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The	ENVRIplus	project	
ENVRIplus	(hAp://envriplus.eu/)	builds	upon	the	work	of	the	original	
ENVRI	project:	
•  Providing	shared	solu+ons	for	science	and	society.	
•  Defining	common	opera+ons	for	environmental	research	

infrastructures	(RIs).	
The	Data	for	Science	theme	addresses	the	need	for	interoperable	
services:	
•  Addressing	six	topics	of	iden(fica(on	and	cita(on,	cura(on,	

cataloguing,	processing,	op(misa(on	and	provenance.	
•  Guided	by	a	common	reference	model	(ENVRI	RM),	seman(c	

linking	framework	(OIL-E)	and	architecture	design.	
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ENVRI	RM	can	be	used	to	help	standardise	RI	
descrip,ons	and	iden,fy	compa,ble	
interfaces	and	points	of	overlap.	

OIL-E	describes	RIs	and	their	components	to	
produce	a	seman,c	landscape	of	RIs.	

OIL-E	can	be	used	to	iden,fy	the	APIs	(and	
API	standards)	used	by	RIs,	VREs	and	e-Is.	

OIL-E	will	provide	a	knowledge	layer	for	use	
by	services	that	associates	technology	

profiles	with	different	workflows/ac,vi,es.	



ENVRI	Reference	Model	
The	ENVRI	Reference	Model	(hAp://envri.eu/rm/)	provides	a	standard	set	of	
archetypes	for	different	classes	of	actor,	informa,on	object,	behaviour,	etc.	
commonly	found	within	environmental	science	RIs.	
•  The	reference	model	(ENVRI	RM)	places	these	archetypes	in	the	context	

of	the	research	data	lifecycle,	iden,fying	the	cri,cal	elements	of	data	
acquisi(on,	cura(on,	publishing,	processing	and	use.		

By	referring	to	ENVRI	RM,	RI	architects	can:	
•  Iden,fy	which	elements	are	most	important	to	them.	
•  Determine	any	gaps	within	their	own	(planned)	infrastructure.	
•  Compare	against	other	RI	specifica,ons—in	par,cular	looking	at	how	

other	RIs	solved	the	same	problems	and	what	technologies	they	used.	



ENVRI	research	data	lifecycle	



ENVRI	RM	viewpoints	



Common	vocabularies	
•  There	are	a	large	number	of	controlled	vocabularies	and	vocabulary	

management	systems	(VMSs)	being	used	by	RIs.	
•  For	example	in	the	ecosystem	domain:	

•  EnvThes	(hAp://vocabs.ceh.ac.uk/evn/tbl/envthes.evn).	
•  GEMET	(hAp://www.eionet.europa.eu/gemet).	
•  BioPortal	(hAps://bioportal.bioontology.org/).	

•  Also	plenty	of	general	metadata	schemes	of	importance,	such	as:	
•  ISO	19115	(and	19139)	w/	INSPIRE	(hAp://inspire-geoportal.ec.europa.eu/)	
•  DCAT-AP	(hAps://joinup.ec.europa.eu/asset/dcat_applica,on_profile/descrip,on)	
•  CERIF	(specifically	classifica,on	schemes;	

hAp://www.eurocris.org/cerif/main-features-cerif)	

•  Many	of	these	vocabularies	can	be	(and	in	prac,ce,	are)	used	to	describe	
various	objects	of	concern	to	RIs.	



Common	vocabularies	

ENVRI	RM	provides	standardised	vocabulary	for	defining:	
•  The	major	actors	in	an	RI	and	the	behaviours	they	engage	

in.	
•  The	main	informa+on	objects	generated	and	used	within	

an	RI.	
•  The	main	services	and	resources	needed	to	support	RI	

opera+ons.	
By	promo,ng	a	common	set	of	terms	for	RI	en,,es,	ENVRI	
RM	helps	normalise	and	streamline	discourse	between	
different	RI	ini,a,ves.	



