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EXECUTIVE SUMMARY 

In recent years, several initiatives contributing to improve the availability of GI have been launched and 

supported on both European and global scales (e.g., INSPIRE, GMES/Copernicus and GEOSS). The 

possibility to access data from systems compliant with these initiatives is of primary importance for achieving 

the main goal of ENERGIC OD which is the “redistribution of Geospatial Open Data to user communities”. The 

accessed data should be “easily” accessible by application developer and some methodology for data 

integration needs to be defined. 

To this end main topics covered by this report are the following: 

 defining requirements for aligning ENERGIC OD activities with systems compliant with INSPIRE, 

GMES/Copernicus and GEOSS initiatives 

 define issues (where relevant) to access data provided by services compliant with these initiatives 

 tackle interoperability problems emphasizing metadata issues for innovative applications developed 

within ENERGIC OD 

 give examples of solutions that publish crowdsourced data by means of the ENERGIC OD Virtual Hub 

and make crowdsourced data accessible through the VH  

 identifying issues and methodologies to allow integration of Multisource Data 

The results of this deliverable were built up on the work done in:  

 WP4 deliverable D4.2 and tasks T4.1 and T4.2 

 WP5 that has set the scene for VH and National VHs;  

 WP6 with the description of the pilot applications to be developed within ENERGIC OD. 

In that perspective WP4 supplies valuable inputs to all ENERGIC OD work packages with the results and 

conclusions of D4.1. In particular, the inputs will be of value to: 

 WP5 to feed the support in the alignment of the Virtual Hubs architecture with identified 

relevant initiatives 

 WP6 provide a methodological approach for problem solving that could be encountered when 

many different sources of geospatial data are to be interrogated to create one specific service or 

application. 
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1  INTRODUCTION AND SCOPE 

Deliverable 4.1 is the “Report on Data Registration, Integration and Harmonization Methodology aligned with 

the INSPIRE directive and on-going initiatives”, and it regards the work carried out in two tasks of Work 

Package 4, specifically 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”. 

According to the general objective of the ENERGIC OD proposal, ‘Redistributing Geospatial Open Data to 

user communities’, and in line to the DoW, the main scope of this Deliverable is to provide requirements for 

aligning the activities carried out in ENERGIC OD, i.e. setting up National VHs and developing innovative 

applications, with on-going initiatives in the world of GI at European and international levels and best 

practices. Indeed, in recent years, several initiatives contributing to improve the availability of GI have been 

launched and supported on both European and global scales. Among the most relevant, as discussed in 

deliverable D2.3 (R&D state-of-the-art report), are: 

 INSPIRE: providing the framework for public authorities in Europe to publish themed data 

 GMES/Copernicus: aiming to deliver data and services for improving security and environmental 

monitoring 

 GEOSS: aiming to provide a single point of access to global Earth observation resources 

and in addition 

 OGC: aiming to promote quality open standards for the global geospatial community. 

The requirements and the strategy developed to align ENERGIC OD products with these initiatives is 

presented and discussed in §2.  

A second aim of this deliverable is to provide a methodology for multisource data registration and integration. 

Indeed, once data published by different providers are found an important gap for users is an ‘easy’ integration 

between them. Indeed, they may have different resolution, CRS, etc. In particular, some aspects concerning 

specific issues for data alignment and harmonization will be discussed. Some of these were originally stated in 

the DoW like data registration and integration, interoperability and harmonization, others arose in the activities 

carried out by WP4, WP5 and WP6. Among those ones: 

 Datum transformation for datasets (D4.2 §4.5.1); 

 Accessibility for crowdsourced data (D4.2 §4.6, D5.1, D6.1) 

 Consistent metadata generation for cadastral and historical maps (D6.1) 

These requirements came from specific issues associated with the set of ten innovative APPs to be developed 

within ENEGIC OD. 

The main goal of requirements and specifications presented in this document is to provide a set of best 

practices to be turned into technical specifications by WP5 and WP6 for the implementation phase of VHs and 

APPs. 
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2 ENERGIC OD alignment with INSPIRE, Copernicus and GEOSS 

The present section focuses on the identification of system requirements for alignment of ENERGIC OD 

activities with relevant on-going spatial data initiatives. In particular, based on the ENERGIC OD DoW (Task 

4.1), the initiatives to be considered are: 

 

 INSPIRE: which provides the framework for public authorities in Europe to publish themed data, 

 Copernicus: which aims to deliver data and services for improving security and environmental 

monitoring, 

 GEOSS: which aims to provide a single point of access to global Earth observation resources. 

In principle, the alignment could be considered along two different scenarios: 

 

a) to allow the configuration of data sources from the mentioned spatial data initiatives as data 

providers for the ENERGIC OD Virtual Hubs 

b) to allow ENERGIC OD Virtual Hubs to contribute as a data provider to any of the mentioned 

initiatives 

 

The former scenario is an explicit objective of the ENERGIC OD project. An ENERGIC OD Virtual Hub is 

conceived as “a virtual node where users can seamlessly access potentially unlimited datasets by brokering 

heterogeneous open geospatial data sources”, therefore including datasets from the mentioned spatial data 

initiatives. 

The second scenario is not an explicit objective of the ENERGIC OD scenario. A Virtual Hub must “facilitate 

the use of open (freely available) geographic data from different sources for the creation of innovative 

applications and services”. Making an ENERGIC OD Virtual Hub an INSPIRE-compliant, or a Copernicus-

compliant data source is beyond the scope, which is basically helping applications developer to work with 

geospatial datasets. 

Therefore, in the following discussion, the alignment of ENERGIC OD activities with the mentioned spatial 

data initiatives is considered in respect of making Virtual Hub able to access data sources from INSPIRE-

compliant systems, Copernicus services and GEOSS. However, where possible, also implementation of the 

second scenario is discussed.  

2.1 Relevant initiatives for ENERGIC OD alignment 

2.1.1 INSPIRE 

Infrastructure for Spatial Information in the European Community (INSPIRE) is a Directive adopted in 

2007 to set the legal framework for the establishment and operation of an Infrastructure for Spatial Information 

in Europe. The purpose of such infrastructure is to support the formulation, implementation, monitoring 

activities and evaluation of Community policies linked with the environment at all levels (European, national 

and local), and to provide public information. INSPIRE should be based on the infrastructures for spatial 

information that are created by the Member States. The components of those infrastructures include: 

metadata, spatial data themes (as described in Annexes I, II, III of the Directive), spatial data services; 

network services and technologies; agreements on sharing, access and use; coordination and monitoring 

mechanisms, processes and procedures. The guiding principles of INSPIRE are:  

 that the infrastructures for spatial information in the Member States should be designed to ensure that 

spatial data are stored, made available and maintained at the most appropriate level; 

 that it is possible to combine spatial data from different sources across the Community in a consistent 

way and share them between several users and applications; 

 that it is possible for spatial data collected at one level of public authority to be shared between all the 

different levels of public authorities; 

 that spatial data are made available under conditions that do not unduly restrict their extensive use; 
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 that it is easy to discover available spatial data, to evaluate their fitness for purpose and to know the 

conditions applicable to their use. 

The deadline to provide National Implementing Measure (NIM) for Member States was set to two years from 

the date of adoption (15th May 2007), except for Croatia that had a deadline set at the date of joining to the 

EU (1st of July 2013). NIM have foreseen bringing into force national legislation, regulations, and 

administrative procedures that define how the agreed objectives will be met taking into account the specific 

situation of each Member State. At the moment of writing of this Deliverable (Jan 2016), all 28 countries have 

communicated at least 1 NIM referring to INSPIRE Directive (Source: http://eur-lex.europa.eu/legal-

content/EN/NIM/?uri=CELEX:32007L0002).  

To ensure that the spatial data infrastructures of the Member States are compatible and usable in a 

Community and transboundary context, the Directive requires that common Implementing Rules (IR) are 

adopted in a number of specific areas. Implementing Rules are adopted as Commission Decisions, and are 

binding in their entirety. (INSPIRE Network Services Drafting Team, 2011). 

Implementing Rules are complemented with Technical Guidelines providing information on how to comply with 

the IRs based on widespread standard specification and technologies. 

2.1.2 Copernicus 

Copernicus, a successor of GMES (Global Monitoring for Environment and Security), is the European 

Programme for the establishment of a European capacity for Earth Observation. This initiative, headed by the 

European Commission (EC), is envisaged to support and provide services to address six thematic areas: land, 

marine, atmosphere, climate change, emergency management and security. Copernicus is composed of 

space component i.e. Sentinel satellites (infrastructure coordinated by European Space Agency) and in-situ 

component i.e. ground stations, airborne and sea-borne sensors and so forth (coordinated by European 

Environmental Agency and the Member States). Copernicus thus 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 is responsible for the coordination of the processing procedures of these 

data and providing 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. These services support a wide range of applications, including environment protection, 

management of urban areas, regional and local planning, agriculture, forestry, fisheries, health, transport, 

climate change, sustainable development, civil protection and tourism. 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). 

Data are currently available through the web portals operated by the various Copernicus service lines:  

 Land-related data: http://land.copernicus.eu 

 Atmosphere-related data: http://atmosphere.copernicus.eu 

 Marine-related data: http://marine.copernicus.eu 

 Emergency-related data: http://emergency.copernicus.eu 

 Climate change-related data: http://climate.copernicus.eu (Beta version) 

(Data are not yet available online for Security applications, which are still in a development phase). 

For the Land-, Atmosphere- and Marine-related services, anyone can have access to data but registration 

is mandatory. Registration is free-of-charge. For the time being, there is no common registration facility. Users 

interested in data coming from several web portals must therefore register on each web portal.  

For the Emergency Management service, data production can be triggered only by "authorized users" but 

the maps produced by the service are available on the service web portal and can be downloaded without 

registering. 

Initiatives for a harmonized access to Copernicus services, and their contribution to GEOSS are on-going. 

Besides the portals for human-to-machine interaction, such initiatives envisage to provide Web services for 
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machine-to-machine interaction and integration in other data sharing systems (Copernicus, 2015). 

Copernicus also provides access to space data, but considering the focus of ENERGIC OD, only access to 

products is considered relevant in terms of alignment. 

2.1.3 GEOSS 

In 2005, the Group on Earth Observation was established as a voluntary partnership of governments and 

organizations that envisions “a future wherein decisions and actions for the benefit of humankind are informed 

by coordinated, comprehensive and sustained Earth observations and information.” GEO Member 

governments include 100 nations and the European Commission, and 93 Participating Organizations 

comprised of international bodies with a mandate in Earth observations. Together, the GEO community is 

creating a Global Earth Observation System of Systems (GEOSS) that will link Earth observation resources 

world-wide across multiple Societal Benefit Areas and make those resources available for better informed 

decision-making. After the completion of a 10-year Implementation Plan, during the period 2005-2015, GEO 

recently received a second mandate for 2016-2025. The general objectives are described in a 2016-2025 

GEO Strategic Plan, while the planned activities are detailed in Work Programmes. The current Work 

Programme is the GEO Transitional Work Programme 2016, which will guide the transition from the first 10 

years to the new Strategic Plan. (GEO, 2015) 

The GEOSS is conceived as a brokered system of systems, with a central node, the GEOSS Common 

Infrastructure, hosting the common services required for the implementation of the system of systems, 

including the GEO DAB (Discovery and Access Broker) which enables the discovery of and access to 

datasets provided by external systems. The GEO DAB exposes several discovery and access interfaces 

based on de jure and de facto standard specifications. (GEO, 2014) 

2.2 Alignment of ENERGIC OD with relevant initiatives 

In order to allow alignment of VHs with initiatives reported in the previous paragraph some requirements 

arises. The requirements and the actions to align VHs developed within ENERGIC OD and relevant initiatives 

are discussed in this paragraph.   

2.2.1 Requirements 

Based on the analysis reported in the ENERGIC OD Deliverable D5.1 (Virtual hubs - system architecture) the 

high-level user requirements are the support of general geospatial data use scenario: 

 Publishing 

 Discovery 

 Evaluation 

 Access 

 Use, covering: 

o Harmonisation (for further processing) 

o Visualisation 

This means that through an ENERGIC OD Virtual Hub, a user - typically an application developer-  must be 

able to publish, discover, evaluate, access and use (i.e. harmonise and visualize) geospatial datasets from 

disparate – i.e. heterogeneous and distributed – data sources. 

In order to keep the alignment of ENERGIC OD with relevant spatial data initiatives, it is necessary to analyse 

how the previous user requirements may be supported when data sources from the mentioned spatial data 

initiatives are involved. 

