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BIM/IFC-LADM mapping framework for 
Sarawak country profile
Ainn Zamzuri ∗a, Alias Abdul Rahman a, Muhammad Imzan Hassana and 
Peter van Oosteromb

This paper enhances the Sarawak LADM Country Profile by proposing a structured workflow for 
mapping IFC elements (e.g. IfcSpace, IfcWall, IfcSlab) to LADM classes to improve the 
representation of legal space boundaries. The methodology focuses on extracting legal space 
information from IFC models, mapping it to LADM using Enterprise Architect, and structuring 
the data for future integration with PostgreSQL. The mapping framework supports strata title 
management and 3D cadastral in Sarawak. Additionally, this study outlines a conceptual 
workflow for visualising legal space boundaries using CesiumJS. The proposed approach 
enhances data interoperability between BIM and land administration, advancing BIM-driven 
cadastral systems.
Keywords: BIM-LADM, strata ownership, legal space, land administration, IFC elements

1. Introduction
The integration of Building Information Modelling 
(BIM) and Land Administration Domain Model 
(LADM) represents a significant advancement in brid
ging the gap between spatial (legal space boundaries) 
and non-spatial (ownerships) in cadastre, especially in 
strata property management. BIM, one of the data 
sources that provides 3D spatial and rich semantic 
information representation of buildings (e.g. high-rise, 
complex buildings), enables effective property manage
ment. Its standardised data schema, Industry Foun
dation Classes (IFC), allows a seamless exchange of 
information across different software platforms (e.g. 
Autodesk Revit, Solibri, Bentley, etc.). Meanwhile, 
LADM, a conceptual model standardised as ISO 
19152, provides a framework for managing legal, admin
istrative, and spatial aspects of land, property, and 
associated rights. Integrating BIM/IFC with LADM 
holds immense potential for enhancing legal and 
administrative workflows, particularly in urban develop
ment and land management contexts (ISO 2013, buil
dingSMART 2020).

The increasing complexity of urban environments 
necessitates robust frameworks for integrating building- 
level data with land administration systems. Through its 
detailed modelling of buildings and infrastructure, BIM 
offers comprehensive spatial and non-spatial data that 
aligns with LADM’s emphasis on rights, restrictions, 
and responsibilities (RRRs). IfcBuilding, IfcSpace, and 

IfcSite are part of IFC’s comprehensive data schema. 
They can map to the administrative parcels and spatial 
units of LADM. Connecting these domains allows it to 
digitally represent legal spaces within buildings, such 
as leased units, ownership boundaries, and shared 
facilities. This integration improves data accuracy, inter
operability, and decision-making among land adminis
trators, developers, and government agencies (Lemmen 
et al. 2015).

One of the critical challenges in integrating BIM/IFC 
with LADM is the transformation of geometric and 
semantic data. While IFC models provide detailed 3D 
representations of boundaries, surfaces, and volumes, 
converting these into LADM-compliant spatial units 
while preserving legal accuracy remains complex. 
Additionally, the lack of automation in the mapping pro
cess presents a significant barrier, as current BIM/IFC– 
LADM workflows primarily rely on manual data conver
sion, increasing the risk of errors and inefficiencies. Inte
grating BIM (IFC-based) and cadastral (LADM-based) 
data models also presents challenges in database intero
perability. There is no standardised procedure for con
firming that extracted legal spaces in a cadastral system 
are accurate. Moreover, there is currently no standardised 
approach to verify the accuracy of legal spaces derived 
from BIM models within cadastral systems, revealing a 
significant gap in guaranteeing the reliability of 3D 
land administration data.

This study aims to enhance the Sarawak LADM 
country profile by mapping the relevant IFC elements 
to LADM classes for representing legal space bound
aries. This mapping process considers spatial and legal 
data consistency in land administration and minimises 
errors in cadastral management. The mapping workflow 
consists of extracting IFC elements, linking the relevant 
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IFC elements to existing LADM classes or attributes, 
and establishing a structured spatial database using 
PostgreSQL to manage legal and administrative data 
efficiently. Though currently conceptual, this approach 
aims to enhance data storage, retrieval, and inter
operability for future applications. The study will 
explore a case in Sarawak, focusing on strata title 
management and 3D cadastral workflows. This study 
will conceptually demonstrate the feasibility of 
BIM-LADM integration within Sarawak’s legal and 
land administration framework. Additionally, the 
study will discuss 3D visualisation and validation tech
niques using CesiumJS to evaluate the potential for asses
sing legal boundaries extracted from BIM models, 
ensuring they align with cadastral and land registry 
requirements.

