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Existing cadastral submissions in
machine-non-processable formats
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[his form may take you 10 minutes to fil in

[ 5394-2007, 36102008, | mrcNa! |- -
SLASVY | 3074-2009, 3962-2010 ‘m""‘ Hza
Surveyor's ref | - | LT/3858 | Location | - | UBIRD 1/LINK/AVE3 &4

[Approved plan | - | WPP1_ES20110207R0164

Land Lots : 8570X & 6571L, 6645M & 6646W, 6689C & 6690X, 6931V & 6932P

No. Subject Registered Surveyor's Confirmation
1. Field NA O

(a)  ISN Control Markers

(i) Acceptable ISN control markers
(i)  Unacceptable ISN control markers
(b)  Reasons for revision of SVY 21

SM14137, SM14349, SM 14346, SM 14347

coordinates
Sin Nos
(c) Isthe demarcation following Appd/ RIS/ “Ves [T N6 T
Authorised Plan?
2, Computations NA D

(a)  Misclose
() Main traverse loop 1:20168, 1:478530, 1:15506
(i) Sub-traverse loop

(b)  Difference between surveyedareaand ~ N.A B
dlienated area
(i) Isthe difference in area within 1%? Yes @ No 3

(i) IfNo, is clearance obtained from relevant Yes [ No [
authority/ party?
]
Strata Lots :
Accessory Lots :
No. Subject
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SLAL Three thrusts to tackle
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Adding Vertical Dimension and Time
® 3D Cadastres

® Provenance Management

Adopting Open Standards for Automation and Data
Interoperability

® LandXML

® |SO LADM

Providing a Proactive Communication Platform
® Registered Surveyor Submission Portal

® Pre-validation and Interactive Communication



S| AT Cadastral Survey Management
e System

The Singapore Land Authority (SLA) has embarked on the
design and development of CSMS project

/ Cadastral Survey Management System (CSMS) \
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SLA<S Innovation in Cadastre [€5SWM

INTERGOVERNM ENTAL COMMITTEE OX
SINGAPORE SURVEYING & MAPPING
LAND AUTHORITY

erlan
Together with Australia and New Zealand, Singapore

have been streamlining cadastral processes based on
LandXML

Paper Plan s Image Plan — LandXML
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Singapore Custom Features are mostly

SG LandXML

<Feature> or <PlanFeature>

Transformation Parameters and

<Feature name="Transformation">
<Feature name="Parameters”>

<Property " value="8.836544" />

<Property " value="-8.547919" />
<Property 1 value="212.398258" />
<Property value="-88.061258" />

</Feature>
cFeature name="Residuals">
<Feature name="Residual™>

<Property label="station” value="1" />
<Property i "-9.001"
<Property 1 0.002" />
¢/Feature>
<Feature name="Residual™>
<Property labsl="station” 705
<Praperty label i "-9.001" />
<Property label="easting” e="0.800" />
</Feature>
.. as many as control
¢/Features

¢Feature name=" Misclose">

<Property label="anglularMisclose” valu
<Property label="miscloseRatio” value=
</Feature>
</Feature>

Leveling Details

defined through additional

Encroachments

-16" />
1:65787" />

Control Points

<cgpoints>
<ca

11ipsoidHei,
</cgpoints>
<Monuments>
<Monument name="VCP88188" pn:
desc="Thomson Road/Suffolk Roar
<Featurer

<Property
</Feature>
¢Feature name=
<Property lab
<Property label
<cProperty 1
</Feature
<Feature nam

</Feature>

cFeature nam
cProperty la
<Property labe

</Feature>
</Monument>
¢/Manumentss

int name="42" .3 " Yong:

<Feature name-"LevelingDetalls”>
<Feature name="Header”>
<Property label="fi

<Property label="to” valus="VCP8ei72"”/>
</Feature>
<Feature name="VcpIntegrityCheck”>

