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Propellant—free formation flying using space environmental forces such as aerodynamic force and solar
radiation pressure offers significant benefits in terms of system simplification and mission life
extension. Formation is controlled by appropriately changing the attitude and shape of the satellite to
generate the desired control acceleration. For this purpose, it is essential to model space environmental
forces corresponding to these satellite states. Conventional formation control methods using space
environmental forces rely on models that ignore self—-shadowing caused by, for example, solar array paddles.
The gap between modeled and actual forces can degrade control performance.

To solve this problem, we propose a novel modeling method for space environmental forces that takes
into account self-shadowing for nonconvex satellites and a formation control law based on the model. The
self-shadowing effect is estimated at low computational cost by a neural network that imitates ray—tracing
analysis. The relative orbit between satellites is controlled by feedback acceleration on the mean orbital
element error. Since the space environmental forces used for orbit control are small, we design the feedback
gains to automatically prioritize the controlled components with high control efficiency in the
controllable subspace of the mean orbit elements, which varies dynamically with the orbit phase. For the
calculation of the satellite state, we derive an optimization problem to obtain a solution that not only
generates the required acceleration, but also improves controllability under various mechanical
constraints.

Numerical simulation results for formation establishment and maintenance show the effectiveness of
the proposed method and the importance of considering the self-shadowing. Moreover, the results of a
comprehensive investigation using ametric on the possibility of canceling perturbations that cause secular
drift in relative orbit clarify the conditions on orbit altitude, orbital plane, etc. necessary for stable
formation flying.
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