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•The	  Land	  Survey	  Division	  of	  Singapore	  Land	  
Authority	  (SLA)	  is	  embarking	  on	  3D	  Cadastre	  and	  
Automated	  Cadastral	  Job	  Processing	  Ini7a7ves

•Land	  surveyors	  in	  Singapore	  to	  submit	  cadastral	  
jobs	  in	  LandXML	  in	  2015

•to	  consider	  BIM	  (Building	  Informa7on	  Modeling)	  
from	  the	  AEC	  (Architecture,	  Engineering	  and	  
Construc7on)	  Industry	  for	  popula7ng	  3D	  Cadastral	  
Database

Background



• Interoperability

–between	  AEC	  domain	  and	  Cadastral	  domain

• Automa7on

– LandXML	  only	  captures	  data	  not	  knowledge

– knowledge	  is	  needed	  for	  computer	  systems	  to	  
automate	  and	  to	  integrate	  data
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Two	  Issues	  Arise



Interoperability
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Semantic 
Interoperability

Organizational 
Interoperability

Technical 
Interoperability

(source:	  European	  Interoperability	  Framework)

“coordinated	  processes	  in	  which	  different	  
organiza7ons	  achieve	  a	  previously	  agreed	  and	  

mutually	  beneficial	  goal”

“precise	  meaning	  of	  exchanged	  
informa7on	  which	  is	  preserved	  and	  

understood	  by	  all	  par7es”

“planning	  of	  technical	  issues	  
involved	  in	  linking	  computer	  

systems	  and	  services”



in	  Singapore

6

•Organiza7onal	  Interoperability	  (OI)	  -‐	  being	  
undertaken	  by	  Whole-‐of-‐Government	  Ini7a7ve	  
called	  SG-‐SPACE	  (Singapore	  Geospa7al	  
Collabora7ve	  Environment)

•Technical	  Interoperability	  (TI)	  -‐	  implemen7ng	  Open	  
Standards	  such	  as	  IFC,	  gbXML,	  LandXML

•Seman7c	  Interoperability	  -‐	  has	  received	  much	  less	  
a^en7on	  than	  OI	  and	  TI
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market	  place?

electronic	  
device	  points?

channel?

What	  “outlet”	  do	  you	  mean?

Can	  I	  have	  the	  BIM	  models	  of	  outlets?
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 Check	  List	  for	  Strata	  Cer5fied	  
Plan Check	  List	  for	  Cer5fied	  Plan

 Laborious	  Check	  Lists

Why	  Automa5on?
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 Survey	  Report	  

 List	  of	  Forms

 Encroachment	  Report

 Engagement	  of	  RS	  and	  
Applica5on	  for	  New	  Lot	  
Numbers

 Request	  for	  SVY	  21	  
Coordinates

Too	  Many	  Forms
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Source:	  Most	  Frequent	  Errors	  @
h^p://www.sla.gov.sg/	  

Avoidable	  Errors

http://www.sla.gov.sg/
http://www.sla.gov.sg/


Intelligent	  Digital	  Data	  File:	  LandXML
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Various	  Forms

Rigid

Parse-‐able	  and	  
Exchangeable

LandXML
Automa5c	  
Checks

Direct	  Read	  and	  
Update	  in	  CAD

Job	  Processing

DraYing

Consolidated

*.JOB
*.SVY

in-‐house	  formats



Submissions	  through	  Registered	  
Surveyors	  Web	  Portal
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Registered Surveyors’ Web Portal

LandXML

Trimble,	  
Topcon,	  
Sokkia,	  
Leica,	  etc.

CAD	  SoYware Field	  Work
import

Computa5ons	  (e.g.	  adjustment)

export

load

SLA	  LandXML
	  	  +	  Plan	  Image	  	  	  	  	  
	  	  +	  Suppor5ng	  Docs.

compiled

upload
CORENET

pre-‐valida5ons

Land	  Survey	  
Division	  for	  
Plan	  Approval

download



Amendment	  
History	  

Address	  
Informa5on

Survey	  Document	  
Descrip5ons	  (e.g.	  
Survey	  Report,	  
Encroachment)

Survey	  Plan	  
Descrip5ons

Equipment	  Informa5on	  (e.g.	  
EDM	  Calibra5on,	  Instrument	  

Precisions)

Dimensions	  of	  
Lots	  and	  
Iden5fiers

Surveyor’s	  
Details

Observa5on	  
Details

Survey	  Mark	  
Descrip5ons

Administra5ve	  
Informa5on

What	  is	  in	  SLA	  LandXML?
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LandXML	  captures	  data	  not	  seman5cs

<Parcels name=”lots submitted”> 
    <Parcel name=”U123456X” class=”Strata Lot”/>      
    <Parcel name=”45678Y” class=”Land Lot” />
</ Parcels>

•captures	  data
Example:

•not	  seman7cs	  

e.g.	  how	  to	  define	  the	  
seman7c	  rela7onship	  
between	  Strata	  lot	  and	  Land	  
lot?



