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X-Ray Pulsar Navigation Based on Hybrid Velocimetry Method

WU Daliang', WU Jin', LIU Jin', NING Xiaolin’, KANG Zhiwei’

(1. School of Information Science and Engineering, Wuhan University of Science and Technology, Wuhan 430081, China;
2. School of Instrumentation Science and Opto- electronics Engineering, Beihang University (BUAA) , Beijing 100191, China;
3. School of Computer Science and Electronic Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to suppress the Doppler effects in pulsar signals caused by spacecraft velocity, a novel method of X-ray
pulsar navigation based on direct/indirect hybrid velocimetry was proposed. The direct velocimetry method provided velocity
information directly according to the distorted pulsar profile. It had high accuracy, but was only suitable for high flux pulsar,
namely Crab pulsar. A distorted profile matching estimation method for direct velocity and distance measurement was proposed. The
indirect velocimetry method was to establish the relationship model between velocity and pulsar time-of-arrival, and provide
velocity information by Kalman filter indirectly. The signal-to-noise ratio of low flux pulsar distortion profile was very low, which
could not reflect the weak pulsar distortion. Therefore, the indirect velocimetry method was suitable for low flux pulsars. Based on
this, the direct velocimetry method and the indirect one were used to update the Kalman filter in turn. And the Kalman filter was
used to provide high-accuracy navigation information. Simulation results show that the accuracy of X-ray pulsar navigation method

based on direct/indirect hybrid velocimetry is 15% higher than that of the indirect pulsar navigation.

Keywords: velocimetry; navigation; Kalman filters; TOA: X-ray pulsars

Highlights:

e The direct velocimetry method and the indirect velocimetry method are suitable for the Crab pulsar and low flux pulsars,
respectively.

e The direct velocimetry method and the indirect velocimetry method are combined with each other to suppress the Doppler effects.
e A distorted profile matching estimation method for direct velocity and distance measurement is proposed.

e The accuracy of X-ray pulsar navigation method based on direct/indirect velocimetry is 15% higher than that of the indirect pulsar

navigation.
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