2.2.2 Publishing 

In ENERGIC OD, publishing refers to the action of uploading datasets to the Virtual Hub – i.e. into a local 

data source accessed by the Virtual Hub – in order to support specific applications, such as crowdsourcing 

and Volunteered Geographic Information (VGI) providers. It is not meant as publishing datasets on existing 

external data sources, which is generally regulated by specific data provider’s policies and procedures. In 
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particular, INSPIRE, Copernicus and GEOSS implement autonomous systems with their own mandate and 

governance, and the contribution of datasets to them must follow the established rules and policies. Therefore, 

there are no specific requirements for ENERGIC OD alignment to major initiatives from the publishing 

operation, since it should happen without the explicit interaction of the ENERGIC OD Virtual Hub. 

2.2.3 Discovery 

In ENERGIC OD, discovery refers to the possibility of searching for spatial datasets on the basis of the 

content of the corresponding metadata. In particular, as specified in D5.1, the minimal search criteria are: 

a) geographical coverage expressed as bounding box; b) temporal extent expressed as start and end 

date/hour; c) keywords present in multiple metadata fields; d) data provider expressed as catalog/inventory 

name. Alignment with the mentioned initiatives means that an ENERGIC OD Virtual Hub must be able to 

discover datasets published by INSPIRE-compliant services, Copernicus services, and GEOSS. 

2.2.3.1 Alignment with INSPIRE 

The art. 11 of the INSPIRE Directive establishes that Member States operate a network of services including 

“discovery services making it possible to search for spatial data sets and services on the basis of the content 

of the corresponding metadata and to display the content of the metadata”. Moreover, the Implementing Rules 

for Discovery Services specifies that search criteria must include geographical location, keywords and 

temporal reference (European Commission, 2009). This statement assures that an INSPIRE-compliant system 

is able to support discovery based, at least, on geographical location, keywords and time. Since the 

identification of data provider may be supplied by the ENERGIC OD Virtual Hub internal registry, it is possible 

to affirm that an ENERGIC OD Virtual Hub will be able to connect with INSPIRE-compliant systems, 

possibly through an extension of its discovery broker to support the provided interface and metadata 

encoding. 

It is noteworthy that the Technical Guidelines for discovery service (INSPIRE, 2011) define the INSPIRE 

Profile of CSW ISO AP, in order to support the INSPIRE Implementing Rules through an OGC CSW 

(Catalogue Service for Web) interface and ISO 19115 metadata, more specifically OGC Catalogue Services 

Specification 2.0.2 - ISO Metadata Application Profile for CSW 2.0. Since these interface and metadata profile 

are already supported by the ENERGIC OD discovery broker, whenever an INSPIRE system is 

implemented according to the Technical Guidelines, no extension is required to connect it to the 

ENERGIC OD Virtual Hub.   

The ENERGIC OD Virtual Hub is also able to expose an OGC Catalogue Services Specification 2.0.2 - ISO 

Metadata Application Profile for CSW 2.0 with INSPIRE profile, so it can be configured as an INSPIRE-

compliant catalogue. Obviously, it is required that the connected data sources provide the necessary metadata 

in order to make possible the mapping to the INSPIRE profile of ISO 19115 by the discovery broker.  

2.2.3.2 Alignment with Copernicus 

The current status of Copernicus services deployment and documentation, basically requiring registration and 

human access to a portal, does not allow to define the alignment and access of ENERGIC OD Virtual Hubs to 

Copernicus services. However, the existing support of widespread specifications for Earth Observation data 

sharing by the discovery broker, allows to foresee that ENERGIC OD Virtual Hub will be able to connect 

with Copernicus services, possibly through an extension of its discovery broker. 

2.2.3.3 Alignment with GEOSS 

The GEOSS Common Infrastructure includes the GEO DAB as the component in charge of exposing 

discovery services. The GEO DAB is based on the same technology adopted in ENERGIC OD: the GI-suite 

Brokering Framework by CNR-IIA. This assures interoperability in terms of discovery interfaces. In particular, 

the GCI exposes OGC CSW, and OpenSearch interfaces. It also exposes a proprietary extension of the 

OpenSearch interface providing query feedback that another instance can exploit for monitoring and 

performances improvement. GEOSS supports the search criteria required by ENERGIC OD, but since it is a 

system of systems itself, it cannot be assured that, in case of distributed query, the end systems support the 

same search criteria. In terms of metadata profile, GEOSS supports CSW ISO AP, adopting a best-effort 

strategy, that is by filling the ISO 19115 profile with the metadata provided by the data source. 



 

 

16 

D4.1 - Report on data registration, integration and harmonization methodology aligned with the inspire 
directive and on-going initiatives 

Several ENERGIC OD Virtual Hub published interfaces are supported by the GEO DAB, making an ENERGIC 

OD Virtual Hub a potential GEOSS data source. 

2.2.4 Evaluation 

In ENERGIC OD, evaluation refers to the possibility of inspecting resources to evaluate their value and 

relevance. In ENERGIC OD Virtual Hub this inspection operation is implemented providing, for the required 

resource, available metadata in a harmonised way. In particular, this functionality does not make any 

assumption about which metadata a data source should provide, so the alignment with INSPIRE, 

Copernicus and GEOSS does not add any specific requirements to ENERGIC OD with respect to the 

actual functionalities of the ENERGIC OD Virtual Hubs.  

2.2.5 Access 

In ENERGIC OD, access refers to the possibility of accessing spatial datasets. Since access refers to the 

download of datasets, the main requirement concerns the possibility of downloading subsets of the dataset. 

Other important requirements actually concern dataset transformations for supporting multiple formats, 

resolution and Coordinate Reference Systems. Since they are intended to improve interoperability in datasets 

usage, they will be discussed under the Use - Harmonisation section. 

2.2.5.1 Alignment with INSPIRE 

The art. 11 of the INSPIRE Directive establishes that Member States operate a network of services including 

“download services, enabling copies of spatial data sets, or parts of such sets, to be downloaded and, where 

practicable, accessed directly” (European Parliament; European Council, 2007). The Implementing Rules for 

Network Services provide required performance indicators, and specifications of the required functionalities, 

basically limited to a mandatory dataset download capability and an optional dataset subset download 

capability (European Commission, 2009). Therefore, ENERGIC OD Virtual Hub will be able to connect with 

INSPIRE-compliant systems, possibly through an extension of the access broker to support the 

provided interface. 

The Technical Guidelines for Download Services (INSPIRE, 2013) define the implementation of INSPIRE-

compliant Download Services based on Atom and ISO 19142 Web Feature Service (WFS, also named OGC 

WFS 2.0). Since the ENERGIC OD access broker already supports WFS 2.0, whenever an INSPIRE system 

is implemented according to the Technical Guidelines for WFS, no extension is required to connect it 

to the ENERGIC OD Virtual Hub. 

It is noteworthy that coverage type datasets are not well effectively served by Atom and WFS 2.0. To this aim 

a Call for experts on Extension of Download Service Technical Guidelines for Web Coverage Services (WCS) 

has been recently launched by the European Commission (EC, 2015). Since the ENERGIC OD access broker 

already supports several WCS versions, in case of the release of Technical Guidelines for the implementation 

of Download Services based on WCS, ENERGIC OD Virtual Hub will be able to connect with INSPIRE-

compliant systems, possibly through an adaption of the existing WCS support in the access broker. 

2.2.5.2 Alignment with Copernicus 

The current status of Copernicus services deployment and documentation, basically requiring registration and 

human access to a portal, does not allow to define the alignment and access of ENERGIC OD Virtual Hubs to 

Copernicus services. However, the existing support of widespread specifications for Earth Observation data 

sharing by the access broker, allows to foresee that ENERGIC OD Virtual Hub will be able to connect with 

Copernicus services, possibly through an extension of its access broker. 

2.2.5.3 Alignment with GEOSS 

The GEOSS Common Infrastructure includes the GEO DAB as the component in charge of exposing 

discovery services. The GEO DAB is based on the same technology adopted in ENERGIC OD: the GI-

suite Brokering Framework by CNR-IIA. This assures interoperability in terms of access interfaces. In 

particular, the GCI exposes OGC WxS interfaces.  

Several ENERGIC OD Virtual Hub published interfaces are supported by the GEO DAB, making an ENERGIC 
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OD Virtual Hub a potential GEOSS data source. 

2.2.6 Use - Harmonisation 

In ENERGIC OD, use refers to facilitating the use of datasets. Harmonisation is a key capability for enabling 

the realization of applications based on geospatial datasets. In particular, the possibility to access multiple 

datasets coming from heterogeneous sources, having them on a Common Grid Environment, that is same 

spatial and temporal extent, same resolution, same Coordinate Reference System, and same format, would 

highly facilitate the development of applications. D5.1 details some requirements concerning transformations: 

a) subsetting  

b) interpolation  

c) reprojection on multiple Coordinate Reference Systems  

d) data format transformations. 

ENERGIC OD implements on-the-fly dataset transformations in its access broker using server-side 

capabilities, internal procedures or external web services. In particular, if the data source supports the 

necessary transformation, the ENERGIC OD access broker sends a request to apply it to the datasets. If it 

does not, then the access broker downloads the (subset of the) dataset and transforms it using internal or 

external services based on the broker configuration. The alignment with INSPIRE, Copernicus and GEOSS 

requires that transformations from original dataset characteristics to the required characteristics are supported. 

2.2.6.1 Alignment with INSPIRE 

Alignment with INSPIRE will cover the following aspects: 

 Subset of datasets 

 Interpolation of datasets 

 Re-projection of datasets 

 Data format transportation. 

 

2.2.6.1.1 Subset 

As described in the “Access” section above, the support of subset functionality by INSPIRE-compliant systems 

is optional. The access broker already includes an internal subset routine, thus no extension is 

necessary. 

 

2.2.6.1.2 Interpolation 

INSPIRE does not impose any constraint on resolution, therefore INSPIRE-compliant systems can provide 

coverage datasets and maps with different resolution. Their harmonisation requires that ENERGIC OD Virtual 

Hub support interpolation. The access broker already includes an internal interpolation routine, and it 

supports the invocation of external services exposed through an OGC Web Processing Service (WPS) 

interface.  

 

2.2.6.1.3 Re-projection 

The Implementing Rules on metadata impose no requirement in terms of Coordinate Reference System 

(European Commission, 2008) meaning that, in principle, datasets may be encoded in any CRS. However, 

datasets are served by data services and the Implementing Rules on the interoperability of spatial data 

services requires the identification of the supported Coordinate Reference System in the data service 

metadata (European Commission, 2014). The Annex II states that “Spatial data sets shall be made available 

using at least one of the coordinate reference systems” which are provided in a list. The Technical Guidelines 

on Coordinate Reference System (INSPIRE, 2014) discusses in depth the CRS support in INSPIRE. It should 

be noted that, in the INSPIRE architecture, dedicated Network Services – i.e. the Transformation Services – 

can be dedicated to Coordinate Reference System transformation (European Commission, 2009). However, 

only Technical Guidelines for Schema Transformation are currently available. Since ENERGIC OD Virtual 

Hubs aim to facilitate the usage of geospatial data by users, mainly application developers, they should be 

able to provide all the available datasets on a limited amount of widely adopted CRS. The highest priority 
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should be given to CRS supported by the main open source libraries used for developing applications. For 

example, EPSG:4326 (WGS 84) which is adopted by Google Maps, and also supported by OpenLayers could 

be the geodetic system with the highest priority. ENERGIC OD Virtual Hub should implement CRS 

transformation from any CRS supported by INSPIRE-compliant systems, to EPSG:4326 and possibly 

other relevant CRS. In particular, for the usability of INSPIRE compliant systems, CRS mentioned in the 

ANNEX II should be considered as primary CRS to be possibly supported by ENERGIC OD Virtual Hub. 

