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Abstract - In chaos-based digital communications, the differential
chaos-shift keying (DCSK) system has been widely studied owing to its
non-coherent demodulation without any synchronization. To date, BER
performance of this system is investigated over various transmission
channels such as noise, fading, multipath, and optical fiber. In this paper,
for the first time, the BER performance of conventional DCSK system is
evaluated over a land mobile satellite channel. The Lutz channel model
with two-state, i.e., the best proper model, for describing satellite
environments as well as the discrete-time model of DCSK transmitter and
receiver are demonstrated and analyzed. In particular, the probability
density functions (PDFs) of random processes in the channel model are
defined and verified by comparing with the computed functions. The
studied system with specific parameters is built up by means of a
numerical simulation platform on PC. Evaluatation for the system
performance in terms of BER values against Eb/No, channel states,
spreading factor, and used chaotic maps.

Key words - chaos-based spread modulation; differential chaos
shift keying; DCSK; land mobile satellite channel; Lutz channel
model.

1. Introduction

In the past two decades, spread-spectrum modulation
schemes based on chaos have been received a great
attention in wireless communication applications due to
their good anti-fading, anti-jamming and transmission
security capabilities [1]. These schemes are relied on the
use of chaotic signal sequences generated by a nonlinear
dynamical system with non-periodic, inherent wide-band
characteristic, and sharp auto-correlation and low cross
correlation values to carry data sequences. Among all the
chaos-based modulation schemes, differential chaos shift
keying (DCSK) [2] can achieve not only good performance
in maltipath propagation environments [3] but also simple
hardware implementation [4]. Therefore, beside the
conventional CDMA technique, the DCSK-based schemes
have been considered to be effective solutions for spread-
spectrum communications.

So far, the theoretical performance of DCSK system
have been investigated over various channel environments,
such as Additive white Gaussian noise (AWGN), Rician
and Rayleigh fading channels [5], [6], [7]. Lots of studies
have focused on investigation of DCSK-based schemes
accompaning with crucial wireless techniques as MIMO,
OFDM, and UWB [8]. Currently, the DCSK-based
systems are being considered as very good candidates for
low power and low complexity for wireless
communication applications, e.g. wireless personal area
networks (WPANS) and wireless sensor networks (WSNSs)
[4]. Investigation of the DCSK-based systems over the land
mobile satellite (LMS) channel has not been studied so far.

Tom tét - Trong truyén théng sb str dung hén loan, hiéu nang cla
hé théng khéa dich hén loan vi sai (DCSK) da dwoc nghién ctu
nhiéu. Cho t&i nay, hiéu nang BER cla hé théng dwoc khao sat
qua cac kénh truyén dan khac nhau nhw kénh nhiéu, fading, da
dwdng, va cap quang. Trong bai bao nay, lan dau tién trinh bay
danh gia BER cua hé théng DCSK qua kénh vé tinh di dong mat
d4t dwoc nghién cvu. Md hinh kénh Lutz, md hinh thich hgp nhét
dé mo ta cac méi trwong vé tinh, cling nhw md hinh roi rac cla
may phat va may thu DCSK duoc trinh bay va phan tich. Cu thé,
cac ham mat dd xac suét clia cac qua trinh ngau nhién trong md
hinh kénh dwoc xac dinh va kiém chirng théng qua so sanh voéi
céac két qua tinh toan sb. Hé thdng dé xuat véi cac thong sé cu thé
dwoc xay dwng trén mo phdng trén may tinh. Hiéu nang hé théng
sé dwoc danh gia theo méi quan hé ctia BER theo Eb/N, trang thai
kénh, hé s trai phd, va cac ham hén loan st dung.

Tir khéa - diéu ché trai ph dwa trén hén loan; khoa dich hén loan
vi sai; DCSK; kénh vé tinh di ddng mat dat; mé hinh kénh Lutz.

In this paper, we study the BER performance of the
DCSK sytem over the land mobile satellite channel. Firstly,
the land mobile satellite channel model, the Lutz model is
presented. Then, the discrete-time model of the DCSK
transmitter and receiver is given and analyzed. Finally, the
BER performance of the system is obtained by the
numerical simulation.

