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Introduction & Motivation

* Digitalizing the built environment is a major shift
in industry and profession in many countries

* BIM is a key contributor to spatial development.

 LADM - robust framework for legal entities (e.g.,
parcels, rights, restrictions).

* BIM - captures rich 3D data about building
elements and materials.
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Introduction & Motivation

* Various studies have explored integrating BIM with
LADM for better land administration, focusing on legal
property storage, 3D LAS, and legal space representation.

* Challenges — legal-spatial fusion, semantic alignment,
and interoperability between BIM and LADM.

* Proposed solutions — researchers suggest using IfcSpace
for legal spaces, enriching IFC models with legal data,
and integrating BIM into land administration workflows.

* The aim —to enrich IFC data with legal information and
extract 3D legal spaces for strata building registration.
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BIM/IFC - LADM

* Integration of BIM/IFC and LADM could
enhances land administration precision and

utility in terms of:
- Legal Space Details

Sustainable Development

Conflict Prevention
Digital Transformation
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Strata Management in Sarawak

e Currently in 2D representation

* Integrated E-Submission system
e Standardized naming

* Survey Strata Title System (SSTS)

* Legal recognition and management -
compliance with the Strata Management
Ordinance, 20109.
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Identification the types
of legal spaces building,

and the RRRs

¢ Conduct an
experiment for
extracting legal

spaces of building . ’

via REVIT 1

e Classify the spaces |
based on their legal'.
status L

e Documents the type
of ownership

involved

A comprehensive |

legal space with

their corresponding

ownership types —
as foundation for

further modelling y

Www.utm.my

Methodology

Implementation of

legal spaces from
BIM/IFC

Import the legal
spaces from BIM

environment

Map the legal spaces

and ownership types /
onto the model ‘f
Ensure that all legal |
and administrative 1\\
information is N
accurately
represented and
accessible

N

A detailed
conceptual model
that represents
legal spaces &
administrative of
Sarawak

Conceptual modelling
of Sarawak Country

Profile

Review the LADM
Edition IT standard to
understand the structures
& components

Adapt LADM
framework to fit with
legal & administrative of
Sarawak

Develop a conceptual
model that involves all
the relevant legal spaces,
ownership types &
administrative
boundaries
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Methodology

* |dentification the types of legal spaces building,
and the RRRs

— Legal Space Classification: prominent common areas
(e.g., elevator, lobby), non-prominent common areas
(e.g., storage room, car park), and individual units.

— Extraction via Autodesk Revit which supports
parametric modeling and 3D design.
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* |dentification the types of legal spaces building,
and the RRRs

— Types of ownership: Sarawak has individual units
(parcels) and common property

— Filtering for LADM integration: IfcSpace for legal
spaces and IfcBuildingElement for RRRs.

— Resolving missing elements: components (e.g.,
walls) are generated in Autodesk Revit to ensure
accurate 3D models, which are then used to define
legal boundaries.
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Types of ownership

www.utm.my

missing elem@&hts (e.g., IfcWall)

Missing elements (e.g., IfcWall) in 3D model
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Methodology

* Implementation of legal spaces from BIM/IFC
- mapping the legal spaces and ownership types

- IfcSpace (rooms) were generated, covering the
inner surfaces of the walls, floors, and ceilings
following the Strata (Subsidiary Titles) Ordinance,
2019 guideline
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Methodology

Rooms (1)

Constraints -

Upper Floor 01

Limit Offset 3.0480 m

Base Offset 0.0000 m
Text

Ownership Type Indrvidual Unit

Property Type Apartment Unit
Dimensions

Part of the 3D space information

Generated 3D spaces of units
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IFC Entity Type LADM

IfcZone: unit number, WS_SpatialUnit, WS_BAUnit
space type

IfcBuildingElement: WS _BoundaryFace,
structural building WS_BuildingElement
IfcSpace: WS _LegalSpaceBuildingUnit,
IfcGloballyUniquedid; WS_SpatialUnit, WS_BAUnit
geometric

representation

Proposed IFC entities and its mapping to LADM
(adopted and revised from Meulmeester, 2019)
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UIM Output (Sarawak Country Profile)

