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Abstract Terahertz time domain spectroscopy has been widely used in both spectral analysis and imaging 

applications. Existing terahertz time domain spectroscopy imaging systems usually suffered the low scanning 
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speed and huge data storage. To solve this problem, an efficient terahertz imaging method based on the 

compressed sensing theory was presented in this paper. By controlling the scanning motor to perform a non-

equal interval sampling of the target, a group of under-sampled terahertz signal can be obtained. Based on the 

under-sampled signal, the compressed sensing algorithm is applied to reconstruct the complete terahertz image. 

terahertz signal and the fully sampled THz signal can reach 99.95%. By analyzing the reconstructed terahertz 

image, the image areas with smooth intensity changing or low frequency component in frequency domain 

can be well recovered. The proposed method provides a practical means for efficient terahertz imaging 

applications.

Keywords  terahertz time domain spectral imaging; compressed sensing; spatial under sampling; 

compression ratio
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Fig. 1 Traditional point by point scanning diagram
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Fig. 2 Random discrete under sampling diagram
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Fig. 3 Signal reconstruction process
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Fig. 4 Reconstruction of missing position terahertz time

domain spectroscopy data
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Table 1 Reconstruction result of dry cornea time 

domain imaging 
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Fig. 6 Part of terahertz frequency domain imaging of dry

rabbit cornea
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Fig. 5 Terahertz time domain imaging of dry rabbit cornea
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Fig. 8 Performance of time domain imaging under different compressed ratio

60

50

40

30

20

10

0      0.1      0.2     0.3    0.4     0.5     0.6     0.7     0.8     0.9     1.0 0      0.1      0.2     0.3    0.4     0.5     0.6     0.7     0.8     0.9     1.0

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

 (
d
B

)



56

)

Chan
[5] [6]

PCB

Shen
[22]

Shen
[23]

Augustin
[24]

Duan
[25]

Shen

[23]
0.1

Shen
[23]

Duan
[25]

20×20 0.5

4

5

40% 60%

a b

9

Fig. 9 Performance of part of spectrum imaging under different compressed ratio
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Table 3 Comparison results with some research unit methods 
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