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Abstract: In recent years, fiber Bragg grating ( FBG) sensors have been widely used in structural health monitoring ( SHM) of
aerospace structures due to their advantages, such as compact structure, electromagnetic interference resistance, and quasi-distributed
integration. However, when exposed to harsh environments for a long time, they are susceptible to temperature, vibration, and other
factors, resulting in problems such as spectral noise and baseline drift, which reduce the signal-to-noise ratio (SNR) and seriously affect
demodulation accuracy. Traditional denoising algorithms, such as Savitzky-Golay filter and wavelet transform, rely on manual parameter
setting in low-SNR scenarios, resulting in poor adaptability and difficulty in meeting high-precision monitoring requirements. This article
proposes a novel DSC-U-Net deep neural network model, which integrates the feature extraction capability of the U-Net architecture and
the lightweight advantage of depthwise separable convolution (DSC) , enabling effective removal of noise and baseline distortion. Based
on the coupled-mode theory and transfer matrix method, 90 000 spectral samples covering an SNR range of —20 dB to 20 dB are
simulated for model training and testing. Subsequently, the data volume required for model training and the model training results were
discussed. Test results show that the model trained with the full dataset can improve the SNR of O dB spectra to 13.266 dB, with a

similarity of 0. 892 to pure spectra and a root mean square error (RMSE) of only 0.05, outperforming traditional algorithms such as
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arPLS combined with window functions. An experimental system for harsh environments (=55°C ~150°C ) is established for experimental

data collection, and verification is conducted using the model trained with simulated data. The demodulation algorithm combining DSC-

U-Net and MLP reduces the demodulation error from 0. 297 pm to 0. 023 pm, with an accuracy improvement of 92. 26%. Model training

using simulated data can significantly reduce training costs. The DSC-U-Net deep neural network model requires no manual intervention,

featuring both high precision and efficient computation. It solves the demodulation problem of FBG signals under low SNR and provides

a reliable solution for long-term stable monitoring in harsh aerospace environments.

Keywords: fiber grating; signal-to-noise ratio; deep learning; noise reduction algorithm
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Fig. 1 Diagram of fiber Bragg grating structure and sensing
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Fig.7 Representation diagram of denoising ability of model
on different SNVR test data sets
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Table 2 Results of comparison of denoising

effect of different algorithms

SNR=0 dB ASNR/dB JCTEAH L MSE
DSC-U-Net 13. 266 0. 892 0. 050
arPLS+hanning 5.478 0.216 0.287
arPLS+blackman 5. 446 0.201 0.289
arPLS+SG 5.571 0.284 0. 281
Poly+SG 5.399 0. 306 0.279

VEAT HL 8, DSC-U-Net BAVE p 3 T 5 M FE 2 13. 266,06
TEALLEE 2 0. 892, ¥ iR 2 /& 0. 050, 4% T $8 #1 A 3t K
T HABAL RS 27 ) il Mgl SR
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comparison diagram
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Table 3 Demodulation result data based on different

algorithms
BN RS AR RMSE/pm
LeNet5 0. 126
MLP 0.297
/
Gaussian 0. 455
CWT 0. 389
LeNet5 0.114
MLP 0.023
DSC-U-Net
Gaussian 0. 197
CWT 0.203
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