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Deconvolution Algorithm of THz-TDS Polyethylene Thickness Measurement
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Abstract: In polyethylene pipe manufacturing processes, the precise measurement of the pipe thickness is an
important technical problem, which affects the quality of the pipes produced. In the terahertz non-metal
thickness transmission measurement process, the sample thickness parameter is obtained by measuring the
optical path time difference of the two transmitted signals and material refractive index. To accurately
extract the optical path time difference of the two transmitted signals, signal characterization of the original
time domain signal is required, which is a mature and effective technical means to characterize the signals
impulse response functions. An impulse response function can be obtained using a deconvolution technique.
However, when the echo signal is weak or the system signal-to-noise ratio is low, the interference signal
increases, causing distortion and flooding of the signal, and thus, the signal cannot be accurately extracted. In
this study, we first pre-process the time domain signal with a Butterworth filter and perform an improved
self-precision analysis on the processed signal. Second, we perform Gaussian deconvolution processing for
autocorrelation signals. Finally, we obtain an improved impulse response function. The improved method
aims to solve the problem of signal characterization in the field of terahertz non-metal measurement. The

improved algorithm enhances the clarity of the signal and solves the distortion or flooding of the impulse
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response signal caused by the interference of the clutter signal. Consequently, the signal-to-noise ratio of the

impulse response signal is improved.

Key words: terahertz, Gaussian filter deconvolution, signal characterization, improved autocorrelation

function, signal to noise ratio
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Fig.10 Autocorrelation coefficient graph after

sample signal Butterworth filter
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Fig.7 Butterworth filtered sample time domain signal
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Fig.9 Autocorrelation coefficient of sample signal
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Fig.11 Improved autocorrelation coefficient graph after

Butterworth filtering of air reference signal
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Table2 SNR comparison results

Serial number

Algorithm

Signal to noise ratio /db

Increase ratio

~N N B W

Sample signal

Sample signal (filter processing)

Autocorrelation algorithm

Autocorrelation algorithm (filter processing)

Improved self-leveling algorithm

Improved self-leveling (filter processing)

Gaussian deconvolution algorithm

Gaussian deconvolution algorithm

(autocorrelation algorithm (filter preprocessing) processing)
Gaussian deconvolution algorithm

(improved autocorrelation algorithm (filter preprocessing) processing)

4.7525 -

15.2329 3.21
5.9462 1.25
28.7159 6.04
26.7989 5.64
30.8711 6.50
2.9827 0.63
20.9324 4.40
26.7791 5.63
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Fig.14 Impulse response function (unprocessed)  Fig.15 Impulse response function (filtered autocorrelation algorithm processing)
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