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ABSTRACT: To suppress the reverberation in the active sonar system, the non-negative matrix factorization-
based reverberation suppression methods have been researched recently. An estimation loss function, which
makes the multiplication of basis matrices same as the input signals, has to be considered to design the
non-negative matrix factorization methods, but the conventional method simply chooses the Kullback-Leibler
divergence as the loss function without any considerations. In this paper, we examined that the Kullback-Leibler
divergence is the best loss function or there is the other loss function enhancing the performance. First, we derived
amodified reverberation suppression algorithm using the generalized beta-divergence function, which includes
the Kullback-Leibler divergence. Then, we performed Monte-Carlo simulations using synthesized reverberation
for the modified reverberation suppression method. The results showed that the Kullback-Leibler divergence
function (f = 1) has good performances in the high signal-to-reverberation environments, but the intermediate
function (5 = 1.25) between Kullback-Leibler divergence and Euclidean distance has better performance in the low
signal-to-reverberation environments.
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Fig. 1. An illustrative diagram for NMF method.
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Fig. 2. (a) An illustrative diagram for NMF—based active sonar reverberation method, and (b) examples for
magnitude spectrogram of simulated target echo and reverberation, respectively.
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Table 1. Summary of the proposed algorithm.

NMF-based reverberation suppression algorithm
with Beta-Divergence

Initialization: Wy, is initialized with frequency structures of
transmitted ping and its Doppler-shifted replicas. Wy, Hp,
and Hy are initialized by absolute values of Gaussian random
numbers.

Iterations:

1) Wy is updated using Eq. (16);

2) W is updated by Eq. (2);

3) Vg, Gy 5(W.H) and Vi C;; ;(W.H) are updated using
Eq. (19);

4) vy, Cr(W.H) and Vi C(W.H)are updated using Eq.
(20);

5) VgP C,(W,H) and Vi, C,(W,H) are updated using Eq.
@1);

6) Hp is updated using Eq. (22);

7) Hg is updated using Eq. (17);

8) H is updated by Eq. (3).

After convergence: magnitude spectrogram V of the output
signal is reconstructed by Eq. (23).
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Magnitude spectrogram of the received signal (dB)
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