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CONNECTING A DIRECT TRANSFER TO A LOW ENERGY TRANSFER VIA LUNAR FLYBY

Abstract

ispace, a global lunar resource development company with the vision, “Expand our planet. Expand
our future.”, specializes in designing and building lunar landers and rovers. ispace aims to extend the
sphere of human life into space and create a sustainable world by providing high-frequency, low-cost
transportation services to the Moon.

As part of that vision, SMBC x HAKUTO-R Venture Moon Mission 2 was launched in January 2025,
on a SpaceX Falcon 9 rocket also carrying Firefly’s Blue Ghost M1. The RESILIENCE lunar lander is
part of ispace’s Series 1 program, which was designed for a Low Energy Transfer (LET) to the Moon. To
meet launch constraints, which called for a Direct Transfer (DT), ispace’s Mission Analysis and Flight
Dynamics team designed a trajectory using a lunar flyby to link the DT to the LET.

This paper will describe the process followed to design and navigate such a mission, and the challenges
encountered.

The trajectory design was an iterative multi-step process. First, we constructed a database of forwarded
propagated trajectories compatible with the flyby epoch, and another database of backward propagated
trajectories compatible with landing at the target location on the lunar surface and illumination condi-
tions. Then, we searched for intersections between both databases using machine learning techniques to
identify candidate trajectories. Finally, these candidates were adjusted using a non-linear optimizer tool,
to connect with the launch conditions for each day of the launch window. Several contingency scenarios
were analyzed to define a corridor of acceptable error at the flyby compatible with the mission delta-v
budget.

After launch, maneuvers were optimized together as part of a chain, ultimately targeting the flyby B-Plane
coordinates and v-infinity vector: these coordinates were monitored after every Orbit Determination ac-
tivity to ensure the evolution of the uncertainty projected onto the B-Plane was within the navigation
corridor defined during the design phase. Subsequent Maneuver Planning (MP) activities re-optimized
the downstream sequence of maneuvers to minimize any potential deviations, while keeping the mission
delta-v within its budget.
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Finally, during the flyby, two different ground stations were scheduled to reduce the uncertainty of the
OD solution and plan a post flyby correction maneuver. To point its cameras to the Moon, the lander
kept a Moon-pointing attitude for two hours, which required additional Reaction Control System firings
that made the OD convergence more challenging.
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