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Data: BIDS

Brain Imaging Data Structure: http://bids.neuroimaging.io/

What?

•Standard for organisation and describing MRI data

•Fully compatible with existing software

•Unites existing practices in the field

•Contains metadata as input for processing steps 

http://bids.neuroimaging.io/


Why?

• Increase collaborative possibilities with minimal curation: future you, students, lab, and community

•Allow for automated tools (MRIQC, fMRIprep and other BIDS app)

•Metadata standardised and machine-readable: perfect for data analysis software

• Improves reproducibility 

•Error reduction: validation tool

•Data sharing

Data: BIDS

Gorgolewski, K. J., Auer, T., Calhoun, V. D., Craddock, R. C., Das, S., Duff, E. P., et al. (2016). The brain imaging data structure, 

a format for organizing and describing outputs of neuroimaging experiments. Scientific Data, 3, 160044. 

http://doi.org/10.1038/sdata.2016.44

http://doi.org/10.1038/sdata.2016.44


• /data

• /data/derivatives

• /data/sourcedata

• /code

Data: BIDS

the raw folder: BIDS conform

no standard yet (but same logic)

raw dicoms and other data (sequence pdf)

scripts used to process/analyse

Gorgolewski, K. J., Auer, T., Calhoun, V. D., Craddock, R. C., Das, S., Duff, E. P., et al. (2016). The brain imaging data structure, 

a format for organizing and describing outputs of neuroimaging experiments. Scientific Data, 3, 160044. 

http://doi.org/10.1038/sdata.2016.44

http://doi.org/10.1038/sdata.2016.44


Common principles: 

•Raw vs. derived data (separate folders)

• Inheritance principle 

•NIfTI: use JSON for meta-data

•Tsv file (also for data), missing data ‘n/a’, can be combined with data 
dictionary

•Required, recommended and optional metadata

Data: BIDS

Gorgolewski, K. J., Auer, T., Calhoun, V. D., Craddock, R. C., Das, S., Duff, E. P., et al. (2016). The brain imaging data structure, 

a format for organizing and describing outputs of neuroimaging experiments. Scientific Data, 3, 160044. 

http://doi.org/10.1038/sdata.2016.44

http://doi.org/10.1038/sdata.2016.44


• Only few required metadata and files:

/anat: specify type (e.g. T1 or T2 weighted)

/func: task name, TR, event onset and duration

Recommended: e.g., slice timing, phase encoding etc.

Optional: e.g., scanner software version, head coil name etc. 

BIDS validator will report missing metadata

Logic is: sub-<label>_ses-<label>_modality (e.g. bold, t1w)

Func: _task-<label>_run-<index>

Echo’s: _echo-<label>

Data: BIDS

Gorgolewski, K. J., Auer, T., Calhoun, V. D., Craddock, R. C., Das, S., Duff, E. P., et al. (2016). The brain imaging data structure, 

a format for organizing and describing outputs of neuroimaging experiments. Scientific Data, 3, 160044. 

http://doi.org/10.1038/sdata.2016.44

http://doi.org/10.1038/sdata.2016.44


Common principles: 

•Subject (zero padding is recommended) 

•Session: also when going out of the scanner; different modalities across 
two days can be one session

•Data type:

/func /anat /dwi /fmap /meg /eeg /ieeg /beh

•Use README’s for /raw /derivatives /sourcedata

Data: BIDS

Gorgolewski, K. J., Auer, T., Calhoun, V. D., Craddock, R. C., Das, S., Duff, E. P., et al. (2016). The brain imaging data structure, 

a format for organizing and describing outputs of neuroimaging experiments. Scientific Data, 3, 160044. 

http://doi.org/10.1038/sdata.2016.44

http://doi.org/10.1038/sdata.2016.44


How to: 

1. DICOM → NIfTI

2. Create structure

3. Add remaining data

4. Add missing metadata: 

5. Validate the dataset

I use Heudiconv: https://github.com/nipy/heudiconv (heuristic-centric DICOM converter)

