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Abstract. Seamless Research Data Management for Researchers aims to cover a complete 
scientific workflow from planning a research project to registration and publication of results in 
repositories by connecting existing components, services, and tools using FDOs. This ap-
proach combines widely used components, so large data volumes can increasingly be FAIR-
ified automatically. Machine-actionable Data Management Plans (maDMP) that comprehen-
sively document the respective research project in a machine-actionable format form the entry 
point. The familiar Galaxy environment, which already enables RO-Crate implementation, 
forms the backbone to incorporate a growing number of services and tools. Galaxy orches-
trates and executes the workflow components resulting from maDMPs and data analysis. The 
research results and comprehensive documentation become published in a repository of the 
researchers' choice (e.g., Zenodo). From there, the research results can be integrated into a 
knowledge graph (e.g., ORKG).  
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1. Integration of Digital Object Architecture (DOA) and RO-Crates

Currently, several alternative frameworks leverage the potential of FAIR Digital Objects 
(FDOs). We focus on the Research Object Crates (RO-Crates) approach [1], but ensure com-
patibility with the other approaches by using the minimal unifying mechanism of the Digital 
Object Interface Protocol (DOIP), which supports the cross-approach interaction of FDOs. The 
widespread use of RO-Crates and the benefits provided have not yet been fully exploited. The 
FDO based seamless research data management (RDM) approach will address the interplay 
of DOA/DOIP based and "webby" FDOs with regard to the convergence of the service ecosys-
tem (use of registries for types, operations, etc.) and the flexibility of multi-primary administra-
tors and registration agencies regarding the required changes to the PID metadata profile. The 
project "FDOs for seamless RDM for researchers and higher education institutions" is de-
scribed below and intends to address these shortcomings.  

1

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5492-3212
https://orcid.org/0000-0002-3079-6586
https://orcid.org/0000-0002-4929-7875
https://orcid.org/0000-0002-2202-7875
https://orcid.org/0000-0002-6411-4758


Stocker et al. | Open Conf Proc 5 (2024) "International FAIR Digital Objects Implementation Summit 2024" 

2. Seamless Research Data Management 

2.1 Canonical Workflow Framework for Research 

The FDOs for seamless RDM project aims to implement the FDO-CWFR (Canonical Workflow 
Framework for Research) [2] to enable seamless RDM for the scientific community [3].  

Figure 1. RO-Crate implementation within a typical experimental research workflow (adapted and 
modified from [4]) 

The approach will enable the composability of generic tools and services, which are often 
already "market leaders" in their respective fields (e.g. TU Vienna maDMP Tool, Galaxy, Ze-
nodo, Invenio, Open Research Knowledge Graph [ORKG]), by exchanging the data produced 
and consumed along a workflow in FDO-compliant syntax using the DOIP and making it ac-
cessible in repositories. The approach envisages using the RO-Crate implementation of the 
FDO concept after it has been extended so that it interacts compatible with the basic FDO 
infrastructure of the overall ecosystem. However, the integration of Digital Object Architecture 
(DOA) and "webby FDOs" is challenging as it often requires the inclusion of new practices 
such as FAIR Signposting to implement the binding of digital objects based on web linking. 
The solution presented in this paper strikes a balance between web-based and DOA-based 
concepts, as it builds on DOIP for cross-approach interaction of FDOs, and additionally tests 
the resolving of the FDO record to an RO-crate.  

2.2 Registration of FDOs as metadata 

Two methods will be tested: (1) the publication of RO-Crate FDOs as files in repositories (e.g. 
Zenodo, Invenio, GWDG repository) and the DOI-based persistent identification of this record; 
and (2) the registration of RO-Crate FDOs as metadata of a PID via a PID provider (e.g. ePIC, 
the European Persistent Identifier Consortium). The first procedure is well established and 
already in use but only identifies the record (containing the RO-Crate FDO), while in the second 
variant the RO-Crate forms the PID metadata. In the second approach, however, the PID pro-
vider must support metadata profiles. 
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2.3 Modular and scalable approach 

The modular approach developed ensures seamless, efficient, and effective production and 
use of FDOs and the data embedded in FDOs throughout the research lifecycle. Each module 
can receive FDOs via the DOIP and output them as FDOs. Researchers can assemble any 
number and type of modules as their requirements demand. The FDOs and DOIP form the 
glue of the open, distributed system. Only by using FDOs as the connecting component the 
potential of modular workflow components (CWFR) can be exploited widely among research-
ers and the tools they already use. At the same time, researchers and university staff are 
relieved from the increasing burden of data wrangling.  

With this approach, which combines widely used components, large amounts of data can 
increasingly be FAIRified automatically. Machine-actionable Data Management Plans 
(maDMPs) are used as an entry point to document the respective research project compre-
hensively in a machine-readable format [5]. As a starting point, the familiar Galaxy environment 
will be the introductory tool as it already allows RO-Crate implementation. Galaxy is used to 
orchestrate and execute the workflow components resulting from maDMPs and data analysis. 
The research results are published together with the extensive documentation in a repository 
of the researchers' choice, to which an interface has been implemented (initially Invenio-based 
repositories such as Zenodo, plus the GWDG repository). From there, further steps can be 
taken, such as the integration of research results into a knowledge graph (e.g. ORKG) [6].  

3. Conclusion 

The importance of this sub-project for the scientific system is substantial, as it is designed to 
ensure the integration of actual users from the large national and international communities. 
No new services or tools are being developed. Instead, as a first step, widely used services 
such as Galaxy, Zenodo, and ORKG will be adapted to the basic FDO infrastructure so that 
they can automatically generate, exchange, and consume FDOs in the future. In further steps 
of the project, the possibility of connecting further (widely used) tools will be ensured gradually. 
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