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Bigsky Ultual 100, K 532 nm, Bk 585 6 ns, & & MR
10 Hz, T HroG BE oA & Hh B9 BO6 R 240 )36 86 R 4T 5
7 i R AR e BT SRR A R e, OPO #ot 4 (OPOTEK
Inc. . Vibrant HE 355 LD, P K LM 225~2 400 nm, Jik 58
HE 10 ns. PTR BT L BESM A 4T 20 em ! TS 10
Hz) WOt i o & B R AR5 IR ERE ROF BOR S . B0t
ORI A TR B & 2 A IR G #E A 65 (L (Andor

Technology, Shamrock 500i, Y&#} 2 400 £ « mm '), ICCD
(Andor Technology. iStart 320T) ¥ 6 1% X e 45 B 1 6 {5 5
i o d 5%, ICCD 158 &0 10 ns, BG4 5 1CCD
3 o BT 1 R & A #% (Stanford Research Systems, DG535) it
T . B—EE R 100 REAGER, BMERER
AT 10 WAL . S T FHRAR, AT OPO Bk &
HFRNCLIF #0067, RE S NibEFOBREer, 4 LIF #onik
9 234.56 nm, RAEFH Cr £ 5OGHEE, ¥ LIF Bt &R
357. 87 nm,
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Schematic diagram of LIBS-LIF experimental setup
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Table 1 Concentrations of Cr and Ni in micro
alloyed steel samples(Wt% )
No. R 3 No. A %
1 0. 409 0. 164 12 0. 200 6 0.051
2 0. 086 0. 322 13 0.154 0.024
3 0.218 0.092 14 0.021 0.001 5
4 0. 408 0. 409 15 0. 002 0.8
5 0.133 0. 601 16 0.183 0.511
6 0.03 0.062 17 0. 194 0.08
7 0.175 0.036 18 0. 046 0.03
8 0.142 0. 066 19 0.032 0.117
9 0. 041 0.007 2 20 0.502 0.171
10 0.174 0.222 21 0. 094 0. 387
11 0.513 0. 498 22 0. 026 0. 157

1.3 Zu&EmEEAE

ZIREMEEHERA RN KRBT y=woa) Twiae + o
w,a, s W6 HREMEMER Y=XW, HPf Y AEAERE, XN
A (X W —s 2 1, fE D, Wi AR R
B, BAERGEREN N,

ZIREME BT B AR SR T WO R B IE R AR T TR
figt » B RS 5 2 Oy Al de /)



%31 NG 2T OGS FOLET BT 0T B R I HE B ¢
%38 R ZIon Nk RNAR R BOGE S IO BIEOE R g B 797
ﬁﬁ%z\\ﬁ 1.0 - Cr-simple liner regression
- . b)
¢ = ¥ — i (O (
52 5 A Soxy T .
Q=D (y—y) =ele, = (y— Xew) (y— aw) (2) _‘gjo.é_ y
i=1 S
S M= H—RD ;504_
e; ~ N0, o) 3 § "
M Y 8
1o £ 021
= e, 4 5
1V 270 £
M Y] M Y 0~0_
1 7(y’*vl) m 1 7(»\]7\3)
InL =1 e L2 = | e L2 T T T T T
" n<,:1 2o ) = n(E 2o ) 0.0 0.2 04 0.6 0.8
5) Real concentration/(Wt.%)
2 NitR(a)fiCrnH(b)WAN-EX—n&EMUE
" 1 ( - )2 >7(y — )" Fig.2 Results of Cr concentrations (a) and Ni concentrations
_ Yi Vi m i=1
~ <ln< Zna) 257 >_ o - 257 (b) predicted by simple linear regression
(6)
m o 1'2_(a)E ‘
maxlnL@minZ (y;i —y)? ) 5 NiI30126m Ni 1310.25 nm
i=1 1.09 s
eht - |
1 - 5 0.8+ = c
20 JT(Y—XW)I(Y—XW) 8 g .
9L — xT _xT “ i gx E
-2 - XT(XW—XTY) (8) 2 06 gz £
210 _ _ Ty 1wl \%\/ 0.4 1 g7 E’
(,)W—O@W— (X' X)) 'X'Y 9 § E °
=
a8 RN () B AT SR A% W WUT A3 2 o0 2k 0L A 3R 021
ijsiﬁc 0.0_.
Z LRI LT H 2 Fh 28T 2 41 B A8 15 R0 BT 6] I 119 wp am aa wm w | mn
L P AZ I, AT LA AT 2 TB) /Y 06 2R AT AR B 1Y 405 0 I Wavelength/nm
W IEREAR T — oA RS I A AT RE 1 6
(b)
FeI427417Enm
Ly 5 S g
2 HR5GIHE . 5 1§
£ 44 = g 9
3 g e N
— _ = = N Q) © 2| = o
21 ERAMNARBTRSBENGERE el - s &7 2
I NI T 301,26 nm 55 Cr T 428.99 nm P 4 454 i £ | s 2z ||5]8
_ . T e 2 e 1 B 2,4 § 2%s (5] g
LB Ni LR S Cr LR R IE SOU R E M LR g 2 3 grs [I°] =
— N . = 2 : < &)
T e FE 0 S R v FE 0L 45 AN 1B 2 Ca) BN () BRAR L RTOL 200 el s
R — SR AT IA N, NiJBE S CrooE — o4&k E#l
0+

