- 55 T3 DI
#7H

Spectroscopy and Spectral Analysis

6 % 4 W Vol 37,No. 7,pp2205-2209

July. 2017

SRS S ORI R RIS K B 5

W FRHA, YRIE, AN

x| E.

AR R 2 R DOG L E R S8 % B WOE S5 RF TR S5 % . Wt il

=R 2R

430074

B OE RSP, RAEOLE RSO R S M RIS &, MRARRET ZAF S 6
f 20 i Tolb BORL HEAT 22 BT ST . XS R A RAT R W SR B RO AT AL TE RN SRS RO T
LR, RIT 6 HFARGIRITRFRAERE L . AR T I 25 ST HF 1 AL > SRR 7 75 I 18] . AT 42 85 1 28
B JP R SO A R R, PR, L 4. R0SE R 4 A 0 2 X ik 88 T b R B HEAT 2026 Tt
£ 1000 DGR A 996 DU . AR E YUK EEIK B 99. 600 o E L R i 3 AR B JE AR AE 1
LHMEOLT > 85E R AR B PUAE . T LASCBIEOE TR S i 20 63 SO T T 22 205 700 9 SH R b DR L i g
BEGY2 . WO S d gL BORTE SR o 2 R T R =% .

KA

FESES: 0657.3 XERFRIZED : A

5 "

JAE Sk, Bl R A T Ak o P R R SRR S Y
I H ZR 3. A6 7 (8 AT A 36 f IR B, ol ok T 2 )
B TR R AR T T AR A IR, M AARR
POMERE R R, AL IIR Y, S AL A SR TR A BE R 1 i)
KR, B HWIREE G, B, X5 IH 3R [k
RS NS E s o Ny Sl = I TROR O O <N D74 |= B2 R A T gy
KR AT 25 WEE T » AU BEX R R 21 1
SR HEAT PR 32 T H AL X AR AR Y (R 2 B 9
BEFATIEZE . SR, AR G246 7 (9 4 [R] 280ORH1E 72 DX R Y
IR AS R S B[] B €8, 552 B 43 288 [ ofig v T 40 ] 288 Y 11
AS[E] B SRR i U o — 2, BHRTEIA MR R AR F T
2T 4863 (near infrared spectroscopy. NIR) $ A&, X §f £k o
Jt ik (X-ray fluorescence spectroscopy. XRF) A&, DI M Fi
265 AR (Raman spectroscopy) 8, X 46 A 7E ¥ B 43 26
LAE L R, WIFEELARREZL. Flin, NIR 2
R T AE 780~2 526 nm (WO IOk 43 240, X F R 1@
oI £ ok SR YRR RIS RS2 B m T XRF
RN AR S A A S Rou R, WX VA oo K IE & ¥k
BT BRGS0 s B O T R M R 0 40 T 4 R RE AR

i BH: 2016-03-14, f&iTHHA: 2016-08-12

WORE S IR s AESRIOTR AR ARG L s SR L BRIy 2K
DOI: 10. 3964/j. issn. 1000-0593(2017)07-2205-05

A S PR AT R TR U KA A HR A
IR ARG, BE ST BLES o R 2L WA R
JE s M TN BUE R R TR TR B IR X o6
WA — K, RG] R SR 2 AN ] 2 R s A5 3
PR W ST I T 4 A AR K 22 5 U AR ME IR B ) 258 YA [ 25 0 11
FERMT M —2K B G, s — OB 09 ke U 7 i, 1R
P AT AS 7] 25065 8 [ 288 20 0% 90 8} 3 S ME

WOt S i 7Ot % 4 R (laser-induced breakdown spec-
troscopy, LIBS) & —F Mot AR, i FHAEAZ
JCE [ B G AR A L PR L AN A0 B A R AL B
TR 1 v 52 R S 2 A, W BRI O T LA TV 0 B
FHRGED . R LIBS $4R 5b2# it w2 r ks & J
Jof T SRR 43 28R 50 © 28 8N I AR R B P A I BE 5T A
i, Myriam Bouerit'™ £ F] A T bl 28 (¥ #% (artificial neu-
ral network, ANN)5 LIBS 454, R H8BHEE & i) 155 4
J& TCF A 1S 2k R L 45 AR 4 Jm T R A I REAE G AR R
ANN BRI HR A, X5 TR 8 Bl RHRE S BEAT IR o2k
W B B3 B 24 81% ~100% , Mohomed Banaee! ™ 25 1| Ff 3] 5]
PRECS B ¥ (diseriminant function analysis, DFA) X} 75 fif ¥
BHRE AT, R 11 RAFAES KRS C 1 247.86
nm J5 LR B /R DFA By%m A8 i, HIE# 20 8K B R
99% . HE N L35 H 5 KA 21 ZFFETE L, a5 48 0 £ M

