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Abstract

In response to the defense requirements posed by potentially hazardous near-Earth asteroids (NEAs),
the kinetic impactor method is widely regarded as one of the most practically feasible deflection techniques
due to its relatively mature technological readiness and comparatively simple system architecture. Existing
studies mainly focus on single large-mass impactor missions. However, such approaches exhibit strong
dependence on launch capability, are constrained by limited launch and arrival windows, and involve
significant single-point failure risks, which limits their scalability and long-term sustainability in asteroid
defense architectures.

This paper proposes a cooperative kinetic impact mission architecture composed of 3–8 homoge-
neous low-thrust spacecraft. Each spacecraft employs continuous electric propulsion to perform multi-
revolution, gradually evolving transfers and satisfies a unified terminal impact window constraint at the
target, enabling near-simultaneous or sequential impacts. For single-spacecraft trajectory design, the
multi-revolution transfer trajectory is first parameterized using a Finite Fourier Series (FFS) shape-based
method, which rapidly generates feasible trajectories satisfying boundary conditions and impact window
constraints. Subsequently, a fuel-optimal control model based on the Pontryagin’s Maximum Principle is
constructed, and a multiple shooting method is employed to strictly enforce terminal impact constraints,
thereby obtaining high-fidelity optimal solutions. Furthermore, considering the strong coupling character-
istics of impact solutions under planetary gravity assist conditions and the homogeneity of the spacecraft,
an auction algorithm is introduced to efficiently determine optimal sequence assignments. Candidate
transfer sequences are first evaluated through cost assessment, and the auction mechanism is then used to
solve the minimum total-cost matching problem, enabling optimal allocation among multiple spacecraft
while resolving potential conflicts in trajectory sequences.

Taking the publicly proposed candidate target 2015 XF261 for China’s first near-Earth asteroid defense
mission as a case study, comparative simulations are conducted between a single large-mass impactor and
cooperative impact scenarios involving different numbers of homogeneous low-thrust spacecraft. The
results indicate that, under terminal impact and timing constraints, cooperative multi-spacecraft impacts
can achieve a deflection effect comparable to that of a single large-mass impactor. Moreover, the multi-
spacecraft architecture demonstrates greater adaptability to uncertainties such as spacecraft failures and
launch window variations, although this advantage is achieved at the expense of longer transfer durations
and increased mission timeline coordination complexity. The proposed method provides technical support
and reference for future phased and multi-spacecraft asteroid defense missions.
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