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Abstract Laser induced breakdown spectroscopy (LIBS) is used to analyze the prepared fly ash samples, and
support vector machine regression (SVR) model is used to predict the carbon content of fly ash. The structure
parameters of radial basis function (RBF) kernel function and polynomial function are optimized by grid search
method, and then SVR models based on internal standard element characteristic spectrum, full spectrum, and main
element characteristic spectrum are established respectively. The research shows that SVR model of RBF and
polynomial kernel function can achieve the same analysis accuracy under ideal structural parameters, but RBF can
complete the model optimization quickly and is not easy to underfit. The analysis accuracy of the SVR model based
on the characteristic spectrum of internal standard elements is similar to that of the internal standard method, and
the SVR model based on full spectrum shows obvious overfitting phenomenon. The regression coefficient of the
SVR model based on the characteristic spectrum of the main elements is 0. 986, the root mean square error of
correction is 1. 79%, and the root mean square error of prediction is 2. 57%, indicating that the model can
effectively avoid underfitting and overfitting.
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Table 1 Carbon content of fly ash samples

Sample C content Sample C content Sample C content
Label Label Label

number ye/% number ye/% number ye/%
1 GD_0 20. 81 9 GE_0 45. 64 17 GY_0 34. 60
2 GD_2 26. 54 10 GE_2 48.76 18 GY_2 38.77
3 GD_5 34.05 11 GE_5 53.01 19 GY_5 44,35
4 GD_8 40. 52 12 GE_8 56. 82 20 GY_8 49. 27
5 GD_10 44, 35 13 GE_10 59. 14 21 GY_10 49. 27
6 GD_15 52.59 14 GE_15 64. 32 22 GY_15 52.23
7 GD_20 59. 34 15 GE_20 68. 74 23 GY_20 64.19
8 GD_30 69. 70 16 GE_30 75.93 24 GY_30 72.83
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Fig. 2 LIBS spectra of sample GD_0 at different resolutions. (a) Resolution is 0.075 nm/pixel;
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Table 2 Information of main characteristic lines

Element Tonization Wavelength W /nm Upper level E,/cm ™! Lower level E,/cm '
C ClI 247. 86 21648. 03 61981. 83
Si_2 Sil 250. 69 77.12 39955. 05
Si_3 Sil 251.43 0 39760. 28
Si_4 Sil 251.61 223.16 39955. 05
Si_5 Sil 251.92 77.12 39760. 28
Si_6 Sil 252.41 77.12 39683. 16
Si_7 Sil 252. 85 223.16 39760. 28

Fe Fel&. Fell 274.20-275.63 415, 93-8846. 70 36686. 16—-45289. 80

Mg 1 Mg 11 279. 55-280. 30 0 35760. 88-35669. 31
Mg 2 Mg 1 285. 21 0 35051, 26
Si_1 Sil 288.16 6298. 85 40991. 88
Al All 309. 27 112.06 32436. 80
Ca_1 Ca II 315. 89 25191. 51 56839. 25
Ca_2 Ca II 318.13 25414, 40 56839. 25
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Fig. 3 Calibration curves of carbon content in fly ash under different methods. (a) Traditional calibration method;

(b) internal standard method
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Table 3 Evaluation index of carbon content under three inputs

Input R*? RMSEC /% RMSEP /%
Liopun 0. 860 6.21 5.66
Whole spectra 0. 960 0.03 5.72
Lipuce 0.986 1.79 2.57
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