While previous research (Alattas et al. 2021, Atazadeh 
et al. 2021, Gkeli and Potsiou 2023) has explored con
ceptual mappings between BIM and LADM, this study 
introduces several key advancements. Firstly, it estab
lishes a structured and partially automated methodology 
for transforming IFC data into LADM-compliant for
mats, reducing manual interventions and enhancing 
data consistency. The workflow follows a conversion pro
cess from IFC to glTF (Graphics Language Transmission 
Format) and subsequently to b3dm (Batched 3D Model), 
theoretically enabling seamless visualisation in Cesium 
while preserving metadata. Secondly, while PostgreSQL 
integration remains conceptual, its proposed role in 
dynamic legal space management provides a scalable 
approach for future implementations. The platform 
allows continuous updates and advanced spatial query
ing capabilities.

Furthermore, the study discusses the potential of 3D 
visualisation tools such as CesiumJS and GIS platforms 
for validating BIM-derived legal spaces, which could 
improve strata ownership representation and legal 
boundary assessments. Lastly, the case study-based 
evaluation provides theoretical insights into the real- 
world applicability of BIM-LADM integration in Sara
wak’s cadastral system, identifying challenges, benefits, 
and directions for further research. By outlining this 
framework in a practical context, the study contributes 
to the ongoing development of digital land adminis
tration systems while acknowledging the need for future 
implementation and validation.

The remainder of this paper is structured as follows. 
Section 2 describes the strata management in Sarawak. 
Section 3 provides a comprehensive review of existing 
research on BIM-LADM integration by discussing past 
methodologies, identifying key challenges, and highlight
ing gaps in current implementations. This literature 
review forms the foundation for the proposed approach 
by identifying key areas where improvements are needed. 
Section 4 presents the proposed methodology, detailing 
the tools, data extraction process, and BIM/IFC- 
LADM mapping transformation workflow. This section 
outlines the step-by-step implementation of the workflow 
and the technologies involved. Section 5 discusses the 
case study validation and results, evaluating the effective
ness of the proposed framework in the strata title regis
tration scenario in Sarawak. This section also highlights 
key findings and assesses the accuracy and efficiency of 
the integration process. Lastly, Section 6 concludes the 
findings.

2. Requirements of strata management 
in sarawak
Sarawak has shown a growing interest in BIM adoption, 
particularly in large-scale infrastructure and land admin
istration projects. In collaboration with industry stake
holders, the state government has initiated pilot 
projects to explore integrating BIM and IFC standards. 
These efforts include using BIM for spatial planning, 
cadastral mapping, and property registration. Adopting 
IFC4 and higher LoD levels is a key enabler for aligning 
BIM data with LADM workflows, supporting the state’s 
digital transformation goals (Philip 2024).

Compared to Peninsular Malaysia, there are signifi
cant differences between the Sarawak LADM country 
profile and the Malaysian LADM country profile. 
Despite different legal frameworks (Sarawak follows the 
Sarawak Land Code 1958 while Peninsular Malaysia fol
lows the National Land Code 1965), native rights and 
titles are also quite different where Sarawak recognises 
Native Customary Rights (NCR) land under the govern
ing law and granted to indigenous communities based on 
customary practices, with restrictions on transfer to non- 
natives. The Aboriginal Peoples Act 1954 recognises the 
lands of indigenous people in Peninsular Malaysia, 
known as the Orang Asli. Still, it does not grant them 
the same level of land rights as Sarawak’s Native Custom
ary Rights (NCR) system. Zamzuri et al. (2023) provide a 
detailed discussion of Sarawak’s land profile. In terms of 
strata ownership, Sarawak enforces the Strata Manage
ment Ordinance (2019), while Peninsular Malaysia uses 
the Strata Titles Act 1985. Integration of strata owner
ship for the Sarawak LADM profile may require specific 
adaptations for NCR lands and local regulations.

