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Automatic peak detection of laser-induced breakdown
spectroscopy using Gold deconvolution algorithm
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Abstract: To effectively identify the overlapped peaks and diminish the interference of random noise in
laser-induced breakdown spectroscopy (LIBS), an automatic peak detection method using Gold
deconvolution algorithm combined with smoothing is proposed. For the LIBS of standard samples NIST
1256b and NIST 1762, smoothing is performed first, followed by deconvolution using Gaussian system
function, and finally, five-point method is used to detect the peak automatically from the deconvolution
results. Thus, the effect of smoothing combined with system functions with different full width at half

maximum (FWHM) on the ability to identify overlapped peaks and reduce the interference of random
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noise is studied experimentally. The results show that when the FWHM of 0.140 nm (slightly larger than
that of weak peaks) is used, combined with smoothing, the resolution of Gold deconvolution algorithm to
identify overlapped peaks can be up to 0.039 nm, and the wavelength, intensity of the peaks, as well as
curve fitting, are well matched with NIST database. The preliminary results indicate that the automatic

peak detection based on Gold deconvolution algorithm can be applied to LIBS data processing.

Key words: spectroscopy; automatic peak detection; laser-induced breakdown spectroscopy; Gold

deconvolution algorithm; resolving overlapped spectra

0 51 &

BOR T S FOLHE (LIBS) 16— R M6 A W R, B TE 75 5 J (ORE AT AL 28 JERL. (R 2%
ST AN T RRR IS K, TR 5 R R F5 5 BT S A T2 (O RE IO, 3o 22 20 4F, LIBS 338
FE TR P R0 7 A0 B30, SRR TS I T . B S0 A SR UETE T R4 B DL % LIBS S il 57 4 1 2
1001 5] 37 F % PB4 B LIBS AN W7 T S bE . Zhou S0 37, T 35 T - BEBL - 3 BRI BH ML B B
[ LIBS 55 40 BT R, 73 S0k B 18 7 A 2 09 7.83 el Yuan 609057 FHl 22 762 M (71 U1 50 0 2 0 1 46
W, 5 R T WML 5 22 345 O S RUB I ; Zhang 259 (0 F 5 30 8 D 7 10 138 182 2% 5] % = )2 BPNN 1%, 3t
LIBS 49 H7 45 5 5 [ Wi 45 9% % 3 0 1 0 4 SR A 58 2 1A 8.32%: Liu 2505 FF 39 BN Jsc A6 4 45 &
Richardson-Lucy 2% B 50V X W HE TR MATRE IE, 49 W 45 050 TR IR 25 W] (ks . (0o it
STt R b, M6 T4 B U7 T LA B R T £ . Waang SR HL T — 4 & T 8 0
Gaus2 Fil— ¥ G ¥O0 X 54272 6 47 T W A0 12308 L B0, 2650 T RE TS 43R £ /N A 5 R i
HEAT U8, FACRAR T35 LN 28 e U635 Chen S50 MSR 4 /IN 26 #e, 08 it B850 A6 RIS 22 IF S B0
LIBS S MR 1 1 3 S0, 277155 T LA R e 1 BRI 7 22 2 O T8, T v e, I L 4%
BRI A S RS S

Gold £ U4 B E A0 AL 78, £BBUS AR 2, &4 = sk A s Fis. 3
T3, AR Gold 2245 B LIS 6t LIBS 130V, S0t WA 7 T 0 A T80 D7 7 o 2 A 3%
BURGR A, VBAE R GRS 0 4 55 (FWHM) DU 5 500510 B 4 W A O RIBCME RS 0 4 11 2h 0%
S 1 2 0L 4 5 SR 5 NIST $O T U, 75585 £ P Gold 22355 14 3 U 24, T Gold 2 Ak B,
S, AR BIAE I3 5 AU R RTIGE ( TT SE0R

