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SLA Background

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

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

eto consider BIM (Building Information Modeling)
from the AEC (Architecture, Engineering and
Construction) Industry for populating 3D Cadast
Database
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SLA. Two Issues Arise

SINGAPORE
LAND AUTHORITY

* |nteroperability

—between AEC domain and Cadastral domain
* Automation

—LandXML only captures data not knowledge

—knowledge is needed for computer systems to
automate and to integrate data

©SLA 2012



SLA. Interoperability

SINGAPORE

LAND AUTHORITY “coordinated processes in which different
organizations achieve a previously agreed and
mutually beneficial goal”

Technical
Interoperability

" . ) . ' g .« .
precise meaning of exchanged “nlanning of technical issug
information which is preserved and involved in linking comr

understood by all parties” systems ang

(source: European Interope ©S5LA 2012



SLA. In Singapore

e Organizational Interoperability (Ol) - being
undertaken by Whole-of-Government Initiative
called SG-SPACE (Singapore Geospatial
Collaborative Environment)

e Technical Interoperability (Tl) - implementing Open
Standards such as IFC, gbXML, LandXML

e Semantic Interoperability - has received much less
attention than Ol and TI
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CgLr)\‘I;have the BIM models of outlets?

SINGAPORE
LAND AUTHORITY

What “outlet” do you mean?

' channel?

electronic
device points?
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Too Many Forms

Forms
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Avoidable Errors

Lo

SINGAPORE
LAND AUTHORITY
Major Errors Mnor Errors
No. Item No. Item

1. Lot number : Incorrect lot number and check alphabet
2. Lot boundanes : Not set up or incorrectly set up in the survey documents

3, Demarcabon:
a. Not following the ongnal position of boundary
b. Dewation from request for survey(RS) plan
¢. Incomplete
d. Encroachment is not resolved

4. Detads :
€. Not fully pecked up
f. Encroachment details not dearly defined
g- Wall detads not descnbed as party wall or garden wall
h. No offsets or radkations to detads and party wal
t. Details not descnbed in Feld Book

S. SVY21 datum and ISN survey:
). Failure to mstall or connect to for 4 ISN markers
k. Falure to adopt ISN survey procedures

6. Area : Incorrect computation

7. Coordinates are not consistent wth SVy21 values

8. Strata lot boundanes : Not agreeing with Buiding Plan or the approved or
authonsed subdwasion plans

9, Floppy diskette containng lot/strata information
L Not submitted
m. Incorrect format used for uploading n Lot Base System

1. Boundary marks wrongly described

2. House numbers not shown on plan

3. Adjacent lot numbers and boundanes not shown or cutdated

4, Extreme coordinates omtted or incorrectly shown on plan

s. Incorrect road names

6. Incorrect cadastral map numbers and gnds

7. Incorrect Sectron 14(4) plan reference

8. Incorrect references of records

9. IRAS notification of addresses not submtted

10. Incorrect height on Elevation Sketch

Source: Most Frequent
http://www.sla.gg
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lgt lligent Digital Data File: LandXML

Job Processing
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SL§\ubmlssmns through Registered
= Surveyors Web Portal

Trimble,
export import —
[LandXML%—[ CAD Software Field Work } TOPC?"’
Sokkia,
Leica, etc.

Computations (e.g. adjustment)
load

Land Survey
SLA LandXML } upload »[ CORENET ] » Division for

download
+ Plan Image - Plan Approval
+ Supporting Docs.

‘compiled pre-validations

)

Registered Surveyors’ Web Portal




SLA What is in SLA LandXML?

SINGAPORE
LAND AUTHORITY

Survey Plan Address

Descriptions Information

Survey Document )
Surveyor’s Descriptions (e.g. Administrative
Details Survey Report, Information
Encroachment

Dimensions of
Lots and
Identifiers

Equipment Information (e.g.
EDM Calibration, Instrument
Precisions)

Amendment

History

Survey Mark
Descriptions

Observation
Details

©SLA 2012



AXML

</xssequence™>

captures data not semantics

e captures data

-] Example:

<xs:clement name="Parcel™>
<xs:annotation>

<xsdocumentation>Modified w0 inchade parcel class and an official ID</xs:documentation>

