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Research on intrusion monitoring methods of underground pipelines and tunnels

based on distributed optical fiber acoustic wave sensing (DAS)

CAO Pengtao', WEI Yishi', LI Yi*, WU Qi
(1. Shenzhen Water Planning and Design Institute Co. , Ltd. Shenzhen 518022,China;
2. Shenzhen Xintong Illustration Engineering Co. , L.td. Shenzhen 518109,China)

Abstract: Intrusion incidents along subway tunnels cause damage and deformation of subway lines, as well as safety acci-
dents and property losses caused by human damage and barbaric construction along underground pipelines. It is necessary to
monitor and warn along the tunnel and underground pipelines, detect intrusion and damage in a timely manner, and prevent or
carry out remedial maintenance to reduce accident losses. Distributed fiber optic acoustic sensing (DAS) technology has unique
advantages, such as dynamic online monitoring, large-scale dense measurement, and convenient deployment without mainte-
nance. By deploying distributed optical fibers along underground rail transit and underground pipelines and using DAS technolo-
gy to monitor external disturbances along the fiber optic lines, this paper adopts a time-frequency analysis method based on op-
timized S transformation to transform DAS signals into the time-frequency domain. Based on the differences in time-frequency
characteristics of different vibration signals, different vibration signals are classified and identified in the time-frequency do-
main. Accurate positioning, providing early warning for intrusion signals exceeding the threshold. Through numerical simula-
tion analysis and actual subway line section DAS monitoring experiments, the results show that the DAS monitoring method
technology based on optimized generalized S transformation has strong recognition and monitoring ability for different main fre-
quency vibration signals and has the characteristics of long monitoring distance and timely response. It can achieve long-distance
and large-scale dense measurement, dynamic and real-time monitoring, and early warning for urban underground pipelines.
Monitoring along underground rail transit provides a fast and accurate solution.

Keywords: distributed optical fiber acoustic sensing (DAS); monitoring and early warning; time-frequency analysis





