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Abstract The retrieval of phase information from the complex amplitude of light waves is a pivotal area of research in
various scientific and engineering fields, as phase carries essential information about the propagation of light, profoundly
influencing the advancement of imaging and intelligent sensing technologies. Phase recovery wavefront reconstruction
techniques, leveraging advanced optimization algorithms and specialized imaging setup, extract the challenging-to-detect
phase information from intensity data gathered by imaging sensors. Phase recovery wavefront reconstruction technique is
one of the key methods enabling the exploration of both micro and macro worlds, extensively applied in diverse fields such
as biological microscopy, industrial inspection, and astronomical observation. This paper begins by outlining both
interferometric and non-interferometric wavefront reconstruction techniques and their respective applications. Subsequently,
it reviews the fundamental principles and developmental trajectory of phase retrieval algorithms in wavefront
reconstruction. This encompasses a preliminary exploration of prevalent phase retrieval methodologies, including
alternating projection phase retrieval algorithms, ptychography imaging, and phase retrieval wavefront reconstruction
techniques integrating modulation constraints and deep learning. The article concludes by summarizing the entire discourse
and outlining prospective directions for the future development of phase retrieval wavefront reconstruction technology,
which include the enhancement of algorithms and the development of imaging systems and devices.
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Fig. 1 Interferometric and non-interferometric wavefront reconstructions
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Table 1 Advantages and disadvantages of common wavefront sensing technologies

Algorithm Advantage

Disadvantage

In-line holography
Off-axis
holography low artifacts

Phase retrieval

TIE Simple computation; high resolution

High frame rate and reconstruction speed (up to

Wavefront sensing thousands of fps)

Compact systems; high resolution and frame rate

High reconstruction speed (up to hundreds of fps'™') ;

High frame rate and versatility simple system

Artifacts; limited field of view; sensitivity to noise
Limited robustness; average resolution
(up to millions of pixels'™")
Limited reconstruction speed
Average versatility ; preconditions
Complex systems; moderate resolution

(up to millions of pixels'™)
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Fig. 3 Roadmap for the development of phase recovery wavefront reconstruction techniques
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Fig. 4 Fourier ptychographic reconstruction”*. (a) Schematic of the reconstruction framework. Coherent light beam is used to
illuminate a distant non-luminous object, which reflects the light back to the camera to achieve ptychographic imaging;
(b) experimental setup for long-range imaging, 532 nm monochromatic laser passes through a focusing lens to form a spherical
wave to illuminate the USAF target, the aperture movement on the translation stage simulates the lens movement, and a
synthetic aperture is used to achieve high-dynamic-range imaging; (c¢) Fourier ptychographic reconstruction by Gauss-Newton
algorithm, truncated Poisson Wirtinger flow Fourier ptychography (TPWFP), Fourier ptychography with sparse representation
(FPSR), and the proposed extended regularization-based Fourier ptychography (eTVFP) to reconstruct the amplitudes of

USAF under different number of measurements
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Fig. 5 Wavefront sensing based on phase modulation"™". (a) Experimental setup using SLM for phase modulation; (b) recovered phases

modulated in the x and y directions, recovered phase using ASPM, and the corresponding recovered phases propagating to the
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Fig. 6 Pixel super-resolution imaging base on phase retrieval®. (a) Lensless microscope based on phase modulation; (b) results of

reconstructed images under different intensities using the regularized AWFE method and the conventional AWF method, the

regularization method effectively reduces artifacts; (c) results of amplitude reconstruction experiments of the pre-mitotic, late-

mitotic, and end-mitotic, and late-anaphase slices of the uterus of parascaris equorum, the resolution of reconstructed images

using the PSR algorithm is better than that using the algorithm without PSR
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Fig. 7 Y-type network for phase retrieval’™. (a) Proposed Y-type network based on diffraction pattern training between two planes;

(b) retrieved phase on the first pattern; (c) validation and test of Y-type network to reconstruct patterns from the training set
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