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Abstract

The full lifecycle management of highway electromechanical systems faces dual challenges of technological upgrades and
cost optimization. This study analyzes key technical management aspects across three phases—planning/design, construction
implementation, and operation/maintenance—and proposes a BIM-based digital collaborative management approach. A closed-loop
optimization system covering equipment condition monitoring, fault prediction, and cost evaluation has been established. Research
findings demonstrate that standardized design reduces retrofit costs by over 15%, the Dynamic Vendor Evaluation System (QCDS)
decreases procurement risks by 30%, and preventive maintenance strategies based on the Weibull distribution cut operational
expenditures by 20%. Furthermore, energy consumption simulation and equipment lifespan prediction through digital twin
technology provide a technically reliable and economically viable solution for smart highway development.
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