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Abstract

A bi-directional, multi-step numerical integrator is developed to determine the GPS (Global Positioning System)
orbit based on a dynamic approach, which shows micrometer-level accuracy at GPS altitude. The acceleration due to
the planets other than the Moon and the Sun is so small that it is replaced by the empirical forces in the Solar Radiation
Pressure (SRP) model. The satellite orbit parameters are estimated with the least-squares adjustment method using both
the integrated orbit and the published IGS (International GNSS Service) precise orbit. For this estimation procedure, the
integration should be applied to the partial derivatives of the acceleration with respect to the unknown parameters as
well as the acceleration itself. The accuracy of the satellite orbit is evaluated by the RMS (Root Mean Squares error) of
the residuals calculated from the estimated orbit parameters. The overall RMS of orbit error during March 2009 was 5.2
mm, and there are no specific patterns in the absolute orbit error depending on the satellite types and the directions of
coordinate frame. The SRP model used in this study includes only the direct and once-per-revolution terms. Therefore
there is errant behavior regarding twice-per-revolution, which needs further investigation.
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