Open	Informa,on	Linking	
Open	Informa,on	Linking	for	Environmental	science	research	infrastructures	(OIL-E)	
(hAp://www.oil-e.net/)	is	intended	to	provide	a	framework	for	seman+c	linking	
between	different	RI	standards	and	vocabularies.	
•  OIL-E	uses	the	archetypes	of	ENVRI	RM	to	produce	an	upper	ontology	for	RI	

specifica,ons.	
•  OIL-E	provides	a	linking	model	for	describing	the	overlaps	between	the	different	

metadata	schemes	used	by	RIs	to	describe	their	resources.	
•  OIL-E	provides	links	to	seman+c	mappings	that	used	to	convert	between	schemes.	
Using	OIL-E,	the	ENVRIplus	project	will	build	a	knowledge	base	describing:	
•  The	seman+c	landscape	of	environmental	science	RIs	in	Europe.	
•  Informa,on	about	metadata	schemes,	ontologies,	thesauri	and	other	controlled	

vocabularies	used	by	RIs.	
•  How	to	navigate	the	seman,c	boAlenecks	facing	the	establishment	of	an	open	

science	commons	in	Europe	and	beyond.	
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Navigating the evolution of research data through 
acquisition, curation, publishing, processing and use.

A standard nomenclature for the actors, services, 
behaviours, information objects and other RI 

archetypes.

SIOS	

Seman,c	linking	
in	ENVRIplus	

We	collected	informa,on	from	environmental	
RIs	and	communi,es:	requirements,	
technologies	and	the	current	state	of	the	art.	
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We	used	RM-ODP	to	model	the	‘archetypical’	
environmental	science	research	infrastructure.	
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This	resulted	in	a	standard	reference	model	
(ENVRI	RM)	with	a	common	vocabulary	for	
describing	various	kinds	of	component	and	
ac,vity	used	in	RIs.	
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Concurrently,	we	also	gathered	informa,on	
about	community	standards,	seman,c	
resources	and	vocabularies	for	other	aspects	of	
environmental	research,	data	and	process	
specifica,on.	
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We	captured	ENVRI	RM	as	a	set	of	OWL	2	
ontologies,	to	use	as	an	upper	ontology	for	RI	
architecture	via	which	we	could	link	to	various	
standards	and	specifica,ons	used	by	different	
RI	en,,es.	This	is	the	core	of	our	OIL-E	
framework.	



Current RI 
technologies

Documentation

Requirements

The ENVRI Reference Model describes 
environmental science research infrastructures  

based on input from RI communities

Information
(data lifecycle, 

information 
schemas, dataset 

packaging)

Data
acquisition

Community
support

Reference Model

Measurement
control

Authorisation

Data
processing

Processing
control

Discovery

Data
curation

Quality
checking

Cataloguing

Data citation

Data
access

Authentication

Product
generation

Identification

Publication

Data
transmission

Workflow
enactment

Data
collection

Access
control

Resource
registration

Metadata
harvesting

Preservation

Engineering
(distribution of 

components, data 
channels)

Science
(research, 

communities, 
roles and policies)

Computation
(functional 

decomposition, 
control flow and 

interfaces)

Technology
(technology and 

standards 
selection)

Experiment 
descriptions

Metadata 
standards

Virtual 
research 

environments

Service APIs

Service-
oriented 

architectures

Monitoring 
frameworks

Infrastructure 
specifications

Installation/
execution 

scripts

Data transfer 
protocols

QoS 
specifications

SLA 
specifications

Formal 
verification 
languages

Use-cases

Policy 
models

Research
Infrastructures (RIs)

and communities

ENVRI Reference Model

Open Information Linking
for Environmental science RIs

Open Information Linking for Environmental science 
research infrastructures is intended to provide a 

framework for linking the different standards, 
vocabularies and metadata schemes used by 

communities 

Community standards
(ISO 19115/19139, CERIF, EnvThes…)

Resource catalogues
(RI metadata for datasets, resources, sites…)

Semantic Web technologies
(RDF, OWL 2, SPARQL…)

The ENVRI Reference Model defines standard 
archetypes (actors, services, behaviours, etc.) and a 
standard vocabulary for describing RI architecture

Open Information Linking for Environmental science RIs 
uses the Reference Model as an upper ontology for 
linking different standards, building a semantic 
landscape for European environmental research
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(http://www.oil-e.net/ontology/)

ENVRIplus
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Research data 
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Interlinking RIs’ semantic contexts; the 
standards, vocabularies and metadata schemes 
used and the mappings available between them.

Providing a map of environmental RIs and their 
technologies, and supporting comparison and 

analysis of RI designs.

An upper ontology for RI design and 
architecture, serving as a basis for knowledge.

Specialising RI design for different stakeholders: 
scientists, data curators, software engineers, etc.

Navigating the evolution of research data through 
acquisition, curation, publishing, processing and use.

A standard nomenclature for the actors, services, 
behaviours, information objects and other RI 

archetypes.

