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ABSTRACT

Sound is a commonly adopted medium in underwater wireless communication,
in addition, underwater acoustic communication faces the difficulties and challenges
which haven’t been encountered in the terrestrial wireless communication, e.g. signal
strength falls off with carrier frequency; the variability of the propagation paths; and
the transmitted speed is limited to round of 1500 m/s. All these constraints lead to the
obvious delay Doppler (DD) doubly spread in underwater acoustic channel (UAC).

With the background of the underwater acoustic communication, this thesis fo-
cuses from UAC sparsity and UAC modeling, to UAC estimator designing and evalu-
ation of results of channel based equalizer. Especially focuses on the research of the
UAC estimators. Based on the basis of algorithm theory, we test their performance
with simulations and at-sea experiments, to verify the validity of the proposed meth-

ods by the data analysis.

The thesis combines the applications of the estimation of sparse UAC and sparse
recovery methods in compressed sensing area, provides the related introduction of
the conceptions of approximation norms. The thesis begins at the designing of the

approximated norm method, which will be throughout the subsequent chapters.

The research of the characteristics of the UAC is the basis of underwater acoustic
communication. The thesis builds models for UAC with its sparsity. Firstly, we utilize
the sparsity of UAC, the variability of the taps value and locations of the channel
impulse response (CIR) are used to denote the the time varying of the amplitude or
the time-delay of the separated paths. Based on the digital model, this thesis provides
the input-output relationship. It simulates the real UAC better than those of traditional
methods without sparse constraints, because the variability of sparsity of the UAC is

considered in approximated norm constraint based multi-path modeling.
The main work of this thesis is listed as following:

Adopting the symbol-wise and block-wise channel estimation strategies separa-
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Abstract

tively, and combining the analysis of the sparse structure of the UWC, the thesis pro-
poses a gradient guiding p norm constraint based, a non-uniform norm sparsity based,
and simplified adjustment by p norm-like constraint based adaptive sparse UAC es-
timation methods. These algorithms can adaptively adjust the parameters in order to
obtain a more accurate channel estimation results for sparse UAC according to the
variability of the sparsity of UAC. Simulations and at-sea experiments are provided to

verify the performance of the proposed methods.

In addition, this thesis uses Toeplitz convolution matrix to estimate the UAC peri-
odically. Considering the sparsity or group sparsity of UAC and the analysis of several
nom constraints, combining the compressed sensing methods, the thesis proposes ap-
proximated [y (ALO) norm method or its group sparse version for sparse or group
sparse UAC. We provide the analysis of the proposed two methods. Simulations and

at-sea experiments are provided to verify the performance of the proposed methods.

The Doppler spread in UAC leads to the time selective fading, delay spread caus-
es the frequency selective fading, both of the factors severely limit the performance
of underwater acoustic communication. Considering the DD model can be used to
describe the variability characteristic of UAC and the necessity of reducing the com-
plexity of the model, the thesis focuses the main ideas from DD model and UAC
estimator design, to DD based equalizer, introduces the non-uniform norm constraint
(NNC) to a cost function, the thesis provides the NNC based method for UAC estima-
tion based on DD model. The proposed method is compared with traditional methods
in simulations and at-sea experiments. Discussions and conclusions are given in the

thesis.

Based on the analysis of the sparse structure of the UAC, this thesis combines
the characteristic of the approximation norm, derives the symbol-wise and block-wise
estimations of UAC, and DD based estimator in UAC. The channel based equalizers

are used to test and verify the performance of the different estimators.

Key Words: Sparse; clustered sparse; norm constraint; underwater acoustic chan-
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nel (UAC); channel estimation; compressed sensing (CS); channel impulse response

(CIR)
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