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Reverberation invariant separation based on 3D-Hankel
matrix construction

GAO Bo, ZHUANG Tianyi, PANG Jie, GAO Dazhi, WANG Ning
(Faculty of Information Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract; To address the problem of separating reverberation signals from target echoes in shallow-water low-fre-
quency active sonar detection systems, this paper introduces a methodology for extracting shallow-water reverbera-
tion invariants based on perturbation approximation, employing 3D-Hankel matrix construction. The method em-
ploys the low-rank approximation characteristics of 3D-Hankel matrices and singular value decomposition techniques
to reliably and accurately extract the interference structure of shallow-water reverberation, specifically the shallow-
water reverberation invariants. The findings suggest that this approach effectively reduces the adverse effects of
noise and marine environmental uncertainties on the separation process, achieving successful separation of shallow-
water reverberation interference striations. In comparison with the conventional low-rank decomposition algorithm
the method outlined in this paper has the capacity to discern a more distinct and consistent striation structure,
which is advantageous for augmenting the echo suppression effect.
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terference striations; active sonar; singular value decomposition; time-frequency domain; reverberation suppression
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ence diagrams
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Table 1

HXRE B B, Bs B, Bs  Bs

B 1. 00 — — — — —

B, 0.99 1.00 — — — —
B; 0.87 0.9 1. 00 — — —
B, 0.86 0.9 0.99 1.00 — —
Bs 0.93 0.97 0.97 0.97 1.00 —
Bs 0.93 0.95 0.81 0.81 0.92 1.00

&2 GO-DEC,~B, HTrH&EXRE
Table 2 GO-DEC B, ~f, distribution correlation coefficient

LS S B, Bs B Bs  Bs

B, Loo — - - - —
B, 0.8 100 — —  —  —

B, 0.74 0.93 1.00 — — —
B. 0.61 0.83 0.96 1.00 — —
Bs 0.52 0.73 0.87 0.94 1.00 —
Bs 0.51 0.62 0.74 0.79 0.92 1.00
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Table 3 The fluctuation of B values under different rever-
beration-to-noise ratios

IR L/ dB B HRER B A Ak
-14 1.21 -1.58 1.64 -1.00 -2.42 1.01
-12 0.99 1.37 0.16 1.12 0.93 1.02
-10 0.97 100 162 116 1.12 1.11
-8 .01 1.09 1.10 1.20 1.01 1.05
-6 .06 1.01 1.12 103 1.03 1.09
-4 .05 1.03 1.09 1.05 1.00 1.08
-2 .04  1.08 1.06 1.04 1.09 1.04
0 1.06 1.05 1.04 1.06 1.08 1.08
2 .08 1.07 1.07 1.06 1.07 1.06
4 .06 1.06 1.05 1.07 1.07 1.04
6 .06 1.05 1.06 1.05 1.07 1.05
8 .05 1.07 1.05 1.07 1.060 1.07
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