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Abstract

This talk conducts research on the integration of human-machine hybrid intelligent perception,
decision-making and execution for manned spaceflight, targeting diverse and complex mission
scenarios including space station on-orbit rendezvous and docking, manned lunar flight, and lunar
base operation and construction. A closed-loop human-machine collaborative intelligent system
suitable for multi-scenario space-earth missions is established. By integrating multi-modal
information of space motion situation, extreme cislunar environment, equipment operating
conditions and astronauts’ capability status, a global collaborative perception model is constructed.
According to the characteristics of different missions, human-machine authority allocation is
clarified, and a hierarchical hybrid intelligent decision-making mechanism is developed to adapt
to differentiated task requirements, such as precise rendezvous and docking control, complex lunar
surface exploration, and long-term lunar base operation and maintenance. Hierarchical full-link
data transmission and dynamic feedback channels covering perception, decision-making and
execution are realized. Preliminary application results verify that the integrated architecture
effectively improves the accuracy and efficiency of multi-scenario mission execution, reduces
astronauts’ operational burden, and enhances the autonomous fault-tolerance performance of the
system. The research findings can provide technical support for space station on-orbit missions,
manned lunar exploration and sustainable operation of lunar bases, and offer a reference for the
comprehensive intelligent development of manned spaceflight.
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