1 Hw L
VA AT B F 1 I & 25 I v] LUA B LIBS JR 4661 5 6 i A R R UG S5 R, HAERER R A
Y=HQ® X, (D

A YRR OS2I E SR, HAEEON N x 1 HADEE RS, HYEH0Y N x M; X 9 LIBS JR 45t
W, BB M x 1o (1) 3R] DU 2 AN 301 Van Cittert I5AQSIE™

X=X+ U(Y-H"-H-X") )

o b o AIEAREL, FA BT U < 2/A,,,,(A o W H™-H B ECORFIEE), H 72 1 2 5t 68 84 U Toeplitz



818 2 F BT ¥R 40 %%
FERE. A RAdh R 7R UE BUN

v O )
D [(H™ H), X" (m)]
4t (3) ZUARN Van Cittert IR ELIE, REH ] (1) A0 Gold EHBUHIEM, T F 7N
X" ()= 55 Yo X" (). @)
DIH" H), X" (m)]

m=0

Gold £ HRMFIE T UMW P BRSEHL: 1) JF46; 2) WEYIMAM XO=[1.1,... 1], iEHF RN RS
PR KL, e B T ) o U e B R/ B 0 8, AR 6 1 i i e IS AN, I RSB ERCH, T H ™ H

3) BEEFF B R, ISR R (ORI 4) T G= S [(HHD), X" ()] : 5) HAR @R, B X90), ¥()

m=0

MG X)), ith 1IEREIN; 6) EEAEIEL), 5), HFj=R; 7) it EP= iabs [x®6)-x*10)];8)

FIWT E© E RSN d, SNAED IR 3) s B R RAE; 9) EAIDIR 3)~8) H AL,
BRI R 1 R

Set X, FWHM. d. N, calculate HH

v

SetR; i=1.j=1
v

6= [(H" H)yuX™(m)]
m=(}

Y

o XUDO=YOXUG)G;

i=i+1

Yes 0

E® =) abs[X® () - X5-9(9)]

A

y

No. seta bigger R

1 Gold EERIMAEE]

Fig. 1 Flowchart of Gold deconvolution



%6 3 TR OGS O I Gold KB B 8h T 1% 819

2 OGS

LIBS 5256 e B 1 (<] 2 =™, B KreF #E 4> 064§ (Lambda Physik 24 7], Compex 205 F 28¢) 74 H T+
RGBS TN, KR 248 nm. Bk FRFSEET (] 9 25 nsy FRBK PR AE N 190 mI, BORES TAETESMi R
B R AT DA . WO R A B R G B — 584 A 93 B (L1 AR 9 20 em) 7ERE & F RN —
A2 mm x 0.8 mm FIGBE, A0 B T e 7 6 b DUk i BER k. SEERAE S O ER 6 42 NIST 1256b flEk& 4
NIST 1762, LIBS Jt:3 F T~ H 2l T IR 7t

reflector

excimer laser
(248 nm, 25 ns)
_I L1 k
plasma
L2 L3
— \\0 - fiber cable PG
XYZ stage Spectrometer

PC

=-——_.
" )

K2  LIBS S B on &l
Fig.2  Schematic diagram of LIBS experimental device
B TR ST O 2B L2 (BEEE Y 5 cm) ATL3 (BN 10 ecm) AR5, MBI CEF R & B R 4t
(Andor Tech., Shamrock 3031), 2400 £ 't Mt 1) 73 #¥ % 79 0.05 nm, 512 x 512 & 2 19 52 A CCD & Ml 4% (ICCD:
Andor Tech., iStar, DH-712) 4 RDGIEAC A H FHEEFH E o ICCD Al 2% TAE T 1T, BT ¢ A% T30k
K G 1 ps, 1198 ¢ 92 pse NI ZE, BTADGEE B0k 3 AN ik, Seuk SCRIBOL S B — 8P e v k4 R 4t
(DG 535, HrHARHE & RGIER 73 i3 1 ps) [

