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Fig. 1 Schematic diagram of the experimental setup
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Table 1 Reference concentration (%) of element C and Fe in the samples

1 2 3 4 6 7 8 9 10
C 0. 081 0. 099 0.122 0.222 0. 358 0.418 0. 580 0. 664 0. 747 0. 881
Fe 98. 773 98. 226 97.236 94. 116 97.238 96. 914 96. 489 98.021 94. 885 96. 492
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Table 2 The relative error (RE%) of internal calibration

in predicted content of element C

No. 1 2 3 4 5 6 7 8 9 10
RE/% 49.38 53.54 18.03 8.11 10.06 10.77 10.35 6.33 8.57 7.26

13004 i

1200+

R’=0.893 4
11004

1 000+

Intensity/(counts)

900 -
® Data

800 - - —— Fitting

T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
Certified content/%

1 ®

R*=0.982 3

Intensity ratios

® Data
- —— Fitting

0.30 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Certified content/%
B2 (ACREEE(N)S5ELEEEMAHMLE; (b)C
TEEE(%)5 C/Fe XL BELBAMLE
(a) The fitting curve of C content (%) with its spectral

Fig. 2
line intensity (b) the fitting curve of C content (%)

with C / Fe spectral lines intensity ratios

2.2 BT E BP-ANN Eirik

HIEEEEDHEE R, % C 193.09 nm/Fe 200. 04 nm
P £ 5 I EG AR O BP-ANN By A8/, C oo & & EAE
N AR, @S B BP-ANN Ehrik. E B a 4 W
Fefmp COURM &l WA AZwMECr 1, RERE
BB 1, &t A8 3. X AR K BEF ~ traingdx” i
BRI 25 6k B, B2 2 R g 2 015 8 ek Ko ) 3k
“logsig” #1“purelin” o H . H T4 25 X 2% 150 20 1)t 37 AR T
BB, DIGREARA R, H LIBS 0 J7 s A B 5 42 1k 2%,

W g6 5 Z AR T4, 530 BP-ANN I LIBS £ 8% #95%
WEE A, B ConE & R REMWE 3, A E RS
Bk B R o .

®3 HBTE BP-ANN EREMN C tREEMNHEITIRE (RE%)

Table 3 The relative error (RE%) of univariate BP-ANN cali-

bration in predicted content of element C

No. 1 2 3 4 5 6 7 8 9 10
RE/% 64.20 33.33 49.18 10.36 15.08 16.27 6.55 3.31 1.34 5.56
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Fig. 3 The DP-LIBS spectrum of alloy steel and selected characteristic analysis spectrum lines
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Table 4 The relative error (RE%) of multivariable GA-BP-ANN calibration in predicted content of element C
No. 1 2 3 4 6 7 8 9 10
RE/% 98. 765 27.27 6.56 8.11 7.82 11. 00 6. 90 2.56 1. 47 2.95
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Fig. 4 The correlation curve between predicted content and

certified content of element C by internal calibration,
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Table 5 The average of relative error (ARE%) and relative
standard deviation ( ARSD%) by internal calibra-
multivariable GA-BP-ANN of and univariate
BP-ANN predicted content of element C

tion,
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Detection of C Element in Alloy Steel by Double Pulse Laser Induced
Breakdown Spectroscopy With a Multivariable GA-BP-ANN
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2. Advanced Institute of Materials Science, Changchun University of Technology, Changchun 130012, China

3. Institute of Electrical and Information Engineering, Jilin University of Architecture and Technology, Changchun
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Abstract Carbon (C) is a trace nonmetallic element in many components of alloy steel. Its content determines the main
mechanical properties, grasp the content of element C accurately and timely plays a vital step in the process and sort of alloy
steel. Double Pulse Laser-Induced Breakdown Spectroscopy (DP-LIBS) is an effective method for on-line rapid analysis of
elements in alloy steel. It not only can deal sample real-time and simple sample pretreatment but also can enhance the intensity of
signal and extent of ablation. In order to diminish the matrix effect and raise the precision in quantitative detection of trace
element C in LIBS, a modified method of multi-element and multi spectral lines was used with an artificial neural network of
back-propagation (BP-ANN). Thus a way of multivariable GA-BP-ANN was created. Firstly, the spectrum of alloy steel
samples collected by DP-LIBS in an argon atmosphere, the atomic spectrum at C 193. 09 nm was selected as the spectral analysis
line of element C. Its intensity can correlate with the content of element C. In order to offer more spectral information and raise

the accuracy of quantitative analysis, fifteen characteristic analysis spectral lines of the coexisting elements Fe, Cr, Mn and Si



202 S 5 6 M %42 %

were selected simultaneously. The content of element Fe is rich and relatively stable in samples, which can be used as a standard
internal element to reduce the fluctuation of spectral lines; then through the genetic algorithm (GA) searched, the ratios of C/
Fe, Cr/Fe, Mn/Fe and Si/Fe were optimized; finally, the input of the three-layer BP-ANN was the intensity ratios of the multi-
spectral line pairs selected by GA, and the output was the content of element C, the multivariable GA-BP-ANN calibration was
established. In order to contrast the results of predicted, the traditional calibration curve and the univariate BP-ANN calibration
methods with C/Fe as input were established. Predicted element C content in alloy steel with leave one sample, compared with
the conventional calibration curve and the univariate BP-ANN methods, the average relative error of the predicted samples
decreased from 14. 78% and 14.75% to 8.29% . the coefficient of fitting determination between the predicted content and the
certified content of element C increased from 0. 967 4 and 0.974 4 to 0.989 3, respectively. The results showed that the
predicted content of element C by the multivariable GA-BP-ANN calibration method was closer to the real content, which proved

the feasibility of this method for the LIBS quantitative analysis of element C in alloy steel.

Keywords Double pulse laser induced breakdown spectroscopy (DP-LIBS); Quantitative analysis; Low-carbon alloy steels;
Multi-variable; GA-BP-ANN
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