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Fig. 1. The shallow water acoustic model.
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Fig. 2. (color online) (a) Original signal; (b) the spectrum of original signal; (c) spectrogram of the original signal;

(d) warped signal; (e) the spectrum of the warped signal; (f) spectrogram of the warped signal.
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Fig. 5. (color online) (a) Original signal; (b) the spectrum of original signal; (c) spectrogram of the original signal;

(d) warped signal; (e) the spectrum of the warped signal; (f) spectrogram of the warped signal; (g) the spectrum of

the first mode wave; (h) the spectrum of the second mode wave; (i) the spectrum of the third mode wave.
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Abstract

Seabed is an important part of the marine environment and it has a significant influence on sound propagation.
Considering the fact that geoacoustic parameters are directly acquired with difficulty and complexity, a lot of researchers
have focused on the inversion of them. The seabed attenuation coefficient is insensitivity to the matching field. However
it has great effects on the transmission loss, mode amplitude ratios, etc. It can be inverted from measurements of
these quantities. In this paper, we present an inversion scheme based on warping transform technique for estimating
the seabed attenuation coefficient. It utilizes an equivalent seabed model which is constructed by using a prior and
posterior knowledge. The dispersion characteristics of normal modes can be observed using the time-frequency analysis
of the explosive signal recorded. The dispersion curve can be used to invert the seabed sound speed and density. The
results presented by other scholars in the same circle are cited in this paper that focuses on how to obtain the seabed
attenuation. Warping transform technique is used to separate and extract the normal modes. The main advantage
of warping transform is that it can transform the time-frequency spectrogram into linear relationship which makes it
easier to extract the normal modes. The feature of this paper lies in determining the distance normalized normal mode
transmission loss. If the depths of receiving hydrophone and the explosion source are constant, the plot of normalized
normal mode transmission loss versus distance is a straight line from the normal modes theory, which can be used to
obtain the attenuation factor of real part of pressure. Then the seabed attenuation coefficient of the shallow water acoustic
model can be calculated. In order to verify the effectiveness of this method, the warping transformation technology is
used to separate and extract the first three modes from the simulated Gaussian pulse signal which is obtained in a
simulated environment which is similar to the real marine environment. The extracted results are completely consistent
with the numerical results. After that, the impulsive signal data collected in the Yellow Sea are analyzed according to
the scheme process, and the relationship between the seabed attenuation and frequency is o = 0.581f%¢(dB/m) in a
range from 150 Hz to 550 Hz. The results are in good agreement with those obtained by other scholars in the same
circle. On the other hand, the inversion results of seabed attenuation from different modes can be used for comparison

at the same frequency, which can be a good support for the result.

Keywords: warping transform, extract the mode, matched curve, seabed attenuation
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