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THz-TDS Signal Classification via Sparse Repressentation

LI Jing' XIE Wei-xin'?  PEI Ji-hong
(1. School of Electronic Engineering, Xidian University, Xi’ an, Shanxi 710071, China;
2. Intelligent Information Institute, Shenzhen University, Shenzhen, Guangdong 518060, China)

Abstract: Tt is demonstrated by the THz-TDS ( terahertz time domain spectroscopy) signal analysis based on geometric
algebra that: THz signals can be represented as real vectors under the framework of the geometric algebra, vectors corre-
sponding to the same substance belong to the intrinsic 2-dimensional feature subspace of that substance, and especially when
the samples studied are of the same thickness value or when the Fresnel loss can be neglected, vectors of the same substance
are linearly dependent to each other. Vectors of THz signals can be represented as a linear combination of the signal vectors
correspondingly from the same class. Based on that, from the view of the signal sparse representation, THz signal vectors
can be represented in an overcomplete dictionary whose base elements are the “known” signal vectors themselves. Such
that, the signal classification can be modeled as the problem of finding the optimal sparse solution to linear equations. A
signal classification method via the sparse representation is presented. In the method, an overcomplete dictionary is con-
structed using the “known” THz signal vectors. And for one test signal, the optimal sparse coefficients of the linear equa-
tions are obtained efficiently via the [, -mininmization. Finally, the class of the test sample is determined based on the coeffi-
cients. Each step of the method is discussed in detail ; an optimal construction method of the overcomplete dictionary is de-
veloped based on the geometrical distribution and the algebraic structure properties of signal vectors, the model of the signal
classification is modified to account for possibly noise, and the test sample is classified using the criterion of either the maxi-
mized coefficient or the minimized residual. Feasibility and effectiveness of the method is confirmed by experiments presen-
ted.
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Tab.1 Success rates of THz signal classification (% )
PR R R B R 2K A
n; 1 2 3 4 5
SRCoptBP | 96.72 100 | 97.96 100 | 97.30
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SRCrndBPd 93. 87 95.02 96. 16 97.30 97.51

PAsne/NERZEAE D 2 J

n; 1 2 3 4 5
SRCoptBP 96. 72 100 100 100 100
SRCoptBPd 96. 72 100 100 100 100
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SRCrdBPd 94.36 97.20 96.78 98. 00 97. 84
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Fig. 1  Success rates of the signal classification with different number

(m) in the frequency sampling
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Tab.2  Success rates(% ) of THz signal classification

for the signal set S,

PAI R B HE Dy 2 it
n; 1 2 3 4 5
SRCoptBP 89. 86 99.48 99.43 100 100
SRCoptBPd 88.48 99. 48 99.43 100 99. 26
SRCrmdBP 85.37 93.87 97.73 97.26 98. 46
SRCmdBPd 83.29 94. 66 96. 01 98. 06 98. 60
PAdse/ Nk 2248 23 FA
n; 1 2 3 4 5
SRCoptBP 89. 86 98.97 100 100 100
SRCoptBPd 90. 32 100 98.28 99.35 100
SRCrdBP 84.70 93.76 97.18 97.16 98.20
SRCmdBPd 82.19 93.61 95.17 97. 06 97.87
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Fig.2  Averages of the classification success rates

for the simulated signal set S,
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