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Abstract

Magnetorquer-based attitude control provides a low-mass, power-efficient, and highly reliable solution
for nanosatellites, as well as a backup option in the event of primary attitude control system failures.
However, its inherent underactuation and time-varying controllability pose significant challenges for con-
ventional control design. The control torque generated by magnetorquers is always perpendicular to the
geomagnetic field vector, resulting in nonlinear, orbit-dependent dynamics that complicate stabilization
and tracking objectives. This work focuses on the development of a backup attitude control solution
for a microsatellite solar observer operating in low Earth orbit (LEO). When only magnetic actuation is
employed, the linearized attitude dynamics result in a linear periodic time-varying system, where the pe-
riodic variations arise from the Earth’s magnetic field. This paper investigates the possibility of deriving
a simpler linear model by averaging the linearized dynamics over one orbital period and applying a linear
quadratic regulator (LQR) to achieve stable and real-time attitude control. To further enhance control
performance and robustness in the presence of the real geomagnetic environment, the baseline LQR con-
troller is augmented with a deep neural network trained via reinforcement learning (RL). The control
problem is formulated as a continuous control task in which, at each control cycle, the RL agent observes
the attitude error, angular velocity, and local geomagnetic field measurements, and adjusts the parameters
of the LQR control law that commands the tri-axial magnetorquers, subject to actuator constraints. The
reward function is designed to balance attitude error minimization and control energy expenditure. The
RL agent is trained using the full nonlinear attitude dynamics coupled with a high-fidelity geomagnetic
field model (CHAOS). As a result, while the baseline controller is designed using a classical, reliable,
and computationally efficient approach, the actuation strategy benefits from the neural network’s learned
representation of the high-fidelity environmental dynamics, leading to improved attitude accuracy and
robustness. Simulation results demonstrate that the learned policy achieves reliable steady-state stabi-
lization. These findings suggest that the proposed method offers a promising data-driven-enhanced alter-
native for fully magnetic spacecraft attitude control, particularly for resource-constrained small satellite
platforms.
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