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Abstract. The growth of the Internet broadband has modified our needs,
rising new types of stakeholders, markets and opportunities, especially in
the mobile field.

Nowadays, national environmental agencies can share their own data be-
tween each other, governments can better monitor their country and civil
protection can operate its action plans in a more efficient and quick way.

However, what happens if geographical data have to be used in operational
activities, between European Member States? To answer this question,
starting from the 2007, the INSPIRE directive tries to address this issue,
with the build of 34 spatial data themes for environmental spatial infor-
mation and, in general, a directive to set up the European Spatial Data In-
frastructure. Thanks to this directive, member states have the instruments
to exchange and use huge amount of environmental data between each oth-
er but, what happens if, following the new social trends of crowdsourcing,
we put another variable constituted by normal citizens in the loop?

The creation of new INSPIRE compliant spatial datasets requires specific
technical and methodological skills as well as a deep understanding of the
directive. On the other hand, nowadays citizens can be seen as mobile sen-
sors (Goodchild, M. F. 2007), and their contribution in the creation of spa-
tial data can be fundamental.

The aim of this paper is to offer a possible solution tuned on the INSPIRE
Specie Distribution data theme but applicable on all the others environ-
mental datasets involved in the European directive, to create high quality
INSPIRE compliant data, exploiting the users contributions through
collaborative information collections (VGI).
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1. Introduction

The eENVplus® project (Attardo C, Saio G. 2013) aims to unlock huge
amounts of environmental data, managed by the involved national and re-
gional environment agencies and other public and private environmental
stakeholders, through the integration and harmonisation of existing ser-
vices. These data are not only collected to answer reporting obligations on
the environment to the European Union, but also to support national and
local policies and actions.

The project does not design new services but rather, starting from the re-
sults of previous European experiences (funded projects, best practices, EU
and national and local experiences), it integrates existing infrastructures
into an operational framework able to overcome cross-border and language
barriers.

eENVplus provides not only the ICT infrastructure but also the description
and the support to make this infrastructure operational and profitable
through the provision of an organisational model and a tutored training
framework.

Figure 1 represents the ICT infrastructure provided within the eENVplus pro-
ject: how it is possible to see, it is composed by a set of individual compo-
nents, based mainly on free and open source software, but also new compo-
nents developed from scratch, that are able to talk each other taking the
advantages of the use of standard protocol for data exchange, download and
process.

Services involved in the eENVplus infrastructure can be grouped in four
main categories:

* Services for data ingestion dissemination [Figure 1 — orange blocks];
* Services for data processing [Figure 1 — purple blocks];

» Services for data cataloguing [Figure 1 — green blocks];

* Services for crowdsourcing [Figure 1 — blue blocks].

In order to unlock the mentioned huge amount of data, the ICT infrastruc-
ture provided contains a specific module, designed from scratch, whose role

1 www.eenvplus.eu
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is to acquire, store and disseminate observations collected by users about
different environmental topics:

This paper focuses on the topic of species distribution in Europe.

Specie distributions;
Protected sites;

Damage to the environment.
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Figure 1 - The eENVplus Spatial Data Infrastructure.

The aim of this paper is to offer a possible solution, tuned on the INSPIRE

Specie Distribution data theme but applicable for all the others environ-

mental datasets involved in the European directive, to create high quality

INSPIRE compliant data, exploiting the users contributions through col-

laborative information collections.

2. The Impact of INSPIRE

As (Masser 2015) reports, INSPIRE is well transposed by European mem-
ber states, but a gap still exists to put the directive into operational envi-
ronmental activities.

Page 162

One of the main implementation barriers that are currently influencing
the effectiveness of the directive is the data harmonization process.



EuroCarto 2015

The data harmonization process is a very time-consuming operation, direct-
ly influenced by the poor availability of personnel who has technical and
legislative skills in order to produce INSPIRE-compliant datasets.

For the very specific requirements listed in the previous paragraph, from a
study performed in the 2014, only the 20% of the geo-ICT companies have
the skills required to work within INSPIRE (Vancauwenberghe, G., Cipri-
ano, P., & Craglia, M. 2014).

The production of harmonized datasets is normally performed starting
from existing datasets and using the so-called mapping tools, for exam- ple
HALE? (Fichtinger, A., Rix, J., Schéffler, U., Michi, I., Gone, M., & Reitz, T.
2011).

