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Abstract In order to solve the problem of the influence of noise on model accuracy and stability in detecting
materials content using near infrared spectra, we introduce the generalized S transform and singular value
decomposition (SVD). Firstly, we use the generalized S transform to obtain time-frequency spectra of spectral
data, and then use the two-dimensional time-frequency coefficient matrix as the Hankel matrix of SVD to solve
singular values. Secondly, we use the k-means clustering algorithm to classify the singular value sequence and
determine the reconstructed singular values. Finally, the de-noised coefficient matrix is transformed by the
generalized S inversion to obtain de-noised spectral data. The basic theory and realization process of the combination
method are given, and simulated data and the first derivative spectrum of wheat gluten are de-noised with the
combination method. The results are compared with the traditional 9-point smoothing method and wavelet soft
thresholding method. It is found that the proposed method overcomes the limitation of single dimension filtering
(time domain or frequency domain), and does not need to reference noise data and select the base function. In the
de-noising of wheat gluten derivative spectra, only 2 singular values are enough to achieve better de-noising effect,
which reduces the complexity of the filtering process. The accuracy of the near infrared spectrum analysis and the
robustness of the proposed model are better than those of the traditional 9-point smoothing method and the wavelet
soft thresholding method. The predictive coefficient of the prediction set of the proposed method is 0.9985, which is
larger than that of the 9-point smoothing method (0.9436). The root mean square error of the proposed method is
0.0406, which is smaller than that of the 9-point smoothing method (0. 0843). The accuracy of quantitative

detection of moisture content in wheat gluten is improved obviously.
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Fig. 1 (a) Original “Bump” signal and (b) its time-frequency

spectrum from generalized S transform
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Table 1 Evaluation parameters comparison of de-noising effect of 9-point smoothing method,

wavelet soft threshold method, and proposed method in this paper

Parameters before de-noising

De-noising method

Parameters after de-noising

7 SNR X RMSE 7 SNR X RMSE rsi
9 point smoothing method 23.784 0.01826 0.967
10 0.0463 Wavelet soft thresholding method 30.932 0.01423 0.972
Proposed method in this paper 37.098 0.01185 0.978
9 point smoothing method 45.671 0.01022 0.983
20 0.0313 Wavelet soft thresholding method 57.983 0.00938 0.987
Proposed method in this paper 61.327 0.00800 0.990
9 point smoothing method 75.024 0.00654 0.991
30 0.0165 Wavelet soft thresholding method 84.921 0.00534 0.993
Proposed method in this paper 88.673 0.00409 0.997
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Table 2 Data of wheat gluten samples

Total sample Moisture content — Average of
Sample set )
number range /% moisture content /%
Calibration set 35 4.50-5.90 5.39
Validation set 30 4.50-5.85 5.41
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Fig. 5 Near infrared spectra of wheat gluten samples.
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Table 3 Evaluation parameters comparison of de-noising effect of No. 9 spectrum sample using 9-point smoothing method,

wavelet soft thresholding method, and proposed method in this paper

De-noising method

Noise reduction ratio

Magnitude attenuation ratio /% Time consuming /s

9-point smoothing method 13.18
Wavelet soft thresholding method 15.69
Proposed method in this paper 21.54
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