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Abstract A quantitative analysis technique based on laser induced breakdown spectroscopy (LIBS) of neuro-genetic
model is proposed. A three-layer back-propagation (BP) artificial neural networks (ANN) is constructed as a basic
calibration model for LIBS analysis. The weight and threshold of the ANN are optimized by genetic algorithm. By
combining calibration model with LIBS technique, high precision detection is achieved. The concentrations of Ba and
Ni in soil samples are detected by using the given quantitative analysis technique. The mean relative errors are
4.15% and 6.06 % respectively, and the correlation coefficients are 0. 983 and 0. 990 respectively. The presented
results demonstrate that the neuro-genetic approach performs better than BP-ANN and conventional calibration
method in LIBS quantitative analysis. The analytical results based on neuro-genetic approach in this study are well
predicted, which provide a new modeling of high accuracy quantitative elemental analysis for LIBS technique.
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Fig. 1 Principle and architecture of artificial neural network
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Table 1 Concentration of Ba and Ni in soil samples

Element 1% 2% 3% 4% 5%  §% 7% g% 9* 10* 11° 127 13° 147
Ba /(ug/g) 118 469 448 716 417 293.5 582 434.3 345 283 458.5 592.5 427.3  544.3
Ni/(pg/@) 53 23 23 41 47 38 32 39 33 38 23 32 39 29
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Table 2 Comparative results of GA-BP-ANN, BP-ANN and calibration curve approaches

Standard GA-BP-ANN BP-ANN Calibration
mass Predictions Relative Predictions Relative Predictions Relative
Element Sample
fraction /%  mass fraction /% accuracy / mass fraction /% accuracy / mass fraction /% accuracy /
(X107 (X107 % (X107 % (X107 %
107 10. 31 9.628 6.62 9.619 6.7 8. 557 17
117 15. 36 16. 33 6.32 16.12 4.95 19.78 28.8
Ba 127 19.41 19. 38 0. 155 21. 38 10.1 21.94 13
137 15. 15 14. 37 5.15 12.99 14. 3 13. 26 12.5
147 18. 26 17.8 2.52 18.9 3.51 20.75 13.6
107 1. 384 1.455 5.13 1.465 5.85 1.719 24.2
117 0.7703 0. 8707 13 0. 9577 24.3 1. 164 51.1
Ni 127 1. 048 1. 065 1.62 1. 104 5.34 1.071 2.2
137 1. 383 1. 486 7.45 1.515 9.54 1. 487 7.52
147 0.973 1. 003 3.08 1. 047 7.61 1.674 72
* Relative accuracy = | Predictions mass fraction— Standard mass fraction |/Standard mass fraction
%3 i GA-BP-ANN, BP-ANN Hl A 2 b5 7 12 97 £ 2 b A5 28 11 LG
Table 3 Comparison of the calibration models constructed by GA-BP-ANN, BP-ANN and calibration curve
MRE /% R
Element
GA-BP-ANN BP-ANN Calibration GA-BP-ANN BP-ANN Calibration
Ba 4.15 7.91 17.0 0. 983 0.963 0.922
Ni 6.06 10. 5 31. 4 0.990 0. 980 0.551
I B YIRS R S OB 2 3 ST Y E AR A & £ X #

Sy BT RE IR . BRI . 3 AR [ SIS A I A0F 9T A
RFW R E A B AR b AE—E RS B RES
WA B 0 1 T 25 R X LR 9 AN RE S AE
NN GRERFE o TG T B R PN 25 28 . 2
IR 7 I T U0 00 B A X H L TR AR BEAS 3
SRS E AT HE (9 € B A M2 . AR L A BRI AL B
2R S U AETE - LARE R 67 ~ 147 AR YN 2 4R bE
a 17~ 57 Sy FUI A pEAT T B L BT A5 S0 45 2R
R47.

4 2 2o

N OG5 G T BOR &5 G iR i
W 2% 7 e X 3 Ba A1 Ni )& & 3547 7 B0 4
Mo SRHA BP #2825 (1) Jy v, 38 1 5t 15 B ik 1k
Pl 225 I 45 149 400 ek SO AR (4 45 00 Ak B4 AS A 0 0 L
FE R 2% 1) e A 00 W S 8 i A anfe U 25, g T
GA-BP-ANN g & /0 A R0 . Fu i 45 5% 1% - 24 4 X
RENMERBSE SR LIBS & & K0 5 AR A
BT IR GE . TR AR R
for PN 5L AR G g . FH B, ool LIBS $R A B
M PR T —Fp Al AT iR A2 .

