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The integration of 3D city models and Building Information Models (BIM) in
the context of GeoBIM has gained significant attention from both academia and
industry. Harmonizing the distinct characteristics and goals of these models is
crucial for successful integration. In this paper, we present the development of a
plugin for Autodesk Revit, a popular BIM platform, which allows for the incorpo-
ration of 3DGeo-data encoded inCityJSON. Theplugin, published as open source,
enables the generation of individual geometries with associated city model at-
tributes as parameters, facilitating analysing the impact of new or changed build-
ings (modelled in BIM) on the environment (captured in geo-data). Challenges
addressed during development include georeferencing, data format import, han-
dling different geometry approaches, hierarchy of attributes, code optimization,
user-friendliness, and enhanced visualization. The plugin contributes to the
seamless integration of geo- and BIM data, enhancing interoperability and sup-
porting informed decision-making in the Architecture, Engineering, and Con-
struction and urban domains.
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1 Introduction

In recent times, the integration of 3D geoin-
formation, specifically 3D city models, with
Building Information Models (BIM) has
emerged as a significant subject of dis-
cussion to enhance urban applications.
This convergence, commonly referred to
as GeoBIM, has garnered substantial at-
tention from diverse academic domains
such as geoinformation, geomatics, con-
struction, architecture, and urban plan-
ning. Furthermore, it has attracted inter-
est from various non-academic entities in-
cluding government-affiliated institutions,
National Mapping and Cadastral Agencies,
and private enterprises [1].

In the domain of GeoBIM, it is evident that
3D city models and BIM exhibit different
goals and have therefore distinct charac-
teristics (e.g. level of detail, designed ver-
sus measured geometries, and different se-
mantic objects). This implies that in or-
der to successfully integrate these models
for any application, it is imperative to es-
tablish consistency and alignment in their
features. Such harmonization usually en-
tails ensuring that all data conform to the
requirements of either the 3Dcitymodels or
BIM. Alternatively, if a third-party use case
is identified, they may adhere to a different
set of specifications [1].

Many studies have focused on making BIM
models at lower levels of detail available in
geo-applications. With the growing inter-
est to take the environment into account
in the design and construction phase of a
building or infrastructure project, there is
also a growing interest tomake geo-data, of-
ten available as open data in large datasets,
available in BIM applications.

This paper presents our solution to make
3D geo-data, encoded in CityJSON, avail-
able in a BIM application. CityJSON [2],
a JSON-based encoding (JavaScript Object
Notation) of the CityGML data model (ver-
sion 3.0.0) is an open, standardized format
for exchanging and storing digital 3D mod-
els of cities and landscapes. CityJSON has
been accepted by the Open Geospatial Con-
sortium (OGC) as a community standard.

CityJSON establishes methods for describ-
ing prevalent 3D features and objects en-
countered in urban environments, includ-
ing buildings, roads, rivers, bridges, vege-
tation, and city furniture, along with their
interrelationships. A CityJSON file encom-
passes both the geometric and semantic in-
formation of city features within a specified
area. It also introduces standard levels of
detail (LoDs) to enable the representationof
objects at various resolutions, tailored to di-
verse applications and objectives [2].

The primary objective of CityJSON is to pro-
vide an alternative to the GML encoding of
CityGML, which often proves verbose, com-
plex, and challenging to work with. CityJ-
SON strives for user-friendliness, facilitat-
ing the reading and creation of data sets.
Its design prioritizes programmers, allow-
ing for the rapid development of support-
ing tools and APIs. Additionally, CityJSON
emphasizes compactness, typically achiev-
ing a 6x compression of publicly available
CityGML files. Moreover, it aligns with the
requirements of web and mobile develop-
ment. A CityJSON object, representing a
city, adopts a flattened structure, where the
CityGML hierarchy is simplified, including
only the essential city objects that are the
lowest level of the hierarchy. This approach
significantly streamlines the storage of city
models without sacrificing information.

For this research, we developed a plugin for
Autodesk Revit as the BIM platform for in-
corporating 3D geo-data encoded in CityJ-
SON. This decision was made since Au-
todesk Revit is the main commercial soft-
ware in the field of BIM. The plugin that we
developed is published as open source [3]
and freely available from the Autodesk app
store [4].

