
REPRODUCIBLE 
NEURO-INFORMATICS

Data organization and curation, software containers, 
data annotation tools, github & gh-pages



There are many tools available for 
efficient, state-of-the-art, 

reproducible neuroimaging data 
analysis.

These tools will facilitate discovery 
and good science practices.
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Lifecycle of a Project 
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Data collection Data organization 





Brain Imaging Data Structure (BIDS)

A standardized way to organize and name your neuroimaging data!
• Modality-specific naming conventions 
• Scans identifiable via subject and session hierarchy
• Many helpful naming modifiers



Brain Imaging Data Structure (BIDS)

A standardized way to organize and name your neuroimaging data!
• Modality-specific naming conventions 
• Scans identifiable via subject and session hierarchy
• Many helpful naming modifiers
• Allows you to use BIDS apps! that know, by default, the structure of your data
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Brain Imaging Data Structure (BIDS)

A standardized way to organize and name your neuroimaging data!

cd $input_dicomdir

for sub in 1* ; do
subject=${sub%_*}
session=${sub#*_}

if ! [ -d $bids_dir/sub-$subject/ses-$session ] ; then

heudiconv -d $bidscompliant_dicomdir/{subject}/{session}/*/* -s $subject -ss $session -f 
/Volumes/Hera/Projects/corticalmyelin_development/code/corticalmyelin_maturation/BIDS/BIDS_heudico
nv/7TBrainMech_MP2RAGE_heuristic.py -c dcm2niix -b -o $bids_dir --grouping custom &> 
$logs_dir/${subject}_${session}-log.txt

fi
done
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Curation of BIDS on Disk (CuBIDS)

A convenient way to check image acquisition parameters across all scans and 
modalities and identify variants!
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Containers

Image software packages that ~contain~ specific versions of many softwares plus 
pipeline-specific run scripts all wrapped up for you! 
• Hosted on and downloadable from Docker
• Easy to build
• Portable between computers, networks, etc.
• Reproducible



BIDS apps

Software applications, built by experts, that help you process your BIDS-formatted 
data
• Work on BIDS valid datasets
• Immediately recognize what modalities/types of data you do have, how many 

runs, what the acquisition parameters are and can configure the right pipeline 
for your data 

• Often combine best-practices in the field and execute multi-steps pipelines 
with one command with many user-specified options



BIDS apps

Software applications, built by experts, that help you process your data



BIDS apps 🤝 Containers



BIDS apps 🤝 Containers

singularity build /Volumes/Hera/Projects/corticalmyelin_developent/software/freesurfer-7.4.1/sif
docker://bids/freesurfer:7.4.1-202309

singularity run -B ${bids_dir}:/BIDS -B ${freesurfer_dir}:/Freesurfer_output -B 
${freesurfer_license}:/license.txt $freesurfer_sif /BIDS /Freesurfer_output participant --participant_label
${subject_id} --acquisition_label ${acquisition_label} --license_file /license.txt --stages all --steps {cross-
sectional,template,longitudinal} --multiple_sessions longitudinal --skip_bids_validator --n_cpus ${cores}



Super computing clusters

Submit computationally expensive scripts as parallel running jobs with high 
performance computing, lots of memory 

Pittsburgh super computer uses slurm
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Surface-based Analyses

Project your data to a (usually cortical) surface mesh

Surface positions are 
represented by vertices

Volumetric data can be mapped 
to the surface at varying depths 

There are multiple 
surface geometries

There are native and 
template surfaces



Surface-based Analyses

Project your data to a (usually cortical) surface mesh
• Easier data visualization for cortical localization
• Preserves true surface anatomy (e.g., folds and distance)

• Better smoothing, dilation, cluster correction (?) as it can be informed by 
surface geometry

• Better spatial normalization (for cortex) and alignment of cortical landmarks
• Higher SNR due to better across-subject alignment in measures
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Surface-based Analyses

Surface data comes in different flavors
• Ciftis and giftis / mgh
• Scalar and label data



Surface-based Analyses
In freesurfer: 

singularity exec --writable-tmpfs -B $input_image_dir:/input -B 
$freesurfer_dir:/opt/freesurfer/subjects -B $freesurfer_license:/opt/freesurfer/license.txt
$freesurfer_sif mri_vol2surf --src /input/$input_image_name --hemi $hemi --projfrac $depth
--srcreg
/opt/freesurfer/subjects/$subject_id/mri/${moving_image_basename}_coreg_T1.lta --out 
/opt/freesurfer/subjects/$subject_id/surf/${hemi}.${input_image_type}.${depth}%.mgh --
interp trilinear

In neuromaps, for MNI data:



Surface-based Analyses
In connectome workbench:



Visualization Tools

ggseg: parcellated cortical and subcortical data

ggseg(.data = ALFF.sub.df, atlas = "glasser", mapping=aes(fill 
= mean.ALFF), position = c("stacked")) + 
paletteer::scale_fill_paletteer_c("pals::ocean.matter", 
direction = -1) 



Visualization Tools

Connectome workbench and freeview: vertex surface and voxel volume data
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Data annotation tools: brain maps and cognitive terms

😇



Data annotation tools: brain maps and cognitive terms



Data annotation tools: gene expression (AHBA)



Data annotation tools: gene expression (AHBA)



Data annotation tools: cortical cyto- and myelo-architecture
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Github and Github pages

Code storage, version history, collaboration (git)

Code descriptions (gh-pages)



Github and Github pages