<xsannotation>

il

<xsoqUEnce>

<xsichoke maxOccurs="unbounded™>
<xs:clement ref«"Ceonter™ minOccurs="0"/>
<xs:clement rof~*CoordGoom™ />
<xs:clement ref*"VolumeGeom™ minOccurs=*0" maxOccurs~*unbounded® >
<xscclement refe"Parcels™ minOccuns="0" maxOccurs="uabounded® />
<xscclement ref~"Tidke™ minOccurs="0" maxOccurs="unbounded™ >
<xs:clement rof~" Exclusions™ mmOccurs="0" maxOccurs="unbounded” />

<xs:clement ref" LocationA ddress™ mmOccurs="0" maxOccurs~"unbounded* />

</xschoke>
<xs:clement ref<"Feature™ minOccurs="0" maxOccurs="unbounded™ />
<xssequence™
<xsattributc name="name” type~"xsstring” use~"required*/>
<xsatmbuie name="olD" type="xs:string" />
<XSAMNbUIC name="arca” type="xs.double" />
<xsattribule name="desc™ type~"xsstring” >
<xsattribute name="drClosure® type="direction*/>
<xsattribute name"disiClosure™ type~"xsdouble™ />
<XSAMAbUIC DAMC="0oWnSr" Dpo="xsStnng” />
<xsattribule name=~"parcelType™ type="xsstring” />
<xsattribute name~"scthackFront® type=*xs:doublc™ />
<xsattribute name="scthackRecar” type="xs:double™ />
<xsauribule name="scthackSide™ type="xs:double™ />
<xsattribule name="stale” type~"parcelSueType™ />
<xsattribule name="taxId* type="xsstring"/>
<xsattribute name="class™ type~"parcelClass"/>
<xsaunbule name="useOParcel” type="useOfParceiType™ />
<xsattribule name="parcelFormar” type="parcelFomat® />
<xsattribute name="busldingNo" type="xs:string*/>
<xsattribute name~"budldingl.eveiNo® type="xsstring”/>
<xsatrbule name="volame™ type="xssring”/>
<xsattribule name="pciRef™ typo="parceiNameRel™ />
<xsattribule name~"lotEntitlements™ type="xsstring™ />
<xsattribute name~" Bability A pportionment™ type~"xssaring”/>

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

</ Parcels>

e not semantics

e.g. how to define the
semantic relationship
between Strata lot anc

©SLA 2012
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@H&mated Cadastral Job Processing

SINGAPORE
LAND AUTHORITY

* only supported with knowledge and rules,

automated cadastral job processing can be fully
achieved

e use ontology, which describes the declarative
knowledge (facts) and procedural knowledge
(rules) to support automation and integration

15 ©SLA 2012



SLA Objectives

SINGAPORE
LAND AUTHORITY

* initiate a first step to develop and formalize
Ontology for 3D Cadastre in Singapore

 demonstrate the formalization step to
engineer the ontology

e support LandXML with Web Ontology
Language (OWL)

©SLA 2012



G Ontology

SINGAPORE
LAND AUTHORITY

e originated in philosophy to refer to the science of
what is, i.e. the kinds and structures of objects,

properties, events, processes, and relations in every
area of reality

* |n the geospatial domain, ontology describes
human-made and natural features, categories,
relations, and processes at different scales or spatia
granularities (Smith 2003)

* |n information sciences, “an explicit specifi
a conceptualization” (Gruber, 19€

17 ©SLA 2012



SLAN

SINGAPORE
LAND AUTHORITY

eb Ontology Language (OWL)

