£ 625 FE1H/2025F1 B/HMetEtBFEHE

iyt Bl B FFIHRE

53 Al XA D 1% B AE S PR R B BF 58 2k i

BERY, ERICT, HAE, Xu Xisomin”

"MEGE TR S eh TR, T8 B 210044;
LINE KA BRI ER LI, VI9h REAT 210044
U SRR AR B A RAE, VLI M 211153;
IHERGETFFE R EMEPRAEER AL E, T8 B 210044;
CBIMFREFE TR A, JE SIFF CB2 1PZ

TEE A XA LK G LR A% e AR AR SRl 5 it LT S IR O 48 A5 ATk 1 AR W b i 28 I . A B i R R Aok
FELA 5 1 e i 5 MR 7 5 ) 5 O P B A TR A MR LE R R BE%IJW';FEO Eﬁ%%‘ﬁﬁ;‘tﬂﬂhﬁﬁ% % SR A5 T AR Y
fE M L, S B W BRI In T RS 44 B AR 45 AR o 8 2 5 o 5 5 A 3R %) O =UAR T R Gk AR, v A AIK A 14 B A
BYT%RTH. zt\)‘clEIJﬁﬁT‘ﬁiJriﬁlilVq&Hﬁiwflfﬁﬁr%@‘i%éﬁﬁﬁﬁﬁﬁ%wﬁﬁﬁmmféﬂnettﬂﬁﬁ?zé,@}‘ﬁ%ﬁ{%%
[ Mt P {5 00 A 650 Mg R R R = ST A M i R | o 3 B R MR AT T e o A, I X b R X 2R g0 P RE B R TR ROR AT T X
L, w43 A A B KOG A 15 B R A5 e L 32 TR R R i s R AT TR

XKBER SHFOCH LR A A EIMES; E; FoRrm; BGARE; Pt

FESES 0436 XHEFRERRS A DOI: 10.3788/LOP241115

Research Progress on Signal Noise Reduction Methods in Distributed Fiber
Optic Sensing Technology Based on Brillouin Scattering

2 3k 4

Gao Haoran", Li Yongzheng®”", Guo Linfeng"*", Xu Xiaomin
'School of Physics and Optoelectronzc Engineering, Nanjing University of Information Science & Technology,
Nanging 210044, Jiangsu, China;

*Jiangsu Key Laboratory for Optoelectronic Detection of Atmosphere and Ocean, Nanjing 210044, Jiangsu, China;
*China Railway No.3 Group East China Construction Co., Ltd, Nanjing 211153, Jiangsu, China;
‘Jiangsu International Joint Laboratory on Meterological Photonics and Optoelectronic Detection,
Nanging 210044, Jiangsu, China;

‘Department of Engineering, University of Cambridge, Cambridge CB2 1PZ, UK

Abstract Distributed fiber optic sensing technology based on Brillouin scattering is gradually being applied in engineering
monitoring in fields such as infrastructure, rail transit, and submarine cables. The attenuation and noise effects of the
photoelectric signal in the Brillouin demodulation system lead to a decrease in the signal-to-noise ratio of long-distance sensing,
which limits measurement accuracy. Researchers improve signal-to-noise ratio through methods such as optical pulse coding and
Raman amplification, achieving good results while also increasing system complexity and equipment costs. Improving system
performance through backend signal processing could reduce hardware costs and facilitate iterative upgrades. This paper reviews
the methods of using signal processing methods to improve signal-to-noise ratio in optical fiber sensing systems based on
Brillouin scattering both domestically and internationally in the past decade, including one-dimensional signal denoising, image
and video denoising, and deep learning denoising technologies. These technologies are discussed and analyzed, and the
performance improvement effects of each technology on the system are compared. Finally, the development prospects of signal-
to-noise ratio improvement technology in distributed fiber optic sensing system based on Brillouin scattering are discussed.
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Fig. 14 Brillouin frequency shift distribution curves of SAID and different noise reduction algorithms™. (a) Overall comparison;
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F1 SRR AR SR G ARIE R

Table 1 Characteristics and system technical indicators of various noise reduction algorithms

Distance / SNR

Method classification Method . Characteristic
km  improvement /dB
WD 1 15.5 Fast processing speed, requires estimation of noise characteristics
ALP-FIR 1 15 Enhance noise reduction robustness, but the design is complex
1D signal denoising . . - . .
. EMD-FIR 6 11.69 Strong adaptability to signals and ability to handle non-stationary signals
algorithm
LMD 23 13 Shortened time compared to EMD
CEEMD-PSO  22.5 19.7 Signal decomposition and threshold selection are both adaptive
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F62EF1H/2025F 1 B/BAERBEFEHRHRE

#1(4)
o Distance / SNR o
Method classification Method . Characteristic
km  improvement /dB
GS 50 7.92 Causing missing details

NLM 50 12.16 The measurement accuracy of the deteriorated temperature rise part
DCT 50 12. 86

DWT 50 13.93 Fast processing speed

3D-NLM 50 20.7 -
The spatial resolution and measurement accuracy have almost no
. BM3D 62.3 13 . Lo
Image and video impact, but the calculation is complex
denoising technology VBMS3D 100 13.2

AD 99 16 Deteriorating measurement accuracy

AAD 99 15

QWT 40 14.72 Fast processing speed

BSR 5.2 -

BSP 0.8 Using different algorithms for processing based on the division of

’ Brillouin spectra

FDF 5.2 -

ANN 1 16-22 Suitable for embedding FPGA

DAE 40.17 9.96 Has good robustness to noise
DACE 19. 38 11.2 Introduced attention mechanism to extract more robust noise information

) . Preserves the characteristics of the signal and eliminates the need
Deep learning DnCNN 10 13.57 . . )
: for high sampling speed devices
techniques . - . .
FastDVDnet 10 10. 85 More effectively utilizing the time redundancy of adjacent data

DANet 11.5 19.08 No need to design image priors and noise distribution assumptions
ADNet - 30 Slight improvement in standard deviation and root mean square error
SAID 25.1 21.92 Improved adaptability to images and avoided excessive smoothing
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