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Whoaml?

® PCSI/PSI

= ENS (2017 Cachan -2021 Saclay):
® SAPHIRE
m M1 EEA
m ARPE (KIT, Karlsruhe, Germany)
m M2 ATSI + Stage @Neurospin
= PhD (2021 - April 2025)
m CDSN (Sept 2021- Sept 2024)
m Extension (Sept 2024 — April 2025)

@ Pierre-Antoine Comby

" My PhD

® “From Compressed Sensing Methods to Deep
Unsupervised Learning for fMRI Reconstruction at Ultra
High Field”

" MIND (Philippe Ciuciu) & METRIC (Alexandre Vignaud)

B Keywords:

Inverse Problem

Non Uniform Fourier Transform
Python/CUDA

Convex Optimization

Deep Learning
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MIND Team in Summer 2024

Philippe Resp. Bertrand

Sl Equipe Thirion

DR, .

HdR E DR, HdR  £eeda—

. Thomas

Demian Moreau
Wassermann CR )
DR, HAR /.20 Ph[,) lreeia —

David Degras

Assoc Prof.
Sept 2023- June
2024

Chaithya GR

CR, PhD E

UMass
Boston

20 PhD students — 5 Post-docs — 5 Engineers (CDD) + Interns
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@ Pierre-Antoine Comby
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Heterogeneous Data &
Knowledge Bases
Machine Learning on
spatio-temporal signals

)

Machine learning for
Inverse problems
Statistics and causal
iInference in high
dimension

Pierre-Antoine Comby



MIND: A resonating tryptic organization

YIS =2l ML for neuroimaging & Mﬂﬂ\
aMRIfMRI/dwMR neuroscience ngl%omgm

Open source software

development

MNE

heps:/imne.tools

' “Pyv<AP
Yy

L
.
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Domain Specific

Python Sparse data Analysis Packagey

Applications in cognitive

& clinical neuroscience

Hépitaux Universitaires

©®_ SAINT-LOUIS

b_' LARIBOISIERE
FERNAND-WIDAL

Prof. E. Mandonnet

Dr F. Vallée
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2D T,*-w axial, 120 x 120X 660 pm3 :;ﬁ‘
Matrix size: 1690'x 1 44 : ienak COnteXt % ’:%’:%%%{% y: »z.;
Ultra-high-resolution MR imaging {35k

Human brain Hippocampus O ;::”i"

Courtesy C. Poupon (NeuroSpin)
0.3-0.5 mm

Lo

i ¥
Lt

3T .
\ (preclinical)
: Need for accelerating acquisition
- Reduce scan time for a
fow given resolution Increase resolution for a
I . given scan time budget
A reduce costs, patient

G discomfort, motion  Understand brain structure,
- morphology and function

Lusebrink et al, Comprehensive ultra highsresolution whble brain in vivo MRI
dataset, Scientific data 2021 - NeuroSpin - Philippe Ciuciu



SPARKLING

Challenge: Speed up the (less sampling)

Collaboration with

l\_!\
SIEMENS

ASSISTANCE HOPITAUX
PUBLIQUE DE PARIS

Target Sampling
density

Cartesian

ampling pattern follows target Reference Full 3D

sampling density

Projected
Gradient Descent

i iy
I

Sampling trajectory
follows hardware
constraints

Initialization

[Lazarus et al, MRM 2019, NMR Biomed 2020]

[Chaithya GR et al, IEEE TMI 2022]

-Fré 15min 13sec 4min 58sec 4min 58sec
[Daval Frerot et al’ MRM 2022] Kick-off MIND team - NeuroSpin - Philippe Ciuciu




Impact of 3D SPARKLING

Chaithya G R

V'

fMRI

SPARKLING for VLFMRI
ll _ P

3D SPARKLING

™
[}

(@)
METRIC

Z. Amor, P. Ciuciu,

Chaithya G R et al,

SPARKLING vs EPI

for MR, in review
PloSOne 2023

SPARKLING

Angiography and Perfusion imaging
A.Vignaud G. Daval-Frérot A. Massire F. Mauconduit
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R Baptista, M Naudin, Chaithya et al, /RM cerebrale du
sodium rapide avec SPARKLING 3D sous-echantillonnee - N
a 7, Journal of Neuroradiology 2023 . [ 4 l &

B ’
Kick-off MIND team - NeuroSpin - Philippe Ciuciu
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3D SPARKLING forfMRIl at 7Tesla - N
Z. Amor A. Vignau 0‘:,%0‘:
TE Unitary ~ Volumetri Spatial FOV (mm) Number of Encoding %"?0’
(ms) TR (ms) cTR(s) re?olut)ion repetitions direction h’,’,‘,’,‘

mm

- NN
3D-SPARKLING 20 50 2.4 1mm iso (192,192,128) 120 - 125 P-A eSS

@  5volumes per GPU
@ 25 GPUs for Sone fMRI time series

WWW ‘ @ 125 volumes reconstructed in ~3 hours

1mm? B, map (Hz)
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Measured or: | .

o Prescribed
PySAP -

Python Sparse data Analysis Package

S. Farrens et al. Astron. Comput.

o~ [2020)

X; = argmin
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TR,

L

‘ © Evaluation:
S. Farrens P.A. Comby o

https://github.com/CEA COSMIC/pysap-mri.

rsfMRI: image quality and tSNR

© Retinotopic mapping fMRI data: retinotopic maps

g [Farrens et al, Astro. Comput., 2020; Amor, et al, MRM under

review] Kick-off MIND team - NeuroSpin - Philippe Ciuciu


https://github.com/CEA_COSMIC/pysap-mri

+ BLUESKY: MULTISCALE UNDERSTANDING OF LEARNING
MECHANISMS

Based on existing short term learning paradigms
with robust outcomes in healthy subjects
Tools: 7T fMRI and MEG

p - — ;

Based on available clinical datasets from SCI
patients intending motor control

Tools: Epidural ECoG, fMRI and MEG

).

Study of brain plasticity mechanisms

K within years of training
b 5

"' Study of reinforcement mechanisms
within training sessions

EEG Electrodes

MEYNIEL

Epidural ECoG Array .

Subdural ECoG Amay .
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A PhD thesis at Neurospin

B Free Coffee, Discussion AprMay gn g Sep
Mon [ ] am [ ] | ]
H Wed I.. a :I (1]
® Code [ Experiments S ifetaa‘asassasa
an L]

Learn how we count contributions

®m Meetings

[@“‘,' @mind-lnria] ﬁ;;| @CEA—COSMIC} [LQI @]obnn] [ More ]

m Advisors, Team, ...

Activity overview 2%
Code review

.. B Contributed to paquiteau/snake-fmri,
u PO pel’ ertl ng mind-inria/mri-nufft,
paquiteau/paper-simulator

and 42 other repositories — -

L S"deS, SlideS, SlideS Commits ° Issues

¥

®  MRI Acquisitions (or not!)

6%
Pull requests

B Conferences

B Travel!

Q) https://github.com/paquiteau

@ https://linkedin.com/in/pierre-antoine-comby
W pierre-antoine.comby@ens-paris-saclay.fr
¥ pilerre-antoine.comby@crans.org 13
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Q) https://github.com/paquiteau
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