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1 EXECUTIVE SUMMARY 

The world of geographic information (GI) is, at present, extremely heterogeneous. A single system or 

technology cannot satisfy every user and system requirements, derived from this heterogeneity. As a result, 

an utter lack of agreement on interoperability standards exists, creating a barrier to realizing the full 

exploitation potential of GI. ENERGIC OD addresses these problems by adopting a brokered architecture 

and using several mature technologies to build all the parts in the solutions: client and server components of 

new innovative applications, the data brokering functionalities in the Virtual Hubs, the required new SDIs to 

be connected. 

There exist many Open Data and geographic information initiatives and projects that have produced 

numerous technological results in terms of software components, tools, standards and architectures. An 

inventory of these results is essential for the efficient implementation of the ENERGIC OD project. The main 

objective of WP2 is to provide a state-of-the-art study in R&D in the domains addressed by the rest of work 

packages, emphasizing the technological aspects needed for the design and implementation of the solution 

in WP5 and WP6. In order to do so, an inventory of R&D projects (in particular European projects in 

progress or already completed) in the domains relevant to ENERGIC OD has been performed. The most 

relevant projects were analysed by partners involved in WP2 in order to identify their strengths, weaknesses, 

opportunities and threats (SWOT) in relation to ENERGIC OD, evaluating dimensions such as types of data 

used and reused, technologies (used and results), standards, brokering approach, impact, dissemination 

and viability. An ulterior review of the SWOT showed that while GI standards and technologies are mature 

enough, Open Data (and in particular, Linked Data) technologies and standards are not at the same level of 

maturity. This fact should be taken into account when designing and implementing ENERGIC OD Virtual 

Hubs. Additionally, WP2 supplies valuable inputs to each one of the other ENERGIC OD work packages: 

 WP2 supplies to WP3 a catalogue that contains Open Data initiatives and an inventory of projects 
offering their own results as Open Data.  

 WP2 supplies to WP4 a list of relevant standards used to access to geographic information and 
Open Data used in the reviewed projects, together with other best practices that may serve as input 
to requirements and specifications of the Virtual Hubs. 

 WP2 supplies to WP5 and WP6 a compilation of technologies, tools, and standards used in 
European projects that have proven their maturity and can be used in the implementation of the 
Virtual Hubs and the pilot applications. These technologies include brokers, Linked Data 
management software, architectural specifications, processing and model chaining tools and cloud 
approaches, among others. 

 WP2 supplies to WP7 a set of best practices regarding dissemination and its possible 
implementation (such as hackathons and conferences, alignment with open source initiatives, social 
media, datahub.io), and suggests liaisons and collaborations with other active, related projects. 

 WP2 supplies to WP8 a collection of best practices regarding business models and exploitation 
plans identified in the reviewed projects, and insights on the causes of viability and sustainability or 
failure of those projects. 

2 INTRODUCTION 

The main objective of WP2 is to provide a state-of-the-art study in R&D in the domains addressed by the rest 

of work packages, emphasizing the technological aspects needed for the design and implementation of the 

solution in WP5 and WP6. In order to do so, an inventory of R&D projects (in particular European projects in 

progress or already completed) in the domains relevant to ENERGIC OD was performed [ENERGIC OD, 

D2.2, 2014]. A selection of the project most relevant to ENERGIC OD will serve as a source to identify the 

technologies that will be assessed in this state-of-the-art report. Additionally, the strengths, weaknesses and 
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convergences among the selected projects will be evaluated in this report, according to the methodology 

defined in D2.1 [ENERGIC OD, D2.1, 2014].  

This document will serve also as input to each one of the other ENERGIC OD work packages (WP3, WP4, 

WP5, WP6, WP7 and WP8). WP4 has to define technical and scientific requirements in order to facilitate the 

use of open GI from different data sources for the creation of innovative applications and services. WP4 also 

has to give specifications in order to overcome gaps, barriers and bottlenecks found in WP2 and WP3. 

Regarding WP5, task T5.2 (Virtual Hubs implementation), based on the logical architecture of the Virtual 

Hubs defined in task T5.1, will deliver one or more technical implementations that will be based on 

technologies identified in WP2 through this deliverable, that can be of use also for developing the pilot 

applications (WP6). WP7 will benefit from the identification of dissemination strategies capable of create an 

effective impact and, finally, WP8, from the business models found in the reviewed projects. This R&D state-

of-the-art report is the result of the application of “Compilation of project technologies” and “Analyze R&D 

projects” (comparative SWOT Analysis) steps defined in the methodology (Figure 1). 

 

Figure 1. Methodology overview. 

Next section presents a description of the main domains addressed by ENERGIC OD. Section 4 deals with 

the SWOT analysis of the most relevant projects to ENERGIC OD identified in D2.2 [ENERGIC OD, D2.2, 
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2014]. In subsection 4.1, the selection of these projects is made. Subsection 4.2 refines the comparative 

SWOT analysis methodology presented in D2.1 [ENERGIC OD, D2.1, 2014] in order to focus more on the 

framework keywords identified in the internal WP2 workshop [ENERGIC OD, D2.4, 2014]. Subsection 4.4 

extracts conclusions regarding the SWOT analysis in the form of input and best practices that could serve as 

input to WP3, WP4, WP5 & WP6, WP7 and WP8. Sections 0 and 6 describe the technologies, standards 

and architectures needed for the implementation of the Virtual Hubs and the pilot applications, and the 

technologies identified through the SWOT analyses. Section 7 extracts some conclusions. This report is 

accompanied by an annex that contains the comparative SWOT analyses performed for each of the selected 

projects. 

3 DESCRIPTION OF THE MAIN DOMAINS ADDRESSED BY ENERGIC OD 

This section describes the main technical domains addressed by ENERGIC OD, namely geospatial 

information (GI) and Open Data (OD). Geospatial information is discussed, together with the current 

paradigm of spatial data infrastructures, metadata and initiatives such as INSPIRE, Copernicus, Galileo and 

GEOSS. Open Data are also discussed, together with the directives on reuse of environmental data and 

PSI. A third general topic of relevance to ENERGIC OD and related both to GI and OD is crowdsourcing. 

3.1 Geospatial information 

Geospatial data, also known as geographical data, are data directly or indirectly linked to a geographical 

location on the Earth. Nowadays, more and more geospatial data are being gathered and made available by 

different institutions and companies, due to several factors such as the increasing number of sensors at 

monitoring sites, technological advances in high-resolution satellite imagery, or the wide availability of GPS 

data [Goodall et al., 2008; Giuliani et al., 2011; Pokorný, 2006]. 

Despite this increase in geospatial data availability, their use and management is still more complex (due to 

diversity and volume) when compared to other kinds of data [Di et al., 2008], so the need for effective data 

access, sharing, and processing becomes increasingly important. Not surprisingly, the main creators and 

users of geospatial information are public authorities [Brown and Brudney, 1998; Nogueras-Iso et al., 2004]. 

These public authorities need those data to come from well-known sources and to be of good quality 

[Molenaar, 2006a]. Geospatial information is generally difficult to create, maintain, and exploit; it is 

expensive, and presents scale, resolution, thematic and jurisdictional problems when used [Molenaar, 

2006a,b]. 

In the GI domain, the information systems that were in use two decades ago, could be classified in two 

categories [Pokorný, 2006]: Geographic Information Systems (GIS), designed and operated to store, 

manage and transform geospatial data [Jeong et al., 2006]; and Decision Support Systems (DSS), used for 

scenario evaluation and inferring conclusions by means of simulations based on mathematical models and 

environmental data [Giupponi, 2007]. Historically, these types of systems have been used independently, 

except for data exchange among them, usually through ad hoc export and import operations. 

The introduction of the Spatial Data Infrastructure (SDI) paradigm changed this scenario. SDIs are large, 

distributed spatial information systems which intend to provide support to spatial data applications in 

different sectors [Béjar et al., 2012]. SDIs provide the framework for the optimisation of the creation, 

maintenance and distribution of public geospatial information [Nebert, 2004; Nogueras-Iso et al., 2005] and a 

platform for the distribution of geospatial information (e.g. environmental data), at different organisational 

levels (local, national, regional and global) [Buehler and McKee, 1996] involving both public and private 

institutions [Nebert, 2004; Nogueras-Iso et al., 2005]. 

SDIs are commonly headed by public administrations, ideally, those that have the responsibility of creating 

and maintaining geospatial information at any level. One of the roles of SDIs is contributing to the spatial 
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enablement of societies and governments by providing a supporting platform [Masser et al., 2008; 

Nogueras-Iso et al., 2004; Rajabifard, 2008)]. This support can be used to provide information services to 

citizens and for citizen empowerment [Georgiadou and Stoter, 2008], or to facilitate their relationship with the 

public administrations [Latre et al., 2010, 2013]. 

SDIs are composed of spatial datasets, metadata and services; agreements on sharing, access and use; 

and coordination mechanisms [European Parliament and Council, 2007]. Discovery, access and distribution 

of up-to-date information are achieved by means of standard web services. These services are usually 

specified in standards developed by the United States Federal Geographic Data Committee (FGDC), the 

International Organization for the Standardization (ISO) and the Open Geospatial Consortium (OGC), for 

instance as proposed by [Nebert et al., 2007a]. Among others, these services are: 

 Catalogue services for the Web (CSW), that enable the search and retrieval of geospatial metadata 
[Nebert et al., 2007b], 

 Web map services (WMS), that provide geospatial visualisation of the data in the form of maps [De 
la Beaujardière, 2006], 

 Web feature services (WFS), that allow querying for data satisfying certain characteristics or 
attribute values and provide the requested data in Geography Markup Language (GML) format 
[Portele, 2012; Vretanos, 2010], and 

 Gazetteer services, that enable the search and retrieval of geographical names [Harrison and 
Vretanos, 2012]. 

Several authors have been pointing out the necessity to include also other spatial web service types in SDIs 

for some time [Bernard and Craglia, 2005]. Among them it would be fundamental to consider the OGC Web 

Processing Service (WPS) specification [Schut, 2007, 2009], which has been evaluated and found 

appropriate to encapsulate geoprocessing as a web service [Kiehle, 2006; Michaelis and Ames, 2009]. 

In the field of GI and SDIs, two forces are driven powerfully they current developments: INSPIRE directive 

and the joint effort of the ISO/TC 211 Standard Technical Committee and the Open Geospatial Consortium. 

The INSPIRE Directive (INfrastructure for SPatial InfoRmation in Europe) [European Parliament and Council, 

2007] was approved by European Union in 2007. INSPIRE is an ambitious legislative directive whose aim is 

the creation of a European SDI in order to support Community environmental policies, and other policies or 

activities which may have an impact on the environment. The European SDI is developed hierarchically, i.e. 

it is based on the infrastructures established and operated by the Member States. In the same way, these 

national SDIs could be built including other infrastructures developed at sub-national levels, also as a 

hierarchy [Rajabifard et al., 2000, 2003] or as a connected network [Vandenbroucke et al., 2009]. Currently, 

the main point of access of the European SDI is the INSPIRE Geoportal
3
, maintained by the DG Joint 

Research Centre of the European Commission. 

Under the umbrella of INSPIRE, a set of so-called implementing rules
4
 have been defined. These 

implementing rules provide solutions and a common framework for aspects such as harmonisation and 

interoperability of datasets and development of common data models, the creation of metadata for 

discovery, the development of network services, data and service sharing measures, and monitoring and 

reporting; all this in order to facilitate the sharing of information among EU public authorities, bodies and 

institutions. Seamless sharing of data among different levels (local, sub-national, national, regional) is one of 

the principles that lay behind the philosophy of the design of SDIs. 

Agreements, organisations and programs needed to coordinate SDIs at different scales are also parts of the 

SDI [Béjar, 2009]. The Open Geospatial Consortium (OGC)
5
 and the ISO/TC 211 standard technical 

                                                      
3
 http://inspire-geoportal.ec.europa.eu/ 

4
 http://inspire.jrc.ec.europa.eu/index.cfm/pageid/47 

5
 http://www.opengeospatial.org/ 

http://inspire-geoportal.ec.europa.eu/
http://inspire.jrc.ec.europa.eu/index.cfm/pageid/47
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committee
6
 from the International Organization for Standardization have been publishing standards and 

specifications in the field of digital geospatial information since the 1990's [ISO/TC 211, 2009]. ISO/TC 211 

and the OGC formed a joint coordination group to leverage mutual development and minimise technical 

overlap. The OGC is submitting their specifications for ISO standardisation via ISO/TC 211. 

The ISO/TC 211 standard technical committee is responsible for preparation of a series of International 

Standards and Technical Specifications in the field of digital geospatial information. These standards specify 

methods, tools and services for geospatial data management (including definition and description), and for 

acquiring, processing, analysing, accessing, presenting and transferring such data in digital/electronic forms. 

The themes addressed by the standards developed by the ISO/TC 211 include simple features access, 

reference models, spatial and temporal schemas, location-based services, metadata, web feature and map 

services and classification systems. 

The Open Geospatial Consortium (OGC) is an international industry consortium of companies, government 

agencies and universities participating in a consensus process to develop publicly available interface 

standards. OGC standards deal mainly with interoperability in the web and are developed in a consensus 

process to enable geoprocessing technologies to interoperate. OGC standards are technical documents that 

detail interfaces or encodings. Software developers use these documents to build open interfaces and 

encodings into their products and services. OGC Web Services (OWS) are OGC standards created for use 

in World Wide Web applications. 

The OGC Technical Committee (TC) has also developed an architecture in support of its vision of geospatial 

technology and data interoperability called the OGC Abstract Specification. The Abstract Specification 

provides the conceptual foundation for most OGC standard development activities. OGC standards are built 

and referenced against the Abstract Specification, thus enabling interoperability between different brands 

and different kinds of spatial processing systems. 

The standards specified by OGC includes, among others
7
: Catalog Service for the Web (CSW), Web 

Coverage Service (WCS), Web Coverage Processing Service (WCPS), Web Feature Service (WFS), Web 

Map Service (WMS), Web Map Tile Service (WMTS) and Web Processing Service (WPS). 

3.1.1 Metadata, Thesauri and Ontologies 

One of the main elements for the success in the development of SDI or any other type of information 

infrastructure is the appropriate annotation of resources to be accessed and distributed by means of 

metadata. Metadata is commonly defined as “structured data about data” or “information about data”, and 

they offer descriptions of the content, quality, condition, authorship, and any other attributes of geographical 

data and services [Tolosana-Calasanz et al., 2005]. Metadata can serve a threefold purpose: documentation 

of the datasets, allowing for the retrieval of adequate datasets in a search process and for interoperability 

(enablement of users and applications to make use of data and services through their metadata). 

A challenge in information retrieval from metadata catalogues is the provision of search results that are 

semantically related to the search terms. One approach to meet this challenge is the usage of either 

controlled vocabularies, glossaries, taxonomies, thesauri or ontologies when creating metadata to document 

datasets or services. These different knowledge organisation systems [Hodge, 2000] represent different 

levels of expressiveness. An ontology (at the highest level of expressiveness) is usually defined as “a formal, 

explicit specification of a shared conceptualization” [Gruber, 1993] and can be considered composed of a set 

of concepts that refer to the things of interest in a given domain and some specification of meaning for the 

concepts by axioms and definitions [Uschold and Gruninger, 2004]. When the modelled concepts are just 

terms, not fully specified by axioms and definitions; and just relationships among these terms 

                                                      
6
 http://www.isotc211.org/ 

7
 http://www.opengeospatial.org/standards/is  
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(subtype/supertype, part/whole, synonym or relation) are made explicitly, these representations are usually 

referred to as thesauri or terminological ontologies [ISO, 1986; Lacasta-Miguel et al., 2010; Sowa, 1996]. In 

the case of multilingual thesauri, both terms and relationships are represented in more than one language. 

When applied to the search of resources, these multilingual thesauri allow the retrieval of resources that may 

not directly contain the search term among the annotation terms, but a term that is related to the search 

terms. This can be done by searching not only for the queried term, but also for the terms hierarchically 

dependant on it, and by the different translations the term may have [Latre et al., 2009]. 

3.1.2 Other geographical information initiatives relevant to ENERGIC OD 

3.1.2.1 Copernicus 

Copernicus
8
, previously known as GMES (Global Monitoring for Environment and Security), is the European 

Programme for the establishment of a European capacity for Earth Observation. 

Copernicus consists of a complex set of systems which collect data from multiple sources: earth observation 

satellites and in situ sensors such as ground stations, airborne and sea-borne sensors. It processes these 

data and provides users with reliable and up-to-date information through a set of services related to 

environmental and security issues. 

The services address six thematic areas: land, marine, atmosphere, climate change, emergency 

management and security. The services have reached different degrees of maturity. Some are already 

operational (land monitoring and emergency management) while others are still in a pre-operational mode 

(atmosphere monitoring and marine monitoring) or in a development phase (climate change monitoring and 

services for security applications). For instance, the Copernicus land monitoring service provides 

geographical information on land cover and on variables related, for instance, to the vegetation state or the 

water cycle. It supports applications in a variety of domains such as spatial planning, forest management, 

water management, agriculture and food security, etc. Both raw data (provided by the Sentinels satellites 

and the in-situ network) and processed data products (provided by the services) are provided free of charge 

to users. 

The Copernicus programme is coordinated and managed by the European Commission. The development 

of the observation infrastructure is performed under the aegis of the European Space Agency for the space 

component and of the European Environment Agency and the Member States for the in situ component. 

3.1.2.2 Global Earth Observation System of Systems (GEOSS) 

The Global Earth Observation System of Systems (GEOSS) is being built by the Group on Earth 

Observations (GEO). GEOSS seeks to connect the producers of environmental data and decision-support 

tools with the end users of these products, with the aim of enhancing the relevance of Earth observations to 

global issues. The result is to be a global public infrastructure that generates comprehensive, near-real-time 

environmental data, information and analyses for a wide range of users. GEOSS is simultaneously 

addressing nine areas (the so called Societal Benefit Areas) of critical importance to people and society with 

the aim of empowering the international community to: promote sustainable agriculture, conserve 

biodiversity, respond to climate change and its impacts, protect itself against natural and human-induced 

disasters, manage ecosystems and energy resources, understand the environmental sources of health 

hazards, safeguard water resources and improve weather forecasts. GEOSS coordinates a multitude of 

complex and interrelated issues simultaneously. This cross-cutting approach avoids unnecessary 

duplication, encourages synergies among systems and ensures substantial economic, societal and 

environmental benefits. 

GEOSS is being built following a “system of systems” approach, proactively linking together existing and 

planned observing systems around the world and supporting the development of new systems where gaps 

                                                      
8
 http://www.copernicus.eu/ 

http://www.copernicus.eu/


D2.3. R&D State-of-the-art report 

 

 

 
 

 

 

 

24 

currently exist. It will promote common technical standards so that data from the thousands of different 

instruments can be combined into coherent data sets.  

The GEOSS Common Infrastructure
9
 allows the user of Earth observations to access, search and use the 

data, information, tools and services available through the Global Earth Observation System of Systems. 

The infrastructure consists of four main elements: 

 The GEO Portal provides the direct web interface through which the user accesses GEOSS and 
searches for information and services. 

 The GEOSS Clearinghouse is the engine that drives the entire system. It connects directly to the 
various GEOSS components and services, collects and searches their information and distributes 
data and services via the Portal to the user. 

 The GEOSS Components and Services Registry is similar to a library catalogue. All of the 
governments and organizations that contribute components and services to GEOSS provide 
essential details about the name, contents, and management of their contribution. This assists the 
Clearinghouse, and ultimately the user, to identify the GEOSS resources that may be of interest. 

 The GEOSS Standards and Interoperability Registry enables contributors to GEOSS to configure 
their systems so that they can share information with other systems. This Registry is vital to the 
ability of GEOSS to function as a true system of systems and to provide integrated and cross-cutting 
information and services. Contributors can also share ideas and proposals informally via the 
associated Standards and Interoperability Forum. 

The Best Practices Wiki provides the GEOSS community with a means to propose, discuss and converge 

upon best practices in all fields of earth observation. 

The GEOSS Common Infrastructure (GCI) is actually a Virtual Hub for major global EO data capacities 

dealing with nine Societal Benefit Areas. GEOSS strongly support open and free data sharing providing 

access to a distributed pool of documented datasets with full, open and unrestricted access at no more than 

the cost of reproduction and distribution, called the GEOSS Data Collection of Open Resources for 

Everyone (GEOSS Data-CORE). 

3.1.2.3 Global Navigation Satellite System and Galileo 

A global navigation satellite system (GNSS) is a system of satellites that provide autonomous geo-spatial 

positioning with global coverage. It allows small electronic receivers to determine their location (longitude, 

latitude, and altitude) to high precision (within a few metres) using time signals transmitted along a line of 

sight by radio from satellites. Currently, there are two global operational GNSS: the United States Navstar 

Global Positioning System (GPS) and the Russian GLONASS. China and Europe are in the process of 

deploying their own GNSSs. 

Galileo
10

 is Europe’s own global navigation satellite system, providing a highly accurate, guaranteed global 

positioning service under civilian control, interoperable with GPS and GLONASS. Galileo is set to deliver 

real-time positioning accuracy down to the metre range. It will guarantee availability of the service under all 

but the most extreme circumstances and will inform users within seconds of any satellite failure, making it 

suitable for safety-critical applications such as guiding cars, running trains and landing aircraft. 

On 21 October 2011 came the first two of four operational satellites designed to validate the Galileo concept 

in both space and on Earth. Two more followed on 12 October 2012. This In-Orbit Validation (IOV) phase is 

now being followed by additional satellite launches to reach Initial Operational Capability (IOC) around mid-

decade. The fully deployed Galileo system will consist of 30 satellites (27 operational + 3 active spares). 

Once the IOC phase is reached, The Open Service, Search and Rescue and Public Regulated Service will 

be available with initial performances. Then as the constellation is built-up beyond that, new services will be 

tested and made available to reach Full Operational Capability (FOC). Once this is achieved, the Galileo 

                                                      
9
 https://www.earthobservations.org/gci_gci.shtml 

10
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navigation signals will provide good coverage even at latitudes up to 75 degrees north, which corresponds to 

Norway's North Cape - the most northerly tip of Europe - and beyond. The large number of satellites 

together with the carefully-optimised constellation design, plus the availability of the three active spare 

satellites, will ensure that the loss of one satellite should have no discernible effect on the user. 

As a further feature, Galileo is providing a global Search and Rescue (SAR) function, based on the 

operational Cospas-Sarsat system. Satellites are therefore equipped with a transponder, which is able to 

transfer the distress signals from the user transmitters to regional rescue co-ordination centres, which will 

then initiate the rescue operation. At the same time, the system will send a response signal to the user, 

informing him that his situation has been detected and that help is on the way. This latter feature is new and 

is considered a major upgrade compared to the existing system, which does not provide user feedback. 

