
The benefits of BIDS
data standardization and automated 
processing for neuroimaging research

Samuel A. Nastase
Princeton Neuroscience Institute
snastase@princeton.edu

@samnastase

mailto:snastase@princeton.edu
https://twitter.com/samnastase


The benefits of BIDS
data standardization and automated 
processing for neuroimaging research

@samnastase

Samuel A. Nastase
Princeton Neuroscience Institute
snastase@princeton.edu

Thanks to the many 
BIDS contributors!

https://twitter.com/samnastase
mailto:snastase@princeton.edu
https://github.com/bids-standard/bids-specification/graphs/contributors


Brain Imaging Data Structure (BIDS)

What is BIDS?

—a standard for organizing neuroimaging data that facilitates re-use and automated processing

—the standard specifies machine-readable directory structure, filenames, file formats, and metadata 

—consensus-based community-driven development capitalizing on existing conventions

—emphasis on simplicity, readability, and accessibility, i.e. ease of use and adoption

—developed out of the OpenfMRI (now OpenNeuro) open neuroimaging data repository

Gorgolewski et al, Sci Data, 2016
Wilkinson et al, Sci Data, 2016

Extra credit
FAIR principles (Findable, Accessible, Interoperable, and Reusable)

https://openfmri.org/
https://openneuro.org/
https://doi.org/10.1038/sdata.2016.44
https://doi.org/10.1038/sdata.2016.18
https://www.go-fair.org/fair-principles/
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What’s the point?

—have you ever tried to re-analyze someone else’s data?

—have you ever tried to re-analyze your own data a year later?  (￢_￢)

—have you ever felt confident in data you didn’t collect yourself?

2016: “To date there has been no consensus about how to organize and share [neuroimaging] 
data, leading researchers, even those working within the same lab, to arrange their data in 
different and idiosyncratic ways. Lack of consensus leads to misunderstanding and time 
wasted on rearranging data or rewriting scripts that expect particular file formats and 
organization, as well as a possible cause for errors.”

https://openfmri.org/
https://openneuro.org/
https://doi.org/10.1038/sdata.2016.44
https://doi.org/10.1038/sdata.2016.18


Brain Imaging Data Structure (BIDS)

What is BIDS?

—a standard for organizing neuroimaging data that facilitates re-use and automated processing

—the standard specifies machine-readable directory structure, filenames, file formats, and metadata 

—consensus-based community-driven development capitalizing on existing conventions

—emphasis on simplicity, readability, and accessibility, i.e. ease of use and adoption

—developed out of the OpenfMRI (now OpenNeuro) open neuroimaging data repository

Ferguson et al, Nat Neurosci, 2014
Poldrack & Gorgolewski, Nat Neurosci, 2014

Poldrack et al, Nat Rev Neurosci, 2017
Milham et al, Nat Commun, 2018

The importance of data sharing

Public, well-curated datasets have been tremendously beneficial in fields like 
machine learning; e.g., ImageNet, MNIST, COCO, CIFAR.

The re-use of publicly shared fMRI datasets from the INDI consortia has saved 
an estimated $1.7 billion in data generation costs—and this doesn’t even include 
HCP, OpenNeuro, ABCD, or UK Biobank.

https://openfmri.org/
https://openneuro.org/
https://doi.org/10.1038/nn.3838
https://doi.org/10.1038/nn.3818
https://doi.org/10.1038/nrn.2016.167
https://doi.org/10.1038/s41467-018-04976-1


Brain Imaging Data Structure (BIDS)

What is BIDS?

—a standard for organizing neuroimaging data that facilitates re-use and automated processing

—the standard specifies machine-readable directory structure, filenames, file formats, and metadata 

—consensus-based community-driven development capitalizing on existing conventions

—emphasis on simplicity, readability, and accessibility, i.e. ease of use and adoption

—developed out of the OpenfMRI (now OpenNeuro) open neuroimaging data repository

Carp, Front Neurosci, 2012
Ghosh et al, F1000Research, 2017
Botvinik-Nezer et al, Nature, 2020

The importance of automated processing

Neuroimaging analysis is complex and flexible—relying on multi-stage processing workflows 
with many possible analysis choices at each stage (i.e. “researcher degrees of freedom”).

