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RO-Crate: Practical and 
general purpose

Infrastructure independent – avoiding repository/service silos
Practical, lightweight, robust

Familiar, developer friendly, web native, machine- and human-readable, 
search-engine accessible
Adaptable Linked Data JSON and PIDs

Embrace diversity, legacy, unknowns, open-ended, multi-interpretation, 
self-describing, interlingua
Adaptable Metadata Profiles

https://www.researchobject.org/ro-crate/

https://www.researchobject.org/ro-crate/


Aims of FAIR Research Objects

Challenge Addressed by

Lack of standardized packaging for research outputs Describing and packaging data collections, datasets, software etc. with their 
metadata

Limited interoperability across systems Platform-independent object exchange between repositories and services 
using Linked Data and persistent identifiers

Barriers to reuse and reproducibility Supporting reproducibility and analysis: link data with code and workflows

Loss of context during data sharing Propagating provenance and existing metadata

Barrier to reuse and reproducibility Making datasets self-describing and machine-actionable, enabling better 
discoverability and reuse.

Difficulty publishing heterogeneous data types together Publishing and archiving mixed objects and references

Complexity of existing metadata standards Reusing existing standards, but hiding their complexity



RO-Crate in software ecosystems

Standardizing data packaging with RO-Crate supports reliable data 
consumption within research environments

Sharing data across tools, services, and repositories is seamless

Data always travel with their metadata, which includes persistent identifiers, 
provenance, and ontology annotations

Reproducibility is enhanced, linking datasets with executable workflows

Enables sensitive datasets to be described and moved between secure 
environments with clear governance

Plan Collect Analyze Share Publish Reuse



Contents of an 
RO-Crate

Example:
https://by-covid.github.io/baseline-use-case-comparative-analysis/ 
https://doi.org/10.5281/zenodo.11209362 

ro-crate-metadata.json

• Main metadata file located at the root of the RO-Crate package

• If this file is present, it is an RO-Crate!

• Uses JSON-LD format: simple and extensible for diverse use 
cases

• Describes the datasets and contextual metadata

• Includes metadata about authors, institutions, licenses, etc.

• Base vocabulary and types:  schema.org

https://by-covid.github.io/baseline-use-case-comparative-analysis/
https://doi.org/10.5281/zenodo.11209362
http://schema.org


RO-Crate Structure

@context: a list of terms that can be used in the rest of 

the metadata. This maps to vocabularies , such as 

schema.org, Bioschemas.

e.g. "license" -> http://schema.org/license    

@graph: a list of “things in the crate” described with terms 

from the context .

e.g. "@id": "data.csv" describes the file data.csv

{
 "@context": "https://w3id.org/ro/crate/1.2/context",
 "@graph": [
   {
     "@id": "ro-crate-metadata.json",
     "@type": "CreativeWork",
     "conformsTo": {"@id": "https://w3id.org/ro/crate/1.2"},
     "about": {"@id": "./"}
   },
   {
     "@id": "./",
     "@type": ["Dataset", "LearningResource"],
     "hasPart": [
       {"@id": "data.csv"}
     ],
     "name": "Example dataset for RO-Crate specification",
     "description": "Official rainfall readings for Katoomba, NSW 
2022, Australia",
     "datePublished": "2023-05-22",
     "license": {"@id": "http://spdx.org/licenses/CC0-1.0"},
     "author": { "@id": "https://orcid.org/0000-0002-1825-0097" },
     "publisher": {"@id": "https://ror.org/05gq02987"}
   },
   {
     "@id": "data.csv",
     "@type": "File",
     "name": "Rainfall Katoomba 2022-02",
     "description": "Rainfall data for Katoomba, NSW Australia 
February 2022",
     "encodingFormat": "text/csv",
     "license": {"@id": 
"https://creativecommons.org/licenses/by-nc-sa/4.0/"},
     "instrument": { "@id": "https://example.org/instrument/ws-2000" 
}
   },
   {
     "@id": "https://example.org/instrument/ws-2000",
     "@type": "Individual Product",
     "name": "WS-2000 Weather Station",
     "description": "Automated weather station used to record 
temperature and rainfall data.",
     "url": "https://example.org/instrument/ws-2000"
   },
   {
     "@id": "https://creativecommons.org/licenses/by-nc-sa/4.0/",
     "@type": "CreativeWork",
     "name": "CC BY-NC-SA 4.0 International",
     "description": "Creative Commons 
Attribution-NonCommercial-ShareAlike 4.0 International"
   },
   {
     "@id": "http://spdx.org/licenses/CC0-1.0",
     "@type": "CreativeWork",
     "name": "CC0-1.0",
     "description": "Creative Commons Zero v1.0 Universal",
     "url": "https://creativecommons.org/publicdomain/zero/1.0/"
   },
   {
     "@id": "https://orcid.org/0000-0002-1825-0097",
     "@type": "Person", 
     "name": "Josiah Carberry",
     "affiliation": { "@id": "https://ror.org/05gq02987" }
   },
   {
     "@id": "https://ror.org/05gq02987",
     "@type": "Organization",
     "name": "Brown University",
     "url": "http://www.brown.edu/"
   }
 ]
}

https://www.researchobject.org/packaging_data_with_ro-crate/ 

http://schema.org/license
https://www.researchobject.org/packaging_data_with_ro-crate/


