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Abstract

Under the global energy transition and “dual carbon” strategy background, oil and gas pipelines, as
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key energy infrastructure, face increasingly complex safety challenges. Based on the complex sys-
tem theory, this paper constructs a four-dimensional pipeline safety management model covering
“risk identification - dynamic monitoring - intelligent decision-making - resilience recovery”. By in-
tegrating new generation information technologies such as the Internet of Things, digital twin, and
edge intelligence, a multi-technology collaborative active defense system is proposed. Empirical re-
search shows that this system can reduce the pipeline accident rate by 48.7% (p < 0.01), decrease
the full life cycle maintenance cost by 32.5%, and increase the emergency response efficiency by
76.3%. The research results provide a theoretical framework and technological route for the digital
transformation of oil and gas pipeline safety management.
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Figure 1. Four-dimensional model for pipeline safety management
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Table 1. Constructing a pipeline digital twin requires the integration of five types of data sources
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Figure 2. Proportion of high-risk areas chart
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Table 2. Risk quantification assessment table
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Table 3. Specific performance indicators
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Figure 3. Adopting a three-tier architecture of
“Edge-Device-Cloud”
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Figure 4. Development of a lightweight leak
detection model
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Figure 5. The three-layer mapping relationship
for constructing the digital twin of pipelines
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