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Method for Terahertz Time-Domain Spectral Analysis Based on

Wavelet Transform
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Zhang Liangliang Dong Liquan

Abstract The conventional terahertz spectral analysis based on Fourier transform needs to measure the terahertz
reference signal without simples, and the terahertz spectra measurement is required in nitrogen. A novel method for
terahertz time-domain spectral analysis based on wavelet transform is proposed to reduce terahertz spectral
measurement steps. Firstly, the de-noising process about the spectroscopic data of the sample is achieved, and then
the multi-scale wavelet-transform is realized by Coiflets wavelet base. The wavelet multi resolution entropies of
samples under different wavelet decomposition scales are calculated, and the characteristic information describing
samples is obtained directly. The experimental results indicate that the wavelet multi-resolution entropies, which are
observably different between different samples but adequately stable between the same samples, can provide a valid
quantitative criterion for the materials recognition. Spectral signal's wavelet multi-resolution entropies have good repetition
in different humidity, and the average variance of the wavelet multi-resolution entropies is smaller than 0.05.
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Fig. 1 Terahertz time-domain spectral signal
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Fig. 3 Image of the sample targets formed by extracting

the maximum of the terahertz time-domain signal
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Table 1 Wavelet multi-resolution entropy of the terahertz

signal under different humidities

Decomposition Decomposition Decomposition

Different scale 1 scale 2 scale 3

humidity /% (wavelet (wavelet (wavelet

entropy) entropy) entropy)
3.80 2.2523 0.1218  1.1133X10*
5.05 2.2012 0.1212 1.1074X 10"
8.70 2.2323 0.1313 1.0751X 107"
12.75 2.3507 0.1202 1.1454X107"
16. 05 2.1939 0.1278 0.9713X10*
25.50 2.2429 0.1298 1.0932X 107"
29.35 2.3585 0.1209 1.0863X107"
34. 90 2.1771 0.1329 1.0806 X 10"
37. 20 2.1719 0. 1257 1.0799X 10 *
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Table 2 Fluctuation of wavelet entropy

Decomposition Decomposition Decomposition

scale 1 scale 2 scale 3
Average entropy 2.2423 0. 1257 1.0836X107"
Average variance 0.0108 0. 0333 0. 0481
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+ Metamaterials: negative index, cloaking and nonlinear phenomena

+ Materials synthesis: molecular architectures for photonic applications, eg. carbon nanotubes, DNA and dendrimers

+ Nanofabrication techniques: eg. multiphoton polymerization and nanoimprint technology

» Nanocharacterization methods and instrumentation: Near-field techniques, super-resolution and high temporal resolution

» Nanosensors: resonators and field enhancement strategies for improved sensitivity

 Photonic crystals: spatial and temporal dispersion phenomena with applications and nonlinear effects

+ Plasmonics; localized and propagating surface modes, metallodielectrics, fishnet structures

* Quantum confined structures; quantum dots to quantum wells with applications to sources and detectors

+ Nanostructures for energy: Dye-sensitization, plasmonic enhancement, organic and carbon based nanomaterials, quantum structures
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