<Prope
<Property labe
<Property labs
</Feature>
<Feature name="detail”>
<Property
<Property 1
«Property
<Property 1
<Property
<Property
</Feature>
<Feature name="detail”>
<Property lab stn® value="W1%/>
<Praoperty label="is” val
<Property lab v
<Pro)
<Property labe
<Property label
</Feature>
</Feature>
<Feature nar
<Praperty

al” value:
rmk* value:

1 538" />

</Feature>

<Property
<Property
<Property
<Property
<Property

rom” value="VCP88172%/>

™ value="VCPBAL72”/>
"bs” value="1.463"/>

<PlanFeatures name
<PlanFeaturs nam

<CoardGeom>
<IrregularLines

Encroachments”™>

<PntList2D>
38244.876 30474.841
38246.938 30476.324
382456.038 28475.324
2B244 .876 20474.841
</PntlList2D>
</IrregularLine>
</CoordGeam>
ture nal
<Property
<Property
<Property
<Property
<Property
</Featur
</PlanFeature>

“encProps™>
el="code”
geomiype
pciref”
occRef”

>

e="1.492"/>

v -9.838%/>

rty label="rl” vailus="1108.862"/>
”110.863"/>

itness mark 1%/>

VCP8e1727/3

118.8917/>
<Property label="al” value="118.891"/>

<Property 1. ReducedLevel”
</Feature>
<BocFileRef na tationDiagram_80188.jpg"
<DocFileRef na ocationMap_80188. jpg! &
<DocFileRef name="SitePlan_88188.3pg" L

</PlanFeatures>

<5Ttart>38244.976 20474.841</Start>
<End>38243.930 28475.207<

Using algebra to define lineage

<Property
label="1ineage"
'"P2+P3=P4;[P4=P5+P6+P7+PB+PY; P1+P6=P1D
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Completed with
Conceptual Design

Constructing the
physical structure

SG LADM

class 3G Survey. Swrveyor and Splﬁaf/
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Frae : Versionad ObEcil
: +unit wfeatuET e +umitl
featureTypes ~baunitAFarty. ~ Adminstative:L A BALInit LS
Party-LA_ Party or —
+ name: ChamscterSinng [02.1]
+ =xtPI: O [0.1] VemionedCject] + type: LA BAUniType
1. |+ name ChamcerSirng [0.1] i + Wi Ong
+ piD Gd sfeatursTypes e
+ e LA_PatyRoizType 0] Ademistatiiel N RN ; constmints: +haimit
+ fype LA PatyType - sen{RRR share=1 pertype iT RRR. sharelCheck}
15 F CharsuerSmng [0 1] [pe ;=7 RRR tmeSpec per summed type} or
sparty | 0.1 +  fir Cid feira
1 + share- Faction [0_1] F
o #m | 4 shamCheck Boolean 0_1] ; J i
1 — + fFmeSpec 1S08A01_I5014825 Type @.1] F————unitRr it
e = sitismmhy
sl
+= |07 ot
[ 7 Epent % o +s =
wTeauETypes o1 etk 7 a1 Akt G
| Surveying and Rapresentation-LA_ Paint s nedihf —plus—f + SxtAddresD ExAddressil 1] sl
———— —_— «featursTypes o g |+ ama LA AreaValee 0 7] .
+ intemaiationf spaunt +bfs Surveying and Representation= + dimenson: LA DimengonType [0.1]
S R e
o ad joriemd} |+ b0 o0 iy E
paintType: LA PoimtType = centrol + peometry: GM_MultiCunve [0.1] 2 e ceFel A 5 Type [0.1]
IpmdustionMethag: LI _Linssge (0. 1] i + locationByText: CharasterSting [1.1] fime: LA_ViolumeValue [0.% ’
fEnsindResit LA Trandomnstion L] LPont e s} e
- "
1. R Bl &
pointSouns SUSoure
wfzatureTypes wfeatur=Types fEat=Types
$G_Ppmt Special Classes-LA_Soarce 56 Lot
+ approval Sote. 3G _ApprovalSiate + acceplance: DaieTime 0-1] = lotNumber dhar
*y inMeshod: S5 Points ype I | it LA_Awailabili e = typeSG LotType
+ safronMumber char + exthmnivelD) ExtArchive [0 1) + da=S5E Loillas
: 55 e + IfieSpanSEmy: DateTime [1] bisSoums + sineyDisic Oid
+ exifddresll Exthddres : + mzntype: Cl_PresentationFomSocs 0.1] + =pprowalState: 56 AppovalState|
+ quating DX Eement [0.7 += ephumber char
+ recortation: DateTime [0.1) = fiffe; char
+ =0 Oid + ofiginziDatunt: 5@ _DatismTyps
+ mame O RegponstiePary [0 + mmans char
+ wbmison DateTime {0.1] + amalemription: char
+ globalllt long
+ balance: bociean= false
+5ume sfeahmeTypes | e
_p Surveying and f -
- LA SpatialSource o
- e +s0urce
SinEyorSone oM_a o
0. |+ mpe LA SpafisiSoumeTyps i o*
wfeahmeTypes
5G_Survey
+ smeyhumber Oid
+  pumposCiSuvey 56 SuneyTyps
+ =meeyorl int
+  plankis: char
+ ot char
+ Hneage: char