SIOS	

Seman,c	linking	
in	ENVRIplus	

With	OIL-E,	we	are	now	mapping	the	seman+c	
landscape	of	environment	science,	linking	
standards	and	vocabularies	to	different	en,,es.	
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In	ENVRIplus	we	are	building	a	knowledge	base	
to	contain	all	the	OIL-E	data,	and	provide	
interfaces	for	interac,ng	with	RI	descrip,ons	
and	linked	external	data.	



OIL-E	ontologies	
The	ENVRI	RM	ontology	provides	the	core	of	the	OIL-E	framework.	
•  Ontologies	available	at:	hAp://www.oil-e.net/ontology/	
The	current	working	version	of	the	ontology	is	split	across	three	OWL	
2	files:	
•  oil-base	(hAp://www.oil-e.net/ontology/rm-core.owl)	
•  envri-rm	(hAp://www.oil-e.net/ontology/rm-archetypes.owl)	
•  rm-correspondences	(

hAp://www.oil-e.net/ontology/rm-correspondences.owl)	
Online	visualisa,on	of	envri-rm	(using	WebVOWL):	
•  hAp://visualdataweb.de/webvowl/#iri=hAp://www.oil-e.net/

ontology/envri-rm.owl	



OIL-E base properties (v2.1)

has member«community»

«reference model 
classifier»

«reference model 
thing» has classifier

«reference model 
thing» «reference attribute»has attribute

«computational 
object» consumes «data stream»

«reference model 
thing»

«reference model 
thing» corresponds with

«reference object»«reference activity» creates

«reference activity»«reference activity» follows

«actor»

«reference model 
thing»

«reference model 
thing» has part

has resource«community» «resource»

«reference activity»«reference object» invokes

«computational 
object» produces «data stream»

«reference activity»«reference object» provides

«reference object»«reference activity» requires

«xsd:string»«reference model 
thing» has objective

«reference model 
thing»

«reference model 
classifier»

«modelling 
viewpoint»

«computational view 
thing»

«science view thing»

«information view 
thing»

«engineering view 
thing»

«technology view 
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computational 
viewpoint

science viewpoint

information viewpoint

engineering 
viewpoint

technology viewpoint

has classifier

has classifier

has classifier

has classifier

has classifier

«reference object»

«reference attribute»

«reference activity»

«behaviour»

«information action»

«operation» requires

invoked by

provided by

«simple operation»

«complex operation»

has part

«information state»

«computational 
object»

«science object»

«information object»

«engineering object»

«technology object»

«binding object»

«data stream»

«persistent object»

consumed by

produced by

«hardware object»

«software object»

«standard»

«actor»

«artifact»

«resource»

required for

created during

«community»has member

Base	schema	of	
OIL-E	ontologies	
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In	OIL-E,	most	en,,es	are	objects	(e.g.	people,	
data	or	resources),	ac+vi+es	(e.g.	agent	
behaviours	or	computa,onal	opera,ons)	and	
aGributes	(e.g.	data	state).	
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OIL-E	also	classifies	different	en,,es	by	
viewpoint,	as	defined	by	ODP	(enterprise/
science,	informa,on,	computa,on,	engineering	
and	technology)	
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OIL-E	defines	a	generic	set	of	rela,ons	between	
different	classes	of	en,ty,	which	can	be	sub-
classed	for	viewpoint-specific	en,,es,	but	also	
allows	cross-viewpoint	rela,ons	to	be	defined.	
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OIL-E	is	a	living	specifica,on;	as	ENVRI	
RM	evolves,	so	too	does	the	set	of	top-
level	concepts	needed	to	fully	capture	
the	archetypes	it	defines.	



«calibrate instrument» 
CalibrateElenaMicroscope

«configure controller»
ConfigureElenaMicroscope

«field laboratory»
ElenaExperimentEnvironment

«specification of investigation 
design»

ElenaInvestigationDesign

«instrument controller»
ElenaMicroscopeControl

instantiates

invokes

«sensor» ElenaMicroscope

«instrument calibration» 
ElenaMicroscope

Calibration

requires

«observer» ElenaStanca

requires

creates

requires

provides

provides

«measurement result»
ElenaSample1

«data collection»
ElenaSample1Data

Collection

requires

«perform measurement or 
observation»

ElenaSample1
Measurement

creates

PhytoplanktonMeasurement
Specification : «specification 

of measurements or 
observations»

requires

«design experiment»
ElenaSampling
Methodology

requires

«data acquisition community»
PhytoPlanktonDataAcquisition

Community

member of

«technology object»
NikonT300E

«design measurement 
model»

Phytoplankton
MeasurementModelDesign

«measurement model 
designer»

PhytoplanktonMeasurement
ModelDesignerrequires

part of

«measurer» 
PhytoplanktonMeasurer

member of

«specify investigation 
design»

SpecifyElenaInvestigation
Design
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«specify measurement or 
observation»
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Measurement
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uses technology

«instrument 
configuration»

ElenaMicroscope
Configuration

corresponds with

«oboe-core:Observation»

maps to?

