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Fig. 1. Schematic diagram of the experimental setup of
LIBS.
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[
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2.4 BP #HZMNKE X

22 I A 1% (back-propagation algorithm,
BP) fi 22 R 2 21—l 58 25 AL R S I 2R Y
ZZRIEN LS, BRI K BRI TN 25075
A5 A B OC R P I BR B BN Wi
FEPLE AE RN R, {28 iR 2518 B s, 1] 2
AR BP A T 2 a5k n . M4 N A
AT, LA, REEEE 2 AT
;e AR SEBR A, v, Y2, sy H
W25 B S

L1, T2, -

' 5
LN Kz i)z

K 2  BP # M % 254 R E/

Fig. 2. Structure of BP neural network.

BP #1258 N 4538 5t i A JZ (input layer) | i
2 (output layer), — P Z %2 (hidden
layer) 2. 1328 PRARTR ZEFIVIZRIT ] 23 A AR KA
SO, B PR PG 1 sR B RE A PRI 28 % 22, Y
L6 PR A trainlm, trainda, traindm, Traindx.
T pR LA B A% 3ok R RS 0 i AR B U1 o0
SRHEATING . X L 5. fEE1T BP #h& 2545
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BT T OCEARE, LIBS Yl h#EAE Mg, Ca, Fe %
W REFRTEUKL C, H, N, O % ASHBITER
JEF R SHEE. AP AS TR SRR, X
N LIBS FFAF G250 A — 2 (024 5, i i
Z S TUE R CIE I B vl X NS b R0 4
TGS PR RO GIE R EE D | H RIS
559, R R (BT HT) S50, Ik Mg,
Ca, Fe, C, H, N, O #t 7 0% 8 RAFFEi Lttt T
NS (RIS LA BNk 1 Frg).

S Ca — DXAL
5E Fe H O
2F COMg I m ot
S L I S
f —JA
3-
2 F
z Gk
= 8
8 6F HR
s 4E
= 2
2 8F
2 — 7
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2 F
(1)' N ! _ ]
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3-
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0

2-(‘)0 ‘300 400 5(I)0 6(I)0‘ 7(I)O 800 960
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= AR )

Fig. 3. LIBS spectra of ginseng(the ginseng origins are DX-
AL, JA, HR, SZ and FS).
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Table 1.  Characteristic line and wavelength of gin-
seng.
% Wk /mm
CI 247.80
Mg I 279.56
Call 393.40; 396.87
Fel 422.71
HI 656.39
NI 747.07
OI T77.42

7 LIBS 525633 # v, LIBS YGitk i Ji 52 1) 4
TR SN WOk RE R S R R TR S
AL AR Z g, I S B4 LR A T
() LIBS Y3 5 B A7 75 — & R AR, 10K XK 4
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W, HI, HEE LIBS Sl b 2k 2 M i
R HOG T o B 5K M RRIE 1S £2F 17 LIBS
JeiE iR I — AL B, REASA BRARINR I IR IR 5T
A5 DR 2 1 Y LIBS Dl i B B R X 2 o 43 B i)
S, AR S ASHE S, LIBS J6iEd Ca T 393.40 nm
FRE TSR B i, H 2 E 2 S0 00 1 e 1 B
T, PRI B 5 B B K Ca 1 393.40 nm fE
A ARbRIE. Ry R 2R 50 B i sht 73 2545 Y
S, AR LIBS YGilk i) 8 4R IE 2R s i 14 L)
Ca:393.40 nm i 3 AR 10— Ab B, 5 2445 5|
5 NS 657 U (DXAL 117 41, JA 150
41 HR 153 41.SZ 96 4. FS 141 41), S4B H
S8 MNEVE, YEN PCA Bk Xi = (241, in, -+, T4g) .

