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Full Lifecycle Data Foundation Construction in Rail Transit Under Digital Twin and Data
Governance Background: A Case Study of Shanghai City, China
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Abstract: Under the strategic background of constructing smart cities and strengthening the transportation sector, the digital transformation of
rail transit systems in megacity faces core challenges such as a fragmented data landscape and difficulties in cross-phase business collaboration
throughout the full lifecycle. Integrating theories of digital twin and data governance, we constructed a three-layer theoretical model of
“concept-framework-implementation ”, and proposed a methodology for constructing a rail transit data foundation characterized by * full
spatio-temporal scope, comprehensive element coverage, and full lifecycle integration” . Taking Shanghai’s rail transit system as a case study, we
systematically elaborated on key technical pathways, including the establishment of a unified spatio-temporal reference framework, the integration of
multi-source heterogeneous data, the construction of a semantic knowledge graph, and the encapsulation of dynamic services. Practice has shown
that this data foundation effectively bridges the planning, design, construction, operation and maintenance stages, delivering significant results
in scenarios such as scientific site selection, proactive construction risk warning, and predictive asset maintenance, and enhances management
efficiency and transforms decision-making models. This research not only provides a replicable, systematic solution for the digitalization of
complex infrastructure in megacities, but also offers a practical exemplar for expanding the theoretical depth of digital twin applications in the
field of engineering management.
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