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Abstract white Gaussian noise; and (b) a wideband signal generated

_ ) from a co-existing conventional spread-spectrum communi-
This paper studies the performance of selected chaos-basgtbn system, which shares the same frequency band as the

systems which share their frequency bands with conventiogghos-based system under study.
spread-spectrum systems. Such a scenario may occur in NoEjg 1 shows a block diagram of the system under study.
mal practice when chaos-based systems are introduced Wgj|& analysis will be carried out in a discrete-time fashion.

the conventional systems are still in operation. The partiChy time £, the receiver receives signals consisting of three
lar chaos-based systems under study are the coherent chg9giponents, namely chaotic, conventional spread-spectrum
shift-keying (CSK) system and the non-coherent differentighq aqditive noise. This corrupted signal will be used by
CSK system, and the co-existing conventional system efja receiver to recover the transmitted data stream. Coher-
ploys the standard direct-sequence spread-spectrum modyla-or non-coherent detection schemes may be applied in the

tion scheme. Analytical expressions for the bit error rates g{&-qiver depending upon the modulation method used.
derived and computer simulations are performed to verify the|, 1o following sections, we focus on the coherent CSK

analytical findings. o _ _ system [5] and the non-coherent DCSK system [4]. The
_Index Terms — Chaos communication, chaos-shift-keying,,_eyisting conventional system is a direct-sequence spread-
differential chaos-shift-keying, direct-sequence spread—speé‘ﬁéctrum (DS-SS) system [6]. We will develop analytical ex-
rum. pressions for the bit error rates of the recovered data streams
for each of the chaos-based communication schemes under
1. Introduction the aforedescribed channel conditions.

Communication using chaos began to attract attention from
researchers about a decade ago [1, 2]. Much of the Pe-Coherent CSK System
search work has focused on the basic modulation processes _ _ ) )
and the noise performance assuming ideal channel condiY¥Ve consider a discrete-time baseband binary CSK commu-
tions. Among the various digital chaos-based communid3cation system in which one chaos generator is used to pro-
tion schemes, chaos-shift-keying (CSK) and differential CSi¢/ce chaotic signal samplgs}. Supposey € {—1,+1}
(DCSK) schemes have been most thoroughly analyzed [3'|gﬂ_the lth transmitted symbol ands is the spreading _fac—
Being spread-spectrum, chaos-based communication d¢§- Further, we assume that-1" and "+1” occur with
tems are expected to perform reasonably well even in tggual probabilities. During théth bit duration, i.e., for
presence of other wideband signals sharing the same bahd= 28(1 — 1) + 1,25(1 — 1) + 2,..., 25, the output of
width. Such a scenario may occur in normal practice, f§€ CSK transmitteris, = a2y
example, when chaos-based systems are introduced while tHeor the DS-SS system, we assume that the period of the
conventional systems are still in operation. pseudorandom (PN) sequence is very long. We denote the
The basic problem we wish to investigate in this paper @itput power of the system liy. Essentially, we can model
the performance of chaos-based digital communication sy&€ output of the DS-SS system as a random binary sym-

tems when the channel is under the influence of (a) addit®@! bx € {—1,+1} multiplied by /Pp. Also, “~1" and
“+1” occur with equal probabilities. Thus, for tine the

This work is supported by a research grant provided by Hopgynsmitted signal of the DS-SS system is represented by
Kong Polytechnic University and also by a competitive earmarked re- Pab
search grant funded by the Hong Kong Research Grants Council (G?“é[m_ VL BUk:

No. PolyU5124/01E). The CSK and DS-SS signals are added, and corrupted by
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Fig. 1: Block diagram of a chaos-based digital communication system with conventional spread-spectrum signal and noise added.

Correlator yi Decoded _ For thelth symbol, an error occurs when < 0 | (g =
e ¥ 7 _,| Threshold | _Symbol ¢ +1). Sincey; | (u = +1) is the sum of a large number of
&k—zww Detector random variables, we may assume that it follows a normal
x| distribution when2g is large. The error probability is thus
given by

Fig. 2: Block diagram of a coherent CSK receiver. Prob(y; < 0| (g = +1))

.. . . . - = —erfc Ely | (= +1)]
an additive white Gaussian noise before arriving at the re- 2 V2var [y | (a; = +1)]
ceiving end. The received signa}, is thus given byr;, = 1 93P
s, + /Pgby + n, wheren,, is a Gaussian noise sample of = Zerfc 5 ) (5)
zero mean and variance (power spectral dendity)2. 2 V4BA +43PpP; + 26Ny P;)

Assume that a correlator-type CSK receiver is employed, _ . .
As shown in Fig. 2, the correlator output for thh bit, y;, is where erfc(.) is the complementary error function. Similarly,
given by whena; = —1, the corresponding error probability can be
shown equal to

231 231
w o= o Z i +VPg Z bezr Prob(y; > 0 (u = —1))
k=28(1—1)+1 k=28(1—1)+1 1 2ﬂPs
= ~—— — = cerfc . (6)
required signal interfering DS-SS signal 2 \/4BA + 4BPB ps + QBNOPS)
231
+ Z Mk Lk Hence, the overall error probability of thHéh transmitted
k=28(1—1)+1 symbol is
= WA+BYO (1) BERUc = Prob(ar = +1) x Prob(y < 0| (u = +1))
+ Prob(a; = —1) x Prob(y; < 0| (y = —1))
wherea; A, B andC are the required signal, interfering DS- 1 E, \ ! B\ 1712
SS signal and noise, respectively. Suppose-&”‘is trans- = gerfe {BQ + (E) + (m) }
mitted in the CSK system during tH¢h symbol duration, %
i.e.,aq = +1. The mean and variance ¢f | (¢ = +1)
are readily shown equal to, respectively, whereE, = 23P,denotes the average bit energy of the CSK

system, and} = var[z;]/E?[z7]. It can be seen from (7)
Ely, | (a = +1)] = 25P; (2) thatBER!L is independent of. Thus, the error probability
and of the/th transmitted symbol is the same as the bit error rate
(BER) of the system.
var[y; | (ay = +1)] = 28A + 28PpPs + BNoPs, (3)

