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Abstract : In the ICP-AES measurement system, the phenomenon of spectral superposition causes most of the spectral lines to be interfered
by different degrees of overlap, which results in subsequent quantitative analysis errors. In this paper, the method of spectral overlap
interference correction is explained and the evaluation function is established according to the mechanism of spectral superposition; By
using the finite difference method to calculate the approximate second derivative and the distribution of the minimum value of the
approximate second derivative, the minimum range of the characteristic wavelength of the neutron peak in the overlap spectral lines can be
determined, and use the range as one of the initial conditions of the differential evolution algorithm. Then use the differential evolution
algorithm to get the optimal solution of the evaluation function as the optimal eigenvector of the overlap spectral lines. The interference
spectral lines and target spectral lines in the overlap spectral lines are analyzed by the optimal eigenvector. The effect of parameters NP and
G on the performance of the differential evolution algorithm is tested by simulated overlap spectral lines data, and the feasibility of the
spectral line overlap correction method proposed in this paper in the field of engineering is verified by measured overlap spectral lines data.
The experimental results show that the differential evolution algorithm can be used to calculate the optimal eigenvector of the overlap
spectral lines, and parse out the target spectral lines and the interference lines in the overlap spectral lines, thereby achieving the overlap
spectral line interference correction, which lays the foundation for the subsequent quantitative analysis of element content.
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Fig.3 Differential evolution algorithm flow chart
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Table 5 Comparison of preset feature parameters and fitted feature parameters

% @ Ay/nm AXy/nm n A B C

Tl 1 400 400. 00 0.02 0.5
RURHES -0.1 1
B BH FE2 800 400. 04 0.04 0.5 0 > 00

T 1 397.919 400. 056 0.022 0. 479
DA HIES % -0. . .
BARESH T2 789.178 400. 081 0. 053 0.431 0- 095 4871 93. 648

4.4 ELEEETHEENR 1) Pr390. 844 nm 4% 7 & FHA E M
e v T S e S e _ o YA % S 2 o A y

i ICP-AES 25643 It — AL e R AT 17 WAL ICP-AES FRIAT bR ULz UL T SN E D

S R 4% T 2 R E UK b (T R 7 A iRk K4 390. 844 nm AL TG E Pr AR F A IR ES NS,
FETRNG PR ST RS Wi itmnem W15 o,

BOM 2203 EAL SEE EAT A, AR VR & (5 R Nk 6 <101
B, Hoh 0 E 50 8.0 pg/ml, F&4KH 0.5 mol/L 30t
i) HNO, ,
25
*x6 MERRMRERR 5 20f
Table 6 Configuration information of standard solution % s
TR P /nm JLER P/ nm TR P/ nm
BiEu  381.967  #Cr  205.552  #BSh  206.833 1O}
Bk Fe  238.204 % Mo 202. 03 #Sn  189.989 os
#1 Ba 455. 403 £L Gd 342.247 B¢ Rh  233.477
Y 371.03 BN 231.604  HNd  430.358 o —
- i 390657 390733 390.81  390.886  390.963
fcd 214438 fllla  333.749  ESm  359.26 P Kmm
#Sr 407.771 BEZr 343.823  4fiCe  413.765
BEMg  279.553 GMAL 396152 APd 340458 115 Pr390. 844 FARIHL
5 Se 361. 384 7 Ru 240. 272 fE Py 390. 844 Fig. 15 Overlap spectral line of Pr 390. 844
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Yiede 3 ki FRAE S, BU NP =500, G = 4T 5 RESIHEEAR  THRE R R 7 FR,
3200, 4GB AF F=0.1, X% CR=0.1, EE i
R 7 Pr390.844 iTEHER
Table 7 Calculation results of Pr 390. 844

