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Abstract

Abstract

In the field of underwater acoustic communication, as acoustic channel is a
complicated space-time-frequency varying channel, signal transmission inevitably
exists serious loss and multipath effects, which brings great difficulty to underwater

acoustic communication and signal processing.

The complexity of underwater acoustic channel causes highly complex and
non-stationary acoustic signals which show strong nonlinear characteristics. In the
study of underwater acoustic signal processing, commonly used linear processing
method has limitations, and nonlinear theory and methods have to be introduced.

Chaos theory applied in the acoustic field mainly focused on signal feature
extraction, detection, and recognition. For the chaotic signal transmission in the
underwater acoustic channel, the change of the signal’s dynamic characteristics has
not yet been investigated. Nonlinear analysis method was used in this thesis to study
nonlinear dynamic characteristic change of the chaotic signal before and after
filtering and acoustic channel transmission. This study may provide a basic research
for chaos theory applying in the area of underwater acoustic signal processing, have
a potential value for chaotic carrier used in underwater acoustic communications,
and provide an important tool for understanding the complex filter dynamics of
chaotic systems.

This paper firstly introduced chaos theory and its history, and then summarized
the characteristics of chaos and the related analysis methods. Secondly, we described
the principle of Chua circuit and deduced the differential equation of Chua circuit.
Thirdly, according to the differential equation of Chua circuit, we performed
computer simulation and circuit experiment, and found out the results were
consistent. Fourthly, through numerical simulation, we not only investigated the
influence of IIR filter on nonlinear dynamic behaviors of chaotic signals, but also

II



Abstract

investigated the changes of nonlinear dynamic behaviors of chaotic signals during
the process includes modulation, filtering, and transmitting in the pool experimental
system. Simulation results showed that the influence of underwater acoustic channel
and filtering improved the nonlinear complexity of chaotic signal. At last, in the pool
transmission experiment, we verified the changes of nonlinear dynamic
characteristics of chaotic signals involving the coupling effects of the filter,
transducer frequency response, and acoustic channel. Using the experiment, we
confirmed the conclusion that filtering increased the nonlinear complexity of chaotic
signal. Acoustic channel transmission was also found to affect the signal’s nonlinear

dynamic characteristics.

Key words: filtering; chaotic signal; Chua circuit; nonlinear dynamic characteristics;

acoustic signal processing
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