FREQUENCY OFFSET EFFECT ON THE PERFORMANCE OF
CHAOTIC CHIRP SPREAD SPECTRUM SYSTEM *
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Abstract:

Recently there has been a great deal of interest in the application of spread spectrum
systems. However, the performance of the robust spread spectrum system detector
depends on the selection of the spreading signal. This paper is intended to provide the
basic concepts of a proposed spread spectrum system based on two features. The first
one implies the use of the spread spectrum based on Rossler chaotic sequence to
minimize interference caused by other systems to secure the information transmission.
The second concept clarifies the use of a chirp signal to achieve high data transmission
rate within a limited bandwidth. Furthermore, performance of the proposed system is
simulated in the presence of AWGN as well as frequency offset is applied to notice and
limit its effect. Bit error rate (BER) is computed to evaluate the system confidentiality.
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Introduction:

When a signal is propagated through a wireless channel, it should be disturbed by
impairments such as fading, multipath spread, adjacent channel interference, and other effects.
Spread spectrum (SS) technique is known as a technique being strong against these
impairments and maintaining required system performance in such a bad channel
environment. Therefore, systems based on the spread spectrum technique are well suited for
wireless communication [1]. The spread spectrum signal is not easily detected since it appears
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to be noise-like except at the intended receiver where the spreading sequence is known. SS
systems can strongly reject narrowband interference and they fail in rejecting wideband
interference [2]. In 2005, a proposal based on chirp spread spectrum (CSS) was proposed for
IEEE802.15TG4a by Nanotron Technologies. Chirp signals and the associated technique of
pulse compression which is extensively used in radar systems are well suited for spread
spectrum transmission. Because of its advantages such as high processing gain, large
bandwidth, low power, scalable bit rate, robustness to multipath interference, immunity to
Doppler frequency offset, and others. CSS techniques have been applied to many areas [3].
Chirp signal, chirp modulation, or linear frequency modulation for digital communication was
patented by Sidney Darlington in 1954 with significant work performed by Winkler in 1962.
This type of modulation employs sinusoidal waveforms whose instantaneous frequency
increases or decreases linearly over time. These waveforms are commonly referred to as
linear chirps or simple chirps [4]. Chirp signals has the wave form which can be written as:

S(t)=a(t) CosQr ft+m ut’) (1)
where a(t)is the envelope of chirp signal and a(¢) =0 ,when ‘ t ‘ > %; £, 1s the starting

frequency; u is the rate of frequency change. £ > 0 makes an up-chirp while x# < 0 makes a
down-chirp. Within a period of 0 < ¢ < 7, up-chirp and down-chirp signal can be written as.

c,(t)y=a(t) cos(2x fit+mu’)
c,(t)=a(t) cos(2x fit—mu’) (2)

The transmitted signal is:

s(1) = be, (1) + (1=b)c, (1) €)
where b is the bit ready to be sent. The received signal is composed of transmitted signal and
AWGN [5].

r(t)=s(t)+n(t)=bc,(t)+(1—=D)c,(t) +n(t) (4)

The impulse response of a filter matched to a chirp signal is also a chirp but with opposite
sign of 1. If a(¢)is a rectangular function, the autocorrelation function of a linear chirp, or the

output of a chirp passing a matched filter, can be written as:

.(ﬂKT—M%
sin BT
g(t) :\/%cos(a)ot) , -T < t < T (5)

ut

if the expression at2@, , is neglected, which is reasonable for most cases of practical interest.
g (t) is with the form of (sin x)/ x, a SINC function. SINC function has the property of high
autocorrelation peak and low side lobes. Due to this high autocorrelation peak, CSS has a
very large processing gain. Furthermore, the output energy of other signals, such as noise, of
the matched filter is spread in time.

