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The BRAIN Initiative

● Brain Research through Advancing Innovative
Neurotechnologies launched by Obama administration in
2009 supported by National Institute of Health, Defense
Advanced Research Projects Agency and National Science
Foundation

● Launch with $100 million of initial funding

● NIH awards to two HCP consortia

- WU-Minn consortium
- MGH/UCLA consortium (MGH scanner with 300mT/m gradients)
- 2013 : « Lifespan pilot » supplements to WU-Minn, MGH
consortia



  

WU-Minn HCP

● 2+ years of methods development + piloting

● Data acquisition : 
WashU (3T, 100mT/m), UMinn(7T), SLU (MEG)

● Targets : 1200 subjects (twins + siblings)

● Analysis : Oxford (fMRI, dMRI), MEG (Chieti,
Frankfurt, Nijmegen)



  

Van Essen, HCP course 2016



  

Van Essen, HCP course 2016
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Structural MRI

● Required : T1w and T2w MRIs (isotropic voxels)

● Highly recommended : 0.8mm resolution ( or
better) for improved cortical surface positioning

→ cortical surface area : 100,000
mm²/hemisphere
→ thickness : 1.5mm - 4mm

Benefits of high resolution T2w image to
assist pial surface placement
- Pial surface from T1w image
- Pial surface after cleanup with T2w
image

T1w T2w

Glasser et al. 2013



  

Structural acquisitions



  



  



  



  

Functional and diffusion acquisitions



  

Multiband acquisition
Conventional imaging :
Whole volume TR
=N

slice
 x Time per slice

MB imaging :
Whole volume TR
=TR

conventional
 / N

bands
 

Setsompop et al. 2012
Koopmans, ESMRMB course 2016



  

Courtesy of Harms, HCP course 2016)Glasser, HCP course 2016



  

Choice of Fieldmap

~1 min ~2.5 min

Harms, HCP course 2016



  

Harms, HCP course 2016
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Harms, HCP course 2016



  

Cottaar, HCP course 2016



  



  

HCP Image Processing



  

Preprocessing of data

● Generation of CIFTI format, aka « grayordinates » :
combination of cerebral vertex and subnuclear voxels

● Improvement of cross-subjects alignment with Multi-modal
Surface Matching  (MSM) (Robinson et 2014)

● Recommended 3T data are aligned with cortical folding,
myelin + resting state fMRI.

● Maintain high spatial and temporal resolution of the original
data 

● Allows for alignment of brain areas accross subjects and
studies
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Parcellation



  

Brain parcellation



  

Glasser, HCP course 2016
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Glasser, HCP course 2016



  



  



  



  

Parcellation : summary

● 180 cortical area were found in each
hemisphere, within the expected range of 150-
200

● These areas vary widely in shape and size

● Parcellated analyses can be performed with
most modalities, architecture, function, or
connectivity

● Minimal loss of details at the area level with a
good parcellation



  

Cleaning rfMRI

● rfMRI artefacts and cleanup : FIX (FMRIB's ICA-
based X-noiseifier (Salimi-Korshidi 2014, Griffanti, 2014)

Smith, HCP course 2016



  

rfMRI : group-ICA



  

MegaTrawl: MRI + non MRI data



  

Tractography



  



  



  



  



  

Structural vs Functional connectivity

Smith, HCP course 2016



  



  

HCP : the Future



  



  

Tools for the community

● New acquisitions techniques and sequences :  MB,  vNav

● HCP-style processing pipelines, FSL and Freesurfer
developments

● To be released : Modified FS Pipeline that automatically
generates  macaque and chimpanzee surfaces and
subcortical segmentations

● HCP DataBase ConnectomeDB

● Workbench : visualization and creation of figures for papers

● Balsa : data sharing for papers



  

Workbench-balsa Demo ...



  

Thank you for your attention !



  

Workbench Demo ...