• only	  supported	  with	  knowledge	  and	  rules,	  
automated	  cadastral	  job	  processing	  can	  be	  fully	  
achieved

• use	  ontology,	  which	  describes	  the	  declara7ve	  
knowledge	  (facts)	  and	  procedural	  knowledge	  
(rules)	  to	  support	  automa7on	  and	  integra7on	  
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Automated	  Cadastral	  Job	  Processing



• ini7ate	  a	  first	  step	  to	  develop	  and	  formalize	  
Ontology	  for	  3D	  Cadastre	  in	  Singapore

• demonstrate	  the	  formaliza7on	  step	  to	  
engineer	  the	  ontology

• support	  LandXML	  with	  Web	  Ontology	  
Language	  (OWL)
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Objec5ves



• originated	  in	  philosophy	  to	  refer	  to	  the	  science	  of	  
what	  is,	  i.e.	  the	  kinds	  and	  structures	  of	  objects,	  
proper7es,	  events,	  processes,	  and	  rela7ons	  in	  every	  
area	  of	  reality

• In	  the	  geospa7al	  domain,	  ontology	  describes	  
human-‐made	  and	  natural	  features,	  categories,	  
rela7ons,	  and	  processes	  at	  different	  scales	  or	  spa7al	  
granulari7es	  (Smith	  2003)

• In	  informa7on	  sciences,	  “an	  explicit	  specifica7on	  of	  
a	  conceptualiza7on”	  (Gruber,	  1993)
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Ontology
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Web	  Ontology	  Language	  (OWL)

<owl:Class rdf:about="3DCadastralOntology;StrataLot">
    <owl:equivalentClass>
        <owl:Class>
            <owl:intersectionOf rdf:parseType="Collection">
                <rdf:Description rdf:about="3DCadastralOntology;Parcel"/>
                <rdf:Description rdf:about="3DCadastralOntology;Stratum"/>
            </owl:intersectionOf>
        </owl:Class>
    </owl:equivalentClass>
    <rdfs:subClassOf rdf:resource="3DCadastralOntology;3DParcel"/>
</owl:Class>

• is	  used	  to	  formalize	  ontology,	  so	  that	  computer	  
systems	  are	  able	  to	  process	  the	  knowledge

OWL

XML

• similar	  to	  XML,	  but	  
supports	  rich	  seman7cs
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Reasoners

• a	  computer	  program	  that	  is	  able	  to	  infer	  logical	  
consequences	  from	  a	  set	  of	  rules	  or	  facts	  described	  
in	  the	  ontology	  (OWL)

source: http://www.w3.org/2007/
OWL/wiki/Implementations 

http://www.w3.org/2007/OWL/wiki/Implementations
http://www.w3.org/2007/OWL/wiki/Implementations
http://www.w3.org/2007/OWL/wiki/Implementations
http://www.w3.org/2007/OWL/wiki/Implementations


• Our	  judicial	  framework	  recognizes	  3D
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• completeness,	  minimized	  
ambiguity,	  and	  consistency

• but,	  contain	  hidden	  
knowledge,	  need	  domain	  
experts	  to	  explicate

Legisla5ve	  Documents



subClassOf (:LandLot :SurfaceParcel)
subClassOf (:AirspaceLot :3DParcel)
subClassOf (:SubterraneanLot :3DParcel)
.....
.....
DataPropertyDomain (:hasLotNumber :Parcel)
DataPropertyRange (:hasLotNumber xsd:long)
FunctionalDataProperty (:hasLotNumber)
.....
.....
EquivalentClasses( 
    :StrataLot 
ObjectIntersectionOf (:Stratum :Parcel)
           )
.....
.....
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Formaliza5on
“land” means —
(a) the surface of any defined parcel of the 
earth, all substances thereunder and so much 
of the column of airspace above the surface 
whether or not held apart from the surface as 
is reasonably necessary for the proprietor’s 
use and enjoyment, and includes any estate 
or interest therein and all vegetation growing 
thereon and structures affixed thereto; or
....
....

