
Application of Fiber Optic Pressure
Sensing Technology

Article Overview

Fiber optic pressure sensors convert mechanical pressure into optical signal changes, offering high sensitivity,

immunity to electromagnetic interference, and applications across biomedical, industrial, and aerospace fields.

Principles and Mechanisms

Fiber optic pressure sensors operate by modulating light signals in response to external pressure. The core

principle involves converting mechanical deformation into measurable changes in optical properties such as

intensity, phase, wavelength, or polarization . Two main types of fiber optic pressure sensors are commonly

used:

o 

Fiber Bragg Grating (FBG) Sensors: These use periodic refractive index modulations in the fiber core to

reflect specific wavelengths. External pressure is converted into axial strain via diaphragms, levers, or elastic

membranes, causing a shift in the reflected wavelength. Sensitivity can be enhanced using mechanical

amplification structures, with reported sensitivities ranging from 3.04 pm/MPa for bare FBGs to over 175

pm/kPa with optimized diaphragms .

o 

Interferometric Sensors: These rely on the deflection of a diaphragm under pressure, which changes the cavity

length in a Fabry-Perot interferometer, altering the interference fringes. The distance between reflecting

surfaces in the fiber forms a cavity that modulates light based on applied pressure .

Construction

A typical fiber optic pressure sensor consists of:

o Optical Fiber: Transmits light and serves as the sensing medium.

o Reflecting Surfaces: One semi-reflective surface and a diaphragm that flexes under pressure, forming a

Fabry-Perot cavity.

o Mechanical Structures: Diaphragms, capillaries, or cavities that convert pressure into fiber strain or cavity

length changes .

Advantages

Fiber optic pressure sensors offer several benefits over traditional sensors:

o Electromagnetic Immunity: Accurate measurements in high-EMI environments.
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o Miniaturization: Suitable for tight spaces and wearable devices.

o High Sensitivity and Fast Response: Capable of real-time monitoring.

o Multiplexing and Distributed Sensing: Multiple sensors can be integrated along a single fiber for large-scale

monitoring .

Applications

Fiber optic pressure sensors are widely used in:

o Aerospace: Monitoring structural stress, deformation, and fuel levels in aircraft and spacecraft, as

demonstrated by NASA's Fiber Optic Sensing System (FOSS), .

o Biomedical: Measuring intravascular, intracranial, and pulmonary pressures.

o Industrial and Energy Monitoring: Downhole pressure in oil and gas, high-voltage environments, and harsh

industrial conditions.

o Wearable Devices: Real-time physiological monitoring in compact, flexible formats .

Recent Advances

Recent research focuses on:

o Optimizing Fiber Structures and Materials: Enhancing sensitivity and stability in extreme environments.

o Multi-Parameter Sensing: Integrating temperature, strain, and pressure measurements in a single fiber.

o Distributed Detection: Using Rayleigh, Brillouin, and Raman scattering for continuous monitoring along

long fiber lengths .

o Mechanical Amplification: Employing diaphragms, levers, and epoxy structures to increase pressure

response . Fiber optic pressure sensing technology continues to evolve, bridging the gap between laboratory

research and practical applications, enabling precise, real-time monitoring in challenging environments.

Fiber optic pressure sensors use light modulation to measure pressure, offering high sensitivity, EMI

immunity, and

This article is focused on reviewing the current state-of-the-art of optical fibre pressure sensors for medical

Recent advances in fiber-based sensing technologies have enabled both fundamental studies and a wide

spectrum of applications

Fiber optic sensing technology, particularly fiber Bragg grating (FBG) sensors, has emerged as a promising

solution for
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Fiber-optic sensing (FOS) technology has emerged as a cutting-edge research focus in the sensor field due to

its

Optical fiber sensors represent a rapidly advancing technology with substantial applications across various

fields,

An extensive review of optical fiber sensors and the most beneficial applications is presented in this chapter.

Although

This paper aims to explore the recent progress of fibre optic pressure sensing technologies that are suitable for

low

In recent years, flexible pressure sensors have garnered significant attention. However, the development of

large

Fibre-optic pressure sensors can be classified as either extrinsic, where the sensing takes place outside the

fibre, or intrinsic, where

Regarding practical applications, the multifunctional characteristics of fiber-optic pressure sensors are

thoroughly

Conclusion Fiber optic pressure sensors are an incredible advancement in the world of sensing technology.

Their ability to provide

Optical fiber sensing has rapidly evolved into a transformative technology, enabling breakthroughs across

multiple

Optical Fiber (Transmission Medium, Sensing Element) Light modulated due to interaction with parameter of

interest (Measurand)

Recent technological advancements have significantly expanded their applications in areas such as robotics,

medical

This work not only extends the application of the Vernier effect to microbubble-based pressure sensing, but

also offers
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