3.2 Open Data 

Open Data is the idea that certain data should be freely available to everyone to use and republish as they 

wish, without restrictions from copyright, patents or other mechanisms of control [Auer et al., 2007]. The 

goals of the Open Data movement are similar to those of other “Open” movements such as open source, 

open hardware, open content, and open access. When data can be freely accessed, used, modified and 

shared for any purpose and by anyone, the term Open Data is appropriate. 

Principles regarding the term openness in relation to data already exist and can be adopted. In particular, 

the Open Knowledge Foundation
11

 principles, called Open Definition
12

, can be taken into account. The key 

features of openness are briefly summarized as follows:  

 Availability and access: the data must be available as a whole and at no more than a reasonable 
reproduction cost, preferably by downloading over the internet. The data must also be available in a 
convenient and modifiable form. 

 Reuse and redistribution: the data must be provided under terms that permit reuse and 
redistribution including the intermixing with other datasets. The data must be machine-readable. 

 Universal participation: everyone must be able to use, reuse and redistribute — there should be 
no discrimination against fields of endeavour or against persons or groups. For example, ‘non-
commercial’ restrictions that would prevent ‘commercial’ use, or restrictions of use for certain 
purposes (e.g. only in education), are not allowed. 

Open Geo Data as part of Open Data deals with open geospatial data. Open Data implies data from all 

possible areas, not just Open Government Data (that is, data from public authorities). Indeed several 

initiatives in the recent years have brought the Open Data concept in the world of Earth Observation 

(GEOSS Data Sharing Principles), and research data (Research Data Alliance). However, public authorities 

are the most common sources of Open Data, and in the context of the European Union, the directives on the 

Reuse of Public Sector Information and the directive on Public Access to Environmental Information are 

particularly related to open government data. 

The directive on public access to environmental information [European Parliament and Council, 2003a], 

which states that “[i]ncreased public access to environmental information and the dissemination of such 

information contribute to a greater awareness of environmental matters, a free exchange of views, more 

effective participation by the public in environmental decision-making and, eventually, to a better 

environment”. Public authorities should make available and disseminate environmental information to the 

general public to the widest extent possible. The directive on the re-use of public sector information 

[European Parliament and Council, 2003b] deals with the same idea, extending the scope of it to the whole 

set of public sector information (with some exceptions) and with a strong emphasis on fair, proportionate and 

                                                      
11
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non-discriminatory conditions for the re-use of public sector information for both commercial and non-

commercial purposes [Janssen, 2011], in particular by using information and communication technologies. 

There are many initiatives, mainly governmental, that aim a provide access to this kind of data. Their 

compilation is the main objective of WP3, together with their assessment, according to a list of criteria that 

includes aspects like country, coverage, language, frequency of update, standard compliance, licensing 

type, provided APIs, usability, openness degree, topic, data origin, metadata and formats, among others 

[ENERGIC OD, D3.1, 2014]. 

Despite the fact that this will addressed by WP3, it is worth mention in this deliverable two European Open 

Data platforms and initiatives. The first one is the European Union Open Data Portal
13

, managed by the 

Publications Office of the European Union. The EU Open Data Portal is the single point of access to data 

from the institutions and other bodies of the European Union. Data are free to use and reuse for commercial 

or non-commercial purposes, provided that the source is acknowledged. The portal aims to promote the 

innovative use of Open Data and unleash their economic potential. It also aims to help foster the 

transparency and the accountability of the institutions and other bodies of the EU. The portal provides a 

metadata catalogue giving access to data from the institutions and other bodies of the EU. Its metadata 

catalogue is built on the basis of international standards such as Dublin Core, the data catalogue vocabulary 

DCAT and the asset description metadata schema ADMS. The data these metadata describe are also 

accessible and available in both human and machine readable formats for immediate reuse. 

The EU Open Data Portal offers a REST API to access its contents. This API relies on an application of 

CKAN, and the message format for both requests and answers is JSON. The portal offers a SPARQL 

endpoint to search and retrieve metadata as Linked Data, using Virtuoso as an RDF database. Also many 

datasets are published as Linked Data, although they are currently working in increasing the amount of 

Linked Data available via the portal. 

Additionally, the European Commission recently awarded a three-year contract, for the deployment of the 

pan-European Open Data Portal. The goal of this project is to develop, launch and operate a single large-

scale pan-European Open Data Portal, which will bring together public data resources from all over Europe 

in one portal covering all 39 European countries, improving the discoverability and the ability to re-use this 

data. The awarded consortium will support public administrations in each of the 39 countries with the 

implementation of policies regarding Open Data, to ensure significant uptake on the publication and supply 

of Open Data, and to provide evidence on the economic impact of the re-use of public data resources. This 

includes promoting knowledge on the organizational and technical requirements to foster the publication of 

Open Data resources, providing training, developing strategies for interaction with user groups and 

promoting the use of re-use friendly licensing conditions 

In addition to developing and launching the pan-European Open Data Portal, the contract will include 

services to enable the viewing of published public data resources collected by public administrations in EU 

Member States and the other countries of the European Economic Area on (open) data portals. Services will 

also include the preparation of analytical reports, a study on the economic impact of the publishing of public 

data resources by public administrations and a report on the sustainability of (open) data portal 

infrastructures. 

3.3 Crowdsourcing and participatory sensing 

The emergence of embedded sensor technologies in the everyday life of citizens could revolutionize the 

involvement of the population in social, economical or else environmental concerns through self-assessment 

of their neighborhood environment. The participatory sensing concept rests on user-centric monitoring and 

environmental sensing by means of smartphones [Burke et al., 2006]. This notion recently arisen as a low-
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cost alternative to large-scale and costly infrastructures sensing based on sensor networks [Cuff et al., 

2008]. Thus, numerous approaches rely on citizen-centric surveys [Campbell et al., 2006; Adeel et al., 

2014]. Each citizen can easily contribute to data collection. Opportunities to volunteer to take part in 

scientific research arise in many disciplines such as health research [Swan, 2012] or environmental 

monitoring [Conrad & Hilchey, 2011]. 

The OpenStreetMap project (OSM
14

) is the leading example of the effectiveness of citizen participatory. 

Founded in 2004 at the University College London, OSM aims at creating a free database with geographic 

information covering the whole world. Similar to the community-based project Wikipedia
15

, any user can 

contribute to the project by editing information after a short online registration. In today’s OSM provides an 

easy to use, up-to-date and readily available data and map services to GI community. It is so successful that 

the project has more than 1 900 000 registered members by February 2015
16

. This rapidly growing 

community has been facilitated by the development of modern web technologies. Right now, citizens can 

easily collect geodata from their phones and push them into the OSM database. With the emerging 

demands of open geodata, OSM made one of the most used non-proprietary online maps and an input for 

numerous third-parties [Neis & Zipf, 2012]. There exist plenty of examples of the OSM crowdsourced data 

use for building innovative applications. One can mention maritime use
17,18

, routing applications
19,20

, traffic 

flows
21

, urban planning
22,23

, sustainable development
24

, and many others
25,26

.  

Mobile communication clearly modifies the role and the position of citizen. Besides contributing to a world 

digital map as OSM, the citizen emerges as a main actor to monitor and observe its territory of life. This 

commitment enables citizens to open the door to more ambitious issues like climate change
27

 or 

biodiversity
28,29

. It is now providing new ways of doing science and stimulating scientific creativity [Haklay, 

2013]. The citizen takes part of scientific discovery from its own backyard [Burns & Harasimowicz, 2012]. 

Indeed, if the citizen can serve the study of some major environmental stakes concerning its territory such as 

air quality, noise, etc. [Burke et al., 2006], this can also facilitate the acceptance of public actions as well as 

a better balance between the citizen expectations and the policymakers plans, thus contributing to a 

decision making targeted on collectively identified concerns. 
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3.3.1.1 Crowdsourcing challenges and opportunities for the environment 

The term crowdsourcing was firstly introduced by Jeff Howe in the June 2006 issue of Wired magazine 

[Howe, 2006]. Crowdsourcing consists in outsourcing tasks to a broad external group of people which 

contributes to an overabundant public dataset. Data arise from a network of heterogeneous devices, sensors 

or sources, and involve the participation of various applicants (experts and novices). Reputation models 

have been precisely designed for trust management [Yang et al., 2012]. 

Participatory sensing places individuals back to their environment and neighborhood community through 

cloud services that collect and analyze systematic data. The smartphones functionalities provide a 

convenient medium for collecting user feedback in addition to raw data collected by the sensors on the 

device. Crowdsourcing stands for a great mechanism that directly and naturally engages citizens, in addition 

to provide huge volume of data and valuable feedback over a wide territory coverage area. Numerous 

crowdsourcing-based applications have been designed for the purpose of solving problems and gathering 

data [Boulos et al., 2011; Chatzimilioudis et al., 2012; Wiggins, 2012]. 

Various topics are investigated [Lui, 2013], the most popular being probably traffic monitoring. In 2007, 

Google adds Google Live Traffic to Google Maps which exploits the position data sent by smartphones with 

Android operating system allowing real-time traffic information. Since 2011, Google Live Traffic is also used 

to optimize route calculation in Google Navigation. In parallel, the free GPS application Waze
30

 also aims at 

generating traffic information in real-time and is available for Android, IOS, Windows Mobile, Symbian and 

BlackBerry (2.5 million French users in February 2013, 70 million users in the world in February 2014). This 

application allows the users to add new roads, to report accidents, traffic jams and speed traps. Google 

purchased the Waze society in June 2013. Road surface condition monitoring stand also for a main issue 

that can be achieved through accelerometers embedded in smartphones. The TrafficSense project led by 

Microsoft and a few similar works addresses this problematic [Mohan, 2008; Eriksson et al., 2008; 

Thiagarajan et al., 2009].  

Environmental conditions can also be monitored via devoted smartphones applications. The aBluSen 

application has thus been designed as a Bluetooth-based temperature and humidity acquisition system 

[Aram et al., 2012]. Air quality monitoring by means of smartphones has also been investigated. Thus, the 

GasMobile architecture relies on both a hardware system which consists in a low-cost ozone sensor directly 

connected to the smartphone through USB host mode and an Android API [Hasenfratz, et al., 2012]. 

4 COMPARATIVE SWOT ANALYSIS 

4.1 Selection of the R&D projects from D2.2 to be analysed 

In order to get a manageable number of projects to be analysed, a selection of the projects included in D2.2 

“R&D projects inventory” [ENERGIC OD, D2.2, 2014] is made based on the automatic score and on the 

partners’ assessment of the relation of the projects to ENERGIC OD based on their knowledge. 

Table 1 shows the criteria used for the inclusion on the comparative SWOT analysis. 

Score Inclusion 

≥ 6  All but those projects assessed as not relevant by more partners than assessed them as relevant 

= 5 Those projects assessed as very relevant, relevant and might be relevant by at least one partner 

≤ 4 Only those projects assessed as very relevant or relevant or explicitly proposed by a partner 

Table 1. Criteria for inclusion of projects in the comparative SWOT analysis. 
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 Waze project website: https://www.waze.com/ 
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By applying the criteria presented in Table 1, a total of 52 projects are included and will be analysed 

following a comparative SWOT methodology. The acronym, score and relevance assessment of the selected 

projects are presented in Table 2: 

N Title Score Relevance 

1 EuroGeoSource 11 Very relevant according to 2 partners, not relevant according to 1 partner 

2 ENVISION 11 Might be relevant according to 1 partner; not relevant according to 1 partner 

3 SEADATANET II 10 Very relevant according to 2 partners 

4 CRYOLAND 9 Relevant according to 2 partners 

5 EarthServer 9 Very relevant according to 1 partner 

6 LIFE+IMAGINE 9 Proposed by 1 partner 

7 GIS4EU 9 Proposed by 1 partner 

8 TATOO 9 Relevance not assessed by any partner, but high score 

9 GIGAS 8 Very relevant according to 4 partners 

10 GEOVIQUA 8 Very relevant according to 1 partner 

11 SMARTOPENDATA 8 Very relevant according to 1 partner 

12 NETMAR 8 Relevant according to 2 partners 

13 BRISEIDE 8 Proposed by 1 partner; relevant according to 2 partners 

14 COBWEB 8 Proposed by 1 partner; very relevant according to 1 partner 

15 eENVplus 8 Proposed by 1 partner; very relevant according to 2 partners 

16 InGeoCloudS 7 Very relevant according to 3 partners 

17 CARARE 7 Proposed by 1 partner; very relevant according to 1 partner 

18 eSDI-NETplus 7 Proposed by 1 partner 

19 Orchestra 7 Proposed by 1 partner 

20 E.L.F. 7 Proposed by 1 partner; very relevant according to 2 partners 

21 LAPSI 6 Very relevant according to 2 partners 

22 ENVIROGRIDS 6 Relevant according to 2 partners 

23 urbanAPI 6 Relevant according to 1 partner 

24 MS.MONINA 6 Proposed by 1 partner; relevant according to 2 partners 

25 PEGASO 6 Might be relevant according to 1 partner 

26 ICT-ENSURE 6 Might be relevant according to 1 partner 

27 NESIS 6 Might be relevant according to 1 partner 

28 SENSE4US 5 Very relevant according to 2 partners 

29 Fusepool 5 Very relevant according to 1 partner 
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N Title Score Relevance 

30 ENVIROFI 5 Very relevant according to 2 partners 

31 EUROGEOSS 5 Very relevant according to 6 partners 

32 smeSpire 5 Proposed by 1 partner; very relevant according to 2 partners 

33 cloudspaces 5 Might be relevant according to 1 partner 

34 LinDA 5 Might be relevant according to 1 partner 

35 ODIP 5 Might be relevant according to 1 partner 

36 OpenDataMonitor 5 Might be relevant according to 1 partner 

37 EUBrazilOpenBio 4 Very relevant according to 1 partner 

38 FINODEX 4 Very relevant according to 1 partner 

39 LEO 4 Very relevant according to 1 partner 

40 EGIDA 4 Very relevant according to 1 partner 

41 eEnviPer 4 Very relevant according to 1 partner 

42 Apps4EU 4 Very relevant according to 1 partner 

43 PlanetData 4 Relevant according to 1 partner; not relevant according to 1 partner 

44 LAPSI 2.0 3 Very relevant according to 1 partner 

45 UncertWeb 3 Relevant according to 2 partners 

46 HOMER 3 Proposed by 1 partner; relevant according to 2 partners 

47 GE2O 2 Proposed by 1 partner 

48 CEUBIOM 2 Proposed by 1 partner 

49 GEOLAND2 2 Proposed by 1 partner 

50 HAIVISIO 1 Proposed by 1 partner regarding dissemination of results 

51 I-SCOPE  Proposed by 1 partner 

52 SDI4APPS  Proposed by 1 partner 

Table 2. Selected projects for comparative SWOT Analysis. 

4.2 Revision of the comparative SWOT Analysis methodology 

The comparative SWOT analysis is the core of the deliverable D2.3 State-of the-art-study of WP2. A SWOT 

analysis [Armstrong, 1996] is a strategic planning method that ENERGIC OD will use to evaluate the 

strengths, weaknesses, opportunities, and threats involved in inventoried European R&D projects.  

In ENERGIC OD, the SWOT analysis has three main objectives. The first one is find current, mature 

technologies together with state-of-the-art technologies in use in the European funded projects more 

relevant to ENERGIC OD. Technologies among the results of these projects are also of interest for 

ENERGIC OD. The second one is to detect strengths, lacks and convergences of inventoried projects using 

ENERGIC OD as baseline. The third one is the identification of successful dissemination strategies, capable 

of create effective impact and the identification of successful business models for the sustainability of the 
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projects’ results, in order to take them into account for ENERGIC OD. The goal is to provide hints related to 

the following questions: 

 Which European projects should ENERGIC OD use as reference regarding use and reuse of Open 
Data and geospatial information, standards and other specifications, technologies (software, tools, 
applications; data models; mobile apps; security) and brokering architectures?  

 Which European projects should ENERGIC OD use as reference regarding impact on stakeholders, 
users and user communities, dissemination strategy and effective impact, availability of results and 
long-term viability and business models? 

 Which caveats should be considered? 

The analysis involves the identification of the internal and external factors of each project that motivates 

these strengths, lacks and convergences among them. Next we present a revision of the methodology for 

the SWOT analysis and we provide more guidance regarding the procedure to apply it. 

4.2.1 Methodology revision 

The SWOT Analysis will be performed according to the overall methodology defined in the deliverable D2.1 

and revised in this section, on a selection of the European R&D projects inventoried in the deliverable D2.2. 

For each project, the SWOT analysis is to identify: 

 Strengths, characteristics of the project that gave or could give the project an advantage to 
achieving objectives related to ENERGIC OD objectives. 

 Weaknesses, characteristics of the attributes that placed or could place the project at disadvantage 
to achieve objectives related to ENERGIC OD objectives. 

 Opportunities in the environment of the evaluated project that were helpful for it that can be also 
opportunities in the context of the ENERGIC OD project.  

 Threats in the environment that caused or could cause trouble for the evaluated project that could 
become risks also for the completion of ENERGIC OD. 

The strengths and weaknesses that will be analysed will concern: 

 Project focus on geospatial information and the reuse of Open Data 

 Technologies, standards and specifications used in the project 

 Adopted approach: enforced or mediated/brokered 

The opportunities and threats that will be analysed will concern: 

 Attitude of users and stakeholders regarding to the project 

 Creation of user communities 

 Capacity of the dissemination strategy to create and effective impact 

 Definition of business models for the long term viability of the results after the project 

Next, characteristics (strengths and weaknesses) and elements of the environment (opportunities and 

threads) from all reviewed projects will be examined for identifying convergences among projects. This 

analysis will be used to provide a level of relevance to the strengths, weakness, opportunities and threats 

identified. 

4.2.2 Comparative SWOT analysis structure 

The SWOT should start with a brief description of the project. Next, in order to identify the SWOT of each 

project, a set of questions addressing the relevant strengths, weaknesses, opportunities and threads should 

be answered. The answers will be used to identify the SWOT that will be summarized in a table. 

 Strengths 

o S1. Reuse: Do they properly reuse of Open Data and geographic information? 

o S2. Technologies: What technologies (software, tools, applications, architectures) make 
this project relevant? Do they take into account mobile technology, security and trusted 
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applications or services? 

o S3. Standards and specifications: What technological standards are they using? What 
data models or data sources are they accessing? Are they standardised? 

o S4. Brokered approach: Do they use a brokered approach to discover, access, use data? 
That is, are there software components (brokers) in charge of all the mediation and 
harmonization needed to make different infrastructures/services interoperable? 

 Weakness 

o W1. Reuse: What they should improve in the reuse of Open Data and geographic 
information? 

o W2. Technologies: What technologies used in this project can be considered weaknesses? 

o W3. Standards and specifications: What ad hoc interfaces, data sets or data models are 
they using? Even if not standard, could they be of use or should taking into account 
regarding ENERGIC OD Virtual Hubs and pilot applications? 

o W4. Brokered approach: What they should have improved in their strategy for discovering, 
accessing and using of data? 

 Opportunities 

o O1. Impact: Do users and stakeholders praise the project? Do they manage to create user 
communities?  

o O2. Dissemination: Do the dissemination strategy have capacity to create an effective 
impact? Are the results of the project accessible? Are there any innovative or original forms 
of dissemination? 

o O3. Viability: Is there some framework that ensures the long-term viability of the results 
after the end of the project? Cost-benefits analysis? Definition of business models? 

 Threats 

o T1. Impact: Are users and stakeholders aware of the outcomes of the project? If they 
created user communities, are they active? 

o T2. Dissemination: Are the results of the project inaccessible? Is there evidence of the 
impact of the dissemination strategy outside the project website? 

o T3. Viability: Have the project results not be transferred yet to the industry? Are any 
technological results inoperative currently? How the results of the project sustain after the 
end of the later? 

4.2.3 Suggested procedure to perform the SWOT analysis 

 Searching for the project in CORDIS
31

 or in a similar project database. 

 Filling in the project details table (e.g. CORDIS permalink, official page, funding programme, 
from/to dates, total cost, EU contribution, coordinator, participants) 

 In CORDIS, the objectives description of the project will be found, and the official URL and progress 
reports may available too. 

 Extracting a short description of the project 

o Descriptions dealing with actual results and achievements will be preferable to descriptions 
of objectives (generally written in future tense), however are not likely to be easily found. 

o Taking this into account, the official web site of the project (to be search in a web search 
engine if it was not present in CORDIS) will provide a description more updated than the 
one under the “objectives” section of the project entry in CORDIS. 

o The short description should be in the main page, an introduction page or an objectives 
page. 

 Starting to fill in the SWOT table in a preliminary way 
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o The description can serve to get a general idea of the project and can provide basic 
information for starting to fill in the SWOT table. Mainly, the strengths and opportunities 
sections, as the project is very likely to be presented in a positive manner. 

o Find if the final summary of the project is available in CORDIS and, if not, find in the project 
website one of the latest papers or presentations in workshops, conferences and seminars 
to contrast the information on the description. This can give information regarding the 
weaknesses and threats. 

 Identification of technologies, standards, specifications, dissemination strategies and 
business models 

o Scanning through the deliverables describing: technological solutions, business models, 
cost-benefits analysis, and dissemination strategies. Usually, last deliverables of each work 
package will provide the necessary overall information, together with the actual results. A 
quick scan of the deliverable can be enough for assessing the relevance of their content. 

o It is important to identify the technologies, standards and specifications used by the 
project, as they will be assessed too as part of this deliverable. It is more relevant for 
ENERGIC OD the identification of results of the project from a technological point of view 
(new data models, new data formats, new architectural approaches, new service interfaces), 
innovative ways of using existing/standard technologies or technologies not usually present 
in the GI world, but that may fit into the Virtual Hubs. The most interesting technologies for 
ENERGIC OD will be those services, interfaces, specifications and data models related to 
GI and OD capable of produce or consume machine-readable data. The identified items 
should be compiled and briefly explained in the section “Most remarkable technologies, 
standards, specifications, dissemination strategies and business models identified”. These 
tasks will also serve to refine the answers for questions S2, S3, W2 and W3. 

o Innovative dissemination strategies or actions should also written down for compilation and 
input to WP7, as well as innovative or original business models, as input to WP8. The 
identified items should be compiled and briefly explained in the section “Most remarkable 
technologies, standards, specifications, dissemination strategies and business models 
identified”. These tasks will also serve to refine the answers for questions O1, O2, T1 and 
T2 and questions O3 and T3, respectively. 

