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Faculty of electrical engineering and computing,

Unska 3, 10000 Zagreb
Email:gordan.sisul@fer.hr

Abstract—Paper presents an implementation of chaotic spread
spectrum multiple access system model in LabView and USRP
software defined radio. Chaotic sequences of different lengths are
generated using families of one-dimensional maps and used for
spreading in spread spectrum system. Performance of chaotic
sequences generated using one-dimensional maps is evaluated
against pseudorandom and orthogonal sequences.

Index Terms—chaotic sequence, spread spectrum, software
defined radio, LabView, USRP

I. INTRODUCTION

Chaotic behaviour is generated from non-linear system
elements. Those chaotic signals have been identified as a
component in all man-made and natural complex systems.
Research has found that these chaotic oscillations can be
reproduced using relatively simple mathematical objects that
led to better understanding of non-linear system behaviour.

In the past few decades non-linear dynamics and chaos
have been extensively researched for various applications [1].
Application of chaos to communication systems has seen much
development after discovery of chaotic synchronization by
Pecora and Carrol [2] and development of electronics for
generating chaotic signals using Chua’s circuit [3], [4].

With changes to chaotic system parameters a large number
of uncorrelated signals can be generated thus increasing the
number of users in multiple access systems [5], [6]. Because
of the sensitivity to initial conditions and system parameters,
chaotic sequences derived from linear chaotic maps have
random characteristics similar to pseudorandom sequences.
Previous work in comparing random and chaotic sequences
was performed [5–7] that shows that chaotic sequences can
be used instead of pseudorandom sequences in cryptography,
spread spectrum systems, image and video coding.

Using chaotic sequences in spread spectrum for multiple
access in digital communication systems has been researched
[3], [8–14] with some implemented in various hardware archi-
tectures [15–18].

This paper focuses on comparing classes of pseudorandom
and orthogonal sequences on a spread spectrum communica-
tion system built on software defined radio transceiver chain
with signal processing running in LabView.

This paper is organized as follows: Section II explains how
chaotic sequences are generated. Section III gives the overview

of spread spectrum system model built in LabView for soft-
ware defined radio transceiver chain. Section IV discusses
results obtained from software defined radio system. Section
V concludes this paper.

II. SPREADING SEQUENCES FOR DIRECT SEQUENCE
SPREAD SPECTRUM

Spread spectrum systems use pseudorandom sequences that
need to have good autocorrelation properties for optimal
synchronization and detection. In multiple access systems
orthogonal or uncorrelated spreading sequences are used with
good cross-correlation properties to distinguish between user
data streams and reduce multiple access interference (MAI).

A. Generating chaotic sequences

Sample based chaotic signals can be generated from chaotic
maps that give the mathematical description of a non-linear,
discrete dynamical system. Although the signals are produced
using a discrete non-linear system, they can be viewed as
deterministic because their method of generation is known and
is repeatable [6].

Generally, chaotic maps are can be given as [19]:

Xn+1 = F (Xn) (1)

where Xn is a state variable and F (Xn) is a mapping
function.

There exist a number of chaotic maps that can be used
as chaotic sequence generators [6], [20]. In this paper tent,
quadratic and Chebyshev one-dimensional maps will be used
to generate chaotic signals.

Tent map is a linear one-dimensional map on the interval
[0,1] exhibiting chaotic dynamics for µ = [1, 2] and given
piecewise by [21]:

F (Xn+1) =

{
2µXn if 0 ≤ Xn ≤ 0.5

2µ(1−Xn) if 0.5 < Xn ≤ 1
(2)

Quadratic map can be given as:

F (Xn+1) = µXn(1−Xn) (3)

Chebyshev polynomial map can be given as:

F (Xn+1) = 1−X2
n (4)
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Figure 1. Generated chaotic signals with different bifurcation parameters

Changing the system parameter µ can change the behaviour
of the chaotic generator [5]. Changes to the chaotic system
parameters produces different signals that can be used as an
alternate spreading sequence in multiple access communica-
tions. Sensitivity to initial conditions and system parameter
make chaotic maps ideal for generating spreading sequences
of desired length.

Chaotic sequences in this paper were generated by changing
the bifurcation parameter of chaotic maps in (2),(3),(4). A
threshold function is applied to the chaotic signal to obtain
a dichotomous chaotic spreading sequence. These sequences
are then used to spread signals in DSSS system model built
in LabView. Discretization of chaotic signals leads to loss of
information and randomness but only dichotomous values are
allowed as spreading signals in this system model.

