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Kadaster
Dutch Land Registry and
Mapping Agency

» Role: National agency tasked with the
maintenance and publication of several
key registers.

« Spatial Data Infrastructure (SDI)
developments in the Netherlands are
strongly related to the key registers using
in e-government policy

» Organisation is based on the an
interrelated (although not automatically
connected) system.
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Data per Key Register

Key Register Cadastre (BRK) NHR
Purchased 01/07/1998 RABO Mortgage €220,000

purchase price €230,000

/_
woz

Leasehold
WOZ Home €285,000
Right of Way
Monument BRP (Municipal Administration)

Arnhem C 4231 - 320 m? Mr. Jan de Jong 15-05-1956

RABO mortgage €220,000

RO
Destination Plan
BAG
Stationsweg 15b N Key Register Topography (BRT)
450 m?- 1923 Urban Area NAP +6m
EPC \ Disclosure of Public Law Restrictions Act

Energy label C (WKPB)

Subscription Right municipality




From Data Siloes to
Linked Data

Data siloes are a consequence of
needing to organize information.

A need for more certainty and more
reuse of data calls for integration and
ease of use.

An integration of data needs to be
explicitly modelled (with semantics),
include provenance, published (using
open standards) and easy to use
(provide metadata).

Qur data should, therefore, be:

Findable, accessible, interoperable and
reusable (FAIR)

5-star data
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Linked Data?

« A way of publishing data (reusable, web
standards, semantics, related to open
and big data) on the web which is stored
as triples (RDF standard) and can be (in a
federated manner) queried with SPARQL.
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The next web

20 years ago, Tim Berners-Lee invented the World Wide Web. For his next project, he's building a web for open, linked data that
could do for numbers what the Web did for words, pictures, video: unlock our data and reframe the way we use it together.

* Semantics = shared understanding
+ Open standards = increase reuse
* Web standards = increase findability
/ ‘ redicate * Interoperability = increased connectivity
| sublect > object between distributed data sources
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Information Delivery

GML

SQL/JSON 5

Source | API > GraphQL > JSON
PostgreSQL directly available ] P "
(relational)
Semantic Delivery ¥
JSON-LD El
Enhancer » JSON-LD 5

A 4

Microservice

enrichment

(directly available)

Services developed
by Kadaster

Databases maintained
by Kadaster

—

@Store

URL lookup (deference) HTML,
RDF,
(directly available) JSON
Linked Data Fragments (LDF)
> RDF
(directly available)
JSON, B
GeoSPARQL XML
] "1 csvrtsy,
indexing RDF
JSON, B
REST API N XML,
) ) CSVITSY,
indexing RDF
Elastic Search
» JSON-LD 5
indexing

Building the
Kadaster Knowledge
Graph (KKG)

* The KKG contains several key registers,
each first made available as a siloed
linked data source through an ETL
process.

« Extract, Transform, Load (ETL) process:
*  GML indexing step
*  GraphQL endpoint

« Enhancer microservice to return JSON-LD
format

»  SHACL validation step
* Publication in TriplyDB
* SPARQL service
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Building the
Kadaster Knowledge
Graph (KKG)

« Combine key registers with a central data
model:
*  Samenhangende Object Registratie (SOR)

* Siloes to Knowledge Graph is achieved
by implementing SPARQL Construct
queries

» Layered approach:
* Preservation of provenance
» Traceability

« KKG contains contains approximately 680
million triples

« Updated on a quarterly basis
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Proposed Architectural
Approach

« Data remains ‘at the source’

» Application-independent data
management

- Open standards-based interfacing
between applications and data sources
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The Augmented Reality Application

Goal: Support the interoperability between distributed data sources and end-user
applications, allowing users to interact (in a low-threshold manner) with authoritative data
published by the organization.

Architectural approach: Separation of application and data source
Techniques: Linked Data, Standardized Interfaces, Augmented Reality (AR)

Spatial coverage: The Netherlands
Initial prototype: Builtin 2021/2022 and updated in the summer of 2022

Main functionality: Allow the user to 'scan’ a building and see information about that

building on their phone screen.
@ ITUKALEIDOSCOPE
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Standardised Interfaces
SPARQL APIs

