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Abstract

Unmanned On-Orbit Servicing (OOS) has emerged as a critical research focus for extending spacecraft
operational lifespans. A persistent challenge in OOS is the unavailability of prior knowledge regarding
system inertial parameters, particularly during the capture of non-cooperative targets or the repair of
damaged spacecraft. Such uncertainty significantly complicates takeover mission. To address this, a
data-driven takeover control method for unknown spacecraft is proposed. This approach bypasses tradi-
tional system identification by directly mapping measurement data to controller design via an end-to-end
framework. The core of the methodology relies on Persistently Exciting (PE) control sequences, ensuring
that the composite matrix formed by column-wise stacking of control sequences and state responses main-
tains full row rank. It is theoretically demonstrated that the minimum required sequence length of input
is equivalent to the sum of the system’s state and input dimensions, thereby facilitating rapid deploy-
ment in time-critical missions. Building upon this data foundation, the closed-loop pole configuration is
achieved through equivalent model-free linear matrix inequality constraints, ensuring the desired dynamic
response without explicit knowledge of system parameters. Notably, the resulting pole placement con-
figuration demonstrates identical regional characteristics to those achieved through precise model-based
approaches. The methodology further incorporates complex orbital constraints, including actuator sat-
uration and external disturbance attenuation. By integrating H-infinity performance specifications, the
attraction region of the system is estimated using historical datasets, guaranteeing asymptotic stability
despite input saturation. This joint constraint handling ensures two key properties: 1) Initial states
within the estimated attraction domain converge to equilibrium points despite input saturation; 2) Pre-
scribed disturbance attenuation levels are maintained through H-infinity constraints. Furthermore, a
critical advantage of this methodology is that it eliminates the strict requirement for precise actuator
configurations and sensor alignment. This capability is particularly critical in post-capture scenarios
where the combined system’s geometry undergoes unpredictable changes. This guarantees that accu-
rate closed-loop pole placement remains achievable even when the geometric alignment of actuators and
sensors relative to the body-fixed frame is unknown. Therefore, the method guarantees system stability
through direct data-driven constraint formulations, effectively handling the structural uncertainties inher-
ent in takeover missions. Simulations and physical experiments conducted on an air-bearing microgravity
platform validate the proposed scheme. The tests focus on an attitude takeover scenario involving a
service spacecraft capturing a non-cooperative target, forming a combination with unknown parameters.
Compared with traditional identification-based approaches, the proposed strategy significantly reduces
energy consumption and enhances control precision, effectively resolving takeover challenges under high
parametric uncertainty.



