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Abstract This paper proposes a method for identifying organic compounds by applying a differential principal-
component-analysis (PCA)-support-vector-machine (SVM) to the terahertz time-domain spectral data. First, the
terahertz absorption spectrum is calculated according to the terahertz time-domain signal of the material sample;
then, the features of the data in the frequency range of 0.2-2.5 THz are extracted. During the feature extraction, an
expansion-of-sample-size method based on differential data is proposed and combined with the PCA method to
achieve the feature extraction. Finally, the SVM is used to establish a mathematical model for the corresponding
relationship between the extracted features and the material category, and the unknown samples are identified
according to this model. The terahertz-spectral data of 15 organic compounds are identified using the proposed
method, and the correct recognition rate is 93.33% . The experimental results show that the correct recognition rate
of organic compounds by the proposed method is the highest when compared with those by the linear-discriminant
analysis method and the absorption peak frequency-amplitude method.
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Table 1 Feature extraction results based on differential PCA

Substance One-dimensional Two-dimensional ~ Three-dimensional ~ Four-dimensional
TATP —13.60 4.52 4.54 4.54
Black powder —14.50 4.83 4.83 4.83
UN —15.59 5.19 5.20 5.20
AN —15.94 5.29 5.33 5.33
Dehydrated oxalic acid —13.09 4.34 4.38 4.37
Dihydrated oxalic acid —13.82 4.59 4.62 4.62
Stearic acid —10.77 3.58 3.60 3.60
Sodium Stearate —11.47 3.81 3.83 3.83
Citric acid monohydrate —13.28 4.4 4.44 4.44
Citric acid dehydration —15.59 5.17 5.21 5.21
Dihydrated sodium citrate —10.94 3.64 3.65 3.65
Dehydrated sodium citrate —14.81 4.93 4.94 4.94
Sodium citrate —10.26 3.40 3.43 3.43
Uracil —11.68 3.88 3.91 3.90
Sorbic acid —14.38 4.76 4.81 4.81
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Table 2 Parameters obtained from training in SVM

Method  Differential PCA  LDA F&A
Penalty factor 8 32 16
Parameter ¥ 4,88<10 * 16 16
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Table 3 Model identification results of 15 kinds of

samples in test dataset

Feature Number of
Number of Accuracy
extraction identified
test samples rate /%
method samples
15 Differential PCA 15 100
15 LDA 13 86.67
15 F &A 9 60
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Table 4 Recognition performance of radial

basis neural network

Number Number of
Sample ) o Accuracy
of test identified
test set rate /%
samples samples
Substance in
15 14 93.33
database
Substance out
5 4 80.00
of database
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