« SPARQL queries used as interfaces
between the KKG and the AR application

« 3 SPARQL queries

PREFIX
PREFIX

PREFIX sor: <https://
PREFIX rdf: <http://
PREFIX rdfs: <http:/f

prefix geof: <http:/

prefix uom:
prefix xsdg

prefix

prefix

SELECT ?ge

?gebouwzone

PREFIX skos: <http://ww
PREFIX nen3pl@: <https://data.kkg.kadaster.nl/nen3618/model/def/>
PREFIX sor: <https://data.kkg.kadaster.nl/sor/model/def/>

data.kkg.kadaster.nl/sor/model/def/>

w3 .org/1999/02/22-rdf -syntax-ns#>
W.w3.0rg/2080/e1/ rdf - schemai#:
wiw.opengis.net/def/function/geosparql/ >
w.opengis.net/def/uom/0GC/1.8/>

v w3 org/ 2001/ XMLSchemad >
\ttps://data.kkg.kadaster.nl/nen3618/model/def/ >

P

e S = e S S e e T

w3.org/2084/02/skos fcored#>

. PREFIX rdf: <http://www.w3.org/1999/82/22-rdf-syntax-ns#>

PREFIX rdfs: <http://
SELECT * WHERE {

* The results of each query are made

PREFIX

prefix e
PREFIX wbk

available through a standardized AP! .

w.w3.org/200e/e1/ rdf - schemait>

?gebouwzone

a sor:Gebouwzone:

corgere
sor:gere

eerdMet/nen3sl@: identificatie ?gebouwld;

Bij ?vbo .

zor:ho
*vbo
a sor:Verblijfsobject;
S0 gers zerdiet/nen3ele: identificatie ?vbold;
sor:hoof s ?nummeraanduiding .
!nummeraanduiding

a sor:Mummeraanduiding;
sor:huisnummer ?huisnummer;

sor:postcode ?postcode;

which can be used directly in the
application.

* Available serialisations:
« JSON-LD
e Turtle
 N-Quads

sor:ligtAan/skos:preflabel ?straatnaam .

bouwjaar ?gebruiksdoel

bind(iri(concat( http opticnal {?nummeraanduiding

?vbo sor:huisletter ?huisletter;

sor:huisnummertoevoeging ?toevoeging }

: }

S0 5 ?NUM.....

sor te ?vlcerOpperviaktes .
Pgebo

as

50 ijkBouwijaar *bouwjaar;

sor - *bronhouder .
?bronhoude

d ?gemeenteCode;

YgemeenteNaam .

optional {
?gebouwzone sor:hoo
cptional { ?gebo
cptiocnal { ?gebouwzone b

}

optional {
?perceel
a <https: ata.kkg.kadaster.nl/sor/model/def/Perceel>;

houw typeGebouw }
oortnasm ?gebouwNaam }

nummeraanduiding;
& ?perceeloppervlakte .




AP

GET: https://fapi.labs.kadaster.nl/queries/dst/AR-punt-distance/run?

[l

Variables (+)

— oy
= @
View populated query &

PREFIX scr: «<https://data.kkg.kadaster.nl/sor/model/def/»

PREFIX rdf: «<http:/

iW.W3 . 0rgs1999,/82/22 -rdf -syntax-ns#>»

PREFIX rdfs: <http: w3.org/2eee/el/rdf -schemas>

prefix geof: <http:
prefix uce: <http:/
prefix xsd: «<http:/ we
prefix nen3slae: <htt
prefix gec: «<http:/ wew

2.0rg/ 288l /XML Chema®>

SELECT ?gebouwId ?polygon where {
?gebouWzone

or: Gebouwzone;
or:geregistreerdMet/nen3ela:identificatie
geo:hasGeometryfgeo: asWKT ?polygon.

filter (gecf:distance {?punt, ?polygon, uce

opengis.net/def/function/geospargl/ >
opengis.net/def/uom/0GC/1.8/ >

.opengis.netfont/geospargle:

gebouwId;

+m

s:ffdata.kkg.kadaster.nl/nen3518/model/def/ >

ger ) < 18a )

Feature 1:
Geolocation
» Application returns latitude and

longitude of GPS location and transforms
to a point.

« Pointis used as a parameter for the query

« The query returns all building identifiers
and polygons of buildings within a 100m
radius.

