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Highlights Graphical Abstract
This paper discusses the application of SPace utilization ecological strategy theoretical analysis
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The paper emphasizes that the ecological
evolution of the system is a complex,
multi-dimensional process with
dynamic interactions at various levels,
reflecting the complexity, vitality, and
innovation of the engineering
ecosystem.

Abstract: The mission objective of China's Manned Space Engineering Space Utilization System is to leverage the application
support capabilities of manned spacecraft to conduct scientific experiments and applied research, driving and leading the leapfrog
development in the field of space science and applications. Since the manned space program was initiated in 199, the
development philosophy of "building spacecraft for the purpose of establishing stations, and establishing stations for utilization"
has been advocated. This paper reviews the development journey of the Space Utilization System through three stages: manned
spacecraft, space laboratory, and space station, and summarizes six strategies for constructing an engineering ecosystem: (1)
Demonstrating capabilities within limited space by building a cluster of multidisciplinary experimental facilities; @) Continuously
selecting and nurturing scientific projects to solidify the foundation of the ecosystem; (3 Achieving a mirror image between
space and Earth to create an integrated experimental support platform; @) Aggregating diverse talents to establish an open
collaboration framework; (5) Adopting a global perspective to actively promote international cooperation; (6) Constructing a data
ecosystem to facilitate open resource sharing. Subsequently, from the theoretical perspective of engineering ecology, the paper
discusses the ecological construction of the Space Application System in four aspects: transitioning from "engineering control" to
"engineering ecological regulation"; deepening the integration of digitalization and intelligence to enhance ecological benefits;
competitive and cooperative interactions for creating a symbiotic balance; and the evolution of engineering ecology from micro,
meso, and macro perspectives. The construction of the engineering ecosystem for the manned space application system aims to
integrate scientific research resources, optimize management processes, and strengthen collaborative innovation, forming an
efficient, open, and sustainable ecological environment. Guiding system design with an ecological mindset not only focuses on
the independent performance of each module but also emphasizes their interactivity and symbiosis within the overall ecosystem,
thereby maximizing resource utilization and system efficiency, and accelerating scientific discoveries and technological
innovations.

Keywords: China Manned Space; Space Utilization System; engineering ecology; ecological evolution



