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Identification Method of Hebei Produced Scutellaria Baicalensis Based on Near-Infrared Spectroscopy

Technology

GUO Zhaohua' , WEN Shizhao®, LI Yawei’, LI Sifan*, WANG Qi*, LIU Siqi’, WANG Xinguo®, NIU Liying’,
FENG Wei’* (1. Network Communication Research Institute, China Electronics Technology Group Corporation , Shijiazhuang 050050,
China; 2. School of Statistics and Data Science, Nankai University, Tianjin 300192, China; 3. Major Technical Equipment Construction
and Engineering Center of Liaoning Province, Shenyang 110032, China; 4. College of Sciences, Northeastern University , Shenyang
110167, China; 5. Quality Evaluation & Standardization Hebei Province Engineering Research Center of Traditional Chinese Medicine,
School of Pharmaceutical Sciences, Hebei University of Chinese Medicine, Shijiazhuang 050091, China)

ABSTRACT: OBJECTIVE To explore the effects of different data preprocessing algorithms and their combinations, different band
selection algorithms and different classification methods on the performance of the model by using near infrared spectroscopy to classify
the genuineness of Scutellaria baicalensis Georgi in Hebei province. METHODS A total of 138 samples of Scutellaria baicalensis
Georgi were collected, and the spectral acquisition of different Scutellaria baicalensis Georgi samples was carried out by using
12 500 =4 000 ¢cm ™' band. Firstly, the single performance and combined performance of different speciral preprocessing methods are
compared. Secondly, the performance of competitive adaptive reweighted sampling ( CARS), uninformative variable elimination
(UVE), successive projections algorithm ( SPA) and principal component analysis ( PCA) in infrared spectral band selection and
feature extraction are compared. Finally, the performance differences of partial least squares discriminant analysis (PLS-DA) , support
vector (SVM ), artificial neural network ( ANN), random forest ( RF), traditional one-dimensional convolutional neural network
(CNN) and stacked autoencoder ( SAE) in establishing the attribute classification model of traditional Chinese medicine were
compared. RESULTS The best preprocessing algorithm is to use mean centralization ( MC) and multiple scattering correction
(MSC), and the overall accuracy rate can reach 92.9 % . The optimal band selection algorithm is based on the 25-dimensional
variables selected by PCA, which can increase the total accuracy by 10.7 % . The best classification algorithm is a one-dimensional

CNN model established after MSC processing and PCA dimensionality reduction, which can achieve 100 % accuracy of geo-authentic
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binary classification. CONCLUSIONS The study of genuineness classification algorithm by infrared spectroscopy provides a fast and

non-destructive detection method and reliable data analysis method for the genuineness classification of Scutellaria baicalensis, and

provides a new method reference for the traceability of Chinese medicinal materials.

KEY WORDS: Scutellariae Radix; near infrared spectroscopy; origin identification; machine learning
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Tab.1 Information of 138 batches of Scutellaria Baicalensis
Place of origin(in Chinese) Sample No. Collection time
Chengde , Hebei (7]t 7&7#) S1-9;587-92 2021-10
Zhangjiakou , Hebei (i[5 1) S10-14 ;581 ;593-96 2021-10
Xingtang , Hebei (7t 7/ S15-17;597-99 2021-10
Hengshui , Hebei ( {4 7K ) S18-22;S100-104 2021-10
Boye , Hebei (J-{L{HET) $23-27,5105-107 2021-10
Anguo, Hebei (J-{L22H) $29-46,,585,;5108-119; 2021-10
Quyang , Hebei ([t FH) S83 2021-10
Wi, Hebei (T[ETEH) 28 2021-10
Chifeng , Inner Mongolia( 52 7RkI) — S47-51;S72;S120-124 2021-11
Yuncheng , Shanxi ( 1LT5258) $52-55,573;584;5125-127 2021-11
Weinan , Shaanxi (BEP4TE ) S56-64;569;S74-76 ;980 ; 2021-11
S86;S128-131;5134-135
Yan'an, Shaanxi ( P22 $65-68;570-71;S77-79; 2021-11
S132-133;5136-138
Yulin, Shaanxi ( BEFGHiIAK) S82 2021-11
2 7 &
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Fig.1 Image of near-infrared spectral dataset of Scutellaria

baicalensis
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Tab.2  Parameter setting of band selection algorithm in the
model for identifying the model for identifying the origin of

scufellaria baicalensis

Parameter Parameter value
CARS  Sampling frequency N =50
Maximum number of principal components for cross-validation PC =20
Number of cross-validation cV=10
UVE  PLS test set proportion 0.2
Number of cross-validation cV=10
SPA  Total number of wavelength points h=17
Number of cross-validation cv=10
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R3 EXEFHMENER S - LERME ML (CNN) 44y
Tab.3 One-dimensional convolutional neural network ( CNN)

structure in scutelloria baicalensis origin identification model

R HEFHENBATEE B HDE(SAE) Y £S5 H
Tab.4 SAE training parameters in scutelloria baicalensis origin

identification model

Number of layers Structure

1D Convolutional kernel(1,16,21)

1

2 Batch normalization

3 Relu activation function

4 1D Convolutional kernel(16,32,19)
5 Batch normalization

6 Relu activation function

7 1D Convolutional kernel (21,64 ,17)
8 Batch normalization

9 Relu activation function
10 Fully connected (137 536,512)
11 Fully connected(512,4)
12 Softmax

RS EHXAHUSLXBEERER

Parameters Values

Number of training epochs for autoencoder 200
Loss function for autoencoder training MSE loss function
Number of fine-tuning epochs for stacked 200

autoencoder
Loss function for stacked autoencoder fine-tuning Cross-entropy loss function/

focal loss function

Optimizer Adam
Initial learning rate 0.001
Learning rate decay rate 0.000 1
Batch size 128

