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Abstract: The integration of Building Information Modelling (BIM) and Geographic Information
Systems (GIS) is a growing reality in the building production sector. Through this integration, it is
possible to improve the efficiency of management, maintenance, use and planning of conservation
operations, providing an integrated and dynamic vision of the built environment. Simultaneous
exchange of BIM-GIS elements in a shared environment facilitates information access and optimizes
processes like requalification, activity planning, safety and sustainable urban design. Two alter-
native strategies are proposed for the multidisciplinary approach, using advanced technologies
to acquire, process and manage detailed and georeferenced data. The first one is an open-source
environment to guarantee flexibility, customization and accessibility. The second option, in a closed-
source environment, provides advanced functionalities and dedicated support. Both require careful
planning, detailed analysis and collaboration between the disciplines of architecture, engineering
and geoinformatics. The study transcends theoretical analysis by exploring practical implications for
real-world systems integration, examining their advantages, limitations and potential synergies in
terms of flexibility, security and sustainability. This will enable a more efficient and comprehensive
management of the architectural heritage and the built environment, contributing to its preservation
and enhancement in the context of the digital transition in a future perspective of smart cities.

Keywords: digital transition; building production; digital methodology; digital management;
BIM-GIS integration; built environment

1. Introduction

The end of 2019 and the beginning of 2020 were characterized by the emergence of
a viral epidemic belonging to the SARS-COVID family, known as COVID-19. The virus
originated in Wuhan, China and quickly spread worldwide [1,2]. The pandemic had a more
significant impact on the Italian economy than on other European countries [3]. In 2020,
the Italian Gross Domestic Product (GDP) contracted by 8.9%, compared to an average
decline of 6.2% for the European Union (EU). The country was already facing economic,
social and environmental fragilities when this occurred [4]. The Italian economy’s struggle
to compete with other European countries is due in part to a significantly slower pace
of productivity growth than in the rest of Europe; other reasons include the inability to
seize the opportunities offered by the digital transition [5]. The delay in innovation can
be attributed to the lack of adequate infrastructure and the composition of the production
fabric, which is dominated by small and medium-sized enterprises that are reluctant to
adopt new technologies and move to high value-added production [6]. The public sector
also lacks familiarity with digital technologies. Before the pandemic, 98.9% of public
administration employees in Italy had never used agile working [7]. The decrease in
both public and private investment, which has slowed down the necessary modernization
of public administration, infrastructure and production chains, is also partly to blame.
In response to the pandemic crisis, the EU introduced the Next Generation EU (NGEU)
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plan [8]. This instrument aims to aid the socio-economic recovery of member states from
the effects of the pandemic by allocating a fund of over EUR 800 billion to the economic,
health, and public administration sectors, including infrastructure, social policies, and
foreign policy [9].

The plan aims to target investments and promote initiatives to facilitate the transition
to a greener and digital economy, enhance workers’ skills, and foster gender, territorial,
and generational equality of opportunities. Italy is one of the principal recipients of the
Recovery and Resilience Facility (RRF) and the Recovery Assistance Package for Cohesion
and European Territories (REACT-EU) [10]. The RRF requires Member States to develop a
comprehensive investment and reform plan, the National Recovery and Resilience Plan
(PNRR) [4], which details investment priorities of EUR 191.5 billion for 2021-2026, divided
into six missions [11-16]. The PNRR outlines objectives and measures across various
sectors, including tourism, culture, agriculture, logistics, education, the labor market,
health services, and public administration digitalization. A unifying theme is digital
innovation, seen as crucial for productivity and employment growth. The first mission
focuses on digital transition, aiming to implement integrated digital services to simplify
administrative processes for citizens, businesses, and institutions [17]. The digitization
theme permeates all six missions of the Plan.

The phenomenon of rapid global urbanization presents urban centers with a multitude
of complex challenges, including traffic congestion, environmental pollution and resource
inefficiency. In such circumstances, the concept of the smart city emerges as a solution,
employing a range of innovative information technologies to maximize the use of available
resources and to create new ones. An example could be the following:

- Intelligent urban transport networks;

- Improvement of waste management facilities;

- Optimization of air-conditioning and lighting systems in buildings;

- More interactive local public administration;

- Real-time monitoring of the urban environment, leading to improved safety in public
places;

- Integration with digital, networked, modular and multifunctional technologies for
street-furniture components;

- Use of different intelligent mobility options such as electric cars, public transport,
service vehicles powered by renewable energy and connected through dedicated
digital systems to a management system for recharging, maintenance, emergency
situations and traffic conditions;

- The ability to plan, book and pay for different types of mobility services through
digital tools and pay-per-use or pay-as-you-go payment models.

The integration of BIM-GIS within smart city initiatives is a key strategy for achieving
the multiple objectives of modern urban development. By leveraging the complementary
strengths of this holistic approach, cities can foster innovation, optimize resource allocation,
and improve the efficiency and safety of urban systems, contributing to the creation of
more robust and reliable digital infrastructures. Such integration is particularly important
in the context of digital transformation. It facilitates the development of flexible, scalable
and interoperable solutions capable of addressing the dynamic and evolving challenges of
urban environments. Through these paradigms, smart cities can create an ecosystem that
balances openness with control, enabling seamless integration of diverse technologies and
stakeholders. This approach supports a wide range of applications, including real-time
data analytics, intelligent transport systems, energy management and citizen engagement
platforms. Ultimately, the BIM-GIS integration underpins the transition to sustainable and
citizen-centric urban models, improving the overall quality of life and resilience of modern
cities.

The field of Architecture, Engineering, Construction and Operations (AECO) is un-
dergoing constant technological development due to the increasing digital innovation
and integration of BIM approaches and methods, which are significantly impacting the
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entire construction life cycle [18]. The pervasive adoption of Building Information Mod-
elling (BIM) and the digitization of building production are profoundly revolutionizing
the way buildings are conceived, constructed and managed over time. In this context, this
research work proposes to identify a synergy between two digital systems, BIM and the
Geographical Information System (GIS), with the aim of improving the management of
information in the AECO sector. BIM is a process that involves the creation and exchange
of digital representations of the physical and functional characteristics of buildings and
infrastructures [19].

GIS uses Geographic Markup Language (GML) [20] to illustrate events in specific areas
by collecting diverse data. GIS and BIM methodologies [21-23] have been used separately
in data digitization for planning and management. The integration of BIM with thematic
GIS data is crucial to address the loss of information during building processes, which is a
key challenge in the digital transition of the AECO sector [24]. This integration is essential
during the transition from planning to diagnosis and management phases, facilitating the
exchange of parametric information among various operators using different software.
Often, software only recognizes its own data format, necessitating data conversion and
diminishing its completeness and value. It is therefore possible to recognize the importance
of enhancement of information data as a central element of the entire process.