By changing the parameter µ, an entirely different chaotic
signal can be generated as can been seen in Fig. 1 where two
chaotic signals were generated using tent map with bifurcation
parameters µ = 1.99 and µ = 1.9899999. If a threshold is
applied to these two signals it can be seen that generated
sequences are different [5]. The bifurcation parameter (or
any other parameter in a chaotic system) can be known to
transmitter and receiver in multiple access system so that they
can locally regenerate chaotic spreading sequence [5]. Storing
only one parameter and not the whole sequence can lead to
increased security and less system resource consumption.

III. SPREAD SPECTRUM MODEL IN LABVIEW

This paper presents a spread spectrum multiple access
communications system model built and tested in LabView
for software defined radio Universal Software Radio Periph-
eral (USRP) transceiver chain. A receiver and a transmitter
program are built separately for two USRP software defined
radio devices.

The transmitter for a single user consists of a random
number generator that generates data bits. Data bits are first
encoded using a convolutional encoder with code rate 1/2

Figure 2. Frame structure

and constraint length 9. Frame is constructed using padding
head bits, Barker code of length 13, encoded data bits and
tail padding bits. The frame structure can be seen in Fig.
2. Padding bits are necessary due to filter delay in Lab-
VIEW filters. Barker code is used for phase synchronization
during phase shift keying demodulation as well for frame
synchronization after bit recovery. Constructed frame is BPSK
modulated and spread using different codes of varying lengths.
The generated signal is upsampled to 1 million samples
per second and transmitted through software defined radio
transmitter. Output port of the transmitter and input port of
the receiver device are connected using a coaxial cable so the
channel can be considered single path.

The receiver side software defined radio device receives the
raw IQ data. The data is downsampled and lowpass filtered so
that most channel and oscillator noise is removed.

The receiver relies on sequence synchronization to start the
despreading and demodulation process where good autocor-
relation properties of spreading sequences are used. Received
spread signal is synchronized using a majority vote sliding
correlator. When synchronization level reaches a threshold
level of 0.05 despreading and demodulation is performed.
Longer sequences have better autocorrelation properties, but
due to increased length synchronization requires more time.
After despreading, the signal is equalized using a feed for-
ward equalizer and BPSK demodulated. Phase ambiguity in
demodulation process is resolved using Barker sequence in
preamble. Data recovered after demodulation is grouped into
a frame. The start of the recovered frame is synchronized
and aligned using Barker sequence in preamble. Data bits are
decoded using convolutional decoder with trackback depth of
15 bits. Received data bits are extracted and compared against
sent bits so that bit error rate can be calculated. Complete
system model can be seen in Fig. 3.

The multiple access system was scaled from 1 to 10 users
separated only by their respective spreading sequence.

IV. RESULTS

Performance evaluation is performed after decoded data bits,
for each user, were received and recovered.

Performance comparison of chaotic sequences against Gold
and Walsh sequences can be seen in Fig. 4, 5 and 6. Chaotic
sequences generated from simple map function such as tent
map, can perform equivalently to widely used sequences in
spread spectrum systems. In some cases chaotic sequences
even outperform other spreading sequences. Walsh sequences
have slightly better performance due to their orthogonality.
Performance of Walsh and Gold sequences also varies but all
sequence types have BER > 10−3 after 4 or 5 users are added
to the system. Even the orthogonal Walsh sequences can not
achieve good performance values in this case. This may be to



Figure 3. Spread spectrum communications system model
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Figure 4. BER for sequences of length 32

the system’s physical limitation on sequence synchronization
or less-than-ideal cross-correlation properties of spreading
sequences.

These diverse results come from non-linearities in dynam-
ical systems used for spreading sequence generation where
more study is needed to generate chaotic sequences with
specific properties. There does not yet exist a proven method to
generate chaotic sequences with desired correlation properties,
rather the sequences are generated and their properties are
compared post generation [19].

Using USRP software defined radio as a transceiver chain
introduces additional random effects in communication sys-
tem. USRP local oscillator ads it’s phase noise, there can be
non linear distortions in amplifiers and the synchronization
between transmitter and receiver devices is not perfect. Also
attenuation and reflections on connectors can occur. All these
effects lead to degradation in performance.

V. CONCLUSION

Software defined radio system enables detailed modelling
of communication system elements or parameters. The spread
spectrum system model based on LabView and software de-
fined radio gives insight into behaviour of chaotic sequences in
spread spectrum system. It was shown that chaotic sequences
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Figure 5. BER for sequences of length 64
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can be used as spreading sequences in spread spectrum
systems. Additional testing is needed with different maps
and sequence generators to determine their characteristics
and performance as well their statistical properties. In this
paper, where only a few sequences were tested, it was shown



that chaotic sequences behave differently with small changes
to non-linear system parameters. Generating chaotic signals
with desired properties is also an interesting research topic,
especially with implementation in multiple access systems
where performance can be tested in real systems on software
defined radio systems. From results of statistical and correla-
tion properties testing with real world performance evaluation
chaotic sequences with desired properties can be generated.
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