The machine-readable BIDS organization with rich metadata allows for adaptive, automated 
processing and analysis (i.e. BIDS Apps) that:

—minimize error-prone manual intervention and “procedural overfitting”

—maximize reproducible execution via containerization and content-tracking

https://openfmri.org/
https://openneuro.org/
https://doi.org/10.3389/fnins.2012.00149
https://doi.org/10.12688/f1000research.10783.2
https://doi.org/10.1038/s41586-020-2314-9


Brain Imaging Data Structure (BIDS)

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


Brain Imaging Data Structure (BIDS)

https://doi.org/10.1038/sdata.2018.110


Brain Imaging Data Structure (BIDS)

https://doi.org/10.1038/s41597-019-0104-8


Brain Imaging Data Structure (BIDS)

https://doi.org/10.1038/s41597-019-0105-7


Brain Imaging Data Structure (BIDS)

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


https://bids.neuroimaging.io/


Get involved

—check out the BIDS tag on NeuroStars (INCF-funded question/answer forum)

—create issues or pull requests on the GitHub repository

—read the BIDS Code of Conduct

https://bids.neuroimaging.io/get_involved.html
https://neurostars.org/search?q=tags%3Abids
https://neurostars.org/
https://github.com/bids-standard/bids-specification/issues
https://github.com/bids-standard/bids-specification/pulls
https://github.com/bids-standard/bids-specification
https://bids.neuroimaging.io/code_of_conduct


BIDS Extension Proposals (BEPs)

—community-driven expansion of the BIDS ecosystem (read the BEP guidelines)

—there are currently 20+ BEPs under development, including:

—different neuroimaging modalities (e.g. CT, PET, NIRS)

—different derivatives (e.g. functional, structural, diffusion)

—different analysis tools (e.g. statistical models, transformations, execution)

https://bids.neuroimaging.io/get_involved.html
https://docs.google.com/document/d/1pWmEEY-1-WuwBPNy5tDAxVJYQ9Een4hZJM06tQZg8X4/edit
https://docs.google.com/document/d/1fqnJZ18x5LJC8jiJ8yvPHUGFzNBZ6gW2kywYrUKWtuo/edit
https://docs.google.com/document/d/1mqMLnxVdLwZjDd4ZiWFqjEAmOmfcModA_R535v3eQs0/edit
https://docs.google.com/document/d/1FzPt7TVpIAtlhrF9_9b2VBCZOrRXJASEMyHndhDQKl8/edit
https://docs.google.com/document/d/16CvBwVMAs0IMhdoKmlmcm3W8254dQmNARo-7HhE-lJU/edit
https://docs.google.com/document/d/1YG2g4UkEio4t_STIBOqYOwneLEs1emHIXbGKynx7V0Y/edit
https://docs.google.com/document/d/1cQYBvToU7tUEtWMLMwXUCB_T8gebCotE1OczUpMYW60/edit
https://docs.google.com/document/d/1bq5eNDHTb6Nkx3WUiOBgKvLNnaa5OMcGtD0AZ9yms2M/edit
https://docs.google.com/document/d/11gCzXOPUbYyuQx8fErtMO9tnOKC3kTWiL9axWkkILNE/edit
https://docs.google.com/document/d/104HLZedFtx0TaXEUwd7eyWvJUlc0CcSUtCzwjNgmGxE/edit


BIDS governance

Community-driven development via democratically elected steering, working, and interest groups:

—minimize complexity and facilitate adoption, reuse existing methods and technologies whenever possible

—tackle 80% of the most commonly used neuroimaging data, derivatives, and models

—adoption by the global neuroimaging community and their input during the creation of the specification

https://bids.neuroimaging.io/governance.html


https://bids-specification.readthedocs.io/


https://bids-specification.readthedocs.io/
https://bids-specification.readthedocs.io/