 

2.2.6.1.4 Data format transformation  

As reported in the Guidelines for encoding of Spatial data “while no specific encoding rules and output data 

structure schemas are mandated as part of the implementing rules, interoperability between systems will 

require support for common encoding in all systems interchanging data”. Therefore data specification for each 

INSPIRE theme “shall specify a mandatory encoding rule that has to be supported for the spatial data of that 

theme” (INSPIRE, 2014). The same guidelines establish that “GML (ISO 19136, OGC 10-129r1) and ISO/TS 

19139 are promoted as the default encoding in INSPIRE” and the default encoding rule is detailed in its 

normative Annex B. In some cases the data volume makes it impracticable to use XML-based encodings only, 

and other formats are proposed, such as GRIB, BUFR and netCDF for the Atmospheric Conditions and 

Meteorological Geographical Features theme (INSPIRE, 2013). As for CRS, ENERGIC OD Virtual Hubs 

should be able to provide all the available datasets on a limited amount of widely adopted data formats. The 

highest priority should be given to formats supported by the main open source libraries used for developing 

applications. They include KML and GeoJSON for feature-type datasets. The support of coverage-type 

datasets need to be investigated: web and mobile apps will not probably work on coverage data but possibly 

on their visual representation as maps, however desktop applications accessing ENERGIC OD Virtual Hubs 

would benefit from a coverage data representation in standard formats like netCDF, or even proprietary 

formats like Matlab matrices, which are widely supported by libraries and tools. ENERGIC OD Virtual Hub 

should implement data format transformation from GML encodings supported by INSPIRE-compliant 

systems, at least to KML and GeoJSON for feature-types datasets, and to netCDF for coverage-type 

datasets3, as identified in D4.2. For possible further development of the ENERGIC OD Virtual Hubs data 

formats identified in D2.3 (§5.2.3, §5.2.4, §5.2.5) and D4.2 (§4.4.2) should be taken into account. 

2.2.6.2 Alignment with Copernicus 

The current status of Copernicus services deployment and documentation, basically requiring registration and 

human access to a portal, does not allow to define the alignment and access of ENERGIC OD Virtual Hubs to 

Copernicus services. However, the existing support of widespread specifications for Earth Observation data 

sharing by the access broker, allows to foresee that ENERGIC OD Virtual Hub will be able to connect with 

Copernicus services, possibly through an extension of its internal transformation routines. 

2.2.6.3 Alignment with GEOSS 

The GEOSS Common Infrastructure includes the GEO DAB as the component in charge of exposing 

discovery services. The GEO DAB is based on the same technology adopted in ENERGIC OD: the GI-

suite Brokering Framework by CNR-IIA. Therefore, the GEO DAB is capable of dataset transformation. It is 

then expected that GEOSS datasets can be transformed to get them in the desired CRS, format and 

resolution. The Virtual Hub may then perform the remaining harmonisation with datasets coming from 

different data sources.  

2.2.7 Use - Visualisation 

As previously stated, in ENERGIC OD, use refers to facilitating the use of datasets. Visualisation is one of the 

simplest way to use datasets. Many applications require the visualization of geospatial datasets, and some of 

them may actually simply consist of visualizing dataset content.  

In the ENERGIC OD context, visualisation may be carried out by either clients – i.e. downloading the dataset 

content and processing it for visualization – or Virtual Hubs – i.e. directly generating a visual representation of 

                                                   
3 A list of formats currently supported by ENERGIC OD Virtual Hub is presented in D4.2 (§4.4.2) 
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the geospatial datasets. In some cases, applications adopt a mixed approach, for example asking the Virtual 

Hub a map of some coverage type dataset, and adding a layer from some feature-type dataset on top of it.  

The alignment with INSPIRE, Copernicus and GEOSS requires that visual representations of datasets 

provided by INSPIRE, Copernicus and GEOSS can be sent to the clients. 

2.2.7.1 Alignment with INSPIRE 

The Implementing Rules for Network Services regulate the characteristics of the INSPIRE View service, in 

particular explicitly requiring the support of the Portable Network Graphics (PNG) format and the Graphics 

Interchange Format (GIF), without compression, for representations (European Commission, 2009). 

Therefore, ENERGIC OD Virtual Hub will be able to connect with INSPIRE-compliant systems, possibly 

through an extension of the access broker to support the provided interface.  

The Technical Guidelines for the implementation of INSPIRE View Services (INSPIRE, 2013) define the 

INSPIRE profiles of ISO 19128 – i.e. OGC Web Map Service (WMS) 1.3.0 - and of OGC Web Map Tile 

Service (WMTS) 1.0.0. Since the ENERGIC OD access broker already supports OGC WMS 1.3.0, ENERGIC 

OD Virtual Hub will be able to connect with INSPIRE-compliant systems adopting the Technical 

Guidelines for the implementation of INSPIRE View Services. 

Moreover, all the considerations done for dataset content in the section on Use – Harmonisation are also valid 

for dataset representation as maps. 

2.2.7.2 Alignment with Copernicus 

The current status of Copernicus services deployment and documentation, basically requiring registration and 

human access to a portal, does not allow to define the alignment and access of ENERGIC OD Virtual Hubs to 

Copernicus services. However, the existing support of widespread specifications for Earth Observation data 

sharing by the access broker, allows to foresee that ENERGIC OD Virtual Hub will be able to connect with 

Copernicus services, possibly through an extension of its access broker. 

2.2.7.3 Alignment with GEOSS 

The GEOSS Common Infrastructure includes the GEO DAB as the component in charge of exposing access 

services. The GEO DAB is based on the same technology adopted in ENERGIC OD: the GI-suite 

Brokering Framework by CNR-IIA. This assures interoperability in terms of access interfaces including 

visualisation. 

Several ENERGIC OD Virtual Hub published interfaces are supported by the GEO DAB, making an ENERGIC 

OD Virtual Hub a potential GEOSS data source. 

2.3 Summary of ENERGIC OD VH alignment 

The flexible and extensible approach of the ENERGIC OD Virtual Hubs, based on an internal discovery and 

access broker makes it possible to interact with INSPIRE-compliant data sources, Copernicus services and 

GEOSS. 

In particular, also thanks to the standard-based approach of INSPIRE, and to the brokered approach of 

GEOSS, there is no major issue in connecting INSPIRE-compliant data sources, or GEOSS to 

ENERGIC OD Virtual Hubs. The major extensions that may be required are: 

 Development or improvement of existing adaptors (accessors and profilers) of the ENERGIC OD 

Virtual Hub broker 

 Support of CRS transformation from any CRS supported by INSPIRE-compliant systems, to 

EPSG:4326 and possibly other relevant CRS. These transformations may be provided by external 

OGC WPS services. 

 Support of data format transformation from GML encodings supported by INSPIRE-compliant 

systems, at least to KML and GeoJSON for feature-types datasets, and to netCDF for coverage-

type datasets. 

The feedback from ENERGIC OD application development, and from the development of the ENERGIC OD 
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business plan may provide further indications on relevant transformations to be supported. 

In case it should provide relevant earth observation datasets, an ENERGIC OD Virtual Hub may be also easily 

connected to GEOSS as a data source without any major technical issue. Obviously, the GEOSS policy and 

procedure should be followed by the ENERGIC OD Virtual Hub manager. 

On the other hand, making an ENERGIC OD Virtual Hub an INSPIRE-compliant system is out of scope. A 

Virtual Hub is conceived as a node collecting disparate data sources, trying to make them easily accessible to 

application developers supplementing what is missing. To achieve compliance with the INSPIRE Directive 

would actually require imposing constraints to the data sources (e.g. provision of mandatory metadata) 

which is against the general approach of the Virtual Hub.  

Concerning Copernicus, the current status of Copernicus services is not sufficiently mature to fully analyse the 

possible integration with the ENERGIC OD Virtual Hubs. However, based on on-going initiatives on the 

development of Copernicus services, there is not any major technological impediment in accessing 

Copernicus services by ENERGIC OD Virtual Hubs. Instead, as for INSPIRE, Virtual Hubs are not intended 

as contributing sources for Copernicus services. 

 

3 METADATA PRODUCTION FOR CADASTRAL AND HISTORICAL MAPS FOR 
ALIGNMENT WITH RELEVANT INITIATIVES 

As described in §2 and in the ENERGIC OD Deliverable D5.1 (Virtual hubs - system architecture) one of the 

most important requirements for a dataset to be discovered by means of the ENERGIC OD VHs is the 

availability of reliable metadata. In addition, when dealing with geospatial data in general, the creation of 

metadata has been since long seen as essential for three main reasons, which are related to three major 

benefits reported in the Table 2 (adapted after FGDC, 2000; Nogueras-Iso et al., 2005). Due to these issues,  

it is of primary importance that data sources to be connected to VHs, and to be used by the innovative 

application developed within ENERGIC OD, present reliable metadata.  This aspect will guarantee an easy 

discoverability and thus a larger and more facilitated accessibility for the development of further applications. 

Possibly, the metadata should be compiled in a format compliant with the previously cited relevant initiatives 

and mainly with the INSIPRE directive and Technical Guidelines. 

 

Need for metadata Major benefits 

Organization and maintenance of 
investment in a particular data 
organisation 

The completion of metadata descriptions 
of contents and the accuracy of a 
geospatial dataset will encourage the 
reuse of data. 

Information of data catalogues, 
clearinghouses and brokerages 

GIS/SDI systems require menu themes for 
data, and without metadata it 
is not always possible to provide the most 
appropriate ones. 

Information to aid data transfer (for 
processing and interpretation) 

The metadata should accompany any data 
set transfer in order to facilitate the 
organizational requirements and usability of 
data from an external source 

Table 2. Synthesis of Main Reasons for Metadata Creation and their Major Benefits 

 

Considering such requirements and evaluating ENERGIC OD Apps, the  first gap in fulfilling these 

requirements was detected. For example, HistMapsZGZ from UNIZAR and GeoPan Atl@s from POLIMI use 

as data source a set of historical maps encountering the following issues: 

 Maps used by HistMapsZGZ are provided as DjVu by the Municipal archive of Zaragoza. These maps 

are not georeferenced and metadata are provided in MARC format. For these maps, georeferncing is 

needed and generation of proper metadata compliant with ISO 19115 are necessary. 

 Some maps used by GeoPan Atl@s, provided by several archives, are already georeferenced and 
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published as WMS/WMTS/TMS services but do not have metadata compliant with ISO 19115. Some 

of these maps have metadata encoded in MAG files. Other maps may be added in the future and their 

georeferencing is necessary. 

Taking into account this aspects and considering that T4.1 is devoted to define “requirements for alignment 

with the INSPIRE Directive”, this paragraph is will focus on the issues of connected to metadata generation for 

cadastral and historical maps in order for them to be accessible by the VH, using several specific standards 

considered in the geo-information science . 

3.1 Metadata standards for historical maps 

Historical maps are generally property of public or private archives. The problem of creating proper cataloging 

systems for historical material increased in the last decade. Indeed, over the past decade, a vast number of 

historical materials from the past three centuries have been digitized by libraries and archives. The majority of 

these have been printed sources — newspapers, books, maps. This digitization process encouraged the 

development of standards that support the management, description, indexing, and long-term preservation of 

digital information. Following the Wendler (Wendler, 1999) approach metadata is often divided into three 

types: 

 Descriptive metadata: are used in the discovery, indexing, and identification of a digital resource by 

semantic means. Examples of descriptive metadata formats are the MARC Cataloguing Records and 

the Dublin Core Dublin Core. Further details will be given in the following 

 Administrative metadata: are used for managing and preserving objects in a repository (e.g. used 

compression techniques and creation methods, copyright and license information, the resolution at  

which images were scanned, etc.) 

 Structural metadata: are used to display digital resources so that we can navigate among them and 

within them. This also includes information on the internal organization of a digital resource (e.g. 

series in a collection, chapters in a book, etc.). 

Before introducing the most popular metadata standards for cataloguing digital products, a brief review of 

terminology is performed to eliminate ambiguities. 

Metadata schema refers to the documentation that describes a set of elements and their interrelations, 

defining for them a formal syntax and semantics structural rules and specifications (or definitions). Starting 

from Dublin Core, declarations of elements are represented by using  RDF languages or XML, so it can be 

processed by software. Sometimes it can be useful to split a single scheme of metadata into several files, 

especially in the case of complex or extended schemas. In these cases, it is necessary to build "schema of 

schemas" that guarantees the existence of defined relationships and rules. 

Instead, an application profile is an assembly of elements selected from different schemas, combined into a 

new one, in a sort of package aimed at providing, in an application context, full modularity and extensibility for 

provided functions, without losing the opportunity to interoperate with other applications that adopt the original 

metadata schemas. The process of definition of an application profile does not exclude newly specific 

elements enclosed in a new scheme.  

3.1.1 Dublin Core 

Dublin Core Metadata Initiative started in 1995 during a workshop organized by OCLC and NCSA at Dublin 

(Ohio). 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 Dublin Core standard originally includes two levels: Simple and Qualified.  

Simple Dublin Core comprised 15 elements: 

 Title 

 Creator 

 Subject 
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 Description  

 Publisher 

 Contributor 

 Date 

 Type 

 Format 

 Identifier  

 Source 

 Language 

 Relation 

 Coverage 

 Rights 

Qualified Dublin Core included three additional elements (Audience, Provenance and RightsHolder), as well 

as a group of element refinements (also called qualifiers) that could refine the semantics of the elements in 

ways that may be useful in resource discovery. 

