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3D Cadastre and Data Model

Paper based Digital Representation of Ownership
Representation of Boundaries and Physical objects
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Existing cadastral data models

e The Core cadastral data model (Henssen, 1995)

e FGDC (FGDC, 1996)

e ArcGIS Parcel Data Model (Meyer, 2001)

e DM.O1. (Steudler, 2005) v

e Legal Property Object (Kalantari et al., 2008)
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e ePlan (ICSM, 2009)
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e LADM-ISO 19152 (1SO19152, 2012). MELBOURNE
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Assessment of existing cadastral data models

Core objects What are the core objects of the data model?

Basic spatial unit What are the basic spatial units of the data model?

Other forms of spatial units Does the data model have other forms of spatial unit?

Reference documents What are the data sources?

Applications In what applications can the data model be used for?

Inclusion of other types of interests Whether or not other types of interests are considered in the data model?

Temporal aspects Whether or not temporal aspects of interests are considered? @

Management and representation of gﬁﬂ;ﬁ
How does the data model render stratifiekd RRRs? s =

stratified RRRs

Semantic-level In what level does the data model support semantics?

THE UNIVERSITY OF

How does the data model support the physical counterparts of legal R

Physical objects )
objects? 4




Summery of the assessment

v Challenge 1: Existing cadastral data models do not incorporate
physical object.

v Challenge 2: Existing cadastral data models are not semantically

enriched. v
©
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Business Analysis

N X X X

Assess needs of users of 3D cadastres

Identify data elements of 3D cadastres

Conceptual
Data Model

ICSM members (Permanent Committee in Cadastral Reform)
Land and Property information in 3D Workshop, Melbourne
2"d |nternational workshop on 3D Cadastres, Delft, the Netherlands
Placement in Land Victoria

Literature review
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Concept of Legal Property Object

Title

(RRRS) % -
Physical Conceptual
Data Model [ Data Model
Person LegalPropertyObject \ /
Maodel
+ Person e > [ *Parcel (Kalantari, 2008)
+ Right

its spatial extent

v' Combines every interest and @l

v’ Facilitates the incorporation of CSOILA
a wide range of interests
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Utilisation of Legal Property Object in the 3DCDM model

LegalDocument ‘ Le galPropertyObj ect Geometry ‘ \
Logical D:
Model
< > >
<---- o e— -
: A :
|
| | |
| \L, |
L = L___=
InterestHolder ‘ Address
__________ } @
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The 3DCDM model and 3D data

Real World

Address GM_Curve \
sici [Conceprual
ala Mode Dala Model

| Loglcal Data /

Model
GM _Surface
+2DParcel
+2DParcel

LegalPropertyObject

+3DParcel
< /\ +3DParcel
LegalDocument

—

GM_Mu ItiSurfaceI

4\ \/ CSDILA

V V GM_Solid e

InterestHolder
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The 3DCDM model and integration with Physical Object

Real World

/7 N\

Physical Conceptual
. Dala Model Dala Model
GM_MultiSurfacg— L )
Loglcal Data
GM_Solid [ ModEl

GM_Surface

N

LegalDocument

LegalPropertyObj ect [— _PhysicalPropertyObject
InterestHolder Address Building Land PhysicalPropertyObject @
CSDILA
_UtilityNetwork Tunnel B
THIE-;_.F.NIVERS Y OF
MELBOURNE
Telecom municationNe twork WaterNetwork WasteNetwork ElectricityNetwork
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The 3DCDM model and Semantics

GM_Curve
GM_Surface

\

/7
N

Conceptual
Dala Model

+2DParcel F Physical
+3DParcel GM_Solid

Le galPropertyObj ect

< =
LegalDocument f +3DParcel Model

GM_MuItiSurfacJ
/

+boundedBy
_BoundaryTy pe
InterestHolder

——

JA
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WallSurface CeilingSurface SuspendedCeilingSurface RoofSurface
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FloorSurface SlabSurface FloorJoistsSurface MELBOURNE
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Conceptual data model of the 3DCDM model

Legai Hierarchy
Real World

Geometry /’ \
N

Survey CadastralPoint

|
|
|
|
|
| 7 3
_____ - = Physical Conceptual
> r } Dala Model Dala Model

<

f|\ /|\ Loglcal Data
| | Model

| :
- | S T
: : | |  Physical Hierarchy :
i | : I : |
LegalDocument ; Le galPropertyObj ect | | PhysicalPropertyObject | :
' |
' |
' I
| |
[ P |
| . |
\ N : | |
i | . :_= ________ ]
= : ' |
| | | | sl
V V ! V CSDILA
interestHoider | - — — —— — =>{Address | el
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Colours in the 3DCDM model