0..* 0..*
LA LA_BAUnt LA_SpatialUnit
LR L) WS_BAUnit WS_Spatialunit
u EK—‘PdD:.O'd - ; + name: CharacterString [0..1] + extAddressiD: ExtAddress [0..¥]
*ogen elr.rI;A_G?n na_rType [D_"l] baunitAsParty | 1 type: LA_BAUnitType + area: LA_AreaValue [0..%]
i narr?e..g aracterstring [0..1] 0.* g.*|+ wID:0id + dimension: LA_DimensionType [0..1]
i [IPECET . - + label: CharacterString [0..1]
+ _rDIE- LA_PartyRoleType [0..%] | CEEIEs + referencePoint: Point [0..1]
+ type: LA_PartyType {no overlap RRR.timeSpec per summed type} +  geometry: Geometry [0..1]
+  civilStatus: LA_CivilStatusType [0..1] {sum(RRR.share)=1 per type if RRR.shareCheck} +  sulD: Oid
LA_PartyMember +parties | 7= 0.1 1 + surfaceRelation: LA_SurfaceRelationType [0..1]
N B + volume: LA_VolumeValue [0..%]
WS5_PartyMember | === P
+ share: Fraction [0..1] LA RRR
+group 0..* 0* WS_RRR
LA GroupParty + description: Characterstring [0..1]
WS_GroupParty + riD: Oid )
In Sarawak, the Indigenous Peoples - - P +  share: Fraction [0..1] .
are collectively known as Natives. group Ly +  shareCheck: Boolean -C"']_
+ type: LA_GroupPartyType + timeSpec: CharacterString [0..1]
aCodeList» aCodeList» aCodeList» aCodeList» aCodeList»
LA_GroupPartyType LA_PartyRoleType LA_GenderType LA_CivilStatusType LA_PartyType
+ native citizen +  0-unknown + married + baunit
+ association proxy +  1-Male + unmarried +  group
+ family employee + 2-Female + divorce + naturalPerson
+ baunitGroup employer + nonNaturalPerson
farmer

privateSurveyor
surveyTechnicalAssistant
staffSurveyor
planningOfficer
landOfficer

superintendent Party package with IFC element

registrar

+ + + + + + + + + + + +




class Administrative

<
( 0..* 0.*
+
~ IfcZone LA_BAUnit IfcExternalinformation LA_SpatialUnit
LI WS_BAUnit IfcDocumentinformation WS_SpatialUnit
_| _Sp:
WS_Party
+ name: CharactersString [0..1] + extAddressiD: ExtAddress [0..%]
+ extPID: Oid baunitAsParty + type: LA_BAUnitType 0. + area: LA_AreaValue [0..%]
+ gender: LA_GenderType [0..1] n -]+ ulD:0id - + dimension: LA_DimensionType [0..1]
+ name: Characterstring [0..1] 0. O — LA_AdministrativeSource + label: CharacterString [0..1]
+ pID: Oid =1 ELEAIS e + referencePoint: Point [0..1]
- WS rativeSource . -l
+ role: LA_PartyRoleType [0..*] WS_BAUnit considers {no overlap RRR.timeSpec per summed type} 0.5 0.F - + geometry: Geometry [0..1]
+ type:lA_PartyType rights of indigenous (AR e penVp=lHRRIC-NareGheck] +  text: LA_MultimediaType [0..1] + sulD: Oid
+ civilstatus: LA_CivilstatusType [0..1] peopleinSarawak + type: LA_AdministrativeSourceType + surfaceRelation: LA SurfaceRelationType [0..1]
o1 - + fileName: char + volume: LA_VolumeValue [0..%]
o *
1. .
LA_RRR
WS_RRR M. IfcSpace
+ description: CharacterString [0..1]  |1..*
+ rlD: Oid
0..%|+ share: Fraction [0..1] LA_Responsibility
+ shareCheck: Boolean [0..1] 4 WS_Resp ibility
—|> + timeSpec: CharacterString [0..1] "
Z} + type: LA_ResponsibilityType
LA Right LA Restriction
WS5_Right WS_Restriction
+ type:LA_RightType + type: LA_RestrictionType
LA Mortgage
«CodeLists «CodeLists Ws5_Mortgage
LA_ResponsibilityType LA_AdministrativeSourceType + amount: Currency [0..1]
+ monumentMaintenance + ftitle +  interestRate: Real [0 1]
+  buildingMaintenance + mortgage +  renking: Integer [0..1]
P P £ [z + type: LA_MortgageType
wCodeLists «CodelLists uCodeList» uCodeList» wCodeLists
LA MortgageType LA _BAUnitType LA_RightType LA_RestrictionType LA MultimediaType
+ linear +  basicAdministrativeUnit + lease + noTransfer + jpeg
+ term + leasedUnit + customary + noBuilding + png
+ transfer + individualParcel + strata + qualifiedTitle +  tiff
+ lease + communalLand + ownership + reserved + pdf
+ charge + NCRLand + transfer + native + dxf
+ reserveLand + leasehold + mortgage + s B o . .
e - Administrative package with IFC element
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UIM Output (Sarawak Country Profile)