Since 2012, the two have been incorporated into the DCMI Metadata Terms as a single set of terms using the 

Resource Description Framework (RDF). Because the definition of the terms often contains domains and 

ranges, which may not be compatible with the pre-RDF definitions used for the original 15 Dublin Core 

elements, there is a separate namespace for the original 15 elements as previously defined. 

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 

 NISO Standard Z39.85 

3.1.2 Metadata Encoding and Transmission Standard (METS) 

The Metadata Encoding and Transmission Standard (METS) is a metadata standard for encoding descriptive, 

administrative, and structural metadata regarding objects within a digital library, expressed using the XML 

schema language of the World Wide Web Consortium (W3C). The standard is maintained as part of the 

MARC standards of the Library of Congress, and is being developed as an initiative of the Digital Library 

Federation (DLF). 

The main section of standard are: 

 METS header metsHdr: the METS document itself, such as its creator, editor, etc. 

 Descriptive Metadata dmdSec: may contain internally embedded metadata or point to metadata 

external to the METS document. Multiple instances of both internal and external descriptive metadata 

may be included. 

 Administrative Metadata amdSec: provides information regarding how files were created and stored, 

intellectual property rights, metadata regarding the original source object from which the digital library 

object derives, and information regarding the provenance of files comprising the digital library object 

(such as master/derivative relationships, migrations, and transformations). As with descriptive 

metadata, administrative metadata may be internally encoded or external to the METS document. 

 File Section fileSec: lists all files containing content which comprise the electronic versions of the 

digital object. File elements may be grouped within fileGrp elements to subdivide files by object 

version. Although this section is not required, it is typically included in most METS documents as it 

adds a level of functionality to the structure of the document. 

 Structural Map structMap: outlines a hierarchical structure for the digital library object, and links the 

elements of that structure to associated content files and metadata. The Structural Map is the only 

section required for all METS documents. 
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 Structural Links structLink: allows METS creators to record the existence of hyperlinks between 

nodes in the Structural Map. This is of particular value in using METS to archive Websites. 

 Behavioral behaviorSec: used to associate executable behaviors with content in the METS object. 

Each behavior has a mechanism element identifying a module of executable code that implements 

behaviors defined abstractly by its interface definition. 

The open flexibility of METS means that there is not a prescribed vocabulary which allows many different 

types of institutions, with many different document types, to utilize METS. The customization of METS makes 

it highly functional internally, but creates limitations for interoperability. Interoperability becomes difficult when 

the exporting and importing institutions have used vocabularies. As a workaround for this problem the creation 

of institutional profiles has become popular. These profiles document the implementation of METS specific to 

that institution helping to map content in order for exchanged METS documents to be more usable across 

institutions.  

3.1.3 MAchine-Readable Cataloging (MARC) 

MARC 21 Format for Bibliographic Data (MARC 21 Bibliographic)4 is one of the five MARC 21 (MAchine-

Readable Cataloging) standards originally developed in the 1960s by the Library of Congress. MARC formats 

are the national standard for dissemination of bibliographic data in the USA, and widely used in Europe among 

the librarian and archivers community. MARC 21 Bibliographic is designed to be a carrier for bibliographic 

information about printed and manuscript textual materials, computer files, maps, music, continuing resources, 

visual materials, and mixed materials. Bibliographic data commonly includes titles, names, subjects, notes, 

publication data, and information about the physical description of an item.  

A MARC bibliographic record consists of three main components: the leader, the directory, and the variable 

fields. The following information summarizes the structure of a separate MARC record: 

 Leader: data elements that primarily provide information for the processing of the record. 

 Directory: a series of entries that contain the tag, length, and starting location of each variable field 

within a record  

 Variable fields: the data in a MARC bibliographic record is organized into variable fields, each 

identified by a three-character numeric tag that is stored in the Directory entry for the field. The 

variable data fields are grouped into blocks according to the first character of the tag, which with some 

exceptions identifies the function of the data within the record. The type of information in the field is 

identified by the remainder of the tag. 

o 0XX Control information, identification and classification numbers, etc. 

o 1XX Main entries 

o 2XX Titles and title paragraph (title, edition, imprint) 

o 3XX Physical description, etc. 

o 4XX Series statements 

o 5XX Notes 

o 6XX Subject access fields 

o 7XX Added entries other than subject or series; linking fields 

o 8XX Series added entries, holdings, etc. 

o 9XX Reserved for local implementation 

Within the 1XX, 4XX, 6XX, 7XX and 8XX blocks, certain parallels of content designation are usually 

preserved. The following meanings, with some exceptions, are given to the final two characters of the 

tag of fields: 

o X00 Personal names 

o X10 Corporate names 

o X11 Meeting names 

                                                   
4 https://www.loc.gov/marc/bibliographic/  

https://www.loc.gov/marc/bibliographic/
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o X30 Uniform titles 

o X40 Bibliographic titles 

o X50 Topical terms 

o X51 Geographic names 

MARCXML5 is part of the framework for working with MARC data in a XML environment. MARCXML is a 

simple XML schema which contains MARC data. This base schema output can be used where full MARC 

records are needed or act as a "bus" to enable MARC data records to go through further transformations such 

as to Dublin Core. 

3.1.4 Metadati Amministrativi Gestionali (MAG) 

In Italy, since 2000, the MAG project (Metadati Amministrativi Gestionali) is active, which produced an 

application profile in order to provide formal specifications for collection, transfer and dissemination of data 

and metadata in digital archives. The schema of MAG, produced and maintained by the ad-hoc committee, 

had its most immediate application in projects that refer to the Italian Digital Library.  

In detail, the MAG schema consists of four files (metadigit.xsd, metatype.xsd, audio.xsd. and video.xsd), 

connected to each other by means of an inclusion mechanism, and four different namespaces: MAG, the 

target namespace (i.e. the vocabulary of types and element declarations); NISO, the scheme that translates 

the guidelines of the NISO MIX Data Dictionary (made by the MAG Committee); DC, the Dublin Core schema, 

distributed directly from the Dublin Core Metadata Initiative; XLink, the W3C schema comprising a series of 

attributes that are used to create links between different resources.  

Metadigit.xsd file is the main file of the MAG schema, which contains the declaration of the root element of the 

schema, while types MAG, simple or complex, are all defined in the ancillary files metatype.xsd, which defines 

the types of general use and for sections IMG, DOC, OCR and DIS, audio.xsd, which defines the types used 

by audio files documented in the AUDIO section and video.xsd, which defines the types used by the video files 

documented in the VIDEO section. 

Then the MAG file is divided into sections and to be valid, it must necessarily contain the sections marked by 

the elements <gen> and <bib>, which contain basic information about the institution that operates the 

digitization, the digitization project, the status of the digital object and the identification code of the object itself. 

Instead, the following sections are optional and repeatable (except <off>): 

 <instrument> (contains structural metadata digital object),  

 <img> (specific metadata for still images),  

 <audio> (metadata for specific files audio),  

 <video> (specific metadata for video files),  

 <ocr> (specific metadata related to the optical text recognition),  

 <doc> (specific metadata for digital objects in text format that can be derived or born digital) and  

 <dis> (specific metadata for the distribution of digital objects): depending on the type of digital object 

to describe, and the needs of each project, these sections can be more or less necessary and 

essential. 

 

Since 2005, the Central Institute for Archives ICAR has decided to adopt of MAG for digitization projects of 

documents developed within the Information System for the State Archives (SIAS) to guarantee the actual 

quality of digitization projects, contributing to broaden the adoption of the MAG profile outside librarians 

contexts, and monitoring its use in "mixed" contexts  or that included the primary treatment of archival material.  

Since the publication of the MAG manual in 2006, it was stressed the development of a "mechanism for which 

MAG and METS can interact”, given the substantial parallelism of the two standard structural approach to 

metadata management in a digital library. At first, "the MAG Committee has developed an application (based 

on an XSLT stylesheet) that can transform a MAG file in a METS file, in order to offer users the possibility to 

use of MAG for their internal needs and, in general, to coordinate projects that adopt the same encoding 

                                                   
5 http://www.loc.gov/standards/marcxml/ 

http://www.loc.gov/standards/marcxml/


 

 

25 

D4.1 - Report on data registration, integration and harmonization methodology aligned with the inspire 
directive and on-going initiatives 

scheme; at the same time, however, the conversion system will ensure interoperability and data sharing at the 

international level".  

3.1.5 Europeana Semantic Elements (ESE) 

The Europeana portal gives access to different types of content (books, paintings, films, museum objects and 

archival records) from different types of heritage institutions. In particular, Europeana collects contextual 

information, or metadata, about the items, which remain with the original cultural institutions and are hosted on 

their networks.  

Obviously, different types of cultural heritage organisations (e.g., libraries, museums, archives and audiovisual 

collections) catalogue their content in different ways and to different standards. To make the information 

searchable, it has to be mapped to a single common standard, known as the Europeana Semantic Elements.  

The Europeana Semantic Elements (ESE) format provides a basic set of elements for  describing objects in 

the cultural heritage domain in a way that is usable for Europeana. It is a Dublin Core based application 

profile. It is very concise and based on the Dublin Core schema. This model, however, does not allow some 

specialized descriptions of the objects. The terms of the ESE model can be divided into four categories: highly 

recommended, recommended, additional elements and Europeana elements. All terms listed in the ‘highly 

recommended’ category are essential for the dissemination to Europeana. These terms make sure the record 

can be retrieved from the Europeana repository. Table 3 below shows the terms, belonging to the ESE model, 

divided into the four categories. 

 

Mandatory elements Recommended elements Additional elements 

Elements supplied by 

Europeana 

dc: title or dc:description dcterms:alternative dc:format 
europeana:country 

dc:language for text object dc:creator dcterms:extent 
europeana:language 

europeana:dataProvider dc:contributor dcterms:medium 
europeana:uri 

europeana:isShownAt 

or europeana:isShownBy 
dc:date dc:identifier 

europeana:usertag 

europeana:provider dcterms:created dc:rights 
europeana:year 

dc:subject or dc:type 

or dc:coverage or 

dcterms:spatial 

dcterms:issued dcterms:provenance 
 

europeana:rights dcterms:temporal dc:relation 
 

europeana:type dc:publisher dcterms:conformsTo 
 

europeana:UGC (when 

applicable) 
dc:source dcterms:hasFormat 

 

 
dcterms:isPartOf 

dcterms:isFormatOf 
 

 europeana:object dcterms:hasVersion 
 

  dcterms:isVersionOf 
 

  dcterms:hasPart 
 

  dcterms:isReferencedBy 
 

  dcterms:references 
 

  dcterms:isReplacedBy 
 

  dcterms:replaces 
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  dcterms:isRequiredBy 
 

Table 3. Categorisation of elements for ESE 

3.2 Problems of the current historical map metadata within GI world 

However, metadata currently used in historical archives and reviewed in the previous section does not satisfy 

the requirements for data discovery, access and use through VHs as described in §2 and INSPIRE Directive. 

Some problems in the created metadata of these files have been spotted by analysing some of the current 

metadata records describing some of the resources to be used by the HistMapsZGZ and GeoPan Atl@s  apps 

and can prevent its automatic use by the VHs and end-user applications: 

 Lack of structured geographical metadata, like extent and coverage (also, when the files are not 

georeferenced, information of CRS, projection, bounding box, etc, is indeed not applicable, but this 

metadata are needed too for discovery and exploitation) 

 The titles are usually self-explained titles, as recommended by professionals in digital libraries6, 

including also information about the author, geographical extent, year, contributor and format of the 

original document. However, this additional information is not also replicated in the appropriate field of 

the metadata record, fact that can prevent the proper discovery and access of the document.  

 In many cases, some fields are not accurate (e.g., the type field of the analysed metadata records that 

describe digitalised maps is set to “text”). 

 The description field, in many cases, it is a description of the original document, which is correct, as 

the main purpose is to describe the original resource. The digitalised copy is just for dissemination and 

consultation without having to visit physically the archive building. However, from our perspective it 

may be seen as a problem because our objective is different: the exploitation of the digital copy. 

 Similar tag and fields in different standards have different meanings while some standards supports 

for more specific semantic definitions than others. For this reason the mapping between different 

metadata standard is not straightforward. 

Nevertheless, several specific information can be retrieved from existing metadata and reused for generating 

metadata compliant with VHs and INSPIRE requirements. Indeed, the issue of metadata crosswalk is a well-

known issue. A schema crosswalk can be described as a table showing equivalent elements (or "fields") in 

more than one database schema. It maps the elements in one schema to the equivalent elements in another 

schema. As previously anticipated one of the biggest challenges for crosswalks is that two metadata schemes 

are not 100% equivalent. One scheme may have a field that does not exist in another scheme, or it may have 

a field that is split into two different fields in another scheme; this is why you often lose data when mapping 

from a complex scheme to a simpler one. Table 4 shows an example of metadata contents and equivalence 

between metadata in different standards.  

