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Abstract

In recent decades, the increasing number of objects in Earth’s orbit has raised significant safety con-
cerns for spacecraft operations. Particularly in Low Earth Orbit (LEO), missions are experiencing a
rise in maneuver frequency to maintain safety and operational continuity, mitigating the risk of collid-
ing with hazardous objects. In this framework, it is crucial to design, develop and maintain tools to
compute fuel-efficient Collision Avoidance Maneuvers (CAMs) in order to aid operators’ tasks while grad-
ually minimizing the need for human intervention and advancing towards autonomy. Recent research
efforts by the authors have focused on computing fuel-optimal CAMs using convex optimization. The
dual objective is to minimize overall fuel consumption while respecting safety conditions based on the
probability of collision reduction. Specifically, the approach combines sequential convex programming,
second-order cone programming, and differential algebra to approximate the non-convex optimal control
problem progressively. While the algorithm has been adapted to address different CAM design scenarios,
including short-term, long-term, multiple and repeating encounters, as well as conjunctions taking place
during continuously propelled orbit transfers, it lacks direct applicability to an ongoing mission. Thus,
the objective of this study is to validate the algorithm in the context of a real mission, incorporating oper-
ational constraints that are specifically tailored for the US-German joint close-formation mission Gravity
Recovery and Climate Experiment -Follow-On (GRACE-FO), operated by the German Space Operations
Center (GSOC) of DLR. The mission, which consists of two twin spacecrafts orbiting in formation with
an average along-track distance of 200 km, represents an ideal testbench for the CAM optimizer. The
previously established methodology is in fact improved by including station visibility constraints that
dictate the timing of manoeuvre uploads to the spacecraft, thereby limiting its execution time. Addition-
ally, constraints on the target relative orbital elements are considered to facilitate formation reacquisition
post-manoeuvre. The CAM design ensures that the drift in relative distance along the tangential di-
rection meets the mission requirements outlined by the on-board scientific experiment. Moreover, the
issue of resonance altitude bands for repeating ground tracks is addressed, with the optimizer producing
maneuvers that adhere to these constraints. The optimizer’s output is tested and validated against actual
CAMs executed throughout the mission’s duration, achieving enhanced fuel efficiency in terms of Delta-
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V, maneuver timing, and risk reduction with respect to the maneuvers implemented by the GRACE-FO
Flight Dynamics operators. Moreover, the optimizer’s computational time significantly outperforms the
time typically taken by operators to implement CAM strategies.
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