The Geospatial Knowledge Graph

From traditional UML defined datasets to Linked Data
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Geospatial data in the Netherlands
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Geospatial data in TTe-heékestads Europe
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Geospatial data in T NeékestandsS Europe

DIRECTIVES Article 11

1. Member States shall establish and operate a network of the
following services for the spatial data sets and services for which
DIRECTIVE 2007/2/EC OF THE EUROPEAN PARLIAMENT metadata have been created in accordance with this Directive:

of 14 March 2007

establishing an Infrastructure for Spatial Information in the Ew (@) 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
metadata;

Article 5

(b) view services making it possible, as a minimum, to display,
navigate, zoom in/out, pan, or overlay viewable spatial data
sets and to display legend information and any relevant
content of metadata;

1. Member States shall ensure that metadata are created for the
spatial data sets and services corresponding to the themes listed
in Annexes I, II and III, and that those metadata are kept

up to date. (c) download services, enabling copies of spatial data sets, or

parts of such sets, to be downloaded and, where practicable,
accessed directly;

(d) transformation services, enabling spatial data sets to be

transformed with a view to achieving interoperability;
)
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services allowing spatial data services to be invoked.
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The promising opportunity!
If so much geospatial data is available and...

* |t's metadata is available;
* The data itself is uniform...by law.

...it should be easy to use these datasets within a (RDF) knowledge graph!
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So... what do we need?
1. Obtain a RDF model from the current metadata;
2. Use the RDF model to transform the original data to RDF;
3. Classify entities from different datasets under a common upper ontology;

4. Create links between entities that are more or less the “same”.
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The current metadata model

ISO ISO TC/211

European practice

National standards

Data exchange

Domain standards
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NEN wy
NEN

* NEN supports standardization process in the Netherlands;

* Manages over 31000 standards accepted in the Netherlands;
 International (ISO, IEC), European (EN) and national (NEN)

 NEN 3610 — Basic schema for geo-information
« Several iterations since 1995;
« Aims to simplify exchange of geo-information between parties by

defining mutual concepts to describe the world;
UML based.
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UML

RDIN

FunctioneelGebied

«featureType»
Golfbaan

+BAGAdres

+ geometry: VlakOfMultivlak GeoObject
+ naam: CharacterString «featureType»
B Y Parcours
+ toegang: ToegangGolfbaan e imerations
+ natuurwaarde: NatuurwaardeValue + nummer: Integer ) NatuurwaardeValue
+ gebruiksstatus: GebruiksstatusValue + geometry: GM_MultiSurface
«materielelevensduur» +hole| +  par: Integer hoog
+ beginTijd o= «materieleHistorie» laag
+ eindTijd [0..1] “ |+ beginGeldigheid geen
«formeleLevensduur» + eindGeldigheid [0..1]
+ objectBeginTijd «identificatie» «union»
+ objectEindTijd [0..1] + identificatie: NEN3610ID ViakOfMultiviak
«identificatie» «formeleHistorie» + vlak: GM_Surface
+ identificatie: NEN3610ID + tijdstipRegistratie +  multiviak: GM_MultiSurface]
+ eindRegistratie [0..1]
1 B %)
«dataType» +afslagBeginners’/ +afslagGevorderden +hindernis
s
ToegangGolfbaan GeoObject GeoObject o
+ vereisten: CharacterString [0..1] «featureType» «featureType» TypeHindernisValue
+ etiquette: CharacterString [0..1] Tee Hindernis -
waterpartij
xv:ndablel»v‘r keliikheidval + geometry: GM_Surface + geometrie: GM_Surface bunker
+ toegang: ToegankelijkheidValue ficatien + typeHindernis: TypeHindernisValue
identificatie: NEN3610ID «identificatie»
+parcoursDeel ; .+ | dentificatie: NEN3610ID
«enumeration»
ToegankelijkheidValue
CL GeoObject 5
GeoObject
::epenbaar «featureType» featureT
sloten «featureType»
ParcoursDeel
+hole Hole
i + geometry: GM_Surface 1 B )
) «enumeration» + TypeParcoursDeel: TypeParcoursDeelValue +  geometrie: GM_Point
«enumeration» TypeParcoursDeelValue » . «identificatie»
TypeGolfb: .. i i
fairway + identificatie: NEN3610ID +  identificatie: NEN36101D
linksbaan green . «materieleHistorie»
bosbaan rough ponstraints + beginGeldigheid: DateTime
parkbaan semi-rough {HoleinGreen} + eindGeldigheid: DateTime [0..1]
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NEN 3610 Top model (in UML)