It is widely accepted that CSS is immune to Doppler frequency offset. If a chirp signal with
the form of Eq.(1) (where a(t) is a rectangular function) has reached the receiver with a certain
frequency offset ¢ = w, /27 then the received signal can be represented as :

fm=wm@+%»¢%ﬂ, —§<r<§ ©)



The output of the matched filter is:
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G(t,w,) = . cos[(w, + : ). P , 2( t ( ; (7)

Comparing Eq.(5) with Eq.(7), we can see that the two outputs has the same form of a SINC
function except for a time shift of the autocorrelation peak, which can be represented as[6]:

5t = (8)

CSS is classified into two types according to how to modulate chirp signals with information
data. One is binary orthogonal keying (BOK) and the other is direct modulation (DM). BOK
uses up-chirps for representing bit 'l' and down-chirps for representing bit '0'. Thus both up
and down-chirp filters exist together at transmitter and receiver in BOK. On the other hand,
DM uses the chirp signal as a spreading code which is similar to a pseudo random (PN)
sequence in direct sequence spread spectrum. Modulation and demodulation are performed
separately and independently from the chirp processing in DM. Thus, the system using DM
requires only one chirp filter at each transmitter and receiver [1]. The advantages of using
chirp spread spectrum over other modulation techniques include reduction of complexity,
increased robustness and lower cost. Many advantages of CSS have over other spread
spectrum techniques are:1-its ability to tolerate large frequency drifts, 2- its analog-only
implementation, 3-its robustness to transmitter-receiver frequency offsets. Such offsets can be
caused by Doppler shifts in the channel, oscillator drift and other factors [7].

Chaotic communication can be considered as a spread spectrum communication, which
spreads a message signal into a much wider bandwidth in comparison with the message
signal. The message signal is then retrieved at the receiving end by coherent or non-coherent
despreading and demodulation [8]. Chaos, as a particular nonlinear dynamic phenomenon,
lies in some special continuous nonlinear equations or discrete nonlinear maps [8]. Many
advantages can be shown when chaos is applied to communication system. Firstly, chaos can
be easily generated by some simple nonlinear equations. Secondly, it is sensitive to initial
conditions and has noise-like, wideband spectrum features. These good merits make us easily
construct a number of periodic and non-correlated sequences, which are candidates for
conventional PN codes. The conventional PN sequence, such as m sequence, has good auto-
correlation property, but spikes are usually found in its cross-correlation function.
Furthermore, they can make the communication system more secure [9]. In 1963, Lorenz
found the first classical chaotic attractor. In 1999, Chen and Ueta found another chaotic
attractor, which is similar, but not topologically equivalent to the Lorenz attractor. In 2002,
Lu and Chen also found the critical attractor between the Lorenz and Chen attractor [10]. A
number of chaotic communication schemes have been proposed, such as chaos masking,
chaos shift keying and chaotic modulation [8]. Chaotic communication is implemented
instead of the conventional communication system, since messages were successfully sent at
some gigabit per second (Gbps) speeds (v) over a distance R=115 km of commercial optical
fiber system with a BER of one in ten million. The BER is said to be limited by the equipment
rather than the technique itself. The advantage is that at such a high speed, it is easier to
generate strong, high-power chaotic signals than periodic signals [11].



Chaotic sequence has many of the properties such as [12]:

a- Balance Property

b- Correlation Property

c. Security

Several modulating schemes have been used in chaotic communications. The most common
ones are [11]:

* Chaos Shift Keying (CSK);

* Differential Chaos Shift Keying (DCSK);

* Additive Chaos Modulation (ACM);

* Multiplicative Chaos Modulation (MCM).

Svstem Model

Fig. 1 shows configurations of both transmitter and receiver blocks, respectively and the
system parameters were illustrated in table (1).
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Fig. 1. The proposed system simulator.



