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Fig. 1 TAS7400 terahertz time domain spectrometer
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Fig. 2 Convolutional neural network diagram
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Table 2 Summary of pure substances recognition results
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a 100 % 98.13% 97.19%
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b 97.22% 94. 44 % 86.11%
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Table 3 The recognition rate summary of the two methods
/)N i 0 1 ) A3
(LSS - X A0 D) GYIES ST X AR D)
i 90 % 61.17% 100% 97.14%
Py 35% 38.51% 92.86% 89.51%
FLAE 100% 95.07% 92. 86% 97.33%
G 100% 71.69% 100 % 97.60%
T 25% 38.88% 100% 91.69%
TE B — — 100 % 89. 44 %
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A Method of Terahertz Spectrum Material Identification Based on
Wavelet Coefficient Graph

CHEN Yan-ling, CHENG Liang-lun* , WU Heng* , XU Li-min, HE Wei-jian, LI Feng
School of Computer, Guangdong University of Technology, Guangzhou 510006, China

Abstract The terahertz spectrum material identification method mainly relies on finding the different characteristics of the
different spectra of the substance in the terahertz band to identify a specific substance. The methods of absorption peak
extraction are commonly used spectral feature extraction algorithm. However, when the spectrum has no obvious characteristic
absorption peaks or peak positions, and peaks are similar or difficult to distinguish, it is difficult to use the absorption peak
characteristics to distinguish substances. Although machine learning and statistical learning techniques to identify terahertz
spectra reduces the interference of absorption peaks, it often requires an artificial definition of features to cause classification
errors. The deep learning method can automatically extract features, but it often requires complex preprocessing operations
before recognition, and it is easy to lose some features in the feature extraction process, leading to classification errors. A
method of terahertz spectrum identification based on wavelet coefficient graph and convolutional neural network is proposed.
When using the terahertz spectrum signal for wavelet transformation, each row of the wavelet coefficient matrix has a
corresponding relationship with the original spectrum signal. The absorption coefficient of the terahertz spectrum is expanded in
the frequency domain through wavelet transformation to obtain different two-dimensional frequency-scale distribution diagrams,
which are also known as wavelet coefficient maps. Then a convolutional neural network (CNN) is constructed to classify the
wavelet coefficient graph, and the classification result of the terahertz spectrum material can be obtained. To verify the
effectiveness of the proposed algorithm, the three sets of wavelet coefficient maps and the original spectral data were input into
three different classifiers of CNN, Support Vector Machin (SVM), Multilayer Perceptron (MLP) respectively for comparison.
From the experimental results, we can find the recognition of the algorithm in the three sets of data. The rates reach 100%,
indicating that compared with traditional methods, the method in this paper can still accurately classify spectra without obvious
characteristic absorption peaks, which proves the effectiveness of using convolutional neural networks to identify wavelet
coefficient maps. To show the advantages of the proposed algorithm in this paper, we compared it with the wavelet ridge peak-
finding recognition algorithm. The experimental results show that the proposed algorithm is hardly affected by peak frequency,
peak position, and peak value. Whether to identify the starch without an absorption peak or to identify high similarity sucrose
and glucose, a high recognition rate is achieved by the proposed algorithm, and the classification accuracy rate is up to 97. 62% ,
which proves the superiority of the proposed algorithm. The proposed algorithm provides a new idea for identifying terahertz

spectrum data and can also be extended to the identification of other spectrum substances.
Keywords Terahertz spectrum; Wavelet coefficient map; Feature extraction; Material classification
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