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Abstract

When a spacecraft operating in cislunar space possesses a continuous-thrust propulsion system, the
trajectory design process becomes substantially more complex. Traditionally, trajectory design within
multi-body systems has relied on fundamental solutions, computed via dynamical systems theory, in low-
fidelity models to support manual initial guess construction. However, in the presence of an additional
acceleration with an evolving direction and/or magnitude, motion is no longer governed by fundamental
solutions. Accordingly, these existing approaches offer limited support for designing and predicting thrust-
enabled trajectories.

In recent years, Smith and Bosanac have introduced a motion primitive approach to spacecraft tra-
jectory design within multi-body gravitational systems. This work has since been substantially extended
by Miceli, Bosanac, Stuart, Alibay, and Karimi as well as Gillespie, Miceli, and Bosanac. Consistent
with their use in robotics, motion primitives supply building blocks of motion that can be assembled
to form complex paths. When applied to spacecraft trajectory design, a set of arcs are sampled from
trajectories with various predefined behaviors or parameters. These arcs are clustered based on geometric
similarity. A single representative member of each cluster then serves as the motion primitive; behavioral
motion primitives also encode the associated behaviors and parameters. A motion primitive graph is con-
structed to capture the sequential composability of pairs of these primitives. This graph is then searched
to generate unique primitive sequences that supply an array of geometrically distinct initial guesses. This
approach has previously supported rapidly designing complex trajectories with impulsive maneuvers and
exploring the associated trajectory trade space in the Earth-Moon and Neptune-Triton systems.

This paper focuses on using this motion primitive approach to design spatial, thrust-enabled trajec-
tories in cislunar space and explore the associated trajectory trade spaces. First, a library of behavioral
motion primitives will summarize motion with various spacecraft masses, propulsion systems, and be-
haviors in the Earth-Moon circular restricted three-body problem. Then, a motion primitive graph will
be constructed and searched to automatically generate a variety of geometrically distinct trajectories be-
tween selected pairs of initial and target orbits. Specifically, thrust-enabled trajectories will be generated
for various spacecraft and propulsion systems between libration point orbits and Moon-centered orbits.
The geometry, propellant mass usage, and flight times of these trajectories will be analyzed to support
exploring the associated trade spaces for thrust-enabled spacecraft operating in cislunar space.
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