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Low-Complexity Phase Ambiguity Resolution DOA Estimation

Algorithm for Composite Hierarchical Receiver Array Structure
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CHEN Xiahua
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(Guangdong Provincial Laboratory of Southern Ocean Science and Engineering (Zhanjiang) Zhanjiang 524000,
China)

Abstract:
Objective

Direction of Arrival (DOA) estimation is a key technique in sonar target localization. With the

continuously increasing demand for high-precision direction estimation in complex environments, the number of

array elements used for estimation is being scaled up. While the direction-finding accuracy and resolution are

improved, a heavy computational burden is also imposed on conventional DOA estimation algorithms. To

address this issue, a low-complexity composite hierarchical receiving array structure is constructed in this

paper, and two rapidly phase ambiguity resolution methods are proposed: the composite hierarchical global
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nearest-neighbor matching (CHA-GNNM) and the composite hierarchical cross-correlation covariance merging
(CHA-CCM).

Methods The CHA-GNNM algorithm gets multiple candidate solution sets by exploiting the auto-covariance
and cross-covariance relationships among the subarrays within each group. The true solution in each candidate
set is identified according to nearest-neighbor matching and the consistency characteristics of the signal source.
Then, the final DOA estimation is obtained through multilevel coherent combination. In this way, phase
ambiguity resolution and angle matching are completed at a relatively low computational cost. However, since
the correlation information among all array elements is not fully considered, some performance loss exists in the
estimation results. To achieve better DOA estimation performance, the CHA-CCM adjusts the composite
hierarchical structure into evenly partitioned groups, and these groups can be regarded as several large
subarrays, and multiple large candidate solution sets can be obtained from the cross-correlation relationships
among them. Then, the array elements in each group are divided into multiple small subarrays, and multiple
small candidate solution sets are obtained by calculating the auto-covariance and cross-covariance relationships
among the subarrays within each group. Furthermore, a rough solution is then determined through coprime
clustering, and a more accurate initial DOA estimation is given by the small candidate solution sets. Finally,
the pseudo-solutions in the large candidate solution sets are removed by the initial DOA estimation and an
accurate DOA estimation is obtained. In this way, by combining a low-complexity covariance block-processing
strategy, the high computational complexity is avoided and higher-accuracy direction estimation is achieved.
Results and Discussions Simulation results show that, as the number of array elements increases, the two
proposed algorithms significantly reduce the computational burden, and phase ambiguity is effectively
eliminated through the special array construction (Fig.4). Among them, coarse direction estimation is achieved
by the CHA-GNNM algorithm with a complexity reduction of nearly six orders of magnitude (Fig.6) relative to
the conventional Root-MUSIC algorithm, and it is more suitable for scenarios that require high real-time
performance. By contrast, with only a small increase in computational cost (Fig.6), the CHA-CCM algorithm
attains DOA estimation performance close to the CRLB above a certain signal-to-noise ratio threshold (Fig.5),
and a favorable balance is achieved between estimation accuracy and computational complexity.

Conclusions To address the sharp increase in computational complexity caused by the increasing number of
array elements, a composite hierarchical array structure for large-scale arrays is constructed in this paper. By
hierarchically grouping the array elements, the structural characteristics of the hierarchical array are exploited,
and a new implementation approach is provided for low-complexity direction finding. Based on the
characteristics of the composite hierarchical array, two fast DOA estimation algorithms are proposed. In both
algorithms, effective phase ambiguity resolution is achieved under low computational complexity by exploiting
the inter-group differences of the array and the consistency of the observations of the same source across
different groups, so that rapid direction estimation is accomplished. In the CHA-GNNM algorithm, the phase-
difference relationships among subarrays in the composite hierarchical array are mainly utilized, and ambiguity
resolution and angle matching are carried out in a relatively direct manner. This method is characterized by a
relatively simple computational procedure, low implementation difficulty, and fast execution speed, and thus
rapid target direction finding is achieved with high efficiency. However, since the cross-correlation information
among all array elements is not fully exploited, and the statistical characteristics of the array are not
sufficiently utilized, some performance degradation is incurred under complicated signal conditions. To further
improve the estimation performance, the CHA-CCM algorithm is proposed. In this algorithm, the composite
hierarchical array is adjusted to an evenly partitioned form. While the low-complexity advantage of the
hierarchical structure is retained, cross-correlation information is further introduced at the group level, so that
the intrinsic relationships among different groups are more fully utilized. In addition, the signal processing
procedure is simplified in a targeted manner, and unnecessary computational steps are reduced. As a result, the
robustness and accuracy of DOA estimation are improved while the computational complexity remains
controllable. Compared with CHA-GNNM, a small amount of computational speed is sacrificed in CHA-CCM,
and a more favorable balance between computational complexity and direction-finding performance is achieved.
In summary, the proposed composite hierarchical structure and the two fast DOA estimation algorithms
provide a new approach for efficient direction finding in large-scale arrays. CHA-GNNM is more suitable for
applications with relatively real-time requirements, whereas CHA-CCM is more suitable for applications with
higher demands on estimation accuracy and robustness. The proposed structure can achieve efficient phase
ambiguity resolution and accurate target direction estimation, and it also has theoretical and practical value for
engineering applications of large-scale array signal processing.

Key words: DOA; Massive array; Computational complexity; Nearest neighbor matching
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