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Abstract: To address the over-the-horizon localization of multiple ground-based radiating sources in the
presence of satellite orbit errors, this paper proposes a multi-target cooperative Direct Position Determination
(DPD) algorithm fusing satellite and shortwave signals. Under the Earth ellipsoid model, the geometric
relationships among shortwave azimuth angles, satellite time differences of arrival, and the geodetic coordinates
of the target radiators are exploited to construct a multi-target over-the-horizon localization model that jointly

incorporates shortwave and satellite observations. Furthermore, the statistical model of satellite orbit errors is
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combined with the observation models of the two frequency bands to formulate a Bayesian maximum likelihood

cost function, and an alternating iterative scheme is designed to jointly estimate the unknown parameters,

including the geodetic coordinates of the multiple targets and the satellite orbit errors. Simulation results show

that the proposed algorithm attains markedly higher localization accuracy than methods relying solely on

satellite or on shortwave measurements, and that it remains robust to changes in the geometric layout of

observers and targets. Moreover, the algorithm also effectively mitigates the accuracy degradation caused by

satellite orbit errors and maintains strong performance even when these errors are large.

Key words: Cooperative Direct Position Determination (DPD); Satellite signal; Shortwave signal; Multiple

target radiators; Satellite orbit errors
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Fig. 1 The scenario of cooperative DPD based on satellite and shortwave signals for multiple targets
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Fig. 4 The estimated RMSE curves versus height of HF observers and satellite ground stations in the absence of ionospheric disturbance
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Tab. 4 Comparison of RMSEs of the proposed algorithm with other algorithms when SNR=-10 dB in the absence of
ionospheric disturbance
. H w1 H#n2
Hik
RMSE (km) RMSERE (%) RMSE (km) RMSERKE(%)

PRERWZ Hbrth A EEE A 4.4630 - 10.7485 -
TR 55 R W D A 4.4834 0.4550 10.7759 0.2543
R 2 0k H AL 21.6264 79.3632 30.0282 64.2053
TR ZEW A E AL 10.1454 56.0096 14.7667 27.2112

< 5 TESNR=30 dBE&H TANXE ASHME AN EMNIRE HREXT L (LR BRI TR )
Tab. 5 Comparison of RMSEs of the proposed algorithm with other algorithms when SNR=30 dB in the absence
of ionospheric disturbance
B#r1 H#r2
=873
RMSE (km) RMSEMAE (%) RMSE (km) RMSE (& (%)

PRSI Z BArthFE B E A 0.0399 - 0.0840 -
TR 550 B R W 25 8 AL 0.2526 84.2043 0.5745 85.3786
Rk 2 0k B 4 e AL 0.1409 71.6820 0.2256 62.7660
TR ZEW D E AL 0.0778 48.7147 0.1152 27.0833
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Fig. 8 The estimated RMSE curves versus sampling snapshot in the absence of ionospheric disturbance
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Fig. 9 The estimated RMSE curves versus standard deviation of satellite orbit errors in the absence of ionospheric disturbance
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Fig. 10 The estimated RMSE curves versus mismatching degree of a priori statistical characteristics of Gaussian satellite

orbit errors in the absence of ionospheric disturbance
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Fig. 11 The estimated RMSE curves versus tail strength of non-Gaussian satellite orbit errors in the absence of ionospheric disturbance
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Fig. 12 The estimated RMSE curves versus SNR in the presence of ionospheric disturbance
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Tab. 6 Comparison of RMSEs of the proposed algorithm with other algorithms when SNR=-10 dB in the presence
of ionospheric disturbance
H#r1 H#n2
Hik
RMSE (km) RMSERAE (%) RMSE (km) RMSERAE(%)
PRERWZ Bt A EEE A 4.9439 — 9.1781 —
TR 55 R W D A 4.9507 0.1374 9.2275 0.5354
R 2 Uk H AL 20.2697 75.6094 29.0506 68.4065
TR ZEW A E AL 11.6728 57.6460 13.7481 33.2410
F 7 TESNR=30 dBE&H T AN EEZSHEME AN EMIRE M aEXT L (R BRI EIRM)
Tab. 7 Comparison of RMSEs of the proposed algorithm with other algorithms when SNR=30 dB in the presence of
ionospheric disturbance
B#r1 B #52
=873
RMSE (km) RMSE & (%) RMSE (km) RMSE &% (%)
TR 5% BirthFEEEE M 0.7613 — 1.4799 —
TR S R E AL 1.2929 41.1169 2.6744 44.6642
R % 0k H e AL 3.0249 74.8322 4.2879 65.4866
TR ZERLEM 2.4561 69.0037 4.0069 63.0662
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Fig. 14 The estimated RMSE curves for different positions of multiple targets in the presence of ionospheric disturbance
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