3 SRR
3.1 NRENELER

SEIGAS 2 (1) LIBS 1528 216 4= 55 7 0.130~0.280 nm 10 FBl, K520 i 28 (OB 7 10° K0 2, L g 4 ve o/
0.180 nm /A7 o FEARYER AL 1) LIBS 1% 2647 /D B 5 FE K T 10° arb. units 15 06, 22 06 4 55 fie K REIA 3
0.280 nm. Y55 o & KB BEHLIE ARS8 5 7 10° arb. units B 2% 75 5HME A . BEALME A5 5 B 00 351 g
P OGRS L YCRIE B (RS R R YA PR 7 R R [ AR B R A K SR LR 7S T P 2 AR I SR S
BIR T 20R 58, B2 HARETH R o DGl r s FE KPR 2 23 52 30 B WRSC 5200, E PRUATASE e il 28 Fy = 06 4
Kt Bk R IR 2%t T ORI I HRR G IR, AV 2 OB AR /N 1 2 B S 7E— k.

3.2 KENAFIESHIEE
H G AR B ) 1 2R 50 B T O GRS 5 IR AORD S A R G R B B . A T3 H 1 5B AL
AR Gt eR SO R T R 0T 3, AR R G BTN — A58 0 AR 2, A8 LB AR5 TS 2R B KB 4% .



820 =g R R SR 40 3%

Gold 24 BV HAT S RF 2. T 20 #5508 0.0196 nm (1) 1 32523645 3 1) & S FF S K6, RIK
Z B R 1000 ME & SIS, SIEFR B R = 2000 I, ER # /8T 10, M1 24 T PR MEE S ER N T
0.01. 4 R=3000M, E®#/NT 1. 7ER 28K KT 1500) If, B® 1 ZARIET i KIFRIR AN EEAE i
(e, A KSR/ B0 T BEALGE S R S i . Dy eI IS R i 4R T, kAR ET R = 2000,
FEEHH 3.3 GHz (M8 TH MK Matlab 2015a~F & _LIg AT F2 5, A REAMREM L 1.2 x 1053 R EdE 5
U, Fr 75 i) (B 7E 2 min BAPY .

ZABR A B FUESLIG R, U1 R G0 R Y A 8 RIS, B2 1 RSOSSN B ATL ISR 7 e 14 T 4 o 1
PR 2R B 4% DL b R R G R B g A B KK, B U P E S G BRI BRAK . AP 42 9N 0.130~0.200
nm 1) 75 17 R VR N R G R BT 2 6 A0 B B 0, ST AR BRIV T 198 BN 5, TR T 0g 45 L 5 NIST £ Al
ith 240 A 28 SR AT LB

T[] 3 HRE  NIST 1762 (402.8~~403.8 nm) FRIHE 28, 38 06 FH 2 U6 4 55 9 0.186 nm 1) 55 30 B $5c9Ll 4, o
FE/NT 1.4 x 10* arb. units {06 F 208 4 55 4 0.140 nm [ 7= 307 50 20 200 & HCR B - S 5L 1S 28 p o0 gt
K5 50N 402.8910. 403.0861. 403.3201. 403.3396. 403.4760. 403.6515 nm, 58 F 5 54 2.1 x 10°. 1.95 x
10, 1.53 x 10*, 5.3 x 10°, 1.31 x 10*. 4.7 x 10 arb. units. 15RAA (1) #h 25 o 25 5 0 i K 403.3201 nm
(5515 2E, & 3 Hb ik 9 403.3396 nm (1) 5 AT IEAF AN BIIRIF LA o MR 4G i 04 ] UE 3 P08 /2
i FHAKIIR, IXFh1E T AL R0 B N T S50 ) A R ik K 403.4761 nm R 4R R FH I 2 6 4 55
0.140 nm, G2 FH 0.186 nm #2042 5 WX LAAS BB 145

25 ; T T T — - — - — curve fitting
original lines
41=402.8910 nm

2 2] 1 — — — 1=403.0861 nm
g — — — 4;=403.3201 nm
&g | | [T 24=403.3396 nm
e 4s=403.4760 nm
= | WSO s 4=403.65151m
el |
2
8
=05 £ 4

