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Abstract

Near-Earth Objects (NEOs) are attractive targets for space exploration due to their accessibility,
scientific relevance, and availability of resources related to their composition. However, systematic ap-
proaches for designing low-energy tours of multiple NEOs remain limited, particularly when combined
with low-thrust propulsion. With the prospect of future in-situ exploration of NEQOs, precursory mis-
sions aimed at visiting and detecting some fundamental physical properties of multiple objects are of
clear interest. This work presents a trajectory design framework that combines the Sun—Earth circular
restricted three-body problem with heliocentric two-body dynamics to identify low-energy direct trans-
fers from Earth, for the purpose of visiting as many NEOs as possible with the use of a single probe.
Earth departure occurs through three-body invariant manifolds and transit orbits associated with the
Sun—Earth libration points L1 and L2, which naturally inject the spacecraft into heliocentric space with
modest propellant consumption. The overall trajectory architecture exploits heliocentric paths featuring
multiple revolutions, designed to accommodate several NEO encounters. Individual transfer arcs, con-
necting either Earth to the first NEO or two subsequent NEOs, are designed to remain relatively short,
without completing a single revolution, by constraining the time interval between succeeding encounters
along the tour. In contrast to rendezvous missions, the spacecraft only performs close flybys without
proximity operations, and this eliminates the stay time as a mission parameter, while allowing the rapid
sequencing of encounters. For the purpose of efficient preliminary mission design, impulsive maneuvers are
initially employed to explore a large variety of solutions. Then, impulsive velocity changes are translated
into continuous low-thrust arcs, using solar electric propulsion to reduce propellant consumption. This
methodology leads to the systematic generation of low-energy NEO tours characterized by low launch
cost, reduced propellant requirements, and enhanced mission flexibility, providing a scalable alternative
to conventional patched-conics approaches for preliminary multi-target NEO exploration. This study
considerably expands the previous research focused on single-NEO rendezvous and round-trip missions.
A new, distinct scenario is introduced that incorporates multi-flyby tours of NEOs, thus consolidating
low-energy rendezvous, round-trip and multi-target NEO mission architectures in a unified framework.
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