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

<asclement npme="Parcel™>
<xtamnotabon>
<xsdocumentation>Modified 0 nclude parcel class and an official ID<Uxsdocumentation>
</xsannotation>
<xsoomplexType>
<assoquUence>
<xschoice maxOocuy="mbounded™ >
<asclement ref="Center” mmnOocury="0" />
<xsoclemnent ref~*CoondGeom® >
<ascclement ref~" VolumeGoom™ minOocurs="0" manOccurs~"usbounded™ >
<ascclemest refv"Parcels™ misOocun="0" saxOccesy"unbounded” >
<agclement refe"Title" mnOccEy"0" maxOccun="unbowmded" >
<asclement ref~* Exclusions” minOccury="0" maxOccury="unbounded” o
<xs:chernent rof=" LocasonAddress® mnOocurs="0" maxOccurs=*unbounded™ >
</xschowe>
<xsclement sef+"Featere™ minOocurs="0" manOocun~"usbounded™ >
<raaoguence >
<xsattribulc namo="name” typo="xssring”™ wso="roguirad” >
<xsatinbute name="ofD"® typo="xs:stnng™ >
<xsatribule name="arca” type~"xsdouble™ >
<xsanridule name="desc” type"string” >
<asattridule same="dirClosure™ type="disection” />
<xsattridute namo="distClossre™ hypo="xsdosble” >
<xsattnbuie namo="ownor” type="xsstnng” />
<xsattribute name="parcelType™ type~"xsstnng™>
<xsanndule names"sethackFroot™ types"xsdouble™>
<xpanribule name"scthackRear™ type="xudouble™ >
<xsatiribule namo="scthackSide™ type="xsdosble® >
<xsatinibute namo~"state” typo~"parceiState Type* />
<xsatnibute name="xid" type="xssrng® >
<xsanndule name="clas” type~"pasceiClass™ >
<usanridule same="uscOParcel”™ type="uOPacciType" >
<xsattribuie namo="parcelFormat™ typo="pascelF ormat™ >
<xsattribute namo=~"bulldingNo® typo="xs:string” >
<xsattibute name="bulidingleveiNo™ type~"xsstnng” />
<xsanridule names"volame" type="xssmng” >
<xatridule same="pclRef™ type="parceiNameRel™ >
<xsattriduie name="TotEntifiements”™ typo~"xxstring” >
<xsattribute namo="habilty Apporsonment”™ type=" xsstring” >
<xscomplexType>
</xsclement>

XML

<owl:Class rdf:about="3DCadastralOntology;StratalLot">
<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>

OWL

e similar to XML, but
supports rich semantics

©SLA 2012




SLA

SINGAPORE

LAND AUTHORITY

e a computer program that is able to infer logical
consequences from a set of rules or facts described

in the ontology (OWL)
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he Legislative Documents

SINGAPORE
LAND AUTHORITY

* QOur judicial framework recognizes 3D

completeness, minimized
ambiguity, and consistency

| -j* but, contain hidden
’ knowledge, need domain
experts to explicate

—_—a




SLA

SINGAPORE

Formalization

subClassOf (:LandLot :SurfaceParcel)

“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

subClassOf (:AirspacelLot :3DParcel)
subClassOf (:SubterraneanlLot :3DParcel)

DataPropertyDomain (:hasLotNumber :Parcel)
DataPropertyRange (:hasLotNumber xsd:long)
FunctionalDataProperty (:hasLotNumber)

EquivalentClasses (
:Stratalot
ObjectIntersectionOf (:Stratum :Parcel)

Functional Syntax

§
2

;

<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:intersection0f>
</owl:Class>
</owl:equivalentClass>
<rdfs:subClassOf rdf:resource="3DCadastralOntology;3DParcel"/>
</owl:Class>

—
—
———
——

Ontology Editor - Protege

©SLA 2012



S Legislative Texts

e Land Titles Act (Chapter 157)

(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

(b) any parcel of airspace or any subterranean space whether or not held apart from the
surface of the earth and described with certainty by reference to a plan approved by the Chief
Surveyor and filed with the Authority, and includes any estate or interest therein and all
vegetation growing thereon and structures affixed thereto,

and where the context so permits, the proprietorship of land includes natural rights to air,
light, water and support and the right of access to any highway on which the land abuts;

T 2— | Boundaries and Survey Maps Act (Chapter 25)

(a) a parcel of land whic e a
holding by, through or under him;
(b) land covered by water;

(c) a building or a structure erected on land;

(d) any parcel of airspace or any subterranean space whether or not held apart from the
surface of the earth; and

(e) any estate or interest in land;

! Land Titles (Strata) Act (Chapter 158) '
“I , and includes a lot

specified as an accessory lot on any such plan

and

“stratum” means any part of land consisting of a space of any shape below, on or above the
surface of the land, or partly below and partly above the surface of the land, the dimensions
of which are delineated;

and

“accessory lot” means a lot intended for separate proprietorship and use with any other ©SLA 2012
specified lot or lots for any purpose;




Some Examples on Functional Syntax

SINGAPORE
LAND AUTHORITY

generalization axioms

subClassOf (% .

subClassOf (:AirspaceLot :3DParcel)
subClassOf (:Subterraneanlot :3DParcel)
subClassOf (:3DParcel :Parcel)
subClassOf (:SurfaceParcel :Parcel)

Defining Properties (relationships)