As (Otakar Cerba, Karel Charvat, Karel Janecka, Karel Jedli¢ka, Jan JeZek,
Toma$ Mildorf 2012) reports, the harmonization process is composed by
five actions, where first four of five are manually performed:

1. Theory of spatial data harmonization;

Source data understanding;

Target data understanding;

Definition of the necessary harmonization steps;

Practical realization.

AR SR SR

The poor availability of professional users with the aforementioned
technical skills may influence the production of harmonized datasets.

3. INSPIRE and VGI

The approach described in this paper enables the possibility to generate
new harmonized datasets from non-professional users, taking advantages
from the enormous resource of volunteered geographic information (VGI)
(Flanagin, A.J.; Metzger, M.J 2008) (Fritz, S., McCallum, I., Schill, C.,
Perger, C., Grillmayer, R., Achard, F. and Obersteiner, M. 2009), and the
diffusion of INSPIRE into operative activities can beencouraged.

Although previous approach described in the literature (Wieldmann & Ber-
nard 2014) mainly considers crowd sourced data as an improvement of
already existing INSPIRE datasets through data fusion techniques, in this

2 http://www.dhpanel.eu/humboldt-framework/hale.htm]
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paper we focalize our attention in generating completely new INSPIRE
compliant datasets starting from the same type of source.

A mobile application, designed and developed from scratch, shown in Fig-
ure 2, is the instrument designed in order to acquire and send information
from users to the central infrastructure.

Figure 2 - Mobile application for Species Distribution crowdsourcing

The eENVplus mobile application for species distribution allows users to
collect, visualize and upload observations through the use of an interactive
2D map. Observations will be displayed as point of interests over publicly
available thematic layers.

The data model for Species Distribution collection is represented in the
following class diagram, Figure 3. Taking into account the issue related to the
amount of information exchanged between mobile devices, the Species Dis-
tribution data model was designed in order to be as light as possible.

Species

- 1D :int EUNIS
Quantity 1 1 SPECIE_ID : int -
- - USER_ID : Int 1D It S
- 1D :int - < QUANTITY_ID - int k>—— - PRIMARY_ID : int
- QUANTITY : string 10 ~ SCIENTIFIC_NAME : string
- g,'g';;‘-r;ILST"I"dIE‘-“’m‘-‘”\" Voo b DU aReL - string
- DESC string :

- INSERTED_ON : Date

Figure 3 - Species class diagram for crowd-based observations collection
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The aforementioned data model was designed considering as main re-
quirement the lightness of the entire package representing each single
observation. More in details:

* Species: represents the main table where observations about species are
physically stored;

* EUNISs: represents a dump of the EUNIS “Species” database, contain-
ing the scientific name of each element and an unique identification
number, used also as primary key, for each of them. The EUNIS “Spe-
cies” database is one of the three databases allowed by the Species Dis-
tribution technical guidelines4;

* Quantity: support table which role is to allow users to specify a quantity
of reported elements for each observation.

The observations collected within the use of the mobile application can be
assessed also by the use of a HTML 5-based web portal. The aim of this
portal, excluding the common point of interests visualization, is to allow
the system administrator to approve or reject unpublished observations,
enable or disable users and, most importantly, export observations by a
comma separated value file (CSV) or within a fully INSPIRE-compliant
Species Distribution GML.

3 http://eunis.eea.europa.eu

4 http://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE,_DataSpecification_SD_v3.0.pdf
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Figure 4 — eENVplus CrowdSourcing Service Administrator management portal

3.1. From CrowdSourced data to INSPIRE SD GML

Taking advantages of the Crowdsourcing service developed within the
eENVplus project and described in the previous chapter, our effort has been
focused into automatic procedure generation to create, starting from a
lightweight data model optimized for mobile devices data exchange, into a
complex GML INSPIRE compliant data theme with Species Distribution.

This procedure was designed in order to be applicable on others INSPIRE
data themes.