2.1. Process of strata ownership registration 
in sarawak
Sarawak enforces the Strata Management Ordinance 
(2019) (Chapter 76) as a guideline to govern the manage
ment and maintenance of subdivided buildings and lands, 
outlining the responsibilities of developers, joint manage
ment bodies (JMB), and management corporations 
(MC). This guideline defines strata and legal space 
boundaries primarily through strata subdivision plans. 
In Sarawak, strata refer to the subdivision of buildings 
or land into multiple individually owned units within a 
multi-level development while incorporating shared com
mon property. The boundaries of strata parcels are deter
mined based on certification from land surveyors and 
architects, ensuring that the buildings or land parcels 
are capable of subdivision under the Strata (Subsidiary 
Titles) Ordinance, 2019. The subdivision plan must indi
cate parcels, common properties, and accessory parcels, 
specifying which are appurtenant. Developers must sub
mit these details to the Commissioner, and once approved, 
the proposed share units assigned to each parcel serve as 
the basis for management and governance. Figure 1 illus
trates the process of registering strata ownership.

2.2. Legal space boundaries in sarawak
In Sarawak, legal space boundaries are defined by a unit’s 
inner walls, lower ceilings, and upper floors, as illustrated 
in Figure 2. The apartment owner owns only the internal 
volume (the airspace inside). Structural elements such as 
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external walls, beams, columns, slabs, and roof structures 
are defined as common property, even if they enclose the 
unit. Depending on the regulations, shared walls between 
units may be classified as either split ownership or com
mon property. Meanwhile, windows, doors, and balco
nies might be part of the private parcel or common 
property, depending on the strata plan (Strata Manage
ment Ordinance 2019).

Understanding legal space boundaries is crucial for 
representing strata ownership within a digital land 
administration system. These boundaries define 

ownership rights within multi-level developments and 
ensure that private and common properties are distinctly 
classified. In Sarawak, structural components such as 
inner walls, floors, and ceilings primarily define legal 
space boundaries. At the same time, regulations classify 
shared elements like external walls and columns as com
mon property (Zamzuri et al. 2024). This distinction is 
essential for managing property rights (RRRs) in strata 
developments.

Identifying and mapping the relevant IFC elements is 
essential for effectively modelling these legal boundaries 

Figure 1. Process of strata ownership registration in Sarawak.

Figure 2. Legal space boundaries based on the Strata Management Ordinance (2019) (source: Solibri open-sourced data).
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within the BIM–LADM framework. IFC provides a 
standardised schema representing building components, 
spatial divisions, and ownership relationships. By 
aligning IFC entities such as IfcSpace, IfcRelSpace
Boundary, and IfcBuildingElement with LADM classes, 
it is possible to capture legal ownership structures within 
a 3D environment digitally. The following section 
(Section 3) explores key IFC elements that support this 
integration, highlighting their roles in defining spatial 
and legal components of strata properties.

3. IFC elements discussed in the 
previous works
Table 1 presents various IFC elements discussed by pre
vious works, highlighting their roles in strata ownership 
and legal space boundaries. These elements are essential 
for structuring, building, and ownership information to 
align with the LADM.

At the highest level, IfcSite represents the entire parcel 
or land lot. At the same time, IfcBuilding defines the 

Table 1. IFC elements discussed in previous works.

IFC element(s) Description(s) Reference(s)

IfcSite represents the entire parcel or land lot Liu et al. (2024), Gkeli and Potsiou (2023), 
Andritsou et al. (2024), Gürsoy Sürmeneli et al. 
(2022), Guler et al. (2022), Broekhuizen (2021), 
Petronijevic ́ et al. (2021), Meulmeester (2019)

IfcBuilding represents the overall building structure Liu et al. (2024), Gkeli and Potsiou (2023), 
Andritsou et al. (2024), Gürsoy Sürmeneli et al. 
(2022), Guler et al. (2022), Broekhuizen (2021), 
Petronijevic ́ et al. (2021), Meulmeester (2019)

IfcBuildingStorey represents individual floors within the building Liu et al. (2024), Gkeli and Potsiou (2023), 
Andritsou et al. (2024), Gürsoy Sürmeneli et al. 
(2022), Guler et al. (2022), Broekhuizen (2021), 
Petronijevic ́ et al. (2021)

