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Pipeline Leakage Monitoring Technology of Distributed Optical Fiber
Vibration Based on Multi-Dimensional Spatial Data Fusion Algorithm

Liu Zhiwei, Shang Ying, Wang Chen, Zhao Wenan, Li Chang

Laser Institute, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250104, Shandong, China
Abstract Pipeline transportation safety is critical for guaranteeing the national economy and people’s life, and pipeline
leakage monitoring is significant for achieving pipeline transportation safety. This paper proposes a multi-dimensional
spatial data fusion algorithm for pipeline leakage monitoring based on a distributed optical fiber vibration sensing (DV'S)
system. The optical fiber sensing cable was fixed on the side of a pipeline, and the pipeline leakage signals were picked up
by the DVS system. These pipeline leakage signals were averaged in the space-time domain based on the time window and
spatial resolution, respectively. Finally, a suitable threshold was set to complete the pipeline leakage monitoring alarm.
Single-point and multipoint pipeline leakages are tested in the experiment. The signal-to-noise ratio of the single-point
pipeline leakage signal increases by 4.5 dB, maximum single-point pipeline leakage alarm rate increases by 19.53%, and
maximum multipoint pipeline leakage alarm rate increases by 2.29%. Notably, real-time monitoring and alarms for
pipeline leakage under a pressure of 0. 2 MPa are achieved.
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AOM: acousto-optical modulators;
EDFA: erbium-doped optical fiber amplifier;

PD: optoelectronic detector;
ADC: analog-to-digital converter
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Fig. 1 Schematic diagram of DVS system
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Leakage point

Threshold

Alarm rate /%

A, unprocessed data 0. 007790153 89. 24
A, processed data 0.009484472 100. 00
A, unprocessed data 0.013282695 80. 47
A, processed data 0. 008830046 100. 00
A, unprocessed data 0.005136026 84.83
A, processed data 0.006113201 100. 00
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