BIM-GIS integration leverages the synergetic harmonization of their respective strengths,
fostering fruitful collaboration. While BIM excels in parametric information modeling, GIS
is adept at using data in the spatial domain. A significant advantage of this integration is
evident when incorporating time information (BIM 4D), allowing stakeholders to visualize
and understand decision outcomes before construction through simulation tools. Accurate
predictions require a data volume commensurate with the analysis type. Additionally,
real-world contextual information, such as environmental and demographic conditions,
can enrich BIM models. For instance, GIS data on flood-prone areas can assist designers in
selecting the optimal location, orientation, and materials for the structure’s spatial context.

The availability of shared and easily accessible data opens the door to a number of
significant and transformative benefits, facilitating the simultaneous exchange of para-
metric information on elements and helping to improve the quality and consistency of
processes. This leads to a number of benefits, including improved safety on construction
sites, where timely and accurate information sharing can prevent accidents and improve
working practices; more efficient supply chain management in the construction sector,
through more timely planning/coordination of resources; and sustainable urban design,
with more accurate and informed planning of urban infrastructure and resources, with
long-term benefits for the environment and the quality of life of communities [25,26]. In
fact, this integration is efficient in the post-construction phase, enabling more effective
management of structures through a unified database that facilitates information retrieval
for maintenance or diagnosis. In facilities management, where constant data use is nec-
essary, an integrated BIM-GIS model ensures access to all required information during
operation. Planners can utilize these solutions to retrieve and reuse key data at every stage
of a building or property complex’s lifecycle. GIS data are crucial for planning operations,
especially for infrastructure such as airports, rail networks, bridges, and highways, al-
lowing optimal placement in their environment. BIM-GIS integration overlays the BIM
model with geospatial information layers, providing designers with precise details about
construction areas. This enables designers to make informed decisions about building
materials or foundation types in advance, ensuring the stability and durability of structures
over time.

The BIM-GIS systems integration promotes sustainability and resilience in infras-
tructure and land construction [27,28]. Addressing climate change adaptation, energy
transition, and emissions reduction requires innovative information management solutions
that enable scenario assessment, multidisciplinary collaboration, and information sharing.
These goals are closely tied to the interoperability of GIS and BIM technologies [29,30].
Parametric data’s semantic richness allows BIM to be used in designing new buildings and
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rehabilitating existing ones, ensuring efficient interventions [31]. GIS’s advanced spatial
analysis capabilities make it essential for solving environmental conservation issues, and
are used in urban planning, mapping geological and seismic hazards, environmental moni-
toring, and traffic management. These systems are fundamental for ecosystem protection
and sustainable natural resource management, enabling detailed analyses of large data sets
to identify environmentally favorable strategies [32]. Advanced data processing and simu-
lation of energy and environmental flows allow for assessing projects’ environmental and
social impacts and identifying strategies to mitigate negative environmental impacts [33].

The functionalities resulting from the combined use of BIM and GIS are numerous and
diverse, encompassing a range of applications, including emergency and risk management,
support with climate change and energy management, and the monitoring of FM operations.
In other instances, the combined use of BIM and GIS encompasses landscape planning,
facility management, environmental simulations, pedestrian road design, and spatial
control for national security. The development of GIS and BIM platforms has been driven
by a variety of factors, but with the evolution of the AECO sector and the emergence
of smart cities, the integration of BIM in the geospatial context has become increasingly
strategic. Despite the evident advantages, this paradigm is confronted with a number of
challenges, including the management of spatial scale, the definition of data layers, the
representation of geometry, and the storage and access of data. Another challenge is the
semantic discrepancy between BIM and GIS. Based on the available literature, it reveals
that one of the principal challenges is the adaptation of standards, given that the structure
and information in the two schemes differ considerably [31].

Literature Review

Several studies have been conducted in the field of BIM-GIS integration, with the
objective of examining the potential benefits of combining these two technologies [34].
Ohori et al. [35] identify three use-case scenarios for this integration. Firstly, the examination
of the 3D Industry Foundation Classes (IFC) model of a building or structure is conducted in
comparison with the existing physical environment, which is represented by a 3D city model
and in comparison with the specific type of zoning in the area. This process entails the
generation of a continuously updated 3D city model. Furthermore, they investigate the use
of urban area information and data in BIM, such as geospatial data, in the early design phase,
particularly for infrastructure projects. This approach aims to provide a continuous flow of
information that would eventually be combined with BIM data and used for maintenance
purposes. Finally, the following research considers the integration of subsurface data in the
initial BIM design phase. Congiu et al. [36] develop a multiscale approach based on a bi-
directional integration between the two information systems, relating them appropriately
and allowing easy switching between the databases of the two systems, mainly using open
source (OS) tools (QGIS 3.20.3 and Dynamo 3.0.3). Kang et al. [37] present a new method
to integrate scanning data with BIM in a three-dimensional GIS. Using point cloud data
from airborne laser scanning, detailed building information is automatically generated in
the GIS. This approach offers benefits for urban planning, facilitating the management of
buildings and improving visualization and analysis. The proposed process is flexible and
algorithmic, with prototypes demonstrating its effectiveness in automatically generating
BIM on three-dimensional GIS platforms, reducing manual effort. Janisio-Pawlowska
et al. [38] focus on developing a strategy for combining different data sources, including
the use of BIM in CityGML within an existing GIS system. The process of converting BIM
files into CityGML and transferring the data to the GIS software is analyzed. According
to [38], the growing demand for digital tools in the field of spatial and urban analysis
is highlighted, suggesting prospects for improving spatial data integration through the
use of OS programs. Cao et al. [39] analyze, through a systematic review, the capabilities
of BIM-GIS integration in post-disaster prevention, response and recovery, to improve
urban disaster management. Data acquisition, interoperability, data use and analysis are
examined, and future directions of integrated BIM-GIS use are discussed. Yoon et al. [40]
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propose a decision framework that combines a GIS-based routing model and a genetic
algorithm in a BIM environment to improve the planning of sporting events. They develop
a framework that evaluates environmental variables in GIS routing models to consider the
urban impact of sporting events and which allows route selection priorities to be modified
according to user needs. By integrating data into BIM, models can be created and analyzed
to assess urban impacts. Celeste et al. highlight the current phase of development and
expansion of BIM-GIS integration, attributing this growth to the constant exploration and
research in the field [41,42].

