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Research progress on distributed optical fiber pipeline leakage monitoring technology
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[ Abstract] The safe operation of underground and long-distance pipelines imposes higher demands on
monitoring technologies, as traditional point-sensing methods are limited in coverage and struggle to meet continuous
monitoring requirements. Distributed optical fiber sensing technology, which utilizes optical fibers as the sensing
medium, enables continuous distributed measurement of multiple parameters such as temperature, strain, and
vibration along the entire pipeline length, providing an ideal solution for pipeline leakage detection. This paper
systematically reviews the research progress of distributed optical fiber sensing technologies (including Optical Time
Domain Reflectometer (OTDR), Brillouin Optical Time Domain Reflectometer (BOTDR), Brillouin Optical Time
Domain Analysis (BOTDA), and Raman Optical Time Domain Reflectometer (ROTDR)) based on different
scattering mechanisms in pipeline leakage monitoring. It summarizes the principles, performance metrics, and
application characteristics of these technologies, with a focus on the critical role of data processing and pattern
recognition methods in improving leakage identification accuracy and localization precision. The study demonstrates
that with the deep integration of artificial intelligence algorithms and the coordinated development of multiple
technologies, distributed optical fiber pipeline leakage monitoring is evolving toward a more intelligent, reliable, and
standardized direction, holding promising prospects for engineering applications. However, how to effectively
suppress environmental interference, achieve multi-parameter data fusion, and ensure the long-term stability of the
system remain the key challenges that future research needs to focus on and break through.
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