to the desired user, as the cross correlation value between all the users and the
desired one is zero. In the case of the traditional chaotic code, it’s found that the cross
correlation properties are varying between 80 and -70. These two Figures give ansindication
that in case of the orthogonal chaotic code, all the interfering users are completely%d.
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Figure 8. Performance comparisons under different channels
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Regarding to the bit error rate, Figure 8 shows the performance comparison between the
traditional chaotic code, orthogonal chaotic code, and the gold code in addition to the
traditional BPSK. The comparisons are performed in the AWGN channel and Relighy flat
fading environment using BPSK DSSS communication system. The simulation parameters are
set as baseband data rate 10* bps, carrier frequency 2.4 GHz, and the spreading code length is
chosen to be 31, in presence of 30 interfering user. The result shows that in case of the AWGN
channel, the orthogonal chaotic code completely eliminates the MAI effect and presents a
performance gain about 2 dB at BER 10~* over the gold code, and 5 dB at BER 10~* over the
traditional chaotic code. Obviously, the spreading gain due to the spreading code length (31) is
about 14.5 dB at BER 10~* over the traditional single user BPSK. In the case of the Relighy
flat fading, the performance is performed under sever fading conditions, in presence of 30 MAL.
The plot shows that the performance of the orthogonal chaotic code is still much better tharrthe

performance of the traditional code and the gold code due to the |mproveme Cross
correlation properties. It clear that the performance of the orthogonal code pr ore than 2
dB gain at BER 10~* over the gold code performance, and outperforms t nal code by
more than 4.5 dB gain at BER 10~*. It can be shown th etfor he orthogonal

code under the fading channel in presence of 30 MAI
BPSK performance under AWGN. This mean that
code performance since it counters the effect of the Ig

Barly th sa f the single user
ented, me prowdes a superior
Al nl\ the fading conditions

4. Conclusion
The new contribution of this paper is % l@meth @o erate an orthogonal zero mean

self-balanced chaotic code set. The pr met e applied to any chaotic map with
any code length. A comparlson is p d bet e orthogonal code generated with the
presented method, a tradltlon ode a d code from different point of views. The
results shoes that the correlati opertles BER performance of the presented method

is much better than the othe odes.
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