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Abstract As a speedy analytical technique of chemical compositions, laser-induced breakdown spectroscopy (LIBS)
is appealing in metallurgical industry for in-situ, on-line or long-range applications. Combined with LIBS, neural
networks are used to calibrate and quantify the concentration of Mn and Si of different kinds of steels. The
performance of the neural networks with different inputs is studied. Compared with the common internal calibration
methods, neural networks can utilize more information of spectra, and better correct the matrix effect and line
interference. The inputs of the neural networks, however, need serious consideration, since they have a great effect
on the measurement reproducibility and accuracy.
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Table 1 Compositions of steel samples

Sample number

Element mass fraction /%

Si Mn Cr Cu Ni Ti \ Fe
1 0.223 0.13 14. 26 0. 056 0.5 0. 041 0.059 84. 54
2 0.42 0. 337 11.03 0. 284 0.393 0.079 0.151 86. 34
3 0.568 0. 495 12.52 0.171 0. 207 0.091 0. 089 85.28
4 0.772 0.74 9.37 0.374 0.461 0.371 0. 201 86. 64
5 0. 487 0.983 7.84 0.522 0.771 0.187 0. 287 87.26
6 1.99 2.53 28. 24 0.694 24.28 0.048 0. 547 40.58
7 0.148 0.737 24.1 0.061 4.16 0.139 0.038 62. 88
8 0.532 0. 867 20. 22 0. 833 7.66 0.432 0.151 67
9 0.928 1.63 18. 37 4.35 12.25 0.108 0.413 57.79
10 0.103 0.127 15. 37 0.327 15.92 0.553 0. 082 63.56
11 1. 39 1. 96 11.59 3.12 19.9 0.704 0. 242 55.92
12 0.282 0.712 0.28 0.161 0.507 0.132 0.108 96.75
13 0.368 0.342 0.162 0.091 0. 394 0. 145 0.063 97.05
14 0. 189 1.02 0.223 0.226 0. 084 0.051 0.172 97.15
15 0.031 0.058 0.493 0.28 0.025 0.012 0. 242 98. 02
16 0.517 1.27 0. 094 0.063 0. 215 0.168 0. 049 96.11
17 0.133 0.226 0.377 0.33 0. 286 0.19 0. 286 96. 93
18 0. 446 1.4 0.016 0.008 0.01 — — —
19 0. 46 1. 07 — — — — — —
20 0.69 1.43 — — — — — —
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Table 2 Information of spectral lines

Line number Analytical line /nm Symbol Lower energy level E;/eV Upper energy level E;/eV
1 Fe 11 271. 441 Iy, 0. 986398 5. 552977
2 Fe 1 346.586 Irs 0.110121 3.686638
3 Fe 1404.581 Igs 1. 484964 4.548811
4 Cr II 286. 257 I 1.525587 5. 855826
5 Mn 1403.076 I, 0 3.075294
6 Ni 1 341.476 I 0.025392 3.655427
7 Cul324.754 I, 0 3. 816948
8 Si1288.158 I; 0.781011 5. 082689
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Fig. 4 Univariate linear calibration curves
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Fig. 5 Measurement results of Mn and Si of test samples based on univariate linear calibration curves
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Table 3 Comparison of quantitative-analysis results calculated by different methods for steel samples

Method Element Concentration range /% R RSD /% RMSE /%
- o Mn 0.058~2.53 0.961 11.85  0.3771
Linear internal calibration ]
Si 0.031~1.99 0.994 14. 24 0.0917
- Mn 0.058~2.53 0.936 1490  0.2809
Peak intensity inputs ]
Si 0.031~1.99 0.954 11. 20 0. 1960
- Mn 0.058~2.53 0.987 10.81 0. 1494
Integral intensity inputs .
Neural Si 0.031~1.99 0.974 17.27 0.0926
network . . o Mn 0.058~2.53 0.994 7.08 0.0793
Normalized peak intensity inputs )
Si 0.031~1.99 0.992 7.72 0.0643
o - Mn 0.058~2. 53 0.997 6.62  0.0532
Normalized integral intensity inputs ] _ _
Si 0.031~1.99 0.995 5.15 0. 0530
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Fig. 8 Concentration predicted by the BP neural networks for train samples with the line integral intensity being

the inputs of networks
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Fig. 9 Concentration predicted by the BP neural networks for test samples with the line integral intensity being
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Fig. 10 Concentration predicted by the BP neural networks for train samples with the normalized line peak intensity being
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