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DOA estimation for underwater acoustic array signals based on

eigenvalue weighting
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Abstract: An off-grid sparse Bayesian method for underwater acoustic signals using nested arrays is
proposed. The method integrates Toeplitz reconstruction and eigenvalue-weighted denoising. It
constructs a full-rank covariance matrix through virtual array mapping and reconstruction, then applies
eigenvalue weighting to the signal subspace to suppress noise while preserving essential information.
And off-grid sparse representation model is solved by Bayesian learning for maximum a posteriori
estimation. Simulation and sea trial results demonstrate that the method can estimate up to 11 sources
using only 6 physical sensor elements. It maintains high resolution and stability even in scenarios with a
low number of snapshots and multiple closely spaced targets. Furthermore, at a signal-to-noise ratio
(SNR) of —15 dB, the estimation performance of the algorithm shows an improvement of 53.11% and
60.04%, compared to MUSIC and ESPRIT algorithms under the same array configuration. By
effectively leveraging the degrees of freedom offered by the virtual array and suppressing noise
interference, the proposed algorithm achieves more accurate direction of arrival (DOA) estimation
under conditions of low SNR and a small number of snapshots, demonstrating superior robustness.
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Fig. 1 Second-order nested array and its differential joint array
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