CJC FIBRE - cjcconsultants.co.za

Multimode Optical Cable Sensing
Principle

Overview

In this review, we provide an overview of the latest developments in MMF sensors,
ranging from conventional methods to those assisted by machine learning.

Key Takeaways

Multimode optical cable sensing relies on the propagation of multiple light modes
within a fiber, where changes in the environment affect interference patterns,
intensity, or spectral characteristics, enabling detection of temperature, strain,
displacement, and other physical parameters.

Core Principle

Multimode optical fibers (MMFs) have a relatively large core diameter, typically 50
pum, allowing multiple light modes to propagate simultaneously. Each mode travels a
slightly different path, and environmental changes such as temperature, strain, or
pressure alter the phase, amplitude, or interference of these modes. This results in
measurable variations in the output light, which can be analyzed to infer the physical
changes along the fiber.

Multimode Interference (MMI) in SensingA key mechanism in MMF sensing is
multimode interference (MMI). When light propagates through a multimode fiber, the
superposition of modes produces self-imaging patterns along the fiber length. Any
perturbation—like bending, stretching, or temperature variation—modifies these
interference patterns.
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By monitoring changes in intensity, spectral distribution, or speckle patterns, sensors
can detect and quantify physical parameters.

Distributed Sensing Applications

Multimode fibers are widely used in Distributed Temperature Sensing (DTS) and
Distributed Acoustic Sensing (DAS) systems.

In DT

S, the fiber acts as a continuous sensor along its length, detecting temperature
hotspots or thermal gradients by analyzing backscattered light signals. Multimode
fibers with graded-index profiles provide high coupling efficiency and strong signal-to-
noise ratios, making them suitable for real-time monitoring in pipelines, tunnels, and
industrial facilities.

DA

S systems similarly detect vibrations or acoustic signals along the fiber, enabling
intrusion detection or structural health monitoring.

Advantages of Multimode Fiber in Sensing

High optical power handling due to larger core size. Enhanced signal-to-noise ratio for
distributed sensing. Compatibility with conventional light sources like LEDs or lasers.

Cost-effective deployment compared to single-mode fibers for short-range
applications.

Recent Developments

Recent advances include machine learning-assisted MMF sensors, which analyze
complex speckle patterns or spectral changes to improve sensitivity and reduce the
need for specialized fiber structures. This approach allows MMF sensors to detect
temperature, strain, displacement, refractive index, and chemical changes with
higher accuracy and lower fabrication complexity.

Summary

In essence, multimode optical cable sensing exploits the interaction of multiple light
modes with environmental perturbations. By monitoring changes in interference,
intensity, or spectral characteristics, these fibers provide versatile, distributed, and
high-resolution sensing capabilities for industrial, structural, and environmental
applications.
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In this review, we provide an overview of the latest developments in MMF sensors,
ranging from conventional methods to those assisted by machine learning.

Multi-mode optical fiber

OverviewApplicationsComparison with single-mode fiberTypesEncircled fluxExternal
links

Multi-mode optical fiber is a type of optical fiber mostly used for communication over
short distances, such as within a building or on a campus. Multi-mode links can be
used for data rates up to 800 Gbit/s. Multi-mode fiber has a fairly large core diameter
that enables multiple light modes to be propagated and limits the maximum length of
a transmission link because of modal dispersion. The standard G.651.1 defines the
mos

Advances in Optical Fiber Sensors Based on Multimode Interference

This review presents MMI-based fiber sensors with a specific focus on the probe
structures, measurement methods, and sensing properties of different structures.
The fundamentals of MMI

Optical fiber multimode interference sensors using spatial multiplexing

In order to investigate whether the spatial multiplexing improves the sensing
performance, we set up the following comparison test. The transmission spectrum
from the intermediate core (core

Multimode optical fiber sensors | Springer Nature Link

Of the properties of light which can be conveniently modulated, phase and
polarization information are immediately lost upon entering a multimode optical fiber.
This leaves intensity as the only

Multimode Optical Fiber Sensors | Springer Nature Link

Abstract Multimode optical fiber is widely used in a range of sensor systems. Such
multimode optical fiber sensors have advantages of: operating with substantial
optical power over moderate distances

Multimode optical fiber transmission with a deep learning network

Multimode fibers (MMF) scramble the waves propagating inside them and produce
seemingly random patterns known as speckles at their outputs. Despite this
seemingly random

© 2026 CJC FIBRE CONSULTANTS - All rights reserved



Page 4/5

Multimode Optical Fiber Sensing

In this work, we demonstrate an amplitude-measuring multimode fiber OTDR system
that uses alternating optical frequencies to calibrate the strain response and measure
the algebraic sign of the

A Review of Multiparameter Fiber-Optic Distributed Sensing ...

This review summarizes recent progress and emerging trends in multiparameter
optical fiber sensing, emphasizing techniques that enable the simultaneous
measurement of temperature,

Application of Distributed Acoustic Sensing in Geophysics ...

The advent of fiber optic technology in geophysics exploration has grown in its use in
the exploration, production, and monitoring of subsurface environments,
revolutionizing the way data are

Optical Sensing Using Fiber-Optic Multimode Interference Devices: A ...

We review fiber-based multimode interference (MMI) devices with a particular focus
on optical fiber-based sensing applications. The present review complements a
recently published,

Multi-parameter optical fiber sensor based on enhanced multimode ...

In this paper, a new multi-parameter optical fiber sensor based on all-fiber in-line
SMNS structure for liquid level, Rl and axial strain sensing applications is proposed
and experimentally

Multimode Fiber-Based Interferometric Sensors With Microwave

The sensing capability of the proposed system is verified for strain measurements
using SMF and a multimode polymer optical fiber. The microwave-photonic
interferometric configuration might pave

Multi-mode optical fiber

Multi-mode optical fiber is a type of optical fiber mostly used for communication over
short distances, such as within a building or on a campus. Multi-mode links can be
used for data rates up to 800 Gbit/s.

Optical fiber multimode interference sensors using spatial multiplexing

Multimode fiber (MMF) sensors based on intermodal interferences have been widely
studied due to their advantages of easy manufacture and high sensitivity. We
introduced the scheme

Overview of Fibre Optic Sensing Technology in the Field of ...
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In recent years, the research around fiber optic sensing technology in the field of
physical ocean observation has received increasing attention from researchers.

Principles of Distributed Temperature Sensing

Dive into the principles of Distributed Temperature Sensing (DTS) with Silixa. Explore
optical fiber technologies for diverse environmental applications.

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,
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