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Abstract

Reconstruction of dynamical parameters is one of the main challenges faced
in the on-orbit servicing missions for defunct spacecraft. And the quater-
nion plays a major role in parameterizations of the dynamical model. In
this paper, the analytical solution of the quaternion differential equations
of a tumbling symmetrical object is derived. Given this solution, a constant
state filter is proposed for inertial characteristics estimation and attitude pre-
diction of tumbling spacecraft. The key idea of the present filter is to replace
dynamic variables by the undetermined constant parameters of the analyti-
cal solution. These parameters are estimated during the filtering process and
then used to calculate the dynamic variables of the spacecraft. Furthermore,
they are also utilized to determine the inertial characteristics and predict
the future attitude motions. Compared with traditional EKFs, the constant
state filter shows good performance when the measurement sampling interval
is large or a priori estimation of the state is unavailable, because the dynamic
model and observation model are transformed into approximate linear forms
by utilizing the constant state vector. Numerical simulations verify the con-
vergence and precision of the proposed filter.
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