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2.1 Digital technologies in urban construction and spatial planning: integration of
bim and visualization tools (Revit, 3DS Max, Autocad)

Chapter 1. Conceptual Foundations of Digital Transformation of Urban
Planning

Introduction

Modern urbanism and the practice of urban planning are on the threshold of a
fundamental transformation dictated by both internal limitations of established
methodologies and external challenges of unprecedented scale. Cities, being the most
complex socio-economic and technical systems, face a set of problems that require a
radical revision of approaches to their planning, development and management.
Traditional methods, which have served as the basis for shaping urban spaces for
decades, are increasingly demonstrating their inability to respond adequately and
quickly to dynamically changing conditions. In this context, digitalization is no longer
just a technological trend, but a strategic imperative that opens new horizons for
creating more efficient, sustainable and livable urban ecosystems.

Historically established urban planning paradigms, despite their undeniable
importance in the past, exhibit a number of significant limitations in the realities of the
21st century. One of the key and most acute problems is the aggravating gap between
the growing scarcity of resources (financial, natural, energy) and simultaneously
increasing demands of society to the quality of urban environment . This fundamental
contradiction is aggravated by the low efficiency of conventional strategies of resource
allocation and environmental management, which often fail to adapt to rapid socio-
economic and environmental changes. Plans that take years to develop and negotiate
can become obsolete before they are even implemented, leading to suboptimal
decisions and waste of limited resources.

Large-scale and heterogeneous migration flows are another major challenge to

the effectiveness of traditional approaches. The influx of people with different cultural
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codes, social status and economic opportunities into cities creates a significant and
often unpredictable load on the entire urban infrastructure - from transportation and
engineering to social and recreational. This, in turn, affects the social cohesion of urban
communities, forming new centers of tension . Traditional planning, characterized by
relatively static master plans and long, bureaucratized procedures of coordination, has
great difficulty coping with the need for flexible and rapid adaptation to such dynamic
demographic shifts.

The fundamental mismatch between the inherently static nature of traditional
planning and the highly dynamic nature of urban systems is also manifested in the
problem of fragmentation of project implementation processes. This problem,
historically inherent in the construction industry, is extrapolated to urban development
projects, significantly undermining their overall effectiveness . The life cycle of an
urban project, from pre-project analysis to construction and subsequent operation, is
divided between many independent participants: authorities, designers of various
specializations, construction organizations, and operating services. Each of them works
in its own logic, uses its own tools and data formats, which inevitably leads to the
emergence of isolated information arrays (so-called data silos), disruption of
communication links and, as a result, loss of data and time at the junctions between
stages and participants. The lack of unified, integrated control and end-to-end
information management exacerbates the complexity of managing complex urban
systems and leads to numerous errors, collisions and inconsistencies, the cost of
correcting which increases avalanche-like as the project progresses.

Thus, in-depth analysis reveals a key problem: traditional methods based on
periodic updates of master plans and zoning regulations are too slow, inflexible and
reactive in the face of rapid socio-economic changes, demographic shifts and evolving
environmental requirements . Urban issues, whether resource scarcity or migrant
integration, are not isolated issues; they are closely intertwined with housing,
transportation, employment, and social service policies. Traditional approaches, often

compartmentalized along sectoral (departmental) lines, struggle to adequately model
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and manage these complex interdependencies, leading to suboptimal or even
counterproductive outcomes.

It is in response to these challenges that digitalization becomes not just an
opportunity, but a critical factor in the development of cities and regions, offering tools
to optimize processes and fundamentally rethink traditional approaches to management
. The paradigm shift towards digital, model-oriented methods promises significant and,
importantly, measurable improvements in urban management. The projected benefits
of implementing an integrated digital infrastructure are substantial. According to expert
estimates, it is expected to reduce operating costs by 30%, shorten the time required to
handle citizen requests by 70%, and increase emergency preparedness by 90% . These
indicators clearly demonstrate the potential for increasing operational efficiency and
improving the quality of municipal services, achieved through digital transformation.

The central place in this process 1s occupied by 3D modeling technologies. 3D
modeling of cities is defined as one of the most important and most promising
directions in the digitalization of urban planning . Visual and data-rich approach allows
not only to perceive urban spaces more intuitively, but also to conduct complex
multifactor analysis, which is inaccessible when working with two-dimensional plans.
Moving from paper-based or fragmented electronic workflows to automated digital
workflows ensures seamless data transfer between participants and minimizes human
error. Creating a single, trusted and always up-to-date source of information (Single
Source of Truth) is crucial to eliminate data loss, improve the efficiency of decision-
making processes and overcome the aforementioned fragmentation problem .