T Trors | FUONEEH A/um AA,/nm 7 A B c
Whid 15871.09  390.711 0.031 0.419
1 0.070 6 ! TP\E'& 0 0 6245
FIAREZ:  12480.05  390. 848 0. 030 0.759
B4 16000.29 390,714 0. 029 0.492
2 0.070 5 JF%; . 0 0 6 245
AR 12614.20  390.843 0. 031 0. 646
ARk 16 154.85  390.711 0. 029 0.503
3 0.070 8 ! *{maﬁ 0 0 6 245
HFriELk 12 346.62 390. 847 0. 032 0. 670
L 15580.28  390.716 0.031 0.455
4 0.071 3 qﬁﬁfl: )L“ 0 0 6 245
EARiE 12199.26  390.839 0.032 0.705
4 16202.74  390.712 0. 029 0.541
5 0.071 6 jH{mE'& 0 0 6245
FIAREL  12851.79  390. 843 0. 028 0. 844
BB 2 HEE R AP ERESBURAR(3) & 2) Hg313. 183 nm L E S T HAIEN A
WLk S ESIEL AT, i E 16 B s ARAN(2) WL ICP-AES R Ge%) % R AT HEAT A3l 4, 7R K
RIS N H bR 2k, I 5 At 10 B, aniE 313,183 nm AbJCE Hg WIS A IEIEIS L mS 4, Wn
17 fi7s & 18 FioR,
=104
301 — EBER
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25
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g = 400
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Fig. 16  Overlap spectral line and fitting spectral line 18 Hg313. 183 nm AR
Fig. 18 Overlap spectral line of Hg313. 183
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Table 8 Algorithm iteration result of Hg313. 183
LEEL Erors | TUEEL M o Ao/nm AX,/nm n A B C
Ttk 287. 04 313. 165 0.014 0. 381
1 0.022 1 S 0 0 299.779
itk 312.36 313. 184 0.019 1
RE£5% 287.56 313. 162 0.014 0. 395
2 0.0222 WE‘;‘ % 0 0 300. 269
[ER 7G5 312. 44 313. 186 0.019 1
i 2 287. 14 313. 161 0.014 0.397
3 0.022 4 JFHR; 32 0 0 300. 221
HAritgk 312.92 313. 184 0.019 1
Pk 287.55 313. 167 0.014 0.387
4 0.022 3 HP; . 0 0 301. 184
H ARk 312.76 313.182 0.018 1
Lk 287.43 313. 167 0.014 0.372
5 0.022 3 H{ET,E' 32 0 0 301.729
HArisk 312.18 313.186 0.018 1
s PRI T PR LI B8 O 5 LR i 5t 3 2o 1CP-
600} — AL AES Z 485000 S ik 2 s B A SCHE ) i L S T

E
=
=
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100+
0
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Fig. 19  Overlap spectral line and fitting spectral line
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BN 5 Wi 20 VA (L A5 P 7 07 8, PRI TR 4% A S
JIr 7 B 75 R E T TR L AR ARSI AU X T, 7R LTS
BT KRB LA S il 2k e AR B 7E 0 8 0 vpols B R
AR L Ay P 4 1 WA i 2 R i D A BR(EL DX (), DLt
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235 PR I, (ELAR SO R i) SE AR, R R RTISK fige 7 3k [ R i
T 2% FUETELRIN BN A2 4 T IR LS, H
IO B4 ] EE SRR AL 2 50k BT
B2
(1] @sed, T8, Zolhe, % 150 ICP-AES £ R4
W5E[1]. P HriE ,2019(2) 1 101-106.
HUO L SH, WANG X, XIA K X, et al. Study on the
control system hardware of scanning inductively coupled
plasma atomic emission spectrometer [ J |. Analytical
Instrumentation ,2019(2) :101-106.
VG AR IR SR AR e AR A PR Y R
SER TR A ST IR (ICP-OES ) M iF s [ )], e
2556155341 ,2020,40( 4) £ 1214-1220.
HANT, YU X P, GUO Y F, et al. Determination of
lithium in high salinity samples by inductively coupled

(2]

plasma optical emission spectrometry ( ICP-OES) [J].
Spectroscopy and Spectral Analysis, 2020, 40 (4).