0 A -o'e M'/ u..\.m.*.d\i:.b‘“.m\

402.8 403 403.2 403.4 403.6 403.8

Wavelength/nm

K4 3 NIST 1762 LIBS £k 48l 4 (402.8~403.8 nm)
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%< 1 NIST 1762 LIBS ( 402.0~408.0 nm) S I££5R
Table 1 Results of peak-finding for NIST 1762 from 402.0 nm to 408.0 nm

Peaks NIST A Lysr I, I,
/nm /nm /nm /arb. units /arb. units /arb. units
FWHM is 0.140 nm, W.=5
403.0861 403.0755 0.0106 1000 19489 18936
403.3201 403.3068 0.0133 700 19860 15090
403.4761 403.4485 0.0276 400 16238 9310
404.1583 404.1357 0.0226 200 10114 6111
404.5868 404.5813 0.0055 300 33090 33767
405.5602 405.5548 0.0054 70 5635 5174
406.3578 406.3594 -0.0016 150 27388 25754
FWHM is 0.186 nm, W.=5
403.0861 403.0755 0.0106 1000 19489 13037
403.3396 403.3068 0.0328 700 20851 11135
403.4956 403.4485 0.0471 400 15286 9294
404.1388 404.1357 0.0031 200 10177 9221
404.5868 404.5813 0.0055 300 33090 32664
405.5602 405.5548 0.0054 70 5635 3401
406.3578 406.3594 -0.0016 150 27388 26946
FWHM is 0.186 nm, without smoothing
403.0861 403.0755 0.0106 1000 19489 18430
403.3396 403.3068 0.0328 700 20851 16677
403.4956 403.4485 0.0471 400 15286 9638
404.1388 404.1357 0.0031 200 1932 1019
404.5674 404.5813 -0.0140 300 32525 12718
405.5602 405.5548 0.0054 70 5635 3100
406.3578 406.3594 -0.0016 150 27388 25778

¥ Lyer: NIST relative intensity; I,: original intensity; I,: deconvolved intensity

%% 2 NIST 1256b LIBS (250.0~264.0 nm) SI§45 R

Table 2 Results of peak-finding for NIST 1256b LIBS from 250.0 nm to 264.0 nm

Peaks NIST A Lysr 1, I,
/nm /nm /nm /arb. units /arb. units /arb. units
FWHM is 0.140 nm, W,=5
250.6079 250.6897 -0.0818 400 6807 4984
251.3641 251.4316 -0.0675 400 7783 7177
251.5479 251.6112 -0.0633 500 10296 10540
251.8543 251.9202 -0.0659 400 6312 5028

252.3444 252.4108 -0.0664 400 7148 5578
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Continued
Peaks NIST A Lyer I, I,
/nm /nm /nm /arb. units /arb. units /arb. units
FWHM is 0.140 nm, W= 5
252.7935 252.8509 -0.0574 400 7237 6788
256.7475 256.7984 -0.0509 25 23946 18570
2574596 257.5094 -0.0498 50 35581 32803
263.0826 263.1282 -0.0456 200 2329 1447
FWHM is 0.186 nm, W,=5
250.6079 250.6897 -0.0818 400 6807 5800
251.3436 251.4316 -0.0880 400 7267 5389
251.5479 251.6112 -0.0633 500 10296 8712
251.8543 251.9202 -0.0659 400 6312 3488
252.3240 252.4108 -0.0868 400 6984 5637
252.7731 252.8509 -0.0778 400 7366 7201
256.7271 256.7984 -0.0713 25 23894 18986
2574596 257.5094 -0.0498 50 35581 17629
263.0624 263.1282 -0.0658 200 2319 2031
FWHM is 0.186 nm, without smoothing
250.6079 250.6897 -0.0818 400 63807 6875
251.3232 251.4316 -0.1084 400 6818 4646
251.5479 251.6112 -0.0633 500 10296 8727
251.8543 251.9202 -0.0658 400 6312 6180
252.3444 252.4108 -0.0664 400 7148 7123
252.7731 252.8509 -0.0778 400 7366 7463
256.7475 256.7984 -0.0509 25 23946 13967
2574596 257.5094 -0.0498 50 35581 36321
263.0826 263.1282 -0.0456 200 2329 1413
VE: Lo NIST relative intensity; I,: original intensity; I,: deconvolved intensity
3.3 FESHEERBoNFTIERRILE
LI R, PR AL B S, SR U4 58 09 0.140 nm R 48 R EIEAT Gold 2545 A AT UG AR 47 (1) 85838 70

