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Abstract

Aerobraking is a proven technique for reducing propellant consumption during spacecraft return to
Earth from Moon by utilizing atmospheric drag at low perigee altitudes (hp ¡ 300km). Since its first
demonstration by the Hiten mission in 1991, aerobraking has been successfully performed in space mis-
sions, at Earth, Venus, and Mars. NASA utilized this technique to slow down the Mars Global Surveyor
(MGS) spacecraft as it approached Mars in 1997. However, with the proliferation of mega-constellations,
space is becoming congested at an unprecedented rate. Starlink-6079 reportedly narrowly avoided a colli-
sion with another satellite shortly after orbital injection on December 13, 2025, with a minimum distance
of only 200 meters. Consequently, the probability of collision during the aero-assisted phase has risen.
Given limited onboard computational power, balancing calculation cost with accuracy is crucial for safe
orbital aero-assisted orbital transfers. This study investigates orbital evolution under atmospheric effects
to propose a rapid prediction method, a two-stage collision screening framework, and a Model Predictive
Control (MPC) avoidance strategy.

First, this study investigates the orbital evolution of spacecraft under atmospheric drag. Using the
Gauss method, orbital perturbation differential equations with the argument of latitude (u) as the in-
dependent variable are established. The evolution patterns of spacecraft under both static atmosphere
and geostrophic wind conditions are derived respectively. The mean orbital element rate method is em-
ployed to rapidly estimate the orbital elements of spacecraft under atmospheric drag. This semi-analytical
method achieves accuracy comparable to numerical simulation. Next, to screen satellites with collision risk
during the atmosphere-assisted deorbit process, a screening method combining geometric coarse screening
and simulation-based fine screening is proposed. The geometric coarse screening considers two scenarios:
one where the spacecraft and the risk satellite are coplanar, and another where they are non-coplanar.
For the coplanar case, the encounter time difference is calculated; for the non-coplanar case, both the
minimum encounter distance and the encounter time difference are calculated. Satellites that do not meet
the geometric conditions are filtered out, and the remaining risk targets proceed to the fine screening
stage. The fine screening employs high-precision orbit simulation to identify the risk satellites that may
cause collisions. Finally, the collision avoidance strategy during aero-assisted deorbit process is studied.
Based on model predictive control, an optimal impulse application scheme for the spacecraft is developed
to ensure that the spacecraft can safely and efficiently utilize atmosphere-assisted maneuvers to lower its
orbit to the target orbit.
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