Schematic fMRI example

The BIDS Specification

📁dataset/
    participants.tsv
    dataset_description.json
    task-pieman_bold.json
    README
    CHANGES
    📁sub-01/
        📁anat/
            sub-01_t1w.nii.gz
        📁func/
            sub-01_task-pieman_bold.nii.gz
            sub-01_task-pieman_bold.json
            sub-01_task-pieman_events.tsv
    📁sub-02/
    📁sub-03/
    📁code/
    📁derivatives/
    📁stimuli/
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BIDS examples
For many lightweight example BIDS datasets, 
see the bids-examples repository on GitHub.

https://github.com/bids-standard/bids-examples
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Top-level files include tab-separated table 
containing participant labels and demographics, 
dataset description stored as key-value pairs in 
JSON files, and version history.
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Subject-specific anatomical and functional NIFTI 
images are accompanied by JSON sidecar files 
describing imaging acquisition parameters, as 
well as tab-separated tables with event onsets.
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containing participant labels and demographics, 
dataset description stored as key-value pairs in 
JSON files, and version history.

Subject-specific anatomical and functional NIFTI 
images are accompanied by JSON sidecar files 
describing imaging acquisition parameters, as 
well as tab-separated tables with event onsets.

Loosely-structured directories for code, stimuli, and 
derivatives of analyses (e.g., MRIQC, fMRIPrep).



The BIDS Specification

Example: OpenNeuro ds000233

Nastase et al, Front Neurosci, 2017

https://openneuro.org/datasets/ds000233
https://doi.org/10.3389/fnins.2018.00316
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https://openneuro.org/datasets/ds000233
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Example: OpenNeuro ds000233

sub-rid000001/anat/

https://openneuro.org/datasets/ds000233
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Example: OpenNeuro ds000233

sub-rid000001/func/

https://openneuro.org/datasets/ds000233


The BIDS Specification

Example: OpenNeuro ds000233

sub-rid000001/func/sub-rid000001_task-beh_run-1_bold.json

https://openneuro.org/datasets/ds000233


The BIDS Specification

Example: OpenNeuro ds000233

sub-rid000001/func/sub-rid000001_task-beh_run-1_events.tsv

https://openneuro.org/datasets/ds000233


The BIDS Specification

Example: OpenNeuro ds000233

derivatives/

https://openneuro.org/datasets/ds000233
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Example: OpenNeuro ds000233

code/

https://openneuro.org/datasets/ds000233


The BIDS Specification

Example: OpenNeuro ds000233

stimuli/

https://openneuro.org/datasets/ds000233


The BIDS Specification

Example: OpenNeuro ds000233

stimuli/

https://openneuro.org/datasets/ds000233
https://docs.google.com/file/d/1vtuCWGfxBwyoWJFCU8iXS5EOwXhzauYs/preview


The BIDS Specification

Example: OpenNeuro ds000233

stimuli/

https://openneuro.org/datasets/ds000233
https://docs.google.com/file/d/1vtuCWGfxBwyoWJFCU8iXS5EOwXhzauYs/preview
https://docs.google.com/file/d/1mxQmmjglG05DNz4Oer8sBq-gl95i3t4k/preview


Converting data to BIDS

The hard way...

There are many tools that can facilitate BIDS conversion: 
HeuDiConv, dcm2niix, PyBIDS, bidsify, bidskit, 
pyBIDSconv, dcm2BIDS, etc

This is the most unpleasant part…
a single-use script manually tailored to the 
idiosyncrasies of each data set  (⊙_◎)

https://github.com/nipy/heudiconv
https://github.com/rordenlab/dcm2niix
https://github.com/bids-standard/pybids
https://github.com/NILAB-UvA/bidsify
https://github.com/jmtyszka/bidskit
https://github.com/DrMichaelLindner/pyBIDSconv
https://github.com/cbedetti/Dcm2Bids
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Converting data to BIDS

The hard way...

There are many tools that can facilitate BIDS conversion: 
HeuDiConv, dcm2niix, PyBIDS, bidsify, bidskit, 
pyBIDSconv, dcm2BIDS, etc.

