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Lensless imaging
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The Rayleight-Sommerfeld integral solution in the Angular spectrum  model is used:

𝑢𝑠 𝑥, 𝑦 = ℱ−1 𝐻(𝑓𝑥, 𝑓𝑦 , 𝑧) ⋅ ℱ 𝑢0(𝑥, 𝑦)
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Where 𝑢𝑜 − object wavefront, us − propagated object wavefront, ℱ and ℱ-1 stay for the Fourier and

inverse Fourier transforms, z is a propagation distance, 𝑓𝑥 and 𝑓𝑦 are spatial frequencies, 𝜆 – wavelength.
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Phase retrieval is the process of algorithmically finding solutions to the phase problem.

The phase problem is the name given to the problem of loss of information 

concerning the phase that occurs when making a physical measurement. 

𝑢 = 𝐴(𝑥, 𝑦)𝑒𝑖𝜑(𝑥,𝑦)

??

A(x,y), object’s

amplitude

𝜑(𝑥, 𝑦) , object’s

phase

Registration

ReconstructionRegistration

𝐼(𝑥, 𝑦) = 𝐴𝑑(𝑥, 𝑦) 2

A(x,y)= 𝐼(𝑥, 𝑦)

Phase problem and solution
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Noise in reconstructions
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*Y. Mäkinen, L. Azzari and A. Foi, "Collaborative Filtering of Correlated Noise: Exact Transform-Domain Variance for Improved Shrinkage 

and Patch Matching," in IEEE Transactions on Image Processing, vol. 29, pp. 8339-8354, 2020

Single shot phase retrieval
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PIXPnet

M Ponomarenko, O Miroshnichenko, V Lukin, K Egiazarian , "Blind estimation of noise level based on pixels values 

prediction"  in Proc. IS&T Int’l. Symp. on Electronic Imaging: Computational Imaging,  2022,  pp 152-1 - 152-5 
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PIXPnet

M Ponomarenko, O Miroshnichenko, V Lukin, K Egiazarian , "Blind estimation of noise level based on pixels values 

prediction"  in Proc. IS&T Int’l. Symp. on Electronic Imaging: Computational Imaging,  2022,  pp 152-1 - 152-5 
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Proposed algorithm
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Proposed algorithm
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Results
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Results
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Results
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𝟏𝟎𝟎 𝝁𝒎

𝐅𝐢𝐥𝐭𝐞𝐫𝐞𝐝 𝐩𝐡𝐚𝐬𝐞 𝐧𝐞𝐰𝐏𝐫𝐞𝐯𝐢𝐨𝐮𝐬 𝐚𝐩𝐩𝐫𝐨𝐚𝐜𝐡 𝐩𝐡𝐚𝐬𝐞

Physical experiments with dynamic object 
(moving single-celled eukaryote)

P. Kocsis, I. Shevkunov, V.Katkovnik, H.Rekola, and K. Egiazarian, Opt. Express 29, 43662-43678 (2021)
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Conclusions

➢ New approach for real life noise suppression with 

heavy noise tails

➢ Lensless imaging is enhanced significantly in:

• achieving more effective noise suppression

• 40% enlarging field of view

• >26% increase in accuracy of the height 

estimation
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