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Cross—batch authenticity identification of Bupleurum
chinense DC. seeds based on hyperspectral data combined
with domain adaptation algorithms

LENG Junjiao'?, XU Yanan'?, DONG Xuehui'?, SUN Qun"*
(1. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China;
2. Chinese Medicinal Herbs Research Center/The Innovation Center (Beijing) of Crop Seeds Whole-Process Technology

Research of Ministry of Agriculture and Rural Affairs, China Agricultural University, Beijing 100193, China)

Abstract To construct a cross-year accurate identification model for different batches of Bupleurum chinense
DC. seeds based on hyperspectral data and domain adaptation algorithms, hyperspectral data in the 400 to
1 000 nm band were collected from 10 batches of B. chinense DC. and 5 related species. Machine learning
models for cross-batch discrimination were established using random forest (RF), support vector machine

(SVM), multi-layer perceptron (MLP), partial least squares discriminant analysis (PLS-DA), and ensemble
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learning algorithms. The feasibility of improving the model’ s prediction ability on the cross-year data of different
seed batches was explored by combining the competitive adaptive reweighted sampling (CARS) with
CORrelation ALignment (CORAL) algorithm. Finally, the SHAP algorithm was used to conduct interpretability
analysis on the model. The results showed that: The prediction accuracy of the SNV-PLS-DA model reached
85.6%. Using the CARS algorithm, a total of 97 key characteristic bands were identified, and the prediction
accuracy of the constructed SNV-CARS-PLS-DA model was 91.4%. There existed a mixed shift dominated by
linear shift (concentrated within 830 to 900 nm) between the hyperspectral data collected in 2024 and 2025 for
the same batch of Wanrong Bupleurum harvested in October 2024. After calibration by the CORAL algorithm,
the accuracy of the model in predicting the spectral data in 2024 increased from 79. 7% to 94. 3%. The SHAP
algorithm indicates that the bands of 673.5-746. 6, 810. 6-842. 7, and 907. 8-984. 7 nm were the key bands for
the model prediction. In conclusion, the CORAL algorithm is suitable for correcting the shift of spectral data of

cross-year for different batches of Bupleurum chinense DC. seeds, and can improve the robustness of model

prediction.

Keywords Bupleurum chinense DC. ; authenticity; hyperspectral; CORrelation ALignment
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Table 1  Bupleurum chinense DC. seeds authenticity modeling sample information

el ETRe R Kot /b
Category Number Source Quantity
GS, 65
GS, H il Gansu 65
GS; 65
HB, 7 It Hebei 65
e 4 HB, 65
Bupleurum chinense DC. SX, 65
SX, 111 7§ Shanxi 65
SX, 65
KM, o G g U 1 2 ) o R O 40
KM, The Germplasm Bank of Wild Species 40
i 2 A
Bupleurum Marginatum var. z Wt Hebei 150
stenophyllum
=[98
I SD W4t Hebei 300
Bupleurum falcatum
Ay q Hh ] TG g R A AR ) Rl U 50
5
Bupleurum scorzonerifolium The Germplasm Bank of Wild Species
A7 SE 7y H ] PG g R A AR b TR U 50
. . 5
Bupleurum marginatum The Germplasm Bank of Wild Species
HRL N SE ] v7 v [ 7Y T B A AR R TR A 50
Bupleurum yinchowense The Germplasm Bank of Wild Species )
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Tl J5T 5% P
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Fig. 1 Modeling samples of different batches of seeds I=,—B)/(W—B)
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Fig. 2 Schematic diagram of hyperspectral acquisition platform
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Table 2 Super-optimal parameter search range
A 28 1 i

Model Parameter Range
Wi B n_estimators 50~200
B 19 35 KR Max_depth 3~10

K AT 43 19 e /NFE AR S Min_samples _split 2~10
M 775 5 B /NEE A B Min_samples_leaf 1~5
T R C 0.01.,0.1.1.10

SVM
¥ RS 8 Gamma 0.01.,0.1.1.10
Sﬁﬁifﬁﬁjf“ﬁﬁ% HETIER ) ) (18.) (20,0 .(30.) (50,
T PREL Activation relu . tanh | logistic

MLP SR fi# 2% Solver adam . sgd
1E W fE % B Alpha 0.000 1.,0.001.0.01
24 2] 3 Iearning_rate constant , adaptive

PLS-DA 78 & % & n_components 5~30

Data processing
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Fig. 3 Flow chart of experiment
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(a) ALLEHH Bupleurum chinense DC.
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(b) EAL4EHH Other Bupleurum spp.

