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Abstract: Phase retrieval in digital holographic microscopy contends with unwrapping errors induced by
noise and phase distortions arising from aberrations. Traditional sequential approaches are constrained by
limited computational efficiency and error propagation, motivating the development of synchronous solu-
tion paradigms. A multi-spectral channel U-Net (MScU-Net) is proposed for phase retrieval in digital ho-
lographic microscopy. The network embeds a Transformer-enhanced multi-spectral channel attention
mechanism within a ResU-Net framework, enabling end-to-end nonlinear mapping that simultaneously per-
forms phase unwrapping and aberration compensation directly from noisy, distorted wrapped phase maps.
Experimental results demonstrate substantial improvements: peak signal-to-noise ratio (PSNR) attains
29. 82 dB, structural similarity index measure (SSIM) is maintained at 0. 96, and background noise stan-

dard deviation (0. 000 4-0.003 0 rad) is reduced by 82.6%-95. 8% relative to a state-of-the-art method.
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Step-height measurements show a systematic deviation of <<3. 74 % from white-light interferometry refer-

ences, with local measurement fluctuations reaching sub-nanometer precision (s = 0.42 nm). These find-

ings indicate that MScU-Net offers an effective synchronous solution for accurate micro and nanoscale 3D

topography measurement.

Key words: digital holographic microscopy; phase unwrapping; aberration correction; multi-spectral

channel attention mechanism
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Tab.1 Hierarchical architecture of MScU-Net
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Tab. 2 Ablation experiment results on simulated dataset

BRI TE B PSNR/dB SSIM RMSE/rad VIt il /h
Baseline 26.04 0.953 1 0.0732 8.032
MScU-Net without Transformer 28.62 0.956 3 0.082 8 9.185
MScU-Net without MF-ResBlock 23.19 0.952 6 0.1214 7.458
MScU-Net 29.82 0.960 2 0.066 2 11.663
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Fig.6 Noise robustness evaluation
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Fig.7 Quantitative evaluation curves of noise robustness
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(b) Experimental setup

BEC: beam expander and collimator;

NDF: neutral density filter;

MO: microscope objective (Olympus, 10x, NA=0.25);
TL: tube lens (/=180 mm);

MI1/M2: mirrors;

BS1/BS2: beam splitters
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Fig. 8 Transmission off-axis digital holographic microsco-

py system
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Fig. 10 Experimental results of polyline-type micro-nano standard artifact
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Fig. 11 Experimental results of triangular micro-nano standard artifact
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Tab. 3 Comparison of noise levels in phase retrieval for three micro-nano devices by four methods

Phase standard deviation o/rad

Method Background regions Sample regions
USAF 1951 Polyline Triangular USAF 1951 Polyline Triangular
MScU-Net 0.000 4 0.0011 0.003 0 0.0180 0.0257 0.020 1
ResU-Ner 0.002 3 0.007 5 0.0129 0.0389 0.0555 0.062 3
DeepLabV3+ 0.0130 0.028 7 0.024 5 0.0735 0.083 3 0.099 1
RMPU-PEAC 0.057 2 0.1126 0.086 5 0.087 3 0.366 0 0.3449

R4 MScU-NetFIEXTFH MU =B HHMELE R

Tab.4 Comparative of measurement results for three micro-nano devices between MScU-Net and WLI

Step height measurement data

Measured sample Relative deviations/ %

WLI/pm MScU-Net/nm
USAF 1951 resolution target 0.284 284.88+1.98 +0.31
Polyline-type micro-nano standard artifact 0.102 105.81+0. 44 +3.74
Triangular micro-nano standard artifact 0.104 102.3440.42 —1.60
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