Real World

N

Physical Conceptual
Data Model Data Model
Logical Data
Model

Class1 3DCDM’s root model features

Class2 3DCDM'’s legal hierarchy features

Class3 3DCDM'’s physical hierarchy features

THECENTHE FOR ST

Class4
3DCDM’s GML features

.
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Separate modules and hierarchies in the 3DCDM model

Legal Hierarchy Physical Hierarchy
«Leafs «Leafs wleafs Land UtilityNetwork
CadastralPoint Survey Terrain
I I I | |
| " | | | |
| | | | |
| | | | |
| | | | |
: «Leafs : L eafs «lLeafs : «Leafs : :
I InterestHolder I Legal Property Object Physical Property Obj ect I Building | Tunnel |
| | | | |
| | | | |
| | | | |
| | | | |
| T | T T | | |
| | | | | | | | T |
| ) | _ | | . | ) | | | | |
:mm ports :(IITI ports | aimports Jl-etlmpol‘tn |imports ]I_ecim ports J|_¢=impc:rh; Jl-ecimportn Jlximporln J| «imports
______________________________ -—t-- > -4l
|
|
4 sub-models (modules) v 6 sub-models (modules)
. — sLeafs
wApplication Schemax» LN
UrbanCadastralModel (Root)
T dimpots

I

|

!
aimport»

|

1 sub-model (module)

aX 5Dscheam »
Ge ography Markup Langua ge

v'The 3DCDM model has 11 sub-models (modules).
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3DCDM Root module

=F eatres
suwy Survey

sFeatures
ownrinterestHolder

aFeatures
cpmiCadastral Points

N

/

consistsiJLPO consistsCEPRD
| né g .é sl |
#pmoprietor : aFeatures +ipo pe «Features «Features
ipoilegalPropertylbject _PhysicalPropertyObject trn:Temrain
|y +property 0.1 "
+ Iporef xsCIDREF [0..1]
+ desc :wsistring [0..1]
| I 1
sFeatures «Features sFeatures
ppo:PhysicalPropertyObject bild=:Building land::Land
wFeatures aFeatures
tuni:zTunne! wnwk: UtilityNetw ork

Real World

Conceptual
Data Model

'\./

Logical Data

Model

v
®
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3DCDM LegaIP'rd'pé_rtyObject module

—
UrbanObjec
+adress «Features - 4=
Address -Address SFEEmEs
0.1 root: PhysicalPropertyObject
+addressa" o..1 .

rr-r——————""®"" """ "®""&""/W'F"" """\« ~—F&7FFF"FF7Fmrrr—/7"r/#7"7"m/—>""™"TT""""F"""™"F"F¥®# "®=>»+"m " ——""""""7"7""/"/""7""" ':
_Feature| : |
«Features I l
roof:_Cadas tral0 bject | ) T |
[ consistsOfLPO * +po |
ﬁ | sFeaturss - _ |
| Le galPropertyObj ect 0.1 +re prese nted ByMu Iti Cu rve _GeometicA ggregatg |
| |
| + IpoFomat dpoFomatT ype 3 0.1 "GED"‘FW" |
| # lpoUnit :lpoUnitT ype 0.1 _GeomedicP nmitivel gml::MultiCurve |
| + mTooTType |
Geome trys
| 3 " |
| ¢ lpoClass clpoClas=Typs +re prese nted BySolid ami:;_Salid |
| + area xsodouble [D.1] |
| + wolume :xs:double [0..1] _ G eome ticA ggreg atd |
. 1 + lotEntitlement xs:stimg [0.. 1] . |
1. I s+ lotLiability :xs:sring [0..1] +re presented ByMu ltiSurface (ililieom.el:ry- |
Features I + landUss :dandUseType [0.1] o gml-MultiSurface :
ownr:InterestHoblder : + lpoState :lpoStateType [0..1] v ,-" |
o + ppoRef xs:IDREF [0..1] 0.1 |
+ pName xsostiing [0..1] roprietor) +property +represe nted ByMultiSurface |
+ share xsointeger [0..1] t |
+ type tinterestHolderType [0..1] ; | . I
. | .
I +pn:-pert'|'|" ; +boundedBy — :
== ek L ™
I t 01 * BoundaryType::_Boundary Type I
)
! +Iegaanaume: «Features aFeatures + boundary boundaryType [0..1] :
| - LegalDocument::Title D'I::ll:llzucc;:‘:::t-i-on |
| |
| «Features + wolume cxstinteger I I
| LegalDocument:: eretersTol| + T e T + ownersCorpPlanMoe xs=:sring |
| ParentTitle - + securityMeo xs:string [0..1] f\ " I
T,tl I ; = E + producedDate xs:date [0..1] |
I1tle | + volume xsdmisger + producedTime -xs:time [0..1] +managedBy |
L folio xscinteger + noOfPamentTitle :xsinteger [0..1)] 1 |
(RRRS) | : «Features xFeatures «Features «Features I
[ N 1 BoundaryType:: BoundaryType:: Boundary Type:: BoundaryType:: I
: 1 WallSurface Ceiling5 urface SuspendedCeilingSurface RoofSurface |
i aFeatures |
LegalDocument::
I . +locatedAs |
I AT = +Hoany| /" +restrictedBy, 1 aFeatures «Features «Features I
| |+ lotNo xsoskring BoundaryType:: BoundaryType:: BoundaryType:: |
| |+ planMo :xs:sting e aFeatures FloorSurface SlabSurface FloorJoistsSurface |
I |+ plan planType LegalDocument::Mortgage Le galDocument:Caveat |
: + desc wsusting + morgageRsef xs:sring + caweatRef -xs:siring l
| + mortgagelate —xs:odate + caveatDate ws:date |
| + bankMame :xs:siring + caweator s strng |
| |




