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Dual-satellite positioning method based on cascaded IPSO—Newton algorithm

YANG Guang™", QU Dexin"", ZHANG Gengxin""

(a.College of Telecommunications & Information Engineering; b.National Local Joint Engineering Research Center for Communication and

Network Technology, Nanjing University of Posts and Telecommunications , Nanjing Jiangsu 210003, China)

Abstract: Dual-satellite Time-Difference of Arrival(TDoA) and Frequency-Difference of Arrival
(FDoA) positionings utilize just two satellites to locate the emitter, bearing lower cost and difficulty than
multi—-satellite positioning, and better real-time performance than single—satellite positioning system,
more suitable for practical applications. In order to solve the nonlinear optimization problem in the
process of solving the TDoA/FDoA equation, an Improved Particle Swarm Optimization(IPSO) algorithm
is put forward. Dual-satellite TDoA/FDoA location systems use Newton method with high precision, but
there exists unsolvable blind areas of initial value of iteration. To address this issue, an cascaded
localization method of TIPSO and Newton iteration is proposed, in which the IPSO algorithm gives coarse
localization result with rapid speed and reliable convergence, and this coarse result is used as the initial
value of Newton iteration, so as to reduce the positioning error and avoid non—convergence. By analyzing
the simulation results, the proposed algorithm not only increases the success rate of effective initial point
selection by 48.15% compared to the Newton method, but also cuts the computation and improves the
computational speed.

Keywords: dual-satellite positioning; Time Difference of Arrival; Frequency Difference of

Arrival; Improved Particle Swarm Optimization; Newton algorithm
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Tablel Positioning error varying with relative error of FDoA for each algorithm

relative error of FDoA/dB
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Table2 Positioning error varying with relative error of TDoA for each algorithm

relative error of TDoA/dB

-80 -70 -60 -50 -40
PSO error/m 77 464.2 93 749.9 109 687.1 132776.8 134 776.7
IPSO error/m 137.5 989.2 2549.7 3641.7 50 135.6
grid search method error/m 218.9 94.4 943.9 4879.9 48 169.9
IPSO-Taylor error/m 1274.1 12389 928.0 3899.0 47382.2
IPSO-Newton error/m 22.6 47.7 478.6 4836.1 48 198.8
CRLB/m 7.9 29.7 454.9 1398.9 34 634.7
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