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Abstract

Operating long-duration deep-space missions creates operational conditions that are markedly different
than those typical of low earth orbit (LEO) activities. This is due, in part, to significant communication
delays, limited bandwidth, and decreased real-time ground intervention. As we look to future missions
beyond the cis-lunar space (such as to Mars) and potentially onto sustained operations on the lunar
surface, more and more crews and onboard systems will need to operate autonomously at greater levels of
performance. The traditional model for knowledge management that relies on centrally-based knowledge
management systems supported with continuing ground support and static databases will not be able to
meet the requirements for operating under these constraints.

This paper presents a new way of making decisions in deep space missions which can experience exten-
sive times of communication delay between Earth and the crew (e.g., hundreds of minutes). Since crews
operating in this environment must make decisions autonomously (because they cannot rely on immedi-
ate assistance from Earth), we have created an Autonomous Multi-Agent Knowledge System (AMAKS).
AMAKS consists of multiple autonomous decision-making agents that collectively provide the capabilities
for supporting the decision-making process. For example, one agent will search the onboard documen-
tation and retrieve technical data, one agent will assist in interpreting the details of anomalies and will
provide probable causes for the anomaly, one agent will provide the crew with possible strategies for
responding to the anomaly, and one agent will provide the crew with a contextual memory that evolves as
the mission progresses. By coordinating these autonomous decision-making agents within a delay-tolerant
operational framework, the AMAKS will support more resilient and independent decision-making without
the requirement for continuous reliance on ground control.

The proof-of-concept simulation utilized historical deep-space missions at NASA with actual opera-
tional data included for both types of missions. Communication delay times were set at approximately
20 minutes (to simulate realistic deep-space conditions). The simulation demonstrated that, despite
very few communications being exchanged with the ground, the system was still able to support faster
decision-making and more consistent handling of anomalies. The overall evidence indicated that using a
distributed/multi-agent approach to support greater resilience in the missions and reduce the amount of
work a crew has to do may provide real advantages to future NASA efforts (e.g., the Artemis program
and planned Mars missions).
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