3DCDM Building module

consistsOfLPO

consistsOfPPO

_CadastralObject —Feature

«Features
.1
} T

«F eatura»

Ipo::LegalPropertyObject

root::_UrbanObject

Real World
L +address » +address Foaturan
. Buildin
0.1 0.1 2 Physical Conceptual
+ landUse JandUseType [0..1] Data Modcel Data Model
_GeometricAggregate | . ainlntarsaction + constructionYear :xs:gYear [0..1]
o o + buildingHeight xs::Integer [0..1]
‘;:lm:&.w” 1|+ noOfStoreysAboveGround xs:Integer [0..1]
iUl 0.1 + noOfStoreysBelowGround :xs:integer [0..1] :
+  buildingHsightAboveGround xs::double [0..1] ) Logical Data
> + buildingHeightBelowGround :xs::double [0..1] +representedByMultiSurface | g 4 Model
\ / _ GeometricAggragate
. «(Geometrys
+representedBy Solid 0.1 gml:MultiSurface
_GeometricPrimitve | . ropresentedBy Solid
i 0.1 0.1 0.1
+representedBySolid Ce S .
0.1 gml::_Solid 0.1 _@
A 0.1 @
consists fSpace «Featura» : =
+consistsOfBuildingPart ' - N : Space +representadBySolid 3‘
«F oatura» . + area xs:double [0..1] g
_ BuildingPart + volume xs:idouble [0..1] . +rapresentedByMuttiSurface §
— @
+ area xs:double [0..1] n todByMuliSuria S‘
+ volume xszdouble [0..1] +representedByMultiSurface +
+ type :xsustring [0..1]
- = «Featire»
+consistsOfStructural Component _ StructuralC ¢
+ width xs::doubla [0..1] e
+ length s:double [0..1] CSDILA
[ T T + area xs:double [0..1] THECENTHE FOR ST AL
«Faaturaw o e + volume xs:double [0..1] M
Roof Pathway StorageRoom i
«Featurax «Featurex «Features «Feature= T
Unit CarPark Balcony BuildingPart | |
.. . + unitNo xszstring [0..1] + carparkNo xs:string [0..1] + unitNo xs:string [0..1] “Fﬁt;lm” “Z?:_‘"B” «F;ai.mg» 7
ENR + storeyNo xstinteger [0..1] i " o THE UNIVERSITY OF
. l . + landUse dandUseType [0..1] MELBOURNE
«Feature= «Featrax «F satures
RN Structure Door Window
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Building model (space and structure)

Ceiling ——»

Wall —p»

Floor —»
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Implementation

List of XML schemas

__- —

Physical
[. ata Mod |_|

LegalPropertyObject http://www.csdila.unimelb.edu.au/3DCDM/Ipo/1.0 Ipo

Conceptual
Data Model

/

Logical Data

Model

Survey http://www.csdila.unimelb.edu.au/3DCDM/survey/1.0 suvy

Building http://www.csdila.unimelb.edu.au/3DCDM/building/1.0 bild '

