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Abstract: Objective To achieve accurate, nondestructive and low-cost identification of Panax ginseng age, a P. ginseng age
identification method was established in this study based on hyperspectral imaging technology combined with machine learning.
Methods Hyperspectral images of 84 P. ginseng samples and hyperspectral data of 1 680 regions of interest were obtained by
acquiring P. ginseng hyperspectral images in the visible-near infrared (VNIR) and short-wave infrared (SWIR) bands from one to seven
years old in Tonghua, Jilin, China, respectively. The hyperspectral data of ginseng samples were preprocessed with multiple scattering
correction (MSC), standard normal variation (SNV), Savitzky-Golay smoothing, first-order derivative (FD) and second-order
derivative (SD) in the VNIR, SWIR and VNIR + SWIR fusion bands, and then combined with partial least squares discriminant analysis
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(PLS-DA), linear Then, we combined PLS-DA and LinearSVC discriminant analysis methods to establish the identification models of
P, ginseng years in two classification scales distinguished by “medicinal food”, three classification scales distinguished by greater than,
less than, and equal to five years, and seven classification scales distinguished by seven years, respectively. Results In the VNIR
410—720 nm band range, there was an overall trend of sequential decrease in the average spectral reflectance of P. ginseng from one
year to seven years at the same wavelength. The results of confusion matrix evaluation of different classification recognition models
showed that the LinearSVC model with FD preprocessing in SWIR band and fusion band had better classification and higher accuracy
at three annual scales, and the prediction set accuracy of 2, 3 and 7 classification models were 99.60%, 98.41% and 95.24%,
respectively. The recognition models built using the feature bands screened by the continuous projection algorithm (SPA) have higher
accuracy at 2 and 3 classifications, and use fewer bands for more efficient classification and recognition. Conclusion Hyperspectral
imaging technology combined with machine learning and feature band screening methods can better achieve the identification of the

age of P, ginseng of specific origin, and provide a reference for realizing the practical applications of this technology in P. ginseng age

identification and quality control.
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Fig.1 Hyperspectral image diagram of P. ginseng samples

400 500 600

1§ | S— — :
700 800 900 1000 1400 1800 2200 400 800

32 AB#& ROl BUIREXRX S

NIREESIR I NS AR E R, F
BN IAN [ BHE B N FEA RIS R ROT Y
BGIEEE, B ASFERIRIL 20 AN K/MEIE
ROIL, AR 12 7 ASFEd, ARG 74
FIRASFEMIL 1 680 MEAKE, WRIEHEHLL 7
EREARER D NSRRI TR, For Il ZREE AN
TR Sy 7 03, BIYIZREE 1176 DEE, T
££ 504 N
33 Eigitihik

X AN [EAR ML RS 1) UG 43 ol g AT Hdm Ab B,
A ASFER RSt &R, & 9F 2 AN
PRSI FE OGS, BI73 2178 55 410~2 500 nm
(AT IL-F o T A B CRPRR A3 B il $idE .
T2 ANFEMLARHE KT Y RS A B DL R AN S B E A
R, {EPK 950 nm BT & 2k 72, (H4F
ANFE S A0 58 2% 1A TR ELAE [R]— 2R 88 R 3EAT 44,
B BA T . A FREIR NS R AGEE 61 28
B 5Pt h 28 I WL 2.

B 2 A5, ASFISEBR A S 28 2 AT AH AU

B, HEFEREA SRR ZE . d 7

1200 1600 2000 2400
B A/nm A/nm A/nm
0.8 T = — ] a ’ '
F / _ ’Q:i\ 0.7
807 y/ e N g
E oA A s 0.6
S 0.6/ /i - £
/ 205
5y Y, 7 - = 0.
&~ 0.5 // 14 =
= il
g 2% 5 04
304 /) 34 | E
(5] Q
& 7/ — 4% 203
03t /) SHE @
W 6%
029 — T4 ’ A\ ,
410 500 600 700 800 900 1 000 1400 1 800 2200 400 700 1 000 1 300 1 600 1 900 2 100 2 400
A/nm A/nm A/nm

2 TEFRASHEHREREALE (A) MFEHKIE (B) HhLE

Fig.2 Curves of original spectra (A) and average spectra (B) of P. ginseng samples of different ages
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*1 AEFERASHAES R ETNLIEN PLS-DA RELERZR
Table 1 Accuracy of PLS-DA models with different preprocessing methods of P. ginseng samples in each band of different ages

