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FROM TRAVERSE TO FETCH: DEMONSTRATING END-TO-END SFR OPERATIONS WITH A
SAMPLE TUBE ACQUISITION SUBSYSTEM

Abstract

The Mars Sample Return (MSR) campaign constituted a complex, long-term operation aiming at
returning samples from the surface of the red planet. As part of this campaign, the Sample Fetch Rover
(SFR) was conceived as a European contingency to NASA’s Perseverance rover to fetch and deliver a
subset of these samples to the Sample Retrieval Lander. Although this concept was de-scoped, it served
to develop, demonstrate and validate autonomous object detection, pickup and stow operations for future
planetary missions, hence, valuable technology was created beyond MSR.
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The Integrated BreadBoard 4 (IBB4) was the culmination of a series of field trials, with the objective
of demonstrating European technologies in the context of a Mars Sample Fetch mission. This reference
mission provided an inspiration for the use cases and concept of operations, both of which were well
explored and exercised. Furthermore, the trials provided an excellent opportunity for trans-European
collaboration between partners, customer and institutional stakeholders throughout the preparation and
execution of the trials.

The use cases are based on SFR mission scenarios: demonstration of the autonomous fetching of
Returnable Sample Tube Assemblies (RSTAs) in a depot. The nominal case is when the rover succeeds in
picking up several RSTAs without operator intervention, demonstrating the capability to autonomously:
drive to the precise RSTA locations aided by Absolute Global Localisation; detect the tubes with stereo
cameras; and perform pickup and stow sequences using a robotic arm.

During IBB4, a depot transition was attempted, an operational concept proposed for SFR and the
results were a resoundingly positive endorsement of this concept. The operator successfully estimated
the rover’s position and heading without a priori knowledge, providing sufficient precision to switch from
Traverse to Depot operations.

This success was the ultimate stretch goal, delivering an end-to-end mission scenario where the system
was run from Long Range Traverse (with exaggerated position knowledge drift, injecting errors similar
to a multi-kilometre mission traverse), through depot transition and then on to fetch operations. This
ambitious test was completed successfully, marking a highlight in the IBB4 story. It was the first of its
kind to achieve full operation in the system intended for path to flight.

This paper will present an overview of the RSTA Acquisition Subsystem (RAS), including results from
the IBB4 field testing that took place in September 2024 at a local silica sand quarry, which offered a
variety of terrains to cover a breadth of test scenarios.
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