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A Solution to the Reproducibility Crisis for high-res fMRI

Reconstruction Validation

Simulation

 Push for High  Res. fMRI (Space & Time)
 Develop and compare new 

Acquisition/Reconstruction Methods
 Esp. for 3D Non-Cartesian Setup

 Reproducibility Issues
 Ensure control of all inputs (Brain 

included) 

Simulation setup needed
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 From simulated BOLD signals  to K-Space
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 From simulated BOLD signals  to K-Space   … and back
Where things 
gets Real 
Complex
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A focus on the Acquisition Module Principle of high temporal resolution 
for shot-wise acquisition 



RRSG Meeting , May 6, 2024Pierre-Antoine Comby 15

A focus on the Acquisition Module Principle of high temporal resolution 
for shot-wise acquisition 

 Goal: Sampling the continuous BOLD and Physiology signal 
at high temporal resolution
 Flexibility for exploring new sampling strategies.



RRSG Meeting , May 6, 2024Pierre-Antoine Comby 16

A focus on the Acquisition Module Principle of high temporal resolution 
for shot-wise acquisition 

 Goal: Sampling the continuous BOLD and Physiology signal 
at high temporal resolution
 Flexibility for exploring new sampling strategies.

 Computational Efficiency
 Generate one Volume / shot (TR=50ms)

 on the fly simulation (low memory usage)

 Acquisition with Fourier Model (same as reconstruction)
 No Spin Relaxation Computation: simpler, faster



RRSG Meeting , May 6, 2024Pierre-Antoine Comby 17

A focus on the Acquisition Module Principle of high temporal resolution 
for shot-wise acquisition 

 Goal: Sampling the continuous BOLD and Physiology signal 
at high temporal resolution
 Flexibility for exploring new sampling strategies.

 Computational Efficiency
 Generate one Volume / shot (TR=50ms)

 on the fly simulation (low memory usage)

 Acquisition with Fourier Model (same as reconstruction)
 No Spin Relaxation Computation: simpler, faster

 Reconstruction of full k-space by grouping shots together
 Exploration of new grouping strategies 

 → see #3420 (also on Wed. 8th 9:15, Hall 403 - Computer 29)
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Example : Simulated Scenario for Benchmarking
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Example : Simulated Scenario for Benchmarking
 Resolution: 3mm-iso,  TRvol=0,7s 

 Acquisition: Stack of Spirals  (AF=4)

 Acquisition Strategies
 Static (Scan&Repeat) vs Dynamic
 Gaussian Noise (SNRrec ≈ 30)  

 Reconstruction methods 
 Adjoint NUFFT 
 Compressed Sensing 
 Restart Strategies

Dynamic Acquisition

Static Acquisition
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FMRI frame-wise Reconstruction
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FMRI frame-wise Reconstruction

@3mm-iso  
6s / Volume 
with full on-GPU reconstruction
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Scenario :  Stack of Spirals 
0.7s @ 3mm3

Background Volume: First Reconstructed frame

Aliased Activation
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🏆 Best Strategy is 
Dynamic + Refine



RRSG Meeting , May 6, 2024Pierre-Antoine Comby 34

Extensibility and Usability of SNAKE-fMRI

  https://github.com/paquiteau/snake-fmri   

   https://hal.science/hal-04533862v1/document 

Thank you for your attention

https://github.com/paquiteau/snake-fmri
https://hal.science/hal-04533862v1/document
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To reproduce data of the previous slide
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