The aim of this study is to provide an innovative strategy that can be applied in
any BIM-GIS integration process, regardless of the specific requirements or intended
uses. For this reason, two different methodologies are developed: one in the open-source
environment (OSE), characterized by the possibility of access to the source code and the
possibility of customization and modification by the developers, and the other in the closed-
source environment (CSE), which requires the purchase of licenses to obtain a single shared
environment that can host both building data and spatial data.

In the OSE, interoperability between the two systems will be examined through
the use of QGIS software. The process, which is complex and laborious, requires the
intervention of an additional application beyond those managing BIM and GIS for the
final visualizations. In contrast, in the CSE, ArcGIS software 3.4 is used, which guarantees
a remarkable integration process due to its readability of BIM geometries/information
that eliminates dependence on external platforms for visualization. As anticipated, this
will allow us to examine the solutions available in both the OS and proprietary software
domains. OS technologies often offer greater flexibility and customization possibilities,
while proprietary software can offer advanced functionalities.

2. Materials and Methods

The AECO sector is undergoing a digital transition driven by the necessity to enhance
the efficiency, sustainability, and quality of operations in the built and to-be-built environ-
ment, which is a crucial aspect of the sector’s development. In this context, the integration
of tools such as BIM and GIS emerge as a strategic priority in spatial management processes,
including those of public institutions. The adoption of digital systems is of paramount
importance for the improvement of operational efficiency and the optimization of resources.
The implementation of BIM solutions enables organizations to create three-dimensional
virtual models that accurately and comprehensively represent the physical and functional
characteristics of a project. These models enable more accurate planning and design,
reducing the risk of errors and discrepancies during the construction and management
phases. Another key point is the ability to manage all information related to a project in
an integrated and centralized manner, even taking advantage of cloud platforms. BIM
systems make it possible to create a shared database that includes not only the architectural
and structural elements of a building, but also information on materials, costs, schedules
and energy performance. By integrating this information with the geographic and topo-
graphical data provided by GIS, organizations can gain a holistic and detailed view of
their environment, facilitating planning and informed decision-making. Through online
platforms and data sharing tools, everyone involved in the building process can collaborate
in real time, exchanging information, comments and updates on project progress.

The adoption of this approach is conducive to enhanced transparency, expedited
response times, and greater cohesion among team members. Moreover, the implementa-
tion of these systems plays a pivotal role in fostering sustainability and resilience in the
construction industry. By means of advanced data analysis and the simulation of energy
and environmental flows, it is possible to assess the environmental and social impact of a
project and to identify solutions to reduce the negative impact on the environment. The
integration of BIM and GIS is an increasingly relevant area of interest for the management
and development of the built environment. This synergy offers considerable potential for
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enhancing the planning, design, construction, operation, maintenance and preservation of
infrastructure and buildings.

In recent decades, as part of the information technology revolution, GIS has played a
major role in map management and production. These systems represent a major innova-
tion because they combine two fundamental pillars of information technology: computer-
aided drafting (CAD) and relational databases (DBMS), the latter being one of the first
computer creations. This integration has made it possible to overcome the inherent limita-
tions of traditional cartographic representations, which usually have a symbolic nature and
a predefined scale of values. GIS offers the possibility of analyzing geographical entities not
only from a geometric point of view, but also from an information point of view, associating
each mapped entity with a corresponding record in the database. This synergy makes it
possible to explore additional details and information on geographical entities, opening up
a vast potential of applications, especially in the field of safety and environmental impact
analysis, especially with regard to industrial projects. However, in fields such as AECO,
where the consideration of specific construction details is essential, GIS often assumes only
a contextual function. In these circumstances, BIM becomes essential, also taking advantage
of the advances of the IT revolution to provide a more detailed and integrated view of
construction projects.

The advancement of integrated BIM-GIS management is an ever-growing field, driven
by technological innovation and continuous research. In recent years, several emerging
technologies have shown tremendous potential to improve the interoperability and ef-
ficiency of infrastructure design, construction and management processes. One of the
most promising trends is the application of machine learning and artificial intelligence (AI)
techniques [43,44] to BIM-GIS integration. Al makes it possible to analyze large numbers
of data from both domains, identify hidden patterns and relationships, and generate useful
insights for urban planning, resource management and infrastructure maintenance. For
example, machine learning algorithms can be used to predict the energy needs of a build-
ing based on BIM data and geospatial information on solar orientation and geographic
location. Another important development is the use of augmented reality (AR) and virtual
reality (VR) technologies for visualization and collaboration based on BIM models and
GIS data [45]. These technologies allow users to explore and interact with 3D models in
an immersive way, facilitating communication and information sharing between different
stakeholders. For example, developers and planners can use AR devices to visualize BIM
models of new infrastructure in the existing geospatial context in real time to assess visual
and environmental impacts and make informed decisions.

IoT is revolutionizing the way data are collected, processed and used in BIM-GIS
integration [46]. Intelligent sensors embedded in buildings and the urban environment
can collect a wide range of real-time information, such as air quality for occupant comfort,
automatic monitoring of security cameras with computer vision systems, users” behavior for
automation customization, monitoring of energy produced by renewable energy systems
and life cycle assessment of sources, control of vehicle traffic, and much more [47-50]. The
collected data can be interpolated in a single working environment to improve the accuracy
of analyses and predictions. Cloud computing is becoming increasingly important in
information management, storage and sharing, including in the supply chain of integrated
BIM-GIS systems, enabling flexible and scalable data storage, processing and access. Cloud
platforms offer the ability to collaborate in real time on shared models and data, overcoming
the limitations of geographical distribution and local computing capacity. The adoption
of these technologies holds great promise for improving the efficiency, sustainability and
resilience of cities and infrastructure, enabling smarter, data-driven management of the
built environment.

3. Methodology

The following sections illustrate two methodologies, one for the OSE [51] and one for
the CSE [52]. The OSE concept is based on community collaboration and knowledge sharing.
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Software is developed collectively by a team of developers, who collaborate to create a
freely accessible, modifiable, and redistributable product. This model fosters innovation
and flexibility, enabling users to adapt software to their specific requirements. The OSE is
frequently underpinned by principles of peer production and mass collaboration, which
facilitate the creation of a sustainable development environment. Organizations such as
the Free Software Foundation (FSF) [53] and the Open Source Initiative (OSI) [54] promote
and protect these values through a variety of graphical software licenses, including the
MIT License [55], the GNU General Public License (GPL) [56], the Apache License [57] and
numerous others. On the other hand, the CSE is proprietary and not freely distributed to
the public. The authors retain exclusive control over the source code and impose restrictions
on the use and modification of the software by end users. This model presents limitations
in terms of flexibility and accessibility of software, but can offer greater control and security
for developers. The integration of the OSS and CSS into the built environment offers several
advantages and opportunities. The OSS fosters innovation and collaboration in an open
and adaptable environment, while the CSS can offer greater control and data security
through the use of more advanced blockchain systems. Nevertheless, both approaches
present specific challenges and considerations that must be taken into account during the
decision-making process.