SG LADM (LA _SpatialUnit
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VersionedObject| «ieatureType»
Spatial Unit::LA_SpatialUnit SG Lot
+ exdAddreslD ExiAddress (0] + lotNumber. CharacterSinng
+ area LA AmreaValue [0..7] + fype: SG LoiType
+ dimension: LA_DimensionType [0..1] + class SG_LoiClass
+ |abel: CharacierSting [0 1] < —————— + aveybisinct: Oid
+ referencePoint: GM_Point [0..1] + approvalState: SG_ApprovalState
+ =ulD: Oid + cpNumber Charactersiring
+ surfaceRetation: LA_SuraceRelationType [0..1] + fitle: Characterstring
+ wolume: LA VolumeValue [0.."] + orginalDatum: SG_DatumType
I + remarks ChamacterString
-+ areaDescription: CharacterSinng
+ gleballD: long
+ |balance: boolean = false

Spatial Unit:LA_LegalSpaceBuildingUnit | Hanalot gmmam "
+ extPhyscalBuildingUnitiD: ExtPhysical BuildingUnit [0..1]
+ lype: LA BuildingUnitType [0..1]
[sbulot

afeatureTypes
$G_LegalSpaceBuildingUnit
: +d ot

+ loiNumber Characterstring

+ unitName: Characterstring g -

+ level int [within lot}
I

«featureTypes wfeatureTypes

SG_StrataLot SG_AccessoryLot

+ appurtenantToDid: Oid




SLAL SG LADM (LA_Party)
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afeatureType»
SG_SurveyorRegistry

————regisiry:

+surveyor |

VersionedGbject

«wfeature Type»
Party::LA Party

extPID: Oid [0..1]

name: CharacterString [0 .1]
pIlx Gid

mle: LA PariyRoleType [0.%]
type: LA_PariyType

% b @

+assistant

s registry

+registration

+regigration

TT o e I LTI e G I

=0 it

name: Characterstring
identification: ChamacterSting
cerfifications Chamaciersinng
issueDate. DaleTime
companyName: CharacterString
email: Characterstring
mailingAddress CharacierSinng
phoneNumber, Chamclersinng
aclivatedDate: DateTime
aclivatedHidory: CharacterStrning

+suveyor | 1

+assisant 0 *

afeatureTyper»
5G_AssistantRegistry

1

O S S S S

aalb: Oid

name. Charactersinng
D Did

reName: CharactersStnng
issueDate: DateTime
photo: media
entryPassScan: media
certificate: Charactersting
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SG LADM (LA Point)

Control Point

LA Point

afeature Type»
SG_Control

T T I T G T

controlClass SG_ControlType
status controlStatus

owner. CharacterStiing
ellipsoidHeight: double
reductionConstant: double
reducedlLevel: double

witnesshMarks. SG WitnessMark [0..4]
localityDiagram: Image

surveyDate: DateTime

surveyor, CharacterSting
assgtantSurveyor CharacterString
lecationDescription: CharacterString
control Description: CharacterString
remarks: CharacterString