The following figure represents the version 3.0 of the INSPIRE Species Dis-
tribution class diagram that has to be replicated from the developed pro-
cedure starting from the input data model.
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class Species Distribution overview

GCM - Document Reference

sfeatureTypes
SpeciesDistribuionDataSet | Base Types 2:DocumentCitation
———— 1 +documentBass
+ inspireld: ldentifier [0..1] oabios T name: CharsclerString
avoidablex [———————1 = auoidables
+ beginLifespanVersion: DateTime 0.7| + date: Gl Date
+ domainExtent: GM_MultiSurface + link URC[1.7]
+ endlifespanVersion: DateTime [0.1] + shanMame: ChamcterSting [0..1]
+ name: CharacterString + specificReference: CharcterString [0.]

memberi 1.

«featursTypes
SpeciesDistributionUnit
1S0 19138 GML

+ geometry: GM_Object [0.1]
+ inspireld: Identifier [0.1] -
+ eciesiame: SpeciesNameType +spatialObject AbstractGML
«voidable, lifeCydelnfos -w\dabl\e- «FeatureTypes
+ beginLifespanVersion: DateTime T
+ endLifespanVerson: DateTime [0..1] + boundeaBy: GM_Envelope [0_1]
«usidables
+ disibutioninfo: DistributioninfoType [0.]

constraints
{noGeometry}

adataTypes «dataTypes

DistributioninfoType SpeciesNameType
+ ategory: O + 5 deValue
wwoidables d
+ collectedFrom: Date wvoidables
+ collectedTo: Date + esld: L 1 deValue [0.1]
+ populationSize: PopulationSizeType [0..1] + localSpeciesName: CharacterString [0..1]
+ pepulationType: FopulationTypeValue [0..1] + localSpeciesScheme: CharacterString [0..1]
+ resdencyStatus ResdencyStatusValue [0..1] + qualifier. QualifierValue [0..1]
+ snstivelnfo: Boolean [0..1] + referenceSpeciesName: CharacterString

adataTypes adataTypes
RangeType PopulationSizeType
+ lowerBound: Integer [0..1] + countingMethod: CountingMethodValue
+ upperBound: Integer[0..1] + countingUnit: CountingUnitValue
+ populationSize: RangeType

Figure 5 - INSPIRE Species Distribution class diagram v35

Due to the complexity of the schema reported in Figure 5, and the need to
minimize the quantity of data collected through a mobile device, our deci-
sion was to concentrate our attention mainly, but not only, on the man-
datory field of the schema: in this manner we ensured that the compliance
with the reference schema is maintained.

Starting from the eENVplus Crowdsourcing service data model for species
distribution reported in the previous chapter, the following figure shows
the mapping between source and target schemas.

5 http://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE _DataSpecification SD_v3.0.pdf
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Figure 6 — Mapping between elements in order to generate a SD v3 INSPIRE compliant
dataset

In order to generate a fully compliant INSPIRE SD v3 GML a support
table is needed in addition to the ones involved in the process of storing
data coming from the eENVplus CrowdSourcing Service.

The aforementioned table, represented in Figure 6 named as “EEA refer-
ence grid®”, contains the 1km grid for the area of interest needed in order
to map species distribution according to the data theme technical guide-
lines.

The following table represents the mapping between source and destination
elements in order to obtain a fully compliant INSPIRE SD v3 GMLfile.

Source Destination

Species.ID SpecieDistributionUnit.inspireld
EEA.CELL_CODE SpecieDistributionUnit.inspireld
EEA.THE_GEOM SpecieDistributionUnit.geometry
EUNIS.ID SpeciesNameType.referenceSpecield
http://inspire.ec.europa.eu/codelist/ReferenceSpeciesSchemeValue/eunis SpeciesNameType.referenceSpeciesScheme

6 http://www.eea.europa.eu/data-and-maps/data/eea-reference-grids-1
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EUNIS.LABEL SpeciesNameType.referenceSpeciesName
MIN(Species.INSERTER_ON) DistributionInfoType.collectedFrom
MAX(Species.INSERTER_ON) DistributionInfoType.collectedTo

Table 1. Mapping between source and destination data model

Figure 7 represents how the reference grid is composed for the observations
collected in France.

A Reference Grids by Country (France)

10k Grid

S0k Grid

100k Grid
Neighbour Countries

L Framce

B,
2

T
‘

Figure 7 - EEA France” reference grid, EPSG:3035

The automatic procedure for data translation is developed by the use of the
Java Servlet technology: following the mapping described in Figure 6, the
produced output GML is a concatenation of the following INSPIRE Com-
pliant Species Distribution elements, visible in Figure 8.