Sections §3.3 and §3.4 will focus on the strategies followed by HistMapsZGZ from UNIZAR and GeoPan 

Atl@s from POLIMI to cope with the previously listed problems. 

 

MARC Tag MARC code Dublin Core Europeana Value English 

translation 

090 - Local Call Numbers   ES. 50297. AM 

04.02 

Caja Box 

091 - Local Call Numbers  Object 04/04-02/AMZ_4-2_0455/_index.djvu 

                                                   
6 For instance, in the case of Geographic Information, NEM metadata profile recommends: Theme +  geographic area + 
scale + (organization). 
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MARC Tag MARC code Dublin Core Europeana Value English 

translation 

092 - Local Call Numbers   PI@RAPIDO 

PI@RAPIDO 

245 - Title 

Statement  

$a - Title  Title 

 

Title 

 

Plano Plot map 

$b - 

Remainder of 

title  

parcelario del 

recinto de la ciudad 

de Zaragoza por 

Dionisio Casañal y 

Zapatero. Dirige el 

arquitecto 

municipal: José de 

Yarza y Echenique. 

of the recint of the 

city of Zaragoza by 

Dionisio Casañal y 

Zapatero. Directed 

by the municipal 

architect José de 

Yarza y Echenique.  

$h - Medium  Dos originales y 

dos fotocopias 

Two originals and 

two photocopies 

300 - Physical 

Description   

$a - Extent  Format Format Cuatro ejemplares 

de 8 hojas más un 

plano guía 

Four 8-sheet copies 

plus a guide map 

$g - Size of 

unit  

  94 x 64 cm.; 89,5 x 

60,5 cm.; 52 x 77 

cm.  Escalas: 

1:1000; 1:3000 

94 x 64 cm; 89,5 x 

60,5 cm; 52 x 77 

cm. Scales: 1:1000; 

1:3000 

$i Bueno Good 

500 - General 

Note   

$a - General 

note  

Description Description Papel tela, dos 

tintas. Signatura 

antigua: 

Planeamiento 18. 

Cloth paper, two 

colours. Old 

signature: Planning 

18 

506 - Restrictions on Access 

Note   

  N50 

562 - Copy 

and Version 

Identification 

Note   

$a - 

Identifying 

markings   

Description Description Digital 

$b - Copy 

identification   

  ANZ_4-2_0455 

592 - Local Notes   Date Date 19121231 

19120000 

  1912 

852 - Location   $a - Location     0455 

999   Plano Papel tela, 

dos tintas. 

Signatura antigua: 

Planeamiento 18. 

Cloth paper, two 

colours. Old 

signature: Planning 

18 

 Language Language es 

 Type Type Text 

 Type Image 

  Data provider Archivo Municipal de Zaragoza 
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MARC Tag MARC code Dublin Core Europeana Value English 

translation 

  Rights http://creativecommons.org/publicdomain/

zero/1.0/ 

Table 4. Example of metadata contents and equivalence between metadata in different standards 

3.3 Historical maps of Zaragoza 

Currently, the Zaragoza Council is offering as Open Data many historical documents related to the city that 

have been scanned by the municipal archive of Zaragoza. Among them, there are several historical maps, the 

main concern of the HistMapsZGZ application. 

Although the digitalised historical maps are available as Open Data, the format in which these maps are 

offered limits their reuse and exploitation. These maps are stored as raster files in DjVu format, a file format 

designed primarily to store scanned documents, very suitable for archiving and long-term preservation of 

digitalised documents but not a widespread format, which, moreover, does not allow for its contents (maps) to 

be georeferenced. 

The municipal archive of Zaragoza is currently integrated within the DARA network (Documents and Archives 

of Aragon), which consists of more than sixty public and private archives in the Aragon Region. The DARA 

portal is accessible at http://dara.aragon.es and looking for “maps, plans and drawings” there are about 1000 

records coming from different sources: archives from the provinces of Huesca, Zaragoza and Teruel, the 

municipal archive of Zaragoza and the archive of Fundación Hospital de Benasque (Table 5). If the search is 

restricted to “maps, plans and drawings” with a digital copy the amount of records decreases to 535. 

 

Archive Number of maps 
Number of maps with 

digital copy 

Provincial archive of Zaragoza 564 306 

Municipal archive of Zaragoza 30 8 

AHP Teruel 187 61 

AHP Huesca 58 3 

Fundación Hospital de Benasque 159 159 

Table 5. Summary of available map and digital copies within the DARA network 

 

If we restrict our search to “maps, plans and drawings” covering the metropolitan area of Zaragoza, apart from 

the eight records of the municipal archive, the archive of Zaragoza province offers also fifty digitised 

documents (although not all of them are maps). Additionally, the “Fondo Cartográfico” portal at Spanish 

Mapping Agency (http://contenido.ign.es/fondoscartograficos/) offers four additional maps of Zaragoza city 

dated in 1808, 1853, 1869 and 1880. 

The rest of the discussion on the historical maps of Zaragoza takes only into account the maps offered by the 

Municipal archive of Zaragoza. 

Currently, some metadata regarding the contents of the DjVu files are available (see Table 4 an Table 6 as an 

example), although due to the problems explained in section Błąd! Nie można odnaleźć źródła odwołania., 

new metadata will be created.  

 

 

Available fields in the original metadata in MARC format  

090 - Local Call Numbers 

245 - Title Statement ($a – Title, $b - Remainder of title; $h - Medium) 

http://dara.aragon.es/
http://contenido.ign.es/fondoscartograficos/
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300 - Physical Description ($a – Extent: $g - Size of unit) 

500 - General Note ($a - General note) 

506 - Restrictions on Access Note 

562 - Copy and Version Identification Note ($a - Identifying markings; $b - Copy identification) 

59X - Local Notes 

852 - Location ($a - Location) 

Table 6. Example of available fields in MARC format for HistMapsZGZ application 

 

 

Figure 1. Schema of the MARC21-ISO19115 crosswalk 

 

In the case of the HistMapsZGZ application, the CatMDEdit tool will be used to generate the new metadata. 

CatMDEdit is a metadata editor tool that facilitates the documentation of resources, with special focus on the 

description of geographic information resources. It is an initiative of the National Geographic Institute of Spain 

(IGN), which is the result of the scientific and technical collaboration between IGN and UNIZAR, with the 

technical support of GeoSpatiumLab (GSL). CatMDEdit integrates a MARC21-ISO19115 crosswalk that allows 

for the conversion of metadata records between these two formats. To develop the crosswalk, the elements of 

both standards were analysed, the relationships among them were established in a cross table and a set of 

conversion rules was defined (Figure 1).  

3.3.1 Further actions  

Before their use in the HistMapsZGZ application, these maps have to be georeferenced and transformed into 

a more common raster format. In the process, some geographical metadata should and will be generated, as 

both the georeferenced raster files the geographical metadata will be the datasources used by the VH to 

provide access to them through an OGC WMTS interface. In order to be aligned with INSPIRE, the new 

metadata will be INSPIRE and ISO 19115 compliant.  

The process that will be followed is described below: 
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 Georeferencing the maps. The maps in DjVu format will be converted to a more common format 

(GeoTIFF) and georeferenced using an open source tool (QGIS) 

 New metadata will be created for the new georeferenced maps: 

o In order to reuse the already existing metadata in MARC21 format, the MARC21-ISO19115 

crosswalk tool integrated into CatMDEdit will be used to convert the original MARC metadata 

into ISO 19115 compliant records. 

o CatMDEdit will be used too to automatically extract geographical metadata from the 

georeferenced maps and to include it into the ISO 19115 records obtained after the MARC 

transformation. 

o CatMDEdit will be further used to manually assess the correctness of the resulting metadata 

record and for filling missing information. The degree of completeness of the reviewed 

metadata record should enable the automatic access to the described map by the Virtual 

Hubs. 

In order to assess the feasibility of the aforementioned processed, we have tested it with some of the maps of 

that will be used in the application with the following results: 

 Despite its size due to high resolution of the digitalisation (average of 1 GB), maps can be correctly 

georeferenced with the QGIS tool. 

 The existing metadata supplied by the Municipal Archive of Zaragoza, in MARCXML format compliant 

with MARC21, could not be automatically imported by CatMDedit due to some slight differences in the 

internal structure of the metadata records and the crosswalk specification. For instance, the base 

namespace is required (<collection xmlns="http://www.loc.gov/MARC21/slim">) but was not provided 

in the metadata XML files (that only included the element <collection>, with no xmlns attribute). After 

making changes in the XML metadata records, the information was properly imported but less than 

three mandatory metadata elements were completed. Most of metadata elements had to be 

completed manually. Taking into account that the number of maps that will be included in the 

HistMapsZGZ app is relatively small, the final metadata creation process will avoid this step. In case 

that the Zaragoza Council decides to include all the historical maps in the app, the crosswalk code will  

be adapted to make the Municipal Archive of Zaragoza MARC21 files compatible with the crosswalk. 

 Some additional metadata elements could be automatically retrieved from the GeoTIFF file. However, 

special care had to be taken with the CRS, in order to communicate it from the georeferencer to the 

metadata creator, as, surprisingly, it is not stored by QGIS in the GeoTIFF embedded metadata. 

 The existing metadata only provide the information in Spanish, so a complete, direct re-use is not 

possible (translation into other languages should be necessary). However, the created metadata will 

be enough for guarantying the discovery, access and use of the historical maps by the app through 

the VHs: for access and use, metadata fields not depending on the metadata language, and for 

discovery, keywords would be added to the metadata in Spanish and English, so the application could 

find them by using either language. 

3.4 Geopan Atl@s 

Geopan Atl@s application will use information coming from the world geographic portals at 

national/regional/local level along with historical and cadastral maps. The aim of Geopan Atl@s is to help 

users identifying changes in the built environment and landscape and using this information for enriching 

current data. This way Geopan will help these users communities to increase the use of open cartography and 

generating added value to them by means of historic maps. 

3.4.1 Geopan Atl@s historic data sources 

In the last yeas a great work has been carried out by national archives in digitalizing documents and maps 

which determined the scan of more than 20,000 maps only for the Milan National Archive. In many cases 

these documents and maps are also accessible online (http://www.territori.san.beniculturali.it). However, these 

maps are not georeferenced and consequently they are mainly treated as archive documents and metadata 

http://www.loc.gov/MARC21/slim
http://www.territori.san.beniculturali.it/
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are generated accordingly. Although, several archive documents are available online the digitalised historical 

maps are not available as Open Data and they can be used by third parties only in the case of specific 

agreements. Currently POLIMI performed georeferencing and published historical maps as defined in Table 7. 

The publishing was performed by POLIMI in agreement with these archives but generated layers are not made 

available as Open Data and for this reason will not be made available for further developers. The number of 

georeferenced maps do not correspond to the number of published layers since in many cases several 

cadastral sheets are combined into a single layer.   

 

Archive Number of maps Number published layers 

Archivio di Stato di Milano (AsMi) 334 42 

Archivio Ospedale Maggiore di 

Milano (Fondazione IRCCS 

Ca’Granda) 

24 19 

Table 7. Summary of available map and digital copies within the DARA network 

 

These maps were georefernced and published as WMS, WMTS and TMS. However, they were published 

without INSPIRE and ISO 19115 compliant metadata. In the future additional maps could be added to the 

previously listed set enlarging the spatial and temporal coverage of available data. 

3.4.2 Further actions  

In order to make the maps available for geographical metadata will be generated, as both already 

georeferenced maps and future datasets. The new geographical metadata will be INSPIRE and ISO 19115 

compliant.  

The process planned to make available datasets available to be accessed by the VH will be basses on: 

1. Acquire available metadata files if available. MAG application profile files will be available for maps 

provided Milan National Archive while maps provided by Archivio Ospedale Maggiore di Milano do not 

have metadata. 

2. Identify relevant information in existing metadata to be reused into new INSPIRE and ISO 19115 

compliant metadata (Figure 2). 

3. Manually generate metadata for filling missing information connected to geographic content (e.g. 

bounding box, CRS, etc.) 

4. Generated metadata will be published using a catalog application to manage spatially referenced 

resources (GeoNetwork). In particular, the OGC CSW (Catalog Services for the Web) protocol 

supporting will be used to publish catalog metadata. 
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Figure 2. Core metadata for geographic datasets (ISO 19115)  

 

In the case of new maps the procedure is similar to the previous one exception made by the fact that prior 

metadata editing these maps needs to be manually georeferenced and published. 