 Completion of the SWOT table 

o Searching the web for any input (reference, paper, community) outside the official website, 
to assess the long-term viability of the project in order to  

o Filling the SWOT summary table regarding mainly: 

 the use of technologies within the project 

 the existence of business models and sustainability plans 

 novelty of the dissemination strategy 

4.3 Comparative SWOT analysis of selected projects from D2.2 

The complete comparative SWOT analyses are presented in Annex I as a separate document. 

4.4 Review of the comparative SWOT analysis 

In order to extract conclusions from the comparative SWOT analysis, a review of the 52 reviewed projects 

has been made. The review consisted in: 

 Classifying the projects according to 

o the kind of data they mainly addressed (geographic information, Open Data and Linked 
Data), 

o the chosen approach for dealing with multiple sources of data (brokered, federated, 
harvested, or just providing a single point of access to the data), and 

o the viability and sustainability of the project after its end (clearly viable or not). 
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 At the same time, thematic data and use cases addressed by the projects have been recorded, as 
well as the technologies and standards used, the result technologies provided and the reasons for 
the viability or unavailability. 

 The most remarkable uses of technologies and standards, dissemination strategies and business 
and viability plans have been identify and are discussed later in this document, as inputs and 
recommendations for other ENERGIC OD work packages (WP3, WP4, WP5 & WP6, WP7 and 
WP8). 

Below, first some general conclusions taking into account both quantitative and qualitative results of the 

SWOT analysis are extracted and presented in section 4.4.1. Next, best practices identified and concrete 

recommendations to the different work packages of ENERGIC OD are done in sections 4.4.2 to 4.4.6.  

4.4.1 Conclusions from the comparative SWOT analysis 

Table 3 shows the breakdown of the reviewed projects according to the kind of data they addressed and the 

brokering approach. 

 

Approach: 

Kind of data 

Broker Federated Harvest Single access 

point 

N/A Total 

GI 12 8 6 2 8 36 

OD 3   1   4 8 

LD 2   5     7 

N/A         1 1 

Total 17 8 12 2 13 52 

Table 3. Breakdown of the reviewed projects according to the kind of data they addressed and the brokering 
approach 

The first relevant conclusion is that regarding the kind of data each project addressed, the proposed 

categories of geographic information, Open Data and Linked Data are not mutually exclusive (see Figure 2).  

We have classified a project as geographic information when the project addressed the use of geographical 

information from a geographical point of view, with little or no regards in terms of openness of the data. 

When the project is classified as OD is because the perceived main target of the project regarding data was 

on openness of data, despite being these data geographical or not, and when no references to Linked Data 

was done. When the project explicitly addressed Linked Data, it has been classified as such, regardless if 

the Linked Data were geographical or not. Most of the reviewed projects addressed geographic information 

(36 out of 52, 69%), 8 projects dealt with Open Data (15%) and 7 were specific to Linked Data (13%). 

Finally, there was a project (HAIVISIO) that it is not dealing neither with geographic information nor OD, 

which was chosen because its main objective aims at the dissemination of results of other EU projects. 
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Figure 2. Logical relations among geographic information, Open Data and Linked Data in a Venn diagram. 

The classification regarding to the brokering approach was done according to the following criteria:  

 A project is classified as “brokered” when there was evidence that access to data was provided in a 
distributed way and there were software components or services mediating among the data 
consumer applications or services and data provider services or sources (17 projects out of 52, 
33%).  

 A project is classified as “federated” when access to data was provided in a distributed way, but 
previous harmonization efforts have been done in order to provide data according to common 
standards and data models (8 projects, 25%).  

 A project is classified as “harvested” when the data were not provided in a distributed way, but was 
previously collected and ingested by a component or service (12 projects, 23%).  

 A project is classified as “single-access-point” when data were created for the project and was 
offered by an ad hoc portal, mainly oriented to end users.  

 A project is classified as “N/A” when it was not possible to identify from the SWOT the data-access 
approach chosen (8 projects, 15%). 

 

Figure 3. Brokering approach of projects dealing mainly with geographic information, excluding those whose 
approach could not be assessed or was not applicable 

In the case of GI related projects, it can be seen that the most followed approach is the brokered approach 

(43% of the reviewed projects). This specific figure could not be extrapolated to the whole set of projects 

dealing with GI, since the selection of projects for analysis was directed by the fact that ENERGIC OD is 

going to follow a brokered approach. However, it is noticeable that the amount of projects with a 

OD

GI

LD

Broker Federated Harvest Single-access-point
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harmonization approach (taking into account both harvested and federated approaches) sum up the 50% of 

the projects, despite the aforementioned fact that the selection of projects tried to focus on brokered 

approaches. The prevalence of the harmonization approaches is due to the wide adoption of standards 

related to the geographic information interoperability, such as the OGC/ISO TC 211 ones at the levels of 

data models, services and metadata, and their enforcement by EU Directives such as INSPIRE. Only two 

projects offered geographic data as a single access point portal without providing interoperability capabilities 

that could ease the reuse of the data produced during the duration of their respective projects. 

 

 

Figure 4. Brokering approach of projects dealing mainly with Open Data (left) and Linked Data (right), excluding 
those whose approach could not be assessed or was not applicable 

Projects dealing with non-geographic Open Data used mainly brokered or harvested approaches. It is 

significant that when a project deals with Linked Data (the most structured kind of Open Data) it has more 

often a harvested approach rather than to a brokered one. This is due because Linked Data projects are 

more oriented to the development of Linked Data technology and tend to provide uses cases that justify the 

chosen technological solution rather than solve that user-oriented problems. It is also remarkable that a 

standardisation approach was only found in projects related specifically to geographical information, 

indicating that in projects addressing Open Data in general standards does not play the same, fundamental 

role they play in the geographic information world. Indeed, Open Data as a concept is standards agnostic, 

and more focused on terms and licences for re-using data and proprietary versus non-proprietary formats 

and machine readability of the data. In the case of Linked Open Data, the use of the W3C standards in the 

reviewed projects, despite its potential to achieve semantic interoperability, seems to be used mainly as a 

way to achieve syntactic interoperability  

From the figures and the detailed review of the SWOT analyses, it can be concluded that, geographic 

information standards and technologies are matured enough, and Open Data, and in particular, Linked Data, 

are not at the same level of maturity. Several standards for accessing and describing geographical data are 

supported by many mature tools and there are good interoperability solutions available. Strong standards 

and initiatives are also pushing towards harmonization approaches. Semantic interoperability in these 

approaches is handled usually through harmonisation via common data models (some standard and some 

ad hoc). In projects related to Open Data in general and Linked Data in particular, many different technical 

solutions were utilized and more ad hoc approaches were identified. Regarding to semantic interoperability 

in Linked Data projects, many were dependant on ad hoc developed ontologies to solve the intended use 

cases. Geographical information technologies are currently more aligned with the industry than Open Data 

and Linked Data ones, which are more aligned with academia. 

Through the SWOT analyses, around 125 existing technologies of different levels of maturity and relevance 

to ENERGIC OD were identified as being used by the reviewed projects. There were also identified around 

Broker Federated Harvest Single-access-point Broker Federated Harvest Single-access-point
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90 relevant technological results. The most relevant of these technologies are discussed in section 0 as 

inputs for WP5 and WP6. Also through the SWOT analyses, around 80 standards have also being identified, 

addressing data formats, services, metadata, thesaurus, ontologies, ontology formats and languages, 

mapping and transformation languages, query languages and rights languages. These are discusses in 

sections 4.4.3 and 0, as inputs to WP4, WP5 and WP6 and in section 0, in a more organised and detailed 

manner. 

We have analysed also the post-project viability and sustainability of the selected projects according to the 

presence of elements in the SWOT that demonstrated that the post-project viability of the projects or their 

results were taken into account.  

Viability Total % 

Yes 18 35% 

Not clear 13 25% 

Not assessable 9 17% 

Not applicable 12 23% 

Total 52 100% 

Table 4. Viability of the reviewed projects 

Out of the 52 project analysed, 18 projects (35%) were (or will be) categorised as viable after the end of the 

project when there was the presence of business plans that included the commercial reuse of the results of 

the project, when there was evidence that the project results were re-used or improved in other projects, 

evolved into standards, when other organisation, body or company took over responsibility of them, or when 

the project or its results made a clear impact in technologies, standards or platforms. 

It is not clear about the maintenance of the results of 21 projects. Those under the “not clear” label are 

probably not viable, being the main reasons for it the lack of business plans, the inability of making profit, the 

lack of posterior funding or use. Another reason for classifying a project as “not clear” is relying sustainability 

on an open source approach without having created a strong community. Finally, the “not assessable” 

projects are those for which it was not possible to find evidences of viability or indicators of not viability. The 

viability assessment could not be done (not applicable) mainly in those on-going projects at early stages, 

when the sustainability issue has not been yet addressed. 

4.4.2 Inputs for the Open Data survey (WP3) 

The recommendations and best practices of this section are mainly addressed to WP3 on the Open Data 

survey. 

In first place, we have to mention the OpenDataMonitor project, which provides a comprehensive and 

organised overview of many Open Data hubs and repositories within the European network. Using a 

dynamic and customizable framework, metadata from a diverse pool of Open Data resources is harvested. 

This has many points in common with WP3. Currently, OpenDataMonitor has identified 226 Open Data 

catalogues so far, and these results could be directly of use in WP3 and a further collaboration among 

projects should be considered, even if the project will finish soon (31st October 2015). 

Regarding documentation on best practices and licensing, the Fusepool project referred to the 8 principles of 

publishing Open Data
32

 and the SmartOpenData project refers to the OPQUAST Open Data best 

practices
33

. Some of these principles and practices can be taking into account when assessing Open Data 

platform and initiatives in WP3. The FINODEX participants are developing materials related to Open Data: 

                                                      
32

 http://www.opengovdata.org/home/8principles  
33

 http://checklists.opquast.com/en/opendata 
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“What is Open Data?” “Which licences are open?” that could be of use to WP3, too. The LAPSI 2.0 project 

developed a “PSI toolbox” that guides the re-users through the labyrinth of the regulatory framework for 

PSI
34

. 

From a licensing point of view, the i-SCOPE project found a problem that might also affect ENERGIC OD 

due to its brokered architecture, and that could be firstly addressed at the level of WP3: “A general policy 

statement in some licences may be not to gather data for sale or distribution to third parties. Whilst this is a 

common system policy construct found in a wide range of web services, it can be impractical for large scale 

distributed systems due in the main to the loose definition of the system, of third parties, and gathering”. 

Some projects provide as results catalogues of geographical and/or Open Data platforms and SDIs, as well 

as some other provide through a portal result datasets from their projects. These already inventoried 

platforms and results could be present in the WP3 catalogue. They should be checked in order to assess the 

kind of licence the have and if the data offered is open: 

 The LinDA project will provide a maintained dynamic list of available public SPARQL endpoints, 
Linked Data vocabularies and metadata standards to be re-used by other applications. 

 Results of the GIS4EU project (datasets regarding administrative units, hydrography, transportation 
networks and elevation in Europe) are available at the GIS4EU portal

35
.  

 The SeaDataNet infrastructure could offer Open Data related to the marine environment. 

 ESDI-Net+ project collected numerous data related to the 135 SDI applications from 24 European 
countries. This database is still online

36
, although it could be out-dated. 

 The E.L.F. project is developing the ELF platform, providing access to a range of regional and 
national datasets supported by a number of ELF Services, based on information provided by 
European SDIs.  

 Europeana is the trusted source of cultural heritage that acts as an interface to digitalized objects 
and archival records that have been digitised throughout Europe. It provides both with a REST API 
and a Linked Open Data SPARQL-endpoint

37
 that allow for the query of open metadata regarding 

the resources catalogued in Europeana, including GI when available. 

 CryoLand project has a geoportal offering Open Data related to snow and land ice. 

 EuroGeoSource developed a harmonised data model (EGS data model) for thematic data (Energy 
and Mineral resources), mapped to INSPIRE “energy resources” and “mineral resources” themes. 
The “openness” of each attribute in the model is analysed. [EuroGeoSource D4.1 & D4.2]. It has 
also a portal with access to a catalogue where Web Feature Services can be found. 

 The HOMER project opened hundreds of public datasets on local Open Data portals
38

. 

 Datahub.io
39

 is used by various projects to publish their Linked Open Data. 

4.4.3 Inputs for the requirements and specifications of the Virtual Hubs (WP4) 

The recommendations and best practices of this section are mainly addressed to WP4 on requirements and 

specifications for the Virtual Hubs: SDI, data harmonisation and applications addressing user needs. 

In order to help identifying main thematic fields of application in T4.3 (user needs ant thematic fields of 

application), the uses cases of the reviewed projects are provided in Table 5. The use cases dealt mainly 

                                                      
34

 http://www.lapsi-project.eu/psi-toolbox 
35

 http://gis4eu.intergraph.pl/gis4eu/ 
36

 http://www.esdinetplus.eu/best_practice/database.html 
37

 http://labs.europeana.eu/api/ 
38

 http://homerproject.eu/links 
39

 http://datahub.io/ 
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with environmental issues (20 use cases), civil protection and disaster management (13 use cases), other 

human activity related uses cases (24), and other less specific use cases (6). 

Group of use cases Count Specific use cases 

Environmental uses cases 20  Biodiversity and ecosystems (7): biodiversity (x4), 
biosphere reserves, enterprises environmental research, 
ecosystem services evaluation 

 Hydrography (9): hydrography, snow and ice bodies, water 
monitoring, groundwater conditions, marine and coastal 
zones (including integrated management of coastal zones, 
marine data, ocean and coastal, Caspian Sea) 

 Pollution (3): environmental pollution, air quality, local air 
quality forecasting 

 Soil (1): soil consumption 

Civil protection and hazards 

use cases 

13  Civil protection (2): disaster and emergency management, 
emergency mapping 

 Hazards (7): landslide hazard assessment (x4), seismic 
zones, drought 

Human activity use cases 24  Energy (6): geo-energy and mineral resources (x2),  energy 
(x3),  biomass potential for bioenergy 

 Agriculture and forestry (5): agriculture (x2), agroforestry 
management, forest sustainability (x2) 

 Urbanism and architecture (5): archaeology and 
architectural heritage, real estate and insurance, land use 
and policy modelling (x2), urban decision making 

 Tourism and mobility (3): tourism (x2), personal mobility 

 eGovernment (1) 

 Education (1) 

General use cases 6  Administrative units, elevation, transportation networks, 
Earth observation (x2), sensor networks 

Table 5. Themes of the uses cases identified in the reviewed projects. 

For task T4.4 (applications and services: requirements and specifications), regarding the comprehensive 

catalogue of standards, section 0 contains the compilation of the standards implemented in the principal 

technologies identified through the SWOT analyses. 

As the GIS4EU project used a priori existing data (as ENERGIC OD will do too) some deliverables from 

GIS4EU (such as the ones related to merging, aggregation and degradation rules and data remodelling 

Guidelines [GIS4EU D3.6, D3.7, D4.1]) can be of relevance to the WP4 of ENERGIC OD in tasks T4.1 

(Requirements for alignment with the INSPIRE Directive and other on-going Spatial Data Initiatives) and 

T4.2 (Methodology for Multisource Data registration and integration).  

The EnviroFI project created a set of enablers (FIWARE terminology) denominated “Fusion tools for 

heterogeneous data sources”: heterogeneous environmental data fusion services operating at different 

semantic levels, including pre-processing, feature extraction, situation assessment and prediction services, 

preparing and aggregating environmental data into formats suitable for use by human end users and 

automated services such as alert services. This could be of use for task T4.2 of WP4. 

The reviewed projects that explicitly discussed coordinate reference systems (CRS) recommended WGS84 

or ETRS89 as CRS at a global or pan-European scale. 

Within the WP4, it is expected that new specifications could be developed. In such a case, it should be 
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considered if they are worth for standardisation, in order to increase the reusability of the specification and 

raise the impact of the project. The weaknesses  of creating new, non-standard specifications that may limit 

the reuse of the results of the projects have been clearly identified in twelve of the reviewed projects (for 

instance: UncertML from the UncertWeb project, QualityML from the GeoViQua project, SensorML from the 

ODIP project, EGS data model from the EuroGeoSource project). Out of them, three projects started 

processes in order to standardise the new specifications, although these processes seem to be currently 

halted and no strategy was defined in order to pursue standardisation after the end of the project. In the 

case that new specifications were developed within ENERGIC OD, and if it were appropriate for 

standardisation, the process should be initiated as soon as possible and a strategy for continuing the 

process beyond the end of the project should also be established.  

The SmartOpenData project has a best practice for reusing existing identifiers when possible, especially 

those coming from reference data sources, such as the INSPIRE Registry, EU Publications Office Metadata 

Registry, and company registers. [SmartOpenData D2.1]. In the context of the requirements and 

specifications for the VHs, it should be considered if the use of identifiers and how to address them is 

relevant to ENERGIC OD. 

4.4.4 Technological inputs to the Virtual Hubs architecture and implementation and to the 
development of the new innovative applications (WP5 & WP6) 

The recommendations and best practices of this section, regarding mostly technologies, are mainly 

addressed to WP5 on Virtual Hubs architecture and implementation, but can also be of use to WP6, on the 

development of the new innovative applications. This section presents the inputs mainly in the form of tools, 

software components, standards and other technologies identified in the SWOT analysis, while Section 0 

provides a broader and more general assessment of the technologies and standards addressed here. 

ENERGIC OD DoW [ENERGIC OD DoW, 2014] provides a first list of technologies to be used in the 

development of the Virtual Hubs and the pilot applications. These technologies cover perfectly well the 

needs of the VHs and the pilots regarding access and use of geographic information. Access to other forms 

of non-geographical Open Data, within the technologies selected in the DoW, is limited to only certain types 

of Open Data and, regarding the access and use of Linked Data a gap has been detected. This section of 

inputs to WP5, presents additional technologies that may be taken into account in the design, 

implementation and deployment of the VHs and the pilot applications, with special emphasis in the tools 

used by the projects, in particular in the area of the gap detected: Linked Data. 

4.4.4.1 Brokers 

The review of the SWOT analysis reveals that one of the technological choices in ENERGIC OD established 

in the DoW, the GI-Suite, has already being used in several projects and has been improved through them 

(EuroGEOSS, ENVIROFI, GeoViQua and ODIP). The EuroGEOSS brokering framework was actually the 

basis of the current GI-suite brokering framework adopted in ENERGIC OD, where the concept of query 

expansion enabled in the brokering framework accessing semantic assets (vocabularies, thesauri, 

ontologies) stored in a knowledge base was introduced. In the ENVIROFI project, access-brokering 

capabilities were added and in the GeoViQua it was extended to integrate quality information provided by 

data producers, and feedback from users. 

Other brokering approaches have also being identified through the SWOT review, like the Catalogue 

Services for the Web Mediated (CSWM 1.0), developed in the NETMAR project, which is an OGC CSW 

semantically enabled. The CSWM does not harvest or index the metadata records of the catalogue nodes. 

Instead, it rewrites the user’s query into queries supported by the catalogue nodes and executes them on 

the fly, then collects the answers from the different nodes and sends them back to the user [NETMAR 

D4.4.2]. Its level of functionality is lower than the one of the GI-Suite and, as a result of a single project, its 

level of maturity is probably not very high. ENVISION project also developed a Semantic Catalogue for 
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enhanced access to OGC based services [ENVISION D5.1] 

The Apps4EU project, that organises competitions for using open data, recommended for its competitions a 

small-scale brokered approach with the use of Open Data with the The DataTank platform
40

 (for a non 

semantic API approach) and the Datalift platform
41

 (semantic API with a Sesame backend). The DataTank 

recommended for being used in Open Data competitions can provide data in CSV, XML, JSON, SHP and 

KML [APPS4EU D4.5]. The DataLift platform can use content produced by the DataTank and relational 

databases and publish it enriched as Linked Data [APPS4EU D4.5]. However, the support of geographic 

information in these two platforms is ancillary: DataTank does not support CRS and the query language 

does not support spatial queries; Datalift does not support geographic information yet. However, its use 

could be investigated in the context of ENERGIC OD Virtual Hubs for the access to non-geographical Open 

Data. 

In the context of FIWARE, the SWOT of another two projects (ENVIROFI and FINODEX) provided 

information regarding other brokering components. FIWARE is an innovative platform seeking to provide a 

truly open, public and royalty-free architecture and a set of open specifications that will allow developers, 

service providers, enterprises and other organizations to develop products that satisfy their needs while still 

being open and innovative. FIWARE provides a rich library of components offering a number of added value 

functions offered “as a Service”. These components, called “Generic Enablers” (GEs), provide open 

standard APIs that make it easier to connect to the Internet of Things, process data and media in real-time at 

large scale, perform Big Data analysis, manage security and access control or incorporate advanced 

features to interaction with the user. 

The ENVIROFI project was a technology-oriented project therefore the most remarkable outcomes concern 

technologies and architecture. Technologies delivered by ENVIROFI as “environmental enablers”, by other 

FI-PPP use case projects as “specific enablers” and by the FI-PPP core infrastructure projects as GEs 

should be evaluated during the design and development of ENERGIC OD Virtual Hubs and applications. At 

this stage it is possible to suggest some relevant outcomes:  

 Geo-referenced data collection applications
42

: the services in this thematic class provide ways to 
record and archive geo-tagged measurements for later use by other specific enablers such as fusion 
services. The enablers in this class are designed to support crowd sourcing of environmental 
measurements, recording multi-author data at a scale to exploit fully the future internet. 

 Wirecloud
43

 (from other FI-PPP projects): Wirecloud is a visual tool for building web applications. It 
helps end users to innovate through experimentation by choosing the best-suited widgets and prefab 
mashups (a.k.a. mashup-lets) from a vast, ever-growing distributed catalogue. 

The FINODEX project promotes the use of technologies of FIWARE.  

 The FIWARE Context Broker GE (Orion Context Broker) is used to handle/publish Context 
Information and implement context awareness. This enabler was also used as a broker in the 
SDI4APPS project. 

 The FIWARE IoT Broker GE is used to perform some calculations based on the combination of 
measures captured from multiple sensors. 

 CKAN is the reference implementation of the FIWARE Datasets Management GE. Although it is not 
exactly a broker, it offers an API to query and retrieve datasets. 

 The only standard APIs in the context of geographic information in FIWARE is the one provided by 
GeoServer, as this tool is the basis of the generic enablers related to GI. 
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The EUBrazilOpenBio used the gCube framework
44

, which can act as a broker. gCube is a large software 

framework dedicated to scientists and designed to abstract over a variety of technologies belonging data, 

process and resource management on top of Grid/Cloud enabled middleware. By exposing them through a 

comprehensive and homogeneous set of APIs and services, it globally provides: access to different storage 

back-ends in a variety of crucial areas for various purposes. Different storage layers offer facilities for 

handling, management of metadata in any format and schema that can be consumed by the same 

application in the same Virtual Organization, a process execution engine, a transformation engine to address 

the transformation of data among various manifestations and management of Virtual Research 

Environments. gCube system provides support for: OGC standard protocols like WFS, WCS, WMS, WPS, 

OAI providers for document data, SPARQL endpoints and Biodiversity data sources, including OBIS, GBIF 

and Catalogue of Life. gCube seems mature enough (7 years of history and currently in version 3), is 

supported by a large community, although the frequency of the updates to the source code seems to have 

been decreasing. 

