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Fiber Optic Sensing Applications in
Railways

Overview
RAILWAY SAFETY AND MAINTENANCE USING FIBER OPTIC This poster highlights
recent applications of FOS for rail condition monitoring. Field data show how chara.

Key Takeaways
Fiber optic sensing technologies enable continuous, real-time monitoring of railway
infrastructure, trains, and environmental conditions, enhancing safety, maintenance,
and operational efficiency.

Key Technologies

Distributed Acoustic Sensing (DAS): DAS converts standard optical fibers into
continuous vibration sensors, detecting train movements, track conditions, and
mechanical anomalies along the railway. It captures train-induced vibrations and
processes them into spatially resolved acoustic features, allowing detection of rail
surface defects, faulty switches, and subsurface issues such as soft soil zones.

DA

S can also monitor overhead lines, catenary flashovers, and trackside hazards,
integrating seamlessly with centralized rail management systems for predictive
maintenance and operational optimization. Distributed Temperature Sensing (DTS):
DTS continuously measures temperature variations along the fiber, enabling early
detection of fires, hotspots, or overheating in tunnels, stations, and cable ducts.
Railway systems can be divided into zones with specific alarm thresholds, providing
rapid alerts for safety-critical events.
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Distributed Temperature Strain Sensing (DTSS): DTSS measures strain along
structures such as bridges, tunnels, and embankments, detecting structural health
issues and potential failures. This allows operators to plan maintenance proactively
and prevent service disruptions. Fiber Bragg Grating (FBG) Sensors: FBG sensors are
point-based optical sensors embedded in fibers that detect strain, temperature, and
vibration by monitoring shifts in reflected wavelengths.

They are suitable for localized monitoring of critical components and can be
multiplexed for multiple measurement points along a track or structure.

Applications in Railway Infrastructure

Track and Substructure Monitoring: Fiber optic sensors detect rail surface defects,
squats, and weak subsoil layers, providing early warnings for maintenance and
reducing unscheduled service disruptions. Train Tracking and Operational Monitoring:
DAS enables real-time monitoring of train speed, direction, length, and load,
supporting digital twin creation and improving network capacity and energy
efficiency. Structural Health Monitoring: DTSS and FBG sensors monitor bridges,
tunnels, and embankments for strain and deformation, ensuring safety and extending
asset lifespan.

Fire and Hazard Detection: DTS identifies hotspots and potential fire risks along
tracks, in stations, and in cable trays, enhancing passenger and freight safety.
Integration with AI and Analytics: Advanced fiber optic sensing systems use AI for
signal analysis, anomaly detection, and predictive maintenance, enabling data-driven
decision-making and improved reliability.

Advantages

High sensitivity and spatial resolution for continuous monitoringImmunity to
electromagnetic interferenceLightweight, corrosion-resistant, and easily integrated
into existing infrastructureAbility to repurpose existing telecom fibers for sensing
without physical modificationsSupports predictive maintenance, reducing costs and
improving operational efficiency Fiber optic sensing is rapidly becoming the preferred
method for railway monitoring, offering a scalable, non-intrusive, and highly reliable
solution for modern rail networks.
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Article Content

RAILWAY SAFETY AND MAINTENANCE USING FIBER OPTIC

This poster highlights recent applications of FOS for rail condition monitoring. Field
data show how characteristic signal patterns reveal rail surface defects, faulty
switches, and subsurface issues such

A Review of Railway Infrastructure Monitoring using Fiber Optic Sensors

This article reviews the current state-of-the-art of fiber optic sensing/monitoring
technologies, including the basic principles of various optical fiber sensors, novel
sensing and...

Optical Fiber Sensors for Monitoring Railway Infrastructures: A ...

This paper provides a state-of-the-art of optical fiber sensing technologies and their
practical application in railway infrastructures. In addition, the strain transfer analysis
of optical fiber

Optical Fibres for Condition Monitoring of Railway ...

This paper examines the potential of fibre optic cables, which are already installed in
cable troughs alongside railway tracks, to monitor railway infrastructure conditions.

Brochure_Application_Railway_Monitoring_2025-06_EN_A11

Our monitoring solutions are based on DFOS, which is rapidly becoming the detection
method of choice. With our solution, existing track-side telecommunication and fiber
optic signaling cables can be

Welcome to Sensonic

We pioneer the use of fiber optic vibration sensing to deliver railway monitoring
insights across multiple disciplines. We monitor track condition, detect trespass and
cable security events,

Distributed Optical Fiber Sensing in Railway Engineering

In summary, OFS-based sensing systems are not only capable of targeting both the
subjects (railway infrastructure and vehicles) with a single sensing system but also
provide cost

Fiber Optic Sensing for Railways – Ready to use

One of the most important milestones for the application of FOS in the railway
industry was the development of the meas-urement technology from a so-called
qualitative to a quanti-
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AI-assisted fibre optic sensing frameworks for ...

This review examines the integration of artificial intelligence (AI) with fibre optic
sensing (FOS) for automated structural health monitoring (SHM) of railway
infrastructure, encompassing
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VIAVI Solutions | Network Test, Monitoring, and Assurance

Our test, monitoring, assurance, and resilient position, navigation and timing
solutions enable and secure critical infrastructure ranging from data center

Distributed Fiber Optic Sensing for in-well hydraulic fracture ...

Distributed Fiber Optic Sensing (DFOS) has emerged as a promising solution, where
the sensing cable can be installed directly behind the casing and record
simultaneously with in-well

Fiber Bragg Grating Sensors for Structural and Railway Applications

In recent years, fiber-optic sensors and particularly fiber Bragg grating (FBG) sensors
have attracted a lot of interests and are being used in numerous applications.

Distributed Acoustic Sensing Market (2026

The competitive landscape of the Distributed Acoustic Sensing market is
characterized by a mix of established fiber optic technology firms, sensor solution
providers, and emerging AI analytics

Fiber Bragg Grating Market by Type, Component, Wavelength Range ...

Fiber Bragg Grating Market Introduction Fiber Bragg Grating (FBG) technology is a
core optical sensing platform used to measure strain, temperature, pressure,
vibration, displacement, and

Railway Alongside Safety Optical Fiber Integrated Monitoring System

The Railway Alongside Safety Optical Fiber Integrated Monitoring System is a
comprehensive safety monitoring system for railway lines, constructed by leveraging
existing resources such as
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Fiber Optic Cable Market For Railway and Metro Infrastructure Size ...

The fiber optic cable market for railway and metro infrastructure is also being shaped
by a clear specification shift, with new rail projects favoring fiber for command,
control, and monitoring
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