LA Point

o O L TR T T

interpolationRale: LA_|nterpolationType
monumentation: LA MonumentationType [0. 1]
onginallLocation: GM_Point

pliD: Oid

pointType: LA_PointType = control
/productionMethed: LI_Lineage [0..1]
transAndResult LA _Transformation [ﬂ_ |

“VersionedObject

+

o i o |

beginLifespanVerson: DateTime
endLifespanVerson: DateTime [0_.1]
quality: DQ_Element [0..*]

source: Cl_ResponsbleParty [0..7]

cntriSrc

+cantrol +source

sfeatureType»
Special Classes;:.LA_Source

acceptance: DateTime [0..1]

extArchivelD: ExtArchive [0..1]
lifeSpanStamp: DateTime [0..1]

quality: DQ_Element [0 7]
recordation: DateTime [0..1]

<D: Oid

source: Cl_ResponsibleParty [0.."]
submission: DateTime [0..1]

T

Boundary Point

availabilityStatus: LA AvailabilityStatusType

maintype: Cl_PresentationFormCade [0..1]

afealureTypes
SG Point

afeatureType»
Surveying and Representation::
LA_SpatialSource

+entri 1.
cntlwm

+wm | 4

«featureTypen
SG_WitnessMark:

+ name: CharacterSting
+ heightDifference: double
+ reducedlevel: double

+ measurements OM_Observation [0..%]
1+ type: LA SpatialSourceType

«featureType»
SG_SurveySource

+ surveyNumber CharaclerSirning

+ o+ ot

approvalStale: SG_ApprovalSiate
pointMethod: SG_PointSuveyMethodType
dationNumber: char

monumentation: SG_MonumentiType
extAddressD’ ExtAddress

=LA_Paint

oot

+

interpolationRole: LA_InterpelationType
monumentation: LA_ManumentationType [0.1]
onginalLocation: GM_Point

plD: Oid

poiniType: LA_PoiniType = control
iproductionMethod: LI Lineage [0..1]
transAndResuit: LA Transformation [0_%]

~VersionedObject

+

_F_
&
+

beginLifespanVersion: DateTime
endLifespanVerson: DateTime [D-1]
quality: DQ_Element [0..%]

source: Gl ResponsibleParty [0..%]

e
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class VersionedObject/

afeatureTypen
LA_Right

«featureTypen
LA_Responsibility

—

SG LADM (VersionedObiject)

wfeatureTypen»
LA_Restriction

xfeatureType»
LA_Mortgage

v

«featureTypen
LA_PartyMember

afeatureTypen
LA_GroupParty

v

afeatureType»
LA_Party

ufeatureTypes
LA_Point

/57

«featureType»
LA RRR

] wfeatureType»

ufeatureTypen

LA_RequiredRelationshipBAUnit

LA BAU“I:/
ufeatureType»

VersionedObject

beginLifespanVerson: DateTime
endl ifespanVersion: DateTime [0_1] .

okl

quality: D0 _Element [0..*]
source: Cl_ResponableParty [0_7]

{endLifespanVersion (n-1) = stariLifespanVersion (n)}

constraints

A

ufeatureTypes
LA_BoundaryFaceString

wfeature Type»
LA_BoundaryFace

«featureType»

LA_RequiredRelationshipSpatialUnit

wfeatureType»
LA_SpatialUnit

ufeatureType»
LA_SpatialUnitGroup

wfeatureTypen
LA_Level







SLALS Provenance Management

Allocation » Activation » Final Approved

SINGAPORE
LAND AUTHORITY
Approval States
(i1, k1, 11, j2,
k2, 12...)
Oracle Spatial
(SG LADM) (a1, b1, c1,

a2, b2,c2..)

(p1, 91, r1,
P2, 92, r2...)