» Ul allows user to select which object
based on a house icon.
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API

GET: https:/fapi.labs.kadaster.nl/gueries/dstfar-demo-verblijfsobjecten-per-geboumzone/ run? |’_]

Variables (%)
= ®
View populated query £

1~ PREFIX skos:
2 | PREFIX nen3sle:

4 | PREFIX rdf: <http://wew.w2.org/

5 PREFIX rdfs: <http://www.w2.org/2880/81/rdf-schema#>
5 *| SELECT * WHERE {
?gebouwzone
a sor:Gebouwzone;

<https://data.kkg. kadaster.nl/nen3s1e/ modd

PREFIX scor: «<https://data.kkg.kadaster.nl/sor/model/def/»

99/82/22-rdf -syntax-nsi#>

or:geregistreerdvet/nenzele:identificatie ?gebouwId;

5 vho
?vba
a sor:Verblijfsobject;
egistreerdmet/nenzele: identificatie vboId;

sar:hoofdadres ?nummeraanduiding
nummeraanduiding
a sor:Nummeraanduiding;
sor:huisnummer ?huisnummer;
or:postcode ?postcode;
sor: ligtaan/skos:prefLabel ?straatnaam .
optional {*nummeraanduiding
huisletter;

eging *teewvoeging }

sor:huisletter

sor:huisnummertcevo

Feature 2:
House Number Selection

« Key registers have a distinction between

a whole building and parts of the
building (e.g. apartments)

« Some attributes are associated with the

building object, some with the building
part.

« Ul displays all building parts based on

identifier and allows user to select
building part of interest based on a
number icon.
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AP' |m—.r: https:/fapi.labs.kadaster.nl/queries/dst/ar-demo-data-voor-plasts/run? |__'ﬂ

Variables (%)

vbold
= | 000301000012947 @

Feature 3:

View populated query &

1= PREFIX xsd: <http:/ www.w3.org/2881/%MLSCchemass

Building Information

2 PREFIX dct: <http:/fpurl.org/dc/terms/>

3 PREFIX sdo: <https:/#schema.org/> Adres

4 | PREFIX bri_def: <http://brit.basisregistraties.overheid.nl/def,/tol 't Spiker 24

5  PREFIX kad: <https://data.kkg.kadaster.nl/kad/model/def/> 7‘;31?:'.

& | PREFIX gec: «<http://www.opengis.net/ont/geospargls#> ° S | d b 1 | d 1 1 d 'f' d b 1 | d H

7 | PREFIX sdo®: <http://schema.ocrg/> #error in CBS data /ﬁ‘{ woonfunctie e eCte UI Ing I entl Ier an UI Ing
& | PREFIX scr: <https://data.kkg.kadaster.nl/sor/model/def/> 'd 'f‘ 1 d 1 ”

9 | PREFIX skos: <http://www.w3.org/2ee4/e2/skos/cores: part I entl Ier IS use as InpUt’ a

12  prefix time: <http://wew.w3.crg/ 2806/ times#>

11 | PREFIX wbk: <https://data.labs.kadaster.nl/cbs/wbk/vocab/»

12 PREFIX rdf: <http://www.w3.org/1999/82/22-rdf-syntax-ns#»

13 | PREFIX rdfs: <http://www.w3.org/2eee/el/rdf-schemass

14 = SELECT DISTINCT 2?gebouwNaam ?buurtNzam ?buurtID *gemeentedaam g
bouwjaar ?gebruiksdeel basisschoclafstand *treinstationafstand

15 bind{iri{concaty{'https://data.kkg.kadaster.nl/id/verblijfsobje

attribute information for both objects are
returned in the Ul

 Includes:

16 #wbo . .
17 a sor:verblijfsobject; o BU||d|ng year

18 sor:gebruiksdoelfskos prefLabel ?gebruiksdoel; N F|oorsize

19 sor:mazktpeeluitvan ?gebouw;

28 sortheofdadres ?nummeraanduiding; N Parce| size

21 sor:cppervlakte ?vloeroppervlaktea .

22 2gebouw . . .

o * Municipality name

Y]

a sor:Gebouw;
* Neighbourhood name
Afstand . . .
talnstation 2.7 km e  Number of schools within a 3km radius

* Distance to the nearest trainstation
' =0 | FTUKALEIDOSCOPE
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Added Value of Architectural Approach

» Open standards-based approach: » Application-Independent Data Publication:

v" SPARQL relatively easy to understand v' Data source is easily updated and expanded

v Open standards-based APl is recognisable for v' Data is immediately digestible by the application
all developers v" Organization dependent: only a single KG is

v" Only requirement is results visualisation, no required, and various applications can consume
integration or transformation the data

v Updates are immediately reflected in the v’ Supports cross-organization interoperability,
application federated SPARQL queries.

v Copying and self-storage of data is no longer *  Only appropriate where data (content and
required structure) is not context-specific

» Small learning curve involved in learning to
write performant queries

» Underlying schema changes require
maintenance to the query.

Geoinformation for everyone? = ITUKALE'DOSCOPE
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Thank you!
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