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Introduction: ‘Long-tail’ research is performed by individual PIs and small research teams, producing what are often highly diverse, but relatively small datasets that span a variety of traditional scientific disciplines. ‘Long-tail’ research is a fundamental part of realizing NASA’s goals in planetary sciences and a key input feeding into mission life cycles. The ‘long-tail’ has traditionally lacked the resources (available to larger groups and missions) to overcome barriers inhibiting the adoption of open science practices, including lack of acknowledgment, time, money, guidance, expertise, and trust in available platforms1. Here we show how the Open Data Repository’s (ODR) data publishing platform could help lower some of these barriers and accelerate the adoption of open-science practices in planetary science.
Open Data Repository’s (ODR) data publisher:  ODR (https://www.opendatarepository.org) is open-source, discipline agnostic software for the rapid online publication of datasets, with no need to write code (we liken it to the WordPress for data). The platform supports a diverse array of data types and formats, with customizable layout and dataset design edited using a drag-and-drop interface. ODR can create interactive datasets, with dynamic graphing capabilities, plugins for specific functionality, and the ability to integrate with 3rd party apps for online data analysis. Dataset creation is streamlined using customizable templates, which also enhance cross-dataset searching.  Datasets can be expanded to incorporate data derived from newer research techniques or data formats as the dataset lives and evolves. These tools allow researchers to create, publish, analyze, and maintain living datasets that are more useful and versatile than static repositories of legacy data. Data access is managed through a permissions system that allows datasets to serve as collaborative environment for research teams prior to public release. Datasets are citable and digital object identifiers are assigned on creation. Additionally, the ODR system also makes each data record accessible through an API (Application Programming Interface) that facilitates interaction between external computer programs and the database.
ODR also creates shareable data templates from which multiple groups can create compatible datasets utilizing the ODR software. Combined with cross-dataset searching facilitated by ElasticSearch (https://github.com/elastic), researchers can search data across multiple datasets that utilize the compatible templates in ODR.  These networks of datasets allow different groups to manage their own staff and data while participating in a community that combines their data to create powerful, distributed data resources.

ODR Dataset Examples:  
CheMin database. The CheMin database is a prime example of ODR’s capabilities in handling datasets in the planetary sciences. The CheMin database (https://odr.io/chemin) is a living repository of CheMin and related Mars Science Laboratory Mission data, integrated with tools and procedures for visualization and analysis (Fig. 1). The CheMin database gives universal access to the information and data analysis tools (like https://www.qanalyze.com/) that are required to understand and re-analyze the original raw data, replicate experiments, or even perform entirely new studies with different starting hypotheses. We are presently making efforts to broaden the scope of the CheMin database to include data from other rover instruments, including Sample Analysis at Mars (SAM) and ChemCam, with a focus on data obtained from drilled and scooped samples.
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Figure 1. Screenshot of a record in the Chemin database
RRUFF database. The RRUFF mineralogical database2 is arguably the most comprehensive open spectral database of mineral standards available. Mining of mineral X-ray diffraction data from RRUFF has proven crucial for interpreting CheMin data from Mars4 and the library of Raman spectra is directly relevant to data being collected by the Perseverance rover at Jezero crater. While the current platform used to publish RRUFF on the web (https://rruff.info/) has proven successful with hundreds of millions of downloads since 2004, hosting the database on ODR is advantageous in several ways. Publication of RRUFF using ODR is an important showcase for the ODR software within the planetary sciences and beyond.
RRUFF powered by ODR shows how the built-in database template system featured in ODR lowers barriers for creating and publishing interactive, accessible, and feature rich datasets. ODR RRUFF will also demonstrate how curated datasets can be integrated with user supported repositories, encouraging the adoption of open-source science practices for standardization, and sharing of data in an organic fashion (Fig. 2).
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Figure 2. A prototype, template-driven dataset community based on the RRUFF Project showing the community page and network search results.
Discipline specific data repositories powered by ODR:  
The Astrobiology Habitable Environments Database (AHED). AHED (https://ahed.nasa.gov/) is a data repository and productivity platform for the storage, discovery, and analysis of data relevant to the field of astrobiology (Fig. 3). AHED supports NASA’s vision of an Open Science ecosystem4 for collaborative scientific research and facilitates sharing of data and knowledge within the astrobiology community and the wider public. The repository is built around an astrobiology specific standardized metadata framework (called ARMS – Astrobiology Resource Metadata Standard). The AHED Portal provides a web-based home to the project, allowing new and returning users to create new ARMS compliant datasets, learn more about AHED and ARMS, and search for relevant datasets using a range of search tools designed around the needs of astrobiologists. The ODR works behind the scenes, communicating with the Portal via the API providing the functionality to publish and manage ARMS compliant datasets. ODR’s built in data handling flexibility combined with API accessibility set the stage for expansion of repositories adopting this approach to other fields or SMD relevant disciplines beyond astrobiology. This approach allows development of discipline specific metadata to optimize search and productivity tools for long-tail research, providing an essential element in open science ecosystem.  
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Figure 3. AHED landing page (https://ahed.nasa.gov/).

Conclusions: ODR provides an adaptable platform for data management that is suited to the needs of planetary scientists conducting ‘long-tail’ research. ODR supports multiple approaches to data publication and curation including feature-rich databases centered around a specific project or investigation, interconnected data communities building distributed data resources, and as a data publication engine capable of powering discipline specific data repository services.
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