4 Semantics issues for data discovery and the Virtual Hub approach 

In the case multiple data sources are connected semantic problem arises. Indeed, different data providers 

generally use different semantics which may cause misunderstanding and incorrectly using geographic data. 

This section describes semantics issues arising connecting multiple data sources with ENERGIC OD Virtual 

Hub and the adopted approach. 

4.1 Problem 

The support of multiple user profiles poses significant challenges to data sharing infrastructures. In 

particularly, the effectiveness of discovery phase is largely dependent on the expected interaction between 

users and systems. The simple fact that user’s point-of-view may differ from providers’ point-of-view can make 

metadata provided by the data owner not fully useful or satisfactory for user’s purposes. For example, a data 

provider might focus on some specific use-cases, while a user might be more concerned with aspects like 

quality and fitness of data for his/her purpose. This is specifically true for systems of systems enabling 

heterogeneous users to interact with several existing systems designed for different users and objectives 

(Díaz, Granell, & Huerta, 2012). 

4.2 Challenges 

Some examples of challenges which acquire importance in multidisciplinary systems of systems are: 
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 Profiled search: Some users have implicit constraints on their search, and not keeping them in 

consideration may result in an overloading of non-relevant information. For example a scientific 

community working on a specific region maybe interested only on datasets related to that region7.  

 Keyword mismatch: The content of datasets is usually expressed through a set of keywords. 

However, it is possible that the keywords used by the user for search, and the keywords used by the 

providers to annotate datasets are based on different vocabularies or even that they are freely chosen 

without any formal vocabulary. This makes possible skipping relevant datasets simply due to 

keywords mismatch. 

 Multilingualism: Metadata, including keywords, are usually provided in a single language, typically 

English for international and global systems, or the national language for national systems. This can 

cause discovery problems when users from non-English speaking communities try to access 

information from the SoS or, on the other hand,  when users from English-speaking or international 

communities could be interested in information from national systems connected to the SoS. In this 

cases, a syntactical mismatch between the search keywords and the metadata content can cause 

skipping relevant information. 

 Search by place name: information about the geographic coverage of both datasets and search area 

can be expressed either through its coordinates, e.g. providing the bounding box, or through a 

geographic name. When there is a mismatch between user’s and provider’s approach - e.g. a user 

searching for datasets on a place expressed by name, with datasets described through coordinates – 

some relevant dataset may be missed. The problem is even greater due to multiple equivalent place 

names (e.g. Florence and Firenze; see also multilingualism). The same problem may happen with 

textual temporal references (e.g. summer, December, etc.)  

 Free text information: Several metadata specifications which are widespread in the geospatial 

community reserve some free text field for the description of datasets (e.g. the INSPIRE profile of ISO 

19115). While the free text can be much expressive for human readers, it poses problems for 

machine-to-machine interaction. Keyword based search may not find any syntactical match with the 

content of free-text fields. 

 Semantic ambiguity: Users and providers may use the same term with a slightly or greatly different 

meaning. For example the same term pressure, may refer to atmospheric pressure for a climatologist, 

and to some environmental pressure indicator for a scientist working on ecosystems. A correct 

identification of terms meaning may help to provide the correct information (and a better ranking of 

matching datasets) based on user’s profile. 

4.3 Possible solutions 

The challenges described above cannot be solved with a trivial comparison of requests and available dataset 

descriptions. It is necessary to provide more information about the context. 

A simple way is the query enrichment. For example, based on the user’s profile a query can be enriched with 

geographical constraints, additional keywords, data source filtering, and the response can be presented with 

an optimized ranking. The user’s profile can be provided by the user or built based on previous queries.  

The query enrichment can solve the first challenge, providing profiled search, but the other ones are more 

complex requiring to move to semantics. This is possible integrating the relevant knowledge bases in the 

discovery process. For example gazetteers may provide the translation between place names and geographic 

coordinates, controlled vocabularies can provide list of terms to be used as keywords, multilingual thesauri can 

provide translation of terms in multiple languages and ontologies can provide links between relevant concepts. 

In the GEOSS context, some successful experiments have been recently carried out to provide query 

expansion based on external knowledge bases (Santoro, et al., 2012). Basically, the user provided keywords 

are used to query one or more connected knowledge bases for “related” terms. Then the original geospatial 

                                                   
7 This is typical of community systems like the GEO Geohazard Supersites which are “are single sites or extended areas of 
highest priority to the geohazards community in which active single or multiple geological hazard caused by single or 
multiple sources poses a threat to human population and/or critical facilities (such as that of volcanic ash dispersion to 
aviation)”. 
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query is transformed in a set of queries using the related terms as keywords. The resulting response set is 

aggregated and sent back to the user. With this simple approach, the search process is based not only on the 

original keyword but on “related” terms. The relationship is established and exposed by the external 

knowledge base. 

In the GEOSS example a knowledge base, including a set of aligned vocabularies and ontologies, is 

maintained by the EC-JRC and exposed with a SPARQL/SKOS interface. For each query, the GEO Discovery 

and Access Broker (DAB) contact the knowledge base for query expansion. For example, the knowledge base 

includes GEMET8 (GEneral Multilingual Environmental Thesaurus) allowing for multilingual search. 

The proposed approach helps addressing most of the identified challenges. Indeed, the alignment of relevant 

ontologies and vocabularies, and their publication with a SPARQL/SKOS interface (or something equivalent), 

allows to solve: a) keyword mismatch, since searched and provided keyword which are syntactically different 

but semantically related should be linked in the ontology; b) multilingualism, as far as a multilingual thesaurus 

is part of the connected knowledge base; c) semantic ambiguity. Also free text problems may be reduced 

thanks to expanded queries which help to find a match with the free text content.  

The connection with a gazetteer following a similar approach (translation of place names in coordinates) may 

help addressing the related challenge.  

4.4 Opportunities for ENERGIC OD 

ENERGIC OD core functionalities (mediation and harmonization) are provided by the same brokering 

framework adopted in GEOSS making possible to implement the query expansion approach in the ENERGIC 

OD Virtual Hubs. Moreover, the enhanced discovery functionalities are exposed by server-side APIs – through 

an enhancement of the OpenSearch semantic extensions – and by the Javascript library. 

This enables application and (community) portal developers to include semantic capabilities. For example, 

storing information on the user’s profile can enable both query enrichment, simply modifying the query 

constraints, and query expansion, asking the brokering framework to use knowledge bases. In particular, a set 

of user profiles can be defined and for each profile a set of semantic keyword can be predefined. 

In particular, VH managers may provide semantic capabilities connecting the brokering framework to existing 

or new knowledge bases9 which are relevant for their target community. 

5 METHODOLOGY FOR MULTISOURCE DATA REGISTRATION AND INTEGRATION 

As identified in D4.2 (§4.5.1) and in the previous chapter §2 on of the main issues when combining data 

coming from different data sources is the different coordinate reference system they may use. This chapter 

describes this issues presenting also the potentials and the limits of the ENERGIC OD Virtual Hub approach.  

5.1 Datum transformation 

The combined use of multiple geospatial data requires priori knowledge of the reference system in which data 

are provided. A reference system can be intended as a set of rules that univocally define the position of a point 

in space. Inside a specific reference system, different systems of coordinates can be used to represent the 

same point: Cartesian coordinates (X,Y,Z), Geographic coordinates (latitude φ, longitude λ, height), or 

Cartographic coordinates (Easting, Northing, height).  

There exist mathematical rules for the conversion of coordinates without altering the result, which means that 

the use of different system of coordinates does not change the result, meaning that the process is also 

invertible: 

 

Common coordinate transformation in the same reference system can be carried out following the scheme 

                                                   
8 https://www.eionet.europa.eu/gemet/ 
9 The GI-suite Brokering Framework currently supports SPARQL/SKOS interface 
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proposed in Figure 3: 

 

Cartesian   ↔  Geographic   ;   Cartographic   ↔   Geographic   ;   Cartesian   ↔   Cartographic 

 

 

Figure 3. The relationship between different systems of coordinates. 

 

If the change of coordinates (conversion) is not a problem when working with geospatial data, instead the 

change of reference system (sometimes called coordinate transformation in commercial/open source GIS 

packages) is instead a more complicated task. Indeed, a first significant issue is related to the large number of 

reference systems today available, which include global and local reference systems. In particular, there exist 

many local reference systems.  

Then, reference systems physically materialized (i.e. frames) by means of points have stability problems, 

meaning that the shape of Earth is not constant for periodic phenomena (e.g. ocean tides) or irreversible 

movements (e.g. plate tectonics). For this reason, defining a reference system cannot be only considered only 

as a spatial problem, but also a temporal issue, i.e. the same point can have different coordinates when 

measured in the same reference frame at different epochs, because of the continuous deformations occurring 

on the surface where measurements are carried out.  

These issues led to the creation of several reference systems, at both local (nations, continents) and global 

levels, as mentioned. The transformation between reference systems can be carried out with a seven 

transformation parameters (3D similarity transformations: rotation, an origin shift and a scale factor, in all 

seven parameters) in which points are mapped between two orthogonal 3D Cartesian spatial reference 

frames. This is not the only solution to the transformation problem. Different formulations where developed for 

the direct use of geographic coordinates, such the Molodensky and Abridged Molodensky transformation or 

the multiple regression transformation. 

It is clear that users can be interested to both transformation and conversion. For instance, an user who is 

using geographic coordinates in a reference frame 1 wants to turn them into cartographic (planar) coordinates 

in reference frame 2. This requires preliminary knowledge of all the parameters involved in the different 

mathematical operations. 

5.1.1 Critical case for datum transformation 

This sections reports some test cases presenting the issues described so far. In particular two examples will 

be presented concerning Italy. 

 

 UTM WGS84 ETRF89 to Gauss Boaga Roma 40 

GIS software allows the conversion between coordinate systems. On the other hand, in some cases, the 

transformation available in commercial packages is not exactly the one required by local regulations. A case is 

illustrated in Figure 4, where ArcMap was used to convert data (the railway shapefile made up of lines) from 

UTM WGS84 ETRF89 to the Italian reference system Gauss Boaga Roma 40. The used data are shapefiles 

representing the extension of Lecco Province (Italy) and the railway line. In particular, figure 4 illustrates 
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results with the correct solution, which can be intended as the transformation achieved by means of the official 

software released by IGM, that is the reference for productive work in Italy (Verto software).  

 

Figure 4. Data simply imported in ArcMap after setting the Italian reference system Gauss Boaga Roma. In 

this case the polygon and line layers were converted from UTM WGS84 ETRF89 to the Italian reference 

system Gauss Boaga Roma 40 with Verto (no transformation in ArcMap is used in this case) 

Then, the original shapefile made up of lines (railway) was imported in ArcMap. As the original reference 

system is UTM WGS84 ETRF89, an automated transformation is carried out by ArcMap. If we now compare 

the results provided by Verto and ArcMap, we can see a large discrepancy between the solutions, which was 

in some cases larger than 80 m (Figure 5). In addition, the error is not only a constant (e.g. a translation) and 

cannot be completely removed by simple geometric operations.  

   

Figure 5. The transformation achieved with ArcMap (from UTM WGS84 ETRF89 to the Italian reference 

system Gauss Boaga Roma 40) led to large errors when compared to Verto solution (ca 80 m, this error is not 

a constant). 

It is important to mentioned that the parameters for the transformation in different areas are not always the 

same. Users who want to operate in a specific area in Italy must use the corresponding files provided by IGM, 
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from which the parameters are loaded in the Verto software, to arrive at a final result.  

The discrepancy achieved with ArcMap is probably due to the lack of the specific transformation parameters 

and the specific model for the conversion inside the package, meaning that the transformation of ArcMap 

cannot be used for accurate measurements (such as RTK survey via GNSS, with precision of about ± 5 cm).    

 

 Example of Villa Pisani (Stra) and La Rotonda (Vicenza) 

Nowadays all coordinate and datum transformations are managed by GIS software using common open 

source libraries (proj4 and Gdal). Almost every desktop or web GIS software is able to overlay geometries in 

different reference systems using On-the-Fly transformation. 

A common issue that programmers and webmasters often deal with, is the differences of SRS databases from 

Desktop Software and web GIS software. 

Let's take as example the publication in a web GIS portal of features related to cultural heritage: Veneto 

Region has published on its Spatial Data Infrastructure [http://idt.regione.veneto.it/] all the dataset of venetian 

villas in the projected SRS  Gauss Boaga Roma 40  EPSG:3003. 

