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Fiber optic sensing technology for
pipeline inspection

Overview

(PDF) Advancements in Optical Fiber Sensing Systems for Pipeline Optical fiber
sensing technology plays a pivotal role in modern monitoring systems, partic.

Key Takeaways

Fiber optic sensing enables continuous, real-time monitoring of pipelines, detecting
leaks, intrusions, and structural anomalies with high precision.Overview of Fiber Optic
Sensing

Fiber optic sensing uses optical fibers as distributed sensors along pipelines to
monitor physical parameters such as vibration, temperature, strain, and acoustic
signals. Unlike traditional inspection methods, which rely on periodic manual checks,
fiber optic systems provide 24/7 continuous monitoring, allowing early detection of
leaks, unauthorized digging, or environmental threats like landslides .

Key Technologies
* Distributed Acoustic Sensing (DAS): Detects vibrations and acoustic signals along
the pipeline, identifying intrusions, flow anomalies, or mechanical impacts .

* Distributed Temperature Sensing (DTS): Measures temperature variations to detect
leaks, hot/cold spots, or flow constrictions .
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* Distributed Temperature & Strain Sensing (DTSS): Combines temperature and
strain measurements to monitor structural integrity and detect deformations or stress
along the pipeline .

Applications in Pipeline Inspection

* Leak Detection: Fiber optic sensors can pinpoint leaks in oil, gas, or water pipelines
with high accuracy, minimizing environmental damage and operational downtime .

* Intrusion and Security Monitoring: Systems detect unauthorized access, theft, or
tampering along the pipeline right-of-way, even in remote areas .

* Pig Tracking: Real-time monitoring of pipeline inspection gauges (PIGs) ensures
safe and efficient cleaning and inspection operations .

* Flow Assurance: Acoustic and temperature signals help identify blockages, liquid
accumulation, or abnormal flow patterns .

* Structural Integrity: Strain and vibration monitoring detect ground movements,
subsidence, or landslides that could compromise pipeline safety .

Advantages of Fiber Optic Sensing

* Continuous Monitoring: Provides real-time alerts and precise localization of events
along the entire pipeline .

* High Sensitivity and Accuracy: Advanced algorithms and multimodal sensing
improve detection rates and reduce false alarms .

* All-Weather and Intrinsic Safety: Optical fibers are immune to electromagnetic
interference, corrosion-resistant, and safe in hazardous environments .

» Cost Efficiency: Reduces the need for frequent manual inspections and optimizes
maintenance planning .

* Scalability: Systems can cover long distances, from local pipelines to
transcontinental networks, and integrate with existing SCADA or monitoring platforms

Real-World Implementations
* Huawei Sensing OptiX: Uses multimodal DAS and advanced algorithms for real-time
intrusion detection and pipeline threat analysis, achieving near-zero false negatives .

* AP Sensing: Offers DFOS solutions for leak detection, PIG tracking, and intrusion
monitoring across pipelines, refineries, and storage facilities .

* FEBUS Optics FOPipe: Provides continuous monitoring with real-time alerts,
classification algorithms, and long-distance coverage for onshore and offshore
pipelines .

* SLB Optig™: Enables precise leak detection, pig tracking, and ground movement
monitoring, deployed across thousands of kilometers of pipeline assets .
Conclusion
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Fiber optic sensing transforms pipeline inspection by providing continuous, high-
precision monitoring that enhances safety, reduces environmental risks, and
optimizes operational efficiency. By leveraging DAS, DTS, and DTSS technologies,
operators can detect leaks, intrusions, and structural anomalies in real time, ensuring
pipeline integrity and regulatory compliance across diverse environments .
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pipeline deformation at

Fiber optic sensing technology in underground pipeline health ...

© 2026 ALFA PRO COMMUNICATION SYSTEMS (Pty) Ltd - All rights reserved



Page 7/9

Traditional sensors have limitations in all-round and real-time monitoring, while fiber
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