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Fig. 1. Reflection of the two-layer seabed model.
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Table 1.  Simulation parameters of seabed reflection coefficient.
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Fig. 2. Various parameters vary with frequency and the absorption coefficient of the sedimentary layer: (a) Phase of the reflection

coefficient of the seawater-sedimentary layer interface; (b) phase of the reflection coefficient of the sedimentary layer-substrate inter-

face; (c) real part of the vertical phase shift.
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Fig. 3. Various parameters vary with frequency and the absorption coefficient of the sediment layer: (a) Reflection coefficient of the

seawater-sedimentary layer interface; (b) reflection coefficient of the sedimentary layer- substrate interface; (c) attenuation term.
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Fig. 4. Seabed reflectance varies with frequency and absorp-

tion coefficient of sedimentary layer.
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Fig. 5. Seabed reflectance coefficient varies with the various GA parameters at different frequency points: (a) Absorption coefficient

of sedimentary layer; (b) sound speed of substrate; (c) density of substrate; (d) absorption coefficient of substrate.
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Fig. 6. Flow chart of inversion.
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Fig. 7. Schematic diagram of experimental work.
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Fig. 8. Sound speed profile of the experimental sea area.
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Fig. 9. Multi-path arrival delay at source depth of 200 m
and receiving distance of 1.7 km.
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Fig. 10. Multi-path signal under sound source depth of
200 m, receiving distance of 1.7 km and receiving depth of
800 m.
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Fig. 11. Interference period of seabed reflection coefficient
extracted by Eq. (22).
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Fig. 12. Inversion results of sound speed and thickness of

sedimentary layer.
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Fig. 13. 1/4 oscillation period frequency and the half-wave

layer frequency of seabed reflection coefficient.
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Fig. 14. Average value of the absorption coefficient of the

sedimentary layer under different receiving grazing angle.
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Fig. 15. Inversion result of the substrate sound speed.
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tion coefficient.
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Fig. 17. Inversion results of sedimentary layer absorption

coefficient under single frequency.
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Fig. 18. Two-dimensional inversion results of absorption
coefficient of sedimentary layer and sound speed of sub-

strate at 1/4 oscillation period frequency.

2200
1.0
2100
0.8
T
0
z 2000 0.6
<
H
ﬁé 1900 0-4
]
0.2
1800
0

1700
0 0.2 0.4 0.6 0.8 1.0

DUBUZRIC RS/ (dB-A—1)
19 IR MR IRRUZ U AR ORI R G 7 T Y 4
4
Fig. 19. Two-dimensional inversion results of absorption

coefficient of sedimentary layer and sound speed of sub-

strate at half-wave layer frequency.
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Table 2. Inversion results obtained by using the

method in this paper.
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DIRZIEEE /m 0—50 2.40
PIRUZICREL/ (dB- AT 0—1.0 0.18
FRF i/ (mes 1) 1700 —2200  1809.5
FLEHE /(g-em 3) — 2.06
FERMICR S/ (dB-AY) — 1.0

# 3 Hamilton T ZESEL

Table 3. Hamilton sedimentary classification para-

meters.
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bar Ny 1668 1.806 0.692
Wb 1664 1.787 0.756
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bR it 1520 1.421 0.078
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Fig. 20. Transmission loss at source depth of 200 m, receiv-

ing depth of 97 m and center frequency of 1 kHz.
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Fig. 21. Transmission loss at source depth of 200 m, receiv-
ing depth of 97 m and center frequency of 800 Hz.
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Fig. 22. Transmission loss at source depth of 200 m, receiv-

ing depth of 598 m and center frequency of 1.2 kHz.
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Fig. 23. RMSE of transmission loss of 180 km at different
reception depths.
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Fig. 24. RMSE of transmission loss of 100 km at different

reception depths.
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Inversion of deep water geoacoustic parameters based on the
seabed reflection characteristics of large grazing angles”
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Abstract

The acquisition of geoacoustic parameters is of great significance in studying ocean acoustics. On the basis
of deducing the seabed reflection coefficient under the layered absorbing medium, the influence of the
absorption coefficient on the seabed reflection coefficient under the condition of large grazing angles is analyzed.
The seabed reflection coefficient oscillates at a frequency. When it is equal to the reflection coefficient of the
contact interface between seawater and sediment, the corresponding frequency point is defined as the 1/4
oscillation period frequency. At this frequency, the coupling degree between absorption coefficient of
sedimentary layer and substrate geoacoustic parameters is less than those at other frequencies. In this paper, a
stepwise optimization inversion method for deep water geoacoustic parameters is proposed based on the seabed
reflection characteristics of large grazing angles. Firstly, the interference period of the seabed reflection
coefficient is extracted by the correlation method, and the sound speed and thickness of the deposited layer are
inverted by the interference period. The density is obtained from the inversion result of sound speed combined
with Hamilton empirical formula. Secondly, the value of the absorption coefficient of the sedimentary layer is
calculated by combining the search boundary of the substrate sound speed. The one-dimensional inversion of
the substrate sound speed is realized by using the substrate reflection coefficient at 1/4 oscillation period
frequency. Finally, the one-dimensional inversion of the absorption coefficient of the sedimentary layer is
realized by using the seabed reflection coefficient at a half-wave layer frequency. The seabed reflection
characteristics of large glancing angles are combined with stepwise inversion to reduce the coupling degree of
the substrate sound speed and the absorption coefficient of the sedimentary layer. Experimental results show
that the geoacoustic parameters retrieved by this method can be effectively applied to the prediction of

propagation loss in a certain range under the condition of large grazing angle measurement.

Keywords: geoacoustic inversion in the deep water, seabed reflection coefficient, stepwise inversion
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