«OBI:plan specification»

maps to?

«BCO:sampling process»

maps to?

should capture:
?Project Name
?Site Name
?Station Code
?Sample Date
?Operator Name
?Biovolume/L 
? Chla

'Object' concept

'Activity' concept

computation view concept

science view concept

information view concept

technology view concept

external concept

Mul,-view	modelling	
in	OIL-E:	

phytoplankton	
observa,on	
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Descrip,ons	of	RI	ac,vi,es	in	OIL-E	are	
knowledge	graphs	combining	various	
kinds	of	object	and	ac,vity,	crossing	
mul,ple	viewpoints.	
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OIL-E	graphs	have	both	internal	linking	
between	viewpoints	(e.g.	associa,ng	
use-case	behaviours	with	data	
transforma,ons	and	technical	
opera,ons)…	
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…and	external	linking	with	outside	
standards	(e.g.	associa,ng	ac,vi,es	
with	concepts	drawn	from	dedicated	
ontologies	for	environmental	
processes	and	research	inves,ga,ons).	



Linking	with	external	standards:	OIL-E	and	CERIF	

CERIF	is	a	European-supported	standard	for	research	object	
representa,on	in	RDBMS	form.	
•  CERIF	also	has	an	OWL	specifica,on,	for	allowing	mappings	

of	ontological	data	into	CERIF	databases	(and	vice	versa).	
•  Rela,ons	between	objects	are	modelled	as	objects	

themselves,	with	seman,cs	added	via	classifica,on.	
The	most	natural	way	to	leverage	ENVRI	RM	in	the	context	of	
CERIF	is	to	use	it	as	a	set	of	classifica,on	schemes	for	CERIF	
concepts	and	rela,ons.	
•  A	formal	mapping	has	been	defined	in	the	context	of	the	

VRE4EIC	project,	and	is	being	encoded	in	X3ML	format	
using	3M	(www.ics.forth.gr/isl/3M/).	
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project,	and	is	being	encoded	in	X3ML	format	using	3M	
(www.ics.forth.gr/isl/3M/).	



ENVRI+	Knowledge	Base	
Current	prototype	based	on	Apache	Jena	Fuseki	(
hAps://jena.apache.org/documenta,on/fuseki2/).	
•  Contains	full	OIL-E	ontologies.	
•  Currently	contains	a	sample	of	RI	data	for	experimenta,on	and	analysis.	
•  Provides	SPARQL	endpoint	(hAp://oil-e.vlan400.uvalight.net/rm/sparql?).	
Applies	automated	reasoning	based	on	OIL-E	ontologies.	
•  Allows	clients	to	navigate	the	hierarchy	of	ENVRI	RM	archetypes	to	infer	

required	characteris,cs	and	interac,ons.	
Provides	the	core	of	a	developing	ecosystem	of	knowledge	driven	services	as	
part	of	the	ENVRIplus	common	services	suite.	
•  Augmen,ng	cataloguing,	op,misa,on,	RI	design,	requirements	analysis,	

etc.	



ENVRI+	Knowledge	Base	
Want	to	support	a	range	of	knowledge	driven	services:	
•  From	problems	to	processes	across	different	domains.	
Need	to	support	a	range	of	queries	from	RI	architects/engineers	and	from	upstream	services	regarding:	
•  Metadata	about	RIs	by	domain	and	organisa,on.	
•  Services	offered	by	RIs,	the	technology	used	and	their	requirements.	
•  What	RIs	offer	same/similar	services.	
•  How	RIs	make	use	of	par,cular	technologies	(including	standards)	for	their	own	(different?)	

services.	
From	these	basic	building	blocks,	will	build	a	number	of	knowledge-driven	services	regarding:	
•  Interac,on	with	provenance	databases.	
•  Quality	checking	of	annota,ons.	
•  Recommenda,on	genera,on	based	on	requirements.	
•  Cross-RI	catalogue	search.	
•  Interoperability	analysis	(gap	analysis	and	iden,fica,on	of	complementary	solu,ons).	
•  Scenario	analysis	(link	use-cases	to	RI	specifica,ons).	


