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Technique to improve quality of LIBS spectrum signal based on
multiple data processing methods
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(1. School of Electronic and Information Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. School of Science, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Based on multiple signal process methods, such as segmented spectral feature extraction and
wavelet transform algorithm, the pre-spectrum signal treatment technique was investigated to decrease the
difference of segmented spectral baseline and lower the spectral noise, and thus the signal quality in laser-
induced breakdown spectroscopy (LIBS) was improved. Based on extracting the characteristic value in
different spectral bands of multi-channel spectrometers, a simple method was presented to connect the
characteristic value in different segmented data and effectively flats the signal baseline. Through analyzing
the experimental data, the wavelet transform was used to lower the noise and obtain the optimum
parameters. On the basis of the above work, artificial neural network based error back propagation was
adopted to identify spectral line of the copper and stainless steel sample successfully. All the results
illustrate that the utilization of multiple data processing method for spectral signal processing in LIBS
technique can improve the quality of line’s analysis and recognition.
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Fig.1 Experimental system of LIBS
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Fig.2 Original spectual graph
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Fig.3 Spectral graph of copper after baseline correction
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Fig.4 Spectral graph of stainless steel after baseline correction
f8 o PRI, SCHR 5 1206 I R LR AN 19 [ 8% ] 47
AR IR AR I 1 EL AR S S R AR
Je— A R LIBS SLIE(R 5 AL B A
2.2 INEEIE RN EEGEERAR

WAECHIRZ PG SHEMRTTE, WR/R S U8
VR EANED L g A L TOLIBE S R
JERINREM ISR G S, I H/NUE K
(Wavelet Transform , WT) 53 H A K 4 A4 B 40 J) 16k
P B SR PR 2 AR O A A A, T LA DX 0 e AR
15 5 RGPS I8, DRI B R D 18 A5 o Mg i 0 1)

TE/NBON B[R] —AUBE b, il T /N AR e B i
B S PR DI v A S U ol P 4 E A D B I B b
DRI G 7 99 /0 90 28 OB AEL 5O 5 T MR P 8 7 i R
BOE A TE T AT I B B N R BRI, P
08 X3 Ay ] —J3 B AN [ I B b /)N i 3 B B 1 AN
(), DA TET P B {3k T DA S B 43 15 RS A7 8 55 R 5
BEFT /NI I, B A 2 DI B ) /N R B Z 5 RS
A FHRR R B (L B3 1 0 LA A T AR AR R 14 /0N
FRBO /N AT AL, AT B AT BRI S LU 1906
WE .

DT A R R | — P8 P 068 {15 148 L (PSNIR)

i

2552
V)-XC)T3 “)

A X O y) R R R X (x L y) R KR Y
K&,

PSNR=10lg 040

WS A LA S B3], o R AT o FE A E 1Y
HIBAE S AT N 2N, T B S50 /N
eI o IR RO T 57 1% X e SO0 J R AL
RAysZmanE 5 538 1, B 5 BIRAEA A /NS (1
F5H R do 251, sym R, LU coif /)N JE) 1 L
T, B S RO O T A 2 Y PSNR {E #9451k
ik, o PSNR R /)N | R 25 90 o R 114 34 07 {8
K, BV RT3 1 AR W] A T8 5 vk AR )
/N LTS R B9 PSNR i (P07 % dB, N=6),

FANR

5 AN [ 43 fiff )2 BORIAS [R) /N e e A5 0 R 19 PSNR (dB)
Fig.5 Value of PSNR with different level N and different wavelets

1 AAREHEFENARNMNEEBRLTH
PSNR {&(N=6)
Tab.1 Value of PSNR with different threshold
computer methods and different wavelets
(N=6)

Wavelet
Method

db5 db8 sym5 sym8 coif3

Rigrsure  22.6784 20.8771 22.0648 21.9418 21.6571

Sqtwolog 16.0336 16.0357 16.2016 16.1794 16.1480

Heursure 22.6784 20.8771 22.0648 21.9418 21.6571

Minimaxi 17.44291 17.3568 17.6362 17.5902 17.6738

SCER SR FRW], AE FIRE Y o 2 EO R (T
THEMIEBL R db RGN /NI SRR BT FE R R
NI R TR IR IS LT, S A 2 BB K B
M SR 4 {H % T 76 N=5 22 5 PSNR {H B % N 1%
KAWIEAI] L, IF iAWk 2 20 2 4, i
— PR N=5; 76 /NI 3 S o3 i )2 HOE R A B T
sgtwolog B 15 77 B BUR S, o RS 06 245
BRI, /N A8 B0 30 (R e A S 5000 dbs /N 3L, 4
fif ]2 %0 5, L sqtwolog [ {8 1154 7 0k 147 e Mg ik 2
JIT HUAS A e e g R an 1 6 T