GS|\GS, GS; R T H M A B4 1~3 40k, HB, A HB, O R4 T 4048 #9201, 240, SX, L SX, I SX R4 T I VE 48 A 45 1~34ib i,
KM, #l KM, 2 2k 1T o [ 75 g 57 A A2 R0 00 B8 I8 2R A9 56 1.2tk . SD, = I 88l s HL L0588 2Y ATk S8 s Y Z AR M S8 5 7, e o
GS;, GS, and GS, are collected as the 1* to 3" batches from Gansu Province; HB; and HB, are collected as the 1* and 2" batches from Hebei

Province; SX,, SX, and SX, are collected as the 1* to 3" batches from Shanxi Province; KM, and KM, are collected as the 1" and 2" batches from

the Germplasm Bank of Wild Species. SD, Bupleurum falcatum; H, Bupleurum scorzonerifolium; 7Y , Bupleurum marginatum; Y7, Bupleurum

yinchowense; 7, Bupleurum marginatum var. stenophyllum.

B4 #EHRHERILSEN(a)5IEILEH (b) FHRE L

Fig.4 The average spectral curves of modeling samples of Bupleurum chinense DC. (a) and other Bupleurum spp. (b)
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Fig. 5 Different preprocessing average spectral curves of modeling samples of Bupleurum chinense DC. and other Bupleurum spp.
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FRF.SVM M MLP, RH SG Vi 5 H AL AN A HHHENSL. 7%,
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Table 3 Prediction accuracy of Bupleurum chinense DC. seeds authenticity using machine

learning model based on hyperspectral data %
RF SVM
T Ak 7
Preprocessing HEE WL e Wi 5
Training set Testing set Training set Testing set
RAW 95.5 75.8 88.1 79.4
SG 98.8 74.7 87.4 78.1
FD 99.8 73.9 100.0 81.9
MSC 91.2 76.7 94.0 81.7
SNV 93.7 76.4 93.0 83.1
SG-FD 99.5 75.8 100.0 83.3
SG-MSC 91.2 77.5 92.9 81.4
SG-SNV 93.5 76.9 92.9 83.3
MLP PLS-DA
i b P
Preprocessing  NEE gk I 88 4
Training set Testing set Training set Testing set
RAW 79.8 76.7 82.9 81.9
SG 79.6 76.7 83.1 83.3
FD 84.3 77.2 84.4 78.1
MSC 78.0 75.3 85.5 85.0
SNV 73.5 72.5 85.7 85.6
SG-FD 85.0 80.8 82.7 78.1
SG-MSC 77.9 75.3 86.2 84.2
SG-SNV 76.7 75.8 84.2 83.9

R4 ETEREHEERNFIRBNLERHFESEH TN ERE

Table 4 Prediction accuracy of Bupleurum chinense DC. seeds authenticity using ensemble

learning model based on hyperspectral data %
# 5 Voting & Stacking
Ak #
Preprocessing LSS M5 Pl S S W4
Training set Testing set Training set Testing set
RAW 85.1 76.4 84.8 76.9
SG 85.1 76.7 84.5 76.7
FD 99.9 80. 3 100.0 82.2
MSC 85.8 77.8 85.5 81.1
SNV 86.3 77.8 86.2 81.1
SG-FD 99.8 81.7 100. 0 83.6
SG-MSC 85.6 77.2 85.0 81.7
SG-SNV 86.2 77.8 86.8 81.1
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YEJT L4 BIA5 3] 97 15 1 24 A % i 4 AF % B, 97 i
FRARR N 12.7% 2. 0% F13. 1% o e FHAE P B
A SNV-CARS-PLS-DA £ %1 i) 3 42 ¥ i % ik
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87. 3% MM HRAE I BL (AR PR B T, R 3L T &

g B AR 1 b S ) S M S T R AR A LA
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FRAE I B A © 57 i SNV -PLS-DA H 5 13 1] J7
BT 2024 4F 11 H M1 2025 4F 5 H R4 1Y 563
B T A R B O 79.7% M1 89.5% . ] RE
T[] — it Y P AN (] B ) SR 48 19 i ol 5 £k kR
i B - 3501 R TR T I o RN

F5 ETHEXHE SNV-PLS-DA 2] 59 T il 7 =
Table 5 Prediction accuracy of SNV-PLS-DA model based on characteristic spectrum

PR W BB i %6 %/ %6 I By Aii /nm 28/ % Mk /%
Extraction algorithm Number of bands Rate Waveband distribution Training sets Testing set
CARS 97 12.7 400~1 000 90. 8 91.4
400.4,401.1,406. 3,407.8,
409.2,427.8,451.7,567.0,
SPA 15 2.0 627.0,669.6,683.8,695.7, 82.4 82.2
813.8,875.6,999. 1
418.9,432.2,455.4,456. 2,
483.4,496.3,514.6,533.8,
553.8,579.4,600.4,634.1,
"ARS-SPA 24 3.1 5. 5.
¢ S 649.9,665.6,673.5,733. 1, 85.0 8.6
821.1,864.4,876.4,931.8,
966.3,976.7,984.7,998. 3
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