The dataset can be viewed easily in QGIS and/or other desktop GIS and reprojected to overlay other layers. In 

the case the datasets are provided within the same SRS data fits very well (Figure 6). 

 

Figure 6. Example of Villa Pisani in Stra reprojected in EPSG: 4326 and superimposed on orthoimage 

offered by WMS service in the same coordinates 

In particular in Figure 7 the same layer (grey poligons) is provided as a WMS service and published in a 

webGIS environment with Openlayers as base map.  
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Figure 7. Example of Villa Pisani in Stra as served by Geoserver. 

 

QGIS has the datum transformation parameters inside the SRS definition but Geoserver has not. If the user is 

not aware of that difference between the two programs it could be confusing. 

QGIS has the datum transformation parameters inside the SRS definition but Geoserver hasn't. If the user is 

not aware of that difference between the two software it could be confusing. 

 

Different projections also can lead to very different results when we need to measure distances or areas in 

planimetric mode (i.e. on a map printed on paper). Table 8 summarizes the different results measuring the 

length of the pool with the QGIS measure tool (Figure 8).  

 

 

Figure 8. QGIS interface with measure distance tool 
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Coordinate system Length (ellips.)  in meters Length (planimetric) in meters 

Gauss Boaga Roma 40 EPSG:3003 205,401 205,459 

Google Pseudo Mercator  

EPSG:3857 
205,397 292,653 

Geographic GRS80 ETRS89 

EPSG: 6706 
205,393 244,521 

Table 8. Results of the same measurement using different SRS 

 

On the second column of the table we can see the results given by the tool with the right settings (the software   

transform the coordinates of the two points to geographic and measure the distance along the ellipsoid 

surface) on the third column we can see the results of measurement of projected coordinates, without setting 

datum transformation. Using the native SRS of the layer we don't have noticeable difference (first row) but 

using reprojected layer the results are very different from the real world (errors of 42% and 19%). 

As can be seen in Table 8, this is given by the fact that cartographic (planar) distances are very dependent on 

the cartographic projection used. On the other hand, this does not depend on the transformation between 

reference systems, but it depends on the kind of mapping used to turn geographic coordinates into 

cartographic, the difference between  geographic and cartographic coordinates in presented in Figure 3. 

Indeed, WGS 1984 Web Mercator (Auxiliary Sphere) is based on a conformal projection that preserves 

directions (Mercator projection was generated for navigation), but distances are significantly distorted. Gauss 

Boaga has instead a deformation modulus of about 0.9996 (it is not a constant for the whole map) but it 

reduces distance deformations. The table demonstrates that measuring distances with some cartographic 

projections can be very dangerous when the deformations are not correctly taken into consideration. 

The Datum Transformation parameters change locally, as long as QGIS refers to general parameters, useful 

for the continental part of Italy, the strict transformation needs more localized parameters that are stored in 

NTv2 grids provided by Istituto Geografico Militare IGM. The difference from On-the-Fly transformation and 

NTv2 transformation is about 5 meters (Figure 9 and Figure 10). 

 

Figure 9. Overlay from layer reprojected with On-the-Fly transformation (red edge) and NTv2 transformation 

by ConVe software (blu edge) in QGIS. The blue one is more accurate 
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Figure 10. Comparison similar to the one reported in Figure 8 in Google earth with exported reprojected KML 

(La Rotonda, Vicenza). The blue one is more accurate. Note also the slight elevation difference 

5.1.2 CRS national and regional policies: Italy case 

The emanation of the Ministerial Decree in November 10th, 2011 "Adoption of the national geodetic reference 

system" established that in Italy should be used ETRF2000 System and all data related to systems previously 

in use are to be converted to it. 

The Italian Military Geographical Institute (IGMI) is the organization responsible for the definition and 

management of coordinate reference system for the country; for this reason it is also involved in producing the 

parameters required for the implementation of strict transformations. The IGMI releases parameters to users 

only after payment of a rate, but provides the parameters to the public entities.  

During the last two years the Institute has taken steps to establish fruitful contacts with the EPSG that led to 

the production of new codes, with relative .prj files, which have been distributed and are free downloads: 

http://37.207.194.154/archivio_avvisi.php. From the month of April 2015 there are also parameters in format 

NTV2 which include system ETRF2000. 

 

Table 9 shows the EPSG codes for ETRF2000, in Italy called National Dynamic Network 2008 (RDN2008): 

Name  Identifier  CRS kind  CS Axes  

RDN2008  6704 geocentric  X, Y, Z  

RDN2008  6705 3D geographic  Φ, λ, h  

RDN2008  6706 2D geographic  Φ, λ 

RDN2008/TM32  6707 Projected  Nord, Est  

RDN2008/TM33  6708 Projected  Nord, Est  

RDN2008/TM34  6709 Projected  Nord, Est  

RDN2008/Italy zone  6875 Projected  Nord, Est  

RDN2008/Zone 12  6876 Projected  Nord, Est  

 

Table 9. EPSG codes for ETRF2000  

 

In terms of accessibility from the users it is particularly important the activation of a conversion service online 

in the month of October 2015: http://37.207.194.154/index.php; in this way is possible to get planimetric 

conversions in many file formats in all major systems in use in Italy (Roma40, ED50, ETRF89 and ETRF2000). 

 

The software of the Veneto Region for the conversion of coordinates is called CONVE that uses the algorithm 

http://37.207.194.154/archivio_avvisi.php
http://37.207.194.154/index.php
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of the official software (Verto) provided by Italian Military Geographic Institute. The CONVE is distributed for 

free to all users and to local authorities also with IGM parameters. 

The Veneto Region is also heavily penalized by the division of its territory in two different cartographic zones, 

both in the system Gauss-Boaga both the UTM system; to solve this problem it was created the Zone 12 

which allows you to represent all the Veneto not deformed. The Zone 12 is shared with the IGMI and has 

EPSG code 6876. 

In view of the distribution of geographic data in the logic of “open data”, the Region intends to make available 

to other agencies and to the public users an online conversion service, borrowing that already in use at the 

IGMI; waiting to develop agreements to achieve this target, there is the progressive release of the data in 

different systems (Gauss-Boaga ETRF2000, ETRF2000 / Fuso12) to meet all operational requirements. 

At the same time there is a continuation of intensive work of spreading that is realized through seminars, 

workshops, conferences, and also through the use of the website and the Geoportal. It must emphasize how 

every action of information and training is absolutely essential to prevent the users of GIS software errors 

performing conversion operations between different systems or transition between zones. It must also always 

be communicated the need to compile with precision the metadata about the reference system with the 

opportunity to use always ETRF2000, in geographical coordinates for the interchange of data and projected in 

plane coordinates for the main uses with GIS software and CAD tools. 

5.1.3 VH and functionalities for coordinate transformation 

For these reasons, some transformations between reference systems available in commercial and open 

source packages are not rigorous (i.e. based on existing regulations). This is only possible if the system is 

able to take into consideration all the aspects of regulations, defining the specific transformation to be used 

and its parameters (that could be different in different areas, also inside the same nation). 

It is clear that the Virtual Hub cannot take into consideration all possible transformations between reference 

systems, for both the huge number of existing reference systems (local and global) and for the lack of 

available numerical parameters and rules to handle all transformations properly. On the other hand, this does 

not mean that the transformation problem must be neglected, but it highlights the significant issue of 

transformations and accuracy, not only for the specific case of the Virtual Hub, but also when transformations 

are performed in GIS packages. The system will still support the traditional transformation scheme as shown 

in Figure 11, but the result can be affected by errors, in a similar way to what happens in traditional processing 

with common GIS packages.  

 

 

a.  

b.  

Figure 11. Coordinate conversion (a); and coordinate transformation (b) 

 

As identified in D4.2 to support specific transformation the transformation has to be published as a service with 

a OGC WPS interface. Concerning the Italy the possibility to use the WPS provided by the Italian 

Environmental Ministry (http://www.pcn.minambiente.it/) by the VH will be evaluated within WP5. The 

coordinate transformation supported by the service are reported in Table 10 while the endpoint of the service 

http://www.pcn.minambiente.it/
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is http://wms.pcn.minambiente.it/wps. In particular, the transformation service provided by the Italian 

Environmental Ministry supports vector files (shapefile) and raster (ascii .asc, floating point .flt, tiff and jpeg 

and associated .tfw e .jpw). 

 

Table 10. Reference systems supported by Italian Environmental Ministry WPS 

6 CROWDSOURCING SOLUTIONS AND REQUIREMENTS WITHIN ENERGIC OD 

APPS 

As highlighted in D4.2 (§3.2.2) crowdsourcing and Volunteered Geographic Information (VGI) may play an 

important role in generating new open datasets to be used. In particular, among ENERGIC OD applications 

Coastline application (BRGM) and OnoM@p (CNRS) will make use of crowdsourced data. The chance to 

publish crowdsourced data by means of the ENERGIC OD Virtual Hub and the possibility to make 

crowdsourced data accessible through the VH represents an important aspect for these applications. Starting 

from these applications a set of requirements may be derived in terms of data and metadata flux and 

operations to be performed by the Virtual Hub. Information, adopted solution and architecture derived from 

these pilots can be also of major importance to give a set of operative guidelines in order to allow 

crowdsourcing solution by future users of the ENERGIC OD Virtual Hub. The following sections will focus on 

the solutions adopted by the applications implementing crowdsourcing in ENERGIC OD. 

6.1 The Coastline application system 

The Coastline application developed by BRGM is a mobile application broadcasting the coastline, and allowing 

crowed sourcing. 

 

Data for this application come from different sources: 

 coastline data in France  

 crowdsourcing. 

 

The idea of this application is to use crowdsourcing in order to create/enhance public knowledge. The 

Coastline application displays a background map on which the user can browse and a different background 

layer can be chosen. Default background is French SCAN25, and it may be changed for Orthophoto 

Reference systems supported by Italian Environmental Ministry WPS  

ED50 

ED50/UTM 32N 

ED50/UTM 33N 

ETRS89-ETRF2000 

ETRS89-ETRF2000/UTM 32N 

ETRS89-ETRF2000/UTM 33N 

ETRS89-ETRF89 

ETRS89-ETRF89/UTM 32N 

ETRS89-ETRF89/UTM 33N 

Roma 40 

Roma 40/Italia zona 1 

Roma 40/Italia zona 2 

http://wms.pcn.minambiente.it/wps
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background. 

The software shall allow browsing, access selected coastline. The coastline data are sets of data organized as 

coastlines. Basically they are defined by an organization, and the date of acquisition. The user shall choose 

the coastline(s) he wants to see. 

Once authentified, he may create observations. An observation is basically the crowdsourcing: 

 the user may also fill/edit/access its own data 

 this data should open metadata giving the fields to fill in, including a picture of the site 

 this ‘crowdsource’ shall be accessible (read-only) for other users 

6.1.1 System architecture, SOS and crowdsourcing  

The general structure of Coastline application is presented in Figure 12. 

The mobile application will interact with the French Virtual Hub that will retrieve data from data services: 

 WFS service distributing coastline data sets. They can be differentiated according to these fields : 

o <energicod:beginLifespanVersion> Date of beginning of validity 

o <energicod:endLifespanVersion> Date of end of validity  

o <base2:organisationName> organization name 

A Virtual Hub features will allow the transformation between WFS services and GeoJSON data 

 WFS of Crowdsourced data.  

BRGM Infrastructure

Authentification (https) 

Crowdsourcing (can get it’s own non validated crowdsourcing)

Virtual HUB
Aggregates multiple WFS to GeoJSON

 

SOS server

Costline 
datasets

Aquitaine region coastline

PACA region coastline

Languedoc region coastline

INSPIRE 
Compliant WFS

GeoJSON of aggregated data (Coastline and crowdsoucing)

Writes SOS Datasets

Mobile Coastline application
Gets public opendata and validated crowdsoucing
Once registered:
 Gives crowdsourcing as SOS
 Gets user’s own crowdsource as GeoJSON

 Can approve crowdsourcing (authorized users)

Sends WFS crowdsourcing

PostGIS DB

 

Figure 12. General structure of Coastline application 

The option chosen by BRGM for crowdsourcing is a SOS technology. SOS is a standard web service interface 

for requesting, filtering, and retrieving observations and sensor system information. This is the intermediary 

between a client and an observation repository or near real-time sensor channel. The mobile application will 

be seen as a captor. The implementation chosen is Sensiasoftware. In particular, the application shall get the 

metadata to fill in for crowdsourcing by means of an API designed for that purpose. It access a dedicated 

catalogue in order to retrieve were to send the given data and picture. 