2. Land mobile satellite channel model

In this section, we consider a land mobile satellite
channel model with a fading factor s. Several satellite
channel models have been proposed such as Loo, Corazza,
Lutz, Nakagami, and Norton models [9]. Based on the
investigation in [9], the Lutz model is the most proper to
describe all mobile environments. It is noted that Lutz et
al. [10] introduced the two-state model, i.e., good and bad
state, whose block diagram is shown in Fig. 1.

In the good state, the received signal is affected by the
clear line of sight (LOS) and multipath components. In this
case, the channel characteristics can be described as the
Rician process and the probability density function (PDF) of
the envelope s of the received signal can be expressed by

Price () = =5.exp [~ )] 1, (55, &

where o2 is the average power of the multipath
components; I,(.) is the modified zero-order Bessel
function; and C is the amplitude of the LOS path. In
literature, the Rician distribution is usually specified by the
parameter K, i.e., the Rician factor, which is given by
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= 10log ( ) [dB]. )

In the bad state, the LOS path is shadowed by obstacles
and the multipath components are affected by the
shadowing effect. The channel characteristics in the case
can be presented by the Suzuki model combined by the
Rayleigh and Lognormal processes. The PDF of the
envelope s of the received signal is determined by

Psuzuki (5) =

S o)
U‘MU'Z\/_ fo y3 exp (
where g, and m,, are respectively the standard deviation and

mean of the shadowed component (In(s)); o is the average
power of multipath components related to the Rayleigh
process. The Rayleigh process is usually specified by the
Rayleigh parameter K, which is presented by

= 1ozog( )[dB] (4)

In a two-state model, the PDF of the overall received
signal envelope is defined as

Pruez(8) = (1 — A). Price () + A. Dsuzuni () (5)
where A is the probability of bad-state.
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Figure 1. The block diagram of Lutz channel model.

3. Discrete-time Modeling of the DCSK communication
System

Figure 2 shows the block diagram of the studied
communication system which consists of DCSK
transmitter, two-state channel, and DCSK receiver.

3.1. Model of DCSK transmitter

The chaotic sequence {x;} at the output of the chaotic
generator is produced by a chaotic map F(.),
X, = F(x,_1), where x; is the value of the chaotic
sequence at the k" step.

In the DCSK transmitter as depicted in Figure 2(a),,
each bit duration is divided into two equal time slots. In
the first slot, chaotic reference sequences are transmitted.
Depending on the transmitted data bit as {+1} or {—1},
the copied version or the converted version of reference
sequences are transmitted in the second slot. The output

signal of the DCSK modulator is the sum of the reference
and data-bearing sequences. Let 28 be the spreading
factor in the DCSK system, defining the number of
chaotic samples sent for each bit; S is an integer. During
the i*" bit duration, the output signal of the transmitter
ey is
_ X, 1<k <pB, 5
ek_{bi'xk—ﬁﬂﬁ<kszﬁi ( )
where x,_p is the delayed version of the reference
sequence x, b; = {+1} is binary value of the i*" bit.
3.2. Model of communication channel
The channel model is composed of the Lutz channel
model and additive white Gaussian noise (AWGN)
depicted in Figure 2 (b). The output signal of the channel
corresponding to the k" transmitted symbol can be
expressed by
T, = S.ex + 1y, @)
where e, is the transmitted signal corresponding to the k"
information symbol, n,, is additive Gaussian noise with a

single-side power spectral density N,/2 and the fading
factor s is a random variable with its PDF given by Eqg. (5).
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Figure 2. The block diagram of the DCSK system:
(a) the DCSK transmitter; (b) Communication channel;
(c) the DCSK Receiver

3.3. Model of DCSK receiver
As depicted in Figure 2(c), the received signal r; is
correlated to a delayed version of the received signal 7y, g

and summed over a half bit duration T, (where T, = 28T,
and Ty is the chip duration) as follows:

D = Xh_, T Tiwp- ®)
Based on Eqgs. (6), (7) and (8), we have
D, = Zle(s. X + ). (S by Xy + Myei ) 9
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The observation signal at the output of the correlator,
D;, is used to recover the i*" received data bit according to
the following rule:
~ +1,if D; > 0,

i {—1,if D; < 0.