nen3610:GeoObject

nen3610:Terrain nen3610:Road

nen3610:EngineeringStructure

nen3610:FunctionalArea

nen3610:GovernedArea

nen3610:BodyOfWater

nen3610:Railway

[Bj:lj
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nen3610:Building

nen3610:PlanningArea

nen3610:GeographicArea
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Added value for a Linked Data model — from the perspective of the geo guy

UML-00

GeoBaseModel
(NEN 3610)
Pyramid of specialzation

Silos extending common rules
Stack of profiles and extensions

Rules and semantics
international

Rules and semantics
national

Domain models

Use case defines universe of discourse

Domain defines vocabulary — domain standard

Linked data

Pyramid of reuse and reference

reuse and references of ontologies

Generic " .
ontologles A time, geometry, location

temporal, identification

Generic functional
ontologies

All concepts tree, road, buliding etc

Subset and

domain-ontolog
reuse of concepts

The Universe is the Universe of discourse

Anybody can say anything about anything

G__L
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Step 1

obtaining the RDF model from the current metadata



Step 1: obtaining the RDF model from the current metadata

A model of

auto-transformation

Complies to Complies to
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Step 1: obtaining the RDF model from the current metadata

A model of A model of

auto-transformation

Complies to Complies to Complies to
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UML and RDF NEN 3610 metamodel

QRDINA

ametsclassy | *otibuut 2.7

b — Metamodel NEN 3610:
4Dl anpassing op General
19108) voor contex: NEN|
3510
- «metaclasss
AssociatieType
F'"""d.;: + naam[0.1]
+ nsam
+ definitie
+ toslichting [0.1]
+ heromst +beperiing
+ concept: boolesn [0..1]
+ begrip: boolean [0..1] «DataTypes
+ isabstract boolean Constraint
+beperting
< naam
- + omschvijing
+ definitie
+ toslichting [0..1]
+ ne +rolnasm
1.2
«metacasss
Associatierol

Atribusttype

kardinaliteit |1+ amribuat

1 +waardetype

«metaciasss
DataType

o

nsam
toelichting [0..1]
heromst [0..1]

«metadlasss

«metaclasss
Waardelijst

+ definitie [0..1]

+ definitie

«metaciasss

T

nsam
definitie [0..1)
herkomst [0..1]

sKkemu

«metaclasss
Union

+ definitie

owl:ObjectProperty owkDatatypeProperty

C ) C )

rdf:Property

shpath [0,1]

rdfs:label (string) (1,1)

rdfs:isDefinedBy [1,1)

owl:Ontology
dettitle (string) [1,1]

sh:property [0,n]
sh:node [0.n)

rdfs:isDefinedBy [1,1]

owl:Class

rdfs:label (string) [

R -

dct:subject (0,n)

owl:allValuesFrom (0,n]

dctBibliographicResource
dct:source [0,n]

| skos:Concept
—— =

skos:inScheme [1,1]
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Building on existing work

ISO 19150-2: 2015 - Geographic information -- Ontology —

« Part 2: Rules for developing ontologies in the Web Ontology
Language (OWL)

INSPIRE - Guidelines for the RDF encoding of spatial data (ARE3NA)

OSLO? - Open standards for linked organizations
» Enterprise Architect RDF Conversion Tool

MIM - Metamodel for Information Modeling
» https://docs.geostandaarden.nl/mim/mim10