60 (2)
. m—m—n—m—={100
./

50 | e
X 190
= ™ —m— Er RTTHRER
H,R':“' 30 1%
=
H 20t 470

10}

160

0 1 2 3 4 5 6 7 8 9 10

Fior RTTRE /%

3.2 FERHSMW

i PCA 7 #r i A& LIBS J% 3% b Mg, Ca,
Fe, C, H, N, O #£ 7 ML % 8 KHFHIEIEL X LIBS
S R sTER S A, AR RT 10 S R BT
HRAAN Lo 1) BT TR A 4(a) FR, PCL,
PC2 fil PC3 T4 RIToTwk N 92.5%, 1ikN
PC1, PC2, PC3 % T )it A S LIBS ik iy K
H{EE. PCL, PC2 Ml PC3 3420 m
SRS E AN 4(b) B, B 4 A Eos AR
— N ANSHEAR, AT LUE R H N SR 5 B RRE
LIBS Stk 22 PCA &b 3 J5 77 75 i o 1 38 4 X 3k,
WA T RIFRERESR. 45 REWLES PCA L3
J& B LIBS Y6 84 fe g R 2 077 M RRE (S
B, HABR AR = AN S 10 1) 25 5 3E T JLIX 47
i1 & 4(b) W41, HR, FS il DXAL %577 #i A S 1Y
RPMERST, B Z X 5B, JA FlSZ = Hi A
SR RE R, HfAERNES.

3.3 HENHIFEIXTASFEHFHITIRG
it PCA 56 5 S AS™=#h, 3L 657 41 LIBS
BRI TSGR AEAL B ik PCA BB
SCPL PCL, PC2 Al PC3 A 3 4 £ Bif stk %
J992.5%, Bt PC1, PC2 #il PC3 3 M08 A
Z: 1 LIBS FRIEGIE, ARt NS4 5 LIBS
T A FFAE 25 18] ) 2, R AIE ) 54 A 657 x 3 (1)
B RS BIVE R BP 2 M 45 5 SVM 7= Hi i ]
LA, SR ACHE PCA-BP #1 PCA-SVM
BRSNS = 15y IR ). BP Mm% NS
bR N R e o DL 2:1 BE AL I B2 T2 Rl R A

(b)

I
)—‘Nw

PC3 (9.6%)

CIA

B4 (a) 2% 00 STRRE A oy RARTTRRA (b) BT 3 A F 8003 19 = ZE il

Fig. 4. (a) Contribution rate of each principal component and cumulative contribution rate of principal component; (b) three-dimen-

sional scatter plot of first three principal components.
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A FEY) 657 LEHE, 3R 438 LIRS (Test) Fl
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Abstract

Based on laser-induced breakdown spectroscopy and machine learning algorithms, ginseng origin
identification model is established by principal component analysis algorithm combined with back-propagation
(BP) neural network and support vector machine algorithm to analyze and identify ginseng from five different
origins in northeast China (Daxinganling, Ji’an, Hengren, Shizhu, and Fusong). The experiment collects a total
of 657 groups of laser-induced breakdown spectral data from five origins of ginseng at 200-975 nm, reduces the
background continuous spectrum of the original spectral data by moving window smoothing method, labels the
ginseng LIBS spectral elements according to the American NIST atomic spectral database. Eight characteristic
spectral lines of 7 elements Mg, Ca, Fe, C, H, N and O are selected for principal component analysis according
to characteristic spectral selection conditions. The cumulative contribution rate of the first three principal
components of the original spectral data reaches 92.50%, which represents a large amount of information about
the original ginseng LIBS spectrum, and the samples show a good aggregation and classification in the principal
component space. After dimension reduction, the first three principal components are randomly selected in a
ratio of 2 to 1 and divided into 438 test sets and 219 training sets, which are used as the input values of the
classification algorithm. The experimental results show that the principal component analysis combined with
the BP neural network algorithm and support vector machine algorithm can correctly identify 217 and 218
spectra of 219 spectra of the test set respectively, and the average recognition rate is 99.08% and 99.5%
respectively. The modeling time of BP neural network is 11.545 s shorter than that of the support vector
machine. Both models misjudged Ji'an Ginseng as Shi zhu ginseng, and the reason for this misjudgment is that
the normalized intensity of H and O under Ca element ion emission spectrum are similar due to the proximity
of Ji 'an to Shi Zhu in geographical environment. The study presented here demonstrates that laser-induced
breakdown spectroscopy combined with machine learning algorithm is a useful technology for rapid

identification of ginseng origin and is expected to realize automatic, real-time, rapid and reliable discrimination.

Keywords: laser-induced breakdown spectroscopy, machine learning algorithm, identification of origin,
ginseng
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