class Spatial Unit - Surveying & Representation /

1.
LA Party| 0.* LA_RRR WS_Lot2D
WS_Party 0.1 4 0.* WS_RRR + area: LA_AreaValue [1..*]
e CARESE e S — +  volume: Li_VolumeValue [0]
+  extPID;Oi e —+ description; CharacterString [0..1 o o WS_GenericLot ———
+ gender: LA_GenderType [0..1] RO - 1 1.*[+ riD:Oid <} .y
. Characterstring [0..1] baunitAsParty p— 4 share: Fraction [0.1] ./ + ftotalBndLength: double 0.*
+  name: Characterstring [0.. - =+ name: CharacterString [0..1] share: Fraction [0..1] LA_SpatialSource N rem—
+ plD:Oid 0.* 0.%| +  type: LA_BAUNiType +  shareCheck: Boolean [0..1] WS_SpatialSource +
+ role: LA_PartyRoleType [0..%] + ulD:0id + timeSpec: CharacterString [0..1] +
+ type:LA_PartyType X = + fileNumber: char +
+ civilstatus: LA_CivilstatusType [0..1] 0.7 constraints — ]+ type: ws_SpatialSourceType + <— W
1 {no overlap RRR.timeSpec per summed type} 0.. P
= 0..* +source 0.* I _ '
1 {sum(RRR.share)=1 per type if RRR.shareCheck} L + area:LA Areavalue [0]
= + ftotalBndSurfaceArea: double
\fczone LA_SpatialUnit — LA_Point - —+ dimension: 3D
WS_SpatialUnit 0.. WS_Point 0,4.7 0.7
+ extAddressiD: ExtAddress [0..] 0.+ E 0.1]+ /x double
WS_Customary + area:LA_AreaValue [0..%] <3 + /y: double
+ dimension: LA_DimensionType [0..1] +5U L.*|+ /z:double[0..1]
+ type: WS_CustomaryType [+ labeliCharactersting [0.1] — + originalLocation: point
— + referencePoint: Point [0..1] . LA _tevel level 0 forcustomary; o + plD: Oid
‘cons mjf'f 10 + geometry: Geometry [0..1] WS Level level 1 forreserved land; E + transAndResult: LA_Transformation [0..%] 0,3..*
{W5_Level.name = 'level 0'} + sulD:0id o level 2 for 2D lot; @
- b=}
+ surfaceRelation: LA_SurfaceRelationType [0..1] 0..* 0.1|+ NID:0d level3 for3D 1L +paint |0,3..*
D +  volume: LA_VolumeValue [0..*] + name: CharacterString [0..1] level 4 forstrat:
WS_Reservedland < + registerType: LA_RegisterType [0..1] level s for utility 2
+ type: WS_ReservedLandType + structure: LA_StructureType [0..1] El
= + type: LA_LevelContentType [0..1] .
constraints o
/S_Level.name ="leve| 1" bf
s | 1 LA_LegalSpaceParcel b WS_BoundaryFace
LA_LegalSpaceBuildingUnit WS_LegalSpaceParcel N
WS_BuildingElement el +  type: LA_ParcelUseType [0..7] + geometry: Surface [0..%]
- +bf t yText: tersts 0.1
+ extPhysicalBuildingUnitiD: ExtPhysicalBuildingUnit [0..1] +  locationByText: Characterstring [0..1]
+  belD:int + type: LA_BuildingunitType [0..1] 0.*
+ type: WS_BuildingElementType «CodeList»
constraints Ws_SpatialsourceType
{ws_Level.name ="level 4'}
+ certifiedPlan
+ strataTitlesPlan
“C“dEL‘“”. +  scheduleofearcel
IfcSpace LA_Transformation + CADFile
+ transformation: OperationMethod Ll
+ transformedLocation: Point S ME=n
«CodeList» «Codelist» «CodeList» «CodelList» «CodelList» «CodeList» «CodeList»
LA AreavValue LA I WS_Buildi Type WS_TypeOfindivi i WS_TypeOfCommonUnit LA VolumeType LA_LevelContentType «CodeList» «CodeList» «Codelists
- - LA_AreaType LA ype LA | ype
+ + volumeSize: volume + beam + residentialUnit + it + officialVolume + customary
+ type: LA AreaType + type: LA_VolumeType + wall + escalator + nonOfficialVolume + reservedland + officialArea + point +  residential
+ column + elevator + calculatedvolume 5 + nonOfficialArea + polygon + agricultural
+ door «CodelList» +  swimmingPool +  surveyedvolume + + calculatedArea +  text +  industrial
cfcodeL‘m» «CodeList» +  window WS_TypeOfaccessoryUnit + gym + traditionalVolume + +  surveyedArea + topological + vacant
LA_DimensionType WS_CustomaryType + slab + spa + + traditionalArea +  line +  mixed
= g + ramp + carPark + other
+ t .
] + ol + airConditioningLedge T ol istr
te e + storageAreas WS_TypeofLimitedc o WS_TypeOfy
it o «CodeList» CodeList
t @ »
il ; + balcony + alifucs LA_RegisterType e
«CodeList» «CodelList» e + chutes WS_LotType
ws, dLandType LA_BuildingUnitType 5 + corridor + urban
— e i & e + gardenArea + individualTitle
«CodeList» — = . = + storagelocker + lobby + rural il
LA_SurfaceRelationType + mrES‘_ + common: “ fT"pEor(_:DmmE"J‘"" . _ + mechanicalRoom + mining . anc{angl
+ ..'\ILtlllre + :nduld‘urah j/r:“e‘Urntlmt!uaIJm]r ‘ L r e + publicspace R -
thers imitedCommon: WS_Ty imitedCom t : sary
+ mixed + others + e WS_TypeOfii monUnit I + forest + re.er:ec Iant
w void: WS_Ty t stat
+ below +  void: W5_TypeOfVoid .7Jm. + unallocatedspace + al + stateland
+ above + accessory: WS_TypeOfAccessoryUnit
+ onSurface