Tunnel http://www.csdila.unimelb.edu.au/3DCDM/tunnel/1.0 tunl e

PhysicalPropertyObject http:/Amww.csdila.unimelb.edu.au/3DCDM/ppo/1.0 ppo SPm TR R
MELBOURNE
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Real case example- Model validation

T — » -

E
Real World
E@‘ m I ¥ I / eal Wo \
Physical Conceptual
Data Model Data Model

/

Diagram One
GROUND STOREY

X
OO rUYE

Common Property < ¢ \

Logical Data
T Model

NICHOLSON STREET
[

—
L
Ll
=
w X
=
Diagram Two 8
FIRST STOREY g
5
Z @
CSDILA
iy FIRST STOREY
CROSS SECTION : ) TP
XX — IT L
COMMON PROPERTY 0.20 0.20 GROUND STOREY  1HE UNIVERSITY OF
0ss [020 & . MELBOURNE

20




Real case example

Real World

Physical Conceptual
T — B 7 ]
"'_‘-F.—————————————————————————————FLCCtElﬂfﬂt——————————————————————————— Data Model Data Modcel

<Txml verston="1.0" encoedmg="utf-§" 7=

<UrzbnCzdastralhlods] \
gmlid="TD_3DCDM_Example” el
xmlns wsi= htrp www. w3.0rg 2001 XML S chema-nstance
smlns="http: www csdilz unimelb.edu.zu 3DCDM 10"
wmlns: gml="htp: www np&ums netgml 32"
sminsxlink=' "hitp:www w3 org 1090 xlink"
smins bild="http: www.cs dilz imimelb. edu.zu 3DCDM buildmg/1.0"

zmins Ipo="http:/www csdila unmelb.edu au 3DCDM1po1.0"
smlns own="http:www csdila ummelb edu au SDCDM owner 1.0"
xmins:suvy="http: www csdila unimelb edu. 2u 3DCDM survey/1.0"

smins opm= "hitp: www csdila unimelb.edu. zu SDCDM cadzstralpont 1.0
smlns tn="http:www.csdila unimelb edu. 2u3SDCDM terrainl. 0"

zzizchemal ocation="

http: www czdila unimelb edu. 2u3DCDML.0  kitp: www. cadila unimalb. adu s/ 3DCDM 'schema’3 DEDME as2.x:d

http: www csdilz unimelb.edu. 2 3DCDM building 1.0 hop: swww. cedils unimaln. sén. z SDCDM schem 2 Building xed CSDILA
httpwww . csdila unimelb.edu.an SDCDMpo/ 1.0 krp:/iwww.cadila urimalb. ade. s IDCDM sch ema/L sz alPropertyObjact. xad NG,

http:www . csdilz unmelb.edu.an SDCDMowner1.0 kitp:/iwww. cadila unimalb. ade sw3DC DM sch emaInterasiHol dar xzd

httpr www csdila unimelb edu s 3DCDM survey 1.0 http: www csdila unimelb edu au3DCDM schema Survey x3d
http:www czdila unimelb edu. 2u 3DCDL ..adastralpomt 1.0 bitp: /'www.cadila unimalb adu. au/ 3DCDM/'s chem a/Cad astralPoint xad
http:www csdidz unmelb.edu.an SDCDM terram1. 0 hp://www. cadila unimalb adu s/ SDCOM schema Tamrain xzd =

-q_"!__==========================__'r_'rt:d__t: - = THE UNIVERSITY OF

'''' MELBOURNE
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Real case example

£
<physicalliodel=
<UrbanModel>

<physicalObjectMember>
<tm:Tetram gmlid="DCDM_TIN 1"= / \
<tmtsrramSources
e
"=51I'ﬂt1.115 Data Mo Data Model
{E'ml:

al
del
-=a7] \
-]

/

Logical Data
Model

-

< CSDILA
</aml|( # ' Jeiilielaar
) sar| 0 = ~

=t TN =
< trmiterrzm S ourcss
<t Tetrzm= e
"=_5 Ph}'ilfﬂ[:'b_] aothlsmbers THE ;_IFINIVERSL:I‘I‘( OF
< TIrbanhiod=l= MELBOURNE
</physicalliodel=
=<l

Phyzical Model =
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Real case examp

<l Physical Model
<physiczllledsl=
=Urbanblodel>
<physical Objecthlember=
<hild:Building gml:id="DCDM_Buildng Tnitl" landl/s=="residentizl"
noD S torevs AboveGroumd="2" noOfS torevs Below Groumd="0"=

