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Abstract In terahertz off-axis digital holography, the zero-order diffraction will still cause bad effects on the
reconstructed image, as a result of short recording and reconstruction distance. Using three image quality objective
evaluation indexes, the reconstructed images are compared and analyzed. The images are obtained by using the
complex-wave retrieval method and the Laplacian operator method to eliminate the zero-order diffraction in
2.52 THz off-axis digital holography. Besides, the simulation target is designed with resolution chart in the actual
imaging experiment. The hologram is simulated according to the intensity distribution of illumination light and
reference light got from the real experiment, then the angular spectrum method is used to reconstruct the hologram.
Finally, the corresponding processing is also performed to the hologram in the real terahertz digital holography
experiment, and the results fit well with the simulation conclusions. Both methods have good suppression of zero-
order diffraction. Compared with the Laplacian operator method, the complex-wave retrieval method has a higher
brightness attenuation rate of zero-order diffraction, and the reconstructed image of it has higher peak signal to noise
ratio overall. What's more, it has higher signal to noise ratio in 0.2 mm bright vertical stripe area with high
resolution, and the image quality is better.
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Fig. 2 Reconstructed results in simulation. (a) Directly reconstructed result; (b) LO method; (¢) CWR method;
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F#1 0.2 mmFERA&L SNR
Table 1 SNR of 0.2 mm bright vertical stripes

Column
Method
95 96 99 100 103 104
LO 4.3134 3.3041 6.8299 3.8712 4.6138 3.2918
CWR 4.3944 3.1652 7.0360 3.6695 5.4577 3.4349
F£ 2 0.2 mm R RALHHE
Table 2 Mean value of 0.2 mm bright vertical stripes
Column
Method
95 96 99 100 103 104
LO 0.2696 0.2785 0.2262 0.2044 0.1262 0.1445
CWR 0.2869 0.2973 0.2400 0.2198 0.1398 0.1640
F3 0.2 mm 55K ARLIRHERE
Table 3 Standard deviation of 0.2 mm bright vertical stripes
Column
Method
95 96 99 100 103 104
LO 0.0625 0.0843 0.0331 0.0528 0.0274 0.0439
CWR 0.0653 0.0939 0.0341 0.0599 0.0256 0.0477
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Table 4 PSNR of total reconstructed image and different bright stripe zones

Method  Total image 0.2 mm vertical strip 0.3 mm vertical strip 0.3 mm horizontal strip 0.6 mm horizontal strip
LO 3.1957 3.5997 4.3007 4.1928 2.3905
CWR 3.2262 3.8097 4.2486 4.2656 2.4235
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Fig. 4 (a) Experimental imaging target; (b) hologram; (c) directly reconstructed result; (d) LO method; (e) CWR method;

(f) reconstructed image of Fig. (c); (g) reconstructed image of Fig. (d); (h) reconstructed image of Fig. (e)
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5 0.2 mm =R &L SNR
Table 5 SNR of 0.2 mm bright vertical stripes
Column
Method
95 96 99 100 103 104
LO 7.6806 5.2803 3.0552 4.0712 8.5064 3.1873
CWR 7.4594 5.5348 3.3403 4.2485 5.7337 3.9435
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Fig. 5 SNR of different resolution bright stripes in experimental reconstructed images. (a) 0.2 mm vertical stripes;
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Table 6 Mean value of 0.2 mm bright vertical stripes

Column
Method
95 96 99 100 103 104
LO 0.3991 0.3312 0.4241 0.2776 0.3163 0.2036
CWR 0.3960 0.3263 0.4311 0.2723 0.3229 0.1990
7 0.2 mm 55 W IRLBRHERE
Table 7 Standard deviation of 0.2 mm bright vertical stripes
Column
Method
95 96 99 100 103 104
LO 0.0520 0.0627 0.1388 0.0682 0.0372 0.0639
CWR 0.0531 0.0590 0.1291 0.0641 0.0563 0.0505
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