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Abstract In-line digital holography is widely applied in many areas due to its simple optical path. low requirement

of coherence and fully utilization of camera’s bandwidth. The reconstruction quality of in-line digital holography,

however, suffers from the superposition of twin-image contamination, which can be solved via phase retrieval

algorithm. By iteratively applying certain constraints on an estimate of an object in real and reciprocal domain, the

real image is well seperated from the unwanted components. The recording and reconstruction process of in-line

digital holography and fundemental phase retrieval methods including Gerchberg-Saxton (GS), error reduction (ER)

and hybrid input-output (HIO) algorithms are introduced. Then, the phase retrieval algorithms for in-line digital holography

is divided into four categories. i.e. . constraints, multiple axially recording, wavelength divergency and initial guess. The

constraints and experimental results of these phase retrieval algorithms are listed. Finally, a prospect is given for the possible

improvement and potential applications of phase retrieval methods in in-line digital holography.
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Fig. 1 Schematic of recording process of in-line

digital holography
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Fig. 2 Conjugate images of the reconstructed images by in-line digital holography. (a) Amplitude and (b) phase of object

plane; (c¢) simulation of the hologram; (d) amplitude and (e) phase obtained by angular spectral integral
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Fig. 3 Holograms and reconstruction results of phase grating with 300 nm etching depth. (a) Hologram; (b) phase

distribution by angular spectral integral; (c) phase distribution after 100 iterations using algorithm in Ref. [37];

(d) three dimensional displaying of phase in the red box of Fig. (¢)
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Fig. 4 Reconstruction results using USAF resolution test target. The reconstruction results (a) after 100 iterations using

algorithm in Ref. [39], (b) after 200 iterations using algorithm in Ref. [35] and (c¢) after 200 iterations using
algorithm in Ref. [40]
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Fig.5 Holograms and reconstruction results of phase grating with 1 pm etching depth. (a) Holograms of 643 nm and

658 nm with object distance of 99 mm; height distributions of sample obtained after 100 iterations using algorithm in

(b) Ref.[43] and (c) Ref.[46], repectively; (d) three dimensional displaying of Fig. (¢)
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Fig. 6 Holograms and reconstruction results of the onion root tip slice. (a) Hologram; (b) complex amplitude by angular

spectrum integral; (c) reconstruction result using the way in Ref. [47]; (d) complex amplitude after 30 iterations

using the algorithm in Ref. [39]
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