Spatial Unit package with IFC element




Discussion

* Conceptual Model

— A model was created to integrate BIM/IFC data into
LADM.

— It includes 9 main LADM classes and 12 sub-classes.

— IFC data is added as attributes and code lists to
LADM classes.

— The model needs validation for Sarawak’s land
management.

— More building details could improve the model,
especially for Sarawak.
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Discussion

* Benefits of Integration

Harmonizes data: BIM provides detailed building info,
LADM covers legal/admin aspects.

Accurate spatial data: LADM reflects real-world
property locations; BIM offers precise 3D models.

Automated validation: BIM and LADM data can be
checked and corrected automatically.

Enhanced information: Combines detailed semantic
info for complex situations.

Unified model: All property info are shown in one
model.
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Discussion

* 3D LAS Input

- IFC model should include IfcSpace (for rooms) and
IfcZone (for units).

- BIM usage is at early stage; most info is handled
manually.

- Digitizing documents into 3D models is beneficial.

- Map digitized data to IFC schema entities (e.g., IfcSpace,
IfcZone).

- Validate digital data against original documents.
- Use validated data to create 3D legal space models.
- Keep digital cadastral info updated to reflect changes.
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Future Works

* Create a BIM database that matches LADM'’s legal info

e Add Part 4 — Valuation Information for better land
administration.

* Use FME to extract and convert legal spaces from IFC
files.

* Store legal spaces in a PostgreSQL database with
PostGlS.

e Use CesiumlS for validation and visualization.
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Recommendations

* Include 3D legal objects like tunnels, utilities, and
water columns, not just apartments thus, full
picture of legal spaces.

* Explore new workflows and laws for registering
BIM/IFC models.
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