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Abstract In space-based gravitational wave detection missions such as the Taiji



mission, the spacecraft must maintain a nearly pure geodesic trajectory via the
drag-free control system, with the test masses (TMs) inside the gravitational
reference sensor (GRS) serving as the inertial reference. However, various internal
physical effects—including circuit noise, magnetic noise, and self-gravity—
introduce non-negligible equivalent stiffness. This parasitic stiffness couples with
the relative motion between the TM and the spacecraft, producing acceleration
noise that directly limits the sensitivity of the GRS and threatens the scientific goals.
Therefore, in-orbit estimation and calibration of this stiffness are of paramount
importance. Based on the specific installation layout of the GRS on the satellite for
the Taiji mission, this paper proposes an in-orbit stiffness calibration scheme along
the sensitive axes of the inertial sensor. A dynamic model incorporating stiffness
coupling terms is first derived, capturing the disturbance force as a linear function
of the TM displacement. Specific displacement excitation signals, designed with
appropriate frequency content and amplitude, are then injected into the drag-free
control system to actively excite the system dynamics. The input displacement
excitation and the corresponding stiffness-coupled readout form the data basis for
parameter estimation. A Kalman filter algorithm is subsequently applied to
recursively estimate the stiffness coefficients in the presence of multi-source noise,
including thruster noise, solar radiation pressure noise, interferometer readout noise
and environmental disturbances. Numerical simulations are performed using a
high-fidelity model with realistic noise spectra. The results show that the Kalman
filter converges quickly, and after a 20000-second in-orbit calibration experiment,
the relative estimation errors for test mass 1 and test mass 2 reach 0.489% and
0.454%, respectively, thereby validating the feasibility of the proposed scheme

under simulated realistic noise conditions. It is expected to improve the

measurement accuracy and data quality of the GRS in Taiji, contributing to the

technical foundation required for space-based gravitational wave detection.
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Fig.1 Schematic diagram of degree of freedom allocation.
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