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Deep Learning — Based Raman/THz Spectroscopy for Classification and
Identification of Zanghonghua( Crocus sativus L. )

SU Kanghui' , WANG Chaoqi' ,ZHANG Guling'*,ZOU Bin'? ,YANG Yuping"’
(1. School of Science,Minzu University of China,Beijing 100081, China;
2. Engineering Research Center of Photonic Design Soft Wave , Ministry of Education, Beijing 100081 , China)

Abstract; Objective To achieve the inter and intraspecific identification of Caohonghua( Carthamus tinctorius L. ) from Aster-
aceae , Xihonghua( Crocus sativus L. ) from Iridaceae ( originating from Iran) and Zanghonghua ( Crocus sativus L. ) ( originating
from Xizang) by using spectroscopic technologies coupled with machine learning methods. Methods Raman spectroscopy ( RS) and
terahertz( THz) spectral data was used to identify and characterize Xihonghua ( Crocus sativus L. ) (origin Iran) , Cachonghua
( Carthamus tinctorius L. ) (origin Gansu) and Zanghonghua( Crocus sativus L. ) (origin Xizang) by using machine learning meth-
ods including Principal Component Analysis ( PCA) , Support — Vector Machine (SVM ) , Random Forest (RF ) and deep learning
methods including Multilayer Perceptron ( MLP) , Convolutional Neural Network (CNN) , Long Short Term Memory ( LSTM ) and
Genetic Algorithm — Back Propagation( GA — BP)to analyze the THz and RS spectra of three types of samples. The rapid classifi-
cation and recognition of Chinese herbal medicine with small sample size was realized. Results (1) The classification accuracies
of the SVM method on the RS data of the three samples before and after dimensionality reduction by PCA were 83.33% and
94.44% |, respectively. The MLP classified the THz data before and after dimensionality reduction by PCA with accuracies of
94.00% and 96.79% ,respectively. The results indicated that the classification accuracy was further improved by PCA ,and THz
spectra for deep learning had a higher accuracy than RS spectra. (2) The classification accuracy of neural networks such as MLP,
CNN,RBF,GA - BP and LSTM on THz spectral data was higher than that on RS spectra, among which the classification accuracy
of LSTM and RF on THz raw data was as high as 100% . Also,these models had high classification accuracy,high speed and good
stability. Conclusion The combination of spectroscopic and machine learning methods enables inter and intraspecific identification
of Xihonghua( Crocus sativus L. ) ,Caohonghua( Carthamus tinctorius L. ) and Zanghonghua( Crocus sativus L. ) ,with high accu-
racy of THz spectroscopic identification.

Keywords : Terahertz time — domain spectroscopy ; Raman spectroscopy ; deep learning; Caohonghua ( Carthamus tinctorius
L. ) ;Zanghonghua( Crocus sativus L. )
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