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Accuracy Analysis of Pulsar-Based Navigation Model in Four-Dimensional

Riemann Space-Time

JIANG Yu', CHEN Xiao’, WANG Longqi', JIN Jing', MA Jiachen'
(1.School of Astronautics, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China;
2.Shanghai Institute of Satellite Engineering, Shanghai 201109, China)

Abstract: In order to meet the needs of nanosecond timing precision, considering the relativistic effects, an orbital
dynamic model of pulsar-based navigation system with time transformation terms in four-dimensional (4D) Riemann
space-time and a 4D observation model are established, a pulsar-based navigation algorithm is designed based on the
unscented Kalman filter (UKF) method, and the effects of delay terms on the navigation accuracy are analyzed. The
analysis results show that in the time transformation model, the effects of factors such as gravity delay, the orbit
deviation delay of spacecraft, and the curvature delay of planet on navigation are greater than the effects of the
curvature delay of spacecraft, while in the 4D observation model, the effects of solar gravitation on navigation are much
greater than the effects of annual parallax and pulsar.

Key words: pulsar-based navigation; four-dimensional (4D) Riemannian space-time; 4D observation model;

time transformation model; unscented Kalman filter
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