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Abstract  Terahertz nondestructive testing (THz-NDT) technology is a new noninvasive and noncontact detection
technology with strong penetration capability for nonmetallic and nonpolar composite materials, and has a great potential in
the field of NDT. In practical detection, for complex terahertz echo signals, such as dispersive echoes and overlapping
echoes, it is difficult to meet the requirements of localization accuracy for the time-of-flight only via traditional signal
processing methods, such as the direct and deconvolution methods. In this context, the sparse representation method, as a
new method for THz signal processing, has good localization accuracy and noise immunity. In this study, we propose a
sparse representation method based on the least absolute shrinkage and selection operator (LASSO) to reconstruct an
impulse response function from the complex THz echo signal and construct a double-over-complete dictionary to complete
the dispersion compensation for the THz reflection signal. An amplitude decay coefficient is proposed to address the
problem of inaccurate amplitude of the reconstructed impulse response function. This correction can effectively improve
the peak-to-peak imaging quality in the time domain. The effectiveness of the proposed method is verified through
numerical calculations and experimental analysis. The proposed method is expected to provide a novel solution for signal
processing in THz-NDT.
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Fig. 1 Sparse representation method based on LASSO
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Fig. 9 Effect of dispersion on the reflected THz echo signal
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Fig. 11 THz-TDS system. (a) Physical image of the THz system and sample placement window; (b) switch for displacement table;
(c) display interface of the software program for controlling data collection, display, and storage written through LabVIEW,
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Fig. 12 Experimental spectrograms and pulse response functions reconstructed using three algorithms. (a) THz time-domain spectra of
PTFE films with different thicknesses; (b) PTFE200; (¢) PTFE100; (d) PTFES50
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Table 2 Localization of TOF of PTFE films with different thicknesses by three algorithms unit: ps
PTFE200 PTFE100 PTFES0
Method
I3 t At f t At f t At
FWDD 62.5333 64.3667 1. 8333 61.8667 62.6667 0.8 61.5 61.9667 0.4667
BPDN 62.5333 64.3667 1.8333 61.8667 62. 6667 0.8 61.5 61.9 0.4
LASSO 62.5333 64.3667 1.8333 61.8667 62. 6667 0.8 61.5 61.9333 0.4333

3 U PTFE ¥ 92 bR 5 L5 2 ] B oK i A J5E
Table 3 Actual thickness of three sets of PTFE films and detected thicknesses obtained by different algorithms respectively unit: pm

Method PTFE200 Error PTFE100 Error PTFE50 Error
Actual value 200 100 50

FWDD 208. 4 4.2% 94.8 5.2% 53.1 6.2%

BPDN 208. 4 4.2% 94.8 5.2% 45.5 9.0%

LASSO 208. 4 4.2% 94.8 5.2% 49.3 1.4%
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Fig. 13 Physical diagram of GFRP model and schematic of THz

detection principle. (a) Physical image; (b) schematic of

detection principle
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Fig. 14 Experimental spectrograms and pulse response functions reconstructed using three algorithms. (a) THz time-domain
spectrograms of three sets of models; (b) GFRP1; (¢) GFRP2; (d) GFRP3
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Table 4 Localization of TOF of PTFE thin film in detection layer by three algorithms unit: ps
GFRP1 GFRP2 GFRP3
Method
4 1 At 4 t At 4 1 At
FWDD 74.5333 77.1 2.5667 74.7333 76.2333 1.5 74.3667 75.6667 1.3
BPDN 74.8667 76.7 1.8333 74.9 75.9 1.0 74.6 75.2 0.6
LASSO 74.7667 76.6 1.8333 74.9667 75. 8667 0.9 74.7333 75.2 0.4667

5 34 GFRP LAY Y 52 BRJFERE -5 A [] 58 43 il o 1 )52 2
Table 5 Actual thickness of three sets of GFRP models and detected thicknesses obtained by different algorithms respectively — unit: pm

Method GFRP1 Error GFRP2 Error GFRP3 Error
Actual value 200 50
FWDD 291.8 45.9% 170.5 70.5% 147.8 195.6%
BPDN 208. 4 4.2% 113.7 13.7% 68.2 60.4%
LASSO 208. 4 4.2% 102. 3 2.3% 53.1 6.2%
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Fig. 15 Physical image of composite material model, schematic of imaging area, and diagram of terahertz detection principle.

(a) Physical image; (b) schematic of the imaging area, triangulation dots represent random sampling points in defect-free areas,

round dots represent random sampling points in the defect area; (c) schematic of terahertz detection
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Fig. 16 Original data graph and B-scan imaging graph of the model before and after processing for two groups of sampling points.

(a) Terahertz time-domain spectrogram before processing; (b) terahertz time-domain spectrogram after processing; (c) B-scan

imaging image before processing; (d) B-scan imaging image after processing
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Fig. 17 TImaging pseudo color images of GFRP samples with mixed defects before and after processing. (a) Original imaging result;

(b) imaging result without amplitude correction; (c) terahertz time-domain spectrogram before and after correcting the amplitude

of sampling points in the defect area; (d) imaging result after amplitude correction
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Table 6 Weber contrast of images

Fig. 16 (b)
0.6756

Fig. 16 (d)
0.8985

Parameter Fig. 16 (a)
C, 0.1021
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