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Abstract [ Objective] Urban water supply network geographic information system ( GIS) data serves as a critical foundation for
smart water management systems. Their quality directly influences pipe network risk assessment, fault warning, and operational
efficiency. Current GIS data quality management still faces systemic challenges, particularly the lack of an integrated technical chain
encompassing data preprocessing, error correction, and quality evaluation, which hinders comprehensive quality improvement of multi-
source heterogeneous data in complex pipe networks. [ Methods] A GIS data quality improvement framework integrating topological
structure and attribute features was proposed in this study. First, a topological connectivity diagnosis and automated correction method
was constructed using depth-first search ( DFS) and Dijkstra’s algorithm to efficiently detect and rectify topological errors. Second,
logical verification and missing data imputation for multi-scale attribute data were achieved by combining k-nearest neighbors ( KNN)
with inverse distance weighting (IDW) interpolation algorithms. Finally, comprehensive quality evaluation metrics were established to

quantitatively validate data improvement outcomes. [ Results ] Case analysis indicated that the implementation of the data quality
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improvement framework increased the average value of the data quality assessment index from 92.36% before processing to 99.92% ,

demonstrating that the algorithm significantly improved the overall quality of the water supply network data. Additionally, compared to

traditional GIS software processing method, this framework reduced the workload of manual checks and improved data processing

efficiency and correction accuracy, validating the framework’s effectiveness and reliability. [ Conclusion ]

This paper puts forward a

systematic method for enhancing the quality of GIS data in water supply networks, significantly improving data quality and processing

efficiency, thus providing crucial support for the efficient operation of smart water management systems.
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