Tutorials: 

https://github.com/INCF/bids-starter-kit

http://reproducibility.stanford.edu/bids-tutorial-series-part-1a/

Data: BIDS

Gorgolewski, K. J., Auer, T., Calhoun, V. D., Craddock, R. C., Das, S., Duff, E. P., et al. (2016). The brain imaging data structure, 

a format for organizing and describing outputs of neuroimaging experiments. Scientific Data, 3, 160044. 

http://doi.org/10.1038/sdata.2016.44

/raw to /sourcedata (remove CCNI codes)

manually or converter using heuristic

Events (.tsv)

E.g. Intented_for /fmap

Docker or validator

https://github.com/nipy/heudiconv
https://github.com/INCF/bids-starter-kit
http://reproducibility.stanford.edu/bids-tutorial-series-part-1a/
http://doi.org/10.1038/sdata.2016.44


How to 

Data: BIDS



Data: BIDS and beyond

• iEEG/EEG/MEG

•psych-ds

•Lisa’s and Daniel Laken’s Scienceverse

Links:

• https://bids-specification.readthedocs.io/en/latest/04-modality-specific-files/

• https://github.com/psych-ds/psych-DS

• https://scienceverse.github.io/scienceverse/index.html

Images from: Niso et al. (2018); Pernet et al. (2019)

https://bids-specification.readthedocs.io/en/latest/04-modality-specific-files/
https://github.com/psych-ds/psych-DS
https://scienceverse.github.io/scienceverse/index.html


Data: BIDS

•Other

Screencapture from: https://bids-specification.readthedocs.io/en/latest/04-modality-specific-files

https://bids-specification.readthedocs.io/en/latest/04-modality-specific-files


Data: BIDS

ReproNim: 

•HeuDiConv-based turnkey solution

•Automated version-controlled BIDS datasets

•Supported by DataLad (optional)

Images from: https://github.com/ReproNim/reproin

https://github.com/ReproNim/reproin


How to foster transparency and reproducibility

Data: BIDS

Code: BIDS apps [MRIQC, MRIQCeption, fMRIprep]



Code: BIDS apps

• “a container image capturing a 
neuroimaging pipeline that takes a 
BIDS-formatted dataset as input”

•Docker or Singularity

•Docker requires root permissions

•Use singularity on the grid

•Run for ‘participants’ or ‘group’

Gorgolewski, K. J., Alfaro-Almagro, F., Auer, T., Bellec, P., Capotă, M., Chakravarty, M. M., et al. (2017). BIDS apps: Improving ease of use, accessibility, and reproducibility of 

neuroimaging data analysis methods. PLoS Computational Biology, 13(3), e1005209. http://doi.org/10.1371/journal.pcbi.1005209

http://doi.org/10.1371/journal.pcbi.1005209


Code: BIDS apps

•http://bids-apps.neuroimaging.io/

http://bids-apps.neuroimaging.io/


Code: MRIQC

•MRI Quality Control

•Can be run on OpenNeuro or locally

•Nipype workflow toolboxes from FSL, ANTs and AFNI. 

•Requires minimal preprocessing

• Image Quality Metrics

•https://mriqc.readthedocs.io/en/stable/

Esteban, O., Birman, D., Schaer, M., Koyejo, O. O., Poldrack, R. A., & Gorgolewski, K. J. (2017). MRIQC: Advancing the automatic prediction of image quality in MRI from 

unseen sites. PLOS ONE, 12(9), e0184661. https://doi.org/10.1371/journal.pone.0184661

https://mriqc.readthedocs.io/en/stable/
https://doi.org/10.1371/journal.pone.0184661


Code: MRIQC

•Anatomical workflow

Images from: https://mriqc.readthedocs.io/en/stable/workflows.html

AFNI

FASTANTs

https://mriqc.readthedocs.io/en/stable/workflows.html


Code: MRIQC

•Functional workflow

Images from: https://mriqc.readthedocs.io/en/stable/workflows.html

AFNI AFNI

ANTs

https://mriqc.readthedocs.io/en/stable/workflows.html


Code: MRIQC

•No-reference Image Quality Metrics (based on QAP):

No ground-truth, no-reference metrics

Stored in the JSON files and TSV files. 

