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ABSTRACT

Internet of Things refers to “uniquely identifiable objects (things) and their virtual representations in an Internet-like
structure”. Research in geosciences has created a tremendous wealth of data, material collections, and literature.
Existing and emerging capabilities of geoinformatics can maximize the utility and impact of these resources. Major
problems for achieving this include incomplete documentation of samples in publications, use of ambiguous sample
names, and the lack of a central catalogue that allows finding a sample's archiving location. The International Geo
Sample Number provides solutions by offering a persistent identifier for geological specimens that is interoperable with
the DOI, a system well established for the identification of scientific literature and data. In linking physical specimens
with data, the IGSN implements a component of the Internet of Things for the geosciences.

INTRODUCTION

Internet of Things is a term that refers to “uniquely identifiable objects (things) and their virtual representations in an
Internet-like structure” (Wikipedia). We here use the term to describe new and innovative ways to integrate physical
samples in the Earth Sciences into the emerging digital infrastructures that are developed to support research and
education in the Geosciences.

Research in geosciences has created a tremendous wealth of data, material collections, and literature, and can be
expected to produce even more in the future. Existing and emerging capabilities of Geoinformatics —in the sense of
cyberinfrastructure for the Geosciences— can maximize the utility and impact of these resources to the benefit of
science and education. Geoinformatics resources include (a) information systems that provide fast and easy access to
data, (b) linkages between literature, data and samples that create the potential for new interpretations of the data and
materials beyond interpretations already published, and (c) data analysis, visualization, and modelling tools that
seamlessly integrate with the data collections.

Digital data such as the ones in EarthChem, PANGAEA, or other data repositories refer to physical samples.
Fundamental data sets have been generated from collections of natural history museums or state geological surveys.
The application and long-term utility of sample-based data is critically dependent on (a) availability of information
(metadata) about the samples such as geographical location and time of sampling, (b) links to other data sets derived
from individual samples that are dispersed in the literature and in digital data repositories, and (c) access to the
samples themselves. Major problems for achieving this include incomplete documentation of samples in publications,
use of ambiguous sample names, and the lack of a central catalogue that allows finding a sample's archiving location.

LINKING GEOSCIENCE DATA AND SPECIMENS INTO AN INTERNET OF THINGS

The International Geo Sample Number (IGSN, www.igsn.org) provides solutions. The IGSN is a unique persistent
identifier for samples from geosciences research that can be obtained by submitting sample metadata to
geosamples.org [1]. If data in publications are referenced to the IGSN, the geosamples.org database allows access to all
sample metadata including the owner and current location. Use of the IGSN will, for the first time, allow to establish
links between samples (or the digital representation of them), data acquired on these samples, and the publications
that report these data. The IGSN is based on the Handle system, its technical and governance structure are modelled
after DataCite. The IGSN is already used by some collections and drill core repositories and it has also been proposed
that geochemical laboratories include it into their laboratory information management systems (LIMS).

Samples can be linked to a dataset by including IGSNs in the metadata record of a dataset’s DOI® when the dataset is
registered with the DOI® system for unique identification. Links between datasets and publications already have been
implemented based on dataset DOIs® between some geoscience journals and data centres that are Publication Agents
in the DataCite consortium (www.datacite.org) (see [2] for example of IGSN in a publication). Links between IGSNs,
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dataset DOIs, and publication DOIs will in the future allow researchers to find and access with a single query and
without ambiguity all data acquired on a specific sample across the entire literature (Fig. 1).

To make data centres and scientific web portals effective ways of data sharing, scientists need to prepare their data for
online publication. As an incentive to authors data publication should have the rank of a citeable publication, adding to
his reputation and ranking among his peers. For data to be citeable it is necessary that they can be referred to in a
persistent way. Since the location of internet resources (URL) may easily change, the use of persistent identifiers (e.g.
Handle, DOI, URN, PURL, LSID, and others) as a way to locate the desired dataset reliably via the internet over a long
time is a prerequisite for on-line data publication. While the technical aspects of a persistent identifier system are
relatively simple, ensuring the global uniqueness and longevity of the PID-URL key-value pair requires a suitable
governance structure [3].
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Figure 1: Persistent identifiers are keys to linking literature, data, and specimens. The semantic relationships
between objects can be encoded in the identifier metadata.

A key learning emerging from the last ten years of ubiquitous networking in a department that bridges between
research departments and infrastructure providers (Computing Centre, Library and Information Services) is that it is
relatively easy to build isolated, monolithic, single-purpose applications for data management on a per-project basis
(often termed “silos”, or more ironically “cylinders of excellence”). This approach is not only inefficient in the long run,
but it generally removes the possibility of realizing the additional potential that emerges from repurposing data and
applications across projects. It is particularly important to provide ongoing access to rare and expensive to obtain
observational data, but the principle applies more generally as modern analysis and data mining techniques can
uncover information in most recombined data.

The introduction of interoperable persistent identifier systems assists in the use of data through providing key elements
to their provenance and thus provides us with the potential for new insights from repurposing of existing data. The
identification of objects and agents can be used to track the provenance of data right to the physical specimen studied
and the sensor used in the acquisition of data. In linking physical specimens with data, the IGSN implements a
component of the Internet of Things for the geosciences.
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