EETE : e @i S AR L 45 9% L 308% 430 H (2014QNRCO24, 2015MS002) % B

EERB A MERE 1991 4FAE, PR B L I 5 9 30 % A L WF 5T 4

* IR R A

e-mail; xyli@mail. hust. edu. cn

e-mail: jessiesun211(@163. com



2206 Jeilk ok 5% o A

3T E

SHRLRE L R RE S A M 2 B & B T R RS K PCA R
{5 3% (BP) N T4 28 W 45 AR 25 4, %3 P L il SRR 28
43230 . BB H 97. 5% . R BT 5T 2 78 SR 4
FA S T ORES 3, (B T _E R 5T AE S A R R AR
T &L A BRSSO EMWSMERSL, MW RAT
4B JCF I RRAE TS LR o 1 T2 R SR R, 4 e T R AR
AE Sy TS0 SR} 0 0y B A 2 T TR I Y, s R R T A
2% R TC 2 o AN [l B 1 [ 28 9 ) 43 2 ik, pl 3K 2 99 ) o
M4 JE G W& R FOR RN 22 508K, A A Tl 38 k)
ERAMAERTE . FHit, RALETE GG ELEITH
R 43 FEU A A 1T I S A B A, R4 JE A R
IRy B8 TG ik 4 2 A R AR M

o i g bR ) B, AR SCOR SRR 1) AL (support vector
machine, SVM)H k5 LIBS £ RS54, 76 2 100 09 0F 57 3%
T S b S E P N DI & 1 N s RN A 8 = S 14
R 28 H 1 7S 45 A 42 8 32 1 0 2 RRAE 3% 48 3 Lk A7 R
SRR, A ROR R T RE R R R 2, b TR AR
0 TR I B SR TS ORI W 7S L 5 e, ] B A T I R
SVM 8 R B7 FH 1 i), 42 reg 300k 2 25 ) 003 RS I

1 SEgaEk o

1.1 Fi&

AR R Q FF 3 Nd = YAG Jik ob i ot & (b 5t i =
(Beamtech) Y6 B3 R G PR/ 7] » Nimma-400, % 1 064
nm, K& 5 ns, I REEHHR 10 Ho) , L5505 % 532 nm
WOt . Fm e B A 1 TR o I ik ob fil & 48 DG535 &
WkoP(ES, filk Nd : YAG #ob 28 b bk of ot #%
R E RGP G GG, EEBED AN 150 mm R £ B
BRI R . WOR RS TR FE T IROR S
AR A SRR IR S 6T (K 2 my B AR 50 pm) P, 50
2 1£ 5y 2 6% ( Andor Technology, Mechelle 5000, K7
Fl 200~950 nm, ZFHER 2/ AA="5 000) » ZOGIE AL 4 1 3
T 17 #845 #% F (ICCD) ( Andor Technology. iStar DH-334T
1024X1 024 %) . JEk DG535 LHBOL A5 ICCD 11 [H]
Ao SRR R TE S A L R AL s 3
R FB AT R . A By 1k O Dk b 2 AR TR A ) — A 58
My, ALK BN S IRiEE”, mE 2 Fs,
[ B SR FHAV A% 42 IR 25 W s A5 3R T v 32 AR 4k, (45 90

4 7
Nd: YAG Laser [ 7o

Computer

’
| &
ICCD| Spectrometer [T~ <> /
| Y

Bl BRSXLBREE

Schematic diagram of the experimental setup
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Table 1 Physical property of 20 plastic samples
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Fig. 4 SBR with different delays at various gate widths
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Fast Identification of Plastics with Laser-Induced Breakdown
Spectroscopy

SUN Qian-gian, DU Min, GUO Lian-bo, HAO Zhong-qi, YI Rong-xing, LI Jia-ming, LIU Jian-guo, SHEN Meng,
LI Xiang-you" , ZENG Xiao-yan, LU Yong-feng
Wuhan National Laboratory for Optoelectronics, Laser and Terahertz Technology Division, Huazhong University of Science and

Technology, Wuhan 430074, China

Abstract Laser-induced breakdown spectroscopy (LIBS) combined with support vector machine (SVM) was adopted to identify
20 kinds of different colored industrial plastics from different manufacturers in open air. The experimental parameters of spectral
acquisition were optimized firstly. 100 spectra recorded under optimum conditions were randomly and equally divided into train-
ing set and test set. 6 non-metallic characteristic spectral lines were used to avoid the interference with metallic lines. And the
training time of SVM model was reduced. The results show that 996 of 1 000 test spectra were identified correctly and the aver-
age classification accuracy is reached to 99. 6%. The classification efficiency is improved with 6 non-metallic characteristic spec-
tral lines. The research demonstrates that, when fewer of major non-metallic characteristic spectral lines are used, laser-induced
breakdown spectroscopy technique with support vector machine can identify more kinds of plastics with high accuracy and effi-

ciency.

Keywords Laser-induced breakdown spectroscopy; Characteristic spectral lines of non-metallic elements; Support vector ma-

chine; Plastics identification
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