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Fig. 1. Schematic diagram of multipath propagation: (a) Ul-
tra-shallow water environment; (b) shallow water environ-

ment.
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Fig. 2. Interface scattering model.
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Fig. 3. Geometric positional relationship between moving-

platform sonar and scatterer.
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Fig. 4. Reverberation Doppler shift distribution diagram.
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low water.
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Fig. 16. Positions of scattering elements contributing to reverberation at the same time instant under different imaging distances:

(a) 10 m; (b) 50 m; (c) 100 m; (d) 200 m.

4.0F
(a) . O SR fE
3.5r \ — BHEKSM
3ol - BRI
0 251
ﬁi 20F
= 1.5
1.0
0.5
0 0 By
0 0.2 0.4 0.6 0.8 1.0
LI
3.0
© O s
o5t ( T, — BEKAMI
N ---- FLEEGR S A

0 02 04 06 08 1.0
(2

3.0
(b) [ = R 025
2.5 — HHEKM i
---- BEHRI A

2.0}
5
& 15T
s
1.0
0.5
0 s
0 0.2 0.4 0.6 0.8 1.0
A2 IR
3.0
@ o 0 TR
2.5F N — HRKS
h ---- BEEGR A

0 02 04 06 08 1.0
QO

Bl 17 ANFESGEE T RREESE Y (2) 10 m; (b) 50 m; (¢) 100 m; (d) 200 m

Fig. 17. Statistical characteristics of reverberation envelope at different imaging distances: (a) 10 m; (b) 50 m; (¢) 100 m; (d) 200 m.
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Fig. 18. Comparison of reverberation envelope cumulative distribution functions and their differences at different imaging ranges:
(a), (b) 10 m; (c), (d) 50 m; (e), (£) 100 m; (g), (h) 200 m.
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Fig. 20. Time variation of the angle of arrival for multipath reverberation at different opening angles: (a) +80°; (b) +40°; (c) 4-20°.
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Fig. 21. Positions of scattering elements contributing to reverberation at the same time instant under different opening angles

(a) £80°% (b) +40°; (c) £20°.
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Fig. 22. Statistical characteristics of reverberation envelope at different opening angles: (a) £80°; (b) 440°; (c) £20°.
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Fig. 23. Comparison of reverberation envelope cumulative distribution functions and their differences at different aperture angles:

(a), (d) £80°% (b), (e) £40°% (c), (f) £20°.
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Fig. 25. Statistical characteristics of LFM signal reverberation envelopes at different water depths: (a) 2 m; (b) 10 m.
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Fig. 27. Waveform of reverberation signals in extremely shallow water: (a) Element 10; (b) element 50.
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Fig. 28. Statistical characteristics of reverberation envelope in extremely shallow water: (a) Element 10; (b) element 50.
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Fig. 31. Statistical characteristics of reverberation envelope in shallow water: (a) Element 10; (b) element 30.
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Fig. 32. Comparison of cumulative distribution functions and differences of reverberation envelopes in shallow water: (a), (c¢) Ele-
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Modeling and analyzing of interface reverberations for
moving-platform imaging sonar in very shallow
water environments”

ZHAT Qingyue!  LIU Xionghou' YANG Yixin?
1) (School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)
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Abstract

An imaging sonar in very shallow water environments faces significant challenges in accurately detecting
underwater small targets due to the adverse effects of dense multipath propagation and strong interface
reverberations. To accurately characterize the interface reverberation characteristics of imaging sonar under
moving platform conditions in very shallow water, an interface reverberation model incorporating both sea
surface and seabed reverberation is established. This model integrates physical processes such as the acoustic
propagation in very shallow water, sea bottom and surface scattering, and sonar platform motion. Ray theory is
employed to calculate high-frequency acoustic propagation, while unit scattering and the small slope
approximation (SSA) are used to compute sea bottom and surface scattering. Taking water depth, platform
speed, imaging range, and vertical beamwidth as inputs, the model yields the statistical characteristics of
reverberation under dense multipath conditions in very shallow water. Results from numerical simulations and
experimental data analyses indicate that the statistical characteristics of the envelope of interface reverberation
in very shallow water are primarily influenced by water depth, imaging range, and vertical beamwidth. The
presence of dense multipaths in the very shallow water causes the interface reverberation envelope to tend
towards the Rayleigh distribution and enhances the temporal correlation of the reverberation through
superposition of dense multipaths. Platform speed has little impact on the statistical characteristics of the
reverberation except for the Doppler shift caused by relative motion. Furthermore, as the imaging range
increases, the multipath components in interface reverberations become richer, causing the envelope to conform
more closely to the Rayleigh distribution. Additionally, as the vertical beamwidth increases, the interface

reverberation envelope gradually transitions from the K-distribution to the Rayleigh distribution.

Keywords: very shallow water, moving platform sonar, interface reverberation, statistical characteristics
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