The HOMER Federation from the HOMER project is a Solr-based broker and supports harvesting metadata 

on PSI resources from CKAN and CSW endpoints, although the broker only provides access to the 

metadata record and it does not enable spatial search. [HOMER Federation] 

4.4.4.2 Linked Data 

The SWOT analyses of five projects provide detailed information on the technologies and tools they used 

regarding Linked Data: 

 The project Fusepool specified clearly their software stack related to Linked Data with a special 
focus on textual data [Fusepool D2.1]. The technologies mentioned should be taken into account in 
the case the Virtual Hubs or a concrete application should lead with Linked Data, as all of them are 
open source and most of them are being developed under the Apache Software Foundation, 
therefore a large support community can be assumed: 

o Clerezza
45

 is a service platform based on the Open Services Gateway initiative (OSGi) 
which provides a set of functionality for management of semantically Linked Data accessible 
through RESTful Web Services and in a secured way. Furthermore, Clerezza allows easily 
developing semantic web applications by providing tools to manipulate RDF data and create 
RESTful Web Services.  

o Stanbol
46

 enables the chaining of several semantic services, e.g. tag extraction/suggestion, 
text completion in search fields, ‘smart’ content workflows based on extracted entities, 
topics, etc. Apache Stanbol provides a set of reusable components for semantic content 
management. Apache Stanbol's intended use is to extend traditional content management 
systems with semantic services. Other feasible use cases include: direct usage from web 
applications (e.g. for tag extraction/suggestion; or text completion in search fields), 'smart' 
content workflows or email routing based on extracted entities, topics, etc. 

o Solr
47

 is an open source enterprise search platform, written in Java, from the Apache 
Lucene project. Its major features include full-text search, hit highlighting, faceted search, 
dynamic clustering, database integration, and rich document (e.g., Word, PDF) handling. It 
provides distributed search and index replication Solr has REST-like HTTP/XML and JSON 
APIs that make it usable from most popular programming languages. Apache Lucene and 
Apache Solr are both produced by the same Apache Software Foundation development 
team since the two projects were merged in 2010. It is common to refer to the technology or 
products as Lucene/Solr or Solr/Lucene. 
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o The Apache Stanbol Contenthub is an Apache Solr based document repository that 
enables storage of text-based documents and customizable semantic search facilities. The 
Contenthub exposes an efficient Java API together with the corresponding RESTful 
services. 

o Apache Marmotta
48

 provides an open implementation of a Linked Data Platform that can 
be used, extended, and deployed easily by organizations wanting to publish Linked Data or 
build custom applications on Linked Data. 

o The SILK framework
49

 is a tool for discovering relationships between data items within 
different Linked Data sources (the first version was released on 2009; the current version 
2.6 was released on 2014). 

o Open Refine
50

 (formerly Google Refine) is a powerful tool for working with messy data: 
cleaning it; transforming it from one format into another; extending it with web services; and 
linking it to databases like Freebase (Initial release: 10 November 2010). It works with files 
of different format (CSV, Excel spreadsheets, XML). It can be used to connect to remote 
naming services to reconcile records through its Reconciliation API.  

o OpenLink Virtuoso Universal Server
51

 is a multi-purpose and multi-protocol (Hybrid) Data 
Server from OpenLink Software that includes SQL Object-Relational, RDF, XML, and Free 
Text data management, alongside Web Application (HTTP, SOAP, WebDAV), SyncML, and 
Discussion Server functionality, in a single server. 

o The following vocabularies and ontologies were used: the DC Terms (DCMI Metadata 
Terms) for general purpose resource publications; the Friend of a Friend (FOAF) vocabulary 
is used to primarily represent agents, persons and organizations; PROV-O is used for 
provenance coverage 

o The following ontology languages were used: RDF Schema (RDFS), Web Ontology 
Language (OWL), Simple Knowledge Organization System (SKOS) and XKOS (extension to 
SKOS) 

o Saxon
52

 and XQuery Processor as a transformation tool for data in W3C compliant formats 
and XML queries  

 NETMAR provided recommendations regarding semantics and ontologies [NETMAR D3.2]: 

o RDF family of languages to represent its ontologies 

o The SPARQL Protocol and RDF Query Language 

o Mulgara
53

 data server and interactive Tucana Query Language (iTQL), when scalability is 
not an issue 

o Sesame
54

 framework for processing and handling RDF data (including creating, parsing, 
storing, inferencing and querying over such data) and 4store, when scalability is required. 

o Apache Jena
55

 is a powerful complete ontology framework. The querying mechanism is an 
extension of SPARQL called ARQ, which provides access to XSLT functions that make 
complex queries possible.  

o The concept-mapping tool recommended is the CMAPTools Ontology Editor
56

 due to its 
ability to export visual concept maps as Web Ontology Language (OWL) documents.  
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 The project LEO project made also some developments regarding Linked Data in the context of 
Earth Observation. Despite of being supported by a community narrower than Apache, this 
technologies could be taken into account in the case of having to deal with Linked Data in the Earth 
Observation context  

o The Silk Link Discovery Framework, described previously when discussing the Fusepool 
project. In the LEO project, Silk was extended in order to be able to discover precise 
geospatial and temporal links among RDF data. 

o D2RQ platform
57

, a system for accessing relational databases as virtual, read-only RDF 
graphs. It offers RDF-based access to the content of relational databases without having to 
replicate it into an RDF store. It allows querying a non-RDF database using SPARQL, 
accessing the content of the database as Linked Data over the Web, creating custom 
dumps of the database in RDF formats for loading into an RDF store and accessing 
information in a non-RDF database using the Apache Jena API. D2RQ is open source 
software and published under the Apache licence. 

o GeoTriples, tool developed in LEO, for transforming geospatial data sources into RDF. 
Employs and extends RDB to RDF Mapping Language (R2RML)

58
 to create mappings that 

dictate the method of conversion of the raw data into the RDF data model. [LEO D2.1]. 
GeoTriples is open source, accessible from GitHub. GeoTriples is currently under 
development as part of the LEO project and, thus, cannot be considered a mature 
technology. 

o Strabon
59

 is a semantic geospatial and temporal DBMS for storing and querying geospatial 
data that changes over time. Strabon is an implementation of the data model stRDF, the 
query language stSPARQL and the respective part of the OGC standard GeoSPARQL. 
stRDF and stSPARQL extend RDF and SPARQL 1.1 respectively providing a function set 
and data types for making the querying of spatiotemporal information via stSPARQL or 
GeoSPARQL possible, such as finding spatial and temporal relations between two 
resources. Its functionality is based on a spatially enabled database back end (currently 
PostgreSQL and MonetDB). Strabon is an open source application dating 2010, currently in 
version v3.2.10. 

o MonetDB
60

 is a column-store DBMS which achieves very efficient storage and query 
processing. It has two distinctive characteristics: the query language SciQL and the Data 
Vaults framework. SciQL is a new SQL-based query language for scientific applications that 
uses multidimensional arrays to represent EO data (e.g., time series of images) and query 
their content declaratively. The Data Vaults provides a true symbiosis between a DBMS and 
existing (remote) file-based repositories such as the ones used in EO applications. The data 
vault keeps the data in its original format and place, while at the same time it enables 
transparent data and metadata access and analysis using the SciQL query language. 
MonetDB is an open-source application. First version dates from 2002 and it is currently 
updated 

 LinDA is a complete open-source package of Enterprise Linked Data tools to quickly map and 
publish data in the Linked Data Format, interlink them with other public or private data, analyze them 
and create visualizations. Consists of the LinDA Transformation engine, a lightweight transformation 
to Linked Data tool, the LinDA Vocabulary repository for increasing the semantic interoperability for 
your data, the LinDA RDF2Any, a tool for converting RDF to conventional data structures in order to 
be used by legacy applications, the LinDA Query Builder and Query designer to easily navigate and 
query your data, the LinDA visualization to perform smart visualizations on Linked Data out-of-the 
box and the LinDA Analytics package for running analytic processes against your data. LinDA 
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enables enterprises to lower the learning curve of semantic technologies and harvest the potential of 
Linked Data in an intuitive and cost-effective manner. LinDA is a data management and application 
building workbench. It does not limit its focus to specific mobile technology or security frameworks. 
However, the project is ongoing at this moment, ant the technologies developed by this project 
cannot be considered as mature. 

 The project PlanetData, regarding Linked Data  

o Developed methods for enriching sensor metadata, and linking raw sensor data 
measurements to high-level semantics [PlanetData D1.4]. 

o Developed an access control specification language to control the access to sensitive or 
classified data [PlanetData D3.1]. 

o Accounted best practices for large-scale data management infrastructures based on 
experiences with large-scale data management tools [PlanetData D5.2]. 

o Accounted best practices on how to producing and publishing self-describing data 
[PlanetData D4.2]. 

o Accounted best practices for publishing data subsets from a larger dataset based on 
contextual dimensions. The contextual dimensions are the spatial context (e.g. the type of 
geometry, the location), the temporal context (e.g. the production date) or the social context 
(e.g. who produced the subset) [PlanetData D2.7]. 

4.4.4.3 Cloud 

Many projects were cloud based, like Fusepool, ELF, eEnviPer, EUBrazilOpenBio, InGeoCloudS and 

SDI4APPS, among others, mainly under the paradigms of platform as a service (PaaS) and infrastructure as 

a service (IasS). The cloud approach provides scalability, reliability and robustness for the provided services 

and guarantees that the computing infrastructure will scale as needed to cope with an increasing demand for 

services and data. High standard quality of service is provided by the cloud platform even in times of crisis. 

Data providers, especially smaller ones, can directly benefit from a readily available cloud infrastructure that 

they can seamlessly use. Cloud computing is becoming a prominent computing paradigm both for data 

storage and manipulation. 

There are some threats however attached to them. Cloud development must be performed as independently 

from the cloud provider as possible. The InGeoCloudS project platform was deployed using cloud 

interoperability standards so that it can be migrated to a different cloud provider with minimal software 

adaptation costs (to take advantage of better technology or lower costs). Additionally, the cloud platform 

provider may change pricing policy, adopt new technologies or alter provided functionalities over time. 

Finally, security and legality can be a problem in cloud-based approaches, in particular regarding 

confidential or restricted data (like personal data) or what the physical location of the data is (that, in most 

cases, could not be guaranteed by the provider).  

The InGeoCloudS project evaluated a series of cloud service providers (namely, Amazon EC2, CloudSigma, 

Flexiant, GoGrid, Google Compute Engine, Joyent, Microsoft Azure, OVH Public Cloud, Opsource and 

Rackspace), choosing Amazon as provider, the same as the Fusepool project. Regarding public cloud 

providers, the EUBrazilOpenBio project, due to its characteristics, could choose as cloud provider the EGI 

Federated Cloud, a seamless grid of academic private clouds and virtualised resources, built around open 

standards and focusing on the requirements of the scientific community, managed by the European Grid 

Infrastructure, a not-for-profit foundation established to coordinate and manage the European Grid 

Infrastructure (EGI) federation on behalf of its participants. The InGeoCloudS project considered migrating to 

a free public cloud infrastructure provided and supervised by a European organization (the “Helix Nebula - 

the Science Cloud” project
61

 which works towards that direction). SDI4APPS does not mention a specific 

cloud provider, but a platform: the OpenNebula platform, which manages a data centre’s virtual 
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infrastructure to build private, public and hybrid implementations of IaaS. OpenNebula is free and open-

source software. 

4.4.4.4 Architectural specifications 

While section 6 discusses the general architectures used by the vast majority of the projects addressing 

geographic information, some projects developed their own architectural specifications. The ones that can 

be of use to ENERGIC OD are presented in this section, together with some architectural frameworks used 

only by few projects, but that could provide hints in the design of the VHs: 

 The EuroGEOSS architecture allowed the integration of autonomous disciplinary infrastructures, 
similarly to what ENERGIC OD VH should do. EuroGEOSS was the project where the brokered 
approach was first demonstrated for advanced multidisciplinary infrastructures for discovery and 
access [EuroGEOSS broker]. The architectural design included Web 2.0 extensions to the 
EuroGEOSS broker and integration of vocabularies and other semantic assets and their publication 
as a SparQL/SKOS service. The architectural results of EuroGEOSS will be exploited in 
ENERGIC OD. 

 The GeoViQua project added a user feedback model and system to the EuroGEOSS broker. This 
user feedback system allows users to express their opinion about datasets quality. The information 
is stored as metadata annotation according to a well-defined user feedback model. 

 The Sketch of the ENVIROFI Architecture [ENVIROFI D6.1.1] depicts the overall system 
architecture for ENVIROFI, which shares many requirements and constraints with ENERGIC OD. 

 The EGIDA Methodology is described in a document detailing a set of Networking and Technical 
Activities needed for the re-engineering of Earth Observation infrastructures. Some activities and 
related guidelines may be of interest also in a different context like the VH implementation in 
ENERGIC OD. 

 The European Interoperability Framework (EIF) [European Commission, 2010] latest version, 
EIFv2, is a non-technical document devised to guide decision-making by Public Administrations on 
European public services that support the implementation of EU policy initiatives and on establishing 
public services that in the future may be reused as part of European public services. Since that point 
of view, it is usefulness for ENERGIC OD would be limited to assure that the Virtual Hubs 
architecture and design comply with the recommendations made by the EIF in the concrete field of 
e-government. 

 NETMAR used the Reference Model of Open Distributed Processing (RM-ODP) for describe their 
system architecture [NETMAR D2.4.2]. RM-ODP is a reference model in computer science, which 
provides a co-ordinating framework for the standardisation of open distributed processing. It 
supports distribution, interworking, platform and technology independence, and portability, together 
with an enterprise architecture framework for the specification of ODP systems. If the scheduling 
allows for it, it may be of interest to describe the architectural approach of ENERGIC OD also in 
terms of RM-ODP. 

4.4.4.5 Model chaining and processing 

The CryoLand project used the Geospatial Data Abstraction Library
62

 (GDAL), a translator library for 

raster and vector geospatial data formats that is released under an open source licence by the Open Source 

Geospatial Foundation. As a library, it presents to the calling application abstract data models for its 

supported raster and vector formats (137 raster formats and 81 vector formats). It also comes with a variety 

of useful command line utilities for data translation and processing. Current version is 1.11, and the library 

development started more than six years ago, so it can be considered a mature technology to take into 

account in the implementation of the Virtual Hubs, particularly if raster data should be translated. 

The NETMAR project developed several WPS wrappers for GRASS
63

 functionality. [NETMAR D5.2.1] 

Although the maturity of the wrappers cannot be assessed, GRASS is a free and open-source Geographic 
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Information System (GIS) software suite used for geospatial data management and analysis, image 

processing, graphics and maps production, spatial and temporal modelling, and visualization. GRASS has 

been under development since 1982, with the latest stable release (version 7) in 2015. It is a very mature 

technology to take into account when topological transformations on geographical data are needed. 

The NETMAR project also used Taverna
64

 as workflow manager. Taverna is an open-source and domain-

independent Workflow Management System, that is, a suite of tools used to design and execute scientific 

workflows and aid in silico experimentation. The Taverna tools include the Workbench (desktop client 

application), the Command Line Tool (for a quick execution of workflows from a terminal), the Server (for 

remote execution of workflows) and the Player (Web interface plugin for submitting workflows for remote 

execution). Taverna Online lets you create Taverna workflows from a Web browser. Taverna has been 

accepted as an Apache Incubator project, so it will follow an Open Development process and the 

development infrastructure hosted by apache.org. Thus, it can be considered as a mature technology with 

guarantee of maintenance.  

The i-SCOPE project client has been developed on top of the Nasa World Wind Java SDK
65

. This approach 

allows for many useful features to be implemented in parallel: different services like the WMS, WFS can run 

concurrently allowing a great flexibility of the entire system. World Wind is an open-source virtual globe first 

developed by NASA in 2003. It is cross-platform, software development kit (SDK) with an API that when 

used on applications or as an applet in a web browser, allows users to display and navigate 3D maps. It can 

access WFS and WMS and could be a very powerful tool to visualise geographical results in the 

applications. 

CaaS (Composition-as-a-Service) from the UncertWeb project: The CaaS (and its improvement as 

Business Process Broker framework) can be exploited to implement models chaining. The main idea 

beneath CaaS is facilitate the description of scientific business process. 

ENVISION project explored [ENVISION D3.1] and implemented [ENVISION D3.4] Model as a Service 

concept (MaaS). The aim of MaaS is to provide access for the scientific community to modern research 

models (e.g. space models, ecological models) through an automated request system for model runs, with 

modern, online visualization and analysis tools and through standard data formats for simulation data 

interoperability [Roman et al., 2009]. It should be considered how the MaaS concept fits with the 

architectural definition of the VHs, probably by facilitating the access of MaaS initiative to the VHs. This 

could allow for a better alignment with other initiatives [Nativi et al., 2013], despite the fact that the pilot 

applications proposed in ENERGIC OD would not be in need of MaaS. 

4.4.4.6 Open source software stacks used by certain projects 

In the case of certain projects (NETMAR, CARARE, GE2O, LIFE+IMAGINE and PEGASO), the complete 

open software stack used for implement them was provided. They are reproduced in Table 6, allowing for 

comparison.  

Functionality NETMAR CARARE GE2O LIFE+IMAGINE PEGASO 

Storage   PostgreSQL / 
PostGIS 

PostgreSQL / 
PostGIS 

PostgreSQL / 
PostGIS 

Discovery GeoNetwork    GeoNetwork GeoNetwork 

Portrayal GeoServer, 
MapServer, 
ncWMS, 
THREDDS 

GeoServer GeoServer, 
GeoWebCache 

 MapServer 

Download  GeoServer 
(WFS) 

 GeoServer Deegree, 
GeoBatch 

MapServer 
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Functionality NETMAR CARARE GE2O LIFE+IMAGINE PEGASO 

GeoServer, 
MapServer, 
THREDDS 
(WCS) 

Constellation 
(SWE standard) 

THREDDS, 
Dapper 
(OPeNDAP 
protocol) 

Processing PyWPS (WPS)   Geoserver 
(WPS) 

 

CRS 
transformation 

 Proj4js    

Geoparsing  DigMap    

Orchestration Taverna server     

Semantic 
Service 

Jena     

Metadata 
edition 

   EMSOUE  

Portal 
framework 

Liferay     

WebGIS client Mapfaces, 
Openlayers, 
jQuery 

OpenLayers, 
Google Web 
Toolkit (GWT) 

OpenLayers, 
GeoExt, Ext JS 

Cesium (through 
WebGL API) 

OpenLayers, 
GeoExt, Ext JS 

Timeline 
visualization 

 Simile Timeline, 
Timeplot 

   

Web GI edition  Explorer Canvas 
(Google), Flickr 
geotagging 
tools

66
 

   

Mobile map 
visualization 

 HTML5 
Geolocation API 

   

Table 6. Open source software stacks used by the NETMAR, CARARE, GE2O, LIFE+IMAGINE and PEGASO 
projects. 

It can be seen how several mature technologies identified in the ENERGIC OD DoW [ENERGIC OD DoW, 

2014] ( ergtsoPOLQSergtsoO ,sPrOPo Po, gPsoPP, sPrEet ) have also being used in other projects. The most 

relevant software tools and components identified here will be further discussed in section 0, either explicitly 

(like the case of ergtsoPOLQSergtsoO  i gPet ri 5.2.8)  or when describing the standard interfaces they 

implement (like the case of sPrwPtNroG ,UerOPo Po, sPrOPo Po, gPsoPP,  THREDDS). In all cases, the 

maturity of the aforementioned technologies can be assured. The rest of them will be briefly described here: 

 SMWcn
67

  g e  Pe Uer OPo  eP  ro sPrgret eo eete teet eoP gtroPe  i si-erCro eit wPtsgi 
(wPtNroG srCCri gete iroCet )  oPg. otg  itPit ri  g tr eoPetP e  UO teet oPet oPg C i Ceo 

eri  stoet ri, eg teP grtoeP eete   oPg gertoe eooPeed erite i Crgt r  teP iPePggeod CPteeete. eeP 
oetPgt  Pog ri  g a.a.a, oPoPegPe  i OPrtPCePo 2tal.  

 eGcWGbeWMeG
68

 is a Java web application used to cache map tiles coming from a variety of 
sources. 
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 ecStsGeeWsncS-nDS
69

  g e gr tNeoP  oeCPNroG tr eoPetP e erCroPtP Oret eo gete oi oegtotettoP,  orC 
eeteorst is sPrsoere e oPgrtoePg tr rrPoet is e roet roC r  gPigrog teet  PPeg eeeG  i roCet ri  i 

oPeo t CP ,eegPe  i Sss gPo  ePg. ot rttg PCreeg g  i gtrrrot is ge Pit   e eete  roCetg eie 
gPo  ePg, o GP wPtsgi eete )gPP gPet ri 5.2.l ,)sioy eete )tgPe Ce iod  i  i CPtPrororsd tr gtroP 

e gtro eeo eie  roPeegt NPetePo eete ,)eie EsgoO (EoPetori e seeot g groed s oi roCet ri OdgtPC )
eete (erCrttPo-eegPe ie  set ri  i roCet ri eotPoiet  P tr rerPo iett eeo eeeotg(. ot gtrrrotg SOS 

2.0, by allowing for monitoring of data in near-real time and allows for the concept of virtual sensors 
(combines data from sensors and on-the-fly processing). This is the reason why NETMAR choose it 
for SWE (see section 5.2.2). 