The easy way!
Using a prespecified naming convention when creating 
program cards on the scanner console can allow for 
automated BIDS conversion—e.g. ReproIn (for Siemens).

Visconti di Oleggio Castello et al, 
Zenodo, 2020

https://github.com/nipy/heudiconv
https://github.com/rordenlab/dcm2niix
https://github.com/bids-standard/pybids
https://github.com/NILAB-UvA/bidsify
https://github.com/jmtyszka/bidskit
https://github.com/DrMichaelLindner/pyBIDSconv
https://github.com/cbedetti/Dcm2Bids
https://github.com/ReproNim/reproin
https://doi.org/10.5281/zenodo.1207117
https://doi.org/10.5281/zenodo.1207117


Converting data to BIDS

The hard way...

There are many tools that can facilitate BIDS conversion: 
HeuDiConv, dcm2niix, PyBIDS, bidsify, bidskit, 
pyBIDSconv, dcm2BIDS, etc.

The easy way!
Using a prespecified naming convention when creating 
program cards on the scanner console can allow for 
automated BIDS conversion—e.g. ReproIn (for Siemens).

This is the most unpleasant part…
a single-use script manually tailored to the 
idiosyncrasies of each data set  (⊙_◎)

Moral of the story:
standardize for sharing from the start and 
not as an afterthought  (๑˃̵ᴗ˂̵)و

Halchenko & Hanke, GigaScience, 2015

https://github.com/nipy/heudiconv
https://github.com/rordenlab/dcm2niix
https://github.com/bids-standard/pybids
https://github.com/NILAB-UvA/bidsify
https://github.com/jmtyszka/bidskit
https://github.com/DrMichaelLindner/pyBIDSconv
https://github.com/cbedetti/Dcm2Bids
https://github.com/ReproNim/reproin
https://doi.org/10.1186/s13742-015-0072-7


BIDS Validator

Check your work

—the BIDS Validator is a lightweight tool for ensuring that your dataset is BIDS-compliant

—use the browser-based version or run locally with via Node.js, Docker, or Python

http://bids-standard.github.io/bids-validator/
http://bids-standard.github.io/bids-validator/


Data provenance

Content tracking with DataLad

All stages of data processing can be version-controlled 
using DataLad.

http://datalad.org — discover
http://github.com/datalad/datalad — contribute
http://handbook.datalad.org — learn

http://datalad.org
https://github.com/datalad/datalad/
http://handbook.datalad.org/en/latest/


BIDS Apps

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


BIDS Apps

What is a BIDS App?

—the machine-readable BIDS format enables automated processing via BIDS Apps

—BIDS Apps use containerization to facilitate portability and reproducibility

Software containers
Containerization solutions package software with 
all dependencies in single, encapsulated image.

Docker (for local use)

Singularity (for servers)

https://bids-apps.neuroimaging.io/
https://www.docker.com/
https://sylabs.io/docs/


MRIQC

MRIQC documentation

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


MRIQC

MRIQC documentation

https://doi.org/10.1371/journal.pone.0184661
https://doi.org/10.1371/journal.pone.0184661
https://doi.org/10.1038/s41597-019-0035-4
https://mriqc.readthedocs.io/en/stable/


MRIQC

Getting the MRIQC Singularity image
singularity build mriqc-0.15.2.simg docker://poldracklab/mriqc:0.15.2

https://doi.org/10.1371/journal.pone.0184661
https://doi.org/10.1371/journal.pone.0184661
https://doi.org/10.1038/s41597-019-0035-4


Ethel Franklin Betts (1908)
The Orphant Annie Book, by James Whitcomb Riley



Narratives

Example derivatives: OpenNeuro ds002345

Nastase et al, OpenNeuro, 2019

https://openneuro.org/datasets/ds002345
https://doi.org/10.18112/openneuro.ds002345.v1.0.1


Narratives



Narratives

28 diverse spoken story stimuli ranging from ~3 minutes to ~56 
minutes (mean ≈ 10 minutes) for a total of ~5 hours of unique stimuli.