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

HERE AN SHBELEFEILE LIBS #E5 K2 3811

=i
I +\-¢h__ e

' ' '
2i S Ly 1 Sl

o I
Wivzleonorh nm
6 /NI RN 1 o i 5

Fig.6 Spectual graph after decreasing the nosie

3 ZWKERSH

H AT, 7ER ] LIBS #4795t 43 25 0 R 1AL 2
FR) 2 35 AR A B s (PCA) I3UFI i 25 1 2% (ANN) 755 o
AT IS B A AT AL B PCA R Fh iR 2 22
[ OCRMZIT AR, TR B0 200 55
BT LIBS JGHEEHE 280 25 A7 A6 15 e 5 & 5 [m) AL, ofF
FH PCA 7 Bridiits kAT 52 24 AL B8 A R ARS8
K45 A . ANN J&— B BL5 3 P #2454 7 R
TESEAT oA XA 7 (5 B AL B FeE i BAT IR 4k
PRI | IS 2 ) FRRAd AR R A . PR, SCHeR
FE TR T B 1R 22 R ) A% B 4 N 4% (BP -
ANN) R T LIBS & &4,

& 7 435124 BP-ANN [ JE BRI 254, &l (a) B
N X 5 RUE w; A IR IE SR A, SR 5 2 BE
b, B 22 {38 o) A% 326 R BSCFG 45 AT AS 3 i s n BT (b)
R LR, s 3 2, Sl A
2 R R BP-ANN B AR F 5 2% 14 52 s i 11
5 IR 1 2 ) R 25 R, R 25 Y R ) AR
e, FIFH AR EE T B 1 a2 A8 B o 28 7 22 () R AU
B, 4 L S T3 1Y i 2 B 2 RN 26

T 53 v e R0 28 2546 R 1T 3 J2 BP fl &8 R 2%
AR B R R A S B e e 1 R
TS Bk 20, 3L 2 A4S, 60 4G EUE ol
3y, Hor 42 N ZRE 9 Al R A |9 4
AR . R REACRZE R 20 Ik,

SC X 2 A 5 B9 A AE TR RE BR R T A% X
30 4L ds ¥ AT - WAL B RR S AR NI R
B AR, XF 3 20 BP B2 M8 BRI HES T 5, B
e A A Ao 22 DR 24 TR ASE TR | e 25 R 24 H L) sigmoid pR%R

(b)
Pl 7 2 00 285 D B 4 [

Fig.7 Principle and architecture of artificial neural network
VER R RS 2 Ak 2 L i pR B, 36 2 o il
GRUCBO TN T8 B9 2R, O HLAE T 2040 A5 P
R 2 T X o0, s B R B G I 2RO AR U2,
2 3 I, SE h oy TN A5 SRR A E T 100%.,
& 2 g x ¥ > iz B A 8] BY =2 i
Tab.2 Impact of training times on computing time

Item Value
Training times 200 500 800 1000
Realization time/s 0.2 0.26 0.3 0.3

& 3 ANN HEE gy F il 45 R
Tab.3 Predicting results of ANN model

Correct
Sample kinds Number of identified . I_n(_:orrect Accura- Error
test samples identified number cy rate

number
Copper 30 30 0 100% 0%

Stainless 30 30 0 100% 0%

BP 1 22 0 265 14 g A JZ 19 80 B R T AR LA
LR35 2 2B M 28 O PEREAT BORE R , H AR
(3 S R A i I 48 3R BROAY 45 S it 2 R
AT 5 250 0 28 A 00 7 A i 5 A AR T B 2
I, W2 2k TAE R AR B J2 2 B i =
WA 28 B B2 AR B, R OR B A L R I 4% 1Y
YNGR ] o i LA 200 1o B 23 | M T 3145 0 5 %K
P Pt B 26 S8

