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Fig. 1 Celestial Doppler difference navigation
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Fig. 3 Celestial Doppler difference/pulsar integrated navigation system
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Table 1 Spacecraft orbital parameters

HIEZH A B
K Afi/km 21000 14 000
o0 28 0.3 0.3
BB () 60 10
R RIRE (2 30 0
LS E S () 30 40
FUE R () 50 50

®2 SURKBREY

Table 2 Navigation filter parameters

25 A
XS A AR 3
XU 2R RS 200
A/ em’
WIERA T 7 20 P (0) FEMLIES
Jok v 2L 00 00 JE 34 /s 2000
2235 B &= JE /s 5
KBHEAE R/ (mes™) 0.01
{HE B M EREE (ms™) 1
2.2 .2 2 2 2
41979195 95-4
0-aug] TN
AR FR IR P T 2 9191919292092
q1 =2 m,
q2 =3x10° m/s
5X, (00 =[5200m, —5200m,
5200m, 19 m/s,
. e -19m/s, 14 m/s
VR AR :

38Xz (0) =[6000m, —6 000 m,
6000 m, 20 m/s,
—20m/s, 15m/s]

*3 EERKHERN

Table 3 Stars and pulsar direction

HEMKHE  RIRAE B0531+21  BI1821-24  BI1937+21
FRZ/ (°) 101.29 83.63 276.13 294.92
TR/ (°) -16.72 22.01 —24.87 21.58
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Fig. 4 Estimation error of three navigation methods
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Table 4 Comparison for three navigation methods

RG AN E /m X/ (mes™) AT B /m A/ (ms™)
K BH 238 8 22 43/ ik 2 40 1220.34 0.1752 1705.47 0.234 7
162 2 8 220y kP B 1 A S 1459.99 0.1615 1 896.64 0.207 2

PN b=l QUL Y s 1110.41 0.1579 1462.83 0.183 8
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Fig. 5 Accuracy comparison for different Solar frequency measurement errors
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Fig. 6 Accuracy comparison for different celestial Doppler difference measurement periods
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Celestial Doppler Difference/Pulsar for Formation Flying and
Its Integrated Navigation

YU Ziyuan', LIU Jin', NING Xiaolin’, MA Xin’, GUI Mingzhen’, KANG Zhiwei’

(1. College of Information Science and Technology, Wuhan University of Science and Technology, Wuhan 430081, China;
2. School of Instrumentation Science &Opto-Electronics Engineering, Beihang University, Beijing 100191, China;

3. College of Computer Science and Electronic Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to improve the spacecraft capability of autonomous celestial navigation, a celestial Doppler
difference/pulsar for formation flying and its integrated navigation method is proposed. The Sun light is strong, and the accuracy of
the Sun Doppler difference navigation is high, but it is difficult to provide multi-directional velocity information. Star light is
weak, and the accuracy of star Doppler difference navigation is low, but it can provide multi-directional velocity information. The
Sun Doppler difference navigation and the star Doppler difference navigation are complementary, but which cannot be fully
observable. Using three or more pulsar navigation is completely observable, but the filtering period is longer, and it is difficult to
obtain continuous navigation information. The three navigation methods are complementary and can be used for integrated
navigation. The extended Kalman filter is used as a navigation filter to fuse the difference and arrival time of the astronomical
Doppler, and can provide absolute and relative navigation information for formation flying. Simulation results show that the
integrated navigation method for formation flight can provide absolute and relative highly-accurate navigation information.

Key words: formation flight; celestial Doppler difference navigation; Kalman filter; pulsar

High lights:

o In this paper, the Doppler difference method can be used to solve Solar spectral line drift problem caused by the Sun's surface activity.
e Combining the star Doppler difference navigation method with the Sun Doppler difference navigation can provide multi-
directional navigation information.

e The celestial Doppler difference navigation system is not fully observable. In this paper, we combine it with the pulsar navigation
method to provide highly-accurate navigation information for formation flight.
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An Overview of Pulsar Candidate Classification Methods

WANG Yuanchao"?, ZHENG Jianhua"’, PAN Zhichen""’, LI Mingtao"”

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190; 2. University of Chinese Academy of Sciences, Beijing
100049; 3. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012; 4. Center for Astronomical Mega-Science,
Chinese Academy of Sciences, Beijing 100012; 5. CAS Key Laboratory of FAST, NAOC, Chinese Academy of Sciences, Beijing 100012)

Abstract: Pulsar searching is an important frontier in radio astronomy. Weaker signals can be received as the performance of
search facilities continualy improved. However, how to accurately identify the suspected pulsar signal from massive candidates has
become a challenge. The pulsar candidate classification methods about development history and current situation at home and
abroad. The classification methods in each stage include: manual selection methods and machine learning methods. At last, the
future development trends are analyzed.

Key words: pulsar; pulsar candidate; machine learning
High lights:
e The development history of pulsar candidate classification methods is introduced.

e The pulsar candidate classification methods based on manual selection and machine learning are summarized and compared.
e The future trends of pulsar candidate classification are analyzed.
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