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Abstract Compared with other denoising algorithms, wavelet denoising is preferable. The wavelet function and
decomposition level greatly influence the quality of denoising; however, determining the wavelet function and
decomposition level is challenging in actual X-fluorescence spectral denoising. This paper proposes a wavelet algorithm
based on Russian roulette optimization for X-ray spectral denoising to address this problem. The summation of the
coefficients of determination of the quantitative models (Cr, Mn, Co, Ni, Cu, Zn, As, and Pb for soil samples) R* is
considered as the optimization objective. The Russian roulette optimization strategy updates the wavelet function and
decomposition level. Subsequently, after the number of iterations is selected, the optimal wavelet function and

decomposition level of each soil sample spectrum are selected. The approach is validated on the X-ray fluorescence spectra
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of 55 certified reference soil samples. The R* value of all eight heavy metals is higher after optimization, and the sum of

the R” values of the quantitative models of the eight elements increases from 7. 8383 to 7. 8704. This technique can be used

as an alternative for wavelet denoising applied in rapid elemental measurements.

Key words X-ray spectroscopy; Russian roulette optimization; wavelet denoising; coefficient of determination
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Fig. 1 Flow chart of Russian roulette optimized wavelet denoising algorithm
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Table 1 Main characteristic X-ray lines and energy peak positions of the studied elements in soil samples

Element Characteristic X-ray Peak energy /keV Element Characteristic X-ray Peak energy /keV
Cr CrKa, CrKp 5.41, 5.95 Cu CuKa, CuKp 8.04,8.907
Mn MnKea, MnKpg 5.895, 6.49 Zn ZnKa, ZnKp 8.63,9.572
Co CoKa, CoKB 6.925, 7.65 As AsKa, AsKB 10.532,11. 729
Ni NiKa, NiKg 7.47, 8.265 Pb PbLa, PbLB 10.549,12. 61
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Fig. 2 Spectra of actual collection of soil samples by hand-held X-ray fluorescence analyzer. (a) GSS7; (b) GSD28; (¢) GBW 70006
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Table 2 Number of X-fluorescence spectral variables associated
with the eight elements selected by competitive

adaptive reweighted sampling

Element Number of variables || Element Number of variables
Cr 29 Cu 17
Mn 13 Zn 15
Co 80 As 23
Ni 19 Pb 15
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Denoising condition Cr Mn Co Ni Cu Zn As Pb
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