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Abstrac

Abstract

The ability to communicate effectively underwater has numerous applications for marine
researchers, source developments and marine monitor organizations. Underwater acoustic
communication technology is an important part of the contemporary high-tech maritimeprojectand
is eager to be developed. Underwater acoustic (UWA) channel has been a very complicated
time-space-frequency varying channel, due to the unique channel characteristics of complexity,
high variability,extensive multipath and limited bandwidth. With respect to medium-rangeUWA
communications, the low signal to noise ratio (SNR) of the receiving end, which is caused by
transmission loss, lead to an increasingly need of a reliable information transmission technology
which can guarantee a certain data rate under the environment of low SNR and high multipath

spread.

This paper studies the Chirp spread spectrum (CSS)technology for the medium-range
underwater acoustic communication, CSS technology has excellent features of anti-noise and
anti-multipath. In order to ensure the reliability as well as improve thedata rateofCSS UWA
communication system, this paper focuses on the application of high order modulation and
demodulation techniques and passive time reversal mirrortechniques in CSS system. Based on
passive time reversal mirror technology, we designed the UWA communication system which has
been tested in experimental pond watersof Xiamen University and the shallow water near Xiamen
Port, the sea trial results show that the proposed technology can achieve a reliable transmission

with the data rate of 250bps over a distance of 6km.
The main works of this paper are as follows:

1. The systematic introduction to the current research of CSS technology both at home and
abroad, and analysis of the main characteristics of the UWA channel and its impact on the

performance of UWA communication;

2. For the low rate of the CSS system,CSS modulation technique based on multi-carrier
technology is proposed. This technology improves the bandwidth efficiencywithout
increasing the system complexity, and can effectively resist frequency selective fading of the

underwater acoustic channel as well;

3. Discussion of the application of fractional Fourier transform in the CSS system, and

compared it with the sliding correlation detection;

4. In-depth study of a self-adaptive anti-multipath technology - passive time reversal mirror
technique and its applications for the extensive multipath in UWA channel. Simulation and
experimental results show that the passive time reversal mirror can effectively recombine the
multipathin a complex multi-path channel, an dresist the inter-symbol interference caused by

the multipath;

I
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5. Test had been taken in the experimental pond watersof Xiamen University and the shallow
water near Xiamen Port, the results show that the CSS system based on passive time reversal
mirror technology has a strong anti-inter-symbol interference capability, suitable for

medium-range underwater acoustic communication;

6. On the basis of the works above, our laboratory developed the DSP underwater acoustic
communication prototype, realized the modulation and demodulation of the CSS system on
DSP platform. The prototype was tested in Xiamen Wuyuan Bay and achieved good test

results

Keywords: medium-range underwater acoustic communication; the Chirp spread spectrum

technology; passive time reversal mirror technology;
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