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Abstract

Asteroids are irregularly shaped bodies whose gravity fields are complex and often poorly characterised,
making close-proximity operations inherently challenging. Binary asteroid systems introduce additional
complexity through their three-body gravitational environment, but recent and upcoming missions such
as DART and Hera highlight the growing interest in their exploration. Hera, in particular, will deploy
CubeSat companions for close-range science, demonstrating the viability of small spacecraft for these
operations. The use of SmallSats reduces operational risk to the parent mission while enabling detailed
observation, though their limited propellant budgets demand trajectory designs that maximise science
return with minimal active control. The three-body dynamics of binary systems offer a natural advantage:
their collinear equilibrium points lie close to the surfaces of both bodies, and the invariant manifolds of
periodic orbits around these points enable low-energy transfers between them. In this work, we design tour
trajectories exploiting this dynamical structure and assess their operational feasibility for two objectives:
surface imaging and landing.

A novel tour approach is proposed in this work, constructed within the Planar Circular Restricted
Three-Body Problem (PCR3BP) by chaining connections between planar Lyapunov orbits around L1,
L2, and L3 through transfers along their stable and unstable manifolds, using the Jacobi constant as the
design parameter. The framework is applied to the Didymos system, target of the Hera mission. Surface
visibility is evaluated by mapping ground sample distance and coverage achievable with representative
CubeSat imaging hardware. For landing, two mechanisms are considered. The first one involves direct
impacts along manifold trajectories departing from periodic orbits, requiring no active control. The second
one involves an impulsive manoeuvre from a tour arc to initiate ballistic vertical descents to the surface.

Tour trajectories connecting the three collinear Lagrange points achieve full longitudinal coverage of
both bodies, with ground sample distances in the decimetre range, lacking polar coverage due to their
planar nature. Both landing mechanisms yield impact velocities on the order of 10 cm/s to 1 m/s along
the equator of both bodies. These low-velocity touchdowns can serve as end-of-mission manoeuvres,
extending science return through surface measurements. These results demonstrate that manifold-based
tours provide a general operational framework for binary asteroid exploration, addressing observation,
navigation, and landing within a single trajectory architecture. The underlying dynamical principles are
also applicable to other multi-body environments such as the Jovian moons, where analogous tour designs
could support future exploration campaigns.
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