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Fig. 3. Sound speed profile: (a) Background sound speed profile (without internal waves); (b) sound speed profile with the location

of internal waves rg =20 km.
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square represents the true center frequencies calculated by KRAKEN, and the red asterisk represents frequencies estimated by vec-
tor FRI); (c) interference fringes recovered by vector FRI; (d) waveguide invariant distributions of regular interference fringes
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Fig. 5. (a) and (b) represent the interference fringes when the positions of internal waves are 24 km and 35 km away from the

source, respectively; (¢) and (d) are the 2D frequency spectrum of interference fringes in panels (a) and (b), respectively. The back-

ground color is the result of 2D FFT. The black square represents the true center frequencies calculated by KRAKEN. The red as-

terisk represents frequencies estimated by vector FRI.
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Fig. 6. (a) Frequency spectrums in range of regular interference fringes (ground truth) and interference fringes with internal wave

locations at 24 km and 35 km; (b) waveguide invariant distributions of regular interference fringes (ground truth) and interference

fringes with internal wave locations at 24 km and 35 km, calculated by the 2D FFT method.
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Fig. 7. (a) Frequency in the frequency dimension versus time when The frequency in the range dimension w' = k12, where the

background color is the result of Fourier transform and X the estimated results of vector FRI; (b) trajectory of the internal wave

estimated by the frequencies related to coupled modes.
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Table 1. Results of waveguide invariants related to different mode pairs.
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Fig. 8. Recovered interference fringes of underwater acoustic field and the recovery of waveguide invariant: (a) Interference fringes
of acoustic field in internal wave environment (rg = 20 km ). (b) 2D Fourier spectrum of interference fringes in internal wave envir-
onment (rg = 20 km ). The background color is the result of 2D-FFT. The black square represents the true center frequencies cal-
culated by KRAKEN. The red asterisk represents frequencies estimated by vector FRI. (¢) Recovered interference fringes using un-
coupled mode pairs. (d) Distribution of waveguide invariants. The red line is the distribution of waveguide invariants correspond-
ing to the reconstruction of interference fringes in the internal wave environment, and the black line is the distribution of wave-

guide invariants corresponding to the background field (without internal waves).
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Abstract

To reduce the distortion of acoustic interference fringes caused by internal waves in shallow water, a sparse
reconstruction method of acoustic interference fringes is proposed in this paper according to the coupled mode
theory. The proposed method consists of two steps: 1) The interference fringes are approximated to the sum of
several two-dimension sinusoids, which are sparsely reconstructed by the vector finite rate of innovation
method. 2) According to coupled mode theory, two-dimension frequencies related to uncoupled mode pairs do
not vary with the location of internal waves. However, two-dimension frequencies related to coupled mode pairs
vary with the location of internal waves. So these frequencies are classified into two parts. The uncoupled mode
pairs are used to recover the regular interference fringes and estimate the waveguide invariant in the
background environment. The coupled mode pairs are used to track the locations of internal waves. The
simulation results show that the proposed method can effectively provide interference fringe reconstruction,

waveguide invariant estimation, and internal wave tracking in the internal wave environment.
Keywords: internal waves, interference fringes, waveguide invariant, finite rate of innovation
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