In a broader strategic context, digitalization is aimed at improving the quality of
life of the urban population, better environmental protection, law enforcement,
optimization of logistic flows and many other municipal development objectives . The
strategic use of such technologies as remote sensing data (RS), Big Data analytics (Big
Data) and the Internet of Things (IoT) contributes to the creation of improved urban
infrastructure management systems, enhances public safety, improves transportation
accessibility and, which is especially important in the context of global climate change,

helps to reduce the negative anthropogenic impact of cities on the environment .
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In this technology stack, building information modeling (BIM) and its logical
development - urban information modeling (CIM) play a special role. These
technologies contribute to facilitating the flow and exchange of information, increasing
transparency in decision-making processes and, importantly, enhancing opportunities
for public participation in urban regeneration and planning processes . By providing
visual and understandable models of future change, digital tools enable a more
informed and constructive dialog with residents, shifting from a top-down planning
paradigm to models of co-creating urban environments. This shift from reactive
solutions to problems that have already occurred to proactive and even predictive
management is a key characteristic of digital transformation.

Thus, the digitalization of urban planning is not an end in itself, but a powerful
tool to move from fragmented and reactive management to a holistic, proactive and
data-driven approach, which is the only one possible for successful urban development
in the 21st century.

Conceptualization: from BIM to urban digital twins

For the effective use of digital technologies in urban construction and spatial
planning it is necessary to form a clear and unambiguous conceptual apparatus.
Understanding the essence, functionality and interrelationships of key concepts such
as Building Information Modeling (BIM) and City Information Modeling (CIM) is a
prerequisite for building effective workflows and developing digital transformation
strategies. This section sequentially discusses the evolution of information modeling
from the level of an individual object to a comprehensive digital twin of a city.

Building Information Modeling (BIM) as the foundation of digital
construction

At the heart of the modern digital transformation of the construction industry lies
the technology of building information modeling, or BIM (Building Information
Modeling). Despite the fact that the term has entered the professional lexicon, its
interpretation is often reduced to the idea of three-dimensional geometry. However, the
essence of BIM is much deeper and lies in the approach to information management

throughout the life cycle of the object.
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BIM is the process of creating and using coordinated, consistent and model-
based information about a construction asset to make design decisions, produce high
quality working documents, predict performance, produce estimates and construction
plans, and then operate and manage the asset.

The key difference between BIM and traditional computer-aided design
(CAD/CAD) is that a BIM model is not just a set of lines and surfaces, but a structured
object-oriented database where each element (wall, window, beam, piping) is an
"intelligent" object. It carries not only geometric parameters, but also a huge amount
of attributive information: from physical properties of materials and data about the
manufacturer to cost characteristics and planned dates of installation.

Formally, BIM can be defined as a digital representation of the physical and
functional characteristics of an object . This technology has evolved into an innovative
tool for improving the efficiency of building structures and optimizing processes by
developing intelligent and sustainable structures . It is the information management
aspect, not just 3D visualization, that makes BIM such a powerful tool.

One of the fundamental advantages of BIM is the coverage of the entire life cycle
of construction projects. This approach overcomes the fragmentation problem
mentioned earlier. The technology provides data continuity at all stages, from the initial
creation and management of 3D models (3D BIM), through construction schedule
management (4D BIM) and cost management (5D BIM), all the way to operations and
maintenance management (6D BIM) . This integrated view allows the facility to be
viewed not as a set of disparate phases, but as a single investment project, optimizing
its performance throughout its life cycle.

At the planning and design stage, BIM provides a number of undeniable
advantages:

1.Performance-Based Design. BIM enables decision-making based on
objective data and analysis. Modeling tools provide an in-depth understanding of
metrics such as natural light levels, potential energy consumption of the building,
acoustic comfort, load-bearing structure performance, and airflow distribution.

This allows architects and engineers to iteratively optimize design solutions to
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meet specific sustainability goals such as waste minimization, energy efficiency,
and renewable energy integration .

2.Improved interdisciplinary coordination. The BIM model serves as a
single platform for architects, designers, mechanical, electrical, and plumbing
(MEP) engineers, and others to work together. Working in a single, coordinated
environment, teams can identify and resolve spatial and logical conflicts (e.g., duct
intersection with a support beam) at the earliest possible stage. Automatic collision
detection capabilities are particularly valuable for preventing costly changes and
rework already on the construction site, which is especially important for complex
engineering systems .

3.Increased accuracy and efficiency. By automating many routine processes,
BIM helps with proper task sequencing, logistical planning, risk identification, and
error reduction. Accurate automated calculations of scope of work (bill of
quantities) and materials directly from the model are a key advantage for accurate
project cost estimation .