The novelty of this research lies in the comparative and integrative approach adopted
to evaluate two different methodologies, the OSE and CSE, to address specific problems in
the context of the built environment, demonstrating both the value of the two approaches
and their potential synergies. The study explores the advantages and limitations of two
opposing paradigms in the AECO sector, taking into account aspects such as flexibility,
safety and sustainability. This comparison is not limited to a theoretical analysis, but also
highlights practical implications for integration into real systems. The illustration of the
methodology through concrete case studies is an important contribution that is not always
found in the literature. Not all research succeeds in translating theoretical concepts into
practical and well-documented applications.

The application of the methodology is illustrated below, step by step, through a series
of figures showing its application to two different case studies.

3.1. Open-Source Methodology

In the field of information technology, the term “OS” refers to a specific type of soft-
ware that is released under certain licenses that allow access to the source code for potential
developers. During the 1980s, as the computer industry underwent a period of rapid expan-
sion, there was a shift from a free approach to restrictions imposed by proprietary software,
with all its implications. The advent of the OS concept in 1998 represented an attempt
to reverse the prevailing trend by promoting the free circulation of program information.
Access to the source code enables programmers and advanced users to modify software ac-
cording to their specific requirements. This feature serves to distinguish OS programs from
freeware programs, which, although freely usable, remain the property of their creators and
cannot be modified by others. The OS approach should therefore be considered not only as
an alternative to avoid the purchase of proprietary software, but also as a choice aimed at
fostering the free circulation of information and the exchange of ideas, thereby promoting
inclusive and participative growth. In this context, the Italian Ministry for Innovation and
Technology issued a directive in December 2003 inviting public administrations to consider
the use of OSS as a new way of development and diffusion. This was done with the aim
of promoting interoperability between public administration IT systems and preventing
dependence on a single supplier and/or proprietary technology [58].

In the building production sector, it is of paramount importance that the various
stakeholders collaborate and share information, utilizing cloud platforms, in order to
ensure the success of projects throughout the construction lifecycle. Consequently, the use
of common standards and protocols is of paramount importance. These tools provide a
common basis for communication and data exchange, thereby enhancing interoperability
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between the various systems and applications employed in the construction sector. The
collective endeavors of the principal actors in the sector have resulted in the development of
software platforms and tools such as the IFC [59] and the Construction Operations Building
Information Exchange (COBie) [60]. The IFC represents an open standard file format
utilized for the exchange of BIM information between disparate software applications.
It provides a standard digital description of the built environment, including buildings
and building infrastructure. Such platforms permit the exchange of parametric three-
dimensional models, design data and information on the geometry and properties of
building components in an interoperable manner.

The IFC (which was originally created as an open and interoperable interchange
file format) is able to fulfil various needs, but it should be noted that it represents a
specific data structure. The IFC schema may be conceptualized as a “storage system”
for organizing and transporting digital data, which must be usable by several operators
over a fairly long period of time. It follows that the IFC format is accessible to any user,
regardless of the software employed and its version. In addition to the aforementioned
preservation requirements, the storage of the IFC file must also ensure that it is easily
accessible for consultation. This necessitates the structured storage of the model data and
the identification of the models themselves, according to their intended use and function.
In summary, it is possible to state the following points:

- IFC models contain geometric and non-geometric entities;

- IFC models contain the geometry of the building and the data associated with its
elements;

- Exporting the data of a project carried out using the BIM methodology by means of an
IEC file transfers the data from one application to another;

- The IFC format is open, free, and contains a large amount of information.

The provision of an IFC-compliant interface for export and import enables software ap-
plication providers to guarantee interoperability with a multitude of other tools. Ji et al. [61],
in their discussion of BIM-GIS integration for the purpose of enhancing urban management,
highlight the role of standards such as the IFC and City Geography Markup Language
(CityGML) [62]. However, this study identifies a significant challenge in the transformation
of these standards, namely the discrepancy between them in terms of geometry and seman-
tics. In order to address this issue, an ontology-based-rule mapping approach has been
developed, which enables the transformation from IFC to CityGML through coordinate
system conversion. Jaud et al. [63] address the complexity of the problem of georeferencing
BIM models and the need for a comprehensive solution by focusing on the open BIM data
format of IFC. Although the IFC already encompasses some of the concepts, an extension
of the IFC schema is proposed to address any inadequacies. The proposal consists of two
new entities: one supporting geographic reference systems (GIS) and the other allowing a
rigid transformation of BIM geometries.

The tools used for the integration process between BIM and GIS in OSE are illustrated
below (Figure 1).

For the GIS environment, QGIS 3.20.3 software was chosen (Figure 2), which permits
the identification of various real-world assets such as land, roads, or other features [64].
QGIS is a software designed for the management, analysis, and visualization of spatial
data. QGIS’s flexibility, versatility and extensive toolset make it an invaluable resource
for scientific research and project implementation across a range of fields, including urban
planning, environmental management, precision agriculture and natural resource monitor-
ing. The software is compatible with a multitude of spatial data formats, including vector
formats (such as shapefiles, GeoJSON and GPKG) and raster formats (such as GeoTIFF
and satellite images), thereby ensuring broad interoperability with other platforms and
data sources. The software enables sophisticated spatial analysis operations, including
layer overlay, buffer calculation, proximity analysis and raster modelling, rendering it
particularly well-suited to multidisciplinary studies and complex geospatial applications.
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Figure 2. QGIS interface, layer and geospatial map.

This is done using information derived from cadastral data and other documentation.
The initial stage of the process requires the configuration of certain software settings, in-
cluding the loading of the base map to serve as a reference for the assets. A new connection
can be created through the “Data Source Manager” function using the “XYZ Tile” option.
This procedure enables the loading of Google Satellite and cadastral maps.

