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A Review of Intelligent Recognition and Emergency Response of

Small and Medium-sized Hydraulic Structures' Diseases in the
Context of Digital Twin Water Conservancy

Xin Hao Zheng !, Bo Yuan Lin ! and Cheng Nuo Wang *
! North China University of Water Resources and Electric Power, Zhengzhou, China 450046

Abstract In the field of water conservancy project safety management and digital
twin water conservancy research, the research context, technical shortcomings and
development directions of intelligent identification and emergency response for small
and medium-sized water conservancy structures have not yet been systematically
sorted out, which restricts the large-scale application of intelligent management and
maintenance technologies. Conducting a systematic review in this field is of
significant academic and practical importance for promoting the construction of
digital twin water conservancy and ensuring the safe operation of grassroots water
conservancy projects. This study takes the theory of water conservancy project safety
management as the analytical framework and adopts the systematic literature review
method. The data sources cover 25 core journal papers, industry standards and official
technical reports in four major research directions in this field at home and abroad. It
focuses on four core dimensions: intelligent disease identification, emergency
response system, water conservancy knowledge system, and digital twin integration,
to sort out the progress of technology research and engineering application, compare
the distinctive features of domestic and foreign research, and systematically analyze
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the common shortcomings of existing research. The study finds that foreign research has
significant advantages in high-precision disease identification technology, standardized
emergency response systems, and the full life cycle application of digital twins, with on-site
identification accuracy generally reaching over 90%. Domestic research focuses on
lightweight technology, local adaptation, and low-cost development, forming characteristic
achievements suitable for grassroots scenarios. At the same time, it is clear that existing
research has four core shortcomings: disconnection between software and hardware
technologies, insufficient industry adaptability, lagging knowledge system construction, and
insufficient depth of digital twin integration. This study systematically constructs the
research context of this field, predicts the future development trends of four core
technologies, fills the gap in systematic review research on intelligent management and
maintenance of small and medium-sized water conservancy structures under the
background of digital twins, and can provide systematic academic references for related
academic research and engineering implementation. It also provides a research reference for
the interdisciplinary integration of water conservancy projects with artificial intelligence
and digital twin technologies.

Keywords: Digital Twin Water Conservancy; Small and Medium-sized Water
Conservancy Structures; Intelligent Disease Identification; Emergency Response;
Knowledge System
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