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Abstract

This paper presents a method of deep learning-based interference-free hologram generation. In the method,

simulated off-axis digital Fresnel holograms are utilized as network training samples, and an improved convolutional neural

network is used to learn the feature relationships of the zero order with the positive and negative first orders of the

holographic spectra. The negative first-order spectra of the holograms are thereby extracted. Experimental verification is

carried out with simulated holograms and real ones, and the reconstructed images of the interference-free holograms are

analyzed. The results show that the proposed method can eliminate zero-order information and interference information in

a wide range in the absence of manual intervention, extract negative first-order information from the hologram, and obtain

an object light field with high reconstruction quality. This means that the proposed method achieves deep learning-based

interference-free hologram generation.
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Fig. 1 Schematic diagram of digital hologram recording
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Hologram spectrum and reconstructed images with different sizes of filter windows'"

', (a) Hologram spectrum and filter

window; (b) reconstructed image with large size filter window; (¢) reconstructed image with small size filter window
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Fig. 3 Deep learning-based interference-free hologram generation network
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Fig. 5 Simulation experiment data. (a) Original images; (b) holograms; (c) reconstructed images; (d) spectrograms; (e) interference-free

holograms; (f) reconstructed images of interference-free holograms
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(d) interference-free hologram; (e) reconstructed image
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Table 1 Quality assessment metrics of interference-free hologram
Generated time Reconstruction time
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o (v ) /s (¥ )/s
n/3.00 1.34 1.50 1.03 48.11 0.76 2.30 0. 60
3r/4.00 1.29 1.85 0.57 48.11 0.76 2.20 0.74
x/4.00 1. 30 1. 89 0.77 48. 10 0.76 2.44 0.69
n/2.02 1.31 1.49 1.44 48.10 0.75 1.95 0. 56
n/2.00 1.29 1.59 0.59 48. 11 0.76 2.00 0.61
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generated by HoloZL network; (e) reconstructed images of interference-free holograms generated by HoloZL network
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Table 2 Quantitative assessment indexes of comparative experiments

Generated time Reconstruction time
Data set PSNR(4) SSIM(*) C(4) MAE(4)
/(;( ¢ )/S /R( ¢ >/5
Mo Artificial filtering 48. 00 0.76 1.36 0.83 2.01 0.41
nist
HoloZI. 49.70 0.77 1.39 0.77 1.93 0.33
Artificial filtering 27.82 0.91 2.98 1.32 1.93 0. 54
Guang )
HoloZL 28.35 0.95 2.98 1.24 1.71 0. 66
Artificial filtering 17.60 0.82 2.72 6.12 1.89 0.41
Wukong
HoloZL 18.42 0.82 2.73 5.73 1.33 0. 34
) Artificial filtering 18.82 0. 80 2.99 7.76 1.61 0.75
Lianpu
HoloZL. 19. 31 0.81 2.99 7.76 1.60 0.53
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