7 http://www.eea.europa.eu/data-and-maps/data/eea-reference-grids-2 #tab-gis-data
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<base:members
<sd:SpeciesDistributionUnit gml:id="eenvplus_SD_export_8_53">
<sd:inspireld>
<base:Identifier>
<base:localld=@</base: localld>
<base:namespace>SD. EENVPLUS.Unit</base:namespace>
<base:versionId>1.@</base:versionld>
</base:Identifier>
</sd:inspireld>
<sd:geometry>
<gnl:Polygon gml:id="@_53" srsName="urn:ogc:def:crs:EPSG::3@35">
<gml:exteriors
<gml:LinearRing=>
<gml:posList>28868008.000125 3768990.99084 2388000.080125 3760080 2888999.999965 [...]</gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon=>
</5d:geometry>
<sd:speciesName>
<sd:SpeciesNameType>
<sd: referenceSpeciesId xlink:href="http://eunis.eea.europa.eu/species/53"/>
<sd: referenceSpeciesScheme xlink:href="http://inspire.ec.europa.eu/codelist/ReferenceSpeciesSchemeValue/eunis"/>
<sd: referenceSpeciesName>Callimorpha hera Linnaeus, 1767</sd:referenceSpeciesName>
</sd:SpeciesNameType>
</sd:speciesName>
<sd:distributionInfo>
=sd:DistributionInfoType>
<sd:occurrenceCategory xlink:href="http://inspire.ec.europa.eu/codelist/OccurrenceCategoryValue/present' />
<sd:populationSize>
<sd:PopulationSizeType>
<sd:countingMethod x1link:href="http://inspire.ec.europa.eu/codelist/CountingMethodValue/counted" />
<sd:countingUnit xlink:href="individuals"/>
<sd:populationSize>
<sd:RangeType>
<5d:upperBound>1</sd:upperBound>
<5d: lowerBound>1</sd: lowe rBound=
</sd:RangeType>
</sd:populationSize>
</sd:Population5izeType>
</sd:populationSize>
<sd:sensitiveInfo>false</sd:sensitiveInfo>
<sd:collectedFrom>2015-85-86</sd:collectedFrom=
<sd:collectedTo>2015-85-86</sd: collectedTo>
</sd:DistributionInfoType>
</sd:distributionInfo>
<sd:beginLifespanVersion xsi:nil="true"/>
</sd:SpeciesDistributionUnit>
</base:member>

Figure 8 - Portion of the generated GML file SD v3 INSPIRE Compliant

In order to have a visual validation of the produced GML file, the following
figure represents:

* On the left, the source dataset, composed by a set of point of interest.
Each POIs contains the information acquired by users related to a spe-
cific specie. The reference data model for each point of interest is the
one reported in Figure 3;

* On the right side of the figure, the generated INSPIRE compliant Spe-
cies Distribution GML file. The GML file is obtained applying automati-
cally the mapping described in Figure 6 from the source data model to
the target data model.

Page 170



EuroCarto 2015

Figure 9 - Comparison with the source dataset and final GML file

3.2. Publish INSPIRE SD through INSPIRE network services

Although in the previous section the obtained output was a fully INSPIRE-
compliant GML datasets according with the Species Distribution technical
guidelines, the main limitation at this stage is due to the fact that no stand-
ard services to exploit the produced dataset was part of the loop.

The eENVplus infrastructure, mentioned in the first chapter of this paper,
has a specific module to ingest, process and distribute INSPIRE- compliant
datasets through the use of a network service based on the Web Feature
Service (WFS) protocol? (Vretanos, P. A.2005).

The aforementioned component was not built from scratch, but constructed
on top of an open source software for spatial data infrastructure (Groot,
R., & McLaughlin, J. D. 2000) and geospatial web. This software, called
deegree'° (Fitzke, J., Greve, K., Miiller, M., & Poth, A. 2004), includes a spe-
cific module to create, starting from any XML Schema Definition, XSD, file,
specific mapping between relational databases that will contain the repre-
sentation of the XSD file taken as input, and a WFS service.

In this way the generation of the INSPIRE-like database to allow the stor-
age of data coming from INSPIRE-compliant datasets in accordance with
Annex I, IT and III, can be easily managed.

