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ABSTRACT

ABSTRACT

The demands for marine exploration precision, detection probability, the communication
performance in the military and civilian are increasing. The sonar system began to change from
passive mode to active mode. On the one hand, the change increases the probability of target
detection and performance of underwater sonar communication. On the other hand, it increases the
probability of information being intercepted or being demodulated. The active sonar system
includes sonar signal waveform, sonar channel and sonar receiver, while passive sonar only has
receiver. When the system launches the detected waveform, it could be intercepted and
demodulated by enemies,which may cause the leakage of information. So,researchers concentrate
their attention on the reseaech of information concealing.

Waveform designing is very important in an active sonar system. Studies show that the
transmit waveform can influence the performance of the active sonar system, including range
resolution, speed resolution, the target detection precision, anti-interference ability, matching of
channel and so on. In order to obtain better target information, higher anti-interference ability, we
design appropriate sonar transmit waveforms for the sake of low interception rate of information.

This paper investigated the transmit waveform for active sonar and applied it to the
simulation of LPI active sonar communication system. Firstly,the paper described the LPI
communication principles, derived the mathematical expressions, and analysed various factors
about the LPI factor. Besides, we proposed the design principles of LPI active sonar waveform
according to LPI factor and ambiguity function. Secondly, the paper analysed the characteristics of
the chaotic signal and discussed its feasibility when it was used as the transmitted waveform.
Thirdly, the paper proposed a method of taking the derivative of the Gaussian function as the
mathematical model of dolphins signals. In this way,the actual communication signal information
could be concealed in dolphin signal. Finally, the paper verifies the feasibility of the method
through the above theoretical analysis , computer simulation and sea trials.

The key contributions are as follows:

(1) The underwater multipath, Doppler effect, propagation loss and ambient noise are
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analyzed in detail based on the studies of marine environment. The paper establishes a channel
model for computer simulation by the alpha stable distribution which simulates the marine
environment noise.

(2) The paper discusses several common waveforms which are used in LP1 communications,
such as signal of LFM+CF, LFM + Barker code and the HFM signal. Based on the ambiguity
function and composition of the signal structure, the ambiguity functions of various signals above
are derived , the range resolution and speed resolution of signals are analyzed. in the end, The
paper analyzes the LPI characteristics of signals.

(3) When designing the transmit waveform, the paper analyzes the requirements for signals
that used in LPI sonar commutations according to the characteristics of LPI commutations. In the
first, this paper proposes that the chaotic signals can be carrier signals in LPI sonar commutation
systems and verify the feasibility by computer simulation. What’s more, he paper proposes a
method to hide the communication information. The method is that using the derivative of the
Gaussian function simulates the dolphins signal which can disguise the actual communication
signal information into dolphin signal. Finally, the paper verifies the feasibility of the method
through computer simulation, pool experiments and sea trials.

Finally, the full text and the result are summarized. The paper presents insufficient and
prospects in the future.

Keywords: underwater communication alpha stable distribution LPI sonar waveform design

chaotic signal  bionic dolphins
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