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ABSTRACT: The importance of active sonar systems is emerging due to the quietness of underwater targets and
the increase in ambient noise due to the increase in maritime traffic. However, the low signal-to-noise ratio of the
echo signal due to multipath propagation of the signal, various clutter, ambient noise and reverberation makes it
difficult to identify underwater targets using active sonar. Attempts have been made to apply data-based methods
such as machine learning or deep learning to improve the performance of underwater target recognition systems, but
it is difficult to collect enough data for training due to the nature of sonar datasets. Methods based on mathematical
modeling have been mainly used to compensate for insufficient active sonar data. However, methodologies based
on mathematical modeling have limitations in accurately simulating complex underwater phenomena. Therefore, in
this paper, we propose a sonar signal synthesis method based on a deep neural network. In order to apply the neural
network model to the field of sonar signal synthesis, the proposed method appropriately corrects the attention-based
encoder and decoder to the sonar signal, which is the main module of the Tacotron model mainly used in the field
of speech synthesis. It is possible to synthesize a signal more similar to the actual signal by training the proposed
model using the dataset collected by arranging a simulated target in an actual marine environment. In order to verify
the performance of the proposed method, Perceptual evaluation of audio quality test was conducted and within score
difference —2.3 was shown compared to actual signal in a total of four different environments. These results prove
that the active sonar signal generated by the proposed method approximates the actual signal.
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Input TTS synthesis in Korean Input  Sonar signal synthesis
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Fig. 1. (Color available online) Input and output structure of Text—-To—Speech and sonar synthesis model,
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Fig. 2. (Color available online) Proposed system structure,
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Fig. 4. (Color available online) Sonar data spectrogram
comparison (Case 1). (a) Original CW, (b) synthesized
CW, (c) original LFM, (d) synthesized CW,
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Table 2. Overall averaged MAE between original and
synthesized active sonar signals,

Target Total band | Target band
type (dB) (dB)
CwW 5.69 4.32
Case 1
LFM 6.13 6.60
CwW 0.93 0.20
Case 2
LFM 2.86 5.53
CwW
Case 3
LFM 6.45 6.834
CwW -3.20 -4.20
Case 4
LFM 043 1.33

Table 3. PEAQ score between original and synthesized
active sonar signals.

type Score
CW -1.309
Case 1
LFM -2.052
CW -2.029
Case 2
LFM -2.105
CW
Case 3
LFM -1.721
CW -2.103
Case 4
LFM -2.128
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