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DGT is the entity responsible for the operational coordination of the National
System for Geographic Information (SNIG) and the National Contact Point (NCP)
for the INSPIRE Directive.

DGT has participated in different European projects associated to Spatial Data
Infrastructures especially focused on the harmonization of spatial data according
to INSPIRE Directive (e.g. HUMBOLDT, GIS4EU, NatureSDIplus, HELM, eENVplus,
EAGLE 6).
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DGT is also responsible for the production of some thematic maps, namely the
Land Cover Map (Carta de Ocupagdo do Solo - COS).

Being COS one of the Spatial Data Sets (SDS) produced by DGT with greater
relevance to the development of environmental management and planning
studies in Portugal and following the participation of DGT in the EAGLE 6 project,
it was decided to proceed with the harmonization of COS according to the
specifications of INSPIRE Directive.
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The harmonization process
involves the analysis of the
data models, the filling of
the matching table, the
transformation of the SDS
into the target schema, the
validation and the publishing
of the SDS through
geowebservices.
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Interpretation of source schema — C0S2010

— Data format

— Spatial data representation

— Attributes

— Coordinate Reference System

— Metadata
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The Land Cover Map 2010 (COS 2010) is a thematic map that aims to characterize in

1. Data analysis

great detail the land cover and land use in mainland Portugal.

C0S2010 presents an hierarchical structure with five levels, corresponding to 225
classes at the most detailed level (N5). This nomenclature is consistent with the

nomenclature of the Corine Land Cover at the first three levels.

Data model

Vectorial

Data structure

Polygons

CRS ETRS89 (European Terrestrial Reference
System 1989) PT-TMO06

Minimum Mapping Unit (UMC) 1 hectare

Minimum distance between lines 20 meters

Nomenclature

Hierarchical classification with five levels
and 225 classes
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Harmonization involves the transformation of the source data (source schema) in
the data model described by the Directive (target schema) in an open format and
oriented to services. This requires:

ANNEX 1 ANNEX 2
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(Target data model)

 Theme INSPIRE - I1.2 Land Cover
— D2.5. INSPIRE Generic Conceptual Model versao 3.4rc3
— D2.8.11.2 Data Specification on Land Cover — Technical Guidelines
— Application schema (LandCoverVector.XSD)
— UML diagram
— Objects catalogue | Alandcover dataset |
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snig 1. Data analysis

LandCoverNomenclature

Code list - is a nomenclature of land cover classes, where each class is represented
by a code and a description.

— Only one nomenclature for COS 2010

— The values are managed outside the application schema LandCoverVector.xsd
— Hierarchical list (parent value)

— INSPIRE register (http://inspire.ec.europa.eu/codelist register/codelist)

— URI, legend: http://registo.igeo.pt/listadecodigo/CartaOcupacaoSoloValue

INSPIRE REGISTRY
Enhancing access to European spatial data

Eurspasn Cammission > TMSRIRE > [RESTRE regisiry

]2 o] ~[ 0

L] L |
. tdrio
" [ o i iond de Tomibeie
= mewwhag Do ST
OO RDGAANEHTS (20 TERRITORI0
11

11



e

1. Data analysis « 2. Mapping

3. Data
transformation

4. Validation




snig 2. Mapping

Correpondence tables, known as matching tables are used to establish
correspondence between the attributes in the source data model (source
schema) and the target data model structure (target schema). The matching
table identifies and describes the classes, attributes, enumerations, code lists
and associations between classes of both models.

h INSPIRE model : Source data
LandCoverVector.xsd [—= Portuguese Land Cover Map

T e goar

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

e 1 | 11 1 1 eravaiiawm

e 11 1 I T 1 veravanmam

vakiatia

e 111 I T etsvammm

aaaaaaaaaaaa

wwe 11 1 T T ertsvamam

Filling in the matching table 13
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2. Mapping

The matching tables are used to document the harmonization process by completing

various fields where aspects related to the harmonization process are recorded.