 DWppGD
70

  g ei SePwgae NPe gPo Po teet ror  ePg iPtNroGPe eeePgg tr  i-g tt eie so eePe eete. 
  te gerrPo gPo oPt, SePwgae PieeoPe eo Pitg ee P oPCrtP eeePgg tr C oo rig r  roP  rtgod 

tie e oeeoP  i-g tt rePeirsoere e ro etCrgrePo e regPo et rig.  

 eGcaWsMe
71

  g ei P Pit-eegPe sPrgret eo eNeoP eetee rorePgg is gdgtPC tr PegP teP eP PorrCPit, 
teP ePrord, eie teP CeiesPCPit r  greg ri gtoPeCg r  sPrgret eo eete. ot ror  ePg eeg e 

erCrriPitg  ro teP erooPet ri, rorePgg is eie rteo eet ri r  eete. sPryetee Neg tgPe  i teP 
QoiEtoUasowE rorgPet  ro teP  ngestion of not INSPIRE harmonized data. 

 yPWyn
72

 (edteri  Pe eorePgg is OPo  eP(  g ei  CroPCPitet ri r  teP  Pe rorePgg is OPo  eP 
gteieeoe  orC SrPi sPrgret eo srigrot tC. ot Neg gteotPe  i 2tts eie etooPitod  g  i  Pog ri l.2.2 

 orC dtiP 2tan. ot r  Pog ei Pi  oriCPit  ro rorsoeCC is rNi rorePggPg )sPr tiet rig ro CrePog( 
Ne ee eei eP eeePggPe  orC teP rteo e. ed eO eeg ePPi No ttPi N te iet  P gtrrrot  ro siaOO 

soO, gr  t ror  ePg eeePgg tr siaOO CretoPg   e e NPe  itPo eeP. RrNP Po, eg ed eO  g No ttPi  i 
edteri, rorePggPg tr eP  CroPCPitPe Ctgt tgP te g oeistesP trr.  

 yDcrort
73

  g e de eOeo rt o eoeod tr toeig roC rr it erroe ietPg  orC riP erroe ietP gdgtPC tr 
eirtePo,  ieote is eettC toeig roCet rig.  

 DnMcWp
74
 geoparser was an online service no longer available. 

 aWrGDSW Neg ePgeo ePe eP roP  i gPet ri n.n.n.5.  

 aGSW  g e erCroPtP ritrorsd  oeCPNroG ,eooPeed ePgeo ePe  i gPet ri n.n.n.2.  

 eeP oSDcpGWSr apGSr ncSDMGr cGsW WsWr o nscD
75

 (EMSOUE(  g e NPe erro eet ri tr eoPetP 
owOeoiE-erCro eit CPteeete  i eid r  22 EtorrPei oeistesPg. ot eeg ePPi eP PorrPe ed teP dr it 

iPgPeoee sPitoP eg reot r  teP EtorsESOO rorgPet. EMSOUE eoorNg tr ePgeo eP e gret eo eete gPt, 
e gret eo eete gPt gPo Pg ro e gret eo eete gPo  eP erCro eit N te teP gteieeoeg oOS aeaa5t2ttl eie 

oOS aeaaet2tt5. ee g Pe tro  retgPg ri e ger Pod CPteeete, eie  i reot etoeo ri teP   Poeg  ePit   Pe 
ed teP owOeoiE g oPet  P r  teP EtorrPei Mi ri )2tteS2SEs .)eeP MgPogh st eP eie gP PorrPogh 

st eP r  EMSOUE eoorN tr PetPie teP Pe tro tr ePgeo eP  i soPetPo ePte o  i roCet ri oPgrtoePg  ro 
rtorrgPg r  P eotet ri eie tgP eie tr get g d teP iPPeg r  e   PoPit tgPo erCCti t Pg.  

 lntGDWPrycDsWe
76

  g e  oPP eie rrPi grtoeP PitPoro gP rroteo rorgPet. ot  g ro Ceo od tgPe tr rrNPo 
erorroetP  itoeiPtg eie PetoeiPtg. Q  Poed  ieotePg e et ot- i NPe eritPit CeiesPCPit gdgtPC 

eoorN is tgPog tr et oe NPeg tPg eie rroteog eg ei eggPCeod r  tePCPg, resPg, rrotoPtgSseesPtg eie 
e erCCri ie  set ri.  
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 cWpaWMGt
77

 ror  ePg e o eoeod r  dOi erCrriPitg  ro teP erigtotet ri r  NPe eegPe, sPrgret eo 
erro eet rig. Uer eePg PetPieg teP de e OPo Po ieePg )dOi(  oeCPNroG eie erCrriPit o eoeod 

teortse gP Poeo erCroPe erCrriPitg tgP to  ro sPrgret eo erro eet rig gtee eg teP sProP PoPiePe 
  gteo tet ri r  eete, teP CeiesPCPit r  teP errPeoeieP r  eete oedPog, eie teP gPoPet ri r  
tPCrroeo  igteitg ro etoet rig .  

 apGSlWPGDt
78

  g ei rrPi grtoeP de eOeo rt o eoeod  ro e groed is Cer eete  i NPe eorNgPog. ot 
ror  ePg ei aeo  ro et oe is o ee NPe-eegPe sPrsoere e erro eet rig g C oeo tr srrsoP Uerg eie 

y is Uerg .eeP SrPiQedPog rorgPet gteotPe  i 2tt5 eie  t eei eP etooPitod erig ePoPe eg riP r  teP 
Crgt CettoP tPeeirors Pg  ro Cer rrotoedeo  i NPe eorNgPog.  

 rrSGDP
79

 gLtPod  g e eorgg-roet roC de eOeo rt o eoeod ePg siPe tr CeGP  t Peg Po tr ie  setP e 
eretCPit, gPoPet gSU PoPCPitg, eoPetP ei Cet rig, eeieoP P Pitg, eie eP Porr agee erro eet rig. 

gLtPod eogr ror  ePg eeree o t Pg  ro eP PorrPog tr eoPetP rots- ig ri trr r  teP de eOeo rt o eoeod .  

 eccMeGrWGbracceons
80

 (s e)  g ei rrPi grtoeP gPt r  trrog teet eoorNg NPe eP PorrPog tr eoPetP 
eie Ce ite i erCroPe de eOeo rt  orit-Pie erro eet rig  i de e. StePo teei e  PN iet  P o eoeo Pg, 

P Podte is  g de e grtoeP teet eei eP et ot ri eid gtrrrotPe roet roC N te teP  ieotePe s e ait 
et oe   oPg. s e PCreeg tPg oPtgeeoP erroreeePg tr erCCri NPe eP PorrCPit tegGg, ieCPod 
egdieeorirtg oPCrtP rorePetoP eeoog, e gtrod CeiesPCPit, errGCeoG is, tgPo  itPo eeP 

eegtoeet ri,  itPoiet rieo tet ri, eie eorgg-eorNgPo rrotee o td.  

 oJsr an
81

  g e de eOeo rt erro eet ri  oeCPNroG  ro et oe is  itPoeet  P NPe erro eet rig tg is 
tPeei etPg gtee eg agee, gReUQ eie gSU geo rt is. Eet dO  ieotePg  itPorrPoee o td N te gLtPod. otg 

eP PorrCPit gteotPe eP roP 2tte eie teP oegt gteeoP oPoPegP  g 5.a.t (wr PCePo 2tan.)  

 eGcoJs
82

  g e de eOeo rt erroG t  ro i ee  Pe Uerr is arro eet rig sPrEet eo isg trsPtePo teP 
sPrgret eo GirN erN r  SrPiQedPog N te teP tgPo  itPo eeP ge  d r  Eet dO tr ePor teP eP PorrCPit 

r  ePgGtrr gtdoP soO errg ri teP NPe N te de eOeo rt. sPrEet  g rrPi grtoeP.  

 WGbr eDWpenMtr lnbDWDP
83

 ( PesQ(  g e de eOeo rt aeo  ro oPiePo is  itPoeet  P lg erCrttPo 
soere eg eie 2g soere eg N te i eid erCret eoP NPe eorNgPo N tertt teP tgP r  rots- ig . PesQ  g 

 itPsoetPe erCroPtPod  itr eoo teP NPe gteieeoeg r  teP eorNgPo eoorN is seM eeePoPoetPe tgesP r  
redg eg eie  CesP rorePgg is eie P  Petg eg reot r  teP NPe resP eei eg.  PesQ PoPCPitg eei eP 

C ePe N te rtePo ReUQ PoPCPitg eie erCrrg tPe N te rtePo reotg r  teP resP ro resP eeeGsortie.  

 eGtnSC
84

  g e de eOeo rt o eoeod  ro eoPet is lg sorePg eie 2g Cerg  i e NPe eorNgPo N tertt e 
rots i. ot tgPg  PesQ  ro eeoeNeoP-eeePoPoetPe soere eg, eie  g eorgg-roet roC, eorgg-eorNgPo, eie 

ttiPe  ro edieC e-eete   gteo tet ri. sPg tC  g rrPi grtoeP tiePo teP areeeP 2.t o ePieP. ot  g  oPP 
 ro erCCPoe eo eie iri-erCCPoe eo tgP.  

 Simile Timeline
85

 and Simile anCGpecs
86

 eoP  oPP eie rrPi-grtoeP eete   gteo get ri NPe N esPtg 
 ro   gteo t is tPCrroeo eete eie rortt is t CP gPo Pg . 

 oJpecDGDreWSrWt
87

 (srrsoP) eo isg gtrrrot tr oitPoiPt EeroroPo tr teP ReUQ5 eei eg tes tr eoorN 
2g erCCeie-eegPe eoeN is,  PettoP Ne ee  g e oPetod e e oeeoP  i rtePo eorNgPog Firefox, Safari, 
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Chrome and Opera.  er tgP, NPe eP PorrPog riod iPPe tr  ieoteP e g isoP geo rt tes  i teP o Pe gt is 
NPe resPg.  

 eeP Iaclnr eGcecMWsncSr MyS
88

r g ei P  rot ed teP  rooe   eP  Pe srigrot tC ) ls( tr 
gteieeoe tP ei  itPo eeP tr oPto P P teP sPrsoere eeo oreet ri  i roCet ri  ro e eo Pit-g eP eP  eP. ot 

eP  iPg e gPt r  regPetg teet PePett is  i teP eo Pit erro eet ri s  P teP eo Pittg eP  eP oreet ri 
teortse teP erigtot is r  Qreet ri oi roCet ri OPo Pog. eeP Crgt erCCri grtoePg r  oreet ri 

 i roCet ri eoP oe eeeoPgg,   -i  eie yotPtrrte Uas eeeoPgg, oee r- oPetPied  ePit   eet ri )iiog(, 
  -i  eriiPet ri oreet ri, ro eP  eP soreeo erg t ri is OdgtPC )seO( eie sOUSsgUa ePoo ogg. eeP 

oreet ri  g oPttoiPe N te e s  Pi eeetoeed ePrPie is ri teP ePgt oreet ri  i roCet ri grtoeP 
e e oeeoP. O ieP te g eei erCrorC gP tgPo ro  eed, teP rrg t ri  g irt e e oeeoP tioPgg teP tgPo 

error Pg  t.  

4.4.4.7 User identification 

OpenID
89

 is used by the COBWEB project for access management. OpenID is an open standard and 

decentralized protocol that allows users to be authenticated by certain co-operating sites using a third party 

service. This eliminates the need for webmasters to provide their own ad hoc systems and allowing users to 

consolidate their digital identities. OAuth
90

 is an open standard for authorization that provides client 

applications a “secure delegated access” to server resources on behalf of a resource owner. It specifies a 

process for resource owners to authorize third-party access to their server resources without sharing their 

credentials. Designed specifically to work with HTTP, OAuth essentially allows access tokens to be issued to 

third-party clients by an authorization server, with the approval of the resource owner, or end-user. The client 

then uses the access token to access the protected resources hosted by the resource server. OAuth is 

commonly used as a way for web surfers to log into third party web sites using their Google, Facebook or 

Twitter accounts, without worrying about their access credentials being compromised. OAuth is a service 

that is complementary to, and therefore distinct from, OpenID. 

The Security Assertion Markup Language
91

 2.0 (SAML 2.0) is used by the COBWEB and eEnviPer 

projects. SAML 2.0 is a version of the SAML standard for exchanging authentication and authorization data 

between security domains. The CryoLand project also used OASIS Security standards (see section 5.3.4). 

WS-Federation is an Identity Federation specification that defines mechanisms for allowing disparate 

security realms to broker information on identities, identity attributes and authentication. It was used in 

eEnviPer. WS-Federation and SAML are competing protocols, being SAML more mature and widespread. 

4.4.4.8 Other inputs (uncertainty management, caching and implementation) 

UncertML language, from the UncertWeb project, allows expressing datasets uncertainty through samples, 

statistics (including mean, variance, standard deviation and quantile), and probability distributions. It can be 

useful for an objective description of data (and sensors) quality. 

The EuroGeoSource project developed a protocol for machine-readable cache policies in OGC web 

services, developed in order to provide an efficient access to the contents provided through OGC web 

services, while allowing the data providers to express the conditions required to allow or to forbid cache and 

harvesting conditions in a machine-readable way [Béjar, 2014]. Caching request results could be a 

complementary mechanism in order to improve the efficiency of the Virtual Hubs. 

EuroGEOSS incremental approach: EuroGEOSS adopted an incremental approach for the development 

and deployment of the Operating Capacity. It resulted effective for both technological development and 

dissemination and could also be of use to ENERGIC OD 
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4.4.5 Best practices regarding outreach and dissemination (WP7 & WP8) 

4.4.5.1 Hackathons, BarCamps and challenges  

Many projects have used approaches like Hackathons
92

, BarCamps
93

, challenges and awards in order to 

raise awareness of their results, to get feedback and create or consolidate user communities. For example, 

the Apps4EU project organised competitions for using Open Data and stimulated the winners to start 

business ventures and the HOMER project organized an international hackathon named “Hack4MED!” that 

was held simultaneously in five countries and six locations [HOMER Hack4MED!]. Some projects raised 

awareness by collaborating with existing events. The Fusepool project collaborated with established events 

like the Urban Data Challenge
94

 and organized their own event Data|Hack|Award
95

. Projects have used 

existing guidelines for organizing hackathons, have developed their own, and have developed toolsets for 

managing these events. The HOMER project guidelines for organizing a hackathon [HOMER Hack4MED! 

Guidelines] were based on the Open Data Hackathon How to Guide [McArthur, 2012]. The Apps4EU had 

provided guidelines for organisers of Apps challenges [APPS4EU D4.6] and has also had developed a 

technical toolset for developing Open Data competitions that includes a WordPress plugin to manage 

events
96

. Other projects such as FINODEX used a different approach consisting of calls for sub-projects, 

planned as a competition where projects are refunded as they reach different phases. 

4.4.5.2 User-feedback integration 

User-feedback obtained from the above events was integrated in some projects such as Fusepool to 

consolidate user communities. Besides regular strategies for user engagement (newsletters, social media 

profiles, on-line forum, dedicated workshops and conferences), user validation and feedback on the data 

provided by VHs could also be used as a means of increasing the impact of the project, since the 

mechanisms that would allow for that are present in the GI-Suite that will be the base of many ENERGIC OD 

Virtual Hubs. 

4.4.5.3 Conferences and workshops 

The EuroGEOSS Final Conference was an effective high-level event helping to achieve dissemination and 

impact. EuroGEOSS Final Conference could be replicated at the end of the ENERGIC OD project. Several 

partners of EuroGEOSS are also partners of ENERGIC OD (CNR-IIA, BRGM and UNIZAR) and can bring 

their experience. In addition, it should be considered co-locating some ENERGIC OD external workshops 

under the umbrella of INSPIRE, OD, GEOSS or Copernicus forums, as was done in EuroGEOSS too. 

4.4.5.4 Social media presence 

Social media profiles for European Projects are becoming more and more common as dissemination and 

user engagement tools. For instance, out of the 35 analysed projects that ended less than two years ago, 21 

(60%) have a Twitter account, with the rate increasing as we consider the more recent ones. However, these 

profiles should be active to be and effective tool and to avoid transmitting a dormant or inoperative image of 

the project. Additionally, some indicators of these profiles (such as the case of the number of followers in 

Twitter) can provide a proxy to the impact or interest of the project. In the case of the analysed projects, a 

strong correlation between the profile activity (measured either in number of tweets or in “following 

accounts”) and the number of followers can be found (Table 7). ENERGIC OD should take in account this 

fact when managing Facebook, Twitter and LinkedIn profiles. 
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Project Tweets Following Followers 

OpenDataMonitor 394 1426 1088 

Apps4EU 745 1238 918 

SMARTOPENDATA 129 1628 837 

FINODEX 863 1141 724 

HOMER 3122 120 676 

LAPSI 736 234 449 

I-SCOPE project 411 154 386 

SENSE4US 507 1756 372 

PlanetData 132 144 233 

E.L.F. 331 117 227 

COBWEB 333 85 216 

HAIVISIO 70 142 175 

ENVIROFI 99 11 135 

LinDA 88 149 109 

Fusepool 185 43 86 

GEOVIQUA 69 8 78 

cloudspaces 49 12 72 

InGeoCloudS 107 106 63 

EarthServer 14 1 58 

eEnviPer 62 55 53 

LEO 1 3 11 

Table 7. Number of tweets, following accounts and followers of the most recent analysed projects, sorted by 
descending number of followers. 

4.4.5.5 Open Data dissemination  

Other way to ensure the impact and dissemination of the results of the project would be to set up the reuse 

of these results in other projects and contexts, in the same way the NETMAR project did. An 

example of where ENERGIC OD datasets can be shared for reuse is the DataHub
97

. The LAPSI 

project referred to DataHub as a tool designed for making Open Data more accessible and 

discoverable. DataHub is a CKAN-based data management public platform from the Open 

Knowledge Foundation where Open Data can be published. NETMAR and LEO projects used the 

DataHub to publish the Linked Data they create throughout the project. In the case that ENERGIC 

OD were in need of creating or adapting concrete open datasets for its use in the pilot applications, 

publishing such datasets in DataHub would increase the accessibility of these data and would also 

increase the visibility of the project. NETMAR, additionally, used the “Linked Open Data cloud 

diagram”
98

 for increasing impact and visibility of the project with new generated Linked Data 

datasets. The same would apply to ENERGIC OD in the case of creating or adapting datasets in the 

form of Linked Data. 

On the opposite side, it is the major thread detected in the GE2O project, that had a good focus on GI and 

geo-location of data with no intrinsic GI, but underestimated the potential of the re-use of data and decided 

to share only PDF data format. The fact that services are not fully interoperable with other systems is a 

limitation for a full exploitation of results of the project. This is not a threat in ENERGIC OD, as the project 

objective is not creation of data, but instead, leveraging the access to data. 
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4.4.5.6 FIWARE community 

There is a broad community that promotes the use of the FIWARE technology. Approaches to FIWARE 

could be done in the implementation of some VHs or pilot applications in order to exploit this potential. In this 

line, some former partners of the ENVIROFI consortium are still active in FI-PPP Phase 2 and 3 and they 

could be contacted by CNR-IIA for dissemination opportunities 

4.4.5.7 Open source initiatives  

Any open source development regarding the VHs or the pilot applications can be an opportunity to 

disseminate the project results in conferences and conventions attached to open source initiatives (such as 

the case of the project CloudSpaces disseminating its results in the OpenStack Summit). Tying parts of the 

development of the VHs or the pilot applications to open source developments can be seen mostly as an 

opportunity, due to the fact that developments of ENERGIC OD could contribute to an existing open source 

initiative, increasing the impact and post-project sustainability. However, there could be a threat if ENERGIC 

OD needs or expects concrete improvements of certain open source software in order to continue with their 

own development and those improvements do not occur by a lack of support of the related open source 

community. 

4.4.5.8 Open source repository in GitHub 

GitHub is a web-based Git repository hosting service. Today, GitHub is the largest code host in the world. At 

least 10 projects (GeoViQua, NETMAR, PEGASO, Fusepool, ENVIROFI, cloudspaces, LinDA, 

OpenDataMonitor, LEO and UncertWeb) provided open source software results that are present on Github. 

However, it is important to be able to develop a community before the end of the projects, because if not, the 

Github projects soon became inactive. On the other hand, some projects contributed to already existing 

open source projects, instead of create new projects or new forks (Fusepool contributed to Apache semantic 

tools). 

4.4.5.9 Liaisons and collaborations with other projects 

EarthServer Networking Activities included specific WPs focused on the outreach of scientific communities 

and international initiatives such as EGU, GEO, INSPIRE. These activities were tasks assigned to partners 

belonging to the specific communities facilitating the interaction [EarthServer CR]. The successful approach 

of EarthServer of interacting with scientific communities and international initiatives through partners 

belonging to them could be replicated in ENERGIC OD. In a similar way, the project consortium members of 

the project InGeoCloudS played a leading role in other large professional initiatives and help achieving a 

good dissemination and advertisement of the project. 

Establishing liaisons and collaborations with other projects can also increase the impact and awareness of 

ENERGIC OD. Probably, the best practice regarding this can be found in the Orchestra project. During its 

lifetime, more than twenty collaborations were carried with other European and non-European projects in the 

same and different fields. Additionally, trying to align and contribute to a pilot from OGC or GEOSS (like the 

GIGAS project did with to the GEOSS Architecture Implementation Pilot – Phase 3 (AIP-3) or the high 

impact achieved by EuroGEOSS through a strong relationship with GEOSS and INSPIRE) would provide the 

same beneficial effect. 

According to the SWOT, LEO project is also very successful at developing of strong synergies and 

establishing close links with other projects, to the point of having other projects to provide them a use case 

description for its implementation and dissemination in the LEO project. ENERGIC OD could follow a similar 

strategy, by offering the VHs infrastructure to other projects to implement their own use cases using it. 

In the SDI4Apps project, a work package is explicitly targeted to provide support for external developers of 

new applications on top of the SDI4Apps cloud infrastructure. Despite the set of work packages in ENERGIC 

OD was established in the DoW [ENERGIC OD DoW, 2014], and cannot be easily modified, it could be of 

interest of the ENERGIC OD impact and viability to allow for the development of additional applications 
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before the end of the project, and thus, being able to provide better support to this new developments.  

According to the SWOT analysis of the selected projects, the following on-going projects would be good 

candidates for collaboration: 

 Current projects from the Future Internet Public-Private-Partnership (FI-PPP) programme. 

 The OpenDataMonitor project, presented in section 4.4.2. 

 The E.L.F. project, that involves the creation of sample applications using thematic communities to 
make user-led developments by SMEs. 

4.4.6 Best practices regarding viability (WP8) 

In ENERGIC OD, the issue of viability was introduced in the DoW and was planned to be further developed 

in WP8 (Proof of concept, exploitation, business plans and networking). The DoW already states that the 

maintenance cost of the Virtual Hubs will be borne by the companies and/or public organizations that exploit 

the services of the VH in each country, transferring the sustainability issue to the pilot applications. 

According to the SWOTs of the reviewed projects (see section 4.4), business models based on commercial 

reuse of the results are more likely to be successful over time than the ones based on open source and 

community support. For example, the project smeSpire provided a business model aiming at enabling 

already established and new geo-ICT SMEs in Europe to convert technological innovation which is inside 

the INSPIRE implementation process into economic value. FINODEX participants are developing materials 

related to Open Data: “How can we create a business model related to Open Data?” In a similar line, 

Apps4EU project provide guidelines for organisers of Apps challenges [APPS4EU D4.6], and guides for 

business models [APPS4EU D4.1] based on Open Data
99

. The guidelines for organisers of challenges 

include a section addressing community sustainability after the event or initiative [APPS4EU D4.6, D4.7]. 