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

3812 B D

% 43 %

4 % i

-l

AR SR, 3 2 O T A ) T B Ab O v R
LIBS i JH A9 RS BE & B — A FEE A H R & &y
), CH TS H0 % LIBS 565 &, X 46 8 F1AS 55
RS IT R T LIBS Yl M SL s, 4R LRt T
R S 3 B 1A BREE R AR AT, EAT A O S 0 E
P DL /NE AR e S ik AT LIBS 35 4k 15 5 25 W 1 I
FERE S8, 2T 2 8O AUR [ I B IS RRE
TERI, B2 T — A T 55 17 1 22 L B TP RRAE A
ROEHEM T, ARUBIR R T LIBS JGiE(E 5 Y i
LV HEE, £ LR TAEMEER b A3 TR 2E R
) A% 49 B N TR 28 I 28 7 1, S T Al R0 AN 55 4N
YR AN ARORB, RS R R, AR
22 B b B 7 v HE AT LIBS $5 AR vh TRl 2 M %% 7
e, SEELT SR RS 5 0 A5 ) SRR S A RIGR
W g R, 256 R A 2 B0 a3 07 3% 17
LIBS i A 6% 5 5 101 4b B n] DL R4 i 15 4R 40
B AR S B e, S BT R 4l 4 0O B AN RE A
K, AR E T LIBS Gk s $E AT W B A 2R
fR) AT P

SE

[1] Kraushaar M R, Noll R, Schmitz H U. Slag analysis with
laser-induced breakdown spectroscopy [J]. Appl Spectrsc,
2003, 57: 1282-1287.

[2] Ma Demin, Ma Yanhua,Shu Rong,et al. Analysis of LIBS
feasibility for in-situ detection of lunar soil components[J].
Infrared and Laser Engineering, 2007, 10(36): 656-658. (in
Chinese)

LR, ke, BRI, S5 WOLIE SIS A J Y
n F3 3], £0 A0 506 T/, 2007, 10(36): 656-658.

[3] Chen Chen. Data processing and database upbuilding of Raman
spectroscopy in detecting water pollutants[D]. Wuhan: Huazhong
Normal University, 2006. (in Chinese)

Wi Jt . 7K A T e Wy i 2 O 3 G I 1) ARG b 5 R PR B R
[D]. BB Al K2, 2006.

[4] Zhang Yaodong. Analysis and modeling of NIR spectrunm
based on intelligent algorithm [D ]. Shenyang: Norathest
University, 2006. (in Chinese)

SRR, BT AR M IR L0565 4 7 5 A [D]. T
FRALRE, 2006.

[5] Hussam A, Alauddin M, Khan A H. Solid phase microextraction:
measurement of volatile organic compounds(VOCs) in Dhaka
city air pollution[J]. Journal of Environmental Science and
Health Part A-Toxic/lHazardous Substances & Environmental
Engineering, 2002, 37(7): 1223-1239.

[6] Acharya T, Chakrabarti C A. A survey on lifting —based
discrete wavelet transform [J]. Journal of VLSI Signal
Processing, 2006, 42(3): 321-339.

[7] Jiang Meiyu. The application of wavelet transform in Laser-
Induced Breakdown coal spectroscopy analysis[D]. Guangzhou:
South China University of Technology, 2010. (in Chinese)
gl /N 43T B T OE B S BTG 437 [D].
J7M: AR R EE TR 2%, 2010.

[8] Edilene C Ferreira, Debora M B P Milori, Ednaldo J
Ferreiraetal. Artificial neural networks for Cu quantitative
determination in soil wusing a portable laser induced
breakdown spectroscopy system [J]. Spectro Chimica Acta
Part B, 2008, 63(10).1216-1220.

[9] Shen Qinmei, Zhou Weidong, Li Kexue. Quantative elemen-
tal analysis using Laser Induced Breakdown Spectroscopy and
Neuro-Genetic approach[J]. Chinese Joural of Lasers, 2011,
38(3): 0315001-0315006. (in Chinese)

WICHE, TR, 2R, 3 T E &M E miosis s
LI TR E R AN AR 0] P E#OG, 2011, 38(3):
0315001 -0315006.

[10] Sun Yi, Du Zhenhui, Yin Xin, et al. Investigation onbaseline
correction in pollutant monitoring on-line by NIR spectroscopy
[J]. Spectroscopy and Spectral Analysis, 2008, 28 (10):
2282-2284. (in Chinese)

NG, AR, FHET, G LA AN RIRAE L S h B
KIEJ7 B BT [3]. e 2= 5 061 4 #r, 2008, 28(10):
2282 -2284.

[11] Chen Guanrong, Wang Jianrong, Leang Shieh S. Interval
Kalman filtering [J]. IEEE Transactions on Aerospace and
Electronic Systems, 1997, 33(1): 250-259.

[12] Dnoho D L. Denoising by soft-thresholding[J]. IEEE Tran-
sion IT, 1995, 41(3): 613-627.

[13] Huang Jisong, Chen Qiaoling, Zhou Weidong. Laser induced
breakdown spectroscopy for the determination of Cr and Sr
in soil [J]. Spectrosc Spect Anal, 2009, 29(11): 3126-3129.
(in Chinese)

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