DataPrope ° .
DataPropertyRange (:hasLotNumber xsd:long)
FunctionalDataProperty (:hasLotNumber)

ObjectPropertyDomain (:isShownOn :Parcel)
ObjectPropertyRange (:isShownOn :Plan)

ObjectPropertyDomain (:isApprovedBy :Plan)

ObjectPropertyRange (:isApprovedBy :ChiefSurveyor)

subClassOf (:CertifiedPlan :Plan)
subClassOf (:StrataTitlePlan :Plan)

EquivalentClasses (
:DisjointSubterraneanlLot
ObjectIntersectionOf (

Expressions

quivalen asses (
:MeetSubterraneanlot

ObjectAllValuesFrom (:disjoint :SurfaceParcel)ff|OPJjectIntersectionOf (

:SubterraneanLot

ObjectAllValuesFrom (:meet :SurfaceParcel)
:SubterraneanlLot




SLAS

SJNGAPORE
LAND AUTHORITY

Protege

esult: Classes and Properties in

m Clasa Mararchy sefered
(Class Werarchy SOParcet _____ mems)

- -
.l "

v ®Thing
T Water
@ Pervon
-]
v OStratum
O Stratalot
v O Proprietorship
O RightOfAccess
® NaturalRights ToSupport
O NaturalRightsToWater
O NatwuralRightsTolign
O NaturalRights Todar
© AffixedStructure
O Vegetation
v 9 2DBoundary
© OuterMostBoundary
© SurfaceParcel Bowndary
© OhiefSurveyor
v ®Plan
O StrataTitlePlan
O CertifiedPlan
v O Parcel
O Stratalot
v O SurfaceParcel
O LandLon
v
OStratalot
© Accessorylont
¥ ©Airspacelot
O MeetAirspacelot
O DisjoimAirspacelot
v ®Subterraneanlot
© DispoumSubterraneaniot
O MeetSubterraneanlot

Arrcest om m

s8¢
Sow. Vs V dajoims Y samed sub/supencias ses
Found 10 wies of JDPan
v ©3DParcel
=3 3DParcel
®30Parced SubClassOf Parcel

v © Accessorylot
® Accessorylot SubClassOf 3DParcel

v O Airspacelot
® Arspacelot SubClassOf 3DParcel

v OStratalon
@ Stratalet SubClassOf 3DParcel

v O Sebterrancaniot
O Subterrancaniot SubClassOf 3DParcel

v w=mdiyyoint
mmdisjont Domain 3DParcel

v whasOuterMostBoundary
=mhavOuterMoviBoundary Domain 3DPascel

v whasSurfaceParcel
mhasSurfaceParcel Domain 30Parcel

v meet
=meet Domain J0Parcel

Obgect property Mlecaschy . haiSurfacePa BERS

S M

v mcpObectProperty
=iyCoveredby
whasinterestin
=hasOwnership
wdisjointStratum
=meetStratum
moverlapStratum
=hasShape
=yoparatefroprietonbipfrom
=haslot
-y Owneds or
whasAffisvedStrictureTo (
whasVegetationOn
-isAbove
s Usder
=meet
w=disjoint
-(sWithin
whasSurfaceParcelBoundary
hasOuterMostBoundary
=isAgprovedBy
=isShownOn

show V ivs VY dijonns
Found & wies of hasSurfaceParcel
v whasSurfaceParcel
-ﬁus\r{xe'vm Domaia SDParcel
hasSurfaceParcel
- Functional: hasSurfaceParced
mhasSerfacePascel Range SurfaceParcel

Paractenst s hadSu TRma . pan hasSerfaceParcel

v Funcrosal

Inwerse farctional

Transtive
Symmetric O SurfaceParcel
Ayymmetrn

Faflenive

Data peopety MNearchy. hasLetNumbet SERS
<[]
v mopDataProperty

=hasDimensions

-hsNeiEt

arer

e hatLotNumsber
show: (Vv s V' disjoines
Found 4 uses of hasLotNumber

v whasLotNumber
=haslotNumber Range: long
- hasLotNumber
= Functional: hasLotNumber
mshasLotNumber Domain Parcel

Charactierss DSNE BB Description: hasLotNumbes

v Functional
O Parcel

Olong

X




Overview of the Ontology
{Generalization relationship only)

StrataTatlePlan

Plan 55 4 - CentifiecPlan
NaturalRights TeAir
NatwralRightsToWater
/ . RightOfAccess
Propr QVN":E" ). .

