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FEHIAR G AR, JF LA A SVM AR g SRR . 3 T ok A A R 9 N L A TR R AL
(PSO) | BEHE D (GA) F1 GWO X SVM 43 B BRI AL R0 . 25 R R W, & RF i ik )5 09 0615 48 & 5
CARS B4 W IF 7= BB PERE , it RE-GWO-SVM St 8 A4 7= Hiu 48 M- A9 % R ) B IE #g Rk 5 T 96.62% ,
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Vol 42,No. 9,pp2830-2835
September, 2022

GWO XFF SVM R 2 FH A o i 5400 1L B

o AT T A 7 PR A A TR Y ST

KW ELLAMGIEEAR s KORFE s SR AL AT 5 A

FE4SES: 0657.33 X EkFRiIRAD: A

51 5

FEMAREAT AL Ay iR 7™ DX SR A I BT 43 2 4 L Y T AR
. B TR 2 A AR S W IT e FIA% S84k 2% 43 BT 7 125 % 0 i
PTG, AEAE E WL L MERREAR . SRR 2R ) BN
R, A2 — R A R AR L TS 7 S ) Ok B

T 215863 (near infrared spectroscopy, NIRS) A, H
AP, mRL RS TR R AT AR BTz R
U R TR AN B . FR R, AR E
GG AR O g, DURBOR OIS B A 5 et
77 M 22 () A B AR, S BIA R R XA TR S 1) R L
(support vector machine, SVM) J& — Fh I B XL #f 2+ D &

Wi B 2021-08-17, f&iTHHA: 2021-11-16
EETE : WL K-y i R A sC 50 2= s 9T Bl

PEE R BRA2EE, 1998 4FAz, W VL7 255 e A H 25 B 50 7 At - BF 5 2k

* W INEH

e-mail: liuxuesong@ zju. edu. cn

DOI: 10. 3964/j. issn. 1000-0593 (2022)09-2830-06

2 B P/ INREAR I S M B 59 0 28 [ A 7 TREH A R Y
el . EIIHF C RS o & SVM BRI 1 e 8 S 80, 3L
BE XA AE 0 B A B ORB . B AT C A e B
(genetic algorithm, GA) . $i T Ff B 3% (particle swarm opti-
mization, PSO) S AL i 40 T SVM 851k, FF ol
7 F R PR R BRI A AL S IR AR SVM AR
RIBORIG B3, EAVRAETE W SO 218 . 5 B A=) i de AR
S5 ] AL

KAREE 5 (grey wolf optimizer. GWO) 1 g — Filt 15 2 19
AT, M T HAL SRk, BASEBE D stk E
SRR A, B BLZh B T AR R R s A I T R B 4
i RN = o 3 R 8 N ) B O S AN o 5 O N =
WHHET GWO itk iy SVM B33 i F T 0 7 b 7y S A5 7Y
SN, DABR o ) S v R, R AR AR AR A

e-mail: 22019084 @zju. edu. cn



PR EEAF T LLAP OGRS 5 IR B i D0 A S a2 1L 52 A 77 S e 3 4 1 2831

1 SEge sk

L1 HEKE

S FEASRIR T EAA A 6, G s . )k
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A, 4 824 fyMAMEREAS WL A A Tl A BR T AR A m R
S8 K Antaris [I FT-NIR(Thermo Fisher Scientific) 43 #f
A, PRGN 10 000~3 800 em™ ', 3 HEER N 8 ecm ™', 4
FOCTEARR 64 WHM P o T /A8 7™ X 3 3 A7
BRI, B R I B R M.

