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Fig. 1. Data of experimental environment: (a) Sound speed profile; (b) average wind speed.
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Fig. 2. Decaying trend of surface reverberation intensity measured in deep water: (a) Receiving at depth of 31 m; (b) receiving at

depth of 86 m.
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different frequencies.
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Fig. 6. Grazing-angle dependence of backscattering strength at different frequency: (a) Scattering strength of bubble and interface;

(b) scattering strength of interface and the superposition of bubble and interface.

—50

(a) — SR
— BdE{iIE (AFIEM)
— — BHUTH (BIBME)

—100

RNG5RIE/dB

—150
0

fif1a] /s

P 7 TR O DR R UL

—50
(b) — B

— HEfTE (A
— — BT (HEuE)

as]

T

% —100

-]

—150 1 é 3

i) /s

(a) Bl BR B 31 m; (b) HelIR B 86 m

Fig. 7. Comparison between modeling simulation and measured data: (a) Receiving at depth of 31 m; (b) receiving at depth of

86 m.
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Surface reverberation based on small-slope
approximation in deep water”
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Abstract

For the reverberation experiments with a near surface source or receiver, surface reverberation arriving first
after source signal is not influenced by bottom reverberation due to time-delay difference of acoustic multipath
in deep water. A surface reverberation model is proposed in the paper. The Green’s function of sound
propagation is described by the ray theory, and first-order small-slope approximation is employed for the
surface scattering from full angle. The effect of bubbles scattering is also considered to get the surface
reverberation theory. The reverberation model is verified by comparing the simulation results with the
experimental data. The measured data show that the decaying rate of surface reverberation intensity decreases
with the frequency increasing. Numerical calculation demonstrates that the frequency dependence is caused by
the positive correlation between scattering strength and frequency, and the surface reverberation at low
frequency for low sea state is dominated by the scattering from rough air-sea interface. Moreover, the
reverberation data from experiment show that the surface reverberation is not sensitive to the change of
receiving depth. A method of inversion for the two surface-wave spectral parameters in the model is achieved
based on the reverberation model. The inversion results verify that the spectral parameters of rough surface can
be obtained from surface reverberation data on the premise of the wind speed parameter. As a result, the

scattering properties of rough interface will be obtained.

Keywords: deep-water reverberation, small-slope approximation, ray, scattering at surface roughness
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