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COSMIC - Aims
Projet AAP 2016

Context: Large scale instruments & Big data Analytics
v Iseult 11.7 Tesla MRI scanner

v' Squared Kilometer Array telescope (radio-interferometry)

Goals: Imaging better & faster

i

cosmic.cosmostat.org

v" Common needs for sparse Fourier sampling
v" Improve MR image representation
v' Speed up image reconstruction

v Develop common software (PySAP)

Acquisition

Incoherent .
Wersampling Sparsity /
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http://cosmic.cosmostat.org/
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2.5D SPARKLING Trajectorles VS Others
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[Lazarus et al, ISMRM 2018, MRM 2019, under review NRM Biomed 2020] ) 4



< CosMOSTAT PySAP: Python Sparse Data Analysis Package
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* Python Sparse data
Analysis Package for
multidisciplinary
image processing

S. Farrens A. Grigis

[Farrens et. al., Astronomy & Computing, 2020]
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[mpilsion

LI CEA-COSMIC / pysap-mri

<> Code lssues 13 Pull requests o Actions Projects 0 Python Sparse data Analysis Package
external MRI plugin.

No description, website,

Manage topics

ET AN mm e e B

: N Goal : Implement various MRI reconstruction models
L. El Gueddari Chaithya GR Z. Ramzi

* Modeling Features

- Cartesian and non-Cartesian sampling schemes in operators
API

- Various image acquisition models in reconstructors API:
* 2D vs 3D imaging

* single vs multiple channels

* self-calibrating vs calibrationless

L
1
~ . 2
r=argmin » 5| FoSx — yl]5 + X ||[¥x|:
' ' rcCNXN 20_6
Cartesian Self Calibrating L1-ESPIRIT OSCAR /=1

Reference Calibrationless L 1
. ~ . 2
[El Gueddari et. al., IEEE ISBI 2013, ISMRM WS 2020] T = argmin E 5,2 | Faxe — yel|l5 + A goscar(Px)
[El Gueddari et. al., sub to IEEE TCI 2020] 20x accel. xcCN“ XL ,_q l
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] Repositories &

pysap-mrl

pysap

PY¥thon Sparse data Analysis Package

pysap-tutorlals

@ Jupyter Natebocok. %1 0 (D0 [I0  Updatedd hous apa

pysap-data
The toy datasets used in the pySAP examples.

@ryiran ¥1 0 (D0 M0 Updated 9 hours ago

ModOpt

Modular Optimisation tools for solving inverse problems

signal-procassing Image-pracessing aptimizeton-gigarinms

pysap-gadgetron
Gadgetron MR reconstruction pipelines derived from pysap.

¥1 %0 (@0 [0 Updatedon20 Dec2019

pysap-astro

®pythan ¥1 %0 (D0 [0 Upaated on 25 Sep 2019

pysap-exiplugin
Template to create an external plugin for pysap.

gr %2 0 (D0 %0 Updated on 18 Mar 2018

@Fyinan Y9 &7 (D) 13(3ssussnesdnelp) 0  Updated 2nours

@Pyihan Y18 27 (Di4(ilssuaneedsheip) [ 2  Updaied 7 hou

@Python s MIT ¥ 11 10 (DT (2 Updaled 12 hows ago

Packages Peoplz 8 Teams 5 Projects

Type: All - Langu=zge: All .

In Top languages

@ Python @ Jupyter Nowbook

v People

. 2.2 S

Released soon

Make your own plugin!
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https://github.com/cea-cosmic

Software Features

Continuous integration with Travis

Automated build of documentation

Integration with pyNUFFT for GPU implementation of NFFT
Parallelization over multiCPU for calibrationless recon.
GPU support in progress

Dissemination

Test data sets & Jupyter notebooks provided (Binder support)

Connection to pysap-data and pysap-tutorials

Upcoming plug-ins

Electron tomography & microscopy
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https://github.com/CEA-COSMIC/pysap-data/tree/master/pysap-data
https://github.com/CEA-COSMIC/pysap-tutorials/

Deep learning for MR image reconstruction: a new
sl benchmark on the fastMRI dataset

Qualitative results, implemented IN . hitps://github.com/zaccharieramziffastmri-reproducible-benchmark

Reference Zero-filled KIKI-net U-net Cascade-net PD-net

[Ramazi et. al. ISBI 2020, paper submitted to a special issue “CS for Biomed Signal & Image Analysis” ]
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https://github.com/zaccharieramzi/fastmri-reproducible-benchmark

rnﬁi% Scientific Outcomes

* Permanent position: 1 computational scientist (S. Farrens)
* PhD theses: 3 defended (Ming Jiang, Carole Lazarus and Loubna El Gueddari)

* 2 awards for Carole Lazarus

Apprentissage profond pour la

* Pending patent: 1 (in Jan 2019, ICT) reconstruction d'images IRM

acquises sous forme comprimeée

23 avril 2019 ~ 14:00 ~ 14:30 ~ Collogue

[ Journal papers: 4 accepted, 2 under reView, 1 in revision Amphitheatre Marguerite de Navarre - Marcelin Berthelot
* Conference proceedings: 15

* Invited conferences: 12 (1 at Collége de France, April 23" 2019)

* Teaching responsabilities @ UPSay: M2 ATSI, L2S/CentraleSupélec 2020/21
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Giving rise to interdisciplinary projects in CEA

CEA Compressed Sensing day (on 31* Jan 2018@Saclay)

* Objectives: foster the cross-fertilization between imaging fields where CEA is proactive
— DRF Impulsion Fast FIB-SEM (DRF Inac, PI: P.H. Jouneau, 70 k€) —. Electron Microscopy
— DRF Invention MANIAC (NeuroSpin, Pl: A. Vignaud, 70 k€) — Transfer to clinical application
— PTC ComSET (DRT/LETI, PI: Z. Saghi, 70 k€) —» Electron Tomography

— PTC SILICOSMIC (DRF, PI: P. Ciuciu, 130 k€) — COSMIC’s Follow-up

> NeuroSpin
» CosmoStat
- Maison de la Simulation (Pierre Kestener) — NEGIINSIEN | =l < CosMoSTAT

Commissariat a I'énergie atomique et aux énergies alternatives CEA-DRF  DRF-Impulsion Séminaire des 3 & 4 février 2020



COSMIC Perspectives

COSMIC follow-up: next funding mechanisms

v European level (H2020)
* Nov 2019 ERC Synergy GRANDA4 (PI: J.-L. Starck, CEA, EPFL, CHU Geneva, Observatoire Nice

Cote d’Azur), under review
* May 2020 FET Open BaBAR (PI: P. Ciuciu, CEA, UNIGE, UMA, FORTH, Icometrix), to be

submitted

OCA, CEA

EPFL, CEA, OCA

CEA, EPFL

v Industrial agreement

* Siemens-Healthineers CIFRE PhD thesis: G. Daval Frérot
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