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Abstract —Matching pursuit has typically been applied
to ultrasonic signal analysis for the purpose of identifying
or estimating discrete echoes. In this paper, a specific nu-
merical implementation of matching pursuit designed for
ultrasonic signal decomposition is proposed, consisting of
the selection of a coarse set of basis functions, the search
method for finding the best matching basis function, and
interpolation of the basis function parameters to achieve
high resolution. In addition, the use of matching pursuit
is applied to the analysis of complex ultrasonic signals by
interpreting the matching basis functions as characteristic
wavelets. Changes in parameters of these wavelets are re-
lated to changes in the structure. The efficiency of the nu-
merical implementation method is evaluated, and the capa-
bility of the feature extraction method for complex ultra-
sonic signals is demonstrated on experimental data from an
aluminum plate in the context of structural health moni-
toring.

I. Introduction

Matching pursuit is a signal decomposition method
whereby a signal is decomposed into a linear com-

bination of functions that are selected from a redundant
quires the discretization of the dictionary, the search for
the best matching basis functions, and the strategy to en-
hance the resolution of decomposition. The corresponding
approaches depend upon the specific applications and the
chosen basis functions. For example, Gribonval and Bacry
[14] proposed a dictionary of harmonically related Gabor
functions and an implementation method for audio signal
decomposition. Czerepinski et al. [15] discussed the dic-
tionaries and fast implementation of matching pursuit for
video coding. In [16], [17], a wave-based dictionary and
associated algorithm are introduced for target identifica-
tion. Fast implementation methods for Gaussian Chirplet
functions are discussed in [18], [19] from the view of opti-
mization. The size and discretization of the dictionary are
also examined from a purely mathematical point of view
in [1], [20].

In this paper, we propose a numerical implementation
method of matching pursuit specifically tailored for the de-
composition of ultrasonic signals so that echoes, or more
generally portions of waveforms where energy is concen-
trated, can be extracted accurately and efficiently based
upon a dictionary of small size. For complex signals mea-
sured from structures with many reflectors and scatter-
ers, identifying echoes becomes impossible or meaningless
because echoes usually are not distinct but heavily over-
lapped, or even completely indistinguishable. However, be-
cause the mechanism of matching pursuit is to iteratively
approximate a signal with a dictionary of time localized
basis functions, each matching basis function automati-
cally corresponds to a matched waveform portion where
signal energy is concentrated. Consequently, the match-
ing basis functions can be interpreted as characteristic
wavelets to represent the signal in terms of energy as
opposed to echoes. Based on this idea of signal repre-
sentation, we propose a matching pursuit-based feature
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