., gml: unique
identifier

___— Multiplicity

/Voidable
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Application schema Documentation Attribute/ Association role/ Constraint Attribute / Values / Multiplicity Voidable / Non-
Association role / Enumerations Voidabl,
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support Land Gover i ambid 1
. . Information
p p I I Cat I O n inspireld Extermal ohject idantifier of the | localid
A MNamespace Unigusly namespace
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Tha icentier of tha particulsr | varsion 1 ——
warsion of the snatal chiact —,
beginLifes panVersion Date and ima at which this DateTime 1 - woidable
warshon af the spetial chjact
endLifespanVersion Dot and tme at which this | DateTime 0.1 voidable
warsion af the spatial chjact
geometry Spatial representation of he | GM_Object 1
Land Covar unit -
landCoverObservation d cover infermation sl & | LandCoverObservation | 1%
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by & vactar geamatry
namespace
he spatial chject
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warzion af the spetial cojact
extent Contang e axtent of he data | EX_Extant 1
sl -
artin Nama of tha Land Gover daia | CharacterString 1
EXT)
nomenclatureDocumentation Infarmatian abaut the LandCoverNomenclatur |1
nomanclature usad n this data | o
sl
H wvalidFrom Tha time when the Date 1 voidable
e m e r - a n Ove r n I phenomenan startad to exst
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W
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snig 3. Data transformation

HALE

The HUMBOLDT Alignment Editor (HALE) was developed by the European project
HUMBOLDT (www.esdi-humboldt.org) aiming to contribute to the implementation
of the INSPIRE Directive.

HALE is an open source tool, developed in order to support and facilitate SDS
harmonization and transformation processes. It allows the user to establish
relationships between schemas (source and target) and transform SDS
automatically, based on the specifications defined in the application schemas.

Source Schema -
(e.g. XSD, C3V, Shapefile) ¥

;I;.a;gx ESII:::-SEEEIE I— me Alignment Project

Mapping

spatial data
harmaonisation

Source Data
(e.q. XML, GML, CSV, N
Shapefila)

Transformation

16



snig 3. Data transformation

« HALE:
— Exportsto GML 3.2.1
— Adapted to the INSPIRE Directive (Code Lists, application schemas ...)

— Processing with real-time feedback

— Online validation with the application schema mle

spatial data

harmonisation

— Allows scripting

17



snig 3. Data transformation

HALE:
1. import source and target schemas
2. import the data source (having regard the ISO 8859-1 Latin alphabet)
3. import the code list in . XML or .CSV formats
4. mapping between the entities of the source and target schemas using the
matching table
5. establish correspondence relationships between schemas using the
following HALE functions: -
« retype e i R
. Assign il — N e
 formatted strlng | ="
« Rename =
« Classification
6. validation with Land Cover appllcatlon s?ﬁema
export the res I‘a&.-n e GMLformat 3.2. ‘,,1. _____ -
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4. Validation

Abstract Test Suite (ATS): in the Annex A of the data specifications

« Abstract Test Suite (ATS)
« Group 1 - normative
« Group 2 —informative

« GML authomatic validation
— LandCoverVector.xsd
— GML Schematron 3.2.1
— LandCover Schematron 4.0

« GML manual validation

— Manual checking in the GML,
of the characteristics
specified by the ATS

(dTerritério

ATS Conformance classes Abstract Tests |Related ET
4.1.1 Bcherma element denotnination test E.l
4.1.2 Value type test E.1l
4.1.3 Value test * E.l
4.1 Application Schema Conformance Class 4.1.4 Attributes/Associations cotnpleteness test E.l
4.1.5 Abstract spatial object test E1l
4.1.6 Constraints test * [ E1 ]
4.1.7 Geometry represetitation test® | E.l |
4.2.1 Datum test * E.l
A 22 Coordinate reference system test ™ El
4.2 Reference Systems Conformance Clags -4 G.rid et - £
4.2.4 View serwice CRS test E2
A 25 Temporal reference systern test Ez2
st L 4.2.6 Units of measurements test E.2
(normative) ——— -
4.3.1 Unigque identifier persistency test E3
4.3.2 Version consistency test E3
4.3 Drata Consistency Conformance Clags 43,3 Life cycle time sequence test™ 1]
4.3.4 Validity time sequence test * E.l
& 3.5 Update frequency test E3
A4 Metadata [R. Conformance Class 44,1 Wetadata for interoperabiity test E4
4.5.1 Code list publication test ES5
4.5 Information Accessibility Conformance Class 0 10hS Pub]i.catiur.l fest 7 El
4.5.3 CE.3 identification test * E.l
4.5.4 Grid identification test | E5 |
4.6 Data Delivery Conformance Class 4.6.1 Encoding compliance test | El |
4.7 Portrayal Conformance Class 4.7.1 Layer designation test | Ed |
48,1 Multiplicity test [ E1 ]
4.8.2 CE.3 hitp URI test E7
4.8.3 Metadata encoding scherna validation test E&
48,4 Wetadata ocourrence test E&
i lfuPl::aive) A5 Technical Guideline Confonmance Class 48,5 Metadata congsistency test EZ&
4.8.6 Encoding schema validation test E.l
A 8.7 Coverage rnaltipart representation test E9
4.8.8 Coverage domain congistency test E@
4.8.9 Style test E. 10
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[mm - win | In the COS 2010 INSPIRE Directive data
specifications validation procedure, the

oK | following methodology was applied:
Rule-based Ernor

validation with | Frror

Error

E:m&*\-"ﬂlﬁ TR 2 1
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DGT was involved in 2015 in a project for the European Environmental Agency
(EEA), EAGLE 6, which performed the harmonization of CORINE Land Cover and
Urban Atlas data in accordance to the INSPIRE Directive.