IfcZone represents ownership units (e.g. private 
apartments, shared facilities)

Liu et al. (2024), Gkeli and Potsiou (2023), 
Andritsou et al. (2024), Gürsoy Sürmeneli et al. 
(2022), Guler et al. (2022), Broekhuizen (2021), 
Petronijevic ́ et al. (2021), Meulmeester (2019)

IfcSpace represents individual rooms or spaces within 
ownership units

Liu et al. (2024), Gkeli and Potsiou (2023), 
Gürsoy Sürmeneli et al. (2022), Guler et al. 
(2022), Broekhuizen (2021), Petronijevic ́ et al. 
(2021), Meulmeester (2019)

IfcBuildingElement represents physical elements such as walls, 
floors, roofs, doors, and windows

Liu et al. (2024)

IfcRelSpaceBoundary defines ownership boundaries between different 
spaces

Liu et al. (2024), Gkeli and Potsiou (2023), 
Andritsou et al. (2024), Gürsoy Sürmeneli et al. 
(2022), Guler et al. (2022), Petronijevic ́ et al. 
(2021)

IfcRelationship represents relationships such as: Liu et al. (2024)
• BuildingApportionment (Shared spaces among 

all owners)
• StoreyApportionment (Shared spaces among 

owners on the same floor)
• PartialApportionment (Shared spaces between 

a subset of owners)
• Subsidiary – Exclusive Relationship (Exclusive 

subsidiary area, e.g. balconies)
IfcConnectionSurfaceGeometry represents geometric boundary connections 

between different ownership units
Liu et al. (2024), Gkeli and Potsiou (2023), Guler 
et al. (2022), Broekhuizen (2021), Petronijevic ́ 
et al. (2021)

IfcRelAggregates establishes hierarchical relationships among 
parcels, buildings, floors, and ownership units.

Guler et al. (2022), Broekhuizen (2021)

IfcOwnershipZone captures ownership boundaries, rights, 
restrictions, and responsibilities (RRR)

Broekhuizen (2021)

IfcOwnershipSpace represents legal spaces linked to Rights, 
Restrictions, and Responsibilities (RRR).

Gkeli and Potsiou (2023), Broekhuizen (2021)

IfcLegalSpaceBuildingUnit represents legal spaces linked to property rights, 
restrictions, and responsibilities (RRR)

Andritsou et al. (2024)

IfcRelAssignsToGroup establishes legal property relationships, linking 
spaces to ownership rights.

Gürsoy Sürmeneli et al. (2022)

IfcActor represents property owners or stakeholders in a 
land administration system

Guler et al. (2022), Meulmeester (2019)

IfcBuildingPropertyUnit introduces a new spatial class to define 
ownership units, such as apartments and 
common areas

Petronijevic ́ et al. (2021)

IfcPropertySet stores legal attributes such as cadastral parcel 
numbers, apartment numbers, and space types 
(private/shared)

Meulmeester (2019)
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overall structure of a building. Within the building, Ifc
BuildingStorey represents individual floors, and IfcZone 
captures ownership units such as private apartments or 
shared facilities. IfcSpace provides a more detailed rep
resentation by defining individual rooms or spaces within 
an ownership unit.

IfcBuildingElement includes walls, floors, roofs, doors, 
and windows to capture the physical structure. Mean
while, IfcRelSpaceBoundary defines ownership bound
aries between different spaces. These boundaries ensure 
that legal divisions within the building, such as strata par
cels, are established. Additionally, IfcConnectionSurface
Geometry represents geometric boundary connections 
between ownership units, further supporting accurate 
spatial representation. Ownership relationships are criti
cal in strata management; several IFC elements address 
this aspect. IfcRelationship represents various property 
relationships, including shared and exclusive ownership. 
IfcRelAggregates establishes hierarchical relationships 
among parcels, buildings, floors, and ownership units, 
ensuring a structured representation of multi-level devel
opments. Meanwhile, IfcOwnershipZone and IfcOwner
shipSpace explicitly capture ownership boundaries, and 
RRRs provide a foundation for legal property 
management.

