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Fig. 1 The relation between position error δrobs and time error δtobs
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Table 1 Values of parameters of X-ray pulsars

Name Period Right Declination Frequency First-order Second-order Distance

(s) ascension(◦) (◦) (Hz) derivative derivative (kpc)

B1937+21 0.001558 19.661 21.58 641.928261 -4.332×10−14 4.00×10−26 3.6

B1821−24 0.003054 18.409 -24.87 327.405665 -1.735×10−13 -3.30×10−26 5.5

B1055−52 0.197108 10.966 -52.45 5.073371 -1.501×10−13 - 1.5

B1617−5055 0.069357 16.291 -50.92 14.418187 -2.809×10−11 - 4.5�qC8;� x
JFj�g���n) 1�VK�o=*�x
o�g�o#�3=[h 1 µs�1.5 µs�5 µsX 3 µs,L
x
J 1 µso�xl;X\��og��C8xo47{/h 500 s, �q {h 250 000 s. �O(l{x;h [1000 m,1000 m,1000 m],fP
C �+jC8g��	Ah R = diag(1×10−12 s2, 1×10−12 s2, 1×10−12 s2),+j�Kg��	AhQ = diag(0.04 m2, 0.04 m2, 0.04 m2, 0.0036 m2/s2, 0.0036 m2/s2, 0.0036 m2/s2,

0). ?M�:�q;��GMw 3 3"o��� fP
C�GnioPTvl{oqxVXLPTvGl3;rCnio>rxox;��	` 2 G,�
4.2 Dt*91HV85�}�u
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fP��oI�sI5;�1&�O(l{x;"*+jh [1 km,1 km,1 km]�[10 km,10 km,10 km]X [100 km,100 km,100 km], GnPTvl{x;��	` 2 �` 3(a) X` 3(b) G,�\p 3 0`,'R�O(l{x;`��fP��`-�O(x;lx<0Go�nifP��:h �u<0Go�
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a 2 iU Kalman Q0q X ��XM�hRn}z=��
Fig. 2 The position error curves of X-ray pulsar navigation based on Kalman filter

4.2.2  {8Gx;
fP��oI�e1*&sI5;oW����qC8;� *&8Gg��
G 4 )1ZoVK��8Gg�#�3"*�h\5o 2�X 5��GnioPTvl{x;��	` 2�` 4(a) X` 4(b) G,�\p 3 0`�,A'R�F�8Gx;ol`�fP��	��u�8Gx;�;�!Al`�fP��h /�!A�u�
4.2.3 VK�;
fP��oI�1*&sI5;oW���*&VK�0;�e5VfPrCoVK�;h 4�3�
2 � 1 ) �nioPTvl{x;��	` 5(a) �` 2 �` 5(b) X` 5(c) G,�!
p 4 0`,A'R�e5VfPrCoVK�;�S 4 ) �F�5VfPrCoVK�;℄lx<)�fP��:fO-<��d/5VfPrCoVK�;\ 3 )lxh
4 ) �fP��,\QO-f[��:�/>�?M 3 )VK�� fP
C�h^i
So�K�e�dV 3 )VK�ol{A~QA�p=1�/��
5 U\

X ��VK��
fP/�e^��^Iw�z�-Æ/<0�_
Q�sIezeVK��ao:T/�XK���'ns`�O2��&m X��VK��
fP/�oW�� o
9��JVKi^ {o8GXhS Kalman O.ofP
C���\w 43"rCo�K,u�9
ni 103 kmA�GoofP�l���"'Y�
�



3 r �N�t�iU X ��XM�qRVx��hRE�$| 257

a 3 Q*n}z=i [10 km,10 km,10 km](a) Z [100 km,100 km,100 km](b) "qRVxn}z=��
Fig. 3 The position error curves of spacecraft with initial position errors of [10 km,10 km,10 km](a) and

[100 km,100 km,100 km](b)

a 4 :Ih�$�5$+i℄6q 2 � (a) Z 5 � (b) "qRVxn}z=��
Fig. 4 The position error curves of spacecraft with RMS of measured noise double (a) and quintuplicate

(b) to primary
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Fig. 5 The position error curves of spacecraft for four pulsars (a), two pulsars (b) and one pulsar (c) being

used for navigation' X r y
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Algorithm Analysis of Autonomous Navigation of
Spacecraft Based on X-ray Pulsars

ZHONG Chong-xia1,2 ZHANG Li1,2 NIAN Feng1,2 YANG Jun1,2

(1 Beijing Institute of Radio Metrology and Measurement, Beijing 100854)

(2 Science and Technology on Metrology and Calibration Laboratory, Beijing 100854)

ABSTRACT Pulsar can be used as time standard because of its very stable rotation. The

astrometric parameters and astrophysical parameters such as the space position, proper mo-

tion, distance, rotation period and its derivative of many pulsars can be measured accurately.

Pulsars can provide time signal and space position coordinate, so spacecraft can realize au-

tonomous navigation by pulsar navigation system fixed on spacecraft. Firstly, spacecraft

position is predicted based on orbital dynamical equations of spacecraft. Secondly, the dif-

ference between the observed time of arrival (TOA) on spacecraft and the predicted TOA

with the model is calculated. Thirdly, the estimated position error is calculated by using

Kalman filter and the position of spacecraft is modified. Finally, the influence of initial posi-

tion error, the measured precision of TOA of pulse and the number of pulsars on navigation

precision is analyzed.

Key words X-ray: pulsars, equation of state, space vehicles, methods: data analysis