315 unique subjects (mean age = 22.4 years, range = 18–53 years; 
183 reported female) participating in 788 functional scans with 
accompanying anatomical data.

In total, over 350,000 TRs of story-listening fMRI data with 
accompanying stimuli—that is, ~150 hours or 6.2 days.



MRIQC

Getting the MRIQC Singularity image
singularity build mriqc-0.15.2.simg docker://poldracklab/mriqc:0.15.2

https://doi.org/10.1371/journal.pone.0184661
https://doi.org/10.1371/journal.pone.0184661
https://doi.org/10.1038/s41597-019-0035-4


https://htmlpreview.github.io/?https://github.com/snastase/ohbm-traintrack-bids/blob/master/mriqc/group_T1w.html


https://htmlpreview.github.io/?https://github.com/snastase/ohbm-traintrack-bids/blob/master/mriqc/group_bold.html


fMRIPrep

fMRIPrep documentation

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


fMRIPrep

Getting the fMRIPrep Singularity image
singularity build fmriprep-20.1.0.simg docker://poldracklab/fmriprep:20.1.0

https://doi.org/10.1038/s41596-020-0327-3


fMRIPrep

analysis level: participant (or group)

“a functional magnetic resonance imaging (fMRI) data preprocessing pipeline that is designed 
to provide an easily accessible, state-of-the-art interface that is robust to variations in scan 
acquisition protocols and that requires minimal user input, while providing easily interpretable 
and comprehensive error and output reporting”

Simple command-line interface (positional arguments):

fmriprep bids_folder/ output_folder/ participant

output directory; e.g., derivatives/

input directory; e.g., dataset/ 
(BIDS formatted)

fMRIPrep executable



fMRIPrep

“a functional magnetic resonance imaging (fMRI) data preprocessing pipeline that is designed 
to provide an easily accessible, state-of-the-art interface that is robust to variations in scan 
acquisition protocols and that requires minimal user input, while providing easily interpretable 
and comprehensive error and output reporting”

Full command line-interface using Singularity:

singularity run --cleanenv                             \
    --bind bids_folder/:/data                          \
    /home/snastase/singularity/fmriprep-20.1.0.simg    \
    --participant-label sub-001                        \
    --nthreads 8 --omp-nthreads 8                      \ 
    --output-spaces T1w fsaverage6 MNI152NLin2009cAsym \
    --use-syn-sdc --write-graph                        \
    --fs-license-file /data/code/license.txt           \
    --work-dir /data/derivatives/work                  \
    /data /data/derivatives participant

Singularity arguments

fMRIPrep Singularity image

fMRIPrep keyword arguments

fMRIPrep positional arguments



fMRIPrep

“a functional magnetic resonance imaging (fMRI) data preprocessing pipeline that is designed 
to provide an easily accessible, state-of-the-art interface that is robust to variations in scan 
acquisition protocols and that requires minimal user input, while providing easily interpretable 
and comprehensive error and output reporting”

https://htmlpreview.github.io/?https://github.com/snastase/ohbm-traintrack-bids/blob/master/fmriprep/sub-001.html#


Brain Imaging Data Structure (BIDS)

Data standardization is the linchpin for reproducible neuroimaging

BIDS is a community-driven standard for organizing neuroimaging data that facilitates sharing 
and automated processing. BIDS Apps are portable software containers that capitalize on the 
BIDS format to reproducibly analyze data with minimal manual intervention.

Accompanying materials

GitHub: ohbm-traintrack-bids

Zenodo: DOI

Other resources

Stanford BIDS tutorials: part 1a, part 1b, part 2a

Other BIDS presentations: OSF

https://github.com/snastase/ohbm-traintrack-bids
https://doi.org/10.5281/zenodo.3895410
http://reproducibility.stanford.edu/bids-tutorial-series-part-1a/
http://reproducibility.stanford.edu/bids-tutorial-series-part-1b/
http://reproducibility.stanford.edu/bids-tutorial-series-part-2a/
https://osf.io/yn93h/