The eEnviPer project performed to a thorough business development process, from market analysis and 

pricing strategy to localised business plans for each pilot. The eEnviPer software solution is commercially 

available in the countries participating in the project and at least a contract was signed. The sustainability 

plan of the BRISEIDE project mixed the open source and the commercial approach: the spatio-temporal 

services developed during the project will be available as open source during the duration of the project and 

one year after, and on “lease” as a commercial product subsequently. It would be desirable for ENERGIC 

OD that at least one of the applications developed over each deployed VH would have a commercial 

business model, in order to guarantee the sustainability of the underlying VH. 

The geographical extent attached to the use cases of the project is also relevant. In some projects (like the 

urbanAPI project), it was so limited (only four small cities) that at the end of the project there was no active 

user community, endangering the post-project viability of the results. Sometimes, this geographical extent is 

attached to the number of partners and their nationality. In the InGeoCloudS project, for instance, small 

number of partners could be a thread for the results sustainability after the project ends. This could also be 

the case of ENERGIC OD, since only five countries are involved and some pilot applications will deal initially 

with a limited geographical area. It would be advisable to address the issue of enlarging the geographical 

scope of the project at the level of the VHs and at the level of the pilot applications in order to trying to 

assure the sustainability of the project results. 

Finally, the identification of stakeholders and users is crucial for assuring the sustainability of the projects. In 

particular, a lack of specific stakeholders in the TaToo project could have been the cause of the perceived 

after-project lack of sustainability in the SWOT. On the other hand, in the case of the SDI4Apps project, the 

description of the social strategy for community engagement and pilots is a highly detailed document 

[SDI4APPS D2.2], although it is an on-going project in its first year, and the strategy performance could not 

be assessed at the moment. 
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5 COMPILATION OF RELEVANT TECHNOLOGIES 

ENERGIC OD has identified in the Description of Work [ENERGIC OD DoW, 2014] mature technologies 

(e.g. CNR-IIA GI-* Brokering Framework, AED-SICAD Fusion Data Service, SRP GIS-Broker-Framework 

and DEPTH EasySDI) as solutions that each Virtual Hub can choose as the best solution according to its 

requirements regarding to providing new infrastructures (standardisation), accessing existing infrastructures 

(resource brokering) and functionalities. This section identifies, describes and discusses ancillary 

technologies that may imply to evaluate in the respective WP if an extension of the proposed solutions is 

required.  

Regarding technologies, the systematic work done through the SWOT analysis of related European projects 

has as a purpose to help to the identification of the ancillary technologies that may be needed for the 

implementation of the Virtual Hubs and the pilot applications. Therefore, the compilation of relevant 

technologies should consider the following dimensions: 

1. Standardised access: A limited set of standards are desirable in order to avoid an uncontrolled 

proliferation of interfaces, metadata and data models in the applications supported by the Virtual 

Hubs, and they should be adopted when they respond to the requirements for new infrastructures.  

2. Brokered access: Applications address heterogeneity issues not solved by standardization by 

means of solutions based on mediation through a brokering layered architecture for accessing 

existing infrastructures. A brokering layered architecture provides a set of brokers that are in charge 

of all the mediation and harmonization needed to make different infrastructures interoperable.  

3. Supporting functionalities: Applications should provide or be in need of a set of functionalities 

allowing a uniform access to and use of data, including: discovery (e.g. based on semantic 

enhanced queries), evaluation through metadata, and access with interoperability facilities (e.g. 

harmonization of datasets in terms of resolution, coordinate reference system, format, etc.).  

The compilation of relevant technologies will be as follow. For each dimension (standardised access, 

resource brokering, and provided functionalities), we will present a set of technological items (e.g. 

technologies, data models or formats) that would be recommended to be supported by the Virtual Hubs or, if 

not initially needed for the implementation of the pilot applications, should be contemplated at least in the 

architectural design of the Virtual Hubs in order to ease their further development for accommodating new 

applications. 

5.1 Standardised access 

The following standards should be considered as the primary choice for providing standardised access to 

data in an application if meet the requirements of the application. The proposed standards cover perfectly 

the access to geographic information and the access to Linked Open Data. A clear standard to access non-

Linked Open Data is missing, so the applications might be in need of accessing particular servers or the VHs 

using general internet protocols like HTTP or FTP for accessing data in either open formats (CSV, JSON, …) 

or proprietary formats (like shapefile). The brokering frameworks that are planned to be used in ENERGIC 

OD already support most of the following standards.  

5.1.1 OGC Web Map Service (WMS) 

The OGC Web Map Service
100

 (WMS) standard provides an interface for requesting geo-registered map 

images from one or more distributed geospatial databases. The specification was developed and first 

published in 1999. The current version is 1.3.0, with versions 1.0, 1.1 and 1.1.1 currently deprecated. OGC 
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has also developed profiles for Earth Observation products, military environments and time-dependent or 

elevation-dependent data. 

A WMS GetMap request defines the geographic layer(s) and area of interest to be processed. The 

parameters of the request include among others width and height of the map, the coordinate reference 

system, the rendering style and the image format. The interface also supports the ability to specify whether 

the returned images should be transparent so that layers from multiple servers can be combined or not. The 

response to the request is one or more geo-registered map images (returned as JPEG, PNG, etc.) that can 

be displayed in a browser application. A WMS server may return the map in a vector format such as SVG. In 

addition, if a layer is described as queryable then it is possible to request data about features located at a 

coordinate of the map image using the WMS GetFeatureInfo request. Open source software that provide 

web map services capability include GeoServer, deegree, MapServer, MapGuide Open Source, World Wind 

Server, QGIS Server and GeoWebCache. GeoServer, degree and Mapserver were identified as mature 

technologies in the DoW [ENERGIC OD DoW, 2014] and used at least in one of the reviewed projects. 

GeoServer was the more widely used in the reviewed projects (at least four of the projects used GeoServer 

software). 

The OGC Styled Layer Descriptor
101

 (SLD) Profile defines an encoding that extends the WMS standard to 

allow user-defined symbolization and colouring of geographic feature and coverage data. SLD addresses 

the need for users and software to be able to control the visual portrayal of the geospatial data. The ability to 

define styling rules requires a styling language that the client and server can both understand. The OGC 

Symbology Encoding Standard (SE) provides this language, while the SLD profile of WMS enables 

application of SE to WMS layers using extensions of WMS operations. Additionally, SLD defines an 

operation for standardized access to legend symbols.  

5.1.2 OGC Web Map Service (WMTS) 

The OGC Web Map Tile Service
102

 (WMTS) provides a standard based solution to serve digital maps using 

predefined image tiles and complements the existing Web Map Service standard of the OGC providing 

flexibility in the client request enabling clients to obtain exactly the final image they want. The only 

specification available (1.0.0) was developed and first published in 2010. 

The WMTS specification advertises the tiles a server has available through a standardized model that 

defines the tiles available in each layer (i.e. each type of content), in each graphical representation style, in 

each format, in each coordinate reference system, at each scale, and over each geographic fragment of the 

total covered area reducing latency and bandwidth use.  Also declared are the communication protocols and 

encodings through which clients can interact with the server.  

5.1.3 OGC Web Feature Service (WFS) 

The OGC Web Feature Service
103

 (WFS) specifies the behaviour of a web feature service that provides 

transactions on and access to geographic features in a manner independent of the underlying data store. 

The current versions are 2.0.2 and 1.1.0. Versions 2.0, and 1.0.0 are deprecated. Version 2.0.0 is equivalent 

to ISO 19142:2010. 

The WFS specification defines interfaces for describing data manipulation operations of geographic features 

including discovery operations, query operations, locking operations, transaction operations and operations 

to manage stored parameterized query expressions. Data manipulation operations include the ability to get 

or query features based on spatial and non-spatial constraints, to create a new feature instance, to delete a 
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feature instance and to update a feature instance. The XML-based GML furnishes the default payload 

encoding for transporting the geographic features, but other formats like Esri Shapefiles can also serve for 

transport.  

5.1.4 OGC Web Coverage Services (WCS) 

The OGC Web Coverage Service
104

 (WCS) specification supports electronic retrieval of geospatial data as 

"coverages", that is, digital geospatial information representing space/time-varying phenomena. The current 

version is 2.0.1. Versions 1.0, and 1.1 are deprecated. OGC has defined extensions for range subsetting, 

scaling, interpolation, processing, transaction, and supporting Earth observation products and GeoTIFF 

standards. 

A WCS provides access to coverage data in forms that are useful for client-side rendering, as input into 

scientific models, and for other clients. As with WMS and WFS service instances, a WCS allows clients to 

choose portions of a server's information holdings based on spatial constraints and other query criteria. 

Unlike WMS, which portrays spatial data to return static maps the WCS provides available data together with 

their detailed descriptions; defines a rich syntax for requests against these data; and returns data with its 

original semantics (instead of pictures) which may be interpreted, extrapolated, etc., and not just portrayed. 

Unlike WFS, which returns discrete geospatial features, the Web Coverage Service returns coverages 

representing space/time-varying phenomena that relate a spatiotemporal domain to a (possibly 

multidimensional) range of properties. As such, WCS focuses on coverages as a specialized class of 

features and, correspondingly, defines streamlined functionality. WCS uses the coverage model of the OGC 

GML Application Schema for Coverages. Thus, WCS supports all coverage types supported by said 

Application Schema. 

5.1.5 Linked Data 

In computing, linked data (often capitalized as Linked Data) describes a method of publishing structured 

data so that it can be interlinked and become more useful through semantic queries. It builds upon standard 

Web technologies such as HTTP, RDF and URIs, but rather than using them to serve web pages for human 

readers, it extends them to share information in a way that can be read automatically by computers. This 

enables data from different sources to be connected and queried. 

Tim Berners-Lee, director of the World Wide Web Consortium, coined the term in a design note discussing 

issues around the Semantic Web project, and outlined four principles of Linked Data in his Design Issues: 

Linked Data note, paraphrased along the following lines: 

1. Use URIs to denote things. 

2. Use HTTP URIs so that these things can be referred to and looked up ("dereferenced") by people 

and user agents. 

3. Provide useful information about the thing when its URI is dereferenced, leveraging standards such 

as RDF and SPARQL. 

4. Include links to other related things (using their URIs) when publishing data on the Web. 

The Resource Description Framework (RDF) is a family of W3C specifications originally designed as a 

metadata data model. It has come to be used as a general method for conceptual description or modelling of 

information that is implemented in web resources, using a variety of syntax notations and data serialization 

formats. It is also used in knowledge management applications. 

The RDF data model is similar to classic conceptual modelling approaches such as entity–relationship or 

class diagrams, as it is based upon the idea of making statements about resources (in particular web 

resources) in the form of subject–predicate–object expressions. These expressions are known as triples in 
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RDF terminology. The subject denotes the resource, and the predicate denotes traits or aspects of the 

resource and expresses a relationship between the subject and the object. For example, one way to 

represent the notion “The sky has the colour blue” in RDF is as the triple: a subject denoting “the sky”, a 

predicate denoting “has”, and an object denoting “the colour blue”. Therefore RDF swaps object for subject 

that would be used in the classical notation of an entity–attribute–value model within object-oriented design; 

object (sky), attribute (colour) and value (blue). RDF is an abstract model with several serialization formats 

(i.e., file formats), and so the particular way in which a resource or triple is encoded varies from format to 

format. This mechanism for describing resources is a major component in the W3C's Semantic Web activity: 

an evolutionary stage of the World Wide Web in which automated software can store, exchange, and use 

machine-readable information distributed throughout the Web, in turn enabling users to deal with the 

information with greater efficiency and certainty. RDF's simple data model and ability to model disparate, 

abstract concepts has also led to its increasing use in knowledge management applications unrelated to 

Semantic Web activity. 

5.1.6 OGC GeoSPARQL 

GeoSPARQL
105

 is a standard for representation and querying of geospatial Linked Data for the Semantic 

Web from the OGC. The current version of this standard is version 1.0.0. 

The definition of a small ontology based on well-understood OGC standards is intended to provide a 

standardized exchange basis for geospatial RDF data which can support both qualitative and quantitative 

spatial reasoning and querying with the SPARQL
106

 database query language. GeoSPARQL provides a 

small topological ontology in RDFS/OWL for representation using GML and WKT literals, and Simple 

Features, RCC8, and DE-9IM topological relationship vocabularies and ontologies for qualitative reasoning, 

and a SPARQL query interface using a set of topological SPARQL extension functions for quantitative 

reasoning, and a set of Rule Interchange Format
107

 (RIF) Core inference rules for query transformation and 

interpretation. 

5.2 Brokered access 

The following standards and technologies should be considered as the most relevant to provide brokered 

access to them in applications supported by the VHs if meet the requirements of them. The brokering 

frameworks that are planned to be used in ENERGIC OD already support most of them.  

5.2.1 Portrayal services 

Brokered access should be provided for servers that implement OGC standard interfaces (WMS, see 5.1.1, 

and WMTS, 5.1.2) for producing visual pictures from coverage data. The following non-standard interfaces 

could be supported: 

 Tile Map Service
108

 (TMS). TMS is a solution to serve digital maps using predefined image tiles. It is 
simpler than WMTS. It was developed by members of the OSGeo and is not backed by an official 
standards body. 

 OpenStreetMap Slippy API
109

 (OSM). OMS is a collaborative project to create a free editable map 
of the world. OSM API is similar but simpler than TMS.  
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5.2.2 Data access services 

Brokered access should be provided for servers that implements OGC standard interfaces (WFS, see 5.1.3, 

WCS, see 5.1.4, and GeoSPARQL, see 5.1.5) for accessing data. Also, the support of the following OGC 

services, when related to data access, should be considered: 

 Sensor Observation Service
110

 (SOS) is applicable to use cases in which sensor data needs to be 
managed in an interoperable way. This standard defines a Web service interface which allows 
querying observations, sensor metadata, as well as representations of observed features. Further, 
this standard defines means to register new sensors and to remove existing ones. Also, it defines 
operations to insert new sensor observations. This service is part of the Sensor Web Enablement

111
 

(SWE) working group that is specifying interoperability interfaces and metadata encodings that 
enable real time integration of heterogeneous sensor webs into an information infrastructure. 

 Open Location Services
112

 (OLS) specifies interfaces that enable companies in the Location Based 
Services value chain to “hook up” and provide their pieces of applications such as emergency 
response (E-911, for example), personal navigator, traffic information service, proximity service, 
location recall, mobile field service, travel directions, restaurant finder, corporate asset locator, 
concierge, routing, vector map portrayal and interaction, friend finder, and geography voice-
graphics. 

 OpenSearch Geo
113

 specifies the Geo and Time extensions to the OpenSearch
114

 query protocol. 
OpenSearch is a collection of simple formats for the sharing of search results.  

The following standard protocols could be supported: 

 File Transfer Protocol
115

 (FTP). This is a network protocol standardized by IETF used to transfer 
computer files from one host to another host over a TCP-based network, such as the Internet. FTP 
is built on client-server architecture and uses separate control and data connections between the 
client and the server. 

 OPeNDAP Data Access Protocol
116

 (DAP 2.0). This is a protocol standardized by NASA for 
requesting and transporting data across the web focused on scientific data networking. OPeNDAP 
includes standards for encapsulating structured data, annotating the data with attributes and adding 
semantics that describe the data. It was successfully used in the NETMAR project. 

In addition, the following non-standard interface could be supported. OpenStreetMap Data API
117

 (OSM) 

could be supported because it is the API for accessing the OSM database.  

5.2.3 Raster data Formats 

The following standard raster data formats could be supported: 

 JPEG 2000
118

 (JP2) is a standardized (ISO/IEC 15444) image compression standard and coding 
system. It was created by the ISO/ITU Joint Photographic Experts Group committee in 2000 with the 
intention of superseding their original discrete cosine transform-based JPEG standard with a newly 
designed, wavelet-based method. JP2 allows georeferencing transformation and coordinate systems 
information to be embedded in the file. 

                                                      
110

 http://www.opengeospatial.org/standards/sos 
111

 http://www.opengeospatial.org/domain/swe 
112

 http://www.opengeospatial.org/standards/ols 
113

 http://www.opengeospatial.org/standards/opensearchgeo 
114

 http://www.opensearch.org/Home 
115

 http://tools.ietf.org/html/rfc959 
116

 http://www.opendap.org/pdf/ESE-RFC-004v1.1.pdf 
117

 http://wiki.openstreetmap.org/wiki/API_v0.6 
118

 http://www.jpeg.org/jpeg2000/index.html 

http://www.opengeospatial.org/standards/sos
http://www.opengeospatial.org/domain/swe
http://www.opengeospatial.org/standards/ols
http://www.opengeospatial.org/standards/opensearchgeo
http://www.opensearch.org/Home
http://tools.ietf.org/html/rfc959
http://www.opendap.org/pdf/ESE-RFC-004v1.1.pdf
http://wiki.openstreetmap.org/wiki/API_v0.6
http://www.jpeg.org/jpeg2000/index.html


D2.3. R&D State-of-the-art report 

 

 

 
 

 

 

 

61 

 HDF
119

 stands for Hierarchical Data Format, and is a container for several different datasets, 
including one or more raster images. It is used most often for storing Scientific Datasets SDS, which 
are multidimensional arrays filled with data. One HDF file may contain several different SDS arrays. 
They may differ in size, number of dimensions and may represent data for different regions. NASA 
selected HDF as the standard format for EOS data. There are two versions HDF4 and HDF5. HDF5 
is a newer version of the HDF format, and is completely different from HDF4. 

 Network Common Data Format
120

 (netCDF) is a set of software libraries and self-describing, 
machine-independent data formats that support the creation, access, and sharing of array-oriented 
scientific data. The latest version of netCDF, version 4, is based on HDF5. NetCDF has been 
endorsed as standard by NASA and OGC. There are extensions to netCDF such as the OGC 
climate and forecast extension (netCDF-CF) and the OGC enhanced data model extension. Binary 
storage in open format with optional compression. Allows for direct web-access of 
subsets/aggregations of maps through OPeNDAP protocol. 

The following non-standard raster data formats could be supported: 

 GeoTIFF
121

 is a public metadata de-facto standard with allows georeferencing information to be 
embedded in a TIFF file, turning the file into a raster data container. The potential additional 
information includes map projection, coordinate systems, ellipsoids, datums, and everything else 
necessary to establish the exact spatial reference for the file. 

 Enhanced Compression Wavelet
122

 (ECW). ECW is a wavelet compression image format 
optimized for aerial and satellite imagery. ECW is used to compress very large images, without 
using intermediate tiling or intermediate disk storage. ECW is owned by Intergraph. 

 Esri ASCII Raster
123

. Esri ASCII raster is a very simple format. It has a very short header that 
precedes the raster data. This header provides the location and size of the raster to follow. The 
raster is written as a series of rows, which contain one ASCII integer or floating point value per 
column in the raster. The first element of the raster corresponds to the upper left-hand corner of the 
raster. For each raster, there is only a single feature returned, since this feature will contain the 
entire raster. This format is owned by Esri. 

5.2.4 Vector data formats 

The following standard vector data formats could be supported: 

 Geography Markup Language
124

 (GML). GML is an XML grammar standardized by OGC for 
expressing geographical features. The current versions are 3.3 and 3.2.1. Versions 2.1.1, 2.1.2 and 
3.0 are deprecated. GML serves as a modelling language for geographic systems as well as an 
open interchange format for geographic transactions on the Internet. There are two parts to the 
grammar:  the schema, known as application schema that describes the document and the instance 
document that contains the actual data. A GML document is described using a GML Schema. This 
allows users and developers to describe generic geographic data sets that contain points, lines and 
polygons. However, the developers of GML envision communities working to define community-
specific application schemas that are specialized extensions of GML. Using application schemas, 
users can refer to roads, highways, and bridges instead of points, lines and polygons. If everyone in 
a community agrees to use the same schemas they can exchange data easily and be sure that a 
road is still a road when they view it. GML is also an ISO standard (ISO 19136:2007). 
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 Well-known text
125

 (WKT) is a text markup language for representing vector geometry objects on a 
map, spatial reference systems of spatial objects and transformations between spatial reference 
systems. This markup language is standardised by both OGC and ISO. 

 Well-known binary (WKB) is a standardised binary version of WKT used to transfer and store data 
on databases. 

The following non-standard vector data formats could be supported: 

 GeoRSS
126

 is a lightweight model that can be encoded in a lightweight format or in a GML3 profile. 
Both formats are designed for use with Atom

127
 1.0, RSS 2.0

128
 and RSS 1.0

129
, although it can be 

used just as easily in non-RSS XML encodings. 

 GeoJSON
130

 is an open and lightweight format for encoding collections of simple geographical 
features along with their non-spatial attributes using JSON

131
. JSON (JavaScript Object Notation) is 

an open standard format that uses human-readable text to transmit data objects consisting of 
attribute–value pairs. It is used primarily to transmit data between a server and web application, as 
an alternative to XML. 

 TopoJSON
132

 is an offspring of GeoJSON that encodes geospatial topology. 

 Esri Shapefile
133

 is a popular vector data GIS format, developed and owned by Esri. Esri shapefiles 
store both geometry and attributes for features. No topological information is stored. A shapefile is a 
logical construct that consists of a series of physical files with different extensions. These extensions 
are added to the base name of the shapefile. All files must reside in the same directory. 

5.2.5 Portrayal data formats 

In some scenarios, data could be available embedded in portrayal data formats, in particular Keyhole 

Markup Language
134

 (KML) is an XML language focused on geographic visualization, including annotation 

of maps and images. Geographic visualization includes not only the presentation of graphical data on the 

globe, but also the control of the user's navigation in the sense of where to go and where to look. KML was 

developed for use with Google Earth, which was originally named Keyhole Earth Viewer. Google submitted 

KML to OGC and was adopted as an OGC implementation standard. The current version is 2.2.0.  

5.2.6 Data models  

In some thematic scenarios, it could be a requirement to provide specific brokerage support for accessing to 

data conforming to domain models such as those described by GML Application Schemas. 

The following standard GML application schemas could be supported: 

 Earth Observation Products
135

 is an application schema for Earth Observation data products. 
These product collections are usually structured to contain data items derived from a sensor on 
board a satellite or series of sensors. The key characteristics differentiating these products are date 
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of acquisition, location and in some cases, such as the optical imagery, the possible presence of 
cloud, haze, smokes or other atmospheric or on ground phenomena obscuring the image. The 
application schema is based on GML3. 

