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3D GIS for Advanced Building Management

Siti Nurbaidzuri Reli, Sharifah Mazenah Wan Yusof,

and Nurafiza Aman

Abstract

Traditionally, building information, particularly in strata
title management, has been organized using building plans
and extensive data filing systems. While these plans are
easily understood by professionals in surveying and archi-
tecture, 3D visualization provides a more effective way
to convey information to a broader audience. Devel-
oping 3D models for stratified property units enhances
building information management by integrating these
models with corresponding databases, thereby raising the
standards of current management practices. Tools like
Google SketchUp for 3D modeling and ArcGIS integration
play a crucial role in this process. These tools simplify the
visualization and understanding of various strata types by
offering realistic representations of structures. Previously,
data management was a conventional process that required
significant physical storage space and resulted in time-
consuming data retrieval. Integrating 3D models within a
GIS framework revolutionizes this process, streamlining
building management and significantly improving effi-
ciency. Additionally, 3D GIS supports better decision-
making and planning by providing advanced spatial
analysis and visualization capabilities. This integration
enhances collaboration among stakeholders, leading to
improved communication and a deeper understanding of
complex building data.
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1 Introduction

The wave of modernization has brought about significant
changes in the management practices of most govern-
ment departments in Malaysia. These changes are imple-
mented in tandem with global developments, which are
constantly marked by new discoveries and innovations. The
changes mentioned pertain to the management of data across
different government departments. Shifting from conven-
tional methods to new management approaches does not
imply that the traditional methods were entirely flawed,;
instead, these changes are made to achieve a higher level
of efficiency in data management. Buildings, particularly
those with multiple levels, require precise management of
ownership records, which is where the concept of individual
and common property ownership comes into play. Building
ownership refers to the legal ownership of individual units
or parcels within a multi-story building. The buildings must
have at least two levels, held or constructed as a single lot.
The management of building ownership records is divided
into two parts: individual units (owned by different parties)
and common property (shared areas such as hallways, eleva-
tors, and parking spaces). The effectiveness of communi-
cating information about building ownership can be signif-
icantly enhanced with the adoption of 3D modeling tech-
nology, which is becoming increasingly prevalent in today’s
world. In this context, information implies that the 3D model
must be rich in semantic features, including detailed visual
graphics for engaging visualization.

When Geographic Information Systems (GIS) first
emerged, the primary output consisted of printed results
from printers connected to large mainframes. Initially, 3D
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models were not widely discussed due to the limitations
of computers at that time. However, 3D displays offer a
much clearer and more intuitive view, making it easier to
understand and interpret the data. These 3D visualizations
are particularly useful for complex datasets that 2D repre-
sentations struggle to convey (Padilla et al. 2018). They help
stakeholders grasp spatial relationships and patterns more
effectively, leading to better decision-making. Moreover, 3D
visuals enhance communication among team members and
stakeholders, ensuring clearer and more effective exchanges
(Eberhard 2023; Pan and Zhang 2023). Integrating advanced
3D modeling into the management of building ownership
records can make this information more accessible and
understandable. This modernization effort aligns with the
global trend toward more efficient and visually intuitive
data management systems, ensuring that governance keeps
pace with technological advancements. However, there are
challenges that need to be addressed. One key solution is
creating a specialized database for storing strata owner-
ship information. This would streamline the management
of these records, making it easier to store, retrieve, edit,
and update information quickly. This would significantly
speed up the management of strata ownership, which has
traditionally been a slow process.

Since strata buildings have multiple levels, 3D models
are the best way to represent them. When these models
are linked to the attribute information in the strata owner-
ship database, they provide a powerful tool for visualizing
the buildings. This combination of easy data retrieval and
realistic 3D representation makes it much easier for users
to access and understand the information. It is clear that
modernizing the approach to manage strata ownership is
necessary, and 3D models should be a priority. Traditional
printed plans are inadequate for these complex, multi-level
structures. Integrating semantic and attribute information
within 3D geometric data is crucial for improving the accu-
racy and usefulness of urban models (Ying et al. 2023).
With the increasing availability of 3D software, creating
these models has become much easier. Google SketchUp,
for example, works well with GIS software like ArcGIS
10. This integration allows for the creation of models that
not only look good but also include detailed strata owner-
ship information. This dual functionality makes managing
strata ownership data more comprehensive and interactive,
helping to handle and visualize complex information more
effectively.

2 Methods

The primary components of these methods encompass
several key stages which includes data collection, model
development, database creation, exporting 3D models, and

( 3D for strata title ]

( Data acquisition ]

[ Create 3D Building & Components in Google SketchUp ]

( Define strata units as separate layers. ]

( Export model as COLLADA (.dae). |

( Import into ArcScene J

( Input Attribute Data (Unit ID, Owner, Floor Level and etc.) |

( Create 3D Model Using Z-Value in ArcScene ]

( Interactive 3D Strata Model in ArcScene. ]

Fig. 1 The flowchart illustrating the method

3D visualization. The most crucial element is the data itself.
This includes building floor plans, elevation plans, details
about facilities within the building, information on strata
and accessory units, and cadastral lot maps in hardcopy
format. Additional details about the facilities and units
help in creating an accurate 3D model. Cadastral lot data
ensures that the 3D model is correctly positioned on the
earth’s surface. The flow diagram for the method used in
this research is shown in Fig. 1.

2.1 Model Development

For this study, the selected building was modeled using
Google SketchUp, a versatile 3D modeling software that
have geolocation function (Salleh et al. 2021). This method
focuses on detailed building extraction and smart cartog-
raphy, motivated primarily by the software’s compatibility
with ArcGIS, which facilitates the seamless transfer of
model data for subsequent spatial analysis. This integra-
tion is crucial for analyzing the constructed model in a
geographic context, allowing for comprehensive evaluations
and visualization. Google SketchUp was employed for its
robust capabilities in creating detailed 3D models. Several
studies have integrated GIS and Google SketchUp, including
those by Mu and Gao (2013), Karkoosh et al. (2018), and
Malinverni and Tassetti (2013). The construction of the
model was grounded in the available floor plans, which were
initially in a printed format and subsequently converted and
imported into Google SketchUp. This process ensured that
the 3D model closely adhered to the original architectural
designs, preserving the building’s shape and dimensions as
accurately as possible. The construction process involved
several key stages, including the creation of building compo-
nents, layer management, and the detailing of objects. The
model was divided into various components, including
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Fig.2 Building construction by level

strata units, accessory units, common ownership areas
(such as staircases and elevators), and the building’s floors.
Each component was meticulously modeled to reflect its
real-world component. The Google SketchUp tools, partic-
ularly the Push/Pull function, were used to adjust the
height of walls and other elements based on the elevation
plans, which provided the necessary height information
for each building floor. To ensure accuracy and ease of
data management, each strata unit and building compo-
nent was saved as distinct objects or layers. This approach
mitigates potential issues during data transfer and integra-
tion into the GIS database. By segmenting the model into
separate layers, it becomes easier to manage and update
individual components without affecting the overall model
development.

In this study, four buildings were developed at the first
level of detail (LOD 1). This level of detail reflects the orig-
inal height of each building but does not include intricate
architectural features. Each building block was saved as an
individual object, allowing for precise manipulation and anal-
ysis within the GIS environment. The model construction
was executed floor by floor, as illustrated in Fig. 2. This
step-by-step approach facilitated a structured development
process, ensuring that each floor was accurately modeled
before progressing to the next.

Once all the floors have been developed, including the
strata units, accessory units, stairs, and elevators, each floor
will be organized sequentially from floor 1-7. The arrange-
ment by floor is illustrated in Fig. 3
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