In this project, a partnership with the EPSILON Italia company from the eENVplus
project team was established, that resulted in the production of the Land Cover
v.4 Schematron file, now also available in the eENVplus validator.

aENU?(us

eENVplus provides a free online validation service (http://cloud.epsilon-
italia.it/eenvplus new/ATS.htm?), which allows the implementation of the ATS
(Abstract Test Suite) included in the Annex A of the data specifications.

This Executable Test Suit (ETS) checks the conformity of the GML data sets in
relation to the application schema, and also in relation to the ISO 19136: 2007
(schematron GML 3.2.1).

It also allows validation with schematron type files, for the themes already
available.

22
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4. Validation

The eENVplus validator was used for the COS 2010 GML validation, with the Land
Cover Vector application schema, the GML 3.2.1 Schematron and the Land Cover

Schematron v.4 :

TestNG Results

Results averview
Reporter output

aml32-3.2.1-r18 55%
0 Groups
[N A A |

. Al GML applicstion schemas

. GhL spplication schemas defining
features and feature collections

. GhL spplication schemas defining spatial
geometries

. GhL spplication schemas defining time

. Ghil application schemas defining spatial
topologies

B Gl Documenits

Test suites overview

W Failed (%)
W FPassed (39%)
[ Skipped (45%)

eENU?(us

B omizz-3.2.1-r18 0 17 14 31 55%
Al GML application schemas 1] T u] 7 100%
Ghil application schemas defining festures and festure collections 1] 2 u] 2 100%
GhiL application schemas defining spatial geometries 1] 2 u] 2 100%
GhL spplication schemas defining time 0 a 2 2 Y

GhL spplication schemas defining spstial topologies 0 a 2 2 %

GhL Documents 1] B 10 16 38%

Advantages of eENVplus validator:
* Methodological guide on the validation process
* Online resource
* Graphical representation of the results

23
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As an auxiliary for the validation of the transformed GML, it was also used
oXygen, a software for the editing of XML, that allowed the visualization of the
GML file and also the validation with the following schemes:

— LandCoverVector.xsd
GML Schematron 3.2.1
— Land Cover Schematron 4.0

DER

XPath 2.0 [ ~Execute XPath or Sl i -ie A 7S ¥ X
# 0BMARZO16.gml X ® LandCoverVectorxsd X Associate XSLT/CSS Stylesheet... bl
omlFeatureCollection  gmifeatureMember leviandCoverUnit  levinspireld  baseddentifies  baseversionid
1 <7xml version="1.9" L |
v foml: FratursCal actinng salis ttp://inspire.ec. europa. eu/schemas/au/4.0" nlns:gts="http:/ /. 1s0tc211.0ra/2005/ 4

nspire. 0pa. eu/schemas/ad/4.0" xml
//inspire.ec.europa.eu/schenas/bu-base/d.0"

nspire.ec.europa.eu/schemas/lcn/4.0" x

inspire.ec.europa.eu/schemas/ ey,

/an/4.8"

p:/ /v w3 0rg/2001 /XML Schema~hasFacetAndPrope
ba hemas/cp/4.9"

://inspire. ec.europa. eu/schemas/base/3. 3
ot w3.0rg/ 2999/ x Link"
http://inspire.ec.europa.eu/schemas/tn/4.0" sl