 SensorML
136

 is an open data model standardised by OGC that provides a robust and semantically-
tied mean of defining processes and processing components associated with the measurement and 
post-measurement transformation of observations. This includes sensors and actuators as well as 
computational processes applied pre- and post- measurement. The main objective is to enable 
interoperability, first at the syntactic level and later at the semantic level (by using ontologies and 
semantic mediation), so that sensors and processes can be better understood by machines, utilized 
automatically in complex workflows, and easily shared between intelligent sensor web nodes. 

 CityGML
137

 is an open data model for the storage and exchange of virtual 3D city models. It is an 
application schema for the GML3, the extendible international standard for spatial data exchange 
issued by the Open Geospatial Consortium (OGC) and the ISO TC211. The aim of the development 
of CityGML is to reach a common definition of the basic entities, attributes, and relations of a 3D city 
model. This is especially important with respect to the cost-effective sustainable maintenance of 3D 
city models, allowing the reuse of the same data in different application fields. 

 WaterML
138

 is an OGC standard information model for the representation of water observations 
data, with the intent of allowing the exchange of such data sets across information systems. 

 GeoSciML
139

 is an open data model for the exchange of digital geoscientific information. It 
accommodates the representation and description of features typically found on geological maps, as 
well as being extensible to other geoscience data such as drilling, sampling, and analytical data. 
GeoSciML is standardised by CGI and OGC. 

 EarthResourceML
140

 is an open data model for the exchange of digital information for mineral 
occurrences, mines and mining activity. EarthResourceML makes use of the GeoSciML data 
standard for describing the geological characteristics and setting of mineral occurrences, their 
contained commodities, and their mineral resource and reserve endowment. It is also able to 
describe mines and mining activities, and production of concentrates, refined product, and waste 
materials. EarthResourceML is standardised by CGI. 

In addition, the following non-standard data model could be supported. UncertML
141

 is an XML encoding for 

the transport and storage of information about uncertain quantities, with emphasis on quantitative 

representations based on probability theory. UncertML was initially proposed as a GML Application Schema. 

5.2.7 Data servers 

In some thematic scenarios, it could be a requirement to provide specific brokerage support for accessing to 

data stored in geospatial data servers such as THREDDS and CUASHI-HIS servers: 

 THREDDS Data Server (TDS) provides catalogue, metadata, and data access services for scientific 
datasets. TDS configuration files control which local and/or remote dataset collections are scanned 
for the datasets to be served. The TDS uses the CDM to read datasets in various formats, and 
serves them through OPeNDAP, WCS, WMS, NetCDF subset service, and bulk HTTP file transfer 
services. The first four allow the user to obtain subsets of the data, which is crucial for large 
datasets. The TDS has the ability to aggregate many files into virtual datasets, which insulates users 
from the details of file storage and naming, and greatly simplifies user access to large collections of 
files. 
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 CUASHI-HIS HydroServer
142

 is a set of software applications for publishing hydrologic datasets for 
an experimental watershed or site on the Internet that exposes standard web services defined by 
CUASHI

143
. CUASHI-HIS HydroServer supersedes CUASHI-HIS Server

144
. 

5.2.8 Spatial databases 

In some scenarios, it could be a requirement to provide specific brokerage support for accessing to data 

stored in geographic databases such as PostGIS/PostgreSQL, MySQL, Oracle Spatial and Esri ArcSDE: 

 PostGIS
145

 is an open source software program that adds support for geographic objects to the 
PostgreSQL

146
 object-relational database. PostGIS implements the OGC Simple Features for SQL 

specification. The PostGIS implementation is based on “light-weight” geometries and indexes 
optimized to reduce disk and memory footprint. Using light-weight geometries helps servers increase 
the amount of data migrated up from physical disk storage into RAM, improving query performance 
substantially. PostGIS features geometry types for points, linestrings, polygons, multipoints, 
multilinestrings, multipolygons and geometry collections, spatial predicates for determining the 
interactions of geometries using the 3x3 DE-9IM (provided by the GEOS software library), spatial 
operators for determining geospatial measurements like area, distance, length and perimeter, spatial 
operators for determining geospatial set operations, like union, difference, symmetric difference and 
buffers (provided by GEOS), R-tree-over-GiST (Generalised Search Tree) spatial indexes for high 
speed spatial querying, index selectivity support, to provide high performance query plans for mixed 
spatial/non-spatial queries, and for raster data, PostGIS WKT Raster (now integrated into PostGIS 
2.0+ and renamed PostGIS Raster). A similar project to PostgreSQL is called Postgres-XL

147
, also 

open source, designed to manage bigger amounts of data. 

 MySQL
148

 implements spatial extensions as a subset of the SQL with Geometry Types environment. 
This term refers to an SQL environment that has been extended with a set of geometry types. A 
geometry-valued SQL column is implemented as a column that has a geometry type. The 
specification describes a set of SQL geometry types, as well as functions on those types to create 
and analyze geometry values. MySQL spatial extensions enable the generation, storage, and 
analysis of geographic features. MySQL provides data types for representing spatial values, 
functions for manipulating spatial values, and spatial indexing for improved access times to spatial 
columns. However,  MySQL does not implement some features of OGC Simple Features (e.g. 
additional metadata views, some functions) 

 Oracle Spatial
149

, now renamed as Oracle Spatial and Graph, forms a separately-licensed option 
component of the Oracle Database. The spatial features in Oracle Spatial and Graph aid users in 
managing geographic and location-data in a native type within an Oracle database, potentially 
supporting a wide range of applications — from automated mapping/facilities-management and GIS, 
to wireless location services and location-enabled e-business. The graph features in Oracle Spatial 
and Graph include Oracle Network Data Model (NDM) graphs used in traditional network 
applications in major transportation, telcos, utilities and energy organizations and RDF semantic 
graphs used in social networks and social interactions and in linking disparate data sets to address 
requirements from the research, health sciences, finance, media and intelligence communities. The 
geospatial feature of Oracle Spatial and Graph provides a SQL schema and functions that facilitate 
the storage, retrieval, update, and query of collections of spatial features in an Oracle database. The 

                                                      
142

 http://his.cuahsi.org/hydroserver.html  
143

 http://his.cuahsi.org/hscapabilities.html  
144

 http://his.cuahsi.org/hisserver.html  
145

 http://postgis.net/ 
146

 http://www.postgresql.org/ 
147

 http://www.postgres-xl.org/ 
148

 http://www.mysql.com/ 
149

 http://www.oracle.com/us/products/database/options/spatial/overview/index.html 

http://his.cuahsi.org/hydroserver.html
http://his.cuahsi.org/hscapabilities.html
http://his.cuahsi.org/hisserver.html
http://postgis.net/
http://www.postgresql.org/
http://www.postgres-xl.org/
http://www.mysql.com/
http://www.oracle.com/us/products/database/options/spatial/overview/index.html


D2.3. R&D State-of-the-art report 

 

 

 
 

 

 

 

65 

geospatial data features consist of a schema that prescribes the storage, syntax, and semantics of 
supported geometric data types, a spatial indexing system, operators, functions, and procedures for 
performing area-of-interest queries, spatial join queries, and other spatial analysis operations, 
functions and procedures for utility and tuning operations, parametric curves (NURBs) support for 
mathematically precise representation of free form curves that can be reproduced exactly for 2D and 
3D data, a topology data model for working with data about nodes, edges, and faces in a topology, a 
GeoRaster feature to store, index, query, analyze, and deliver GeoRaster data (raster image and 
gridded data and its associated metadata) with virtual mosaics, raster algebra operations, image 
processing, Java API, and GDAL-Based ETL Wizard, 3-Dimensional data types and operators 
including Triangulated Irregular Networks (TINs), Point Clouds and LiDAR data sets with Spatial R-
tree indexing, SQL operators and analysis functions, and metadata for visualization, geocoding that 
converts locations and addresses data into formal geographic coordinates from point addresses and 
address ranges, and supports reverse geocoding, a routing engine that creates fastest or shortest 
routes with driving distances, times, directions and turn-specific geometries based on commercial 
and publicly available street network data, and restrictions and conditions for advanced routing, such 
as truck-specific routing, and OGC compliant Web Services for geocoding, routing, mapping, 
business directory, catalogue, and geospatial feature transactions. 

 Esri ArcSDE
150

 (Spatial Database Engine) is a server-software sub-system produced and marketed 
by Esri that aims to enable the usage of Relational Database Management Systems for spatial data. 
The spatial data may then be used as part of a geodatabase. ArcSDE enables organizations to 
move from a traditional approach — managing a separate collection of geographic data files — to an 
integrated environment in which one can manage spatial data as a continuous database: accessible 
to the entire organization simultaneously and easily publishable on the Web. ArcSDE is an 
application server that facilitates storing and managing spatial data (raster, vector, and survey) in a 
DBMS and makes the data available to many applications. ArcSDE allows one to manage spatial 
data in any of four commercial databases (IBM DB2, Informix, Microsoft SQL Server and Oracle). 
Starting with the 9.3 release, Esri added support for the open-source PostgreSQL database. 
ArcSDE serves data for the advanced ArcGIS Desktop products (ArcView, ArcEditor and ArcInfo); 
the ArcGIS development products (ArcGIS Engine and ArcGIS Server), ArcView 3.x as well as 
ArcIMS. It is a key component in managing a multi-user Esri-based GIS. While traditional RDBMS 
software keeps track of the tables and records contained in the database, ArcSDE pushes the 
relational model higher so that client software can manage geographic data - which comprise 
several tables - seamlessly. The GIS environment routes all connections to the database through 
the ArcSDE middleware, which manages the storing and retrieval of data. 

5.3 Supporting functionalities 

The following standards and technologies should be considered as the most relevant to provide supporting 

functionalities, including:  discovery (e.g. based on semantic enhanced queries), evaluation through 

metadata, and access with interoperability facilities (e.g. harmonization of datasets in terms of resolution, 

Coordinate Reference System, format, etc.).  The brokering frameworks that are planned to be used in the 

pilots already support most of them.  

5.3.1 Discovery 

Discovery refers to the support of the ability to publish and search collections of metadata for data, services, 

and related information objects. Metadata in catalogues represent resource characteristics that can be 

queried and presented for evaluation and further processing by both humans and software. Discovery 

services are required to support the discovery and binding to registered information resources within pilots.  

The following standard discovery service interfaces could be supported: 
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 OGC Catalogue Service for the Web
151

 (CSW). The OGC Catalogue Service standard specifies 
the interfaces between clients and catalogue services, through the presentation of abstract and 
implementation-specific models. The standard specifies the interfaces, bindings, and a framework 
for defining application profiles required to publish and access digital catalogues of metadata for 
geospatial data, services, and related resource information.  The most relevant binding of OGC CAT 
is the Catalogue Service for the Web (CSW). CSW is a standard for exposing a catalogue of 
geospatial records in XML on the Internet (over HTTP). The catalogue is made up of records that 
describe geospatial data (e.g. KML), geospatial services (e.g. WMS), and related resources. The 
records are in XML according to the standard. Typically the records include Dublin Core, ISO 19139 
or FGDC metadata, encoded in UTF-8 characters. Each record must contain certain core fields 
including: Title, Format, Type (e.g. Dataset, DatasetCollection or Service), BoundingBox (a rectangle 
of interest, expressed in latitude and longitude), Coordinate Reference System, and Association (a 
link to another metadata record). Versions 2.0.0, 2.0.1 and 2.0.2 are subtly different, and different 
vendors implement them with variations. Typically a CSW server will accept requests in one CSW 
version only, and it is up to the client to be flexible. e.g. Esri Geoportal can be configured to harvest 
documents from CSW servers of a variety of versions and vendor variants  such as "GeoNetwork 
CSW 2.0.2 APISO". 

 Open Archives Initiative Protocol for Metadata Harvesting
152

 (OAI-PMH) is a protocol developed 
by the Open Archives Initiative. It is used to harvest (or collect) over HTTP the metadata 
descriptions encoded in XML of the records in an archive so that services can be built using 
metadata from many archives. An implementation of OAI-PMH must support representing metadata 
in Dublin Core, but may also support additional representations. 

 OpenSearch Geo described in 5.2.2 can be also used for discovery.  

The following non-standard discovery service interfaces could be supported. 

 Web Accessible Folder
153

 (WAF) is a simple directory of files on a web server that can be 
accessed by users with a web browser, indexed by Google and other search engines, and harvested 
by metadata discovery portals or other freely available utilities. A WAF provides a straightforward 
approach to build and maintain a repository or cache of metadata XML files in any format. 

 The Comprehensive Knowledge Archive Network
154

 (CKAN) is a web-based open source data 
management system for the storage and distribution of data in general, and Open Data in particular. 
It is maintained by the Open Knowledge Foundation with the backup of one of the strongest Open 
Data communities in the world. The system is used as a public platform on Datahub and in various 
government data catalogues. 

5.3.2 Evaluation through metadata 

The following standard metadata schemas could be supported for supporting the evaluation: 

 ISO 19115 Geographic Information – Metadata
155

. This standard defines the schema required for 
describing information and services. It provides information about the identification, the extent, the 
quality, the spatial and temporal schema, spatial reference, and distribution of digital data. The 
objective of this International Standard is to provide a clear procedure for the description of digital 
geographic datasets so that users will be able to determine whether the data in a holding will be of 
use to them and how to access the data. By establishing a common set of metadata terminology, 
definitions and extension procedures, this standard will promote the proper use and effective 
retrieval of geographic data. ISO 19115:2014 edition will cancel and replace ISO 19115:2003, 
Geographic information – Metadata. The standard is part of the ISO geographic information suite of 
standards (19100 series). 
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 Common Data Index
156

 (CDI). The CDI format is a marine profile of the ISO 19115 metadata 
content standard that can be considered a de-facto standard for marine metadata in Europe. 

 THREDDS Catalog
157

. THREDDS Catalogs are logical directories of on-line data resources, 
encoded as XML documents, which provide a place for annotations and other metadata about the 
data resources to reside. This is how THREDDS-enabled data consumers find out what data is 
available from data providers. There are version for the server side

158
 and the client side

159
. 

 Dublin Core
160

. The Dublin Core Schema is a small set of vocabulary terms that can be used to 
describe web resources (video, images, web pages, etc.), as well as physical resources such as 
books or CDs, and objects like artworks. The full set of Dublin Core metadata terms can be found on 
the Dublin Core Metadata Initiative (DCMI) website. The original set of 15 classic metadata terms, 
known as the Dublin Core Metadata Element Set are endorsed in the following standards 
documents: IETF RFC 5013, ISO Standard 15836-2009 and NISO Standard Z39.85 Dublin Core 
Metadata may be used for multiple purposes, from simple resource description, to combining 
metadata vocabularies of different metadata standards, to providing interoperability for metadata 
vocabularies in the Linked Data cloud and Semantic Web implementations. 

 Darwin Core
161

. The Darwin Core standard has been used to mobilise the vast majority of specimen 
occurrence and observational records within the GBIF network. The Darwin Core standard was 
originally conceived to facilitate the discovery, retrieval, and integration of information about modern 
biological specimens, their spatio-temporal occurrence, and their supporting evidence housed in 
collections (physical or digital). The Darwin Core today is broader in scope. It aims to provide a 
stable, standard reference for sharing information on biological diversity. As a glossary of terms, the 
Darwin Core provides stable semantic definitions with the goal of being maximally reusable in a 
variety of contexts. This means that Darwin Core may still be used in the same way it has historically 
been used, but may also serve as the basis for building more complex exchange formats, while still 
ensuring interoperability through a common set of terms. 

 Ecological Metadata Language
162

 (EML) is a metadata specification developed by the ecology 
discipline and for the ecology discipline. It is based on prior work done by the Ecological Society of 
America and associated efforts. EML is implemented as a series of XML document types that can be 
used in a modular and extensible manner to document ecological data. Each EML module is 
designed to describe one logical part of the total metadata that should be included with any 
ecological dataset. 

 DCAT Application profile for data portals in Europe
163

 (DCAT-AP) is a specification based on the 
Data Catalogue vocabulary (DCAT) for describing public sector datasets in Europe. Its basic use 
case is to enable cross-data portal search for data sets and make public sector data better 
searchable across borders and sectors. This can be achieved by the exchange of descriptions of 
datasets among data portals. 

 The Asset Description Metadata Schema
164

 (ADMS) is a vocabulary to describe interoperability 
assets making it possible for ICT developers to explore and search for interoperability assets. ADMS 
allows public administrations, businesses, standardisation bodies and academia to: a) describe 
semantic assets in a common way so that they can be seamlessly cross-queried and discovered by 
ICT developers  from a single access point; b) search, identify, retrieve, compare semantic assets to 
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be reused avoiding duplication and expensive design work through a single point of access; c) keep 
their own system for documenting and storing semantic assets; d) improve indexing and visibility of 
their own assets; e) link semantic assets to one another in cross-border and cross-sector settings. 
ADMS was created by the EU's Interoperability Solutions for European Public Administrations (ISA) 
Programme

165
 of the European Commission to help publishers of standards document what their 

standards are about and where they can be found on the Web. 

5.3.3 Interoperability Facilities 

The following standard service interfaces provide different interoperability facilities that could be supported: 

 Web Processing Service
166

 (WPS) is an OGC standard that provides a standard interface that 
simplifies simple or complex computational processing services accessible via web services. The 
WPS standard defines how a client can request the execution of a process, and how the output from 
the process is handled. It defines an interface that facilitates the publishing of geospatial processes 
and clients’ discovery of and binding to those processes. The data required by the WPS can be 
delivered across a network or they can be available at the server. WPS can describe any calculation 
(i.e. process) including all of its inputs and outputs, and trigger its execution as a Web service. 
Services include well-known processes found in spatial extract, transform, and load (ETL) software 
and GIS software as well as specialized processes such as coordinates transformation and spatial 
and temporal modelling and simulation. Moreover, WPS supports both immediate processing for 
computational tasks that take little time and asynchronous processing for more complex and time-
consuming tasks. While the OGC WPS standard was designed with spatial processing in mind, it 
can also be used to readily insert non-spatial processing tasks into a web services environment. The 
version 2.0 incorporates change requests that have been submitted since the release of version 1.0 
and provides improved support for process cataloguing and retrieval. Theoretically, it is 
transport/platform neutral (like SOAP), but in practice it has only been specified for HTTP GET, 
HTTP POST, and SOAP. The specific processes served up by a WPS implementation are defined 
by the owner of that implementation. Although WPS was designed to work with spatially referenced 
data, it can be used with any kind of data. 

The following non-standard service interfaces provide different interoperability facilities that could be 

supported: 

 Web Coordinate Transformation Service
167

 (WCTS). There is not any official, internationally 
agreed service interface specification available for coordinate transformations. The approach 
adopted by OGC is to incorporate the only mandatory operation Transform defined in of the OGC 
Discussion Paper ‘Web Coordinate Transformation Service’ (WCTS) as an Application Profile of the 
OGC Implementation Specification ‘Web Processing Service’ (WPS). The IsTransformable operation 
of the WCTS is implemented as an optional parameter of the main transformation operation. All 
other optional operations of the WCTS interface are omitted. The OGC’s WCTS specification is 
available as an OGC Discussion Paper (version 0.4.0). There seems to be no activity in the OGC to 
advance the WCTS specification to official level. The development of the few implementations of the 
specification has mostly been discontinued. The WPS interface standard is an official OGC 
Implementation Specification (version 1.0.0). WPS defines a generic Web-based geospatial 
processing service interface. Specific processes can be specified as Application Profiles (AP) of the 
WPS. As the trend in the OGC Web service interface development seems to be towards the use of a 
generic processing service access interface, INSPIRE decided to define the INSPIRE Coordinate 
Transformation Service by specifying the WCTS’s Transform operation as an AP of the WPS 
specification. 

The following controlled vocabularies could be supported by tools that address description harmonization: 

                                                      
165

 http://ec.europa.eu/isa/ 
166

 http://www.opengeospatial.org/standards/wps  
167

 

http://inspire.ec.europa.eu/reports/ImplementingRules/network/Draft_Technical_Guidance_Coordinate_Tran

sformation_Services_v1.0.pdf  

http://ec.europa.eu/isa/
http://www.opengeospatial.org/standards/wps
http://inspire.ec.europa.eu/reports/ImplementingRules/network/Draft_Technical_Guidance_Coordinate_Transformation_Services_v1.0.pdf
http://inspire.ec.europa.eu/reports/ImplementingRules/network/Draft_Technical_Guidance_Coordinate_Transformation_Services_v1.0.pdf


D2.3. R&D State-of-the-art report 

 

 

 
 

 

 

 

69 

 GEMET
168

 is a compilation of several vocabularies, and has been designed as a general thesaurus, 
aiming to define a core general terminology for the environment. GEMET is a compilation of several 
multilingual vocabularies, and has the form of a general thesaurus, aiming to define a general 
terminology for the field of the environment. The current version is available in 22 languages and 
contains over 6,000 descriptors. GEMET is available to the public in several formats. You can 
browse and search the online vocabulary, question by Web Services, or download it to HTML or 
SKOS formats. GEMET XMDR is part of the project, which is a metadata registry. 

 AGROVOC
169

 is a multilingual controlled vocabulary covering all areas of interest to the Food and 
Agriculture Organization of the United Nations (FAO), including food, nutrition, agriculture, fisheries, 
forestry and the environment. The vocabulary consists of over 32,000 concepts with up to 40,000 
terms in 20 languages: Arabic, Chinese, Czech, English, French, German, Hindi, Hungarian, Italian, 
Japanese, Korean, Lao, Persian, Polish, Portuguese, Russian, Slovak, Spanish, Thai, Turkish. It is a 
collaborative effort, edited by a community of experts and coordinated by FAO. AGROVOC is made 
available by FAO as an RDF/SKOS-XL concept scheme and published as a Linked Data set aligned 
to 13 other vocabularies. All 32,000+ concepts of the AGROVOC thesaurus are hierarchically 
organized under 25 top concepts. AGROVOC top concepts are very general and high level 
concepts, like “activities”, “organisms”, “locations”, “products”, “organism” etc. More than half of the 
total number of concepts (20,000+) falls under the top concept “organism”, which confirms how 
AGROVOC is largely oriented towards the agriculture sector. AGROVOC is an RDF/SKOS-XL 
concept scheme, meaning the conceptual and terminological levels are separated. The basic 
notions for such a concept scheme are concepts, their labels and relations. Concepts are anything 
we want to represent or “talk about” in our domain. Concepts are represented by terms. A concept 
could also be considered as the set of all terms used to express it in various languages. In SKOS, 
concepts are formalized as skos:Concept, identified by dereferenceable URIs Terms are the actual 
terms used to name a concept. AGROVOC terms are expressed by means of the SKOS extension 
for labels, SKOS-XL. The predicates used are: skosxl:prefLabel, used for preferred terms 
(“descriptors” in thesaurus terminology), and skosxl:altLabel, used for non-preferred terms. In SKOS, 
hierarchical relations between concepts are expressed by the predicates skos:broader, 
skos:narrower. They correspond to the classical thesaurus relations broader/narrower (BT/NT). Non-
hierarchical relations express a notion of “relatedness” between concepts. AGROVOC uses the 
SKOS relation skos:related (corresponding to the classical thesaurus RT), and a specific vocabulary 
of relations called Agrontology. AGROVOC also allows for relations between labels (i.e. terms), 
thanks to the SKOS-XL extension to SKOS. AGROVOC is available as a Linked Data set and is 
aligned (linked) with 13 vocabularies related to agriculture (see table down below). The Linked Data 
version of AGROVOC is exposed as RDF and HTML, through a content-negotiation mechanism. It is 
also exposed through a SPARQL endpoint. The advantage of having a thesaurus like AGROVOC 
published as LOD is that once thesauri are linked, the resources they index are linked as well. A 
good example is AGRIS, a mash-up web application that links the AGRIS bibliographic repository 
(indexed with AGROVOC) to related web resources (indexed with vocabularies linked to 
AGROVOC).  