RO-Crate metadata entities

● Root Data Entity: The main dataset or digital object 
being described. Typically represents the folder or 
primary output.

● Data Entity: A file or directory included in the crate 
(.csv, .txt, images, etc.) that represents a research 
resource.

● Context Entity: Descriptive metadata such as Person, 
Organization, SoftwareApplication, etc., that provide 
context but aren't data files.

● Science-related entities include:
equipment (instrument → IndividualProduct)



RO-Crate Ecosystem

Creation & 
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https://www.researchobject.org/ro-crate/tools 

https://www.researchobject.org/ro-crate/tools


https://www.researchobject.org/ro-crate/use_cases 

RO-Crate in use

https://www.researchobject.org/ro-crate/use_cases


Workflow systems: Capturing the computational 
method

https://www.ukaea.org/work/librti/ 
https://uomresearchit.github.io/Galaxy-Show-And-Tell 

Smith et al. (2024): Automated Machine Learning Workflows for 
Fusion Power Plant Design https://doi.org/10.4203/ccc.8.1.1     

https://www.ukaea.org/work/librti/
https://uomresearchit.github.io/Galaxy-Show-And-Tell
https://doi.org/10.4203/ccc.8.1.1




Many workflow 
systems exists, 

with differences 

across 

reproducibility, 

scalability, 

capability, 

integration, 

domains, …

https://s.apache.org/existing-workflow-systems 

https://s.apache.org/existing-workflow-systems
https://docs.google.com/file/d/1YgTAUvS1EER9hf7aILtZJPCdCJoABy7e/preview


https://workflowhub.eu/ 

https://workflowhub.eu/


https://workflowhub.eu/workflows/1838 

https://dtgeo.eu/ 

https://workflowhub.eu/workflows/1838
https://dtgeo.eu/


What’s inside 
the RO-Crate?

https://www.researchobject.org/ro-crate/tools 

https://www.researchobject.org/ro-crate/tools


Base RO-Crate Profile
A generic metadata structure for RO-Crate 

https://www.researchobject.org/ro-crate/specification

Process Run Crate Workflow RO-Crate

Workflow Run Crate

Provenance RO-Crate

Extended 
by

RO-Crate Profiles - Ducktyping

Base RO-Crate Profile

Profiles build on the core RO-Crate 
specification to tailor it for specific 
domains. 

Five Safes RO-Crate

https://www.researchobject.org/ro-crate/specification


What are RO-Crate Profiles?

• A set of rules and expectations for the structure and metadata of an 

RO-Crate to ensure consistency and interoperability

• Community defined-allows for flexible domain specific conventions → 

minimally useful metadata model (MUST/SHOULD/MAY)

• Enables reliable programmatic consumption of RO-Crate content

• Define constraints and extensions – for validation and editing

• Profiles can be just human-readable instructions, but ideally published 

as a Profile Crate



Guidance and Examples

19
https://www.researchobject.org/ro-crate/specification 

Specification by example

https://www.researchobject.org/ro-crate/specification


RO-Crate Community

• Active community of developers, researchers, and data stewards
https://www.researchobject.org/ro-crate/community 

Slack, Drop-in session, community governance cals

• Specification developed openly using GitHub 
https://www.researchobject.org/ro-crate

• RO-Crate profiles developed in separate working groups
or independently
https://www.researchobject.org/ro-crate/profiles.html 

 

Tools and libraries:

    - ro-crate-py (Python)
    - ro-crate-js (JavaScript)
    - ro-crate-ruby, ro-crate-java
    - HTML generators and preview tools
https://www.researchobject.org/ro-crate/tools 

Tutorials:
https://www.researchobject.org/ro-crate/tutorials 

Frequently Asked Questions
https://www.researchobject.org/ro-crate/faq

https://www.researchobject.org/ro-crate/community
https://www.researchobject.org/ro-crate
https://www.researchobject.org/ro-crate/profiles.html
https://www.researchobject.org/ro-crate/tools
https://www.researchobject.org/ro-crate/tutorials