Subsequently, the location and identification of real estate and land can be undertaken.
To facilitate this process, three plug-ins have been identified:
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- OSM Place Search 1.4.5 is a QGIS plug-in designed to simplify the search for places
using OpenStreetMap (OSM) data [65]. It allows you to quickly locate and center your
map view on a place, address or point of interest. Key features of the plug-in include
the ability to search for cities, addresses, monuments or other geographical locations
using the OpenStreetMap database. It integrates seamlessly into the QGIS interface
and presents itself as an easy-to-use search bar or dialogue box. Once the desired
location is selected, the map is automatically centered on the search result, making
navigation fast and intuitive. The plug-in also supports place names in different
languages, depending on the information available on OSM. Its intuitive interface
makes it suitable for both beginners and advanced QGIS users. The installation
involves opening QGIS, go to Plugins > Manage and Install Plugins, search for OSM
Place Search in the search bar, select the plugin and click Install. Once installed, the
plug-in will be available in the QGIS toolbar.

- MMOQGIS 2.99 is a plug-in that provides a wide range of tools for analyzing, managing
and manipulating geographic data, with a particular focus on vector data [66]. This
tool is appreciated for its flexibility and ability to extend the basic functionality of
QGIS, making it an essential element for those who regularly work with spatial data.
Key features of MMQGIS include tools for geocoding and reverse geocoding, allowing
addresses to be converted to geographic coordinates and vice versa, using external
services such as OpenStreetMap or Google Maps. It also offers a wide range of options
for managing and manipulating vector data, such as merging, splitting, dissolving
layers or creating buffers, regular grids and random points. The plug-in supports
advanced operations such as merging tables, splitting layers based on attribute values
and calculating new fields. Other useful tools include the ability to manage labels,
create thematic maps and export data in a variety of formats including CSV, KML and
GPX for easy use on other platforms such as Google Earth or GPS devices. Installation
follows the same procedure as above.

- QuickMapServices 3.22 is a plug-in that simplifies access to base maps and map web
services, making it an essential tool for anyone working on GIS projects [67]. Its
intuitive interface allows you to quickly integrate online maps into your projects
without complex configuration. It offers pre-configured base maps from popular
providers such as OpenStreetMap, Google Maps, Bing Maps and Esri, as well as
thematic maps such as satellite imagery, topographic surveys and street maps. It also
supports online map services (WMS, WMTS, TMS), allowing custom maps to be added
and managed via URL. The plug-in has a search function to quickly find available
maps and offers the ability to cache maps for faster access, which is useful in contexts
with limited connectivity. The installation process is identical to that described above.

The support of these plug-ins enables the creation of a database of georeferenced
elements comprising multiple layers, which are associated with the typology of the asset, as
well as the generation of a two-dimensional graphic representation, which may represent a
building, infrastructure or terrain (Figure 3). The contribution of these innovative functions
makes it possible to optimize BIM-GIS integration, providing support both at the level
of geographic maps and at the level of simplifying the search for different assets on
the territory. Each asset is classified according to the aforementioned typologies, and is
placed in the reference layer, which is distinguished by color. An MMQGIS script can be
employed to automatically insert the available documentation of an asset into the table of
its characteristics. Consequently, once the assets under discussion have been georeferenced,
it is possible to enter all the necessary information with reference to the polygon.

The set of all documents entered into the software constitutes a GIS database, subdi-
vided into layers, which can be consulted and exported in different formats (Figure 4). The
database enables the management of assets at the territorial level, thereby permitting the
analysis of the territory for urban planning or restoration projects.
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On the other hand, it is also necessary to have a BIM model of a building or infras-
tructure in order to operate at a more detailed level. The digital model represents the
informational contribution related to the characteristics of the building work. The creation
of a model of an existing building can be achieved in two ways:

A digital survey of a work can be conducted through the use of drones or laser
scanners [68].
The creation of a model of an existing building can also be initiated from available
documentation, even if it is not in digital format [69].

It is well established that the fidelity of a model derived from a point cloud is superior
to that of a recalculation of design drawings. Kim et al. [70] discuss the adoption of 3D
laser sensing technology in the monitoring and analysis of construction-related phenomena
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as part of intelligent construction technologies. This approach is posited to facilitate a more
rapid and precise measurement of construction progress, thereby enhancing the efficiency
of process management and the realization of sustainable construction management. In
any case, once the digital information model has been acquired, the geographic coordinates
of the depicted property must be set to ensure a correspondence of information in the
database. Following the initial configuration, an export in IFC format is scheduled for
implementation, which will then be uploaded into an online viewer compatible with
the OS.

This online visualization tool enables both informative and geometric queries on the
building, such as reading the properties of a building element (Figure 5), creating interactive
sections and measuring elements in 3D (Figure 6).
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Figure 5. Interactive view, property of building element in OS viewer.

Figure 6. Interactive view, 3D measurement in OS viewer.
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Subsequently, the URL of the web page of the building viewer is entered into the
attribute table of the reference object in the QGIS software. In this manner, once the object
has been located on the map and its information has been opened, it is possible to identify
and open the link to access and view the digital information model of the object. The
methodology incorporates this step, as it is not possible for the QGIS software to provide a
three-dimensional visual characterization of any object.

3.2. Closed-Source Methodology

CSE is a type of software whose use is permitted only under certain conditions speci-
fied in the license, restricting activities such as study, modification, sharing, distribution or
analysis. These restrictions are imposed by the holder of the economic rights, which may be
the author himself or the assignee of the rights, through legal means such as clauses in the
license agreement or restrictions on sources or patents in countries where this is permitted.
Restrictions may also include technical elements, such as distributing software only in
binary code without making the source code available. This practice makes it impossible
to study and modify the software, which would require advanced computer skills and
considerable effort to obtain information. The Free Software Foundation (FSF) employs
the term “proprietary software” to designate software that is not free or only partially free.
However, technically, the term encompasses any software that is controlled by a single en-
tity, so it could be applied to any software that is not in the public domain [71]. Proprietary
software is developed with the intention of offering a service against payment, whereas
free software is developed with the objective of guaranteeing the freedom customization
of software from users, without any kind of limits. The AECO sector is represented in the
market by a number of large companies that are leading providers of BIM and GIS software,
such as Autodesk, Graphisoft, ESRI and ACCA [72-75].

Hu et al. [76] propose an innovative process for transforming a motorway model based
on a GIS into a well-structured BIM platform using the visual programming tool Dynamo.
The developed process involves the conversion of poly-curves from the GIS model into
BIM-compatible model curves, the classification of attributes into shape families, and the
integration of traffic data from traffic detection and recording stations. The finalized multi-
dimensional BIM platform, which extends from three to eight dimensions, incorporates
essential project details and traffic data. To guarantee interoperability, an Open BIM process
is employed, which involves the generation of an IFC file, enabling efficient data exchange
between different software and stakeholders.

The CS methodology is illustrated as follows (Figure 7), with the relevant tools and
software used during the development process.

