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Abstract
The geological environment along long-distance pipelines is complex, and the engineering bottlenecks

SCEG| A B RS OB IRE) R GRS AT LT L), RO 5 R, 2026, 14(5): 803-809.
DOI: 10.12677/jsta.2026.145077


https://www.hanspub.org/journal/jsta
https://doi.org/10.12677/jsta.2026.145077
https://doi.org/10.12677/jsta.2026.145077
https://www.hanspub.org/

LD

of traditional distributed fiber-optic vibration sensing (DVS) systems are in multi-source heteroge-
neous data fusion and environmental noise interference. In response, this paper proposes a system
optimization scheme based on an integrated sensing and communication (ISAC) architecture. The
study constructs a “terminal-edge-cloud” collaborative topology and designs a millisecond-level
spatiotemporal alignment mechanism based on BeiDou time synchronization. To address the posi-
tioning deviation caused by fiber laying excess length and the noise from wind, sand, and tempera-
ture drift, a nonlinear excess length correction method based on GIS coordinates is proposed, along
with a CNN-LSTM intrusion recognition model. Simulation experiments demonstrate that the pro-
posed scheme effectively suppresses false alarm rate fluctuations under complex operating condi-
tions. In real-world environments containing interferences such as farmland irrigation and river
water level variations, the average false alarm rate of the system is reduced from an initial 15.2%
to 8.5%, verifying its effectiveness in intelligent pipeline protection.
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Figure 1. Collaborative architecture diagram of “Terminal-Edge-Cloud” with integrated sensing and communication
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Table 2. CNN-LSTM model architecture parameters
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Table 3. Simulation experiment parameter settings
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Table 4. Performance comparison of different algorithms on the test set
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