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Abstract: In order to obtain higher resolution and avoid the failure of Two-Dimensional (2D) of Direction-Of-
Arrival (DOA) estimation, One-Dimensional (1D) spatial DOA estimation method, vertical DOA estimation via
Vernier method and horizontal DOA estimation method via minimum angle theorem are proposed. First,
covariance matrices are constructed based on various subarrays to alleviate the failure of 2D model, and the
Khatri-Rao product is adopted to extend the virtual array aperture. Second, the extended observation models
and corresponding array steer vector are exploited for 2D DOA estimation. Compared with the steer vector of
the original array, the number of virtual array elements is doubled, and thus the array aperture is extended.
Simulation results show that the proposed method has better resolution and lower RMSE performance in 2D
DOA estimation problem compared with the Single Measured Vector Beamforming method. The tank

experiment further verifies the engineering practicability of the proposed method.
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