 UNESCO Thesaurus
170

. Many archives use UNESCO, a high-level thesaurus with terminology 
covering education, science, culture, the social and human sciences, information and 
communication, politics, law and economics. The UNESCO thesaurus was first published in 1977. 
The second edition was published in 1995. It is currently published as a CD-ROM and available from 
UNESCO publishing, but it can also be searched via the UNESCO website. The thesaurus is used 
for the resources available in the UNESCO Documentation Network (UNESDOC), the database of 
the organisation’s documents and publications. One possible problem with UNESCO is that it is very 
general and lacks the depth of detail that many archivists desire. For example, if you are a repository 
that specialises in music, UNESCO will not give you any subject terms more specific than ‘musical 
instruments’, which is too broad for the level of specificity that you would require. However, it may be 
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more suitable as a term for a non-specialist repository. The UNESCO Thesaurus provides a number 
of advantages: it is a large thesaurus, it is continually updated and it reflects European history and 
culture. It is easy to use – you can just enter search terms and use the navigation through broader 
and narrower terms to find the appropriate subject.  

 NUTS Thesaurus
171

. The Nomenclature of Territorial Units for Statistics or Nomenclature of Units 
for Territorial Statistics is a geocode standard for referencing the subdivisions of countries for 
statistical purposes. The standard is developed and regulated by the European Union, and thus only 
covers the member states of the EU in detail. The Nomenclature of Territorial Units for Statistics is 
instrumental in the European Union's Structural Fund delivery mechanisms. For each EU member 
country, a hierarchy of three NUTS levels is established by Eurostat; the subdivisions in some levels 
do not necessarily correspond to administrative divisions within the country. A NUTS code begins 
with a two-letter code referencing the country, which is identical to the ISO 3166-1 alpha-2 code 
(except UK instead of GB for the United Kingdom). The subdivision of the country is then referred to 
with one number. A second or third subdivision level is referred to with another number each. Each 
numbering starts with 1, as 0 is used for the upper level. Where the subdivision has more than nine 
entities, capital letters are used to continue the numbering. A similar statistical system is defined for 
the candidate countries and members of the European Free Trade Association, but they are not 
technically part of NUTS governed by the regulations. The current NUTS classification, valid from 1 
January 2012 until 31 December 2014, lists 97 regions at NUTS 1, 270 regions at NUTS 2 and 1294 
regions at NUTS 3 level. In addition to the full three levels for the European Union countries, all 
other countries have a NUTS code with a two-letter code for a continent and two numbers for the 
country, and for the USA, Canada and Australia the states, provinces, and territories are numbered 
separately. There are some anomalies: for example, Gibraltar is listed as being outside the EU with 
the code EO21; while French Guiana is listed twice, once in France as FR930 and once in South 
America as AS13. NUTS is thus in some extent similar to the ISO 3166-2 standard, as well as the 
FIPS 10-4 standard of the United States. There are three levels of NUTS defined, with two levels of 
local administrative units (LAUs) below. These were called NUTS levels 4 and 5 until July 2003, but 
were officially abolished by regulation, although they are sometimes still described as such. Note 
that not all countries have every level of division, depending on their size. One of the most extreme 
cases is Luxembourg, which has only LAUs; the three NUTS divisions each correspond to the entire 
country itself. 

5.3.4 Security 

The following standards provide tenets for building security services such as access control and 

authentication that could be supported: 

 Web Services Security
172

 (WS-Security, WSS) is an OASIS extension to SOAP to apply security to 
Web services. It is a member of the Web service specifications and was published by OASIS. The 
protocol specifies how integrity and confidentiality can be enforced on messages and allows the 
communication of various security token formats, such as Security Assertion Markup Language 
(SAML), Kerberos, and X.509. Its main focus is on the use of XML Signature and XML Encryption to 
provide end-to-end security. WS-Security describes how to sign SOAP messages to assure integrity, 
how to encrypt SOAP messages to assure confidentiality, and how to attach security tokens to 
ascertain the sender's identity. The specification allows a variety of signature formats, encryption 
algorithms and multiple trust domains, and is open to various security token models, such as X.509 
certificates, Kerberos tickets, User ID/Password credentials, SAML Assertions, and Custom-defined 
tokens. WS-Security incorporates security features in the header of a SOAP message, working in 
the application layer. These mechanisms by themselves do not provide a complete security solution 
for Web services. Instead, this specification is a building block that can be used in conjunction with 
other Web service extensions and higher-level application-specific protocols to accommodate a wide 
variety of security models and security technologies. In general, WSS by itself does not provide any 
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guarantee of security. When implementing and using the framework and syntax, it is up to the 
implementer to ensure that the result is not vulnerable. 

 Security Assertion Markup Language
173

 (SAML) is an OASIS XML-based, open-standard data 
format for exchanging authentication and authorization data between parties, in particular, between 
an identity provider and a service provider. SAML is a product of the OASIS Security Services 
Technical Committee. SAML dates from 2001; the most recent major update of SAML was published 
in 2005, but protocol enhancements have steadily been added through additional, optional 
standards. The single most important requirement that SAML addresses is web browser single sign-
on (SSO). Single sign-on is common at the intranet level (using cookies, for example) but extending 
it beyond the intranet has been problematic and has led to the proliferation of non-interoperable 
proprietary technologies. (Another more recent approach to addressing the browser SSO problem is 
the OpenID protocol). The SAML specification defines three roles: the principal (typically a user), the 
identity provider (IdP), and the service provider (SP). In the use case addressed by SAML, the 
principal requests a service from the service provider. The service provider requests and obtains an 
identity assertion from the identity provider. On the basis of this assertion, the service provider can 
make an access control decision – in other words it can decide whether to perform some service for 
the connected principal. Before delivering the identity assertion to the SP, the IdP may request some 
information from the principal – such as a user name and password – in order to authenticate the 
principal. SAML specifies the assertions between the three parties: in particular, the messages that 
assert identity that are passed from the IdP to the SP. In SAML, one identity provider may provide 
SAML assertions to many service providers. Similarly, one SP may rely on and trust assertions from 
many independent IdPs. SAML does not specify the method of authentication at the identity 
provider; it may use a username and password, or other form of authentication, including multi-factor 
authentication. A directory service, such as LDAP, RADIUS and Active Directory, which allows users 
to log in with a user name and password, is a typical source of authentication tokens (e.g. 
passwords) at an identity provider. The popular Internet social networking services also provide 
identity services that in theory could be used to support SAML exchanges. SAML 2.0 is a version of 
the SAML standard for exchanging authentication and authorization data between security domains. 
SAML 2.0 is an XML-based protocol that uses security tokens containing assertions to pass 
information about a principal (usually an end user) between a SAML authority, that is, an identity 
provider, and a SAML consumer, that is, a service provider. SAML 2.0 enables web-based 
authentication and authorization scenarios including cross-domain single sign-on (SSO), which 
helps reduce the administrative overhead of distributing multiple authentication tokens to the user. 
SAML 2.0 was ratified as an OASIS Standard in March 2005, replacing SAML 1.1. SAML 2.0 
represents the convergence of SAML 1.1, Liberty ID-FF 1.2, and Shibboleth 1.3. 

6 COMPILATION OF RELEVANT ARCHITECTURES 

6.1 OGC Reference Model 

The OGC Reference Model (ORM) describes the OGC Standards Baseline focusing on relationships 

between the baseline documents. The OGC Standards Baseline (SB) consists of the approved OGC 

Abstract and Implementation Standards (Interface, Encoding, Profile, and Application Schema – normative 

documents) and OGC Best Practice documents (informative documents). 

The purpose of the ORM is: 

 To provide an overview of OGC Standards Baseline; 

 To provide insight into the current state of the work of the OGC; 

 As a basis for coordination and understanding of the documents in the OGC SB; 

 To provide a useful resource for defining architectures for specific applications. 
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Standards are the basis for the success of the Internet and the World Wide Web. The Net has reshaped how 

we view and share information. Standards are a fundamental enabling technology of the Net. Standards 

allow thousands of applications, vendor solutions, and technologies to be interoperable. The Net, via 

standards, is vendor and content-neutral. A standard describes requirements and recommendations that 

have been agreed to in a consensus forum, such as the Internet Engineering Task Force (IETF), the 

International Organization for Standardization (ISO), or the OGC. To be useful, standards should represent 

the “best engineering practices” providing technical value, both in enhancement of individual products, and 

the multiplicative factor of providing inter-application operability, communication and cooperation. 

As described in The Importance of Going Open White Paper, non-interoperability impedes the sharing of 

data and the sharing of computing resources, causing organizations to spend much more than necessary on 

geospatial information technology development. At its best, the Web works in a near frictionless 

environment, allowing data and processes to flow and interact with a minimal number of barriers. Standards 

tear down barriers and obstacles to the flow of information and services – they make the Web as we know it 

possible.  OGC plays the particular role of making spatial information open and seamless on the Web. 

The Havoc of Non-Interoperability White Paper identifies risks associated with non-interoperability. Today, 

lives and property depend on digital information flowing smoothly from one information system to another. 

Public safety, disaster management, and military applications increasingly depend on communication 

between dissimilar systems. No single organization produces all the data (so it’s inconsistent) and no single 

vendor provides all the systems (so the systems use different system architectures, which are usually based 

on different proprietary interfaces). 

Organizations like the OGC, the IETF, the World Wide Web Consortium (W3C) and others are open 

organizations in the sense that any individual or organization can participate, the topics of debate are largely 

public, decisions are democratic (usually by consensus), and specifications are free and readily available. 

An “open” process is necessary to arrive at an “open” standard. The openness that OGC promotes is part of 

this general progress. 

Often the terms “open standards” and “open source” are confused or incorrectly taken to mean the same 

thing. The OGC standards are specifications developed in an open process. Open source is software made 

freely available under a licence that allows the program to run for any purpose, to study how the program 

works, to adapt it, and to redistribute copies, including modifications. As a matter of policy, the OGC Board of 

Directors and staff don’t favour either proprietary software or open source software. From the OGC 

perspective, any developer who implements OGC standards in software or online services is doing the right 

thing. OGC cares about interoperability – the ability to share geospatial information. 

6.2 INSPIRE Network Services Architecture 

The European Union directive named INSPIRE establishes an Infrastructure for Spatial Information in the 

European Community (INSPIRE). According to the INSPIRE Network Service Architecture Draft, there exists 

a two-level architecture: the Member State (MS) level and the European Union level. Each Member State 

has to provide the basic services through the Member State access point. This INSPIRE services have to 

conform with the INSPIRE Network Service Definitions, that means implementation rules defined by 

INSPIRE Drafting Team. The INSPIRE services will be used by the INSPIRE geo-portal and any application 

or user that will access them directly at European Union level. However, there does not exist requirements to 

the services provided by public authorities at the Member State level. To avoid the necessity of the creation 

of new services by the Member States to fulfil the INSPIRE requirements, the INSPIRE Network Service 

Architecture Draft has proposed the use of the facade pattern to wrap already existing INSPIRE-

unconformable services that will participate in the EU level architecture. 

The INSPIRE Architecture follows the World Wide Web Consortium (W3C) recommendations of the usage of 

SOAP as a messaging protocol for web services. This includes WSDL as the service interface description 
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and a possible entry in UDDI directories. The JRC survey about SOAP HTTP binding status concluded in 

constitution of the definition of a common framework for future INSPIRE services based on SOAP bindings 

with document-literal wrapped data-encoding (WSDL v2.0). 

According to the Implementing Rules (IRs), the OGC standards have been identified as the preferred in most 

cases for implementing new services or adapt existing ones. However, other standards may be used as long 

as they conform with the Implementing Rules. Although existing OGC specifications are not compliant with 

SOAP protocol, OGC teams are working continuously over evaluation of the WSDL/SOAP employment. 

OGC assessment envisions that the usage of SOAP bindings instead of relying only on HTTP will allow 

smooth and complete integration in development environments and full integration with Web Services 

environments (WSDL, UDDI, etc.). Moreover, the definition of a common SOAP header allows INSPIRE 

services to support requirements from “horizontal services“ (e-commerce, geoRM). 

The applications based on the INSPIRE architecture may need to use services from MS level that are 

INSPIRE-unconformable. The term INSPIRE-unconformable services means those services that are 

provided by any public authority but do not satisfy the IRs due to usage of different interfaces or being a 

legacy systems. Integration of such services will impose development of ad hoc adapters. Similarly, ad hoc 

adapters will be required in case of the non-INSPIRE services, the external services, in the sense of services 

outside the INSPIRE Service Network Architecture, for example a commercial service. 

The well-known patterns permit building up a mediator layer between the INSPIRE Service Bus and non-

INSPIRE and INSPIRE-unconformable services. This approach promises a significant decrease in the 

integration costs. 

6.3 Cloud based 

Cloud computing is a recently evolved computing terminology or metaphor based on utility and consumption 

of computing resources. Cloud computing involves deploying groups of remote servers and software 

networks that allow centralized data storage and online access to computer services or resources. Clouds 

can be classified as public, private or hybrid 

Cloud computing providers offer their services according to several fundamental models: 

 Infrastructure as a service (IaaS). In the most basic cloud-service model & according to the IETF 
(Internet Engineering Task Force), providers of IaaS offer computers – physical or (more often) 
virtual machines – and other resources. (A hypervisor, such as Xen, Oracle VirtualBox, KVM, 
VMware ESX/ESXi, or Hyper-V runs the virtual machines as guests. Pools of hypervisors within the 
cloud operational support-system can support large numbers of virtual machines and the ability to 
scale services up and down according to customers' varying requirements.) IaaS clouds often offer 
additional resources such as a virtual-machine disk image library, raw block storage, and file or 
object storage, firewalls, load balancers, IP addresses, virtual local area networks (VLANs), and 
software bundles. IaaS-cloud providers supply these resources on-demand from their large pools 
installed in data centers. For wide-area connectivity, customers can use either the Internet or carrier 
clouds (dedicated virtual private networks). To deploy their applications, cloud users install 
operating-system images and their application software on the cloud infrastructure. In this model, the 
cloud user patches and maintains the operating systems and the application software. Cloud 
providers typically bill IaaS services on a utility computing basis: cost reflects the amount of 
resources allocated and consumed. 

 Platform as a service (PaaS). In the PaaS models, cloud providers deliver a computing platform, 
typically including operating system, programming language execution environment, database, and 
web server. Application developers can develop and run their software solutions on a cloud platform 
without the cost and complexity of buying and managing the underlying hardware and software 
layers. With some PaaS offers like Microsoft Azure and Google App Engine, the underlying 
computer and storage resources scale automatically to match application demand so that the cloud 
user does not have to allocate resources manually. The latter has also been proposed by an 
architecture aiming to facilitate real-time in cloud environments. Even more specific application types 
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can be provided via PaaS, e.g., such as media encoding as provided by services as bitcodin 
transcoding cloud or media.io. 

 Software as a service (SaaS). In the business model using software as a service (SaaS), users are 
provided access to application software and databases. Cloud providers manage the infrastructure 
and platforms that run the applications. SaaS is sometimes referred to as "on-demand software" and 
is usually priced on a pay-per-use basis or using a subscription fee. In the SaaS model, cloud 
providers install and operate application software in the cloud and cloud users access the software 
from cloud clients. Cloud users do not manage the cloud infrastructure and platform where the 
application runs. This eliminates the need to install and run the application on the cloud user's own 
computers, which simplifies maintenance and support. Cloud applications are different from other 
applications in their scalability—which can be achieved by cloning tasks onto multiple virtual 
machines at run-time to meet changing work demand. Load balancers distribute the work over the 
set of virtual machines. This process is transparent to the cloud user, who sees only a single access 
point. To accommodate a large number of cloud users, cloud applications can be multitenant, that is, 
any machine serves more than one cloud user organization. The pricing model for SaaS applications 
is typically a monthly or yearly flat fee per user, so price is scalable and adjustable if users are 
added or removed at any point. Proponents claim SaaS allows a business the potential to reduce IT 
operational costs by outsourcing hardware and software maintenance and support to the cloud 
provider. This enables the business to reallocate IT operations costs away from hardware/software 
spending and personnel expenses, towards meeting other goals. In addition, with applications 
hosted centrally, updates can be released without the need for users to install new software. One 
drawback of SaaS is that the users' data are stored on the cloud provider's server. As a result, there 
could be unauthorized access to the data. For this reason, users are increasingly adopting intelligent 
third-party key management systems to help secure their data. 

6.4 Smart mobile devices 

At the end of 2011, around 6 billion people (87% of the world’s population) owned a mobile phone 

subscription
174

. While in that year only 31% of sold phones where smartphones, the smartphones market is 

growing. According to the International Data Corporation (IDC) Worldwide Quarterly Mobile Phone 

Tracker
175

, the worldwide market is dominated by android shipments, with 283 million units shipped and over 

84.4% of the market share in the third quarter of 2014, followed by iOS down to just 11.7% of the market 

share in the same quarter last year, then Windows Phone represents 2.9% of the market share and finally 

Blackberry OS remains below one percent share (0.5%). 

Smartphones integrate multiple sensors: 

 position sensors: 

o a GPS which detects the location of the smartphone using either the GPS, a trilateration or a 
triangulation of cell towers, or else the wifi networks; 

o a magnetometer that measures the strength of earth’s magnetic field; 

o a gravity field sensor which estimates the acceleration effect of Earth's gravity; 

o a proximity sensor, comprising both an infrared LED and infrared light detector; 

 motion sensors: 

o a 3-axis accelerometer that measures the acceleration according to the three cartesian axis; 

o a gyroscope which detects the orientation or the changes in the orientation of the device; 

 environmental sensors: 

o a camera sensor; 

o a temperature sensor which estimates the ambient air temperature; 

o a photometer that determines the light intensity of the environment; 

                                                      
174

 Source: http://mobithinking.com.  
175

 Source: http://www.idc.com/prodserv/smartphone-os-market-share.jsp. 

http://mobithinking.com/
http://www.idc.com/prodserv/smartphone-os-market-share.jsp
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o a barometer which measures the atmospheric pressure; 

o an air humidity sensor; 

o a microphone. 

Although most of the latter embedded sensors can present limited ranges of validity regarding the estimated 

position, motion or environmental indicators values, many works deals with the use of smartphones within 

the framework of environmental monitoring through citizen collaborative effort. This attractivity is 

strengthened by the significantly growing computational power of smartphones, their internet connectivity 

and integrated sensors (e.g. microphones, cameras, GPS, motion sensors, etc.). 

Such technologies give the opportunity for the citizen to play a dual role of consumer and producer of 

environmental information. Participatory sensing also results in a serious challenge for both the public 

authorities and research [Seltzer et al., 2013]. 

7 CONCLUSIONS 

This R&D State-of-the-art report evaluates the strengths, lacks and convergences of the most relevant R&D 

projects identified in task T2.2 [ENERGIC OD, D2.2, 2014] with the main aim of identifying and evaluating 

the most relevant technologies for the implementations of the Virtual Hubs, the core elements of the 

ENERGIC OD project. The chosen approach was to perform comparative SWOT analysis between each of 

the selected projects and the ENERGIC OD project. Thanks to the effort of WP2 partners, these comparative 

SWOT analysis led not only to the identification of relevant technologies for WP5 that have already 

successfully used in European Projects, but also to identify a series of best practices and recommendations 

addressed to any of the other work packages of ENERGIC OD. 

A description of the main domains addressed by ENERGIC OD was provided in section 3. In section 4, the 

most relevant projects regarding to ENERGIC OD are selected and, next, reviewed, in order to identify their 

strengths, weaknesses, opportunities and threats (SWOT) in relation to ENERGIC OD in aspects like: types 

of data used and reused; technologies (used and results); standards; brokering approach; impact; 

dissemination and viability. The analysis of these projects showed that while geographic information 

standards and technologies are matured enough, Open Data (and in particular, Linked Data), are not at the 

same level of maturity, fact that should be taken into account when designing and implementing the Virtual 

Hubs. The analysis also found a gap in the initial technologies chosen in the DoW [ENERGIC OD DoW, 

2014] for the implementation of ENERGIC OD regarding Open Data and, in particular, Linked Data. Section 

4 also provided a set of recommendations and best practices work package by work package (WP3, WP4, 

WP5 and WP6, WP7 and WP8, based on the SWOT analysis of the selected projects: 

 For WP3, on the Open Data survey, interesting projects cataloguing Open Data and geographic 
information initiatives have been identified, together with projects offering their own results as Open 
Data. Also the inventory of projects was provided to WP3 as input. 

 For WP4, on the requirements and specifications of the Virtual Hubs, a list of relevant standards 
used to access to geographic information and Open Data in the reviewed projects have been 
identified, together with other best practices. 

 For WP5 and WP6, on the architecture and implementation of the Virtual Hubs and on the 
development of new innovative applications, respectively, a compilation of technologies, tools, and 
standards, used by or result of other European Projects, has been provided and their maturity and 
convenience for being used in the implementation of the Virtual Hubs and the pilot applications have 
been assessed. These technologies include brokers, Linked Data management software, 
architectural specifications, processing and model chaining tools and cloud approaches, among 
others. 

 For WP7, on dissemination, best practices regarding dissemination and its possible implementation 
(such as hackatons and conferences, alignment with open source initiatives, social media, DataHub) 
have also been identified, and liaisons and collaborations with other active, related projects have 
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been suggested. 

 For WP8, on exploitation and business models, best practices regarding business models and 
exploitation plans in the reviewed projects have been identified, and the causes of viability or not of 
the reviewed project have been discussed too. 

The technological inputs for WP5 and WP6 are organised and discussed in section 0, providing a set of 

relevant technologies to be considered at least in the architectural definition of the VHs and, if necessary, in 

the implementation. 
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