1.2 SeEwmstE

R T RIS, FRARME S T, R B SRR AR AIE AR 1E
J5 AN 2 ik 22 b R AR 3 1) {5 R L . R A Savitzky-Golay (SG)
BRI 456 — O S8 (first derivative, 1% D) X} 6 3% iJF 47 #i
YOEL
1.3 $HETEER

T AR 04 20 A AT O L SR O o
AR, 5 IR 3 4 B 3 R BT B Ccompetitive
adaptive reweighted sampling, CARS) F1 [ ¥l 7 i (random
frog, RF)ZE 142k 4 Y i Ak AF 1 #E 4T 32 B DL B AR B0 305 4
B DT AT DA A /0 A e DA o 4 B B
1.4 ETF GWO-SVM Ky 7= i1 17 5l 45 B
1.4.1 Z#H@ZHSVM)

SVM & Vapnik Z£7E 1995 4 5 T 48 i1 2% > B8 (statis-
tic learning theory, SLT) ff #i H4 i) 87 B SR 5 5 v . SVM
B DAAR G i iff DR 52 B rfy £ P AT 4 (1A, DA e K T] I -
T A TR s T 5 Al e R A AT A B — A BT A e
6] AR5 TR BT 04 2 JBE 2 1) ) A% ok B A 2R B8t b o > 36
REBL, 02015 I BE K B8 40 T 1 88 1 T8 3 A A0 H T A 2
S ALy M LR W] Ay e
1.4.2 4T B PSO)

PSO BIENFR N S BB EHE D, 78 PSO 1, ki ¥ 2 FEHL
A X R 2 AR Y AT R AT S RN B AN AR AL B
B R B AR 2 R WA SR AR A AN I T
AT LR 0 4R B — AR 20 30 1 s U0 R 25 51 5 A
BT WS s A% T 58 DR T 22 8] 19 3 4 R B A S8 1

—UGER G RS W A 0 o AR AR Y T O (B R
B3 I g g DN A R A T .
1.4.3 @A % GA

BUEF LRI T AW AR T8 & A ISR
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BIG AR s B0 N B R A M i R A AN, SRR AT
EXFNRAS AT . LA 7 Al 0 B ORI TR 2 RO b
e FEPPAE R — R 3G 0 (R, R A AT T — ARt 1%
AR AT B T B G e AR,
AR 23 2 1o TUSE B0 19 35 17 8 R B AT B9 LA R
— R S ik o B — AU TR T, FE R AT 1 A% T Ak
P TF R B A . 5 B2 e B RO IR

144 RBEZXGWO)

GWO R 281 Tk 1 T A AR AP IR A 47 55 2
AR R GWO BT IR AR % B b ™ 4 1 G236 B 9
I PRI RS B B IR L BB B B ET N
TR ALAR . LA S IR S A BEHLAE R RE S IE R I AE . R
I GWO i1k eh B AT B, o R8I A 35 19 iR e 5 %
HW e pF s, g e EERATTHB) o« HATIRK, %Hﬂﬁ
Mo BIIR AT S . R RARF R w, BN AR o
BANS (B A My AT B B, LAk 348 2 )R B U AR

SRR A, ZE#E’J@@??%JEEJ(GWDJ((Z)%%/T
D=|CX,()—X | D
X(t+1 = X,() —AD )

Kb, DM SRT R S B A F1C ol R
S 2R AR OB X, A o

A =2 —a (3)

C =2 (4)

Ah.a SREE BRI 2 RHEE/NE 05 7 F e 20,17

2 [6) g L 1] A
TEF 2 ], a0 BN O 3 = AN A B0 o7 8 A 25 56 1
TERT. HUX = BRI RBUL R T o SR X = %

BAC AW R B R AL B, DL S BT AE W  B AA E
.
D, =X, ()X |
{D’,,CX ) — X | (5)
D, = C:X, () — X0 |
X, =X, —A,(D)
X, :)?ﬁ—A’z(Bﬁ) (6)
X, =X, A, (Dp
X(z+l):7X‘+)§Z+X3 (7

ARGy, X, X, FX, 40 BIF0R a0 B0 BT 0 0L 17
B, D, Dy FID, 433U = PR S92 ] (B 5 . i (6)
AL w RAOBLEAE o B0 MRIES T AN B I8 4 L 0T 52 3 4
. XU+ DFER o RELHE.