The initial development phase of the CS methodology can be outlined as follows.
Firstly, the GIS software environment is established, in this case ESRI's ArcGIS Pro 3.4 [77].
Esri (the Environmental System Research Institute) is one of the leading producers of GIS
software systems and applications for the management of geospatial databases. ArcGIS is
a geographic information system that is employed for the creation, analysis, and technical
use of maps, the compilation of geographic data, and the sharing and management of
geographic information within a database. This phase encompasses the definition of the
standardized coordinate system to be employed, the selection of the graphical display mode
of the model and the background map, and, finally, the specification of the nomenclature for
the Common Data Environment (CDE) repository to be followed and the final destination
of the project file [78].

The selection of the coordinate system to be used as the basis for georeferencing
is a crucial step in ensuring the interoperability of the systems (Figure 8). A terrestrial
coordinate system is defined by a set of parameters that enable the unique identification of
objects on the Earth’s surface. The WGS84 (World Geodetic System 1984, also known as
EPSG:4326) has been employed as the coordinate system. This is a geodetic, worldwide,
ellipsoid-based geographic coordinate system that was developed in 1984 [79]. It represents
the Earth from a geometrical and gravitational perspective, and was constructed on the
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foundation of measurements and scientific and technological knowledge available in 1984.
Geodesy data can be classified as either local or regional, with the former approximating the
geoid with greater accuracy in a limited area around the emanation point. In contrast, the
WGS84 global datum employs the EGM96 standard, which provides a more comprehensive
approximation of the geoid, and is applicable globally.
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Figure 8. Application of the WGS84 coordinate system in ArcGIS Pro.

Regarding the BIM environment, the same considerations apply as for the OS method-
ology. It is therefore recommended that the built environment be digitized through digital
surveying. However, the use of specific software for the CS approach, determined in
Autodesk Revit, allows the BIM model to be geo-referenced with maximum precision in
the previously identified coordinate system (Figure 9) [80]. Revit is capable of importing,
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exporting and linking data in the most commonly used file formats in the industry, includ-
ing IFC, DWG and DGN. Furthermore, the solution allows multiple project coordinators
to manage centrally shared tasks and models, thereby facilitating simplified collaboration.
Furthermore, it facilitates the communication and expression of ideas in a clear and effective
manner to all players involved in the construction process.
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Figure 9. Application of the coordinate system in the Revit (BIM) environment.

The Revit model can then be imported into Esri ArcGIS. Following a brief interval,
during which the software processes the data, the model is loaded into the GIS environment
at the specified coordinates. In this manner, it is possible to graphically display the three-
dimensional geometry of the building information model BIM on the GIS environment
(Figure 10). The integration of CS enables the analysis of building information on a small scale,
while simultaneously allowing for the examination of spatial information on a large scale.

Figure 10. Visualization interface of BIM-GIS integration into the CS, 3D BIM model in a GIS

environment.
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4. Results and Discussion

The BIM-GIS integration presents a number of challenges, including those related to
spatial scale, granularity level, geometric representation methods, archiving and access
methods, and semantic discrepancies between the two systems. One of the principal chal-
lenges identified in the literature is the significant divergence in the information and data
structures between standards developed with originally disparate purposes. It is evident
that the integration of BIM methodology with data from thematic GIS maps becomes crucial
to address the progressive loss of essential information and data in engineering, architecture
and construction. BIM, on the other hand, is focused on infrastructure development and
management, with a strong emphasis on object relationships. In contrast, GIS models the
current geospatial context, where georeferencing plays a crucial role. Another significant
challenge concerns the representation of geometric data, with different approaches be-
tween BIM and GIS. While BIM offers several methodologies for the three-dimensional
representation of geometry, including CSG, B-rep and sweep, GIS primarily relies on the
B-rep approach, with boundaries derived from straight lines and flat surfaces. The two-
way transformation between the two standards remains problematic, particularly when
converting from B-rep to sweep or CSG. Furthermore, the level of detail (LOD) definition
differs between BIM and GIS, necessitating accurate mapping for proper conversion:

- In the GIS environment, the concept of LOD in a tiling scheme defines the value
of the zoom level for a map or scene view. This scale ranges from 0 to 23, with
lower values indicating views further from the Earth and higher values indicating
closer, more detailed views. A higher zoom level corresponds to more detailed
geographic information, and a conversion tool is available to convert zoom levels to
map scales, representing the relationship between map measurements and real-world
measurements. The default zoom levels vary, depending on the type of layer used
(vector raster layers vs. image raster layers), with vector raster layers typically having
zoom levels one level lower than map raster layers. Understanding and correctly
applying zoom levels and scales is essential for the accurate display of geographic
information, increasing the precision and detail of map views for effective geospatial
analysis and visualization.

- In the BIM environment, LOD definitions act as the user’s parameter set, to ensure
that all parties involved in the BIM process build the model with a consistent level
of content definition throughout all phases of the project design and execution. BIM
processes can be categorized based on the level of detail of the information contained
within the model, known as LOD. The American Institute of Architects (AIA) has
established guidelines for levels of detail in the AIA G202-2013 BIM Protocol [81].
Recognizing that an element may appear visually detailed, but in reality remain
generic, the term LOD refers to the “level of development” of model elements rather
than their “level of detail”. According to American standards, the level of development
is divided into five distinct levels, from LOD 100 (Symbolic Representation), which
is the elementary level of the project, represented graphically by a symbol or other
generic schematic representation, to LOD 500 (As-Built), where elements are field-
verified representations in terms of size, shape, location, quantity and orientation.
Definitive non-graphic information is associated with geometric elements. These
standards ensure a common understanding and consistency in the level of detail
required at each stage of the BIM process, facilitating effective communication and
collaboration among all project stakeholders.

It is known that the discrepancies in LOD scales between BIM and GIS can be at-
tributed to the intrinsic characteristics of the file format. Nevertheless, in order to attain
an equivalent level of detail between the two systems, a standardized mapping model
could be devised that translates BIM LODs into GIS equivalents, and vice versa. The model
should be based on a comprehensive analysis of the characteristics and requirements of
both systems. Zhu et al. highlight the potential of graph-based technologies, in particular
the Resource Description Framework (RDF) and the Labelled Property Graph (LPG), by
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undertaking a systematic investigation of these technologies to determine the most suitable
for LOD conversion between BIM and GIS [82]. The choice between RDF and LPG depends
on the specific use case, as these technologies perform differently in different scenarios. For
example, LPG outperforms RDF in the context of linked data for smart homes, while RDF
performs better when searching for the glycan substructure [82].

