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Research on Intelligent Construction and Digital Twin Collaborative Optimization Technology for
Water Conservancy Hub Projects
Xinchen Zhang Wei Lin
Jiangxi Institute of Applied Science and Technology

[Abstract] Addressing three major challenges in water conservancy hub projects—including low efficiency in
multi—source heterogeneous data fusion, significant synchronization delays in entity—twin mapping, and
pronounced conflicts in multi—objective construction coordination—the study investigates key technologies for
digital twin—based collaborative optimization. Leveraging an integrated monitoring and sensing system covering
aerial, ground, and hydraulic dimensions, the research proposes a lossless multi—source heterogeneous data
integration method combined with quadtree LOD dynamic scheduling, establishing a virtual—real synchronous
mapping engine. Experimental validation using field data from the diversion tunnel project at the Huanghe
Guxian Water Conservancy Hub demonstrated that the data fusion engine significantly reduces synchronization
latency and memory consumption while effectively controlling construction schedule deviations. The developed
multi—objective optimization model for progress—quality—safety coordination achieves notable project schedule
compression, elevates quality acceptance rates to high levels, and substantially improves safety early—warning
lead times. This study provides technical references for developing intelligent digital twin systems for water
conservancy hub construction.
[Key words] water conservancy hub; digital twin; multi—source heterogeneous data fusion; collaborative

optimization; synchronous mapping
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