1.4.5 GWO-SVM

SR FH 06 56 186 07 % R AR Ol S L R bR B e
SVM Z | EFI T C Mg i S8 e MM, 75,
GWO B %) SVM BT S50 Ak » i AWk e ik .
AL SR C Rl o 4 1 R0 TR0 (1 M 1 . B AR LAl R0
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DL b Bis b 3 35 48 Windows 10 #:/E R & T, fii A
MATLAB R2018 b i#47,

e KRR
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2.1 BEEKS
Bl 1 AR 4R R 7R T 824 i ARl ™ XK i 5
14 SR I 21 81 8 SO . NS I BEAS 1 TR 3 2181 G 1%
FEICR R 20, AT UL 7= b ) 25 00 — e MERE . (T
x-y JH B FEA 4E R /3 (set partitioning based on joint x-y dis-
tance, SPXY) LB 7 ¢ 3 ¥ Lo B #E AT FE A R 43, # 824
A REAR KD 2 617 DRIERFEARTN 207 DI UELFEA
1.0
09—

0.8
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Fig. 1 Raw NIR spectra of tobacco leaf samples

F1 FEFHHEERYDHER

Table 1 Training and testing sample sizes of
tobacco from different regions
; GACELR

ARET R o ik 6K
1 g 98 40 138
2 I 52 8 60
3 bRl 68 26 94
4 ] 79 33 112
5 [ 55 44 99
6 HiNE] 96 16 112
7 gl 86 17 103
8 PN 83 23 106

2.2 HAAZERIE
2.2.1 CARS*

1E CARS Bk, K SRR R AR I8 17 B E Ol 100
U 8 2 T A U IR 1 £ B AT i/ 3 77 R 22 (root mean
square error of cross validation, RMSECV) #& &1 fif %} N i 3%

KAE . B 2() B T 55 RI% R BB R AL AR 5 50 2 [A]
MIER, B 20 YORFEH, SRFESHBCIGE FRE, EZR M
EHEBEEAERAENTE, THRE-ERERBTEE. N
[ 2Ch) H AT DLW 28 3] 24 SR A R Bk B 37 B, X M ) RM-
SECV fg/Nh 1,72, B 2Ce) SR (142 B 25 2R FE YR [A] 1 48
By B 2%, B « "R T &/ RMSECV B s i i
IAERFE K . 450, CARSIEFET 141 M

2
%5 82 0007
5 3
@_;1000-
5 8 (a)
AE T
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> 2.57
Q
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1.5 T T y T g T T T T )
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S & —r )
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o
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2 CARS TEMEMULE
(2): SG+1+ D&iiﬁ}ﬁﬁ@ﬂikéﬂﬁ*ﬁiﬁufﬂtﬁﬁf}zm (b): SG+
1D LEFE"J RMSECV iR REMZ L s (o). SG+ 1 D 4k
R R RIS AT IR B AL
Fig. 2 CARS variable screening results
(a) ; Number of wavelengths changed with sampling runs; (b): RM-
SECV changed with sampling runs; (c¢): Variable coefficient changed

with sampling runs
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Fig. 3 RF variable screening results
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2.3 FEMRLER S PSO-SVM, GA-SVM FI GWO-SVM 1 1) 43 25 o 5 B F VR
R T HETRA S A B M A 2R, BB T AR M B, 45 LER 2 A 4, TR VA A B TR AR AR R ALK
S8 =AML E AR S50 FEEE Y 20, B AR FR R T 2 S DAl A A 18 Sk B A 7 1 )
e KPR B £ 2 200, C il o B8 E VLN (0. 01, 100, SrAETERE, BEBIR, REREMS OB ERZ, B 4 b X)
43 ZRASERY 1) BE A FE o RIR VB AR ORI AN, IRVE AR FHAR I B R, R SR BT 10026, 4 25 Mk Ak
MEEZRATHRERGRMLIRIN., THAHNTHET fEg/ion

