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Artificial intelligence empowering space science

—Case study of space weather

WANG Chi"* LIHui"® LUO Bingxian'® SHEN Fang'? WANG Jingjing'
ZHANG Linggian' YANGYi' ZHAO Dong'
(1 National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;

2 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China;

3 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract Space science is currently confronted with a triple challenge: the explosive growth of observational data, the strongly
coupled cross-scale nature of physical processes, and the increasingly urgent national strategic demands. The limitations of traditional
research paradigms in analytical efficiency, forecast accuracy, and autonomous capability hinder their effectiveness in meeting critical
requirements such as safeguarding on-orbit satellites and ensuring the successful execution of major space missions. This study
proposes a three-layer “perception—cognition—decision-making” architecture for intelligent space science. Taking space weather—a
domain with strong operational relevance—as a representative case, the four-dimensional paradigm transformation driven by artificial
intelligence is systematically examined across key directions, including physics-constrained modeling, explainable causal inference,
autonomous agent applications, and satellite — ground collaborative observation. The profound scientific and technical challenges
confronting the intelligent transformation and strategic initiatives are further explored for the holistic advancement of space science.
This work aims to provide actionable technical pathways and policy frameworks for China to seize the initiative and achieve leadership
in the global race of intelligent space science.
Keywords space science, artificial intelligence, research paradigm, space weather
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