
HAL Id: hal-04326622
https://hal.science/hal-04326622v1

Submitted on 6 Dec 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - ShareAlike 4.0 International License

Neural networks for fourier pytchography microscopy
and application to malaria

Juliana Damurie, Patrick Horain

To cite this version:
Juliana Damurie, Patrick Horain. Neural networks for fourier pytchography microscopy and appli-
cation to malaria. JDSE 2021, Feb 2021, online, France. , Junior Conference on Data Science and
Engineering (JDSE). �hal-04326622�

https://hal.science/hal-04326622v1
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://hal.archives-ouvertes.fr


Contact

Authors

J. N. Damurie da 

Silva  

and P. Horain

F
e

b
  
2

0
2

1
J
D

S
E

 2
0

2
1

NEURAL NETWORKS FOR 
FOURIER PYTCHOGRAPHY MICROSCOPY 
AND APPLICATION TO MALARIA

jnds@cin.ufpe.br, patrick.horain@telecom-sudparis.eu https://www.telecom-sudparis.eu

OBJECTIVES
• Fourier Ptychography reconstruction [1] of high-resolution intensity and phase wide fields from multiple

low-resolution microscope images under varying illuminations using a neural network approach

• Self-calibration of the imaging system

• Detection of malaria parasites in red blood cells (RBC).

CONCLUSION
We have demonstrated:

• FPM using self-calibration of the physical 

parameters. 

• Improved detection of malaria parasite using 

both the intensity and phase images 

reconstructed by FPM.

Table 1: Comparison between low resolution images and reconstructed images

RESULTS
• We use a set of 10 slices from a patient (so far), each slice being captured with 35 illumination

directions, from which 13743 cells have been segmented and labelled by a biologist as infected (3.4 %)

or healthy.

• Individual cells are reconstructed by FPM. We compare the classification accuracy using plain

microscopy and FPM reconstructed images captured from the same microscope in Table 1.

REFERENCES
[1] Zheng, G., Horstmeyer, R., & Yang, C. (2013). Wide-field, high-

resolution Fourier ptychographic microscopy.

[doi:10.1038/nphoton.2013.187].

[2] S. Jiang, K. Guo, J. Liao, and G. Zheng (2018). Solving Fourier 

ptychographic imaging problems via neural network modeling 

and TensorFlow [doi:10.1364/BOE.9.003306].

[3] Pattanaik, P. A., Wang, Z., & Horain, P. (2019). Deep CNN 

frameworks comparison for malaria diagnosis [hal-02280412].

APPROACH

Infected 

Cell

Healthy

Cell

Low-resolution 

image

Intensity

image

Phase

image

Image 1: Original image obtained by plain microscopy and

reconstructed intensity and phase image images.

Reconstruction:

Given an initial estimation of the illumination directions and aberration-free microscope pupil, iterate:

• Reconstruct the complex image of the wide field using a neural network [2].

• Calibrate the pupil aberration (weighted sum of 10 Zernike polynomials), then the illumination

directions by minimizing the difference between the actual low-resolution captures and captures re-

synthesized from the reconstructed image.

Classification:

• Earlier work: Preliminary results on

classifying healthy and malaria

infected RBC from low-resolution

intensity images [3].

• Instead, taking advantage of

captures with multiple illumination

directions, we reconstruct high-

resolution intensity and phase

images of individual cells. Then

we classify cells using transfer

learning and ResNet-152.