3. Non-coherent DCSK System
whereP; = E[z7] denotes the average power of the chaotic

signal, and\ = var[z7] is the variance of?. In the deriva- ~ For a non-coherent DCSK system, the basic modulation
tion of the variance, it has been assumed that the covariapoecess involves dividing the bit period into two equal slots.
of a:? andz; vanishes foy # k, i.e., The first slot carries a reference chaotic signal, and the sec-
ond slot bears the information. For a binary system, the sec-
covle}, zp] = E[z;zi] — E[z}]E[zf] =0 for j # k. (4) ond slotis the same copy or an inverted copy of the first slot
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Fig. 3: Block diagram of a non-coherent DCSK system. (a) Trans- N indB
mitter; (b) receiver. 1.0E+00 S
4 8 12 16 20
depending upon the symbol sent beingl® or “ —1”. This gy f———
structural arrangement allows the detection to be done in a AN ¢ PB/Ps =0dB (sim)
non-coherent manner requiring no reproduction of the same o205
chaotic carrying signals at the receiver. Essentially, the detec- " ~ - PB/Ps =30 dB (sim)
tion of a DCSK signal can be accomplished by correlating the & 7 ﬁﬁg :z?oddB};?Z::)
first and the second slots of the same symbol and comparing 1.0z ‘

< —— PB/Ps =20 dB (sim
the correlator output with a threshold. Fig. 3 shows the block — PBPs—30dB Eamﬁ)
diagrams of a DCSK transmitter and receiver pair.
Using similar procedures as in the previous section, it is
readily shown that the means and varianceg df(c; = +1)

1.0E-04

andy; | (aqy = —1) are given by | 0E-05
Bly | (n =+1)] = BP, (®) (®)
Ely | (y=-1)] = —BPs (9) Fig. 4: BERS versus, /N, of the coherent CSK system under the
varly; | (g = +1)] = varly | (g = —1)] interference of a direct-sequence-spread-spectrum signal. Simulated
' = BA +2BPgP, + BP2 + BP; Ny BERs are plotted as points and analytical BERs plotted as lines. (a)
Sane B * Spreading factor is 100; (b) spreading factor is 200.
BN, p g
+ BPgNy + —2. (10)

4. Computer Simulations and Discussions
Assuming bothy; | (y = +1) andy; | (¢ = —1) are
normal, the bit error rate of the DCSK system under the in- In this section the performance of the chaos-based digital
terference of a DS-SS signal, denotedlyR pcsk, equals communication systems under the influence of a DS-SS sig-
the overall error probability of théth transmitted symbol na|is studied by computer simulations. A logistic map is used

(BER]()’)CSK), ie., for chaos generation. The form of the map is
BERpcsk = BER )y Tp = g(og) = 1 — 227 where z;, € (—=1,+1).  (12)
= Prob(a; = +1) x Prob(y; < 0| (a; = +1)) Given that the invariant distribution function of, equals [7]
+ Prob(a; = —1) x Prob(y; > 0| (ay = —1)) 1
2 2 — iflzi <1
N ({8ﬁA +88P3 +8§PBN0 + 28NZ o(zw) = { e || (13)
2 E; 1 0 otherwise,
8Pp + 4Ny~ _
+ %] > (11) we obtainP; = 1/2 andA = 1/8.

For comparison, we plot in each case also the analytical
whereE, is the bit energy defined in the previous section. BERs obtained from the expressions derived in Sections 2
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Ey/No indB 2. For the CSK system, d,/N, = 7 dB and a spread-

1.0E+00

16 20 ing factor of 100, the BER degrades from aba0t 3
I to 102 when the conventional-to-chaotic-signal-power
1.0E-01 ratio (Pg/Ps) increases from O dB to 10 dB. For
\ the DCSK system, with the same increaseHp/ P,
00 the BER now degrades from abot6 > to 0.3 at
. 3 E,/No = 20 dB. Thus, the CSK system is more toler-
& ‘ ant to wideband interfering signals compared with the
1-0E-03 + PB/Ps=-15dB (sim) DCSK system.
PB/Ps =-10 dB (sim)
4 PB/Ps =0 dB (sim) :
10804 | nggzi.'?sdfg(ﬁfﬁﬁ) 5. Conclusion
PB/Ps =-10 dB (ana)
:gggzz?ﬂd& (?ﬁ;) In this paper, the performance of chaos-based communica-
1.0E-05 tion systems under the influence of a wideband signal gener-
@) ated from a co-existing conventional spread-spectrum system
is investigated. The problem is important technically since
‘E»/No‘i" dB chaos-based systems are spread-spectrum systems which are

1.08+00 expected to resist interference and the kind of interference

considered here, namely one being generated from another

conventional spread-spectrum system such as a DS-SS sys-
\ tem, represents a realistic (future) practical concern when
\

1.0E-01

chaos-based systems need to “co-operate” with existing sys-
tems. The present study provides useful performance data

& specifically for the coherent CSK and non-coherent DCSK
LOB0S 13 pm s 15 B (o) b W systems when they are requ_ired to operate in channels already
PB/Ps = -10 dB (sim) occupied by conventional wideband DS-SS systems.
4 PB/Ps =0 dB (sim)
LoE.04 | + PB/Ps =10 dB (sim) References
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