The adoption of degree introduces many advantages summarized below:

e The use of a standard protocol for geographical data exchange: the use
of a standard protocol for data exchange, the Web Feature Service in
this context, allows the possibility to exploit the result dataset in other
Spatial data infrastructure and in other applications.
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* The possibility to store data in a relational database: files will be moved
from a GML-based format into a more flexible relational database.

e The reasoning enabled through the use of the supported ISO 191438
Filter Encoding (Vretanos, P. A. 2005) query language: WFS 2.0 allows
users to perform filters over the result dataset. For example, it is possi-
ble to ask for a element that contains a specific attribute value, or it is
possible to perform spatial and logical operations:

o Logical operations: and, or and not;

o Comparison operations: equal to, not equal to, less than, less
than or equal to, greater than, greater than or equal to, like, is
null and between;

o Spatial operations: equal, disjoint, touches, within, overlaps,
crosses, intersects, contains, within a specified distance, beyond
a specified distance and BBOX;

o Temporal operations: after, before, begins, begun by, con-
tains, during, ends, equals, meets, met by, overlaps and over-
lapped by;

o Equal operation: to test whether the identifier of an object
matches the specified value.

In this regard, the publication action is completed performing a transac-
tional WFS call from the eENVplus Crowdsourcing Service to the spatial
data infrastructure able to manage these commands.

The following sequence diagram shows how the system reacts to a publica-
tion request performed by the moderator.

CrowdSourcing
Administration Web Service

Moderator - Actorl Web Portal -
I | |
I ! | |
! 1: Publication requesti) | " | |
o L 1.1: Publication dispatch() L 1.1.1: WES-T call I
f—
e WF5-T response ‘ |
Response dispatch I
g———— 2 ponse fipuel |
|
|

Figure 10 - GML publication Sequence Diagram

The entire overview of the workflow is visible in the following schema.

8 https://portal.opengeospatial.org/files/?artifact_id=39968
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Figure 11 - Data generation, ingestion, harmonization and publication

4. Future Work

There are three main areas that will be influenced by the future work plan:

1. Replacement of the current data collection method, developed from
scratch, taking the advantages of the WFS-T functionality provided by
the deegree web service: The choice to develop the eENVplus
CrowdSourcing service from scratch was due to the fact that the
aforementioned service was designed to acquire different data models,
sometimes containing pictures. The focus of this paper was related to a
small part of the functionalities developed within the context of the
eENVplus CrowdSourcing service. The use of the WFS-T for data in-
gestion also enables the use of the WFS protocol for data exchange be-
tween mobile apps.

2. Increasing the number of INSPIRE data theme produced by the sys-
tem. Taking advantage of the WFS-T based version of the eEN-
Vplus CrowdSourcing Service, the objective in this context is to increase
the number of INSPIRE data themes supported by the application.
In this way, future version of the developed service can produce differ-
ent INSPIRE-compliant datasets according with different data theme
specifications.

3. Updating the procedure for INSPIRE-compliant Species Distribution
GML creation and publication, producing a WPS (Schut, P., & White-
side, A. 2007) based version of the tools. The process of “standardiza-
tion” of the procedure aimed at data collection (the use of the WFS-T
for data ingestion, and WFS for data dissemination) will influence also
the automatic procedure for data harmonization. By the use of the
WPS protocol, the developed processing services (one for INSPIRE da-
ta theme compatible with the system) will be also re-usable in other
Spatial Data Infrastructures.
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5. Conclusions

The aim of this paper is to offer a possible solution, different from the pre-
vious approach, in order to put non-professional users in the loop of gener-
ating spatial data compliant within the INSPIRE directive.

For the first version of the system we concentrate our attention on the use
case of the species distribution in Europe, designing and developing a
crowdsourcing mobile application to collect data from users according to a
lightweight data model and, on the server side, a set of APIs to manage
the incoming data, harmonizing, on the fly, information from the source to
the destination (INSPIRE SD v3) datatheme.

Through the use of a spatial data infrastructure, based on deegree web ser-
vice, able to ingest, process and disseminate INSPIRE-compliant GMLs, a
specific Crowdsourcing Service module was designed in order to automati-
cally perform transactional WFS calls in order to store harmonized in-
formation in a more complex SDI.

Information stored and disseminated by deegree can now be accessed
through external SDI, encouraging the diffusion of INSPIRE into operative
activities of Member States.
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