K2 FRBEHSEHR

Table 2 Classification effects of different models

BET % WREEITR A RiECMHE BifEofH  BATWE/min BOESIEm R/ % BRI R/ %
CARS 141 37.07 0.01 47 94. 00 87.92
PSO-SVM
RF 534 33.00 0.01 178 99. 68 95.17
CARS 141 4. 61 0. 37 39 100. 00 91. 30
GA-SVM
RF 534 15.58 0.03 153 100. 00 94. 20
CARS 141 6.07 0.11 10 100. 00 93. 24
GWO-SVM
RF 534 34. 48 0. 10 22 100. 00 96. 62
PSO-SVM Confusion Matrix GA-SVM Confusion Matrix GWO-SVM Confusion Matrix
Predicted label Predicted label Predicted label
Fujian 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Fujian 0.00 0.00 0.00 0.00 0.00 0.00 Fujian 0.00 0.00 000 000 000 000

Guangxit 025 000 000 013 000 000 Guangxi 000 000 000 013 000 000 Guangxi 000 000 000 013 000 000
Guizhoul 0.0 000 004 008 000 000 Guizhou o000 000 000 008 004 000 000 Guizhou 000 000 000 008 004 000 000
3 5 Fl
£ Henan 000 000 000 000 000 003 000 B Hemanf o000 000 000 000 000 003 000 2 Henan [ 000 000 000 0.00
= < =
P ° g
& Hubeit 000 000 000 E Hubei [ 000 000 000 000 002 000 000 & Hubei | 00 000 000
Hunan} 000 0.06 0.00 Hunan 0.06 0.00 0.06 0.00 0.00 0.06 0.00 Hunan 0.00 0.00 0.00
Sichuanf 000 000 000 Sichuan | 000 000 000 000 006 000 0.00 Sichuan 000 000 000
Yunnanf 000 0.00 0.00 Yunnan | 000 0.00 0.00 0.00 0.00 0.00 Yunnan 000 000 000
4 4 4 2 4 [ 4 8 5 % 4 5
i Y, ‘4, "o, Y% ', YUy O T, T, T, %, T, Y %, % T, Y, %, Yy %,
3 %, %, K b “%, %, o %, o, v 4 v %, %, 4 &, Y, % v % “, %,

B4 FESEEREREER
(a): RF-PSO-SVM; (b): RF-GA-SVM; (o) : RF-GWO-SVM
Fig. 4 Confusion matrices of different classification models
(a): RF-PSO-SVM; (b): RF-GA-SVM; (o) : RF-GWO-SVM

32 MEs WG LLA L, RS A LA G L E B . 2 AR L. A A oh fE 2 4
SVM Bl fieh . R FI RE Gk i e K44 AR SHRRIE 2 SR W1 . AT 38 R4 . BRI 2 4. &4
B BE S 2. Hoth RE-GWO-SVM [ 4 26 0E B R i . S IX A 00 77 M % 3 #8545 8 T A1 725 10 65 B . RE-GWO-SVM
B 96.62% . YL RF ik B R CHRAZ B MLAE S MAIKIEMREE T 96.62% . 433tk RF-PSO-SVM fil RF-
MBI FEE » GWO-SVM ML T HADPIF AL, S0 GA-SVM T 1 4520H 2. 42% . W B 45 5 07 LLA5 ) 45
B R . ARG B BT (AR AW RE A L AR 8. GWO-SVM BRI 3CR T 5 06 T At 7/ A 7
S0FF . GWO FL X SVM (1 W4 S804 A o8 ek . o
AL RE J1 . GWO-SVM LRI Tt P s in g w3 45 18
T PSO-SVM F1 GA-SVM,