Tab.5 Geoherbalism classification data set information of Scutellariae Radix

Dataset metrics Value Dataset indicators Ref.
Total number of samples 138 Category distribution [82,56]
Proportion of test set 0.2 Training set sample distribution [65,45]
Number of samples in training set 110 Test set sample distribution [17,11]
Number of samples in test set 28 Sample dimension 2203
3 HBRE5HSW HOu L (K 3B) , R BRI AE 4 22 [F 2800 1 F1 R L
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Fig.2 The confusion matrix of different preprocessing algorithms in scutelloria baicalensis origin identification model

K6 HEFHENBEAFTERALBFEALLRER

Tab. 6 Comparison of experimental results of different preprocessing algorithms in scutelloria baicalensis origin identification model

No.  Preprocessing algorithm 0A K F 1,1 F_1,2 P_1 P2 R_1 R2
1 None 0. 750 0. 490 0.788 0. 695 0. 867 0.615 0.722 0. 800
2 [“MC’ ] 0. 750 0. 490 0.788 0. 695 0. 867 0.615 0.722 0. 800
3 [Ss”] 0. 786 0.551 0. 824 0.727 0. 824 0.727 0. 824 0.727
4 [“MMS’ ] 0. 786 0.551 0. 824 0.727 0. 824 0.727 0. 824 0.727
5 [‘MA’] 0. 750 0. 490 0.788 0. 695 0. 867 0.615 0.722 0. 800
6 [SG”] 0. 786 0.572 0.813 0. 750 0.929 0. 643 0.722 0. 900
7 [ “WAVE’ ] 0. 786 0.551 0. 824 0.727 0. 824 0.727 0. 824 0.727
8 [‘DT” ] 0. 607 0.230 0. 645 0. 560 0. 556 0. 700 0.769 0. 467
9 [“SNV’] 0. 750 0. 500 0. 740 0.759 0.714 0. 786 0.769 0.733
10 [“MSC’] 0. 857 0. 700 0. 882 0.818 0. 882 0.818 0. 882 0.818
11 [“MC’,MSC’ ] 0.929 0. 858 0.933 0.923 0.875 1. 000 1. 000 0. 857
12 [SS’, “MSC’ ] 0. 821 0.631 0. 849 0.783 0. 875 0. 750 0. 824 0.818
13 [“VS’, SNV’ ] 0. 750 0. 500 0. 740 0.759 0.714 0. 786 0.769 0.733
14 [“SNV’, ‘DT’ ] 0. 821 0. 642 0. 815 0. 828 0. 846 0. 800 0. 786 0. 857
15 [“MA’, ‘MMS’ ] 0. 786 0.551 0. 824 0.727 0. 824 0.727 0. 824 0.727
H:[MAT, “MMS’ [ RIRIEHATR S P24 P AL B (MA ) FEEA T fe/ s R IH — AL (MMS) |, AL AL BRI R[] o
Note: “[ “MA’, ‘MMS’ ]” indicates that a moving average smoothing (MA) process is conducted first, followed by a min-max normalization (MMS) process. The same

applies to other processing sequences.
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A — comparison of accuracy and Kappa coefficient for different preprocessing methods ;
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Fig. 3 Comparison of classification results of different preprocessing strategies in scutelloria baicalensis origin identification model

B - comparison of F1 scores for different reprocessing methods
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Fig. 4 The confusion matrix of different band selection algorithms in scutelloria baicalensis origin identification model
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Tab.7 Comparison of experimental results of different band selection algorithms in scutelloria baicalensis origin identification model
No. Band selection algorithm Dim 0OA K F_1,1 F_1,2 P_1 P2 R_1 R 2
1 None 2203 0. 857 0. 700 0. 882 0.818 0. 882 0.818 0. 882 0.818
2 CARS 71 0. 893 0.772 0.914 0. 857 0. 889 0.9 0.941 0.818
3 SPA 17 0. 786 0.551 0. 824 0.727 0. 824 0.727 0. 824 0.727
4 UVE 13 0. 786 0.551 0. 824 0.727 0.824 0.727 0. 824 0.727
5 PCA 25 0. 964 0. 926 0.970 0.957 1..000 0.917 0.941 1..000
T : Dim — 238 P Bl 5 AOREAS D Bkl
Note; Dim — the number of sample bands after band selection.
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A - comparison of accuracy and Kappa coefficient for the different band selection method; B — comparison of F1 coefficients for the different band selection method.
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Fig.5 Comparison of the classification results for the different band selection method in scutelloria baicalensis origin identification model
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Fig. 6 Confusion matrix of different classification methods in scutelloria baicalensis origin identification model
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Tab. 8 Comparison of experimental results of different classification algorithms in scutelloria baicalensis origin identification model

No. Classification algorithm OA K F_1,1 F_1,2 P_1 P2 R_1 R2
1 ANN 0.929 0. 851 0.941 0. 909 0.941 0. 909 0.941 0. 909
2 RF 0.786 0.537 0. 833 0. 700 0. 789 0.778 0. 882 0. 636
3 PLS-DA 0.714 0. 400 0.765 0. 636 0. 765 0. 636 0.765 0. 636
4 CNN 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
5 SAE 0. 964 0.923 0.971 0.952 0.944 1. 000 1. 000 0. 909
6 SVM 0. 964 0.926 0.970 0.957 1. 000 0.917 0.941 1. 000
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A — comparison of accuracy and Kappa coefficient for different classification methods; B — comparison of F1 coefficients for different classification methods.
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Fig. 7 Comparison of classification results for different classification methods in scutelloria baicalensis origin identification model
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