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= Long-term preservation

m Earth observation missions can cover a long timespan (+30
years)

m Both data and models need to be preserved (e.g. harvesting

of Bathymetry data for Sea Monitoring) gggg
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® Long publication and documentation cycles ggg
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= Sharing & atiribution
m Reluctance of individual organisations and/or scientists to

ion

Reproduce
Search

provide access to their data, methods and tools (IP issues, m%b g
lack of time or resources, sensitivity of the resources involved, _9_'58 ©
professional rivalry and competitiveness...) %%ﬁu?}o > 0
» Lack of data/methods citation mechanisms to give credit to Egé < Em
and incentivize authors to share <= %m
. 30.2%q)
= Automation 2 3
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m |Long tail of software and computational resources

m [imited adoption of scientific workflows for data orchestration
and claim validation
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=== Research Object — The Concept

A Research Object is an information artefact that contains and
describes everything about your research, including how those things |. Logically organize and describe in a

are related, in ways that are readable both by humans and machines single information unit the resources,
materials, methods and outfcomes

of an investigation

@ Enabling reproducible, transparent research. % ror m m m II. Share your research materials with
other scientists at discrete

milestones of your investigation.
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== Modeling Research Objects

s Aggregation (OAI-ORE) plus annotation

(Annotation Ontology) m Geospatial information

geo:SpatialObject

eo:Feat eo:Geomet
dcthhls 9 e u 9 ry

geo:l hasGeome(ry

LsfSurface J [ sf:Point ]
>
sf:Polygon

= Time-period coverage

m Other vocabularies used in annotation bodies to = Data access policies .
provide information about resources, involving = Intellectual Property
types, dependencies, and descriptions Rights

[

owl:Thing

m General metadata
(discipline, size, format,
date...)

ro:Manifest

ro.Resource <«

1 ore:isDescribedBy

\ p

oa:hasTarget N
ore:aggregates ) ~ | ro:Research Object
L = Eight new types of research s FesearchProduc
‘ . . . __ResearchObject
wfdesc:Workflow ” object, including: roes:ProcessResearch)__\ a Y
. . : Object
ro:Annotation < ( »  Workflow-centric, but also o = a— > ro:
. . 7 o <7
L — Annotation graphJ process and service-centric "é?sli'm"ﬁéﬁl‘i? :;f;c%j::g
. . ore:aggredate: iiever:
oa:hasBody = Data-centric Seript
) ) = Research product-centric
ro (aggregation and annotation) )
o = Documentation
widesc (workflow description) PO »
emantic ibli i
wiprov (workflow provenance) W3C S wes " Bibliographic
roevo (evolution model) —
minim (minimum information @ QLD prov-o

model) Available at: https://qithub.com/wf4ever/ro/tree/earth-science




T'“‘i.ﬁ’é"éiﬁ“&ﬁii‘iby RO H U b Org _ Th e RO
Management Platform

m Comprises both Haone

m Backend service (RODL) and API

m A reference web client
application (ROHub portal)

m Feqatures include
m Creation and preservation
m |ifecycle and version mgmnt.
® Change tracking

Q#ROHUB

SeaMonitoring01

Content

HOME ABOUT ACTIVITY EXPLORE DISCOVER MYROS PEOPLE SUPPORT

Quality Activity

Life cyde Relations Impact

SHARE v

G C (0 @ vmi.everest.psnc.pl/seamonitoring/

everest = o @ B f|l # = =

HOME ABOUT ACTIVITY EXPLORE DISCOVER MYROS PEOPLE SUPPORT SHARE v

m Quality and decay monitoring

m Search, explore, reuse (fork)
m Follow, subscribe and notifications
m | kes and ratings

Palma R, Hotubowicz P, Corcho O, Gomez-Perez JM. ROHub - A Digital Library of
Research Objects Supporting Scientists Towards Reproducible Science. In Presutti
et al. (eds) Semantic Web Evaluation Challenge. SemWebEval 2014, Springer.

ROHub Key Facts

ROHub currently stores 3098 research objects, aggregating 84574
resources and 23639 annotations, and has 96 active users .

