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“Smart” Nation

‘Smart’ Singapore will use
technology to improve lives
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SINGAPORE — As cities around the world embark on
ways to make themselves “smart” through the use of
technology and data to improve the quality of life,
Singapore will be aiming to go a step further by becoming
the first smart nation.

President Tony Tan laid out the Government's plans for
the second half of its term yesterday, noting the rising
demands on amenities, infrastructure and resources as
the Republic develops, and underlining its ambitions to
improve the lives of citizens by making “full use of new
technologies to develop sustainable and innovative
solutions”.
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Context

 How to be “smart” in Cadastral Processing?

* Propose a framework to complement the current
automation technique based on LandXML with
Semantic Web Technology using OWL (Web
Ontology Language)

e OWL attempts to support human intelligence with
reasoning and inference by computer systems
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SLA Background
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® automated cadastral processing is implemented using
LandXML by ICSM’s ePlan Working Group in Australia
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SLA. Development in Singapore
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® The Land Survey Division of Singapore Land Authority

(SLA) has embarked on 3D Cadastres and automated
cadastral processing using LandXML
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Image Plan =—=> LandXML + 3D

sLRnhanced LandXML to Store 3D
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SLA. High Level Automation
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e Simply stores 3D data and be able to be parsed by
computer systems are not enough

* Human intelligence by computer systems is required
to achieve high level automation

e Human intelligence involves reasoning and inference,
which generally refer to understanding from what is
defined (i.e. reasoning) to create new knowledge
(inference)

XXV International Federation of Surya

Congress, Kuala Lumpurhd ©SLA 2014

SLAL Scenario
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e LandXML A captures: Place X is located in Place Y
* LandXML B captures: Place Y is located in Place Z,

if one is to ask “give me all LandXML files of Place Z”, the
result commonly does not include LandXML A as “Place X
is located in Place Z” is not captured

reasoning: what does “located in” characterize? It is
transitive: If A located in B, B located in C -> A located in C

inference: Place X is located in Place Z (new knowledg

[1Computer systems are able to return Land
“Place X is located in‘Place Z" s nok

COMSIeT

O©SLA 2014




SLA. A Proposed Framework
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e to support 3D LandXML with Web Ontology
Language (OWL), which is a XML-variant language
based on Description Logics

e OWL allows to construct ontology, which consists of
common definitions used in the domain;

e OWL enables computer systems to do reasoning and
make inference;

XXV International Federation of Surya

Congress, Kuala Lumpurhé ©SLA 2014

gg,&soning and inference with OWL

SINGAPORE

mmmmmmmmme Rule: Father (?x) -> Husband (?x)

<DLSafeRule>
v<Body>
OWL OntOIOgy v<ClassAtom>
<Class IRI="#Father"/>
<Variable IRI="urn:swrl#x"/>
</ClassAtom>
</Body>
v<Head>
Ontology about Kean | - <ciacsaton>
<Class IRI="#Husband"/>
<Variable IRI="urn:swrl#x"/>
</ClassAtom>
</Head>
</DLSafeRule>

)y Region , Place Bunldmg » Human
| (of=e ] [ |

s
/ Sy

locatedin =) Father Husband
| ¢ CentraIReglon I /
~a

locatedin K hasSubcIass

Iocatedln b ~o - m (inferred)

(inferred) ‘~[ # RevenueHouse ] worksAt

<ObjectPropertyAssertion>
<ObjectProperty IRI="#locatedIn"/>
<NamedIndividual IRI="#Novena"/>
<NamedIndividual IRI="#CentralRegion"/> L. -

</ObjectPropertyAssertion> “locatedIn”’s characteristic: transitiye

<ObjectPropertyAssertion> = | cmmmeemsessssseeseee————————————
<ObjectProperty IRI="#locatedIn"/> |<Tran31t1ve0bj ectProperty>

