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bration Model by Variable Selection Methods

PAN Zheng-hao', WANG Peng’, CHEN Kun-yan®, LI Qiu-tong?, TANG Jie?,
YANG Jun', SHAO Li-min"
(1. School of Chemistry and Material Science, University of Science and Technology of China, Hefei 230026,
China; 2. Technical Center, China Tobacco Chongging Industrial Co. , Ltd., Chongqing 400060, China)

Abstract: Variable selection is often used to optimize linear calibration models for NIR spectrosco-
py, eliminating redundant information and improving the accuracy and interpretability of regression.
In this paper, a Monte Carlo-based method is studied and designed to find the optimal limit of vari-
able selection for linear calibration models, and can evaluate the optimal degree that different linear
calibration methods (such as partial least squares regression PLSR) can achieve in the subspace of
variable selection. In this study, the distribution plot of the root mean square error prediction (RM-
SEP) of the validation metric is obtained, and the optimization effect and optimization limit of the
variable selection methods on the dataset are revealed. The method was applied to the near-infrared
spectroscopy modeling of three datasets, and the results showed that the optimizable rate on the to-
bacco—pectin dataset was about 24. 98%, and the prediction error RMSEP was reduced by 15. 2%.
The optimizable rate on the wheat—protein dataset is about 13. 90%, and the prediction error RMSEP
is reduced by 9. 5%. The optimizable on the corn—starch dataset is about 14. 05%, and the prediction
error RMSEP is reduced by 57. 1%. The application of this method can quickly obtain the optimiza-
tion limit of the variable selection methods on the model, and provide reference for the design, appli-
cation and evaluation of the variable selection methods.

Key words: chemometrics; near-infrared spectroscopy; chemical calibration; linear model; vari-

able selection; Monte Carlo method
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Table 1 Basic information on the datasets

Number of samples Maximum/% Minimum/% Mean/% Standard deviation/%

Tobacco—pectin(JHH LK) Calibration set 136 11.76 5.11 7.16 1.31
Validation set 46 10. 80 6.02 6.79 0.91

Prediction set 21 8.28 5.01 6. 65 0. 81

Wheat—protein(/NEZ - [1fT)  Calibration set 334 18. 69 7.97 13.55 2.19
Validation set 112 17.53 10. 70 14. 04 1. 56

Prediction set 50 18. 50 8.21 13.39 2.51

Corn-starch(ER-JEH})  Calibration set 54 65.90 62.83 64.63 0.87
Validation set 18 65. 84 63.26 64. 86 0.59

Prediction set 8 66. 47 63. 10 64.75 0.94
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Table 2 PLS regression model of each dataset under different variable selection methods

Method Number of variables RCZ RMSEC Rl_2 RMSEP Time/s A
Dataset 1 Full spectrum 1557 0. 81 0.56 0.74 0. 46 0.1 10
(Tobacco-pectin) SPA 35 0. 80 0.57  0.76 0. 44 68.2 10
CARS 51 0. 81 0.55 0.76 0.43 0.5 7
MC-UVE 40 0.79 0.59 0.76 0. 44 15.5 12
iRF 40 0. 81 0.56 0.74 0.45 131. 4 8
GA 116 0. 81 0.55 0.79 0.41 53.0
iPLS 208 0. 80 0.56 0.78 0.41 1.0 9
This study 111 0.81 0.59 0.81 0.39 9.4 10
Dataset 2 Full spectrum 741 0.99 0.20 0.98 0.21 0.03 15
(Wheat—protein) SPA 15 0.99 0.26 0. 98 0.22 502. 8 15
CARS 75 0.99 0.20 0.98 0.23 0.3 12
MC-UVE 200 0.99 0.20 0.98 0.21 16.6 14
iRF 132 0.99 0.19 0.98 0.23 71.9 15
GA 117 0.99 0.20 0. 98 0.24 76. 8 13
iPLS 97 0.99 0.22 0.98 0.25 2.0 12
This study 95 0.99 0.19 0.99 0.19 5.9 14
Dataset 3 Full spectrum 700 0.99 0.09 0.83 0.14 0.01 25
(Corn-starch) SPA 50 0.99 0. 09 0. 83 0.23 5.4 24
CARS 45 1.00 0.04 0.97 0.10 0.1 24
MC-UVE 54 0.99 0.08 0.91 0.16 9.9 20
iRF 74 1.00 0.04 0.97 0.09 20.9 22
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(8:34:2)
Method Number of variables R(‘Z RMSEC sz RMSEP Time/s A
GA 117 1. 00 0.04 0.98 0.07 58.9 21
iPLS 93 1.00 0.04 0.97 0.10 0.7 20
This study 123 1. 00 0.01 0.99 0. 06 1.7 22

R?, fitted correlation coefficient of the calibration set; RMSEC, predicted root mean square error for modeling sets; RI,Z, the fitting correla-

tion coefficient of the validation set; RMSEP, predicted root mean square error for validation sets; A, the number of principal components in the
PLSR algorithm(R *, SRR MILEHIC R R RMSEC, MMERTINE FRERE; R, BIELAIEHERE; RMSEP, HEERITR
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