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Abstract In the near-infrared region, the noise of optical and electronic components affects the signal-to-noise ratio of the
second-harmonic signal when wavelength modulation spectroscopy is used to detect gas concentration. Therefore, to
suppress the noise, a compound denoising algorithm based on empirical mode decomposition, detrended fluctuation
analysis, and the wavelet adaptive threshold is proposed. The algorithm, in view of the existing traditional empirical mode
decomposition noise reduction algorithm, is useful for the signal loss problem. Therefore, detrend fluctuation analysis is
used to optimize the information intrinsic mode function screening, and it filters out information for the intrinsic mode
function for signal reconstruction. Then, the wavelet adaptive threshold algorithm is used to improve the noise reduction
accuracy. The proposed algorithm is compared with the classical denoising method and evaluated. The correlation number
between the proposed denoising method and the original second-harmonic signal after denoising is 99. 9018% , and the root
mean square error is 0. 0087% . By denoising the second-harmonic signals obtained in the experiment, the results show
that the proposed algorithm has a noticeable denoising effect and can retain useful information points.
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Table 3 Comparison of effects of various denoising methods

Denoising method RMSE /% MAE /% SNR /dB PSNR /dB cC/%
EMD-DFA 0. 0267 1.2990 22.7862 37.1903 99.6916

Wavelet soft threshold 0.0133 0. 9306 25.8106 40. 2147 99. 8499
Wavelet hard threshold 0. 0253 1. 0046 23.0231 37.4272 99.7067
Wavelet adaptive threshold 0.0314 1.2198 22.0871 36.4912 99. 6366
EMD-DF A-wavelet adaptive threshold 0. 0087 0.7513 27.6711 42.0752 99. 9018
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