The model is critical for complex spatio-temporal queries and an
lowing the comparisons for the spatial, temporal

S e

4

4

4

Final May 4, 2015  Oct 3, 2015
Approved

Activation May 4, 2015 Jun 11,2015 Oct3, 2015

Allocation May 4, 2015 May 4, 2015 Jun 1, 2015

ribute changes of a lot si

7
nce it



SLA<> 2D and 3D parcel representations
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Lot Categories Examples

2D Lot (no z/elevation) N, E
(most existing cadastres have this type of lot. It is still
important to include this type in 3D cadastral database)

Surface Lot (with z/elevation, which is based on terrain or N, E,, h, Constitute

a constant z) (this type has limited depth or height) majority
(referred as BoundaryFaceString in LADM)

of parcels

Polygonal Sliced Lot
(standard 3D parcels. This type includes airspace,

subterranean, strata/building format) -+
Single-valued Stepped Lot - ﬂ
(any x, y location, only one range (Zmin, Zmax)

(diff levels of top/bottom, but one volume) ool p—

Multi-valued Stepped Lot
(any x, y location, can have more than one range [Zmin, Zmax]) Zmax, 2

(diff levels of top/bottom, and one than one volume) e
:/:::fjl
Zmin,2 ; E
Zmax,1

Zmin,1

More Complex 3D ey
(Polygonal Sliced + Single-valued Stepped + Multi-valued
Stepped) + (curved surface, slanted wall) (after Thompson, et al

2015)




SLA<S 2D and 3D LandXML encoding

SINGAPORE
LAND AUTHORITY <Parcel class="LOT” name="25" parcelFormat="Volumetric” Parcel
state="created” parcelType="single”> arce
[<CoordEEom desc="Todtprint”> — — — — —&
|
< /CoordGeom> -I CoordGeom
i e e N
1 r;VolumeGeonD
I <CoordGeom desc="Face3D"> | Vol G
olumeGeom
|
| </CoordGeom> I
2 1 <CoordGeom desc="Face3D">
I CoordGeom
I </CoordGeom> |
CoordGeom
3 J<LVOlumeGeom> | | . o o o
\ </Parcel> etc.
Simple Faces Method
. v |
]('______,,___._:___“__,,____'I
5 Parcel class="Footprint” name="25/1"> Parcel “25/17
] <CoordGeom desc="Polygon2D”>...</CoordGeom> |
F/Parcel> | |_
s —— e o = = CoordGeom
l:]ETarEel_ cTas_s=7Bo_un?ia?yF_acE"_naEe;‘2_5/5"}_ - _l
—y] <CoordGeom desc="Polygon3D”>...</CoordGeom> Parcel <25/2
f/Parcel> | I_
6 ' o CoordGeom
Parcel class="LOT" name=%25" etc.
) parcelFormat="Volumetric”:>
<Parcels> cir
<Parcel pelRef=v25/1" /> Parcel “25
<Parcel peclRef=v25/2" />
L <pclRef>
</Parcels> Parcel “25/1”
L/ Parcel>
— | <pclRef=
= Parcel “25/2”

Nested Parcels Method (Referencing) etc.




sia-= Converting 170 over subterranean

lots from plans to 3D GIS
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Thank you!
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rfs

10US

Consolidated

Image Plans

LandXML

Parse-able &

Exchanaeable

rveyHeader L.

— <xs:element name="SurveyHeader">
+ <xs:annotation></xs:annotation>
—<xs:complexType mixed="true">
—<xs:choice minOccurs="0" maxOccurs="mbounded">
<xs:element ref="Annotation’ minOccurs="0" maxOccurs="ubounded"/>
ref="A ! mi '0" maxOceurs="unbounded">
ref="A Date’ mi *0" maxOccurs="unbounded"/>
<xs:element ref="CoordinateSystem’ minOccurs="0">

<xs:element ref="Units" minOceurs="0">
<xs:element ref="MapPoint’ minOccurs="0" maxOccurs="unbounded">
<xs:element ref="Personnel’ minOceurs="0" maxOccurs="ubounded"/>
<xs:element ref="FieldNote" minOccurs="0" maxOccurs="urbounded"/>
<xs:element ref="Feature” minOccurs="0" maxOceurs="usbounded">
<xs:element ref="SurveyorCertificate’ minOceurs="0" maxOccurs="unbounded">
<xs:element ref="PurposeOfSurvey” minOceurs="0" maxOccurs="usbounded">
<xs:element ref="HeadOfPower” minOceurs="0" maxOceurs="ubounded’/>