There are already other solutions available
to import geo-data in BIM software. Ex-
isting Geo to BIM solutions for Autodesk
Revit generate city models as a single ob-
ject represented by a shell in BIM environ-
ment. In contrast, our plugin generates
each geometry individually and associates
city model attributes as parameters to the
resulting models. By creating individual
geometries, the plugin allows for a more
detailed representation of the city models
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Figure 1: 3D City Model of Southampton,
England created via CityJSON im-
porter plugin

Figure 2: Visualization and selected geom-
etry information from Southamp-
ton City Model in Autodesk Revit
Software

within the BIM environment. This gran-
ularity enables more precise analysis and
evaluation of how each specific element in
the BIMmodel interacts with the surround-
ing environment. In addition, it allows for
easier isolation and manipulation during
analysis. Users can focus on specific ele-
ments, make adjustments, and explore vari-
ous scenarios, fostering a more flexible and
detailed examination of the BIM model’s
influence on the surrounding context.

The plugin’s advancements in directly in-
corporating 3D Geo-data encoded in CityJ-
SON into Autodesk Revit, rather than con-
verting it to IFC for import offers a more
streamlined workflow by eliminating the
need for an intermediate format conver-
sion. This direct integration saves time and
reduces complexities associated with data
transformation and data loss of workflows
that can read IFC files but that cannot im-
plement customised choices. In addition,
the plugin offers a specialized solution tai-

lored explicitly forAutodeskRevit, optimiz-
ing the integration process and ensuring
compatibility with Revit’s features and ca-
pabilities. This targeted approach provides
a more efficient and effective solution for
Revit users compared to the more generic
IFC-based method.

Based on a CityJSON file’s coordinate ref-
erencing system (CRS) and metadata, the
plugin reprojects and translates imported
data fromCityJSONfile for implementation
within the Autodesk Revit environment.

This paper starts with a description of re-
latedwork. Then the challenges that needed
to be addressed for the development of the
plugin are described. We finalise the paper
with conclusions and future work.

2 RelatedWorks

The integration of 3D geoinformation with
Building Information Models (BIM) in the
context of GeoBIM has been a subject
of considerable research and development.
Numerous studies have explored different
approaches to achieve seamless interoper-
ability between these distinct models. In
this section, we review some of the relevant
related work in the field of GeoBIM and
data integration, upon which our plugin is
built.

2.1 GeoBIM Integration Tools
Evaluation

Noardo et al. [1] conducted a bench-
mark study on tools for GeoBIM integra-
tion, focusing on IFC (Industry Founda-
tion Classes) georeferencing and conver-
sions. The study evaluated various tools for
importing 3D city models into BIM plat-
forms, including methods for georeferenc-
ing and transforming spatial data. The au-
thors highlighted the importance of harmo-
nizing different data models and discussed
the challenges and opportunities in achiev-
ing efficient GeoBIM integration.

3



2.2 Georeferencing Techniques in
BIM

Jaud et al. [5] investigated georeferencing
techniques in the context of building infor-
mation modeling. The study explored dif-
ferent methods for linking BIM models to
their corresponding real-world coordinates
and discussed the advantages and limita-
tions of each approach. The authors em-
phasized the significance of georeferenc-
ing in larger-scale projects involving infras-
tructure and the potential benefits for con-
struction and urban planning applications.
Another study by Jaud et al. [6] further
examined the georeferencing of IFC mod-
els. The authors proposed an approach to
meet the requirements of both infrastruc-
ture and building industries, enabling the
placement of BIM models within a digital
version of the site’s encompassing environ-
ment. The study discussed the challenges in
handling geospatial data within BIM plat-
forms and provided recommendations for
effective georeferencing.

2.3 GeoBIMProject Experience

Arroyo Ohori et al. [7] presented a practi-
cal experience of processing BIM and GIS
models in a GeoBIM project in the Nether-
lands. The study discussed the challenges
and opportunities for integrating geo-data
with BIM models and showcased the devel-
opment of a GeoBIM plugin for a popular
BIM software. The authors demonstrated
how the plugin allowed for efficient manip-
ulation and utilization of imported geospa-
tial information within the BIM environ-
ment.

Deng et al. [8] developed an instance-
based method to map IFC from BIM and
CityGML from GIS. They used the Seman-
tic City Model, a reference ontology, to
capture relevant information during map-
ping, ensuring accurate data exchange. The
study also harmonized different levels of
detail (LoDs) in CityGML for comprehen-
sive mapping. The results demonstrated
automatic data mapping between IFC and
CityGML in various LoDs, enhancing inter-
operability.

