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Introduction

ÅProject: holographic imagingof the retina in real-time

ÅProblem: aberrations createdby corneadisturb holographic imaging

ÅFastestimation and correction of aberrations are necessary
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Setup and image formation
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Fluctuation spectrum
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HolographyDoppler images takenand processedby Léo Puyo from Institut Langevin
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Impact of aberrations from cornea
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Goal: aberration correction in real-time



Outline
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Astigmatism estimation by image-based optimization

Astigmatism0Á, 45Áand 90Á

Minimizationof 

Aberratedimage Correctedimage Aberratedwavefront

HolographyDoppler images takenand processedby Léo Puyo



Aberration measurement with digital wavefront sensor
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Principleof Shack-Hartmann wavefrontsensor

Simulations

Tests on real data in progressΧ

Å Eachaberration corresponds to one degreeof Zernike 
polynomial (one mode).

Å M referencematrix of size nsubaperturesx nmodes

Å Y = MA, whereYisobservation vector(nsubaperturesx 1) 
and A isamplitude vector(nmodesx 1) 

Å ThenM is reversedto find A.



Aberration compensation with deep neural network
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U-Net

input : image
output : image

Ronneberger, et al. "U-net: 
Convolutionalnetworks for 
biomedicalimage segmentation." 
International Conferenceon Medical
image computingand computer-
assistedintervention. Springer, 
Cham, 2015.
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Hologram rendering with a U-Net
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Training: one defocus
Reconstruction: the sameamountof defocus

Results: good correction

Input: aberratedhologram Ground truthReconstructedimage

Training on 28 000
Input/output

image couples

UNet



Hologram rendering with a U-Net
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Training: one averageaberration 
Reconstruction: varietyof aberrations close to the avg.

Results: U-Net not suitableas is to learna diversityof aberrators

Aberratedimage Aberration compensation
throughdeeplearning

Ground truth
Time sequenceof 

aberrations takenfrom
real eyeswith 30 
different types of 

aberrations

N=30
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