
6 53 � 6 4 / [ j � 
 Vol.53 No.4
2012 * 7 # ACTA ASTRONOMICA SINICA Jul., 2012�D�f�j(��1PWTQLRHSTNT[ZYIMKJUOXVW℄^\ †

(6R��"�s;℄lU &w 210008)i}A:9PGi}A:*U50MibL�0F+G2i}&�q;4"*qa�
4�r0n&}<BsP-�N0A:79�BA79i}D�0g3YQ<�Qe<�Y%�9:Æ�}#G1���45&3d���Æ�	}A����`u)�C�8�0Æ� X-ray �#}|Wtg��2?7R��Bsi}A:*U�05Æ�}#G1��0A:*UA��� �3��48.=��N�^j3�`N�>ÆbL K2�7�0���Yyy��m%�G�7C�1.��0A:*UA��Q'e>}#G1A:*U0�{�_�℄G A�0�M�`h(B,
.�{���k>i}Æ�}#G10A:*UR�t���{�_Tk��,0i}$�,T�"E��i}?V�%X�}�,B}	�z2�P��)i}Æ�}#G1A:*UR��{��l'A�dO,i}}GA:*U�`\_	gf�2��Aw��k05 1 +Y5 2 +E�r=�i}A:9P��,0�zAgY��q�Ep�)2a78~0A:*UA� (GPS/TDRSS �&3dY�#}) 09PYN� �`S 0�7Y�C�5 3+'>(�i}Æ�}#G1Y\e4,�0A:*UA�F�<��M�_�i}?V$:B,�}#G10[}�z��Y\e4,�0>4N���)A:*UR��{��.A�0����*Ux<�`:0�u�P�_TB,3Pi}Y�`�P-i}Æ�}#G1A:9P�.,�S 09Px<�3Pi}9Px<a	!��`�P-i}nu 10 km E��9Px<:J\e4,�0qao��u�`AEp�Æ�OWb#G1A:9P0x<4������A!0X7Z4Y%��7�Æ�YHA:9Px<0}#G1Y$=AC�&>�`�P-i}0B,dR5Y%��7mV0>�����B,dR0oS�.�Æ�}#G1A:9P-�H��I7P-H<045i}�>�3Pi}�5HPi};���V09Px<YI�4��5 4 +'l}#G1A:9PR�dO,�xi}}G0*U��)5�_T9Z}g��0Hx<��>�Y}#G1>��.,09Px<Y}G0K~x<ÆH��.�t�m(}4��g379x<(LYHlu��5 5 +'G->\_i}f��)��vtM��{��Gp��Æ��w>�$P79I�,N�,TA?P-0mZ���'� ��7Æ�}g�wN~0$P79A����vGY%��7_�A:*U\_,T0i}f�$~��Z}#G1*U>�Y}g�w>�79\_,TYJB%�0P-�N�_T�>Qes�0B��{oS�$��.�$P79A�YÆ�}#G1A:*U\_f�$~0�����+0�{o�>�D{Y%0 “	gVFG/” 0F+�`nQ0	g�6k>�������
†2011-07-07 ^/�E�h�+���s;℄lU�v�|!� qbo.gan@gmail.com



356 ℄ l � � 53 �
The Study and Applications of Satellite and Satellite
Constellation Autonomous Orbit Determination Using

Star Sensor

GAN Qing-bo
(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

Autonomous satellite orbit determination is a key technique in autonomous satellite

navigation. Many kinds of technologies have been proposed to realize the autonomous

satellite navigation, such as the star sensor, the Earth magnetometer, the occultation time

survey, and the phase measurement of X-ray pulsar signals.

This dissertation studies a method of autonomous satellite orbit determination using

star sensor. Moreover, the method is extended to the autonomous navigation of satellite

constellation and the space-based surveillance.

In chapters 1 and 2, some usual time and reference systems are introduced. Then the

principles of several typical autonomous navigation methods, and their merits and short-

comings are analyzed. In chapter 3, the autonomous satellite orbit determination using star

sensor and infrared Earth sensor (IRES) is specifically studied, which is based on the status

movement simulation, the stellar background observation from star sensor, and the Earth

center direction survey from IRES. By simulating the low Earth orbit satellites and pseudo

Geostationary Earth orbit (PGEO) satellites, the precision of position and speed with au-

tonomous orbit determination using star sensor is obtained. Besides, the autonomous orbit

determination using star sensor with double detectors is studied. According to the obser-

vation equation’s characters, an optimized type of star sensor and IRES initial assembly

model is proposed. In the study of the PGEO autonomous orbit determination, an efficient

sampling frequency of measurements is promoted. The simulation results confirm that the

autonomous satellite orbit determination using star sensor is feasible for satellites with all

kinds of altitudes. In chapter 4, the method of autonomous satellite orbit determination

using star sensor is extended to the autonomous navigation of mini-satellite constellation.

Combining with the high-accuracy inter satellite links data, the precision of the determined

orbit and constellation configuration is higher than that ever expected.

In chapter 5, two related pre-project researches are developed with respect to the space-

based satellite surveillance. One solves the un-convergence question in the preliminary orbit

determination and finds an advantageous preliminary orbit determination using inter satel-

lite angle measurement. In the other pre-project research, a creative space-based satellite

surveillance model is proposed, which is based on the autonomous surveillance platform

navigation. Using the star sensor’s navigation data associated with the inter satellite an-

gle measurement, the orbit parameters of the tracking space objects and the surveillance

platform are determined. Compared to the available experiment results overseas, the pre-

liminary orbit determination method and the autonomous navigation surveillance platform

model are found to be feasible. The research will significantly contribute to the new con-

ception of “space awareness”, as well as our country’s space security construction.


