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Abstract: This study addresses time-frequency synchronization errors in distributed Multiple-Input Multiple-
Output (MIMO) radar systems and proposes a joint estimation method for target parameters and system time-
frequency biases based on multitemporal measurement data. The method overcomes the limitations of

traditional approaches that rely on singletemporal measurement data and direct-path signals, enabling high-

WehsEH: 2025-10-11; KB EH: 2025-12-17; PIZEHIAR:  2026-01-13

MEEEL: TR wengongjian@sina.com *Corresponding Author: WEN Gongjian, wengongjian@sina.com

RETIH: FERBERBEIEE(62501622), HIFEH HIRE T4 (2023]740680)

Foundation Items: The National Natural Science Foundation of China (62501622), Natural Science Foundation of Hunan Province
(2023JJ40680)

J{EE%: £ TFH#  Corresponding Editor: CHENG Ziyang

©The Author(s) 2025. 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/JR25201
https://cstr.cn/32380.14.JR25201
http://radars.ie.ac.cn/CN/10.12000/JR25201
http://radars.ie.ac.cn/CN/10.12000/JR25201
mailto:wengongjian@sina.com
mailto:wengongjian@sina.com

K AR (R D)

accuracy joint parameter estimation through multiepoch data fusion without requiring direct-path information.
The proposed method adopts a two-step strategy that combines a closed-form solution with iterative
optimization. First, a closed-form solution is derived within a two-stage weighted least-squares framework using
only the first- and last-epoch observations to obtain initial estimates of the target position, velocity, and
auxiliary variables. This stage explicitly models second-order error terms and optimizes the construction of the
weighting matrix, significantly improving accuracy and robustness under high-error conditions. Second, using
the closed-form estimates as initialization, a maximum likelihood-maximum a posteriori objective function is
formulated based on the full multi-epoch measurement data, and a trust-region iterative optimization method is
applied to refine the estimates and recover the time-frequency bias parameters. Simulation results show that the
proposed method outperforms existing approaches across various error levels and geometric configurations,
significantly enhancing the accuracy and robustness of target localization, velocity estimation, and time-
frequency bias estimation. These results demonstrate strong theoretical significance and promising practical

application potential.
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multitemporal moving target localization scenario
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Alg. 1 Procedure of closed-form solution
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Q16 + 2N, + N,) A5 50, HI6LE, 5 TR i
T IR ARG, & B AR (0)
J(9) = (B — hu(62) — Hyy) Q' (B — hau(0)
- Hy)+7'Q5 'y (37)
B0, , T MEET, 5F]
7*=(LﬂkaffA~+Q75‘?H$Qn%B—-mxe?»)
38
Foy AT (3T, AR BI S0 b R
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Alg. 2 Procedure of iterative optimization
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Fig. 2 Flowchart of the parameter estimation method

using a two-step strategy
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Tab. 1 Positions and velocities of transmitters and receivers

R i o (m) Yo (m) 2o (m) i o (m/s) Ut (m/s) 2o (m/s)
T 0 0 200 0 20 10
T Ro cos(r/3)/2 —Ro 350 -20 -40 40
T Ry —Rp cos(m/6) 600 40 10 20
Ty Ro cos(w/4) Ro/2 50 —40 -20 -10
Ts —Ro —Rg cos(n/4) 50 30 10 30
Ts —Ro cos(w/6) —Ro/2 350 50 -30 0
T Ro/2 R cos(w/3) 200 10 0 30
T8 —Ro/2 Ro 600 10 40 20
S1 —Ro —Ro/2 600 20 20 20
Sa —Ro cos(w/3) 0 400 0 -30 30
S3 Ro/2 —Ro 350 30 20 20
S4 —Ro/2 Ro/2 50 10 0 40
Ss Rg cos(w/6) Ro cos(w/4) 600 10 10 30
Se 0 —Rg cos(w/3) 400 40 20 -10
Sv — R cos(w/4) Ry cos(w/6) 50 30 30 10
Ss Ro Ry 350 40 10 0
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Fig. 3 Graph of target parameter estimation performance bound versus number of observations
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Fig. 4 Graph of target parameter estimation performance bound versus total observation duration
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