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Abstract

As one of the three modules of China’s space station, the Wentian module is China’s first manned
spacecraft module dedicated to conducting space science experiments and serves as a vital component
of China’s space laboratory. Primarily dedicated to space life science research, the Wentian module is
equipped with specialized racks including Life Ecology Research Rack, Biotechnology Research Rack,
Varying Gravity Research Rack, Glovebox and Cold Storage Rack. Each rack functions as a “mini”
space laboratory, supporting single-discipline or interdisciplinary space science experiments. Space sci-
ence experiments are fraught with risks and uncertainties. Beyond the inherent unknowns of scientific
exploration, experimental apparatus may also experience anomalies or failures. To ensure the smooth
execution of life science experiments in Wentian, this paper designs a reliable fault diagnosis and decision-
making system based on Knowledge Graph and Large Language Model(LLM), tailored to life science
experimental scenarios. This approach overcomes the limitations of traditional expert systems, such as
poor interactivity and difficulties in knowledge updating. The research team integrated multi-source het-
erogeneous data, employing methods like time alignment and histogram clustering to extract features
from dynamic telemetry and engineering data of the racks. This data was then fused with static expert
rule knowledge for structured representation. Aligning with the life science experiment workflow to de-
sign the knowledge graph, standardized triples were generated through entity alignment and knowledge
fusion. Building upon this foundation, the system integrates LLM for knowledge-enhanced retrieval and
chain-of-reasoning inference, optimizing diagnostics and decision-making while generating interpretable
explanations. In simulation, the system design achieved high diagnosis reasoning accuracy and its inter-
pretability can assist decision-making more quicklywhich demonstrates the complementary strengths of
knowledge graph and LLM reasoning capabilities. It can be concluded that it is a viable pathway for



space science experiments.