D1 DITA Maps Manage

| SuRAE 00 RROW. I | SENGUIY. D

b ase2/2.0" xmins:gnl="http:/ /v, OpeNgis.net. m—u av”
5 9 2 fl 211.0rg/2085/g T
i mlns:x M f-(eczam 1719-4533-aac1- B?itZE\]b(l]a c.europa.eu/schemas/lcv/4.9
5 http://in .ec.europa. eu/schemas/Lcv/4. 8/LandCoverVector. xs
S 3 <gml: featureMember>
H 4 <lev:LandCoverinit "C0S2010NSLCU_1">
= g s <lev:inspireld>
< > < 6w base: Identifier:
i 7 <base: LocalId>C0S201NSLCU_1</base: Localld
8 <base:namespace> PT.IGEQ.LC.C0S2010_PTCON_NS</base:namespace>
2 9 rbase:versionId, unpopulated" "t rue">g/base: versionIds 1
2 </base:Identifier>
elped to understand an 7
= B <lev:beginlifespanVersion "true"/>
£ JER <lev:geometry> o
H 14+ <gml:MultiSurface *_1h798be1-1283-4151-823d-cch7eSe26a0e
2 15+ <gml:surfaceMenbers
correc e errors I
] 17 <gnliexterior
- 18~ <gml:LinearRing>
19 <gml:posList>92457.9499539298 ~71214.56999999937 92457.9499539298 ~71251.74000000104 92567.4899539299 ~71250. 58999999893 92700.77995392936 ~71250. 96999999968
§ 52603, 80995302853 71250, 9699939068 32855 51995302842 71250, 57099999008 92014, 88995392012 71250, 95999990055 92890, 37995392836 71215, 21060000852 92901,83095352839
2 ~71215,1199999997 92984.39995393011 71214 92913.95095393026 71210, 92984.1999539285 ~71317.39999999943 93023.7499539287 ~71376. 19000000026 93068.07995393008
& 71443, 61000000016 93067, 55995392995 +71450, 59000000045 93067, 3499539291 71455, 71000000079 33045 29995392804 -71472.93999999938 93015.67995392982 ~71491, 92999999945
a8 92099,92995392821 71498, 93005, 31995392879 715 93004, 92978.30995392904 71555 2199999991 a;q
71559, 5 92051 ~71569. 1 1 92962.‘" & -71583 92972 ~71609. 920!
92050 11 -71622 2 92950, 71635 92039. 8. -71644. 92931.40995392986 -71551.5799999999 9zs1w.50535392584
71698, 86999999968 92980.8699539292 -71714.38000000057 93008. 34995392831 ~71754.91000008107 93033.26995392947 -71791.67600000023 93058, 8 - 8
93075.40395392037 -71830..52000000021 93134.,39995382931 -71903..43999999897 93130.73995392848 -71918.09399999976 93135.13995392691 71930, 730000001 93113,51995392973 ~71949,9799939993
93105.8899539298 -71965.010000001 93076.87995392871 ~71984. 93048 - 93025.57995392912 ~72017.43000000005 93919. 70935392933 ~71988.02000000075
5008 7aga5 0261 11055 GAROGURR1 03007 2100102026 -7100613799900007 ok 43995392357 71952. 7 92911 n 5 -72017 B87.
71992, 45006000072 9286 72013, 1 92827.11995392808 72051 92796.6: 2 92765,2299539288 ~72024. 14000000099
092736.92995392912 12@15 5 92717.01995393002 -72012.3 392971 -72001.4 1 92584 93995392333 Tzese 02000000862 92672.85995392821
-72081. 66999999921 92559 1699539301 - .72142 03000000007 92657.59995392987 -721&4 87000000026 92579 3590539203 -72177 74 -72193.  92744.20995303
-72213. 72230, 92792.49995392696 72239, 2 gzasa 07 -mas
[ 92881.1499539296! -;z - 5 92927.79995392826 72172 -72119.
al 0 Z72113,61993999988 92942, 72995392929 ~72122. 14000000065 32960,93995392819 72148, 60999999991 qz-na maasmzssa mse 17000000009 32988. 14955192527 72153 8999999904
93009.66995393002 -72192.88999999984 93023.88995392874 ~72235.68999999961 93036.62995392829 72 1 93065. 8 2 ~72226.6
~72225.1 93095, 81995392957 -72231.1 93080, 40995393016 ~72261.4 qma.w -72354, 93032.87995392887 -72355.54000000027
— [ o i iond de Tomibeie Ll 230 el 2 Ay alme 1 T R o I L] - coonemsmsns
— f=a i B ABLENMTE
B ORGGANGNTS [ THRITORC Text Grid  Author
S0men [ e |

£ sharePoint Browser

[Users/zuna/Desktop/Inspire/hale2016/08MAR2016.gml W validation successful U;DDUA 9:83



snig Final considerations

The main objective of this work was the application of the Data Specifications for
the 1.2 Land Cover INSPIRE Directive Theme to the 2010 Land Cover Map of
Portugal (COS 2010), in order to produce a harmonized file according to the rules
established by INSPIRE Directive. A valid GML file was the final result of the
harmonization process.
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