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Robust Extraction of Hyperspectral Feature Wavelengths and Development of a Model for Geographical Origin

Identification of Spearmint

LI Xiaolong, YIN Yong*, YU Huichun, YUAN Yunxia
(College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: In this study, hyperspectral technology was used to solve the problem of identifying the geographical origin of
spearmint. First, 375 spearmint leaf samples from 5 geographical origins were selected for hyperspectral data collection, and
the hyperspectral data were preprocessed by multiplicative scatter correction (MSC) and analyzed by principal component
analysis (PCA); the principal component variables were used to construct Wilks / statistics, which were then ranked in an
increasing order. Then, the weight coefficient curves of the principal components corresponding to the first three smallest
Wilks 4 values were drawn at each wavelength; a total of 37 feature wavelengths were obtained, namely the peak and valley
wavelengths in the coefficient curves. Next, Fisher discriminant analysis (FDA) was used to construct the input variables
for a model for graphical origin identification of spearmint. At last, a support vector machine (SVM) model and a back
propagation neural network (BPNN) model for identifying the geographical origin of spearmint were constructed. The results
indicated that the SVM model outperformed the BPNN model, with discrimination accuracy of 99.67% and 98.67% in the
training and test sets, respectively. Therefore, the SVM model, constructed using PCA combined with Wilks 4 statistics, can
effectively identify the geographical origin of spearmint. In this model, the extracted feature wavelengths are not affected by
the number of physicochemical indexes, making the model robustness.

Keywords: spearmint; hyperspectral technology; principal component analysis; Wilks /4 statistics; Fisher discriminant
analysis; geographical origin identification
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Fig.1  Spearmint leaves from five different regions
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Fig.2  Original spectra of spearmint

. T T T T T 1
400 500 600 700 800 900 1000
P /mm

K13 MSCHIAH G & ™ & ki
Fig.3  MSC preprocessed spectra of spearmint

22 EAIRRRHT

HE4, 5KRITTLLE H, SIS FE ™ 1) 2L 45
REEWAEES, HEP LE Y 2 EF L RE T
i RO A7 0 2 B O /D T HAh P M, X 0] BE AR AR IS H
LIS FE PR AN I R, JEES AN = EH
18] B 72 BE A R . T A0 RN R B I B i A A T
ZER (P<0.05) .

124 A
10- y=454 848x+2 X 10°
o R*=0.991 4
S 084
X
~ 0.6 s
= 04 A
= ] /
& 0.2
00 T T T 1
0 500 1000 1500 2000
JEASE/ (ug/mL)
254 B
) y=2X10%+1X 10°
2 207 R2=0.999 6 .
X 1.5
= 1.0
1=
& 0.5
0.0 —

0 lIO 2‘0 3‘0 4‘0 5‘0 6‘0 70 80
JREAE/ (ug/mL)
4 AEFAE (A) AkrEs (B) bifiith2k

Fig.4 Standard curves of L-carvone (A) and limonene (B)



266 2024, Vol.45, No.22

E6miltl Z

L
>

FE (X109
COO= =W

houohououo
1

T T T T T T T
50 7.5 10.0 125 15.0 17.5 20.0 225
5[] /min

[
o]

FEF (X100
Soo——pRLLe

houhouhououo
1 1

T T T T T T T
0 75 100 125 15.0 17.5 200 22.5
5[] /min

W

L
@]

FRE (X100
SoO——pRLL A

hobhoubououown
1 1 1

T T T T T T T
0 75 100 125 15.0 17.5 20.0 225
i [ /min

W

FRE (X109
OO =N B

mouwouououwouo

T T T T T T T
50 7.5 10.0 125 150 17.5 20.0 225
Fif 1] /min

[
es]

£ (X109
Sor—pRLwaR

Schouhououhown
1

|
54
n

T T T T T T T
50 7.5 10.0 125 15.0 17.5 20.0 225
5[] /min

A~ES R ZRE AEsts TR, TR RS AN

[ IET N P LA R U R o N iR ]

Fig.5 Chromatograms of spearmint from different regions
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Table 1  Analysis of physicochemical indexes of spearmint from
different regions

- EWERRSE  WEESE VCH &/ BER AR
(mg/g) (mg/g) (mg/g) (mg/g)

ZRER 10.0540.01° 1.10£0.00° 0.3440.03" 23.7540.04°

Jext 15.50£0.03° 1.60£0.03° 0.2940.01% 20.0040.02°

T RN 12.9840.01° 1.074£0.04° 0.174£0.02° 10.00£0.09°

AN 11.4540.09° 0.4040.10° 0.6040.26" 26.2540.05"

i 210£0.13 0.0140.00° 0.4140.01° 21.2540.03¢
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Table 2  Number of characteristic wavelengths extracted from top
three principal components with the smallest A1 values
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Table3  Number of characteristic wavelengths extracted by SPA
combined with either the first or second principal component
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Table4  Discriminant capacity of new FD variables generated by FDA
using two feature wavelength extraction methods

W FFIFREARFRIFR R Z R B3 (P<0.05) .

AU FDI FD2 FD3 FD4 SR
PCA+Wilks /4118 095320 003097 001037 000544 099999
PCA+SPA 092901 004606 001328 001164 099999
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Table 5  Identification results of SVM and BPNN models with two
feature wavelength extraction methods
. F%@ sw%?%ﬁ%ﬂﬁ@% BP‘NNﬁ%UTﬁfﬂJ‘Eﬁ‘ﬁ‘ﬁl%

MU g WRE WgE Ik
PCA-+Wilks A4 i1 4 99.67 98.67 98.67 97.33
PCA+SPA 4 99.33 97.33 98.67 94.67
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