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Image-based terrain relative navigation is a critical capability for future lunar ex-
ploration missions. Images of the lunar surface containing craters can be compared
to on-board maps to identify craters and estimate the spacecraft position. While
there are many ways to accomplish the crater identification task, this work explores
a method using triangulation and crater triangle pattern projections. Specifically, po-
tential matching crater patterns from the catalog and image are used to triangulate
the spacecraft position, allowing for construction of line-of-sight directions to the
potential matching catalog craters. The projection of these directions in the image
can be compared to the observed craters to accept or reject the match hypothesis.
In this paper, we demonstrate the algorithm’s capability in handling various types
of input errors and what tolerances can be tuned to achieve a desired performance.
Additionally, an initial look at flight software implementation is included.

INTRODUCTION

New lunar exploration missions with challenging navigation requirements have created a need
for new terrain relative navigation (TRN) algorithms. Recent work in this area has considered a
variety of approaches, including visual odometry' and landmark matching (e.g., computer vision
features,?3 SPC maplets,4 craterss’6). In this work we consider the problem of crater-based TRN,
focusing specifically on the task of autonomous crater identification.

Our work in this area is motivated by the needs of the Intuitive Machines’ Nova-C lander (Fig. 1),
which we anticipate will require crater-based navigation capability beginning with the IM-2 mission
planned for 2024. The IM-2 mission will be Intuitive Machines second lunar payload vehicle. One
of IM-2’s primary payloads will be PRIME-1, whose objective is to search for water, CO5, and other
compounds on the Moon. NASA, the owner of PRIME-1, has identified areas of high probability for
water at the Moon’s south pole. The desired landing sites are treacherous, with only narrow regions
where it is possible for a vehicle to land and perform operations. Because of this, IM-2 must land
within 50 meters of its intended landing site (ILS). To achieve this precise landing requirement,
IM-2 will have two measurements to observe its position relative to the terrain: line-of-sight (LOS)
measurements to crater centers and a LIDAR-based terrain matching measurement. The resulting
measurements will be passed to the vehicle’s onboard filter for real-time state estimation.
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