”y

<NamedIndividual IRI="#RevenueHouse"/> l <ObjectProperty IRI="#locatedIn"/>
<NamedIndividual IRI="#Novena"/> XXV Internatiopal & r
</ObjectPropertyAssertion> Congress, Kual&ié?;g&,_ﬁ%i%wﬂé(:tproperty> ©SLA 2014

“locatedIn” relation between classes




SLWQEb Ontology Language (OWL)

Stpports formal semantics and rules,

which enable to

Cha racte rize: %I;W{ LandLot::= - Stratalot ‘

e Classes and Instances Clnss R LanaloE S
e Class Hierarchies <Class IRI=“StrataLot"/>
* Class Disjointnes </DisjointClasses>
e Object Properties

e  Property Hierarchies

* Domain and Range Restrictions

e Equality and Inequality of Individuals

e Datatypes

e.g.

e.g. Father::= Parent n Man l

<EquivalentClasses>

<Class IRI="“Father"/>

<ObjectIntersectionOf>
<Class IRI=“Man"/>
<Class IRI="Parent"/>

</ObjectintersectionOf>

</EquivalentClasses>

e Complex Classe
* Property Restrictions
*  Property Cardinality Restrictions

KTransitiveObjectProperty>
<ObjectProperty IRI=“locatedIn"/>
</TransitiveObjectProperty>

|
| locatedIn as transitive

e  Enumeration of Individuals
e Property Characteristic
*  Property Chains

e Every class, instance, property (relationship

unique IRI (Internatlonal Resource I

XXV International Fedpratmn of Sur.

[<owl:Class rdf:about="http//wiki.tudelft.nl'pubResearch ISO191 52 Imp

reference: http://www.w3.org/TR/ow.
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Standards Development News Store

Online collections Publications

ISO Store > Store > Standards catalogue By TC ISO/TC 211 Geographic information/Geomatics

ISO/DIS 19150-2

Geographic information -- Ontology -- Part 2: Rules for
developing ontologies in the Web Ontology Language
WL)

About us

Media and price

‘R PDF CHF 98,00 English

[) Paper CHF 98,00 English 1SO Store
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LADM in OWL

LADM (Land Administration Domain Model,

ISO 19152), which is in UML models, is

formalized in OWL

v<ontology xmlns="https//win.3.0g/2002/07/oul#" xmlns:rdfsm"http://wiv.u3.org/2000/01/cdf-schemad” xmlns ixsd=*http://www.u3.0cg/2001/XMLSchenad™

rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" xml:base="http://wiki.tudelft.nl/pub/R h/15019152/Impl i ial/LADMOntology.owl"

. A
<Prefix name:
<Profix name

ias? 5
<Prefix name="swrl"

ontologyIRT .tudelft.nl/pub/Re 1h/1S019152/ImplementationMaterial/LADMOntology .owl"
//wiki.tudelft.nl/pub/ /18019157 /Taplemantat ionHater sl /LADHORLOLogy -oWlé® />
/www.w3.0xg/2002/07/owl#" />

.w3.0rg/1999/02/22-rdf-syntax-ns#" />

name="xsd"
ame="rdfs

<Prefix name="swrlb"
<Prefix name="owl2xml"

/www.w3.0rg/2003/11/swrlb#" />
ttp://www.w3.org/2006/12/owl2-xml#" />
<Prefix name="LADMOntology’ IRI="http://wiki.tudelft.nl/pub/R: h/15019152/Inplementat 1/LADMOntology . owld" />
v<Declaration>
<Class IRI="
</Declaratio

#AdminPublicServitude” />

» <Declaration>...
» <Declaration>...

