
E 52 � E 2 L � 
 0 � Vol.52 No.2
2011 F 3 Q ACTA ASTRONOMICA SINICA Mar., 2011�j0	8
V8/A��zw~�x���}|�
yz�	t{u�vy�x��Æ�
 †

(B�51��� B� 210093)n0 1957 ED 1  UUCR�' Sputnik 
#=&�U'�Y#�e6<k	Zm��[ 50 OEa�'�tVT's�[H9Æ℄�rZS�k3�b
M �? 3 �"�k#P'�[ 3 �"�^|0UUCR�'h;(9|AD?�Zg9T=��G;G?6�,�:D
Wi�P�'h;3�?g9CW�pM=|SAD4Ja?d9rD�D 1 Xn�'h;V�(9?_Y3���Xq��\0I�℄uRSbU J2

2 LfK��oD?Q$��Xn2Y$?�6Th�v=!�G!?V����lNV�P℄Ils��W�℄I�+03��eHV�P℄I�SY�K9S��V�NBhlYhQ$r0��?,(��7S 10−6 �K9S��S*NC%�Rs��a�,�A?s��W�℄I��
%we℄uII�℄u^�?js�!=��R��uo*h?h;s����X℄Æ�VldNV���,?O(l[℄I?x?z`�+0_Y}9�NHv=V��?k(aK:?[
���+0��V�l�3�D 2 Xn�<Gha?->)X�|�e?~YGhlL��K?3���XnSf"m1Ghy+[�\Nae�2U.?f�Æ��+�6� u?3��g9N nBh�'J�1S?I4Oo-℄I�<�.?po u B∗ = CD(S/m)ρp0
�q?�&�S/y+[�rN!D1S?[
)_l>)�$�+0V��}90["�$?-�g7�0P�;�0�Nh;L��K?C���	&?aeU.
tN�~a�9?&��D 3 X?CWn�'�<Gh?5;`D?���~Gh?�e"G?"�( u��Xq�nN GRACE �'i;gD?'�"/�+V���,f">)�FH[�_r?dFnA{?��e��-%�?/rt+Doo��S5�D?�-%>)=|�A?�yK�2h��0Go�A?3�pM�2:S5�-%{-?�K��XdFN GRACE �'?�<Ghl ud�TR�+03�lV��r�)�?�zÆj��Xqp\*0F 2004∼2007 Ef"u�=:?e��-%��NM�+0;"�7?CR�(V��9Æa\*=[ 3 �_r?Æj��+0�A?V��8�A?3�_rrS�.��9n�'h;(9��<Gh?_Yxn�'h;?AD�J1S_=_Y3�?"��PV$P>?#�ADl�tpM?QW�e:�[Z"�hY0$?Nx��Æqp~*[�"��&?_rl_=_Y?T����DS<G_r?y+[v=^�;�?QW�

†2009-09-17 w>�l1
�9d�B�51���63�r� jstang@nju.edu.cn



2 L |�d��(i<):�`Z4�}NTHi�M
m!v#Hb�BE 175

An Intensive Research of Satellite Orbit Theory and
Application in Orbit Determination, Forecast and

Parameter Estimation

TANG Jing-shi
(Department of Astronomy, Nanjing University, Nanjing 210093)

It has been over half a century since the launch of the first artificial satellite Sputnik

in 1957, which marks the beginning of the Space Age. During the past 50 years, with

the development and innovations in various fields and technologies, satellite application has

grown more and more intensive and extensive. This thesis is based on three major research

projects which the author joined in. These representative projects cover main aspects of

satellite orbit theory and application of precise orbit determination (POD), and also show

major research methods and important applications in orbit dynamics.

Chapter 1 is an in-depth research on analytical theory of satellite orbits. This research

utilizes general transformation theory to acquire high-order analytical solutions when mean-

element method is not applicable. These solutions can be used in guidance and control or

rapid orbit forecast within the accuracy of 10−6. We also discuss other major perturbations,

each of which is considered with improved models, in pursuit of both convenience and

accuracy especially when old models are hardly applicable.

Chapter 2 is POD research based on observations. Assuming a priori force model and

estimation algorithm have reached their accuracy limits, we introduce empirical forces to

Shenzhou-type orbit in order to compensate possible unmodeled or mismodeled perturba-

tions. Residuals are analyzed first and only empirical force models with actual physical

background are considered. This not only enhances a posteriori POD accuracy, but also

considerably improves the accuracy of orbit forecast. This chapter also contains theoretical

discussions on modeling of empirical forces, computation of partial derivatives and propaga-

tion of various errors. Error propagation helps to better evaluate orbital accuracy in future

missions.

Chapter 3 is an application of POD in space geodesy. GRACE satellites are used

to obtain Antarctic temporal gravity field between 2004 and 2007. Various changes from

traditional methods are implemented to better represent the regional temporal gravity field

in this work. As a thesis in astrodynamics, this chapter will concentrate on orbit problems

and estimation approaches. Although most details in geophysics are skipped, gravity field

solutions will be displayed and the preliminary images of Antarctic mass flux will be revealed.

These researches are summarized but not concluded in this thesis. Many problems

have been left in all the aspects mentioned in this thesis and need to be studied in future

researches, not to mention that the fast developing space technology keeps redefining our

traditional knowledge with new concepts and elements. So future work and directions will be

discussed at the end of the thesis, expecting further progress upon the present achievements.