R R VA 40 IR 45 T, GWO-SVM 4 % 35 5] 1F 1) 2% 3% %) SETIRLAMGIER AR . L 824 133 B 8 AN By i AH B
100% M4 AE G SRR EE . WRA . BALE . Wik SO BFsExT 4. RA CARS Il RF 347 45 4 48 B 0 i . 38 1L
BRMEHE. WHANSRERF L MBERET T GWOREXM SVM % C fle HATH AL, I8 M=
3.03%, WIFTE 2 B IE B0 S LM AL SR TH T 12,590~ AR mEA,

18.75 % s AHX T2k [ 7 VG Ak 1R [ 1A DX AR RE A3 547 48 R 3 ¥ GWO-SVM Jij Fi T 0 i 7 s 43 2%, 15 PSO-SVM Al
KR R AT RE R P R A S 60 AL AP EIBIESEIL GA-SVM A LL . % W T #5104 S MR L 4 B A i 4y 2K
8 A, T X M AR TFHREA S . SVM BRI 9 43 JREBEZ B 4% SLAIPERE . X 7 o A S A RS S R PR TE R

WL A K SN R R WAL R R, ATRER P A F) 96,620, [RGB TR R B, B RAE AT L
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A SVM R 2 /it 2 8. Wik, BT HRORBIEMN  KOITE. 9 NIRS HORSCHUA M ™ it e 5 a2 it 2% .
A A S A% ) B RILBE R TT 0 5 2 2R — A AT R TE IR
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Support Vector Machine Optimized by Near-Infrared Spectroscopic
Technique Combined With Grey Wolf Optimizer Algorithm to
Realize Rapid Identification of Tobacco Origin

GENG Ying-rui' , SHEN Huan-chao', NI Hong-fei”, CHEN Yong', LIU Xue-song'*
1. College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310030, China

2. Innovation Institute for Artificial Intelligence in Medicine of Zhejiang University, Hangzhou 310018, China

Abstract Tobacco is a natural plant with complex compositions, the quality of tobacco leaves is directly affected by several
external factors such as geographic location and growth conditions. Tobacco leaves are widely planted in China, and they
cultivated in different areas, they have different styles. Different blended ratios play a decisive role in the quality of cigarettes.
Thus, there is an emerging need for accurate and rapid identification of the origin of tobacco leaves. Near-infrared spectroscopy
technology provides a new rapid, and convenient method to automatically evaluate tobacco areas. On this basis, we proposed the
grey wolf optimizer (GWO) algorithm to optimize the performance of the support vector machine model (SVM) for the first time
to identify and classify tobacco leaves from different origins. This study was conducted with 824 tobacco leaf samples from eight
different origins, and 617 training set samples and 207 test set samples were obtained using Set partitioning based on joint x-y
distance (SPXY). The wavelength selection methods such as Competitive adaptive reweighted sampling (CARS) and Random
frog (RF) algorithms were applied to reduce spectral redundant information and screen the characteristic wavelengths in the -full
spectrum of the samples, and 141 and 534 were selected from all 1 609 variables, respectively. Then they were used as the input
parameters of the SVM classifier. The optimization effect of GWO on the SVM model was contrasted to the Particle swarm
optimization (PSO) and Genetic algorithm (GA) optimization in the same search range. The analysis showed that the spectral
variables screened by RF had a better modeling performance than CARS. Among them, the RE-GWO-SVM model achieved the
best predictive performance with an accuracy of 96. 62% in identifying tobacco leaves from 8 producing areas. More than that,
the running time of RFE-GWO-SVM was 156 and 131 min shorter than RF-PSO-SVM and RF-GA-SVM, respectively. To sum
up, RF-GWO-SVM has the advantages of higher accuracy and faster convergence speed. It can be seen that GWO has a more
efficient optimization capability for model parameters, and the support vector machine model optimized by GWO can be used for

rapid identification of tobacco origin.
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Keywords Near-infrared spectroscopy; Grey wolf optimizer; Support vector machine; Tobacco; Origin identification
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