AR, My Fide 45 55 dh S5 K NIST Hdfs e B ar ) & (K14 AL 5). R 45 Rk - 16 42 5605 0.186 nm
£5.0.140 nm T P R e T 0A SR 22 AR /I, (H S T SIS UM AOR 2 7 B R, BT T 6047 5 NIST
HHE I 2 B S K (35 1 71 403.3396 nm. 403.4956 nm, 7% 2 1 251.3436. 252.3240. 252.7731. 256.7271
nm), 117 5.5 #2400 & 245 F 10 I 22 158 K . NIST 40 P H i 1K 9 403.0755. 403.3068. 403.4485 nm [ 15 45
FHAT 58 EE EE A 1 0.70: 0.40. FH P04 55 0.186 nm 15Ul H 13 28 3% K43 1 2 403.0861 . 403.3396. 403.4956
nm, XF MR RS 2R 50 2 oA 10 0.85: 0.71; FH - 0 4= BE 0.140 nm 1551 H 1 RE 28 3 K 43 il N 403.0861
403.3201. 403.4761 nm, Xf N (1525 38 2 LE o 1: 0.80: 0.49. £ L4 I K 403.0861.  403.3201. 403.4761
nm 354 AN SR EE D 1: 0.78: 0.67. DL b5 #2142 58 0.140 nm (45 1 5 NIST #dlis i i . -



# 6 1 FEARFELE: OGS FO6E N Gold EBANEE A 5h 314 823

T Kb B S Y 06 4 S5 AE 0.140 nm BT /NG Bl BEZD (£ 0.003 nm), 223 SR A 24 ] 2 5, i 2 3 f gk
A IS AL B B S S FERE /13K %] 7 0.039 nme.

deconvoluted lines
original lines

deconvoluted lines A1=403.0861 nm
original lines

A1=403.0861 nm
A2=403.3396 nm
4 A3=403.4566 nm

22=403.3396 nm
4T 13=403.4566 nm

3r ﬂ]lz

b1

Intensity/(10* arb. units)
Intensity/(10* arb. units)

I.HAA m 1 e T TV Y

402 403 404 405 406 407 408 402 403 404 405 406 407 408

Wavelength/nm Wavelength/nm
(b)

(@

A1=403.0861 nm
A42=403.3396 nm
4 T 13=403.4566 nm

deconvoluted lines
original lines

deconvoluted lines
original lines

A1=403.0861 nm
A2=403.3396 nm
[ A3=403.4566 nm

Intensity/(10* arb. units)
Intensity/(10* arb. units)

v
“.‘ll. W .Am”m‘..“

402 403 404 405 406 407 408 402 403 404 405 406 407 408

Wavelength/nm Wavelength/nm
© (d)

K4  Gold EHEFE LN NIST 1762 LIBS (402.0~408.0 nm) F-W545 8 . (a) W,= 5, FWHM is 0.186 nm;
(b) W.=5, FWHM is 0.140 nm; (c) W,= 5, FWHM is 0.130 nm; (d) A5 4L, FWHM is 0.140 nm
Fig. 4  Peak-finding results of Gold deconvolution for NIST 1762 LIBS from 402.0 nm to 408.0 nm. (a) W,= 5, FWHM is 0.186 nm;
(b) W,=5, FWHM is 0.140 nm; (c) W,= 5, FWHM is 0.130 nm; (d) Without smoothing, FWHM is 0.140 nm
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