(10)

4. Simulation of Lutz channel model

As mentioned in Section 2, the Lutz channel model is
mixed by Rician, Rayleigh and Lognormal processes. For
wireless channel characteristics, these processes can be
achieved by Gaussian random processes which are
presented in detail in [11].

Simulink block diagrams of Rician, Rayleigh and
Lognormal processes are shown in Figure 3, Figure 4 and
Figure 5, respectively, where Gaussian random process is
generated by the Random Number Generator.
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Figure 3. Simulink of Rician process
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Figure 5. Simulink of Lognormal process

To verify the simulation channel model, we make a
comparison between the PDFs of the random processes in
the simulation and analytical models. Figures 6, 7 and 8
respectively illustrate the PDFs of the Rician, Suzuki and
Lutz process. These results point out that the PDFs of
random processes computed by Simulink totally agree with
those in the analytical model.
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Figure 6. PDFs of Rician processes
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Figure 8. PDFs of Lutz processes

5. Simulation results

In this section, the BER performance of the studied
system is evaluated by the numerical simulation. The
dependence of BERs upon the system parameters such as
the probability of bad state, the different chaotic maps, and
the different spreading factors are carried out. Two
different chaotic maps are chosen, i.e., the second-order
Chebyshev polynomial function (CPF) and the Cubic map
[12], [13], respectively given by
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X = 2xF_, — 1, (11)

Xx = 4xp_ — 3xy, 12)

In all simulations, we assume that the input parameters

of the Lutz channel model are chosen with K = 21.5 dB,
K =159dB, m, = —48dB, oy =17dB. These

values are within the value range of model parameters for
a typical land mobile satellite system propagation [14].
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Figure 9. The BER performance with different states
of the channel, 8 = 500

The BER performance of the studied system with
different channel states is presented in Fig. 9. The BER

curves are plotted with respective to Z—” for different cases
0

of the channel states, i.e. the good-state channel (S,=0%),
the two-state channel (S,=50%, S,=92.5%), and the bad-
state channel (S,=100%), respectively. It clearly appears
that BER values in the case of two-state channel are

between those of the good-state and bad-state channels. For

instance, at the same li—b= 18 dB, BER values with
0

S, =0%, S, =50%, S,=925%, S,=100% are
corresponding to 0.0047, 0.0832, 0.2248, and 0.2519.

Table 1 shows the statistical properties of the
normalized chaotic sequences. The BER results with
different chaotic maps are shown in Figure 10. It can be
observed that the BER of the system using CPF is
equivalent to that of using the Cubic map. The main reason
is that the values of E[x,], E[x2] and var[x2] for CPF and
the Cubic map are the same.

Table 1. Statistical properties of the normalized chaotic

sequences
CPF Cubic map
E[x] 0 0
E[x2] 0.5 0.5
var[xy] 0.5 0.5
var([xg] 0.125 0.125

Finally, we consider the effect of the spreading
factor on the system performance in case of using the
second-order Chebyshev polynomial function. For a fixed

value % = 17 dB, the BER against the spreading factor
0

2 is shown in Figure 11. It can be seen that with different
states of the channel, there exists an optimal value of the
spreading factor so that the best value of BER ocan be
found. Specifically, the optimal spreading factor for the
cases of S,=50%, S,=75%, S,=92.5% are around 50. For
p is greater than the optimal value, increasing £ leads to

the increase of BER, while for g is less than the optimal
value, the BER decreases when £ increases.
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Figure 10. The BER performance with different chaotic maps,
B =100,S, = 50%.
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6. Conclusion

In this paper, we have studied the BER performance for
the DCSK system over the Lutz channel model. The
theoretical analysis and simulation of the Lutz channel
model as well as the discrete-time model of the transmitter
and receiver are presented. The BER of the studied system
is investigated by numerical simulation with different
parameters. The simulation results have shown that the
BER depends seriously upon the channel state. Our future
works will focus on applying fading mitigation techniques
to the performance improvement of DCSK system over the
Lutz channel.
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