6.1.2 Use cases 

Examples of use cases are presented in Figure 13. 
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Figure 13. Use cases for Coastline application 

 an unknown user can download “Coastline” application. He is allowed to browse the map (IGN scan 

25, or Orthophoto) and may select the costline(s) he wants to display. He can also select the 

observations. He may ask for a standard user account creation. 

 an identified user has the rights as an unknown used, and may create observations. 

 an expert user has the same rights as an identified user, can also validate the observation or create 

its own validated observations. He has the right to delete observations. 

 the administrator has all the rights on the application, including the management of accounts such as 

creating Expert and Administrator accounts.  

Starting from these user cases the main functionalities of Coastline application are: 

 see maps, coastline and observations, 

 creates a user account, 

 create observations to be validated, 

 validates/deletes observations, 

 create validated observations, 

 manage accounts, 

 

 See maps, coastline and observations 

A non-registered user is allowed to browse the background map, and to select coastline data and 

observations. 

 

 uc Use Case Model

Creates v alidated 

observ ations

unknown User

Identified User

Expert

Administrator

See maps, coastline 

and observ ations

Create observ ations 

to be v alidated

Validates/deletes 

observ ations

Manages accounts

Creates a user 

account
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Figure 14. Example of Coastline application for looking at maps, coastline and observations 

 
Getting the GPS coordinates, the application will zoom by default on: 

- the French “department” if the user is 2km near a coast 

- the French “Region” if the user is less than 50km near the coast 

- the whole metropolitan country otherwise. 

 

The user shall be able to choose a time window in order to display on its application the coastline at a given 

time if available (Figure 14). 

 

 

 Creates a user account 

A user may want to report observations. For this action he is required to register. In case the user is not 

registered he may create an account giving at least the mandatory fields: last name, surname and Email ID 

(Figure 15). 

A captcha shall be inserted to prevent machines registration. 



 

 

46 

D4.1 - Report on data registration, integration and harmonization methodology aligned with the inspire 
directive and on-going initiatives 

 

Figure 15. Example of Coastline application registration 

 

 Create observations to be validated 

Once registered a user may create and view its own observations. 

There are 2 categories of observations (Figure 16): 

- Report an event (high water, dune movement, etc.). This report shall include a picture, a 

subcategory and comments 

- Draw a coastline section using GPS, a subcategory (such as dune low, feet in the water) 

For any observation, the GPS position shall be send along with the date and time (of acquisition for a punctual 

acquisition, of time of the start and end of acquisition for a coastline). 

 

Figure 16. Example of Coastline observation creation 

 

 Validates/deletes observations 

An expert user can validate the observation evaluated as credible. This results in making this observation 

visible for all users, not only the observer and the Experts. 
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 Creates validated observations 

An observation made by an Expert user is immediately ‘validated’. It does not need any review. 

 

 Manages accounts 

The administrator can create accounts of all types. 

The application will use the LDAP services implemented at BRGM (https://forge.brgm.fr/projects/0-ws-authent)  

On this LDAP, an ‘Application’ has been created called ‘EnergicOD’. 

Several roles (profiles) have been created: 

o User 

o Expert  

o Administrator 

6.2 The OnoM@p system 

The OnoM@p system rests on citizens’ voluntary collaboration for a massive acquisition of noise data in 

urban environment. With the NoiseCapture application installed on their smartphone, each individual can 

estimate its own noise exposure and contribute to a community noise data collection. The output database is 

based on Open Geospatial Consortium (OGC) standards and is completely managed by open source tools. 

Such an initiative is thus valuable at once for the citizen (i.e. at the individual scale), for the collectivities and 

for the environmental science community (i.e. at the collective scale). For the citizens, this application offers 

them the possibility of estimating their personal noise exposure and, by uploading their measurements, of 

contributing to a participative noise maps. For scientists, this project stands for an opportunity to gather a large 

amount of noise data over a wide area and to study the feasibility of improving the representativeness of 

simulation-based noise maps by integrating crowdsourced data information. Such a database can be also 

useful for many other purposes, in particular concerning the data qualification. Such information is also 

interesting for local collectivities and main agglomerations that can lean upon this collective effort to better 

inform the population of its noise exposure. 

6.2.1 General overview 

The OnoM@p (Open noise M@p) system stands for a noise data architecture based on geo-localized sound 

levels measurements ensured by voluntary individual via a dedicated smartphone application named 

NoiseCapture. This application enables the user on one hand to estimate its noise exposure and on the other 

to upload its personal measurements to a RDBMS system hosted by the CNRS. Advanced noise-related 

indicators as statistical and spatial indicators are evaluated by combining the collected noise data with 

OpenStreetMap and statistical data available from the ENERGIC OD Virtual Hub. Figure 17 summarizes the 

conceptual model behind the OnoM@p system. 

https://forge.brgm.fr/projects/0-ws-authent
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Figure 17. Conceptual model of the OnoM@p system 

6.2.2 Data availability and access 

The OnoM@p system is compliant with the INSPIRE Directive. It intends: 

 to make data discoverable, by supporting standards for metadata and publishing through a discovery 

service, 

 to publish data through web services to be able to view and download the data. 

As the Figure 18 shows the OnoM@p system is divided in two main parts. 

 a client part that corresponds to the Android application called NoiseCapture, 

 a server part that hosts the geoservices and the HTML map viewer. 

 

Figure 18. Standard formats and protocols involved in the communication of the smartphone application and 

the OnoM@p framework. 

mailto:OnoM@p
mailto:OnoM@p
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6.2.3 NoiseCapture 

The NoiseCapture application is implemented through the Android Software Development Kit (SDK). It allows  

each citizen (volunteers) to measure his own exposure in his everyday environment and participate in the 

collective noise mapping of his city or neighbourhood. The data collected along a journey (i.e. a track) and 

shared by the volunteers with the application are forwarded to the CNRS database server. The data is 

transferred to the Server by means of a Web Processing Service (WPS) handled by the open source software 

GeoServer which is used to share information, to manage the database and to render thematic maps. 

During the data acquisition, a sound signal processing is run on the fly. The sound signal processing phase 

returns both acoustical and statistical indicators (see D.4.2 for more details). These indicators are display on 

the screen of the smartphone application. 

6.2.4 GeoServices 

The GeoServices part host a RDBMS database and a map server software. 

 

 RDMS database  

The RDMS database is used to store the noise data measured from the NoiseCapture application and the 

indicators. The RDMS database is managed by the open source spatial database H2GIS that completely 

complies with the OGC for Structured Query Language (SQL) standards and built on the Java DataBase 

Connectivity (JDBC) compliant H2 database. The processing chain to compute indicators will be described 

within the Simple Feature For SQL functions. 

 

 Map server software 

GeoServer software is used to process and publish noise data stored in the H2GIS database. 

 

 Data published  

The GeoServer instance will be able to share a set of thematic maps using WMS layers and the data source 

collected by the Volunteers using the WFS standard plus a GeoJSON schema. These layers will be merged 

into the Virtual Hub as a discovery service. 

 Note: The list of thematic maps are not yet defined. 

 

 Processing 

The processing chain to aggregate the collected data and compute indicators will be entirely managed by a 

set of WPS process executed from GeoServer. The main advantage of WPS is interoperability of network-

enabled data processing. It allows OnoM@p to deliver calculations to users independent of the GeoServer 

software. 

Due to the complexity of the processes, the WPS instances will be protected by a login, password. Below a list 

of the WPS operations supported by OnoM@p: 

1.  Publish data from smartphone to the server side database (login), 

2.  Extract on demand OSM layers (login), 

3.  Extract on demand French Census data (login), 

4.  Compute noise map indicators (login), 

5.  Extract and transform data on the fly from the server side database and expose it as a WFS 

layer (login). 
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6.2.5 Operating mode 

The OnoM@p system is a single integrated platform which covers all workflow and lifecycle stages to collect, 

compute, share and display noise data and at the end inform the user about its noise exposure. In the 

OnoM@p ecosystem, we consider a least five levels of the people who will play a role (Figure 19). 

 

 The VGI 

 

The volunteer collects noise data from its smartphone and publish it on OnoM@p database. The volunteer 

must respect some guidelines to obtain a good measure. These guidelines are not constrained by the 

application. It's up to the volunteer to follow best practices such as: 

 The smartphone has to be outside the clothes pockets 

 The smartphone has to be in the hand (e.g. not on a table) 

 The microphone has to be free (no mask) 

 The volunteer should walk (instead of running or biking) 

 The measure must be done outside a building 

 The measure must be done when the GPS signal is correct (e.g. not in a tunnel, ...) 

 

Nevertheless, the WPS operation in charge of indicators computation integrates a post-process analysis to 

control the quality of the measure. If a measure is greater than a certain range of values or if a measure has 

been collected at a bad location then the measure is excluded from the chain of indicators and noise maps. 

 

 

Figure 19. OnoM@p end users 

 

The Decision Maker 

The Decision Maker is a stakeholder which can be in a public authority or in a company. He is using the 

visualization services (web map viewer) to see and understand the noise map exposure on its territory. He can 

mailto:OnoM@p
mailto:OnoM@p
mailto:OnoM@p
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also use this kind of information to take or support a decision. 

 

 The Public 

The Public is made of citizens or of civil society organisations. They mainly use the visualization services to be 

aware of noise issues. 

 

 The Expert 

An expert is someone (geographer, acoustician, …) who is able to understand and manage the raw data, 

extracted from the database, and to use it in its domain of application to produce added value data (e.g. 

identify places where the noise exposure is too high, or analyse the evolution of the noise exposure on several 

years...). 

7 CONCLUSIONS 

This report collects a series of requirements for alignment with the INSPIRE Directive and other on-going 

Spatial Data Initiatives, in particular with Copernicus and GEOSS. Furthermore, given that the interoperability 

issue is identified as one of the main important objectives of such initiatives, the report outlines a Methodology 

for Multisource Data registration and integration. 

The main conclusion that can be drawn regarding the alignment aspect is that several major extensions may 

be required (as outlined in section 2.3). However, thanks to the standard-based approach of INSPIRE, and to 

the brokered approach of GEOSS, there is no major issue in connecting INSPIRE-compliant data sources or 

GEOSS to ENERGIC OD Virtual Hubs. Regarding Copernicus initiative, based on on-going initiatives on the 

development of Copernicus services, there is not any major technological impediment in accessing 

Copernicus services by ENERGIC OD Virtual Hubs in the future. In order to better explore these aspects of 

alignment, and taking into account specific requirements coming from D4.2 and innovative applications to be 

developed within ENERGIC OD (Historical maps of Zaragoza and GeoPan Atl@s), the problems associated 

with metadata production for cadastral and historical maps were analysed. In order to allow a proper discovery 

of published historic maps the generation of proper metadata is necessary. Since some issues exists in order 

to convert existing metadata and metadata standard conversion is not straightforward an automated 

procedures will not be used. Nevertheless, several specific pieces of information can be retrieved from existing 

metadata and reused for generating metadata compliant with VHs and INSPIRE requirements. The process of 

metadata generation will be performed for the previously listed reasons manually. 

Methodology for multi-source data registration and integration has taken into consideration the aspects of 

accessibility, usability and interoperability of multi-source spatial data that populate single VH. Due to issues 

discussed it is clear that the Virtual Hub cannot take into consideration all possible transformations between 

reference systems, for both the huge number of existing reference systems (local and global) and for the lack 

of available numerical parameters and rules to handle all transformations properly. On the other hand, this 

does not mean that the transformation problem must be neglected, but it highlights the significant issue of 

transformations and accuracy, not only for the specific case of the Virtual Hub, but also when transformations 

are performed in GIS packages.  

Some examples of crowdsourcing in ENERGIC OD applications are presented. Starting from these application 

a set of solutions are presented that allows to publish crowdsourced data by means of the ENERGIC OD 

Virtual Hub and make crowdsourced data accessible through the VH. 

In conclusion, all the aspects tackled in this report are retained particularly relevant by the ENERGIC OD 

project also in reference to the Open Data communication of the European Commission that strongly 

encourages the use of multi-source data and their employment for establishment of innovative services and 

products such as ENERGIC OD APPs. When referring to data, the document states: “It is an essential raw 

material for a wide range of new information products and services that build on new possibilities to 

analyse and visualise data from different sources. […]These products range from decision support 

systems for businesses, location-based services and car navigation systems to weather forecasts and other 

‘apps’ for our smartphones.” With this reference in mind, the report D4.1 will be used to feed the support in the 

alignment of the Virtual Hubs architecture (WP5) and to provide methodological approach for problem solving 

that could be encountered when many different sources of geospatial data are to be interrogated to create one 
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specific service or application (WP6). 
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