<xs:choice>

<xs:attribute name="name" type="xs:string" use="required’/>

<xs:attribute name="desc" type="xsstring'/>

<xs:attribute name="purposc” type="purposcType"/>

<xs:attribute name="startTime" type="xs:dateTime"/>

<xs:attribute name="cndTime" type="xs dateTime'/>

<xs:attribute name="surveyor' type="xsstring"/>

<xs:attribute name="surveyorFirm' type="xs'string"/>

<xs:attribute name="surveyorReference’ type="xs string'/>

<xs:attribute name="surveyorRegistration” type="xs string"/>

<xs:attribute name="surveyPurpose” type="ss'string"/>

<xs:attribute name="type" type="surveyType'/>

<xs:attribute name="class" type="xsstring"/>

<xs:attribute name="county" fype="xs'string"/>

<xs:attribute name="applyAtmosphericCorrection’ type="xs booleas"’>

<xs:attribute name="pressure’ type="ss:double"/>

<xs:attribute name="temperature” type="xs:double"’>

<xs:attribute name="applyScal evelCorrection" type="ssboolean'/>

<xs:attribute name="scalcFactor" type="ssdouble">

<xs:attribute name="scal evelCorrectionFactor’ type="xsdouble’/>

<xs:attribute name="combinedFactor” type="xs-double"/>

<xs:attribute name="jurisdiction" type="jurisdictionType'/>

<xs:attribute name="submissiorDate" type="xs datc"/>

name="d " type="d Tope's
name="surveyFormat' type="survey Type'l>
name="surveyStatus” type="surveyStarusType’/>

LandXML

Faster issuance of
Titles

Intelligently access
data files

Automate plan
checking process

Consistent checking
by automation

Directly read in CAD
for drafting

Reduce queries and

clarifications




SINGAPORE
Pros vranp autHoriTy

*Object-based with footprint being
separated from the complete 3D geometry
*Can easily read and extract footprint
and/or 3d geometry of lot

Cons

eCommon faces encoded twice (could
result in inconsistency)

*Increase validation checks

eLarger file size

Pros

*More acceptable by GIS and CAD
software (as <VolumeGeom> is not used)
*Enable representation of topological
structure

*Reduce file size

and'extra
thru referencing)

Pros and Cons

<Parcel class="LOT"” name="25"

state="created” parcelType="single”>
RCT:-o?dGEoH desc="Footprint> — T T & 7
</ o rdGeom>

|

|
o gl P
r; olumeGeom>

parcelFormat="Volumetric”

Parcel

CoordGeom

I <CoordGeom desc="Face3D"> |
I VolumeGeom
| </CoordGeom> I
| <CoordGeom desc="Face3D"> I CoordGeom
| </CoordGeom> |
1 CoordGeom
I <_/V&l UMSGEOI> | o o o o o = = o :
</Parcel> etc.
Simple Faces Method
Parcel class="Footprint” name="25/1"> 1 Parcel “25/17
I <CoordGeom desc="Polygon2D”>...</CoordGeom> |
I:/Parcel} 1 |_
___________________ CoordGeom
l:]ETarEel_cTas_s—7Bo_un?ia? F_acg"_naEe:‘2_5/5"}_ -~
Y
| <CoordGeom desc="Polygon3D”>...</CoordGeom> Parcel <25/2

KParcel class="LOT"” name="25"
parcelFormat="Volumetric”:>
<Parcels>
<Parcel pelRef=v25/1" />
<Parcel peclRef=v25/2" />

</Parcels>
L /Parcel >

Nested Parcels Method

I— CoordGeom

etc.

Parcel “25™

<pclRef>
Parcel “25/1”

<pclRef>
Parcel “25/2”

etc.

I~_r_ _ _ _ _* _ _\




