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2 mm . 4500 ~12000 em™ .
3.3 HPLC 2
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3.4
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RSEP 10% HSYA 0 BP-ANN PLSR  PSO-LS-SVM
HSYA PLSR PSO1L.S-SVM BP-ANN
1
Table 1  Statistics of established models in calibration and validation set
Calibration set Validation set
Models Extraction R? RMSEC RPD RSEP R? RMSEC RPD RSEP
(%) (%)
. 0.9976 0.032 20.636 1.816 0.9926 0.229 2.350 12.695
BP-ANN Solid content
HSYA 0.9941 0.022 12.956 3.191 0.9805 0.062 3.905 9.126
. 0.9896 0. 066 9.855 3.804 0.9961 0.062 8.621 3.460
PISR Solid content
HSYA 0.9971 0.018 18.627 2.220 0.9924 0.035 6.970 5.112
Soli 0.9871 0.074 8.830 4.245 0.9942 0.050 10.677 2.794
PSO4S-SVM Solid content
HSYA 0.9946 0.021 13.675 3.024 0.9953 0.039 6.260 5.692
PSO-LS-SVM: Particle swarm optimization-east squares support vector machine.
4.4 2
Table 2 Statistics of the established models in unknown sample set
Unknown sample set
Models Extraction R? RMSEP RPD RSEP
2 . RMSEP (%)
RPD RSEP PSOIS- BP_ANN Solid content 0.9859 0.168 4.753 8.563
SVM BP- HSYA 0.9903 0.046 7.828 6.008
ANN  PLSR o PSO4.S- PLSR Solid content 0.9986 0.091 8.769 4.642
SVM HSYA HSYA 0.9821 0.051 7.039 6.681
RMSEP RPD . 0.9975  0.069  11.566  3.519
PSO4.S-SVM Solid content
RM- HSYA 0.9913  0.044  8.064  5.832
SEP 2  RMSEC RPD
8.06, RSEP 5.84% BP-ANN  PLSR 0 PSOL.S-SVM
HSYA o 4 o
= et
25r o =3 = o _ A
A T _ 1.0 5 e
= = /gf
< 20} f/ EXTY ;/
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g 157 f £ o6f
= d g /
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Fig.4 Evolution of total solid content ( A) and HSYA concentration ( B) during the extraction

process of safflower

®: Predicted by NIR; ©: Measured by the reference assays.
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Application of Particle Swarm Optimization Based Least
Square Support Vector Machine in Quantitative
Analysis of Extraction Solution of Safflower
Using Near-infrared Spectroscopy

JIN Ye YANG Kai WU YongJiang LIU Xue-Song CHEN Yong'
( College of Pharmaceutical Sciences Zhejiang University Hangzhou 310058 China)

Abstract A novel particle swarm optimization( PSO) based least squares support vector machine( LS-SVM)
method was investigated for quantitative analysis of extraction solution of safflower using near-infrared( NIR)
spectroscopy. The usable spectral region( 5400-6500 cm™) was identified spectral preprocessing of Norris
derivative smoothing was employed and spectral dimension was also reduced through principal component a—
nalysis( PCA) . In this paper the PSO algorithm was applied to select the LS-SVM hyper-parameters( inclu—
ding the regularization and kernel parameters) . The calibration models of total solid content and hydroxysaf—
flor yellow A( HSYA) were established using the optimum hyper-parameters of LS-SVM. The performance of
LS-SVM models was compared with partial least squares regression( PLSR) and back-propagation artificial
neural networks( BP-ANN) . The feasibility of these three methods was examined on the unknown sample set.
Experimental results showed that the calibration results of BP-ANN were superior to PSO-L.S-SVM and PLSR
however the prediction accuracy of validation and unknown sample set was inferior. For PSO4.S-SVM and
PLSR models the correlation coefficients of the calibration and validation set were above 0.987 the RMSEC
and RMSEP values were close to each other and less than 0.074 residual predictive deviation( RPD) values
were all above 6.26 and the RSEP values were controlled within 5.70% . For the unknown sample set the
RPD values of PSO-LS-SVM models were above 8.06 the RMSEP and relative standard errors of prediction
( RSEP) values were less than 0. 07 and 5. 84% respectively which were much lower than BP-ANN and
PLSR models. The PSO4.S-SVM algorithm employed in this paper exhibited excellent model robustness and
prediction accuracy which has definite practice significance and application value.

Keywords Near-infrared Spectroscopy; Particle swarm optimization; Least squares support vactor machine;

Extraction solution of safflower
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