To integrate ownership rights into the model, IfcRe
lAssignsToGroup links spaces to ownership rights. 
IfcLegalSpaceBuildingUnit correctly assigns property 
rights and responsibilities to legal spaces. Additionally, 
IfcActor represents property owners or stakeholders in 
a land administration system, supporting governance 
and management processes. Further, IfcBuildingProper
tyUnit introduces a spatial classification for ownership 
units, such as apartments and common areas. In con
trast, IfcPropertySet stores legal attributes like cadastral 
parcel numbers, apartment numbers, and space types. 
Overall, these IFC elements provide a structured 
approach to integrating building and ownership infor
mation into LADM, supporting strata title manage
ment and legal space representation in the Sarawak 
context. This mapping ensures better data interoperabil
ity and enables a more efficient approach to digital land 
administration.

4. BIM/IFC to LADM mapping
4.1. Software and platforms
Google Colab was chosen as the primary computational 
environment for extracting IFC elements due to its cloud- 
based capabilities, allowing efficient processing of large 
BIM datasets without requiring high-end local hardware. 
It also supports Python-based IFC libraries such as ifco
penshell, enabling automated data extraction. Then, the 
relevant spatial and non-spatial attributes that define 
the boundaries, stories, geometric details, and owner
ship-related information, such as RRRs, will be ident
ified. Meanwhile, Enterprise Architect was selected for 
schema mapping because it provides UML modelling 
and database design tools, making it suitable for aligning 
BIM-IFC elements with LADM classes in a structured 
and visual manner. The data model would establish the 
relationship between BIM and cadastral models, sup
porting interoperability. Finally, open-source data will 
test the framework. This combination ensures an efficient 

workflow for extracting spatial and non-spatial data, 
mapping them to legal attributes, and validating their 
integration within the LADM framework. The goal is 
to ensure data interoperability and consistency between 
BIM (IFC-based) and LADM, enabling its application 
in 3D land administration, including legal property 
management.

4.2. The mapping workflow
4.2.1. IFC data extraction
Figure 3 illustrates the python script (consists of eight 
(8) steps), designed to run in Google Colab, extracts 
IFC elements from an uploaded IFC model using the 
ifcopenshell library. The process begins by installing 
ifcopenshell and importing the necessary libraries. 
The script then prompts the user to upload an IFC 
file and dynamically retrieves the uploaded filename. 
Next, it loads the IFC model for further processing. 
The script includes a function to identify all unique 
IFC entity types in the model. Another function 
extracts elements dynamically, grouping them based 
on their IFC type and storing them in a dictionary. 
During extraction, it prints the number of elements 
found for each type (see Figure 4). Finally, the script 
summarises the extraction results, displaying the num
ber of elements retrieved per type and indicating the 
completion of the process. This approach helps effi
ciently analyse and organise IFC data for further use, 
such as mapping to LADM.

4.2.2. IFC-LADM mapping
Following the extraction of IFC elements, the next step 
involves mapping these elements to the corresponding 
classes in the LADM. This process ensures that the 
extracted IFC elements, which include spatial and 
legal attributes, align with the structured framework 
of LADM. By leveraging predefined mappings, the sys
tem integrates IFC entities such as IfcSpaces, IfcBuil
dingElements, and ownership-related attributes into 
the relevant LADM classes. This mapping facilitates 
the representation of strata ownership, legal spaces, 
and RRRs within the LADM schema. The structured 
transformation of IFC data into LADM-compliant for
mats enables better interoperability between BIM and 
land administration systems, providing a standardised 
approach for managing property information. The 
following section details the methodology used to 
establish this mapping, ensuring that the extracted 
IFC elements correctly correspond to their respective 
LADM entities.

Figure 5 illustrates the transformation of an IFC build
ing model into a structured representation suitable for 
LADM integration. The left side of the image depicts a 
multi-story building with its hierarchical breakdown 
into IfcSite, IfcBuilding, and IfcBuildingStorey elements. 
These elements define the overall structure and spatial 
organisation of the building. The right side of the 
image provides a more detailed representation of internal 
spatial elements. It represents the segmentation of Ifc
Spaces into individual parcels and common property. 
IFC elements such as IfcWalls, IfcDoors, IfcSlabs, and 
IfcRelSpaceBoundary highlight how building com
ponents define legal and functional spaces. This struc
tured decomposition enables the accurate mapping of 
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IFC elements to LADM spatial units, supporting strata 
management by distinguishing private ownership areas 
from shared common spaces.

