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Computational Imaging Systems: serving other sciences

Wi L
Black hole, Galaxy M87, Event Horizon Telescope (EHT)


https://eventhorizontelescope.org
https://www.facebook.com/photo.php?fbid=10213326021042929&set=a.10211451091290857&type=3
https://www.ted.com/talks/katie_bouman_what_does_a_black_hole_look_like?language=fr

Image analysis: serving other sciences

Phantom compartments:
— lungs
~— heart LV
— diaphragm
liver

—— mount for lesion
or ionisation chamber

— mount for plaques

(source : F. Jolivet)

H2020 Nexis Project


https://www.nexis-project.eu/

Direct model

== Variables of interest

e 7z € RM: data/measurements.
e X € RY: unknown image.
e X € RY: estimated image.

= Forward model: z = D(AX)

7N

Stochastic degradation Linear operator




Direct model

== \/ariables of interest

e 7z € RM: data/measurements.
e X € RY: unknown image.
e X € RY: estimated image.

= Forward model: z = D(AX)

7N

Stochastic degradation Linear operator

@© ISBI 2013 challenge

Degraded image z Original image X



Direct model in medecine: MRI

7z ~ AX

e X € RY: vectorized original

2D Structural MRI 6D Diffusion MR (unknown) image.

e A=MF:RY — CM:
measurement operator selecting
(mask M: CY — CM) Fourier
coefficients (2D Fourier transform
F: RY — CM).

e z: vector containing the observed

values (undersampled Fourier
coefficients).



Direct model in medecine: Tomography

7z ~ AX

e X = (Xn)i<n<N € RY: vector

Tube of response j

SN consisting of the (unknown)
values of the original image of
Pixel n size N = N7 x Ns.
AN
Ryl * A= (Amn)1<m<Mi<n<N:
/= // / / probability to detect an event in
1T/ the tube/line of response.
Ev/awy o 2= (2m)1<m<m € RM: vector
g/ S/ g/ containing the observed values
(sinogram).



Application examples in medecine: Tomography

Degraded images Reconstructed images



Direct model in Astronomy: Radio-interferometry

z ~ AX
1 e X € RY: vectorized original (unknown)
" 2D image.
o e A =GF:RY — CM: measurement
Fourier sampling . . o
r i operator selecting Fourier coefficients.

e F: RY — CV: 2D Fourier transform
(with zero-padding),

e G € CM*N: (de)-gridding matrix
modelling non-uniform (undersampled)
Fourier transform, and direction
(in)dependent effect (calibration
artefacts).

Very Large Array, New Mexico

Cygnus A e 7z: vector containing the observed values
(undersampled Fourier coefficients)



Application examples in astronomy: High-contrast imagery
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e H: RN — RV: invariant blur.
o Tx: RY — RMi: geomet-
ric transform of the j-th polariser
during the k-th acquisition.

e Stokes versus Jones formalisms:

det 2
RXJ 1615 (Avenhaus et al. 2018) Ijek} = §Iu + I, cos (0 — 20 — Q/JJ)

det
& Lr=vieil+ve2Q+vk3U



Many others!

Orientation 1 Orientation 2 Orientation 3

3D Mesh denoising

Goal: Increase the resolution
| of temporal Landsat images to
obtain high-resolution images
g= over the past 50 years.

Low resolution
Landat
1970 - now

High resolution
Sentinel-2
2014 - now

Structured lllumination Microscopy Remote sensing