Concept:

Frequent expression:

Place:

Latest news

06 March 2018, 13:00

ROHub portal v0.10.0 has been released. This release includes new

model, habitat,Area,Shetland Islan e

east,distribution,water,corals,seal R b T —
S e Forent

geography,hydrography

habitat suitability model, Maxent : o Wy

file,ec phic variable, high resolution bathy y data,profile curvature,softw

Bari Canyon,Mount Wilson

Show annotations




e COmMMuNIty Building and Content

Golden
Exemplar ™%

Res e O rC h Ii;eep Sea Habitat
Objects

: e la s
i
g M = = e
o €3 SR . g o o
e e e g =

el

The Citizen science Trend in the evolution Hazard Impact Model
Suitabilty Model and jellyfish of invasive jellyfish Development
distributi Researct

distributio

Land monitoring Volcano Source IPWV map generation 2013 Mount Etna
Golden Exemplar Modelling (VSM) - This n e Eruption (bibliographic
Reseaiehia ol Application to Campi

Search)

Flegrei (Italy)

http://everest.expertsystemlab.com/home/#Golden%20Exemplars

= 20+ GEROs produced by the
EVER-EST communities and
collaboration with the USA

Y

National Ecological Observatory . S n .) n
Network (NEON) and UNAVCO UNAVCO_O C
g

National Ecolegical Observalory Network

: {{i‘r .df @
COOPEUS u2RaGum Lifewaich

ROHub currently stores 3.099

research objects, aggregating 84.593
resources and 23.644 annotations

Automatically generated
Bibliographic Research Objects

m ~700 ABROs currently produced
= Semantically annotated

= [nclude grey literature, field reports,
heterogeneous operational information...

P /
$ H Natural Hazards
WE’LL" NHP FRRTERSSR
H o et ot et
@& \
e (a
INGV Reports CNR Bibliographic References NHP Assessments

glio Nazionale

Partnership. 92 automatically generated Research




Two recent and relevant developments g
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-~ The Metadata Chasm @ @
@

= Towards FAIR-ness, metadata is key

m For scientists (“would this research object fit my
investigation, as a whole or partiallye”)

Manual inspection of 2,500 research objects showed only a
third have a proper title, with average length of 38 chars. Also,

= For machines, through machine-readable usually short (138 chars) and non-descriptive descriptions
annotations by search engines or recommendation
systems
= For both: To answer scientific questions )
Where is the
= Research object metadata usually generated confent
manually (labor-intensive and scarce) metadatae

= Metadata focused on lifecycle, structure and
resource types rather than actual payload -
valuable knowledge sources like scientific
papers, field notes or technical reports ignored

= Related information hidden and non-actionable
for machine discovery, search or reasoning 4

m Limited diffusion and reuse of scientific outcomes

The Mainstream Market

THE CHASM




=z Crossing the Chasm — Semantically !
Enriching Research Objects

;# » Automated Semantic Annotation Natural Language
ROHUB Processing
Research Object

Text Extractur m COGITO, standard version w/o earth science extensions
«¢ ="E-)$ ’E‘ ® Main entities include concepts, lemmas (canonical
£ -~ — representation of a word) and relations (properties,
w Text
<z Semanti:mal o hypernymy, polysemy, synonymy...)
S g Y i m ~300K syncons, ~400K lemmas, 80+ relation types (~2.8 million
Bzl | COGITO links)
g3 - . . .
2§ Metadata m Supports word-sense disambiguation based on word context
s d
3 " Annotation Module , , L
4 ‘ ® Semantic enrichment annotates the most significant

(_ Omolosy omolory concepts, domains, lemmas, noun phrases and named
entities in research object resources (titles, descriptions,

papers, bibliography...)

Gomez-Perez, J. M., Paima, R., & Garcia-Silva, A. (2017). Towards a Human-Machine Scientific Partnership .
Based on Semantically Rich Research Objects. In 2017 IEEE 13th International Conference on e-Science eSC|ence
(eScience) (pp. 266-275). |IEEE. https://doi.org/10.1109/eScience.2017.40 B oot e o




the European U

.m_ Richer, Machine-Readable @ g
Metadata Enables Cool Apps... oo

Context of
Content Other users Me interest m Exploratory search and
\ / recommendation of research
objects in scientific social networks

search a Research Object...
volcano search a scientist/specialist...

My Research Objects Collaborators
All Research Objects All Scientists

Volcano Source Modelling (VSM) - Appl...

B Recommend by example

Piotr Holubowicz

Volcano Source Modelling (VSM) - Appl...
Oscar Corcho

m Focused on the aggregated
similarity of the context of interest
with other items in the repository

Marcin Krystek

Kristina Hettne

Kristina Hettne
Khalid Belhajjame

Jose Manuel Gomez-Perez

m Based on metadata automatically
generated from research object
content and structure

A review of Italian research on free-living marine

nematodes and the future perspectives on their use as
Ecological Indicators (Ecolnds) &
et Q707 by

m Extends findability and reusability
Ranked N .
| recommendation & «wo #Fouw B Reduces cognitive load exploring
scientific repositories
Automatically Information card e