Meanwhile, Table 2 presents a structured mapping of 
relevant IFC elements and their associated attributes, 
facilitating the integration of IFC-based building models 
with LADM. Each IFC element, such as IfcBuilding, Ifc
BuildingStorey, IfcSpace, IfcWall, IfcDoor, IfcSlab, and 
IfcRelSpaceBoundary, is detailed with its key attributes, 
including Name, GlobalId, ObjectType, and geometric 
properties. These attributes provide essential information 
for defining spatial units, ownership boundaries, and 
property rights in the LADM framework. For instance, 
IfcSpace represents individual units or parcels, while 
IfcRelSpaceBoundary defines legal boundaries dis
tinguishing private and common properties. IfcBuildin
gElements further enhances spatial representation by 
delineating structural elements contributing to legal 

and physical demarcations. The entities have been 
mapped to LADM classes, as shown in Figure 7.

Attributes such as TowerNo, SubTowerNo, Sche
maNo, SubSchemaNo, MezzanineFloorNo, and Owner
shipType are proposed to suit Sarawak’s current strata 
administration. Figure 6 shows an example of infor
mation recorded for strata registration in Sarawak. 
TowerNo identifies the main building or tower in a strata 
development; SubTowerNo distinguishes different sec
tions or wings within a single tower.; ParcelNo represents 
the unique identifier for each unit; FloorNo specifies the 
floor level of a parcel within the tower; SchemaNo rep
resents the overall strata development, covering multiple 
towers or buildings; and SubSchemaNo identifies mul
tiple phases, sections, or clusters of buildings within a 
single development. It helps differentiate between differ
ent blocks or phases within a larger strata project. These 
attributes structure multi-level ownership, ensuring 

Figure 3. Python script for extracting IFC elements in Google Colab.

Zamzuri et al. BIM/IFC-LADM mapping framework for Sarawak Country Profile

Survey Review 2025 VOL 57 NO 405 517



accurate strata properties representation in BIM/IFC 
and LADM.

Figure 7 represents the mapping of IFC elements to 
LADM classes, providing a structured integration of 
BIM-based building information with land adminis
tration concepts. The image effectively illustrates how 
spatial and legal aspects of a building model align with 
LADM spatial units and ownership structures. LADM 
components such as WS_Party, WS_RRR, and 
WS_BAUnit define key ownership and administrative 
relationships on the left side. These elements represent 
stakeholders (WS_Party), rights, restrictions, and respon
sibilities (WS_RRR), and basic administrative units 
(WS_BAUnit). IfcSite and IfcZone from IFC map to 
BAUnit, demonstrating that site-level elements are cru
cial in defining ownership structures. In the central 

section, the system maps the hierarchical organisation 
of IFC building elements to the spatial structures of 
LADM. WS_SpatialUnit and WS_LegalSpaceBuilding 
correspond to IfcBuilding, IfcBuildingStorey, and Ifc
Space, demonstrating how spatial units in LADM struc
ture around BIM elements. IfcSpace is particularly 
important, as it defines legal units within a building, map
ping to WS_LegalSpaceBuilding for ownership 
delineation.

On the right side, detailed IfcBuildingElement com
ponents such as IfcWall, IfcSlab, IfcColumn, and IfcWin
dow contribute to defining spaces’ physical and legal 
boundaries. IfcRelSpaceBoundary is a critical linkage 
element, ensuring that spatial divisions align with legal 
ownership boundaries in LADM. In Sarawak, specific 
boundary definitions govern strata ownership, 

Figure 4. Part of the extracted IFC elements.

Figure 5. Mapping of IFC elements to LADM spatial units.
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determining property rights and maintenance responsi
bilities. These boundaries categorise different structural 
elements as privately owned or common property, ensur
ing clarity in ownership and management. Table 3 rep
resents the boundary types that regulate parcel 
ownership and shared responsibilities in strata 
developments.

This structured mapping ensures interoperability 
between IFC-based BIM models and LADM-compliant 
land administration systems, consistently representing 
legal space definitions, ownership rights, and physical 
boundaries. The diagram highlights the necessity of brid
ging spatial data from BIM with cadastral systems, 

supporting strata management by differentiating private, 
shared, and public spaces.

