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Abstract

As the core component of underground lifeline engineering, the precise perception of the operation status of urban water supply
and drainage pipeline network has long been limited by the timeliness defects and spatial coverage blind spots of traditional manual
inspection mode. The deep integration of IoT sensing technology and artificial intelligence algorithms provides a technological
pathway to overcome the aforementioned challenges. The online collection of parameters such as pressure, flow rate, and water
quality has transformed the pipeline network from a black box state to an observable object, and the machine learning anomaly
detection algorithm has enabled the system to actively identify potential risks. The research mainly focuses on the architecture
design, key technology implementation and engineering application verification of the intelligent monitoring system, trying to answer
the core issues such as how to maximize the monitoring coverage efficiency under cost constraints, how to balance the computing
power distribution of edge computing and cloud analysis, and how to improve the accuracy of leak location under complex network
topology conditions.
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