NaturaliightsToSegpon

NaturalRightsTolight

Stratum
Parcel ). (e
o DisjointAirspacelot
f CheetSurveyor A e ’
«,7~~ - J0Parcel ] MeethirspaceLon
T .
. a . Accessorylot
"l
\ DisjointSubterraneaniot
AffixedStructure . N
SurfaceParcel Subterraneantot _
MeetSubterranearlon

Vegetation LandlLot

Water

Person
SurfaceParce/Boundary
208oundary |

OuterMostBoundary




[ogmt |

SI_/‘\;Complete Ontology in Grap

LAND AUTHORITY [....w]

\ -

A L .
i o Q
\ . < 4 -
‘ (Y A \ Q

|
(G5 ] ) (=T
P el N D= NV -
\ ¥ . 4 N -

o e ©SLA 2012




St Ontology in OWL
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SLA

SINGAPORE

LandXML Schema

LAND AUTHORITY

Units ?

Coordinate System

Project ?

Application

CgPoints

Amendment

GradeModel

Center

CoordGeom

VolumeGeom

Parcels

:

Title

Monuments

LandXML ﬁ[l—

PlanFeatures

Exclusions

LocationAddress

PipeNetworks

Roadways

Surfaces

Survey h

Featu reDictionary

any##other

Feature

e

Property

Feature | + i DocFileRef

Feature

<xs:element name="DocFileRef">
<x$:.annctation>

<XS annoiaton>
<xs.complexType>

<xs.complexType>
</xs:element>

<xs documentation>A referencs 1o any extemal document Sle containing
related information for the assocated element </xs:documentation>

<xsattrbute name="name” use="required"’>
<x8.atrBute namesocation” type~"xs.anyURI" us
<xs:attrbute name="fleType"® type="xs:string"/>
<x§.8rtute name="oFormat” type="xs string"/>

o~ "roquired”/»

XSD

©SLA 2012




Two-Tier Framework

3DParcel

<rdf:RDF xmlns="http:

xmlns:3DCadastralOntology="http:

www.sla.gov.sg/ontolo 3DCadastralOntology.owl#"

www.sla.gov.sg/ontolo 3DCadastralOntology.owl#">

<owl:Class rdf:about="3DCadastralOntology;Stratalot"> = = = = = = = = = = =
<owl:equivalentClass> 1
<owl:Class> !
~ <owl:intersectionOf rdf:parseType="Collection"> :
N <rdf:Description rdf:abou1:="SDCadastralOntology;Parcel"/>I
. <rdf:Description rdf:about="3DCadastralOntology;Stratum"/3
SubterraneanLot % </owl:intersection0f> '
haS Iy </owl:Class> .
A ' </owl:equivalentClass> ]
“ A “ 1 <rdfs:subClassOf rdf:resource="3DCadastralOntology;3DParcel"/> 1
. \‘ ' 1 </owl:Class> :
+ . 1 ...
S N 1 1
| S S st owL
Knowledge Tier® o .
Y |
‘s URI Y ! :
Center v N - 1
URI , URI s 1 1
. s ! URI ! 1
‘ 1 1 1
CoordGeom h vl ' 1
Vo : thl !
U ! (] 1 1
)
VolumeGeom L 1 : :
L [} . .
1 1
' 1! 1 1 1
1
Parcels 1 ': «DockleRet pame <"Stratalot” locabon <"http:/ /S www.sla.gov.sq/ ontology/ 3DCadastralOntology.owl#Stratalot” | |- - -I
I
1 1 . ]
1 1
Titl ;N ! LandXML
Itle . ..| q :
. 1
Exclusions ? N )
Y 'y
1 ‘y P 1
LocationAddress A [ roperty N
.
\~ ‘~-_ ! q
Feature ] == DocFileRef

Feature

©SLA 2012



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#

SLA Applications

SINGAPORE
LAND AUTHORITY

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

* ontology makes the semantics of cadastral
dataset explicit. This will facilitate the
integration of cadastral dataset with other data
sources

;0 ©SLA 2012



SLA Conclusions

SINGAPORE
LAND AUTHORITY

supported LandXML with Semantics
developing ontology is an on-going process

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

more concepts are needed over time, and the
framework should be tested with real case study

31 ©SLA 2012



Thank You!

soon_kean_huat@sla.gov.sg
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