They can be mapped in four categories:

•The impact of noise 

•Spatial distribution of information

•Artifacts

•Other (e.g. tissue distributions, sharpness/blurriness of 
image) 

My notes on the OSF

Esteban, O., Birman, D., Schaer, M., Koyejo, O. O., Poldrack, R. A., & Gorgolewski, K. J. (2017). MRIQC: Advancing the automatic prediction of image quality in MRI from 

unseen sites. PLOS ONE, 12(9), e0184661. https://doi.org/10.1371/journal.pone.0184661

http://preprocessed-connectomes-project.org/quality-assessment-protocol/
https://mfr.de-1.osf.io/render?url=https://osf.io/5aqfx/?direct%26mode=render%26action=download%26mode=render
https://doi.org/10.1371/journal.pone.0184661


Code: MRIQC

•How to

Screen capture from: https://mriqc.readthedocs.io/en/stable/running.html

https://mriqc.readthedocs.io/en/stable/running.html


Code: MRIQCeption

•No-reference Image Quality Metrics (based on QAP):

No ground-truth these are considered as no-reference

Reference point:

•https://github.com/elizabethbeard/mriqception

•Download MRIQC Web-API: >30K (Esteban et al. https://doi.org/10.1101/216671):

https://mriqc.nimh.nih.gov/

Images from: Esteban et al. https://doi.org/10.1101/216671

http://preprocessed-connectomes-project.org/quality-assessment-protocol/
https://github.com/elizabethbeard/mriqception
https://doi.org/10.1101/216671
https://mriqc.nimh.nih.gov/
https://doi.org/10.1101/216671


Code: MRIQCeption



Code: fMRIprep

•Preprocessing pipeline:

-Minimal input

-Minimal preprocessing (standard, except smoothing)

-Reproducible, automated pipeline: “analysis-agnostic” 

- Interpretable reports, high-quality processing

-Nipype combination of: FSL, ANTs, Freesurfer and AFNI

-Results in a boilerplate for methods!

-Version control, regular updates

-https://fmriprep.readthedocs.io/en/stable/

Esteban, O., Markiewicz, C. J., Blair, R. W., Moodie, C. A., Isik, A. I., Erramuzpe, A., Kent, J. D., Goncalves, M., DuPre, E., Snyder, M., Oya, H., Ghosh, S. S., Wright, J., Durnez, 

J., Poldrack, R. A., & Gorgolewski, K. J. (2019). fMRIPrep: A robust preprocessing pipeline for functional MRI. Nature Methods, 16(1), 111. https://doi.org/10.1038/s41592-018-

0235-4

https://fmriprep.readthedocs.io/en/stable/
https://doi.org/10.1038/s41592-018-0235-4


Code: fMRIprep

•3 principles:

-Robustness

-Easy to use

- “Glass box”

Why not use it:

-narrow FoV (but might in the future)

-Special populations (infants and non-human brains) – but with 1.4.1 new templates

-EPInorm approach is not support (but might be in the future)

Review by Sam Nastase: if you want unlimited flexibility, students to suffer, or if using in-house 
pipeline

Esteban, O., Markiewicz, C. J., Blair, R. W., Moodie, C. A., Isik, A. I., Erramuzpe, A., Kent, J. D., Goncalves, M., DuPre, E., Snyder, M., Oya, H., Ghosh, S. S., Wright, J., Durnez, 