4.2.3. Database integration (conceptual proposal for 
PostgreSQL)
The design of a conceptual database schema facilitates 
the seamless integration of BIM and LADM within a 
PostgreSQL/PostGIS environment. This schema is struc
tured to store key IFC elements (such as IfcSpace, Ifc
Wall, and IfcSlab) alongside their mapped LADM 
counterparts (e.g. spatial units and legal space bound
aries). The integration aims to preserve legal and spatial 
relationships while ensuring data interoperability for 
strata title management. By linking IFC elements to 
LADM classes, the database provides a structured rep
resentation of legal spaces, ownership rights, and shared 
property responsibilities. The PostgreSQL schema sup
ports spatial queries, enabling advanced geo-spatial 
analysis for strata property management. This inte
gration allows for efficient management of parcel owner
ship details, building components, and regulatory 
constraints within a unified database system. Although 
the system has not fully implemented this step, the pro
posed approach is expected to enhance cadastral work
flows by automating data retrieval, validation, and 
spatial visualisation. Key challenges include ensuring 
consistency between BIM-generated data and cadastral 
standards, handling complex ownership structures, and 
optimising database performance for large-scale 3D 
spatial data. Future implementation will focus on refin
ing data import frameworks, enforcing LADM-compli
ant constraints, and validating schema efficiency 
through real-world strata property datasets.

4.2.4. Visualisation in Cesium (conceptual workflow)
3D visualisation is crucial in strata title management by 
providing an intuitive and interactive representation of 
property boundaries, ownership spaces, and building 
structures. By integrating BIM-derived data with Cesium, 
stakeholders can explore the spatial extent of legal 
spaces, structural components, and shared properties in 
a dynamic virtual environment. This approach facilitates 
better decision-making for property transactions, legal 
disputes, and regulatory compliance. The proposed work
flow for Cesium visualisation converts IFC-derived 3D 
models into a Cesium-based format, allowing efficient 
streaming and rendering on web-based platforms. The 
integration process includes: 

. Extracting spatial and attribute data from the Post
greSQL database.

. Converting BIM geometries (IfcSpace, IfcBuildingE
lement) into a Cesium-compatible format (IFC – 
glTF – b3dm).

. Loading and visualising the 3D model in Cesium, with 
metadata linked to database records.

. Implementing interactive query functions to retrieve 
ownership and legal information from the database.

The proposed methodology for integrating BIM 
models into Cesium involves a structured conversion 
workflow that retains essential metadata. The process 
begins with IFC to glTF conversion, where the IFC 
model is transformed into the glTF to ensure light
weight, efficient rendering while preserving semantic 
attributes. The next step is converting glTF to b3dm, 

Table 2. The relevant IFC elements and their associated 
attributes.

Entity Attributes

IfcSite +GlobalID
+Name
+planNo
+Description
+RefLatitude
+RefLongitude
+RefElevation
+SiteAddress.Region
+SiteAddress.Country

IfcBuilding +GlobalID
+Name
+Description
+ifc_parent_id
+ifc_unique_id

IfcPropertySet +Name
+SchemaNo
+SubSchemaNo

IfcBuildingStorey +GlobalID
+Name
+Elevation
+TowerNo
+SubTowerNo

IfcBuildingElement +GlobalID
+Name
+Description
+ifcType
+ifc_parent_id
+ifc_unique_id

IfcBuildingStoreyElevation +GlobalID
+Name
+Description
+MazanineFloorNo

IfcRelSpaceBoundary +GlobalID
+Name
+Description
+OwnershipType

IfcSpace +GlobalID
+Name
+Description
+ifc_parent_id
+ifc_unique_id
+Area
+Level
+Perimeter
+Volume

IfcRelAssignsToGroup +GlobalID
+Name
+Description
+RelatedObjects

IfcZone +GlobalID
+Name
+Description
+Category
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a format optimised for Cesium’s 3D Tiles framework. 
This conversion embeds metadata, such as spatial attri
butes and ownership information, ensuring that interac
tive querying and visualisation capabilities are 
maintained. Unlike direct mesh-based conversions, this 
workflow ensures that the resulting 3D model retains 
both geometric accuracy and legal semantics, enabling 
users to visualise strata title boundaries, ownership 
details, and building elements within a Cesium-based 
web viewer as discussed by Meulmeester (2019), Broe
khuzen (2021), Liu et al. (2024). By structuring the 
data in b3dm format, the visualisation supports LoD 
(Level of Detail) rendering, efficient streaming, and 

real-time interaction, making it a practical approach 
for strata title management applications.

