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Research on the Construction of an Innovation-Driven Curriculum System for
Spacecraft System Navigation and Estimation — An Engineering Education
Paradigm Reconstruction Based on “Integration of Science and Education,
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University—Industry Collaboration, and Virtual-Real Synergy”

Gao Al, Xu Rui, Shang Haibin, Zhu Shengying
School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081

In response to the urgent demand of China’ s deep-space exploration missions for enhanced
autonomous navigation capabilities of spacecraft, this study explores the construction pathway of
an innovation—driven curriculum system based on the latest advances in navigation and estimation
technologies. By restructuring the engineering education paradigm through the integration of science
and education, university—industry collaboration, and the combination of virtual and physical
resources, a novel curriculum system oriented toward spacecraft navigation systems is established.
This system closely aligns disciplinary frontiers, engineering practice tasks, and industrial demands,
with a focus on cultivating students’ innovation capability, engineering practice competence, and
self-directed learning ability. Guided by the Outcome—-Based Education (OBE) framework, a three—
level competency indicator system and a “dual-helix” curriculum structure are developed, enabling
a teaching model that deeply integrates and mutually reinforces theory and practice. Implementation
results demonstrate that the proposed curriculum system has achieved significant outcomes in
competency development, course quality, and educational resource construction, and exhibits strong
potential for broader dissemination. Finally, future development directions under the guidance of
intelligent technologies and digital twin concepts are discussed.
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