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Abstract: This paper addresses the multi-target direct localization problem for moving single stations using the
coprime difference co-array. Existing methods based on matrix norm minimization often suffer from
underutilization of redundant data from virtual array elements and high computational complexity. To

overcome these limitations, we propose a multi-target direct localization approach that combines redundant-data

VRl 2026-01-05; BRI F1: 2026-03-14; P& HHRR: 2026-04-20

MEEESE: L8 wang  ding814@aliyun.com *Corresponding Author: WANG Ding, wang_ ding814@aliyun.com
HETIH: XK ERFEHE4 (62171469, 62071029)

Foundation Items: The National Natural Science Foundation of China (62171469, 62071029)

T3 4%: AR Corresponding Editor: GUO Fucheng

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses /by /4.0/)


http://radars.ie.ac.cn/CN/10.12000/JR26006
https://cstr.cn/32380.14.JR26006
http://radars.ie.ac.cn/CN/10.12000/JR26006
http://radars.ie.ac.cn/CN/10.12000/JR26006
mailto:wang_ding814@aliyun.com
mailto:wang_ding814@aliyun.com

2 Tk

(gL

H15%

averaging for virtual array elements with fast completion of missing covariance matrix entries. First, redundant-

data averaging is applied to construct the difference co-array. Missing elements are then filled through

zeroinitialization followed by Toeplitz matrix reconstruction, which restores the rank structure of the covariance

matrix. An alternating projection iterative algorithm is subsequently developed to minimize the ratio of the

nuclear norm to the Frobenius norm. By incorporating an adaptive threshold strategy and Toeplitz constraints,

the algorithm efficiently completes the missing elements in the virtual array covariance matrix. Finally, a data

fusion scheme is employed to obtain the localization results. Numerical simulations demonstrate that the

proposed method reduces computational complexity while improving localization accuracy, particularly under

low signal-to-noise ratios and limited observation data. The results indicate that the method effectively balances

localization accuracy with real-time performance requirements.

Key words: Coprime array; Direct Position Determination (DPD); Redundant Data Averaging (RA);

Covariance matrix completion; Convex optimization
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Fig. 1 Schematic diagram of moving single-station direct

localization based on coprime array
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Fig. 2 Schematic diagram of extended coprime array structure
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