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Table 1 Parameters of only simulated Raman signal
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15 Table 2 Parameters of reconstructed Raman signals by LoOMP
g {0 Number  Peak position Amplitude  Full width at half max
g 1 100 8. 63 9.74
N 2 250 15. 08 14.11
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5 4 800 5. 69 8. 65
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Fig. 1 (a) Simulated spectrum; (b) Simulated spectrum with
noise; (c¢) Reconstructed spectrum by FTOMP; (d)
Reconstructed spectrum by LoOMP; (e) Denoising
spectrum with Wavelet soft threshold; (f) Denoising
spectrum with Wavelet hard threshold; (g) SG

filtered spectrum
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Table 3 SNR and RMSE before and after processing the treatments of the simulated noisy Raman spectrum

original LoOMP Wavelet soft threshold Wavelet hard threshold SG FTOMP
SNR 4. 287 4 18. 374 3 15.417 4 14. 898 1 10. 666 6 10. 274 8
RMSE 1.747 5 0.345 2 0.485 2 0.515 1 0.838 4 0.877 1
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Fig. 4 (a) Raman spectrum of H, and D, mixed gas with 1 s collection time; (b) Reconstructed spectrum by FTOMP; (¢) Recon-
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Table 4 The difference in the D, signal intensity by the five methods
LoOMP Wavelet soft threshold Wavelet hard threshold SG FTOMP
Intensity error —0.098 1 0.371 6 0.105 6 0.088 3 0.524 9
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Fig. 5 The difference in the D, signal intensity by LoOMP and FTOMP

(a) ; Intensity error of D, signal vs M /N value; (b): Intensity error of D, signal vs K value
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Fig. 6 The difference in the D, signal intensity by LoOMP and FTOMP

(a): Intensity of D, signal vs collection time; (b): Intensity error of D, signal ws collection time
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Study on Compressed Sensing Method for Raman Spectroscopic Analysis
of Isotope Hydrogen Gas

REN Yong-tian, HU Yi, CHEN Jun, CHEN Jun"
Science and Technology on Surface Physics and Chemistry Laboratory, China Academy of Engineering Physics, Mianyang
621908, China

Abstract Gas monitoring is closely related to our lives, and hydrogen as an ideal research model has received widespread
attention. Raman spectroscopy has the advantages of non-destructive and non-contact measurements. One of the main problems
in Raman measurement for gases is the weak Raman scattering. In some specific scenarios, the signal acquisition time is required
to be short, so the obtained Raman spectrum has a low signal-to-noise ratio. As a newly developed signal processing method, the
compressed sensing method can compress and sample the signal, shorten the sampling time, and reduce the noise and improve
the signal-to-noise ratio to better realize the restoration and reconstruction of the original signal. This study used hydrogen and
deuterium mixed gas as the measurement object. Two compressed sensing methods were used to analyze the Raman spectra with
different sparse matrices;: One of the sparse matrices using the Lorentz function to design atoms of the dictionary of OMP
(Orthogonal Matching Pursuit) algorithm, and another sparse matrix using Fourier transform filtering to construct the
orthogonal basis dictionary of OMP. Through the processing of simulation data and actual measurement data, we compare the
effects of the two methods of compressed sensing analysis with wavelet soft threshold, hard wavelet threshold and SG (Sawitzky-
Golay) filter processing, and peak intensity, signal-to-noise ratio, and root mean square error. It is demonstrated that using the

Lorentz function to design the dictionary of the OMP algorithm can reduce noise for gas Raman spectra.
Keywords Raman spectroscopy; Compressed sensing; Orthogonal matching pursuit; Hydrogen isotope gas
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