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tipath signals were observed comprehensively across multiple dimensions, including beamspace, spatial domain, and

temporal domain. As a result, signal components of all dimensions were obtained without aperture loss. Next, eigen-

value decomposition was performed on the beamspace data for each coherent time period to extract the signal sub-

space data and calculate the cross-covariance matrix across multiple periods. Subsequently, the cross-correlation ma-

trices of these cross-covariance matrices were averaged to form the modified beamspace temporal smoothing matrix.

Then, the 1D beamspace multiple signal classification (MUSIC) algorithm was employed to separately estimate the in-

cident angles in the horizontal and vertical directions. Finally, the maximum likelihood algorithm is applied for pair-

ing to obtain the 2D DOA. Monte Carlo simulations validated the theoretical analysis results. Compared to existing

DOA estimation methods based on smoothing algorithms, this method offers stronger decorrelation and smaller spec-

tral peak fluctuations, effectively enhancing estimation accuracy.

Key words: beamspace, temporal smoothing, DMA
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