<l Unitl S
<bild:consists OfBuildmePart=

=hild Unit pmlid="DCDK Unit 1" landl
o

<gmlname=Unit 1< smlnzmes

= ML 1% s =l Physical Conceptual
=] Pc:—.\- Data Model Data Model

<lpo:LegalPropertyObject ol id="LOT-1" IpoClzss="lot" Ipolnit="singls" lpoF ctmat="3DPzarcel"
name="LOT-1"IpoState="created” r1r="ownership" lotEntilameant="33" lotLizbility="33"> \ Logical Dat /
<lporzddress=
1;:11:3:_-". ddress dztumber="1" propartiumbear="143" stre=tiVam=="Nicholson" strzstTvp=="strast"
Suburb="Footscray” postCode="3011" stat=="VIC" countrv="Australiz" =
<lporzddress~
<lpo:proprist: i : -
<gwnr:Inte

; E = UNIT-2 - § i
F‘?F”fam‘l = xl E o o -° —-nzn : j%
T - _, Diagram One o — - “ 4 =} UNIT-3 o
= lpo:proptistroun storey 2 ” - o - N -
<lpodlegallio: s UNIT- £s E B
<lpo:Tite £ = 100 ‘ e g
{]-Pﬂ :].ﬂ - s t o20d p— AT m azod
":-F].]_.T‘C 1 2ne 00 - [
. = :
</lpolo &
- Pﬂ:r::-: E x UNIT-2 B A x %
“IpodpiagramTwo B | - - EIT-3 — 8 CSDILA
< lpoirs! FIRST STOREY 3 £ . . 5 5 2 P
<Apoma 5 ; ! . e
<lpol e : ey
< Ipom: , |
<lpe:Title -y -
Jeos ' o ! RST STORE'
{]. PE leg_—.LD : e 1 . il " Y THI"-;_.F.NIVERS ‘;QF
<lporsprazsn XX , ; LR
po-repres UNIT-1 UNIT-2 UNIT-3 MELBOURNE
</lporepresent=dB coumonrnoear (020 et GROUND STOREY
3 [

<IpoLegalProp assm , ;

= ]_1_1-3:1- . 23
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Real case example

<l Floor-Unitl
<bild:consists OS5 sl Componnt=
<bild:Floor gmlid="DCDM Fleor Unit 1>
<bild:representedByhiultSurfaces
=gml:hultiSurfzes gmlid="DCDK_Fleor Unit-1">
<gmlsurfzeshlsmber=

1 i L 101 NTNSTNE F TN Tt oan

Real World

-

Physic: Conceptual
Data M. Data Madcl

)

D N

Logical Data
Model

IT

Kt it of o

T ST

<gml:LmezFimg= 1
<gml:pesList=1000.630 1000.000 0.000 1024.700 1000000 0.000 1024700 1000000
0.100 1000.630 1000.00 0. 100 1000.630 1000000 0.000 THE UNIVERSITY OF
= 'gmlmnal izt= MELBOURNE
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Real case example

<bild:consists OfSpace=
<bild: Space gml1d="DCDM-5pace-Unit-1"=> / \

{b'llif' Physic: Conceptual
Data M. Data Madcl

<z el
N /

=

Logical Data
Model

THECENTHE FOR ST

e
- *
‘ (I THE UNIVERSITY OF
.

T TT=TIT TTLL T LT Iool 0Ol Lawloliol T T =TI MELBOURNE

<gml:sxteriors
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Real case example

=l Ezsement Wzl

<bild:Wall gml:id="DCDM_Easement Wall" lpoF.ef="Easement">
=l PartyWall's Legal Counterpart

-::]_1_1- o~

<lpeLegalPropertyObject cml:id="Easemant” IpoClazsz="eazsement” lpolinit="smgla" lpoF ormat="3DParcel"
name="Eazsement” IpoState="crezted" rr1="ozzement">
<podegalDocument= o
e i, i, - " & " eal World
<lpo:Tifle folip="725" volums="10564">

/

)

Physic: Conceptual
Data M. Data Madcl

al
del
Common Property < \

Logical Data
T Model

</lpo
=_
<hild:

/

ST
BN T TIVECH-

- . THE ;_.FNIVERSL:I“I‘( OF
= gml:surfzcehlember= MELBOURNE
<!-- Floor_Easement Level2 =
<gml:surfacehlembers

<gml:Pelygon gml:id="GML Floor Ezzement Leveld lepal"> 26
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