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Fig. 1. three-axis crossed array.
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Fig. 2. Distribution of two-dimensional DOA estimation.
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Abstract

In practical applications such as mobile communication, radar and sonar, the effect of angular spread on the
source energy can no longer be ignored due to multipath phenomena. Therefore, a spatially distributed source model
is more realistic than the point source mode in these complex cases. A lot of direction-of-arrival (DOA) estimation
methods for distributed sources have been published. Whereas researches concentrated on the complex circular signal
case, the noncircular property of signal can be employed to further improve the estimation performance, which has
received extensive attention recently. To date, several low-complexity DOA estimation algorithms for two-dimensional
(2D) coherently distributed (CD) noncircular sources have been proposed. However, all these algorithms need obtain the
approximate shift invariance relationship between the sub-arrays by applying the one-order Taylor series approximation
to the generalized steering vectors, which may introduce additional errors and affect the estimation accuracy.

In this paper, a novel 2D DOA estimation algorithm based on the symmetric shift invariance relationship is proposed
using the centro-symmetric three-dimensional (3D) linear arrays. Firstly, the extended array model is established by
exploiting the noncircularity of the signal. Then, it is proved that the deterministic angular distribution function vector
of the CD source has a symmetrical property for arbitrary centro-symmetric array, based on which the symmetric shift
invariance relationships of extended generalized steering vectors are established in the three sub-arrays of 3D linear arrays.
On the premise of such relationships, the center azimuth and elevation DOAs are obtained by the polynomial rooting
method without spectral peak searching. Finally, the cost function implementing the parameter matching is constructed
by the symmetric shift invariance relationship of the generalized steering vector of the whole array. Theoretical analysis
and simulation experiment show that compared with the existing low-complexity algorithms, the proposed algorithm
avoids the additional errors introduced by the Taylor series approximation, which allows it to achieve higher estimation
accuracy with the small complexity cost. Moreover, the proposed algorithm can achieve omnidirectional angle estimation

in the three-dimensional space.

Keywords: coherently distributed source, noncircular source, 3D linear arrays, symmetric shift invariance

PACS: 07.50.Qx, 07.05.Kf, 84.40.Ua DOI: 10.7498/aps.66.220701

* Project supported by the National Natural Science Foundation of China (Grant No. 61401513).

1 Corresponding author. E-mail: xinxidailiang@outlook.com

220701-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.220701

	1引    言
	2数学模型
	Fig 1

	3基于对称旋转不变关系的二维DOA估计算法
	3.1 DADF矢量对称特性证明
	3.2 中心方位角和俯仰角估计
	3.3 参数匹配
	3.4 算法步骤

	4仿真实验
	4.1 仿真分析
	Fig 2
	Fig 3
	Fig 4
	Fig 5

	4.2 复杂度分析
	Table 1


	5结    论
	References
	Abstract