2.4 Open-Source Plugin for
CityJSON Support

Vitalis et al. [9] developed an open-source
plugin to support CityJSON in QGIS, a pop-
ular open-source GIS software. The plu-
gin enabled the import and visualization of
3D city models encoded in CityJSON for-
mat within the QGIS environment. The
study highlighted the importance of open
data formats for seamless data exchange be-
tween platforms as required for GeoBIM
workflows.

Vroegindeweij [10] created an open-source
Dynamopackagewhich is a visual program-
ming platform to facilitate the import of
CityJSON objects into Autodesk Revit. His
approach imports and visualizes geome-
tries in each 3D city model file as a whole
shell within the BIM environment instead
of handling individual objects available in
the 3D citymodel. In addition, basic knowl-
edge of visual programming is needed for
using the package.

The existing relatedworks have emphasized
the importance of seamless integration be-
tween 3D geoinformation and BIM mod-
els. Researchers have explored various tech-
niques for georeferencing, data transforma-
tion, anddata exchange between thesemod-
els. Our work builds upon these studies by
developing a plugin for Autodesk Revit that
allows for the incorporation of 3D Geo-data
encoded in CityJSON, enabling the analysis
of the impact of the BIM model on the en-
vironment and enhancing interoperability
between the two domains.

3 Challenges that needed to
be addressed

This section describes the challenges that
needed to be addressed in the development
of the plugin to meaningfully import CityJ-
SON data into Revit. These challenges are
not limited to Revit and represent general
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challenges formaking geo-data available for
BIM applications.

3.1 Georeferencing

In a general context, the process of georef-
erencing an object encompasses the trans-
formation of its geometric coordinates in a
manner that guarantees precise placement
at the correct geographical location on a
map, while also achieving congruence with
other features existing within the map’s
framework [11].

The geometric context of a BIM model is
generally regarded as a localized, three-
dimensional Euclidean space, wherein ob-
jects situated on the construction site are
represented utilizing a Cartesian coordi-
nate systemwith anorigin in the project site
and axes usually aligned with the features
in the model[5]. In light of recent research
developments, there have been notable up-
dates to openBIMthat have enabled the rep-
resentation of models using a projected co-
ordinate referencing system (CRS). This ad-
vancement is particularly advantageous for
larger-scale projects, such as those involv-
ing infrastructure [6].

Derived from Computer-Aided Design
(CAD), BIM models often utilize local co-
ordinate systems that are software-specific,
leading to an inaccurate or entirely absent
georeferencing information associated
with these models when delivered. Prop-
erly georeferencing a BIM file makes it
possible to link the (local) coordinates in-
side a BIMmodel with their corresponding
real-world coordinates, and thus to place
the model of a single building or construc-
tion within a digital version of the site’s
encompassing environment [7].

Autodesk Revit offers multiple methods
for establishing the geographical context
of a model, including the internal ori-
gin, project base point, and survey point.
Users employ various approaches to link
their BIM models using these points (see
Fig. 3).

The plugin specifically addresses the inter-
nal origin within the BIM software, grant-

Figure 3: Different origin points in Au-
todesk Revit environment: Survey
Point (a), Project Base Point (b),
and Internal Origin Point (c).

ing users the option to either update or re-
tain the Revit site location (internal origin)
based on the CityJSON file location. If the
user decides to update the internal origin
of the project, the plugin also provides the
capability to preserve the project base point
and survey point (see Fig. 4).

Figure 4: CityJSON importer plugin’s
keep/update site location feature
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3.2 Data format

CityJSON’s adoption of the JSON for-
mat offers advantages in terms of in-
teroperability and data exchange. JSON
is a lightweight, human-readable, and
language-independent data interchange
format, making it suitable for seamless
communication between different systems
and applications. Its textual representation
enables easy comprehension and ensures
flexibility in data handling.

The integration of CityJSON data with
the Revit environment through .NET pro-
gramming languages like C# and VB is
an efficient approach that enables seam-
less manipulation and utilization of geo-
data within architectural and construc-
tion workflows. These languages offer ro-
bust support for data manipulation, object-
oriented programming, and efficient mem-
ory management, making them well-suited
for handling complex geo-data and per-
forming sophisticated calculations.

