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The laser with a wavelength of 1570 nm is used to analyze the hydrogen sulfide gas in the background of
The gas mixture containing the hydrogen sulfide with a volume fraction of 0-10

automatic gas mixing station, and 92 groups of the spectral data with a stable state are obtained. The regression
The nonlinear iteration partial least square ( NIPALS)
and is evaluated by the five-fold cross validation method

ELM, and the model operation time is reduced from 0.12 s to less than 10 ms
real-time capability of the analyzers
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model of extreme learning machine (ELM) is adopted for the inversion calculation of the concentration of hydrogen
M
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algorithm is introduced into the spectral

The test results show that

is produced in an
The ELM regression model is established by using the spectral feature vector and the concentration
feature extraction can reduce the training time of ELM model and can also improve the analysis accuracy and the
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predicating accuracy of the spectral data obtained by feature extraction is improved by 25% than that by direct

The spectral pretreatment by the
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Fig. 1 Flow chart of ELM algorithm for spectral analysis based on feature extraction
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Fig. 2 Experimental device for TDLAS analysis of hydrogen sulfide
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Fig. 3 Concentration distribution of hydrogen
sulfide in experimental design
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Table 1

Spectral line parameters

Molecule Wavenumber /em ™! Y et Y air Pressure broadening /GHz  Doppler broadening /MHz
H,S 6369.760 0.158 0.074 4,443 403.834
CO, 6369.408 0.088 0.069 4,192 354.970
CH, 6370.382 0.079 0.066 4.602 588.743
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Table 2 Result by ELM

Algorithm Excitation function Number of nodes Training time /s Vemse /1076 R?
200 <0.01 2.16 0.9941
500 0.05 2.02 0.9948
Line 1000 0.12 1.96 0.9951
5000 0.33 1.96 0.9951
ELM 10000 0.70 1.97 0.9951
5000 0.47 6.82 0.9409
Hardlim 15000 1.84 6.77 0.9419
20000 1.80 6.02 0.9864
25000 3.38 6.17 0.9517
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Table 3 Regression result by ELM based on feature extraction

Algorithm Excitation function Number of hidden nodes  Training time /s Vemse/107° R?
10 <0.01 1.55 0.9969
20 <<0.01 1.46 0.9973
NIPALS-ELM Line
30 <20.01 1.46 0.9973
200 <C0.01 1.46 0.9973
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Table 4 Comparison among several kinds of

regression algorithms

Algorithm Vrmse/107° R?
CLS 18.19 0.5799
PLS 1.90 0.9954

ELM (line) 1.96 0.9951

NIPALS ELM (line) 1.46 0.9973
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Fig. 6 Comparison between predicted value and

set value for four regression models
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