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Abstract: To clarify the conceptual connotation, key technologies, and development trends of
digital twins for waterways and to promote the transformation and upgrading of inland waterways
towards refined and intelligent management throughout the full lifecycle, a research method
combining bibliometrics and text mining was adopted. Relevant Chinese and English literatures
from 2000 to 2025 were systematically reviewed. The research status and key characteristics of
digital twins in the waterway field were summarized and analyzed, and the definition and related
concepts of waterway digital twins were discriminated and compared. In view of the
characteristics of inland waterway projects, a full lifecycle management paradigm for inland
waterways driven by digital twin technology as the core was established, and the data of the
whole process from waterway design and construction to operation, maintenance, management,
and service were connected. Furthermore, a cross-stage data mapping mechanism based on
engineering breakdown structure (EBS) and a digital twin system architecture for inland
waterways oriented to the full lifecycle were proposed, covering core elements such as data
foundation, basic support platform, algorithm model platform, and application service platform.
The application case of the Pinglu Canal project was introduced. The application status,
challenges, and future development prospects of waterway digital twins were discussed. Research
results show that current waterway digital twins face many challenges, such as the unformed
comprehensive and precise perception system, difficult multi-source data fusion and governance,
insufficient model simulation and interaction capabilities, and insufficient application effectiveness
and intelligence level. In the future, it will develop towards the directions of space-air-ground-
water integrated intelligent perception, full lifecycle management and control, real-time
computing and simulation deduction, Al autonomous decision-making and intelligent control, and
multi-industry integration. Through the construction of digital twin systems and technology
applications, the whole-process construction management and control of waterways and the
transformation of all-round intelligent operation and maintenance business are driven, supporting
the smarter and more efficient transformation and upgrading of waterway management.
Keywords: inland waterway; digital twin; review; smart waterway; data foundation;
development trend
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in recent years (end in July 2025)
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Table 2 Comparison between digital twin waterways and other related waterways
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Fig. 7 Federated digital twin architecture for waterways
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Fig. 8 Architecture for mapping and transmitting full life-cycle data of waterways
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Fig. 9 Architecture of waterway digital twin system for the whole life-cycle
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Table 5 Comparison of waterway digital twin graphics engines
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Table 6 Typical application of digital twin in inland waterways
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Fig. 10 Application ecosystem of waterway digital twin technology
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Fig. 11 Digital twin system architecture of Pinglu Canal
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