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Big Data-driven Pipeline Leakage Feature Extraction and Localization Model:
Adaptive Research under Complex Conditions
Wei Yanchao ( China National Aviation Fuel Petrochemical Pipeline Co., Ltd.,Beijing 101300, China )

Abstract: With the continuous expansion of global energy and resource pipeline networks, the accuracy and robust-
ness of pipeline leak detection have become critical for ensuring public safety and economic operations. To address the lim-
itations of traditional methods in adapting to complex operating conditions (such as multiphase flow disturbances, pressure
fluctuations, and environmental temperature/humidity variations), this paper proposes a big data-driven model for pipeline
leak feature extraction and localization. By establishing a multi-source heterogencous data fusion platform and integrating
time-series feature mining, association pattern extraction, and nonlinear dimensionality reduction techniques, the model
achieves dynamic capture of leak characteristics in complex scenarios. Furthermore, an adaptive transfer learning framework
is designed to overcome the dependency of traditional models on fixed operating conditions, enhancing their generalization
capabilities across different operational states. Experimental validation demonstrates that the model reduces leak localiza-
tion errors by over 30% compared to conventional methods under pressure fluctuations and medium composition changes,
while maintaining a false alarm rate below 2%. This provides innovative approaches for intelligent monitoring of complex
pipeline networks.
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