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Fig. 3. Block diagram of the CS-DCSK receiver.

After the CS-DCSK signal passing the frequency-selective
fading channel , the output of the channel is expressed as

(5)

As a narrow-bandwidth communication system, the channel im-
pulse response between BPSK transceivers is considered under
a frequency-ßat fading channel, given by

(6)

It is a single tap time-delay line (TDL)Þlter, where is a
Nakagami- distributed random variable with fading severity
index and average power . So, the output of this
channel is given by

(7)

At the receiver side, CS-DCSK and BPSK signals are mixed,
which are corrupted by additive white Gaussian noise. Thus, the
received signal, denoted by, is given by

(8)

where is zero-mean white Gaussian noise with a two-sided
power spectral density .

In the CS-DCSK receiver shown in Fig. 3, the detector com-
putes the correlation of the corrupted reference signal and infor-
mation-bearing signal in theth symbol duration.

III. PERFORMANCE ANALYSIS OF THE COEXISTING

CS-DCSK/BPSK COMMUNICATION SYSTEM

The coexisting CS-DCSK/BPSK communication system is
considered as a discrete-time baseband equivalent model, as
shown in Fig. 1. It is assumed that the CS-DCSK and BPSK
sub-systems have the same data rate. It is also assumed that
the data streams of the two sub-systems are asynchronized, and
the relative delay between the two systems are equivalent to

, , signal samples. Further-
more, the symbols “ 1” and “ 1” have an equal probability to
appear in the bit stream of both sub-systems.

A. Performance of CS-DCSK

As a performance benchmark, the bit error-rate (BER) of an
AWGN channel is derivedÞrst. At the CS-DCSK receiver, the
detector computes the correlation of the corrupted reference
signal and the information-bearing signal. In CS-DCSK, the
reference signal and the information-bearing signal have same
slots, but they are orthogonal because of the Walsh codes. So,
the detector requires the Walsh code sequences to be the same
as that in the transmitter in order to recover the reference signal

and the information-bearing signal. The correlator output for the
th received bit is denoted as, which is given in by

(9)

where is

(10)

and is the interference term related to the BPSK signal, which
is composed by three sub-items, namely,

(11)

(12)
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(13)

Regardless of the values of and , the term , which
is the main part in the interference term, equals to zero. Since
the combination of and will induce complicated expres-
sions, in order to simplify the analysis, here we derive the BER
expression under the synchronization assumption. The results
under asynchronization can be approximated by results under
synchronization, which will be veriÞed by simulations later.
Thus, (9) can be rewritten as

(14)

where

(15)

(16)

(17)

(18)

(19)

To perform Gaussian approximation analysis, the conditional
mean and the conditional variance ofare needed to derive.

Suppose that a “1” is transmitted by CS-DCSK during the
th symbol duration, i.e., . At the CS-DCSK transmitter,

the chaotic carrier is a periodic signal with period. Thus, the
variables through can be simpliÞed as

(20)

(21)

(22)

(23)

(24)

Thus, the output of the correlator, , can
be written as

(25)

Here, the logistic map is used as the chaotic signal generator.
The form of the map is , . In [27], it
was proved that , , ,

, , , and covariance
of , is , .

So, the means and variances of through
are expressed as

where
and

or .