© 82 - oIS A o R H34 %
1214-1220. of gas turbine [ J]. Journal of Engineering for Thermal

[ 3] X, xIvkok, whtyg, 55, B E & 58 TR 7 & 4 Energy and Power,2018,33(10) :28-34.
SRR K P BB IR ST [ 1], g 506 [10] MATSUSHITA H, KINOSHITA W, KUROKAWA H, et
43HT,2018,38(6) :1880-1883. al. Particle swarm optimization-based strategy for
LIU J, LIU B B, HAN M, et al. Methodology research for detecting border-collision bifurcation points in piecewise
determination of total phosphorus in water by inductively smooth maps [ J ]. Applied Soft Computing,
coupled plasma-atomic  emission spectrometry [ J J. 2020:106319.

Spectroscopy and Spectral Analysis, 2018, 38 (6): [11]  TEEAE, BYEE3%. Bidk PSO {4k ELM 5 £ 55 1~ Ha i
1880-1883. Rz [ 1], T I 5 R A 4, 2019, 33 (2)

(4] PNEFe REW XL, 5. BBl & 55 6 TR 4t 72-79.

Ji ik (1CP-OES) M 5 5 7 7 1 A ) v S i 1 O 5 40 DING Y ZH, JIA J F. Improved PSO optimized extreme
[ J]. R 2020,44(3) :85-92. learning machine predicts remaining useful life of lithium-
SUN L L, SONG J M, LIU Y, et al. Optimization of ion battery [ J]. Journal of Electronic Measurement and
ICP-OES for the determination of total phosphorus in Instrument,2019,33(2) . 72-79.

marine plankton[ J]. Marine Sciences, 2020,44(3) :85- [12] ABM, ZE R A 5 T L2k B0k TR
92. AT TT [ 1] AR 4R, 2019,40(12)

(5] BFR M, B, & B G S8 THRIET & 26-35.

SEIE A M B 6 T R AR IE BT [T ]. REN B, LIS W, YANG SH P, et al. Gearbox detection
BRI (fh2a ) ,2013,49(3) :364-369. optimization method based on multivariate function
ZHAO J W, MEI' T, YAN G Q, et al. Recent progress particle swarm [ J ]. Chinese Journal of Scientific
of researches on spectral interference and its correction in Instrument, 2019, 40(12) :26-35.

icp-aes analysis [ J ]. Physical Testing and Chemical [13] I, ZETa k. TR TR i 2 477 3D Noc B
Analysis (Part B: Chemical Analysis),2013,49(3). [R10 2 00 R [ ). A 2% 4% 2 24 HE, 2017, 38 (3):
364-369. 765-772.

[ 6] BHZEW. BBl & 55 8 TR K S G 0 5 b B RE XU CH P, LI K M. Cooperative test scheduling of 3D
HES I XS PR OGS TR IE [T ], Al AR 51X Noc under multiple constraints based on the particle
#%.,2015,21(3) :171-175. swarm optimization algorithm [ J]. Chinese Journal of
HU J M. Correction of spectral interference of Zn to W in Scientific Instrument,2017,38(3) :765-772.
geological samples by ICP-AES[ J]. Analysis and Testing [14]  JE2ZFR, M. AL IE BB A 55 B 1 IR R 7 ke g1 61
Technology and Instruments,2015,21(3) :171-175. ORISR —FE R[] HT Ak, 1990 (10) »

[ 7] WEFR, A ICP-AES st S AL IE Jr ik i 920-924.

W[ T]. Y62k 5061 04, 1990( 3) . 72-76. SHEN L S, BAI M. A new method for correcting spectral
SHEN L S, BAI M. Research in ICP-AES spectral interferences in inductively coupled plasma-atomic
interferences and their subtraction methods [ J]. Spectro- emission spectrometry [ J]. Chinese Journal of Analytical
scopy and Spectral Analysis, 1990(3) :72-76. Chemistry, 1990( 10) :920-924.

