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Onboard Real-time Estimation of Mean Orbital Elements with Atmospheric Drag
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Abstract
mation method is used to estimate the mean orbital elements with the effects of atmospheric drag and the gravitational

To solve the problem of mean orbital elements calculation for long-term autonomous missions, a filter esti-

potential of zonal harmonics. The effects of atmospheric drag are analyzed by virtue of analytical orbital mechanics with
the spherical exponential model of atmospheric density. The general formulas are derived for the rates of change of mean
orbital elements perturbed by gravitational potential zonal harmonics. The state equations and measurement equations
are established to treat the mean orbital elements as state variables and the osculating orbital elements as measurements.
The distribution of the measurement noise is analyzed. In this estimator, the spherical simplex sigma-point selection and
the square root form of unscented Kalman filter (UKF) are fused for less computational cost and better numerical stability
on-board. Numerical simulations are performed to demonstrate the viability of the proposed method. Comparison with
another approach shows that the proposed one can estimate mean orbital elements on-board for a real-time and long-term

mission and can offer a higher accuracy.
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