CHAVECI HRR Hr Dy Vol.12 No.5
2019 4F 10 J] Chinese Optics Oct. 2019

TEHS  2095-1531(2019)05-1139-08
S B T TR B X U B R 43 K5

ERELVEEN GERE L AES LT W OWE,H A AR
(LAt mEIT A% 38 %, 43k 100081 ;
2. FE AR CEMN) ARAF A EM 213000)

E A IR AE TR PR ICR & i EAPAE—E 22 57, AR SO THOETE 3 300 (LIBS) HoR R 4E 1A
PO G ST R SOERE  IF4S & SRR LT 8, S8 1A B DR S M) o SRR 1 T 9 A ) R
A PEEC T HAR 22 LIBS JEER A 2R AE 0 , 3o ek ) A il HEA T 067 11 - 255 SR LA 8 IE 2 LA B0, PE kAT 32 100
OIMTRRAE , 55 SCRE ) LT 6 (SVM) BN 1 3 2RA6E Y, 25 1 1T O ol il W 78 A0 00 114 3 SIS 45 3L, - 89 o oy 32 3k 3
97.47% . SEHGEE RN HOCTE T i GG BORTENA B By O % 1 T B PO R ) 73 2655 05 LA BRI TR )

X OB OWEHOLEFE TR TR LT B KR

HES%ES:0433.4 ZHRFRIZAG : A doi:10.3788/C0.20191205. 1139

Fast classification of tobacco based on laser-induced
breakdown spectroscopy

LI Ang-ze', WANG Xian-shuang' , XU Xiang-jun', HE Ya-ge',
GUO Shuai', LIU Yu-fei*, GUO Wei', LIU Rui-bin'*
(1. School of Physics , Beijing Institute of Technology ,Beijing 100081 , China ;
2. Bao Rui Laser Technology Co. ,lLid ,Changzhou 213000, China)

* Corresponding author , E-mail ; liuruibin8 @ gmail. com

Abstract; Different types of tobacco differ in element type and content. Based on Laser-Induced Breakdown
Spectroscopy (LIBS) , the atomic spectra were collected to realize fast classification and identification of differ-
ent tobacco species combined with a support vector machine. In this paper, 9 kinds of cigarettes of different
brands were selected and all characteristic peaks of spectral lines were extracted separately. Before classifica-
tion, all feature peaks need to be preprocessed through multiple methods, including window smoothing to re-
move background and peak shift correction. After this, principal component analysis was used to reduce the
dimension and the support vector machine method (SVM) was used to establish the classification model. Final-
ly, classification results of 9 brands of cigarettes were obtained, with an average accuracy of 97. 47% . It was

proven that LIBS has great potential for applications in tobacco rapid identification, anti-counterfeiting identifi-
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cation and on-site rapid classification.

Key words: laser induced breakdown spectroscopy ; principal component analysis ; support vector machine ; to-

bacco;classification and recognition
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Tab.1 The physical and chemical parameters of 9 kinds of cigarettes

Brand Production place Tar content/mg CO content/mg Nicotine content/mg
Esse Korea 4 - 0.3

HM Hainan 10 12 0.8

DQM Shanghai 10 12 0.8

JMT Henan 10 11 0.8

YY Taiyuan 10 12 1.1

ZNH Beijing 5 6 0.4

HHL Hubei 11 13 1.1

FRW Hunan 11 11 1.2

ZH Shanghai 11 11 1
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Fig.3 Plasma emission spectra

3 ZRE554

XERAE R LIBS YEiE AT B, A A HAK
ABRANT OGSO B L 3T 3BT (PCA) |
YIZRAEAII A A7) 2k B TN ZRAE DI 25 SVM
Iy 4 SVM 7 g d AR/ 26



1142 o DA

2%

3.1 SREIERER A E
XEFHHEACHRE AT AL, 2 AR — 2 T
MR AR X2 (RSD) K
F 60% HHCHBL A T eI B BRI T o
S B S A R 1 T T e 0
AL BB 25 X T T, 4
SEREHECT 1 1y — 41— BB
BRI R, TR XHIA-RERR 80 41
I T SR TR B PR A
BRSO (R (0 SR 10
S (O i £ B2k A0 AR 9 HIXT 38
ERE 2 IR 15 B 2R W2 2257
P ABIHRS FURE K. L T 6
CPA AT RS T AR IR R
HEBTRT
COBIEHERIE Bl N /S0 0, DB A
I IBREE L AE COD 12 % 0 LB R 2
(2) 5r MBI ACRE L 05 N AVBR ABEAN 0
A/ BT 6 11960 St
log,n = ¢(c e N*) (1)
N AR by L =1,220) 5
(3) THEHRA Feils | 4URHR R4 O
IME L A2
(L)
faN =0, (2)

(4) BB R he AP n A B 05

40000+ (@)

300001

20000

Intensity/a.u.

10000

200 300 400 500 600 700
Wavelength/nm

(a) ARG

(a) Original spectrum

IME L VR IR 5

(5) f4d 1, AR B0 © HIEBR T S B
FARIR(2) B35 [ BV EREH OB ADOETE .

AL PR KT S I BR B G IS RO AT S
WAL I o ST B A A AR5 AR HE 22
KW E , — BNy 65 I i 3h IR AR T 1) 1E 25
A5, $ Y 38R 2K T B 1 SR8 () I
O3 AR 22 B (SDy ) S HRIE TR B
W o R T 2R e TS R IR A B (L -

Thrh = I, + 3SDy. (3)

FUEEAL PR AR I (R O P TR
SR LORE WA EEAS 1R DU T A 5 PR
Al HTOCRE A g R 22 I G b AR AE
WA I 2 — MR R AER . X 5
(p 50) G5 HIG —51 (p +1 51) SGi% A FRAE 5
A8, P o7 Hh B KA 2 B8 — S O T
WA, 5 AR 208 1) 0 57 55 /0 1) — B BN hy S W £
PR RIZR o BN, 5 ZOR RS W (L B8 28 1E 7Y
W37, 75 SO R 6 10 63 1 o S o Ak 1
Z 5 BRSO R 1 5 — 1k, FE AR Ak 3
AL -1, 1] Z 00, 3 A8
maxy(y) - rfl?frf(y) -1 (4)
Horp,y B — G5 25 A R AL 7Y 38 B2 {H, min
(y) AT s B e /NI, max (y) S 06 o
JE ORI

&l 4 S JE b i 5 i FO S X LA

y =2x

Lop ()
0.5¢

0.0r

Intensity/a.u.

—0.5F

200 300 400 500 600 700
Wavelength/nm

(b) FALFEHE
(b) Pretreated spectra

K4 FFH LIBS St

Fig.4 Laser-induced breakdown spectra of cigarettes
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Tab.2 Test set accuracy

Esse 7ZH ZNH YY DQM HM FRW HJY HHL Accuracy

HHL 4.55% 95.45%  95.45%
HJY 100% 100%
FRW 100% 100%
HM 100% 100%

DQM 95.45% 4.55% 95.45%
YY 100% 100%
ZNH 100% 100%

ZH 86.36% 13.64%  86.36%
Esse 100% 100%
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