The integrationprocess beginswith reading
and parsing the CityJSON data using estab-
lished JSON libraries within C# (Newton-
soft.Json). This parsing allows for extracting
and representing the relevant information
from the CityJSON files, facilitating further
analysis and processing.

Subsequently, the plugin applies various
calculations and transformations to the
processed geo-data. These operations in-
cludes geometric manipulations like trans-
lation, rotation, or scaling, ensuring precise
alignment of the data with the coordinate
systems and other location references in the
Revit environment.

To accomplish the integration with Revit,
the RevitAPI is harnessed through C# to ac-
cess the software’s extensive object model
and features. The RevitAPI provides the in-
terface to interact with Revit’s model and al-
lows for the creation,modification, andma-
nipulation of architectural elements. This
process adheres to the principles of com-
puter science, such as Abstraction, Modu-
larity, Encapsulation, Data Structures, Al-
gorithms, Object-Oriented Programming,

Software Design Patterns, and Error Han-
dling. This ensures consistent data flow
and maintains the integrity of the Revit
model.

3.3 3D geometry representation

The geometry structure in Autodesk Revit
and CityJSON varies. In CityJSON, points
are represented as vertices within the file,
while each surface is formed by a set of
connected points. Multiple surfaces can
be combined to create multi-surfaces and
solids. In contrast, direct shapes in Revit
possess distinct surface or volume proper-
ties, which are based on multiple surfaces
generated by sets of XYZ points. These
differences in geometry representation be-
tween Revit and CityJSON highlight the
varying approaches and properties associ-
ated with the two formats originating from
two different domains that needed to be
bridged.

In regard to representing 3D geometry ob-
jects in a BIM environment, three main ap-
proaches are commonly utilized andwidely
employed:

3.3.1 3.3.1 Boundary Representation
(B-Rep):

Boundary Representation, also known as B-
Rep or solid modeling, is a widely adopted
technique for representing 3D objects. B-
Rep describes objects as collections of sur-
faces, edges, and vertices, providing a de-
tailed depiction of their boundaries. This
method enables precise definition and ma-
nipulation of the object’s geometry. B-
Rep has found extensive use in various ap-
plications, including computer-aided de-
sign (CAD) systems and geometric model-
ing [12].

3.3.2 3.3.2 Sweep Solid (SS):

Sweep Solid represents another approach
to 3D geometry representation. In this
method, a 2D profile or cross-section is
swept along a predefined path, resulting in
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Figure 5: BRep, Swept Solid. and CSG [8].

the creation of a 3D solid. The resulting
object maintains the shape and characteris-
tics of the original cross-section as it moves
along the specified path. SS proves par-
ticularly beneficial for generating objects
with rotational or linear symmetries and
finds applications in architectural model-
ing, industrial design, and computer graph-
ics [13].

3.3.3 3.3.3 Constructive Solid Geometry
(CSG):

Constructive Solid Geometry, or CSG, con-
stitutes a modeling technique that involves
combining simple geometric primitives
through set operations such as union, in-
tersection, and difference. Primitives like
cubes, cylinders, and spheres serve as fun-
damental building blocks for creating com-
plex objects through Boolean operations.
CSG offers a concise representation of ob-
jects and facilitates the construction of in-
tricate shapes by combining simpler ele-
ments. This approach has been widely em-
ployed in computer graphics, virtual reality,
and solid modeling applications [14].

As CityJSON utilizes the Boundary Repre-
sentation (BRep) strategy for representing
3D geometry objects, we have opted to uti-
lize the BRep to BRep approach, specifi-
cally involving the conversion of boundary

representation (BRep) models from CityJ-
SON format to BRep models in Autodesk
Revit. This chosen methodology allows for
the effective transfer of geometric informa-
tion and enhances interoperability between
different software platforms for 3D model-
ing andbuilding informationmanagement.
Additionally, seamless representation of 3D
objects is ensured during the conversion
process, minimizing inconsistencies or in-
accuracies.

3.4 Hierarchy of attributes

The challenge of dealing with the hierar-
chy of attributes and their appropriate as-
signment is a significant aspect in the in-
tegration of CityJSON data into the Revit
environment. CityJSON’s hierarchical data
model, with attribute inheritance and prop-
agation, aims to optimize storage and pro-
cessing efficiency. However, Revit’s lack of
inherent support for such hierarchical in-
heritance necessitates a carefully designed
solution to ensure accurate representation
of the hierarchical structure within the BIM
environment.