» <Declaration>...
v<Declaration>
<Class IRI="#BoundaryFaceString"/>
</Declaration>
v<Declaration>

LADM in OWL e
viveiges iXX\'/fmIéfﬁﬁional Federation of Surveyors
S o
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ImplementationMaterial (13 Aug 2013, PeterVanOosterom)

o
Research/1S019152

Edit  Edit

Web wiki
T text
B Create New Topic Attach

Index EDE;

3 search LADM implementation material

M changes ) ) )
Note: also (open source) implementation material could be added (software) here.
B Notifications

Implementation Activities
N Rrss Feed

Representlyg Roles in Formalizing Domain Ontology for Land Administration (to be presented by Kean
Huat Soon at the Interngtiom®f FIG workshop on the Land Administration Domain Model 24-25 September 2013, Kuala
#* Preferences Lumpur, Malaysia).
.. | = UN Habitat Social Tenure Domain Model (STDM) , a pro-poor land rights recording system.
= UN FAO Open Source Software Project - FLOSS Solutions for Open Land Administration (SOLA). LADM is the starting point for
this software. Enterprise Architect file within the documents on http:

-] statistics

Webs

= Example Implementation LADM.pdf: IT System Specification. Example Implementation LADM (Jan van Bennekom-Minnema,

D AE4227 COWI A/S, Department: Surveying and Land Administration), draft 25 March, 2011.

= Addis Ababa: The Road Map to Progress through Securing Property Rights with Real Property Registration System by Tarek
[ Architecture Zein (Hansa Luftbild) and Zerihun Amdemarian Berisso (City Administration of Addis Ababa), World Bank conference, April

ndandpoverty.com/agenda/pdfs/paper/zein full paper.pdf




SLA.  OWL+3D LandXML

B Aoy LADM OWL Ontology + Ontologies + Rules

™ N TaEen"HELDY/ M1 79/2000701/ 2t -schemal

O » [‘ T ) ER LR e e :

E [<owl:Class rdf:about="http/wiki tudelit nl'pub/Research 1SO 19152 ImplementationMateria/LADMOntology.ow#BoundaryFace'> |

o0 T :

° Reasoning :

3 + ‘Interlinking OWL

Inference

iand LandXML by
ipopulating

the Framework will allow computer system to perform reasoning & gDocFileRef of
inference in OWL ontology and parse 3D surveying data in LandXML ~ HERIMOIRWILEEY
:iof related

.............. Jeeresnnnnnnnnnn
3DData | ————— "= T — ‘classes/relationship
5 Survey Details
= +
% Observations, ,
(=] ' :
etc [ B
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\_1; : Interrational Federatio m of Serueyers. -
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e computers are able to interpret semantics in LandXML;

e.g. <DisjointClasses>
‘<Parce| class=“LandLot” > ‘ reason and infer in <Class IRI=”LandLot {'> computer interprets
<Class IRI="StrataLot"/>

LandXML </DisjointClasses>
OowL

* allow automated tools to share and process information;

€8 Looking for <SubClassOf>
LandXMLs of reason and infer in,, s IRI=”A|rspac¢?‘Lot s teturn with -, ‘<Parce| class="Airspacelot” ...> ‘
W "oy <Class IRI="“LandLot"/>
Land Lot"? LandXML

k/SubClassOf>
OwWL

e provide ways to discover, represent and give a context to
information;

‘ “Land Lot is not Strata Lot”

e allow information resources to be linked up, to be
automatically understandable and reusable

a p p | |Cat|0 nS XXV International Federation of Surya
Congress, Kuala Lumpurhé ©SLA 2014




SLA. Conclusions
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e proposed potential enhancement to existing
validation tools by using semantic web technology

e discussed using OWL ontology, which describes
declarative knowledge (facts) and procedural
knowledge (rules) to support automation and
integration

e demonstrated the linking of 3D LandXML and OWL
with IRI to provide a semantic-aware framework for
cadastral processing

e the same approach can also be applied to othe
like CityGMLL (e.g. thru codeSpace) witha

the SChemaS XXV International Federation of Surya
Congress, Kuala Lumpurhé ©SLA 2014
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Thank You!

if T kill off all the
wolves, the rabbits’
will eat up the grass,
8 the soi/ willall
wash away’

(hopefully one day our computer systems will achieve wisdom)

soon_kean huat@sla.gov.sg
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