
Chaos Raman distributed optical fiber sensing

Positioning schematic diagram based on chaotic

quadratic correlation

CHINA, October 19, 2023

/EINPresswire.com/ -- The article briefly

analyzes the reasons for the limitation

of the development of spatial

resolution performance of Raman

distributed optical fiber sensors,

summarizes the corresponding

solutions in recent years, and proposes

a high spatial resolution Raman

distributed optical fiber sensing

technology based on the chaotic

correlation method. When the chaotic

laser pulse width is 50.0 ns, the

scheme can realize a spatial resolution

of 10 cm at a sensing distance of 1.5

km. Within the limits of the existing

spatial resolution theory, the spatial

resolution of this scheme is about 50

times higher than that of the

conventional scheme.

The timeliness and accuracy of the detection technology is directly related to the safety of

people's lives and property, in the application of this technology, temperature is often a physical

quantity that needs to be focused on. Compared with other temperature measurement

technologies, Raman distributed optical fiber sensors have the advantages of corrosion

resistance, strong resistance to electromagnetic interference, small size of the system, low

maintenance and use of cost, so they are widely used in pipeline leakage detection, high rock

cable overload detection, warehouse fire detection and other occasions.

Raman distributed optical fiber sensing is mainly based on the Raman scattering effect in optical

fibers as well as optical time-domain reflection techniques to achieve fully distributed sensing

along the optical fiber distribution. The spatial resolution, as an important index of this system,

reflects the minimum fiber length that the sensing system can resolve when measuring the

temperature field. The spatial resolution of existing kilometer-level Raman distributed optical

fiber sensing schemes is limited to the meter level, while some power equipment applications

require the realization of decimeter-level spatial resolution, and thus the application of
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distributed optical fiber sensors in some special occasions is severely constrained.

To solve this problem, the team of Jian Li and Mingjiang Zhang from Taiyuan University of

Technology proposed a high spatial resolution Raman distributed optical fiber sensing technique

based on the chaotic correlation method.

In this work, the team proposes a new scheme using chaotic differential reconstruction and

chaotic quadratic correlation algorithms to study the sensing distance and spatial resolution of

chaotic Raman distributed optical fiber sensing systems. A chaotic laser is used as the light

source and its autocorrelation property is utilized to eliminate the effect of the chaotic pulse

width of the light source on the spatial resolution of the system. The weak detection signal is

enhanced by the quadratic correlation algorithm and derivative analysis, which solves the

problem that the signal-to-noise ratio of the signal and the spatial resolution of the system

cannot be reconciled in the traditional scheme.

In the article, a new chaotic Raman distributed optical fiber sensing scheme is proposed by using

chaotic laser as a new type of sensing light source, the Raman backward scattering

characteristics of continuous and pulsed chaotic laser in the sensing fiber and the modulation

principle of FUT on the chaotic Raman scattering signals are investigated, the basic mathematical

model is provided for the experiments of the chaotic ROTDR system, and the theoretical basis

for the breakthrough of the limitations of spatial resolution by the pulse width of differential

reconstruction and one-time correlation algorithm of the chaotic Raman backward scattering

signals is analyzed specifically.

Afterwards, in order to solve the problem that the experimental results are greatly affected by

noise, a quadratic correlation algorithm is proposed in the paper, which further demonstrates

the chaotic time-domain compression and demodulation mechanism between the temperature

change information and the chaotic correlation peaks, and establishes the propagation

equations for the differential reconstruction of chaotic Raman backscattered signals and

quadratic correlation.

Finally, the team builds a chaotic ROTDR experimental platform based on the principle of chaotic

ROTDR system temperature measurement. The effects of chaotic pulse width, spectral shape,

chaotic bandwidth, number of chaotic sub-pulses, amplitude probability distribution, incoming

power and system delay on the sensing distance and spatial resolution of the chaotic ROTDR

system were investigated from theoretical and experimental perspectives. The experiments are

carried out to ensure that the above influencing factors are in the optimal state, and the

obtained experimental results can accurately locate the position of the temperature change

signal. Finally, a spatial resolution of 10 cm is achieved at a sensing distance of 1.5 km.

The chaotic ROTDR system was experimentally demonstrated to be able to break the

suppression of spatial resolution by pulse width, and eventually achieved spatial resolution on

the order of centimeters using a pulse width of 50 ns. Within the limitations of the existing



spatial resolution theory, the spatial resolution of this scheme is improved by a factor of 50 over

the conventional scheme.

Raman distributed optical fiber sensing technology based on chaotic correlation method

optimizes the spatial resolution performance of traditional sensors, extends the application

scenarios of Raman distributed optical fiber sensors, and has great application potential in some

occasions where high spatial resolution is required, which provides a new research direction for

optical chaos and optical fiber sensing.

Funding information

This work was supported in part by the National Natural Science Foundation of China (NSFC)

under Grants (62075151, 62205234, 62105234); Supported by Fundamental Research Program of

Shanxi Province (202103021223042); Supported by Scientific and Technological Innovation

Programs of Higher Education Institutions in Shanxi. Supported by Shanxi-Zheda Institute of

Advanced Materials and Chemical Engineering.

DOI

10.1038/s41377-023-01267-3

Original Source URL

https://doi.org/10.1038/s41377-023-01267-3

Lucy Wang

BioDesign Research

email us here

This press release can be viewed online at: https://www.einpresswire.com/article/662858542

EIN Presswire's priority is source transparency. We do not allow opaque clients, and our editors

try to be careful about weeding out false and misleading content. As a user, if you see something

we have missed, please do bring it to our attention. Your help is welcome. EIN Presswire,

Everyone's Internet News Presswire™, tries to define some of the boundaries that are reasonable

in today's world. Please see our Editorial Guidelines for more information.

© 1995-2023 Newsmatics Inc. All Right Reserved.

https://doi.org/10.1038/s41377-023-01267-3
http://www.einpresswire.com/contact_author/4338568
https://www.einpresswire.com/article/662858542
https://www.einpresswire.com/editorial-guidelines