In the context of related studies, the map-
ping of CityJSON’s hierarchical data model
has been recognized as a crucial under-
taking, emphasizing the importance of ad-
dressing this issue to achieve a successful
integration [9]. Scientifically, the mapping
process requires a systematic approach that
considers the relationships and dependen-
cies between attributes at different levels of
the hierarchy.

To address the disparity between CityJ-
SON’s hierarchical data model and Revit’s
attribute assignment approach, a rigorous
solution was developed. This solution en-
tails individual assignment of relevant at-
tributes to each geometry within the BIM
environment. This process involves dissect-
ing the hierarchical structure of CityJSON
and mapping attributes to corresponding
elements in the Revit model.

In the mapping process, advanced algo-
rithms and data structures may be em-
ployed to efficiently handle the complexity
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of attribute propagation within the CityJ-
SON hierarchy. The analysis requires
traversing the hierarchical data structure
and identifying the relevant attributes to be
assigned at each level. Techniques such as
depth-first or breadth-first searches can be
utilized to navigate the hierarchy and prop-
agate the attributes accurately.

Additionally, the solution may require the
development of custom datamodels or data
mappings to reconcile the differences in at-
tribute representations between CityJSON
and Revit. By creating a specific map-
ping schema, scientists and engineers can
systematically and uniformly link the at-
tributes in CityJSON to the corresponding
attributes in Revit, ensuring that no infor-
mation is lost or misinterpreted during the
integration process.

Furthermore, data validation and consis-
tency checks are crucial steps to verify
the accuracy and integrity of the attribute
assignment. By conducting comprehen-
sive validation tests, potential discrepancies
or errors in the mapping can be detected
and rectified, ensuring that the hierarchi-
cal structure is faithfully representedwithin
the BIM environment.

The approach to handling attribute inher-
itance and assignment ensures that the in-
tegrated CityJSON data within the Revit en-
vironment retains its hierarchical structure
and associated attributes accurately. This
enables architects, engineers, and urban
planners to leverage the benefits of both
CityJSON’s optimized data storage and Re-
vit’s powerful BIM functionalities. The de-
veloped solution fosters a seamless and ef-
ficient workflow, promoting collaboration
and data exchange across different plat-
forms and stakeholders in the architectural
and construction domains.

3.5 Performance

During the software testing phase, the pro-
duction of certain city models experienced
delays for two primary reasons. Firstly,
the transition between JSON information,
C# libraries, and the Revit API posed chal-
lenges that required careful handling and

integration. Secondly, some city models
were significantly large in size, contain-
ing substantial amounts of data and infor-
mation. To address these issues, the code
underwent multiple reviews and optimiza-
tions to improve efficiency and streamline
the processing of large city models.

Revit file sizes (for local, network, or cloud-
based models), including linked Revit files,
can become very large, up to 2 Gigabytes or
more. When working with large-sized Re-
vit files, several factors can significantly im-
pact performance. These include file size,
model complexity, hardware specifications,
and network speed. These files with ex-
tensivemodel elements, such as high-detail
families, numerous components, and intri-
cate geometries, can lead to slow loading
times, degraded system responsiveness, and
an increased likelihood of system crashes.
Creating a city model within Revit can lead
to generation of large-sized files and entails
performance implications that necessitate
consideration.

Geometries situated far from the startup lo-
cation can trigger various graphic render-
ing artifacts in Revit. As the distance in-
creases, the precision of rendering and rep-
resentation diminishes, leading to visual
inconsistencies, aliasing, and texture dis-
tortion. The software’s display algorithms
may struggle to accurately portray intri-
cate details of remote geometries, result-
ing in jagged edges, blurred textures, and
misaligned elements, thereby compromis-
ing the visual quality and realism of the
model (see Fig. 6).

To effectively address the graphic render-
ing artifacts experienced with geometries
far from the startup location in Autodesk
Revit, the plugin offers the “update site” op-
tion, as mentioned in the Georeferencing
section. This adjustment significantly im-
proves the precision of rendering and rep-
resentation, thereby mitigating visual in-
consistencies, aliasing, and texture distor-
tion commonly associated with remote ge-
ometries.
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Figure 6: Graphic glitches and distortions
in an Autodesk Revit project with
geometries located far from the
origin.