[ 8] LhiEim, w5, 55 T Memetic HEZR R [15] 5k, N2 5, T, 45, Voigt PREILAAY LIBS 54k
DFP J&y 58 2R A it 22 3 dE AL SEVE [ 1] HHSEAL T, F SRS E 5 AR B B T R A P B T[] 0k
2015,35(10) :2766-2770,2776. T SRS, 2020,40( 1) :266-270.
MA ZH Y, YE SH J, LIN ZH Y, et al. Enhanced ZHANG P, SUN L X, YU H B, et al. A LIBS spectral
differential evolution algorithm with non-prior knowledge self-absorption correction method using voigt profile fitting
DFP local search under memetic framework[ J]. Journal for the application of magnesium analysis in phosphorus
of Computer Applications, 2015, 35 ( 10 ). 2766- ore [ J]. Spectroscopy and Spectral Analysis, 2020,
2770,2776. 40(1) :266-270.

(9] EM BRI R, [N 2 5 AR TE R <5 [16] skt 2200 BEALF R I PEBERF 2T [ D). 220 . Pa LI

BILA ol 42 i b B9 R L) ]
33(10) :28-34.
WANG SH, ZHI T SH, SHI J Q. Application of self-

adaptive differential evolution algorithm in speed control

MEE SN ) TR, 2018,

JuR2+,2019.
ZHANG N N. Research on the performance of differential
Northwest Normal

evolution algorithm [ D ]. Lanzhou;

University ,2019.



5113

[17]

(18]

[19]

(20]

BEE, RS, B R 220 L A DU e 3 AT
AR LT]. WA R EE B TR A2, 2019, 24(3)
93-99.

XUE P, ZHOU R H, WANG H M. Application of
differential evolution algorithm in quadrotors attitude[ J].
Journal of Harbin University of Science and Technology,
2019,24(3) :93-99.

AL R T O 22 70 BECSRA B RBF 122 R 28 7E i
R L] AT RS2 4 HAARRA R |
2014,37(11) :1397-1401.

HAN Y. Application of RBF neural network based on
improved differential evolution algorithm to stock index
Journal of Hefei
Technology, 2014,37(11) :1397-1401.
XUBR AR IR 22 7015 50k 25 ol SR 54 W 1) XF
A (], i B HLREE 5 4R K, 2013, 7 (11);
983-993.

LIU CH, LIN Y, HU X M. Analyses and comparisons of

different update strategies for differential evolution[ J].

forecasting [ J J. University  of

Journal of Frontiers of Computer Science & Technology,
2013,7(11) :983-993.

ZHANG Y N, JIN L, GUO D S, et al. Taylor-type 1-
step-ahead numerical differentiation rule for first-order

derivative approximation and ZNN discretization [ J ].

BT 20 LR 1ICP-AES 354 H S TR E I ko - 83 -
Journal of Computational and Applied Mathematics,
2015, 273.
EEE N

BR/NSE, 1989 AR T L7 Tolk KA 4k A%
b 2E 0, 1992 AF b U H TR 2 3R A Al
2L, 1995 AF T AU HUH TR 2 3R AG 1 1
ESVASYVSE S NN PN C e S LU ST
HPSE7/ LA T IE e N,

E-mail ; lianxq@ 263. net

Lian Xiaoqin received her B. Sc. degree from North China
University of Technology in 1989, M. Sc. degree from Beijing
Institute of Technology in 1992, and Ph. D. degree from Beijing
Institute of Technology in 1995. Now she is a professor at Beijing
Technology and Business University. Her main research interest
is internet of things measurement and control technology.

FRE$%, 2019 4F FIb o0 TR K223
E e VAR N PN R R
SEBEFE T 6 P R RDE A IR A
E-mail ; chenym_btbu@ 163. com

Chen Yanming received his B. Sc.
degree from Beijing Technology and Business
University in 2019. Now he is a M. Sc. candidate at Beijing
Technology and Business University. His main research interests

include IoT and photoelectric detection technology.



