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Abstract This study proposes a quantitative analysis method combining sensitivity dimensionality reduction and Bayesian
optimization algorithm support vector regression (BOA-SVR) to improve quantitative analysis accuracy of soil elements. The
X-ray fluorescence (XRF) spectrum of the soil is obtained using a portable XRF analyzer, and the background is subtracted by
iterative discrete wavelet transform. Furthermore, the calculated net peak area of each element is used as the model input
feature. The influence of different input feature sets on the prediction accuracy is studied using sensitivity analysis to achieve
feature dimensionality reduction. The samples are divided into training and test sets, and prediction accuracy of the model is
evaluated using the root mean square error and coefficient of determination. Based on Cu and As elements, the prediction
results of the BOA-SVR model under full feature input, the BOA-SVR model after feature dimension reduction, and the
single-parameter partial least squares model are compared. The experimental results show that BOA-SVR model after
feature dimension reduction achieves the best prediction result in both Cu and As elements.
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Fig. 1 Spectra before and after background subtraction. (a) Original spectrum and estimated background;

(b) original spectrum and corrected spectrum
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Table 1 Prediction results of three models on verification set in Cu element verification
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52 390.0 457.35 300. 90 237.89 0.1727 0.2285 0. 3900
53 11.4 19.69 12.83 0.00 0.7270 0.1259 1. 0000
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Table 2 Cu element prediction results obtained by three models
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Table 3 As element prediction results obtained by three models

Model R R? R®® R Model R R: RY®® R}
SVR’ 11. 0334 0.9970 22.8803 0.9918 SVR’ 1.1271 0.9863 11. 6868 0.9526
SVR 6.9356 0.9988 73.8296 0.9146 SVR 0. 3038 0.9996 16.5271 0.7534
PLS 24.1319 0. 9856 66. 1133 0.9315 PLS 17.0948 0.4192 37.5909 0.4899
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Prediction results of As element. (a) SVR model with feature dimension reduction; (b) SVR model with all features as inputs;
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