B):lj
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Challenges when transforming UML models to RDF

 There is no 1 to 1 mapping possible between UML information models and “good
RDF ontologies for linked data

« Whatis a “good” RDF ontology for linked data?
* One that results in linkable data!
* Recognizable/relatable things

* Why is this a problem?
* UML information models model data, RDF ontologies model semantics
+ UML information models have implicit semantics
+ UML information models often reflect some degree of denormalization

* UML information models often model registrations of real world objects, whereas RDF
ontologies model real world objects “directly”

B):lj 18
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Example

<Kemu

Building

+ identification: string {id}

+ geometry: GM_Surface

+ yearOfConstruction : gYear
+ documentDate: date

+ documentNumber: string

+ validFrom: date

+ validUntil: date [0..1]

19



Example

D

[V

<Kemu

Building

+ identification: string {id}

+ geometry: GM_Surface

+ yearOfConstruction : gYear
+ documentDate: date

+ documentNumber: string
+ validFrom: date

+ validUntil: date [0..1]

20



Example

SourceDocument

+ documentDate: date

+ documentNumber: string

<€—hasSource

[GJ:L
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BuildingRegistrationltem

+ identification: string {id}
+ validFrom: date

+ validUntil: date [0..1]

Building

——registers——»

+ identification: string {id}
+ geometry: GM_Surface

+ yearOfConstruction : gYear

21




Automatic translation of UML to RDF ontology?

* ltis possible to create a (syntactically) correct translation;

* |tis not possible to create a valid translation
« Semantic information is (almost always) missing in the original model
* Human interpretation is necessary.

Approach taken:
« Standardised automatic translation as a starting point.

[GJ:L
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Step 2

creating a common upper ontology



Step 2: creating a common upper ontology

* Not that hard: an upper ontology is already available in NEN 3610!

*  Only thing missing:
 An RDF vocabulary;
« Strict rules as part of the standard to use this RDF vocabulary.

Approach taken:
« https://definities.geostandaarden.nl/def/nen3610#GeoObject

« https://definities.geostandaarden.nl/def/nen3610#Water
* etc...

[Gj:lj
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Step 3

linking across information models



Step 3: linking across information models

« Linking to related objects;

» Linking objects that are more or less “the same”, handling sameness:
« Exactly the same as;
* Almost the same as;
« Somewhat the same as, but not really

 The NEN 3610 approach:
» Using spatial relations for “sameness”!

Gj:]:,
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Spatial relations

nen3610:GeoObject

nen3610:Terrain

nen3610:Road

nen3610:EngineeringStructure

nen3610:FunctionalArea

nen3610:GovernedArea

nen3610:BodyOfWater

nen3610:Railway nen3610:Building

nen3610:PlanningArea

nen3610:GeographicArea

r44




Spatial relations

gsp:sfEquals
gsp:sfContains
gsp:sfOverlaps
gsp:sfWithin
gsp:sfTouches
gsp:sfintersects
gsp:sfCrosses

gsp:sfDisjoint
[
gsp:SpatialObject
gsp:Feature | ephasGeometry—> gsp:Geometry
nen3610:GeoObject
nen3610:Terrain nen3610:Road nen3610:EngineeringStructure nen3610:FunctionalArea nen3610:GovernedArea
nen3610:BodyOfWater nen3610:Railway nen3610:Building nen3610:PlanningArea nen3610:GeographicArea

28



Spatial relations

sKemu

gsp:sfEquals
gsp:sfContains
gsp:sfOverlaps
gsp:sfWithin
gsp:sfTouches
gsp:sfintersects
gsp:sfCrosses
gsp:sfDisjoint