1 K. Song, Y. 1. Lee, J. Sneddon et al.. Applications of laser-
induced breakdown spectrometry[J]. Appl. Spectrosc. Rev. ,
1997, 32(3): 182~183

2 F. C. DelLucia, A. C.

induced breakdown spectroscopy (LIBS): A promising versatile

Samuels, R. S. Harmon et al.. Laser-

chemical sensor technology for hazardous material detection[]].
IEEE Sensors Journal , 2005, 5(4): 681~689

3 Yao Shunchun, Lu Jidong, Pan Shenghua e al.. Analysis of
unburned carbon in coal fly ash by using laser-induced breakdown
spectroscopy in deep UV []]. Chinese J. Lasers, 2010, 37(4).:
1114~1117
o BhAkAR . W84 45, MR IR SRR B TR S AN O s = i
LML) P B, 2010, 37(4); 1114~1117

4 Weidong Zhou, Kexue Li, Qinmei Shen e al.. Optical emission
enhancement using laser ablation combined with fast pulse
discharge[ J]. Opt. Express, 2010, 18(3): 2573~2578

Fu
induced breakdown spectroscopy of the trace metal element Pb in
soil[J]. Chinese J. Lasers, 2007, 34(4): 577~581
VRUEG, &L a, EE % P MEESEITE Pb EOL
7Sk (l]. Bk, 2007, 34(4); 577~581

6 M. A. Gondal, Z. S. Seddigi,» M. M. Nasret al.. Spectroscopic

detection of health hazardous contaminants in lipstick using laser

5 Xu Hongguang, Guan Shicheng, Yuanxia et al.. Laser

induced breakdown spectroscopy [ J]. Journal of Hazardous
Materials, 2010, 175(1) . 726~732

7 Li Jie, Lu Jidong, Lin Zhaoxiang et al.. Experimental analysis of
spectra of metallic elements in solid samples by laser-induced
breakdown spectroscopyl[ J]. Chinese J. Lasers, 2009, 36(11):
2882~2887
4= BE, BRAKAR . MOEH S BOLES T EEERES T EETHR
itk BB (T]. P Bk, 2009, 36(11): 2882~2887

0315001-5



T

L

8 Wang Jiasheng, Qiao Dongpo, LLu Yunzhang et al.. Quantitative
analysis of laser-induced breakdown spectroscopy in rocks by
using intensity normalization method [ J]. Chinese J. Lasers,
2010, 37(1): 225~230
ERT, AR, Mz = & SR IH — bk 0 0 s A os s
S gkl P E#K, 2010, 37(1): 225~230

9 Edilene C. Ferreira, Debora M. B. P. Milori. Ednaldo J.
Ferreira et al.. Artificial neural networks for Cu quantitative
determination in soil using a portable laser induced breakdown
spectroscopy system [ J]. Spectrochimica Acta Part B, 2008,
63(10): 1216~1220

10 Prasanthi Inakollu, Thomas Philip, Awadhesh K. Rai et al.. A
comparative study of laser induced breakdown spectroscopy
analysis for element concentrations in aluminum alloy using
artificial neuralnetworks and calibration methods [ J 1.
Spectrochimica Acta Part B, 2009, 64(1): 99~104

11 Sun Lanxiang, Yu Haibin, Cong Zhibo et al.. Quantitative
analysis of Mn and Si of steels by laser-induced breakdown
spectroscopy combined with neural networks[J]. Acta Optica
Sinica, 2010, 30(9) . 2757~2765
2, P, AR % OB S E bR AS A AN

HERSMIW B M Mn M1 SILT]. k% %k, 2010, 30(9):
2757~2765

12 Vincent Motto-Ros, Alexander S. Koujelev, Gordon R. Osinski
et al.. Quantitative multi-elemental laser-induced breakdown
spectroscopy using artificial neural networks[ J]. Jowrnal of the
European Optical Society-Rapid Publications, 2008, 3. 08011-
1~08011-5

13 Ajith Abraham. Meta learning evolutionary artificial neural
networks[J]. Neurocomputing . 2004, 56: 1~38

14 Riccardo Leardi. Genetic algorithms in chemistry[J]. Journal of
Chromatography A, 2007, 1158(1-2) . 226~233

15 Huang Jisong, Chen Qiaoling, Zhou Weidong. Laser induced
breakdown spectroscopy for the determination of Cr and Sr in soil
[J 1. Spectroscopy and Spectral Analysis, 2009, 29 (11):
3126~3129
BN, PRITEY, DR, BOLHE SRR AR 0 L
Cr il Sr[J]. i % 5 k3% 4 47, 2009, 29(11): 3126~3129

16 Seong Y. Oh, Fang Yu Yueh, Jagdish P. Singh. Quantitative
analysis of tin alloy combined with artificial neural network
prediction[J]. Appl. Opt. . 2010, 49(13); C36~C4l

0315001-6