Rico M, Gomez-Perez JM, Gonzdlez R, Garrido A, Corcho O. (2017). Collaboration Spheres A Visual
genero’red metadata Metaphor to Share and Reuse Research Objects. arXiv preprints https://arxiv.org/abs/1710.05604v 1
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;#?OHUB HOME ABOUT ACTIVITY EXPLORE DISCOVER MYROS PEOPLE  SUPPORT SHARE ~ Raul Palma m
UNAVCO_GPS_Timeseries-snapshot-3

Look for the keywords or find person Q All research areas ~

[ Need helg? Leam how to browse Research Objecs .. | m Content Quality Activity Life cycle Relations Impact

@ Views 164 ® Downloads 1 [ Content 106 L Activity 30 P Forks 12 & Snapshots 12 B Qualty 12 8 Size 136MB

UNAVCO_GPS_Timeseries

Research Area: Natural and applied sciences
m Content Quality Activity Life cycle Relations Impact @
Title: UNAVCO GPS Timeseries
® Views 194 @ Downloads 4 [ Content 121 0 Activity 28 P Forks 2 Snapshots 12 & Quality 2 & Size  NaNundefined N
Description: The GAGE GPS Analysis Centers process data from more than 2,000 GPS stations. Most of these stations are operated by UNAVCO as
o part of the PBO, COCONet, TLALOCnet and smaller regional networks. Also processed are stations from the Southern California of
Research Area: Natural and applied sciences ® Integrated GPS Network (SCIGN), the NASA Global Geodetic Network (GGN), the International GNSS Service (IGS) network, the Rio
Title: UNAVCO GPS Timeseries Grande Rift network, the GPS Array for Mid America (GAMA), the Basin and Range Geodetic Network (BARGEN), the Idaho National X
N Laboratory (INL) network, the Pacific Northwest Geodetic Array (PANGA), the Western Canada Deformation Array, SuomiNet, GulfNet,
Description: The GAGE GPS Analysis Centters process data from more than 2,000 GPS stations. Most of these stations are operated hv LINAVCO as and stations near the epicenter of the 23 August 2011 M5.8 Mineral, VA earthquake. Data from GPS stations not archived by UNAVCO are
part of the PBO, COCONet, TLALOCnet and smaller regionial networks. Also processed are stations from the Southern  Eyglution Lo . obtained from the NOAA National Geodetic Survey (NGS) Continuously Operating Reference Station (CORS) data center, the NASA
Integrated GPS Network (SCIGN), the NASA Global Geodetic Network (GGN), the International GNSS Service (IGS) nety Crustal D ics Data Inf tion System (CDDIS), the U.S. Geological S the Scri Orbitand P tA Center (SOPAC)
Grande Rift network, the GPS Array for Mid America (GAMA), the Basin and Range Geodetic | 5 o I 3 a a | e fusia ynaml(.s ata informa .on yStEm r L., UEOI00ICH SIEVEY, The STTIPPS ftand Femaneit/uray Lenter .
Laboratory (INL) network, the Pacific Northwest Geodetic Array (PANGA), the Western Cana napsio and the International GNSS Service (IGS).

and stations near the epicenter of the 23 August 2011 M5.8 Mineral, VA earthquake. Data frol iv FIND, ACCESS, AND REUSE DATA

obtained from the NOAA National Geodetic Survey (NGS) Continuously Operating Reference t Snapshot http://sandbox.rohub.org/rodI/ROs/UNAVCO_GPS_Timeseries-snapshot-3/
Crustal Dynamics Data Information System (CDDIS), the U.S. Geological Survey, the Scripps 4 ]

and the International GNSS Service (IGS). Snapshot +DOI Archive

Link: http:/lsandbox.rohub.org/rod|/ROS/UNAVCO_GPS_Timeseries/ —————— D O I : 1 0 . 5 0?2 i ro- id . BXI I LX KN N W

Status: LIVE

Creator: |ose Manuel Gomez Perez
Creation date: 2017-05-01089:49:54

Credits: N/A[Jose Manuel Gomez Perez]

®

| HANDBOOK | FACTSHEETS | FAQs | RESOURCES | REGISTRATION AGENCIES | NEWS | MEMBERS AREA @ ‘EVO'VG‘ D

The DOI® System R Resolve a DOI Name Fork Release &

Type or paste a DOl name, e.g., 10.1000/xyz123, into the text box below. (Be P U bl |S h
sure to enter all of the characters before and after the slash. Do not include
extra characters, or sentence punctuation marks.)