J., Poldrack, R. A., & Gorgolewski, K. J. (2019). fMRIPrep: A robust preprocessing pipeline for functional MRI. Nature Methods, 16(1), 111. https://doi.org/10.1038/s41592-018-

0235-4

https://doi.org/10.1038/s41592-018-0235-4


Code: fMRIprep

Images from: Esteban et al. (2019) https://doi.org/10.1038/s41592-018-0235-4

https://doi.org/10.1038/s41592-018-0235-4


Code: fMRIprep

•How to

Screen capture from: https://fmriprep.readthedocs.io/en/stable/usage.html

https://fmriprep.readthedocs.io/en/stable/usage.html


Code: BIDS apps

• Some issue:
- Singularity on the GRID only on CentOS 7.x systems (matlab5-grid.psy.gla.ac.uk and nodes)
- GRID: Processors: 2 * 8 Core opteron - 128GB Ram memory - Operating System: CentOS 7.x
- Permission issues (chmod all the way to second-level analysis)
- Docker: >8GB of RAM 
- hacky way around it) (no –-func_only flag, yet)
- Use runs for So so so many confounds for fMRIprep, which ones to choose (but 1.4.0)
- /func only (but tasks with only one run output of fmriprep
- Didn’t work for one subject out of >100 (brain mask for bold)
- BIDS: Check heuristic (changing names between studies)
- Install dependencies for Pydeface
- Terminal heavy

• Always always use /work folder (should by outside of /bids_folder
• Always use one version per study
• Use Rmd or Jupyter notebook



Code: NeuroStars

•https://neurostars.org/ the stackoverflow for neuroimagers

https://neurostars.org/


How to foster transparency and reproducibility
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Paper: sharing your data

• Derivatives: NeuroVault https://neurovault.org/

• Raw: OpenNeuro: https://openneuro.org/ among others

• Recommended license: CC0

- unrestricted Public Domain

- No restrictions

- Consider the impact of non-commercial clause, no-derivatives clause

• Ask for explicit consent for data sharing! https://open-brain-consent.readthedocs.io

• Anonymise (pydeface, no CCNi codes!): https://open-brain-consent.readthedocs.io/en/latest/anon_tools.html

https://neurovault.org/
https://openneuro.org/
https://open-brain-consent.readthedocs.io/en/latest/anon_tools.html
https://open-brain-consent.readthedocs.io/en/latest/anon_tools.html


Paper: NeuroVault

•www.neurovault.org

Can be used to:

•Publish group maps, parcellations, and 
atlases

•Perform power analyses

•Run meta-analysis

•Decode activity

http://www.neurovault.org/
https://neurovault.org/collections/ZFRWTMDZ/


Paper: OpenNeuro

•Public or restricted for 36 months

•Can be used to run fmriprep

•BIDS data



How to foster transparency and reproducibility

Data: BIDS

Code: BIDS apps [MRIQC, MRIQCeption, fMRIprep]

Paper: NeuroVault, OpenNeuro



Thank you!

Resources:

BIDS: https://bids.neuroimaging.io/

Docker: https://www.docker.com/

MRIQC: https://mriqc.readthedocs.io/

MRIQCeption: https://github.com/elizabethbeard/mriqception

fMRIprep: https://fmriprep.readthedocs.io/en/stable/

Neurovault: https://neurovault.org/

OpenNeuro: https://openneuro.org/

NeuroStars: https://neurostars.org/

Slides + material: https://osf.io/c28jq/

Special shout out to:

https://www.humanbrainproject.eu/en/explore-the-brain/search/

https://bids.neuroimaging.io/
https://www.docker.com/
https://mriqc.readthedocs.io/
https://github.com/elizabethbeard/mriqception
https://fmriprep.readthedocs.io/en/stable/
https://neurovault.org/
https://openneuro.org/
https://neurostars.org/
https://osf.io/c28jq/
https://www.humanbrainproject.eu/en/explore-the-brain/search/