This is an ongoing research work, therefore, data 
accessibility, strata properties visualisation, and interac
tive legal space queries will be developed as part of the 
research’s outcome. Figure 8 shows the potential of the 
strata properties visualisation. Potential limitations 
including data conversion challenges, maintaining real- 
time updates between the database and Cesium, and opti
mising rendering performance for large-scale models also 
need to be discussed. Future research will enhance real- 
time synchronisation and integrate user-friendly inter
faces for strata property analysis.

Figure 6. Example of information needed for Sarawak strata registration.

Figure 7. IFC elements mapped to LADM classes.
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5. Discussion
Integrating BIM and GIS for strata title management 
necessitates an efficient data conversion and visualisa
tion workflow. The proposed methodology involves 
converting IFC models to Cesium-compatible formats 
without losing critical metadata. This process follows 
a structured workflow: IFC to glTF to b3dm. Initially, 
the IFC format, which stores detailed semantic and geo
metric information about building elements (e.g. Ifc
Space, IfcBuildingElement), is converted to glTF. This 

format ensures lightweight, efficient 3D model storage 
while preserving essential attributes. The system then 
transforms the glTF model into b3dm, a Cesium-com
patible format optimised for large-scale 3D visualisa
tion. This approach ensures seamless integration into 
Cesium while retaining metadata for strata ownership 
representation. By leveraging this conversion workflow, 
the proposed system facilitates real-time visualisation 
and interaction with strata units within a web-based 
3D environment. Users can explore spatial and owner
ship details efficiently, improving urban planning and 
land administration decision-making. However, chal
lenges such as data loss during conversion, model sim
plification trade-offs, and performance optimisation, 
especially for large datasets, may need to be addressed. 
Future work will focus on refining the conversion work
flow, improving metadata retention, and integrating 
real-time database updates for enhanced usability in a 
3D cadastral system.

6. Conclusion
This study presents a structured approach to integrating 
BIM/IFC and the Sarawak LADM country profile, facil
itating strata ownerships and legal spaces boundary rep
resentation. The mapping workflow demonstrates how 
the IFC elements can be linked to LADM classes, consid
ering land administration requirements in Sarawak. This 
study triggers better digital land management by incor
porating PostgreSQL for data storage and CesiumJS 
for 3D visualisation. Challenges arise throughout the 
integration process, particularly in real-time database 
synchronisation and optimising spatial queries, especially 
for larger datasets. During the transformation from IFC 
to b3dm, the system might lose metadata due to differ
ences in data schema and inconsistencies in attribute 
mapping. Since this is ongoing research, the future 
work inevitably focuses on integrating automated pro
cesses and establishing a database schema including 3D 
strata visualisation for the state strata properties. The 
findings would eventually offer a solution for digital 
strata properties management within BIM-LADM 
integration.

Table 3. Types of boundaries in defining legal ownership in 
Sarawak.

Type of boundary Description

Median Boundaries 
(Party Walls)

When two parcels share a wall, both 
owners split the ownership and are 
responsible for maintaining their half of 
the wall. They must handle any 
disputes regarding repairs or 
modifications jointly

Interior Boundaries Suppose the boundary is based on the 
inner face of the walls. In that case, the 
parcel owner owns up to the inner 
surface of the wall, while the wall 
structure remains a common property. 
This applies to most internal apartment 
walls

Exterior Boundaries The system treats any load-bearing 
structural elements, such as walls, 
beams, and columns, as common 
property, even if they are within an 
individual unit, unless the strata title 
explicitly assigns them to the parcel

Structural Walls & 
Columns

Any load-bearing structural elements, 
including walls, beams, and columns, 
are common property, even within an 
individual unit, unless explicitly 
assigned to the parcel in the strata title

By-Laws & 
Agreements

By-laws of the Management 
Corporation (MC) or strata 
management agreements define 
specific ownership rules regulating 
how shared walls can be modified, 
repaired, or maintained

Figure 8. The queries will display the expected details.
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