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Application of Numerical Integration and Data Fusion
in Unit Vector Method
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The Unit Vector Method (UVM) is a series of orbit determination methods which are
designed by Purple Mountain Observatory (PMO) and have been applied extensively. It
gets the conditional equations for different kinds of data by projecting the basic equation
to different unit vectors, and it suits for weighted process for different kinds of data. The
high-precision data can play a major role in orbit determination, and accuracy of orbit
determination is improved obviously.

The improved UVM (PUVMZ2) promoted the UVM from initial orbit determination
to orbit improvement, and unified the initial orbit determination and orbit improvement
dynamically. The precision and efficiency are improved further.

In this thesis, further research work has been done based on the UVM:

Firstly, for the improvement of methods and techniques for observation, the types and
decision of the observational data are improved substantially, it is also asked to improve the
decision of orbit determination. The analytical perturbation can not meet the requirement.
So, the numerical integration for calculating the perturbation has been introduced into the
UVM. The accuracy of dynamical model suits for the accuracy of the real data, and the
condition equations of UVM are modified accordingly. The accuracy of orbit determination
is improved further.

Secondly, data fusion method has been introduced into the UVM. The convergence
mechanism and the defect of weighted strategy have been made clear in original UVM. The
problem has been solved in this method, the calculation of approximate state transition
matrix is simplified and the weighted strategy has been improved for the data with different
dimension and different precision.

Results of orbit determination of simulation and real data show that the work of this
thesis is effective:

(1) After the numerical integration has been introduced into the UVM, the accuracy
of orbit determination is improved obviously, and it suits for the high-accuracy data of
available observation apparatus. Compare with the classical differential improvement with
the numerical integration, its calculation speed is also improved obviously.

(2) After data fusion method has been introduced into the UVM, weighted distribution
accords rationally with the accuracy of different kinds of data, all data are fully used and
the new method is also good at numerical stability and rational weighted distribution.