10.5072/ro-id.BXILXKNNW I
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The Research Object Journey
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Towards a Digital
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=== The research object of this talk

;#R‘OHUB HOME ABOUT ACTIVITY EXPLORE DISCOVER MYROS PEOPLE  SUPPORT SHARE~ | JoseManuelG... m

Research objects and ROHub - A journey from theory to practical
infrastructure

Look for the keywords or find person . i i
José Manuel Gomez-Pérez' and Raul Palma?

| Need help? Learn how to browse Research Objects . : . . . : )
ES ——————————— A research object is a semantically enriched information unit encapsulating all the materials and

methods relevant to a scientific investigation, the associated annotations and the context where such
resources were produced and came into play. Research objects can be seen as artefacts of both a
technical and social nature, with the goal to enhance the sharing, preservation and communication of
data-intensive science, facilitating validation, citation and reuse by the community. On the one hand,
they deal with technical challenges such as preservation, reproducibility, interoperability and platform

F]lters Keyword : Research objects and ROHub - A journey from theory to practic Research Objects List portability and are rich with metadata that make them uniquely identifiable, processable, and

exchangeable by machines. On the other hand, research objects attempt to address some of the social

Results: 1076 aspects crucially involved in the scientific enterprise, facilitating that due credit is given to the authors

Research rea © @I@n@e: = - . of scientific contributions in their various forms, enabling discussions around the investigation, and
l P ” o H % 3 pr . 7 ‘ G “ » | ultimately supporting collaboration.

Creator [ON -] Models, tools and integrated infrastructure are consequently critical to realize this vision. As the

= reference platform for research object management throughout the entire lifecycle, ROHub

Creation date [ON -] (www.rohub.org) addresses such needs in practical ways. Its purpose is to support the management

g s % . and exploitation of scientific knowledge, resources and materials both by communities of scientists

Type (-] .Researd‘ shjectsand ROHub;:A journey from theary to practical 15:)3:\!;" I;O‘{Ig 17:48 g {? and by related stakeholders that require specialized knowledge at the forefront of scientific research.

infrastructure ! = Built entirely around the research object model and inspired by sustainable software management

State o @ o . ; . . . . Uploader: Jose Manuel Gomez Pe... principles, it is the only system that enables researchers to preserve their work and make it available

Aresearch object is a semantically enriched information unit encapsulating Credits: Unknown to others in the form of research objects, as well as to discover and reuse other research objects in its

Quality © all the materials and methods relevant to a scientific investigation, t... _ digital library. ROHub annotates research objects automatically based on their content and, as a

Quality 0 m DataCite node, it can release them with a DOL. It provides a web interface and a set of open APIs for

8  resources 4 annotations 0 comments 12 ditations ' programmatic access to its functionalities, enabling the development of custom applications and

coment ° integration with existing VREs. ROHub also encourages the creation of scientific social networks and

R enables discussion around research topics and specific contributions through comments and rating

Access rights (-] ROHUB documentation and user guides Status: LIVE IZ] ﬁ ROHub is the product of uninterrupted work funded by the European Commission during the last

26 January 2017,16:10 years, initially under the Wf4Ever® grant and currently in the context of EVER-EST?, which has built a

Clear filters x research object-centric virtual research environment for Earth Sciences using ROHub at its core.

This research object aggregates documentation and user guides related to Upl().ader: Raul Palma ROHub currently supports hundreds of transactions per hour and hosts several thousands of research

Credits: Unknown objects and hundreds of scientists, both in Europe and the USA, across several experimental and

ROHUB Quality 80 observational disciplines. Amongst them, Earth Sciences are particularly well represented in ROHub,

54 resources 17  annotations 0 comments 12 citations with user communities from fields such as sea monitoring, natural hazards, and geohazard supersites,

and also new communities from fields like ecology and biodiversity observation, which are adopting

ROHub as their platform for sharing, preserving and communicating scientific data, software and
methods.

! http://www.widever.org

http://www.rohub.org/rodetails/EGU18_VRE_session_keynote-1/ il
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Some key facts #R’OHUB a

m Number of Research Objects: m ROHUB storage size
2,500+ (starting point 1,200) = solr:
m Golden Exemplars: 2 or 3 per = named_objects: 868 / 912KB
VRC

m notifications: 275620 / 193MB
m r0S: 2648 / 15MB

m Number of users: 162 m ros-private: 146 / 1.1MB

m File system: 2.4GB
m Activity events: 275K+ = Tripple store: 1.1 GB

m Last week > 47K ( approx. 6K per m Database: 300MB
day )

m Generated automatically: 511

m ROHub access (previous week):

__ success __|ROs ____|resources

469081 466506 101935 367146
avg 58635 58313 12741 45893

*As of September 2017