) 2 5 R AEHZ /% 3 5 R AEHZ /% 7 5 RAEH /%
BB oAb 3 5 = \ . \ . . \
%S fiRIES PEES MIES HEzS fiMIES
VNIR I 89.20 94.05 90.68 85.03 92.80 88.07
MSC 96.03 96.35 90.34 87.52 91.75 89.39
SG 94.74 93.28 90.42 86.37 90.71 87.31
SNV 96.89 95.78 90.68 85.60 91.84 89.58
FD 95.77 94.43 89.30 85.22 93.14 89.58
SD 95.25 93.09 88.01 83.88 91.23 86.17
SWIR T 99.22 98.85 94.13 92.32 94.97 91.67
MSC 98.88 97.89 93.53 89.64 94.36 90.91
SG 98.88 98.85 94.22 92.13 95.31 91.67
SNV 98.71 97.31 94.13 88.48 94.44 90.72
FD 99.65 98.46 96.72 91.94 96.96 89.77
SD 96.72 93.09 91.20 83.11 93.40 79.55
AP 7 99.22 99.42 95.69 94.05 96.44 93.18
MSC 99.57 99.42 95.69 95.20 96.88 93.75
SG 99.05 99.04 95.25 93.09 95.83 92.23
SNV 99.31 99.23 95.94 94.63 96.44 92.99
FD 99.91 99.42 97.93 94.05 99.22 94.32
SD 99.31 96.93 95.08 87.91 97.83 87.31

®2 FRFRASHAEERRRAFMLIER LinearSVC HEERHR

Table 2 Accuracy of LinearSVC models for P. ginseng samples of different ages under various bands and preprocessing

methods

S BT ot ‘ 2%3@&%%/%‘ | 367‘%@&6%%/%‘ jﬁu‘%@ﬁﬁ%%/%‘ ‘
YL iRLES EES TRER EES ipLES

VNIR & 89.54 85.52 80.87 82.54 65.22 61.90
MSC 97.11 95.63 93.62 93.45 91.75 88.69

SG 89.45 85.91 80.52 82.14 66.15 62.69

SNV 97.02 96.23 94.30 92.26 91.50 85.51

FD 99.57 98.21 98.72 96.23 98.98 93.65

SD 99.82 95.44 99.23 92.26 99.66 78.57

SWIR & 96.17 96.82 88.86 91.86 77.89 75.59
MSC 99.65 98.41 98.81 96.61 97.02 93.25

SG 95.83 95.83 89.03 87.10 76.61 77.78

SNV 99.49 98.81 98.98 97.62 97.70 93.45

FD 100.00 99.60 100.00 98.41 99.83 93.85

SD 100.00 96.43 100.00 95.63 99.91 82.94

EWE & 97.28 95.04 91.92 91.67 85.88 81.35
MSC 99.32 99.21 97.53 95.63 94.60 89.85

SG 96.94 96.63 92.26 90.47 84.70 82.34

SNV 99.57 99.01 96.85 94.24 94.39 89.88

FD 100.00 99.40 100.00 98.41 100.00 95.24

SD 100.00 97.22 100.00 96.23 100.00 84.13
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Fig. 5 Distribution of characteristic bands under different age classification scales based on FD preprocessing in SWIR band

and fusion band
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Table 3 Accuracy of characteristic band year recognition classification model
ke . _— e 7o HER /%

433877 B g (/%) Iy e e

253K VS-FD 124 (31%) LinearSVC 99.91 99.21

PLS-DA 99.55 98.86

S-FD 107 (37%) LinearSVC 99.83 99.01

PLS-DA 98.87 98.01

353K VS-FD 109 (27%) LinearSVC 99.74 97.62

PLS-DA 95.18 92.33

S-FD 93 (32%) LinearSVC 99.06 97.82

PLS-DA 93.37 90.91

VES VS-FD 165 (42%) LinearSVC 99.83 94.44

PLS-DA 96.76 92.05

S-FD 134 (46%) LinearSVC 99.57 92.86

PLS-DA 93.22 86.93
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Fig. 6 Confusion matrix of discriminant result from fusion band-FD-LinearSVC model
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