A RB M 0.960 15 0.992 0, A EHLE, HKIAE
AT

Ni-simple linear regression

(@

R*=0.960 1

o
[
1

S o S
NS} w S
1 1 1

=
—
1

Predicted concentration/(Wt.%)

o
f=}
1

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Real concentration/(Wt.%)

T T T T T T T 1
420 422 424 426 428 430 432 434

Wavelength/nm
B3 &NmtEHEMm)ESCrTEERDDY
LIBS &3 &
Fig. 3 LIBS spectral intensities of Ni containing samples (a)

and Cr containing samples (b)

HTHE—BREICR G AR RADK 22 A
dh AT LIBS-LIF 5288 Jf 1 300~ 311 nm {5 [l 4 23 5l e 4 8
% Ni fil Fe RT3 4%t Ni fhA7 Z 045 . 5 420~ 433
nm i B N8 10 Z& Cr Al Fe LT 3523t Cr TR EATL T
LAEG , HOGE I 3 F (b iR .

HZudk kil A RE 2 Pros.



798 ik 56 4

842 %

F2 NifiCr tEEZTEMEUERE

Table 2 Regression coefficients of multiple linear regression

Ni Cr
wi %ggﬁ? O §§3§5 i
301. 26 31. 14 Ni 428.99 7.48 Cr
305. 15 19. 98 Ni 425.07 6. 49 Fe
305. 83 18. 42 Ni 4217.50 6. 34 Cr
310. 25 14. 27 Ni 432.63 6. 00 Fe
303. 85 10. 35 Ni 425. 46 4. 83 Cr
305. 50 7.88 Ni 430. 81 3. 38 Fe
300. 34 5. 40 Ni 420. 21 2.91 Fe
306. 74 2.55 Fe 428. 37 2.62 Fe
427.17 1.52 Fe
426. 06 1. 47 Fe
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Multiple Liner Regression for Improving the Accuracy of Laser-Induced
Breakdown Spectroscopy Assisted With Laser-Induced Fluorescence
(LIBS-LIF)

WU Jie', LI Chuang-kai' , CHEN Wen-jun', HUANG Yan-xin', ZHAO Nan', LI Jia-ming'** , YANG Huan’,

LI Xiang-you', LU Qi-tao*®, ZHANG Qing-mao'?**

1. Guangdong Provinical Key Laboratory of Nanophotonic Functional Materials and Devices, School of Information and
Optoelectronic Science and Engineering, South China Normal University, Guangzhou 510006, China

2. Province-Ministry Co-construction State Key Laboratory of Optic Information Physics and Technologies. South China Normal
University, Guangzhou 510006, China

3. Sino-German College of Intelligent Manufacturing, Shenzhen Technology University, Shenzhen 518118, China

4, Wuhan National Laboratory for Optoelectronics ( WNLO), Huazhong University of Science and Technology, Wuhan
430074, China

5. Guangdong Provincial Key Laboratory of Industrial Ultrashort Pulse Laser Technology, Shenzhen 518055, China

Abstract Elemental analysis is an essential requirement in the metallurgical industry, nuclear industry, pollution detection and
environmental monitoring. As a new type of atomic spectrum analysis technology, LIBS has been widely concerned because of its
real-time, fast, almost non-destructive and multi-element simultaneous analysis. However, its poor analytical sensitivity has
restricted the development of this technology. LIBS-LIF can improve the sensitivity of analysis and efficiently detect the element
types of samples through laser resonance excitation. The spectrometer can collect spectral information and a model can be
established to predict the concentration of unknown samples. However, when the characteristic spectral lines of the matrix atom
and the target atom are very close, the matrix spectral lines will be affected, and the unary calibration accuracy will decrease. In
this paper, linear models of Ni and Cr elements in steel were established using linear fitting with one variable and linear fitting
with multiple variables. Firstly, the peak spectral line in the sample spectral map is selected to find whether it is the
characteristic spectral line corresponding to the element to be measured or the collective element. After selecting suitable
characteristic spectral lines, the spectral intensities of multiple spectral lines and the concentrations of the elements to be
measured in the sample were used as a multivariate linear fitting model, and the fitting coefficients corresponding to each spectral
line were ranked from highest to lowest, and the contribution of the spectral intensities corresponding to each characteristic
spectral line in the multivariate linear fitting model to the concentration prediction was taken as the criterion from highest to
lowest, and the fitting dimension was increased continuously. The mean relative errors of the regression models for Ni and Cr
elemental content were reduced from 38% to about 10% and 55% to within 25% , respectively, and the root mean square error
values of the cross-validation of the linear regression models for Ni and Cr elemental content were reduced from 3. 4% to 2% and
2.5%, respectively, with the increase of dimensionality. and 2.5% to 1.5% for Ni and Cr, respectively. In this paper, the
method of selecting multiple spectral lines to establish a multiple linear regression model is relatively effective in reducing the
influence of excitation interference, and it puts forward a feasible scheme for promoting the practical application of laser-induced

fluorescence assisted laser-induced laser spectroscopy technology in element analysis.
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