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Table 1 Experiment samples

. DB DM DS MB MM MS LB LM LS Bt
AERn 5 0 5 4 5 5 0 5 29
FTH 5 5 5 5 5 5 5 5 45
Hiff 5 5 5 5 5 5 5 5 45

Note: The first letter of row headings represent sample color(Deep, Middle, Light) ; the second letter represent sample size(Big, Middle, Small)
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Fig. 1 Spectral acquisition sites of wolfberry fruit
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Fig. 2 Raw spectra of different sites of

one wolfberry fruit sample
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Table 2 Predictive ability of SVM models with different data pre-processing methods

Ak 3 HBAL 1 HBAL 2 HhAL 3 HBAL 4 HBAL 5
ik 10CV IR F 10CV IS E 10CV Lisang 10CV IR IE 10CV I53IF
RAW 65. 26 70. 83 63.16 54.17 61.05 62.50 65. 26 66. 67 69. 47 62. 50
MSC 84.21 83.33 82. 11 79.17 86. 32 87. 50 87. 37 79. 17 88. 42 87. 50
SNV 83. 16 83.33 81.05 75. 00 86. 32 79.17 89. 47 79.17 88. 42 91.67
1D+SG(9,2)  93.68 95. 83 91.57 100. 00 88. 42 91. 67 90. 53 95. 83 92. 63 91. 67
2D+SG(9,2)  98.95 95. 83 96. 84 100. 00 93. 68 95. 83 96. 84 100. 00 97. 89 100. 00

Note: Savitzky-Golay(data points, polynomial order ), parameters of SG smoothing in table 2 were optimal
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o XRBE LN ™ 52 BDGRE 2 5 . FER TR R
R, ZOCFEREIE IS, BT A0 TN o o B2 B B R, IR
B2 (61. 0526 ~70. 83%6) N F] (81. 059 ~91. 6720) 5 F
BomF-v i e Ry . BB SBIT—m S8k, 310
Prag B AE LB R K T 93%, AR UE R R B K T
95% . BIILRA 2D+ SG(9, 2) W E Ry il Wi kb B 5 7% .
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% 29154 B Polynomial Kernel) 15— 16 £ 5% b 5
(Normalized Polynomial Kernel) , PUK #% pfi %% ( Precomputed
Kernel Matrix KerneD!™', RBF 4% pf %1 (Radial Basis Func-
tion Kernel) PUFP#Z s EHEAT X EU A0 HT o X BRI A% 50 ey Jo it
17 284l BRSO AN R R A S 1] ALY A 4
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Table 3 Effects of kernel function type on the performance of SVM

% R B 10 CV 1515/ % HNERIGTE AR/ %
LI C=1, Exponent=3 96. 84 100. 0
9 — Ak 22 A% B %L C=15, Exponent=2 91.58 95. 83
RBF #% pi %X C=3, Gamma=0. 1 90. 52 95. 83
PUK % eR%L C=3, Omega=1, sigma=4.0 86. 32 95. 83
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Fig. 3 Classification results of 10-fold cross validation ( Note:

the black triangle represents the average value)

1001

98 A A A

o [

94+

92

Identification rate/%

90+
88

86 T T T T
1 2 3 4 &

Different acquisition sites

Fig. 4 Classification results of external validation (Note: the

black triangle represents the avesage value)
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Rapid Identification of Wolfberry Fruit of Different Geographic Regions
with Sample Surface Near Infrared Spectra Combined with Multi-Class
SVM

DU Min', GONG Ying®, LIN Zhao-zhou', SHI Xin-yuan', HUA Guo-dong®* , QIAO Yan-jiang'*
1. Beijing University of Chinese Medicine, Beijing 100102, China
2. Dongfang Hospital, Beijing University of Chinese Medicine, Beijing 100078, China

Abstract Portable near infrared spectrometer combined with multi-class support vector machines was used to discriminate wolf-
berry fruit of different geographic regions. Data pre-processing methods were explored before modeling with the identification
rate as indicator. To eliminate the influence of sample subset partitioning on model performance, multiple modeling and predic-
ting were conducted and the statistical result of identification rate was utilized to assess model performance of different acquisition
sites. The results showed that SVM model with raw spectra after pretreatment of second derivative and Savitzky-Golay filter
smoothing showed the best predicative ability. And the model of every acquisition site except for site 5 exhibited good stability
and prediction ability and its median and average of identification rate of external validation were all greater than 97%. It was
suggested that surface NIR spectra of wolfberry fruit was applicable to accurate identification of geographic region, and portable

near infrared spectrometer could act as an effective means of monitoring the quality of Chinese herbal medicine in circulation.

Keywords Wolfberry fruit; Discrimination of geographic region; Near infrared; Spectra acquisition site; Identification rate;
Multi-class SVM
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