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Abstract: [Objective/Significance] Urban gas safety in China is increasingly challenged by rapid urbanization and evolving
regulatory demands. Traditional early warning systems exhibit limitations such as insufficient sensing, fragmented data, and
delayed response. [Methods/Processes] To address these shortcomings, this study proposes a digital early warning framework
characterized by comprehensive perception, intelligent analysis, and proactive response. The system adopts a six-layer
architecture encompassing sensing integration, data governance, and intelligent warning modules, and is applicable to high-

consequence leakage zones and pipeline monitoring scenarios. Within this framework, key intelligence elements are systematically
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identified, including multi-source sensing networks, knowledge graph construction, risk inference mechanisms, and cross-sector
coordination strategies. These components collectively enhance the system’s analytical depth and collaborative efficiency. [Results/
Conclusions] Implementation follows a multi-stakeholder model, featuring enterprise leadership, government oversight, phased
pilot deployment, and hierarchical promotion. The framework emphasizes the co-development of technologies and standards, and
aligns with the “Urban Lifeline” platform to reduce systemic risks, strengthen gas safety management, and support resilient urban
governance.
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