=

gsp:SpatialObject

gsp:Feature

—gsp:hasGeometry—>»

gsp:Geometry

nen3610:GeoObject

29



Spatial relations

<ecmu

bag:Building

gsp:sfOverlaps—»

topo:Building

30



Spatial relations

bag:City

<ecmu

gsp:sfWithin

bag:Building

topo:Building

gsp:sfOverlaps

31



Spatial relations

bag:City

<ecmu

gsp:sfWithin

gsp:sfWithin

cbs:Neighbourhoud

gsp:sfWithin

bag:Building

topo:Building

gsp:sfOverlaps >

32



Spatial relations

bag:City

<ecmu

gsp:sfWithin

gsp:sfWithin

gsp:sfWithin

cbs:Municipality

gs:sfWithin

cbs:Neighbourhoud

gsp:sfWithin

bag:Building

N

gsp:sfWithin

topo:Building

gsp:sfOverlaps >

33



Spatial relations

nen3610:GovernedArea

gsp:sfWithin

bag:City

sKemu

cbs:Municipality

gs:sfWithin

gsp:sfWithin
cbs:Neighbourhoud
gsp:sfWithin
gsp:sfWithin gsp:sfWithin
bag:Building
gsp:sfOverlaps—>»

topo:Building

N

nen3610:Building

34



Demonstration

The Geospatial Knowledge Graph



Demonstration of the Geospatial Knowledge Graph

« Using NEN 3610 upper ontology to harmonise different classes;
« Using standard geospatial relations to mitigate the “sameness” problem.

36



Federated SPARQL query Visualisation &

Federated
Query

SPARQL SPARQL SPARQL SPARQL
endpoint endpoint endpoint endpoint

SPARQL

endpoint
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C
CBS

C
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C
RCE

C O O
WOZ | Gov | RVO

https://data.informatiehuisruimte.nl/spargl/ruimtelijke-plannen
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CONSTRUCT {
<@SUBJECT@> ?p 70.
?0 rdfs:1abel 7olabel
}
WHERE {
{
SERVICE <http://linkeddata.cultureelerfgoed.nl/sparql> {
<@SUBJECT@> ?p 70
OPTIONAL {?0 rdfs:label ?olabel}

}
UNION

SERVICE <https://data.pdok.nl/sparql> {
<@SUBJECT@> ?p 70
OPTIONAL {?0 rdfs:1abel ?olabel}
}
UNION
{
SERVICE <https://data.labs.pdok.nl/migratie/sparql> {
<@SUBJECT@> ?p 70
OPTIONAL {?0 rdfs:label ?olabel}
}
UNION

SERVICE <https://data.informatiehuisruimte.nl/sparql/ruimtelijke-plannen> {
<@SUBJECT@> ?p ?0
OPTIONAL {?0 rdfs:label ?olabel}

UNION

SERVICE <https://betalinkeddata.cbs.n1/sparql> {
<@SUBJECT@> ?p 70
OPTIONAL {?0 rdfs:1abel ?olabel}




Linked Data Principles: TwO Perspectives

Data Consumer (User Agent) Data publisher (Server)

Assume URIs as names for things. v~ 1. Coin URIs to name things. v

1%
2. User agents look up HTTP URIs. v/ 2. Usea HTTP server to provide
access to documents. v/
3. User agents process RDF/RDFS ot
documents containing useful 3. Upon receiving a request for a URI,
information and provide the ability the server returns useful
to evaluate SPARQL queries. x information (about the URI in the
4. User agents can discover more request) in RDF and RDF Schema. v

things via accessing links to other 4. The “useful information” the

URIs. x server returns in the RDF
document includes links to other
URIs (on other servers).

Adapted from https://www.w3.org/Designlssues/LinkedData.html|

with kind permission, from: &
Andreas Harth, Semantics 2019: From Representing Knowledge to representing behaviour
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Wrap-up

» Translating geospatial metadata to corresponding RDF models is possible
and feasible, with some human help;

- Translating geospatial data can be done automatically, if the model is
available;

* An standardised upper ontology for geospatial features is now available,
directly derived from already used standards (NEN 3610);

« Using spatial features for “sameness” works, creating them might be hard
work;

- Federated SPARQL queries work for traversing a knowledge graph, but
SLA dependencies dictate more solutions.

rjj'
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