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Abstract Aiming at the influence of stray light, noise, baseline drift and other factors in the spectral signal of
complex samples on the quantitative analysis results, this paper proposes a pretreatment and combined method
based on near-infrared spectroscopy. First, no pretreatment and single pretreatment on 2 selected datasets is
performed. Then, 9 pretreatment methods are divided into four categories according to their effects, including scale
scaling, baseline correction, scattering correction and smoothing. Finally, the optimal pretreatment method of each
type of pretreatment method is selected for combined research, and the optimal pretreatment method is selected
according to the root mean square error cross-validation after modeling. Experimental results show that the use of
appropriate pretreatment combination methods for different data sets can improve the modeling effect, while the
difference between the information and complexity of different data sets will lead to different optimal pretreatment
methods, and the optimal pretreatment method is related to the predicted components and the original spectra.

Therefore, the best pretreatment effect can be obtained by classifying and combining the pretreatment methods
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according to their effects.
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Table 1 Raw material of the hemoglobin mimetic solution

Order Solution Manufacturer
1 ultrapure water Thermo
2 bovine blood hemoglobin Biosharp

3 intralipid FRESENIUS KABI SSPC
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Fig. 1 Physical image of the hemoglobin mimetic solution
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Table 2 Hemoglobin contents of different data sets
Sample Data set Number of samples Maximum Minimum Average Standard deviation
raw set 185 173 103 137.08 16. 49
Blood calibration set 139 173 103 137.95 16. 40
validation set 46 173 106 134. 46 16. 66
Hemoglobin raw set 146 150 5 77.50 42.29
mimetic calibration set 110 150 5 77. 34 42.53
solution validation set 36 148 8 78. 00 42.14
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Table 3 Classification of pretreatment methods
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mean centering 1 derivative MSC MWA
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Fig. 2 Raw spectra of the blood samples
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Fig. 3 Spectra of blood after removing singular samples
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Fig. 4 NIR obtained by single pretreatment method. (a) Mean centering; (b) scaling; (c) normalization; (d) first
derivative; (e) second derivative; (f) MSC; (g) SNV; (h) MWA smoothing; (i) SG smoothing
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Table 4 Combination of pretreatment methods (blood)

Method Combination method | Method = Combination method | Method Combination method
1 unpretreated 8 SNV 15 1*" derivative and MSC
2 mean centering 9 MWA 16 Pareto scaling and 1 derivative
3 Pareto scaling 10 SG 17 1% derivative, MSC and MWA
4 normalization 11 Pareto scaling and MWA 18 Pareto scaling, MSC and MWA

5 1% derivative 12 1" derivative and MWA 19 Pareto scaling, 1™ derivative and MWA
6 2™ derivative 13 MSC and MWA 20 Pareto scaling, 1% derivative and MSC
7 MSC 14 Pareto scaling and MSC 21 Pareto scaling, 1% derivative, MSC and MWA
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Fig. 6 RMSECYV obtained by different pretreatment
methods(blood)
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Fig. 9 Spectra of the phantom solution obtained by a single pretreatment method. (a) Mean centering; (b) scaling;
(¢) normalization; (d) first derivative; (e) second derivative; (f) MSC; (g) SNV; (h) MWA smoothing; (i) SG
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Table 5 Combination of pretreatment methods (phantom solution)

Method Combination method | Method Combination method Method Combination method
1 unpretreated 8 SNV 15 1" derivative and SNV
2 mean centering 9 MWA 16 mean centering and 1% derivative
3 Pareto scaling 10 SG 17 1* derivative, SNV and MWA
4 normalization 11 mean centering and MWA 18 mean centering, SNV and MWA
5 1" derivative 12 1* derivative and MWA 19 mean centering, 1% derivative and MWA
6 2" derivative 13 SNV and MWA 20 mean centering, 1 derivative and SNV
7 MSC 14 mean centering and SNV 21 mean centering, 1% derivative, SNV and MWA
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