A further obstacle to the integration of the two standards is the use of divergent
coordinate systems. In the context of BIM, absolute coordinates have limited relevance,
as they are based on the World Coordinate System, a local rectangular coordinate system
specific to drawing, without correlation to the global spatial reference system typical of GIS.
The latter employs the Geographic Coordinate System (GCS) to represent cities, regions and
the world in general. Each object is positioned by means of latitude, longitude and elevation,
or by means of coordinated Universal Transverse Mercator (UTM) such as Northing, Easting
and height. To resolve this discrepancy, Wu et al. proposed a matrix transformation [83].
The IFC contains a greater number of defined classes than CityGML. Despite the assistance
of the application domain extension (ADE), CityGML is unable to provide the requisite
additions to guarantee a correct transformation of all objects and classes from the IFC. To
illustrate, when considering the CityGML class “Building Installation”, which encompasses
columns, stairs and beams, each object of this class must be associated with the appropriate
IEC class during the transformation to IFC [84]. The semantic distinction between IFC
and GIS represents a final challenge. Whereas BIM places particular emphasis on the
relationships between objects, GIS does not necessarily adopt the same approach, which
can give rise to difficulties in integrating the two standards. One proposed solution to this
discrepancy is matrix transformation. The semantic differences between the two standards
present a significant challenge. BIM places a strong emphasis on the relationships between
objects, whereas GIS does not consider these parameters. One potential solution to this
problem is semantic mapping, which aims to ensure proper integration between the two
standards by addressing the semantic differences between them.

4.1. Open-Source Environment

The analysis of trends in methodology development examined the evolution of prac-
tices from closed-code to open-source models. It turns out that in the 1960s, with the
advent of mainframe computers, companies sold integrated hardware and software. Due
to the limited availability of commercial software, researchers turned to the open exchange
of source code [85]. The introduction of email around 1969 further supported this free
exchange of ideas. Subsequently, the unbundling of hardware and software by IBM, which
began around 1969, made software an autonomous and increasingly sought-after product.
In 1981, changes in patent law in the United States, combined with the advent of the PC,
led to the source code of the UNIX operating system being closed. In September 1983,
Richard Stallman started the GNU project to create a UNIX-like operating system and
introduced copyleft licenses such as the GNU General Public License [86]. OS later found a
place among hackers, programming enthusiasts or software developers, with motivations
ranging from the quest for freedom of choice to the desire to contribute to the good of
society. The definition of open-source software development (OSSD) has been outlined by
evidencing its distributed nature and the wide participation of contributors communicating
through the Internet. Communities such as the Open Source Observatory (OSOR) [87]
support the improvement of code quality and usability; the Software quality observatory
for open source software (SQO-OSS) [88], which is flexible and accessible through different
user interfaces, facilitates the effective inspection of OSS.

In the event of collaboration difficulties, it is imperative that communication between
developers be maintained at a high level in software development. In OS, however, this
only happens over the Internet, which means that geographical distance and distributed
collaboration can lead to a decrease in communication between developers. Another
problem is getting users to contribute to the project to the end, as there is no obligation
to do so, and they are completely free to decide whether or not to continue. Release
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management can be problematic, as the guidelines for managing releases are informal from
the start of the project. In addition, the lack of suitable developers or interested users in OS
projects can have a negative effect on the motivation of volunteers to maintain the project.
In addition, all patches submitted to the project must pass the peer review process, which
assesses code style, overall quality and interoperability with other parts of the application.

There are also disadvantages to the use of OSS in business, which including version
proliferation, complexity and the necessity for numerous licenses, implementation problems
where there is no one person responsible for developing and solving software problems,
and high short-term costs for OSS compared to lower long-term costs than those of the
traditional model. Moreover, the economic challenge of OS in motivating volunteers to
participate without remuneration is considerable. Furthermore, it is possible that for an
extended period of time, there will be no updates to the system, forcing users to work
with an older version of the software, as there is no guarantee that regular updates will be
provided. A comparable issue arises with regard to support; in fact, there is no support for
OS, in contrast to CS. In large OS projects, the contributions of developers may take longer
to be exhausted, which can be problematic for volunteer developers.

As shown in the proposal study, in the OS context, interoperability was achieved
through the use of QGIS software. To integrate BIM models within this software, it was
essential to use an external platform capable of generating a sharing link to be inserted
into the attribute table of the polygon created. Only after this operation was it possible to
view the BIM model within QGIS. Specifically, the Autodesk Online Viewer was used, both
to visualize the 3D geometry and to query the database that makes up the BIM model. It
is obvious that this approach is complex and cumbersome from a usability point of view,
since the transition from GIS to BIM is not direct and requires the intervention of a third
software. Ideologically, it goes against the philosophy of the BIM methodology, which is to
reduce human error and man-hours. In the context of software houses, the limitation of
having to use multiple software platforms to achieve such a goal is overcome.

4.2. Closed-Source Environment

The CSS is characterized by the exclusive protection of rights that prevents users from
accessing and freely modifying the source code. The use of CSS is contingent upon the pur-
chase of a license by users. One of the principal implications of CSS is its non-competitive
nature. As it is exclusively controlled and managed by the owner or company that devel-
oped it, there is no direct competition from other developers. This can result in constrained
progress and innovation, dependent entirely on the decisions and investments of the pro-
prietor. Furthermore, CSS tends to have limited interoperability with other systems and
applications, making software integration with other platforms or external management
systems difficult. This can restrict the potential for collaboration and the effectiveness of
software use in complex or heterogeneous environments. Another noteworthy attribute of
closed-source software is the necessity to await the release of subsequent versions in order
to address bugs or deficiencies, or to advance the development of new functionalities. As
users are unable to modify the source code directly, they must rely on the manufacturer to
address any errors or implement improvements.

CSS also offers benefits such as support and services provided by the developer. Users
can receive technical support and regular updates to ensure the proper functioning of
the software, which is often associated with high security standards as its development
takes place in a controlled and managed environment. In the CSS, using the GIS software
ArcGIS, there is a significant improvement due to its more advanced interoperability
component. BIM models can be integrated directly within the project file, eliminating
the need for external platforms for visualization. This applies both to the visualization of
3D geometries and to querying the database of BIM model information and parameters.
However, this does not mean that there are no operational challenges: the transition from
GIS to BIM can still be complex, although less so than using QGIS. The real limitation of
the Software House option is that the platform is only accessible through the purchase of a
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user license, thus limiting its accessibility. This procedure imposes the constraint of having
to choose a particular software, compromising interoperability and the idea behind the IFC
format, which aims to facilitate the exchange of information between different operators
and software.

