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The Role of Irregularly Shaped Fiber
Optic Sensors

Overview

Fiber Optic Shape Sensors: A comprehensive reviewFiber Optic Shape Sensing is an
innovative Optical Fiber Sensing Technology that uses a fiber optic cable.

Key Takeaways

Irregularly shaped fiber optic sensors enhance shape sensing, strain detection, and
measurement sensitivity in complex environments, enabling applications in robotics,
biomedical devices, and structural health monitoring.

Enhanced Shape Sensing

Irregularly shaped or multi-core fiber optic sensors are designed to detect three-
dimensional deformations and complex bending patterns that standard straight fibers
cannot capture effectively. By distributing multiple cores asymmetrically within the
fiber, these sensors can reconstruct curvature, bending angles, and torsion even
when the fiber experiences non-uniform stress or partial core failure, maintaining
functional shape sensing under challenging conditions. This capability is particularly
valuable in robotics and minimally invasive medical devices, where fibers must
navigate curved paths and tight spaces.

Improved Sensitivity and Accuracy
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The geometry of irregularly shaped fibers affects the distance between cores and the
central axis, which directly influences sensitivity to bending. Fibers with non-uniform
core arrangements can detect subtle deformations more accurately, as the
asymmetry amplifies the strain-induced optical signal changes. Additionally,
increasing the number of cores in irregular configurations can mitigate the effects of
core damage, improving the reliability of 3D shape reconstruction even in the
presence of measurement noise.

Applications in Structural Health Monitoring

In civil and mechanical engineering, irregularly shaped fiber optic sensors are used
for structural health monitoring (SHM). Their ability to measure strain along complex
geometries allows engineers to detect localized damage, monitor bending in bridges
or pipelines, and assess overall structural integrity. The flexibility in sensor design
enables embedding fibers in areas where conventional sensors would be impractical,
providing non-invasive, distributed sensing over large structures.

Biomedical and Robotic Applications

In biomedical devices, irregularly shaped fibers are integrated into catheters,
endoscopes, and wearable sensors to track motion and deformation in real time.
Their compact, multi-core design allows for high-resolution shape detection in
confined spaces, supporting precise navigation and manipulation. Similarly, in
robotics, these sensors provide feedback for flexible manipulators and soft robots,
enabling adaptive control based on real-time shape and strain measurements.

Summary

Irregularly shaped fiber optic sensors play a critical role in enhancing measurement
capabilities in complex environments. Their asymmetric core arrangements and multi-
core designs improve sensitivity, robustness, and 3D shape reconstruction, making
them indispensable in structural health monitoring, robotics, and biomedical
applications. By leveraging these designs, engineers and researchers can achieve
high-precision, non-invasive sensing even under challenging conditions or partial

fiber damage.
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Article Content
Fiber Optic Shape Sensors: A comprehensive review

Fiber Optic Shape Sensing is an innovative Optical Fiber Sensing Technology that
uses a fiber optic cable to continuously track the 3D shape and position of a dynamic
object (with unknown

Optical Fiber Sensors: Working Principle, Applications, and Limitations

Recent progress in numerous sensing fields, including environmental, industrial, and
biomedical are discussed for each class of fiber-optic sensors. The review highlights
the methods and techniques

Optical Fiber Sensors: Working Principle, Applications, and Limitations

Brief theory of sensing principle, fabrication method, applications, advantages and
disadvantages of the different fiber-optic sensors, are addressed. Recent progress in
numerous

(PDF) Optical Fiber Sensors: Working Principle ...

Brief theory of sensing principle, fabrication method, applications, advantages and
disadvantages of the different fiber-optic sensors, are addressed. Recent progress in
numerous

Recent developments in fibre optic shape sensing

This paper identifies the major optical fibre technologies used for shape sensing and
provides an account of the challenges and emerging applications of FOSSs in various
industries

Ultra-sensitive micro-displacement sensor based on a U-shaped bent

Sensors based on irregularly shaped bent optical fiber devices have attracted
considerable interest in many applications. However, the effective interference length
and bent radius of the irregular shape

Rapid and Accurate Shape-Sensing Method Using a Multi-Core Fiber

In this work, we propose a novel, computationally efficient method for determining
the 3D tip position of a bent multi-core FBG-based optical fiber using a second-order
polynomial

Optical Fibre-Based Sensors—An Assessment of Current Innovations

U-shaped fibre sensors, like S-shaped optical fibre sensors, can exhibit cross-
sensitivity between temperature and strain measurements. This cross-sensitivity can
complicate accurate parameter
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A Review of the Research Progress on Optical Fiber

This paper reviews recent progress in the research and applications of C-type optical
fibers in optical sensing. Based on sensing principles and

Optical fiber sensors in biomedical: trends and emerging research - A ...

Optical fiber sensors represent a rapidly advancing technology with substantial
applications across various fields, particulary in the biomedical domain. The unique
properties of

Design and simulation of a C-shaped optical fiber sensor for ...

Optical fiber sensors have attracted significant interest in the sensing field.
Conventional optical fiber sensors exhibit drawbacks such as fragility and restricted
sensitivity, that demand

Design and application of flexible wearable sensors based on optical fibers

Addressing these issues is crucial for establishing optical fiber wearable sensors as
reliable clinical tools. This paper reviews the latest advancements in optical fiber
flexible wearable

Theoretical Model and Design Considerations of U-Shaped Fiber Optic ...

A wide range of geometrical deformations of fiber optic sensors (FOSs) have been
explored to improve their performance. In particular, fiber optics bent into a U-shape
present various

Optical Fiber Sensors and Sensing Networks: Overview of the Main

Optical fiber sensors present several advantages in relation to other types of sensors.
These advantages are essentially related to the optical fiber properties, i.e., small,
lightweight,

Recent research progress of optical fiber sensors based on D-shaped ...

The review summarizes recent studies on D-shaped optical fibers and their recent
applications in optical sensors. The configurations and working principles of D-shaped
optical fibers

Review of Optical Fiber Sensors: Principles, Classifications and

Optical fiber sensors (OFSs) have emerged as essential tools in the monitoring of
physical, chemical, and bio-medical parameters in harsh situations due to their high
sensitivity,

Advances in Tapered Optical Fiber Sensor Structures: From ...
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Optical fiber sensors based on tapered optical fiber (TOF) structure have attracted a
considerable amount of attention from researchers due to the advantages of simple
fabrication, high

Polymer Materials for U-Shaped Optic Fiber Sensors: A Review

Fiber optic sensors have gained popularity over the last few decades. This is due to
their numerous advantages, such as good metrological parameters, biocompatibility
and resistance to
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