3.6 Friendly for BIMusers

During the publication and deployment of
the app on the Autodesk app store, the plu-
gin was required to comply with all possi-
ble users’ errors. The design of the plu-
gin focused on handling various scenarios
such as opening incompatible file formats,
dealing with corrupted files, and seamlessly
opening existing files. Moreover, the user
interface was designed with the intention
of being user-friendly and easily accessi-
ble for all BIM users. Additionally, the re-
sults obtained from the plugin automati-
cally trigger the zooming of the 3D view
for enhanced visualization and navigation
through the project.

The plugin undergoes regular updates and
redevelopment, driven by valuable feed-
back from BIM users.This commitment to
continuous improvement ensures that the
plugin stays up-to-date with the evolving
needs and preferences of the BIMuser com-
munity.

3.7 Enhanced visualisation

As a BIM software, Revit can establish con-
nectionswith other software applications to
facilitate collaboration. The development
team has addressed this aspect during the
development process. For instance, they
have incorporated the capability to assign
distinct materials to each class of CityJSON

objects within the BIM environment, allow-
ing for enhanced visualization purposes.

4 Conclusion

In this paper, we have presented the de-
velopment of a Geo to BIM converter in
the form of a CityJSON importer plugin
for Autodesk Revit. The integration of
3D city models and BIM in the context of
GeoBIM has garnered significant attention
from academia and industry. Harmoniz-
ing the distinct characteristics and goals of
thesemodels is essential for their successful
integration, and our plugin aims to bridge
the gap between these two domains.

The plugin allows for the incorporation of
3D Geo-data encoded in CityJSON into Au-
todesk Revit, a popular BIM platform. By
generating individual geometries with as-
sociated city model attributes as parame-
ters, the plugin enables users to analyse the
impact of the BIM model on the environ-
ment during the design phase. This ap-
proach fosters a seamless workflow, facili-
tating the handling of GeoBIM information
within a unified environment and enhanc-
ing interoperability between geospatial and
BIM data. The plugin’s direct incorpora-
tion of CityJSON data into Autodesk Revit
offers a streamlined workflow, preserves at-
tributes, enhances analysis, improves Geo-
BIM interoperability, and provides a dedi-
cated Revit solution, surpassing themethod
of converting CityJSON to IFC for importa-
tion into Revit.

During the development process, several
challenges were addressed, including geo-
referencing, data format import, handling
different geometry approaches, hierarchy
of attributes, code optimization, user-
friendliness, and enhanced visualization.
Each challenge was tackled systematically,
employing advanced algorithms, data struc-
tures, and software engineering principles
to ensure the robustness and efficiency of
the plugin.
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5 Future Development

The focus of this application revolves
around generating generic models within
a BIM environment based on CityJSON
geometries. For future advancements, it
would be highly beneficial to generate
geometries using their semantic attributes
specific to Autodesk Revit. For example, the
topography of a site could be represented
as a Toposurface or Toposolid within Au-
todesk Revit. While Toposolid generates a
solid 3D volume to portray the topography,
Toposurface generates a 2D surface that
faithfully captures the terrain’s contours
and shape. Both options can be generated
by utilizing points or imported data. By en-
suring semantically correct generation of
topography within the Revit environment,
designers and engineers are empowered
to seamlessly incorporate and analyze site
topography in their BIM models, conduct
volume calculations, and make informed
design decisions.

In the existing version, the app performs a
reprojectionofCityJSONpoints to theEPSG
4326 coordinate reference system (CRS) as
the base reference. Although directly alter-
ing the coordinate system within Revit is
not possible, it is feasible to extract the CRS
information from an imported CADfile. As
a further development, the application will
incorporate the functionality to reproject
CityJSON geometries to the acquired CRS
from the imported CAD file.

The CityJSON importer plugin for Au-
todesk Revit contributes to the seamless in-
tegration of geospatial and BIM data, sup-
porting informed decision-making in the
Architecture, Engineering, and Construc-
tion (AEC) and urban domains. By ad-
dressing the challenges and requirements
of GeoBIM integration in a rigorous man-
ner, the plugin opens new avenues for col-
laboration, visualization, and analysis, fos-
tering advancements in the field of 3D city
modeling and building information man-
agement.
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