4.3. Open-Source and Closed-Source Comparison

When choosing software, the most important question is whether it is free or not.
Unfortunately, the decision is not so clear-cut, and depends on the needs of the end user.
The following is a comparison of the strengths and weaknesses of closed-source software
(CSS) and open-source software (OSS). In the traditional development model, software is
copyrighted and sold to users to make money, whereas in the OS paradigm, software is
freely available to users to use and modify.

In the traditional way, software development is systematic and formal work done by
experienced developers to improve quality; a centralized management team helps them to
improve the software in new versions, whereas in the OSS development model there are
frequent releases in which the software is improved by users and developers worldwide.
There are no specific people or places for physical discussion. In the OS development
model, the improvement of code quality may depend on the personality of everyone who
participates by registering on host sites, and it remains the responsibility of each person to
ensure that the system works better and improves quality.

The quality success of closed software is related to its central management, whereas
in OSS the quality comes from its openness, because many programmers can examine it
and find bugs, even though this may lead to iterative corrections and some developers may
correct the same thing. In addition, quality is improved in the OSS development model
compared to closed software because the development processes of OSS, such as review,
testing and maintenance, take place in parallel. Openness in OS helps to identify user
requirements better than in CSS, because in this type of software, users themselves can
contribute and intervene, even as developers. The number of teams working on quality
assurance is an effective way of assessing quality, and this issue is maintained by companies
in closed software, whereas in OS it can be deduced from commitment logs and the source
code itself. The goal of CSS is to develop software that can be released to the public for
market penetration and profit. The objective of CSS is the development of software to be
presented to the public in order to gain market penetration and profit, while OS is a personal
idea that can spread and receive contributions from users all over the world to implement
and develop it, bearing in mind that coordinating a large number of contributions requires
the use of standardization platforms to manage all processes.

The main differences between OSE and CSE are summarized below.

- Development models:

o (CSS: software is copyrighted and sold for profit. Development is systematic and
formal, managed by a central team;

o OSS: software is freely available for use and modification. It is continuously
improved by a global community of users and developers.

- Software quality:

o (CSS: quality is guaranteed by a central team that releases new versions;

o OSS: quality is improved by many programmers examining the code and find-
ing/fixing bugs, as well as continuous iterative corrections, parallel revisions and
dedicated testing.

- User involvement:

o CSS: users do not contribute to software development;
o  OSS: users can actively contribute to the development and definition of software
requirements.

- Main objectives:
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o CSS: the goal is market penetration and profit;
o OSS: the objective is collaborative sharing and evolution, with the support of
standardization platforms to manage developer contributions.

- Community:

o CSS: Smaller community, often limited to users and the organization’s develop-
ment team;

o OSS: Strong community of developers and users who actively participate in the
development and improvement of software.

- Security:
o (CSS: Security depends on the policies and resources of the company developing
the software;

o OSS: Security tends to be based on the principle of “security through trans-
parency”. Many users check the code for vulnerabilities.

- Flexibility:
o CSS: Flexibility limited by restrictions imposed by licenses and company policies;
o OSS: High flexibility due to the ability to modify and customize the software.

- Implications for the built environment:

o CSS: May limit adoption of open standards, increase costs, reduce transparency
and slow innovation;

o OSS: Encourages the development of open standards, reduces costs, increases
transparency and could accelerate innovation.

The choice between OSS and CSS depends on a number of factors, including the
specific requirements of the project, the available budget, the need for customization and
the desired level of control. Both types of software have advantages and disadvantages,
and the optimal choice will depend on the specific context.

5. Conclusions

BIM-GIS integration provides the ability to create robust contextual models that
fuse geographic information and infrastructure design data to better understand asset
interactions in real-world geographic contexts. To meet current macro-economic challenges
and deliver more sustainable and flexible infrastructure, it is essential to simplify the
exchange of data between BIM design processes and GIS systems. This will enable better
planning and management of urban areas and infrastructure investments with less negative
social, economic and environmental impacts. One of the most striking innovations in
information technology in recent years has been the gradual emergence of OSS. In the field
of geoinformatics and GIS, OSS has also played an important role, thanks to the possibility
of revising and improving the source code, according to individual needs. QGIS is one of
the most articulated Free Software projects in the world, offering versatility and potential
in dealing with different environmental issues. In an era of digitization of construction and
interoperability of data, the use of OSS is also becoming important in public administration,
allowing data to be shared, processed and improved in virtually unlimited ways. However,
it is important to recognize the importance of proprietary software such as ArcGIS, as
vendors of such solutions can offer advanced spatial planning and control functionality. In
a free market, each construction professional has the freedom to use his or her preferred
application, while retaining the ability to read data on different platforms.

Despite the progress made, there are still some limitations in BIM-GIS integration that
require further attention; e.g., for discrepancies in LOD definitions between BIM and GIS,
the development of standardized and automated mapping templates would be useful. The
research involved the development and evaluation of two methodologies for the integration
of BIM-GIS in the AECO sector. One, employed in OSE, uses QGIS and an online visualizer,
whereas the other, adopted in CSE, employs Revit and ArcGIS for advanced visualization
of BIM models in a GIS environment. The CSE platform is notable for its enhanced usability,
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enabled by its capacity to visualize 3D models and represents an advancement over the
OSE approach, but, on the other hand, requires payment of a user license.

Geo-DT represents a significant and natural development of this research in the digital
transformation of the AECO sector, with highly efficient and sustainable management of
smart cities and smart buildings.

The Geo-Digital Twin (Geo-DT) concept represents a significant advancement in the
synergistic integration of BIM models and GIS data, offering an unprecedented opportunity
for intelligent and dynamic management of infrastructure and the built environment. A
Geo-Digital Twin is a digital entity that can realistically replicate a physical environment or
infrastructure by integrating geospatial data, information from BIM models and real-time
data from IoT devices. This enables real-time simulation, analysis and management. The
implementation of Geo-DT offers new avenues for enhancing urban planning, infrastruc-
ture design, and city management. It integrates real-time data from a multitude of detailed
sources on infrastructure components to provide a comprehensive and dynamic view of
the built environment. DT thus permits stakeholders to explore and monitor the urban
environment through a virtual interface, thereby enabling complex data to be visualized
and analyzed in an intuitive and accessible way. Furthermore, it is possible to perform
simulations and predictive analysis to assess the impact of different decisions and scenarios
on the infrastructure and the surrounding environment. From the perspective of infrastruc-
ture management and maintenance, Geo-DT could provide an advanced monitoring and
control system, enabling the real-time detection of anomalies or problems and the timely
implementation of corrective actions. This would result in the continuous and proactive
monitoring of the state of infrastructure, the optimization of maintenance processes and
the assurance of reliable operation over time.
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