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Abstract Terahertz (THz) in-line digital holography is a promising full-field, lens-free, and quantitative phase-contrast
imaging method with an extremely compact and stable optical configuration. Hence, it is suitable for the application of
THz waves. However, the inherent twin-image problem can impair the quality of its reconstructions. In this study, a
novel learning-based iterative phase retrieval algorithm, termed as physics-enhanced deep neural network (PhysenNet), is
introduced. This method combines a physical model with a convolutional neural network to mitigate the twin-image issue
in THz waves. Notably, PhysenNet can reconstruct the complex fields of a sample with high fidelity from just a single in-
line digital hologram, without the need for constraints or a pre-training labeled dataset. Based on simulations and
experimental results, it is evident that PhysenNet surpasses existing phase retrieval algorithms in imaging quality, further
enhancing the application range of THz in-line digital holography.
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Fig. 1 The recording schematic of THz in-line digital hologram
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Fig. 7 The reconstructed results of the cicada wing by different phase retrieval algorithms. (a) the optical photo of the sample; () the

normalized hologram; (b)—(e) and (g)—(j) the amplitude and phase distributions by the ER, IDPR-RI, CCTV, and PhysenNet

method, respectively
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Fig. 8 Comparison of the reconstructed results of a PS foam sphere. (a) The optical photo of the sample; (b) the normalized hologram;
(c1)-(gl) and (c2)(g2) the amplitude and phase distributions by the ASP, the ER, the IDPR-RI, the CCTV, and the
PhysenNet method, respectively
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Table 1 Comparison of time consumption of different phase

retrieval algorithms

Algorithm Platform Iterations Time
ER CPU 200 ~6's
IDPR-RI CPU 50 ~42's
CCTV CPU 500 ~68 s
PhysenNet CPU 10000 ~430 min
PhysenNet CPU+GPU 10000 ~8 min
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