Table (1): System parameters

Data signal 20 KHz
Chirp signal T=0.5usec,u=150KHz, f,=5KHz
Spreading signal (14.06-16.9)MHz
Transmitted signal (14.28-17.29)MHz

On the transmitter side, the binary data are used to generate the chirp signal with positive
or negative slope. The proposed system uses Voltage Controlled Oscillator (VCO) to generate
the chirp signal. By employing the VCO, the chirp signal can be easily obtained without using
any complex devices. The Rossler map is recommended here as the spreading code generator,
due to its favorable correlation properties. The Rossler system has a smooth attractor with a
nearly uniform distribution which is important for reliable synchronization and optimal usage
of the frequency bandwidth. The system can be written in the form:

X, =u-X,-X,-d)
X, = (225X, +0.15X,) )
X, = (0,04 +5X,(X, -2))

where X1, X, and X3 are the states of the system, x and d are fixed parameters [13].

Owing to the spectrum efficiency and the constant envelope, QPSK modulation is utilized in
the proposed system to modulate the chirp signal. Traditionally, a double balance modulator
and a 90° phase shifter are usually employed to implement a QPSK modulator. In QPSK, two
bits are transmitted in a signal modulation symbol in stead of one bit as for BPSK. Thus, the
bandwidth efficiency of QPSK is twice that of BPSK. This is because the main lobe of the
power spectral density of a QPSK signal is equal to twice the symbol rate, which is half that
of BPSK. When the transmission signal passes through the AWGN channel, the received
signal is:  Your = S(t) + N(t).

At the receiver (with proper synchronization between the transmitter and receiver is
proposed) the transmitted signal is correlated with an identical spreading signal included at
the receiver and then is filtered out to retrieve the chirp signal. The chirp signal is fed into the
matched compressor filters. The up-chirp filter is matched to the '0'-bit signal, the down-chirp
filter is matched to the 'l'-bit signal. Pulse compression filter employs a modulated “long”
pulse to achieve the range resolution of a “short” pulse without the need for high peak
transmit power. JK flip flop is used to reconstruct the original data.

SIMULATION RESULTS:

System simulation is performed to validate the feasibility of the proposed system using
Matlab and Simulink. The output signals such as the original data signal, the chaotic signal,
the spread signal, and the QPSK signal, are all shown in Fig.(2) and Fig.(3). Notice that the
final receiver data signal is an exact replica of the one being transmitted except small delay.
The proposed system is based on QPSK demodulation, and it is assumed that chaotic
generators are synchronized with the signal for simplicity, because synchronization issues
are beyond the scope of this paper. AWGN is a real problem when operating with the
proposed system. Fig. (4) shows the matched filter output signals in the presence of
AWGN.
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One of the most important characteristics of a communication system performance evaluation

the bit error rate as a function of the signal to noise ratio or the ratio of energy per bit to the
noise spectral density Eb /N,. It provides a quantitative measure for the efficiency of the
modulation-demodulation scheme used in the system. the simulation is carried out to show the
system performance under the effect of frequency offset. the "frequency/phase offset" block is
used in Simulink to add frequency offset, as shown in Fig. (5).
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Fig. 5. Frequency/phase Offset Generator.

To get a high impression how robustness appear in the proposed system, Fig.(6) shows the
BER with different frequency offset values. From Fig.(6) the BER is the same as the
theoretical one (with no frequency offset) when the frequency offset is 10 kHz or IMHz. For
frequency offset equals to 100 kHz (the frequency offset value approaches the center
frequency of the chirp signal) , that system performance would have high BER.
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CONCLUSIONS:

This paper presents a Simulink model for designing a robust spread spectrum system
based on a chaotic and chirp signals. The proposed system can combine efficiently the
techniques of chirp system, chaotic system and QPSK. Through analysis and simulation of the
system, it is shown that under the best channel condition (AWGN only), the system is
immune to Doppler frequency offset. In this scheme, chaotic sequences are generated by the
proposed Rossler map with different parameter sets to carry the corresponding binary bits
packets. The results show that the designed system has a simpler structure and thus is
relatively easier to be realized.
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