Legislative Texts

<owl:Class rdf:about="3DCadastralOntology;StrataLot">
    <owl:equivalentClass>
        <owl:Class>
            <owl:intersectionOf rdf:parseType="Collection">
                <rdf:Description rdf:about="3DCadastralOntology;Parcel"/>
                <rdf:Description rdf:about="3DCadastralOntology;Stratum"/>
            </owl:intersectionOf>
        </owl:Class>
    </owl:equivalentClass>
    <rdfs:subClassOf rdf:resource="3DCadastralOntology;3DParcel"/>
</owl:Class>
.....
.....

Functional Syntax

Ontology Editor - Protege OWL

Formalization

Visualization

Creation
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Legisla5ve	  Texts
Land Titles Act (Chapter 157)

Land Titles (Strata) Act (Chapter 158)

Boundaries and Survey Maps Act (Chapter 25)
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Some	  Examples	  on	  Func5onal	  Syntax

Defining Properties (relationships)

generalization axioms

Expressions
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Result:	  Classes	  and	  Proper5es	  in	  
Protege
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Overview	  of	  the	  Ontology	  
(Generaliza5on	  rela5onship	  only)



Outline
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Complete	  Ontology	  in	  Graph
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Ontology	  in	  OWL



Units

LandXML

+

Coordinate System +

Project +

Application +

CgPoints +

Amendment +

GradeModel +

Monuments +

Parcels

PlanFeatures +

PipeNetworks +

Roadways +

Survey +

Surfaces +

FeatureDictionary

any##other

+

-

+

-

Parcel

Feature +

Feature

-

Title

LocationAddress

+

+

CoordGeom

Parcels

+

+

Exclusions +

VolumeGeom +

Center +

+ DocFileRef +

Feature +

Property +

LandXML	  Schema

XSD 28



Knowledge Tier

3DParcelsurfaceParcel

Parcel

LandLot AirspaceLot

SubterraneanLot

StrataLot

+

+

+

+

+ +

+
AccessoryLot

Title

LocationAddress

+

+

CoordGeom

Parcels

+

+

Exclusions +

VolumeGeom +

Center +

+ DocFileRef +

Feature +

Property +

+

Data Tier

URI

URI

URI URI

URI

Two-‐Tier	  Framework

Feature

Parcel -

<owl:Class rdf:about="3DCadastralOntology;StrataLot">
    <owl:equivalentClass>
        <owl:Class>
            <owl:intersectionOf rdf:parseType="Collection">
                <rdf:Description rdf:about="3DCadastralOntology;Parcel"/>
                <rdf:Description rdf:about="3DCadastralOntology;Stratum"/>
            </owl:intersectionOf>
        </owl:Class>
    </owl:equivalentClass>
    <rdfs:subClassOf rdf:resource="3DCadastralOntology;3DParcel"/>
</owl:Class>
.....
.....

<rdf:RDF xmlns="http://www.sla.gov.sg/ontology/3DCadastralOntology.owl#"
.....
 xmlns:3DCadastralOntology="http://www.sla.gov.sg/ontology/3DCadastralOntology.owl#">

LandXML

OWL
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http://www.sla.gov.sg/ontology/3DCadastralOntology.owl#
http://www.sla.gov.sg/ontology/3DCadastralOntology.owl#
http://www.sla.gov.sg/ontology/3DCadastralOntology.owl#
http://www.sla.gov.sg/ontology/3DCadastralOntology.owl#


• ontology	  serves	  as	  facts	  and	  rules	  for	  checking	  
the	  integrity	  and	  consistency	  of	  data	  in	  the	  
LandXML

• ontology	  makes	  the	  seman7cs	  of	  cadastral	  
dataset	  explicit.	  This	  will	  facilitate	  the	  
integra7on	  of	  cadastral	  dataset	  with	  other	  data	  
sources
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Applica5ons



• supported	  LandXML	  with	  Seman7cs

• developing	  ontology	  is	  an	  on-‐going	  process

• just	  ini7ated	  a	  first	  step	  towards	  developing	  a	  
formalized	  ontology	  for	  3D	  Cadastre	  in	  Singapore

• more	  concepts	  are	  needed	  over	  7me,	  and	  the	  
framework	  should	  be	  tested	  with	  real	  case	  study
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Conclusions



Thank You!

soon_kean_huat@sla.gov.sg 
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