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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 1076, 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.