It is important to emphasize that the scope of BIM is not limited only to
buildings. The technology is increasingly used in infrastructure construction, becoming
a common language for the design of buildings and infrastructure facilities around the
world . For infrastructure projects such as bridges, roads, tunnels and utilities, BIM
offers similar benefits: reduced documentation time, reusability of design solutions
(reproducibility), reduced exposure to errors and the ability to accurately estimate the
cost and duration of the project . BIM helps to create a centralized digital environment
that integrates all project data, which helps to meet given deadlines and budgets .

Finally, a critical aspect of BIM is its role as an information platform for storing
and sharing asset data during the operational phase. As-Built BIM models can contain
detailed information from equipment manufacturers, specifications, maintenance
schedules and other data necessary for effective Facility Management. This greatly
simplifies the process of transferring the object from the construction stage to operation
and provides the owner of the building or infrastructure with all the full information

for making management decisions .

27



TECHNICAL, AGRICULTURAL AND MATHEMATICAL SCIENCES: SCIENTIFIC TRENDS,
PROBLEMS AND WAYS OF THEIR DEVELOPMENT

Thus, BIM is not just a technology, but a methodology that changes the very
fundamentals of design, construction and operation. By providing detailed, structured
and coordinated information about objects, BIM lays the very digital foundation on
which more complex management systems are built, scalable to the level of entire
urban areas and cities.

Urban BIM: Scaling BIM for Complex Urban Environments

As the complexity of urban planning tasks increases and the focus shifts from
individual buildings to complex land development, there is a need to scale BIM
methodology. While classical BIM is excellent at detailing a specific object, its
capabilities are no longer sufficient for planning at the level of a neighborhood, district
or large infrastructure node. This niche is occupied by the concept of Urban BIM, or
urban information modeling, which should be considered as a logical intermediate
stage on the way from BIM to a full-fledged digital twin of the city (CIM/DTC).

The term "Urban BIM" does not always have a strict, generally accepted
academic definition, but its essence is the application and integration of BIM principles
and methodologies at a scale larger than an individual building, encompassing
neighborhoods, infrastructure networks or significant sections of the urban fabric. A
key feature of this approach is the synthesis of detailed data from BIM models with the
macro-level geospatial context provided by Geographic Information Systems (GIS) .

The main objective of Urban BIM is to bridge the conceptual and technological
gap between the micro and macro scales. On the one hand, BIM traditionally focuses
on micro-level details of buildings and structures, providing the richest semantic
information about their internal structure, materials and engineering systems. However,
standard BIM tools often lack a broad geospatial vision and the ability to perform
complex spatial analysis at the city scale. On the other hand, GIS excel at describing
macro-level geographic scenes, analyzing spatial data (zoning, ecology, demography),
but historically they have lacked the detail to describe the internal structure of
buildings.

Thus, Urban BIM seeks to combine micro-level building interior detailing with

macro-level geographic scenes, integrating building geometry, its semantic
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information, and a variety of geographic information resources to create larger and
more accurate 3D models of the urban environment . This is not just an overlay of one
model on another, but a deep data integration that enables a qualitatively new kind of
analysis. For example, to assess the cumulative impact of several designed buildings
on the insolation of adjacent areas, to analyze the transport accessibility of a new
residential area taking into account the existing road network, or to model the visual
perception of a new development in the existing urban landscape.

The key technological challenge on this path is to ensure effective data fusion
between BIM and GIS, overcoming such problems as data loss and semantic mismatch
during their conversion . To solve this problem, specialized data architectures and
exchange standards are being developed, such as mapping formats I[FC (Industry Core
Classes - BIM standard) and CityGML (3D virtual city modeling language - GIS
standard).

Urban BIM can be seen as a "meso-level" technology, critical to solving many
practical urban planning problems that are too large for a single BIM model, but require
more detail than a high-level citywide model can provide. These are planning of new
development areas, projects of complex reconstruction of existing neighborhoods,
design of transport and interchange hubs and linear infrastructure corridors. Successful
implementation of Urban BIM depends not only on technological standards, but also
on building joint workflows and data exchange agreements between different
participants: developers, municipal services, transportation agencies and design
organizations. Without this, the problem of fragmentation that BIM solves at the project
level risks replicating itself at a higher, urban level.

Urban Information Modeling (CIM) and the Digital Twin City (DTC):
towards integrated urban management

The pinnacle of the evolution of digital approaches in urban management today
is the concept of City Information Modeling (CIM), the practical implementation of
which is the creation of the Digital Twin City (DTC - Digital Twin City). This approach

represents a significant qualitative leap compared not only to traditional design, but
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also to BIM or Urban BIM, marking a paradigm shift from design and construction to
integrated, dynamic life cycle management of the entire city.

CIM is an advanced urban management paradigm that integrates geographic
information systems (GIS), building information modeling (BIM), and the Internet of
Things (IoT) to create a multi-dimensional digital framework for comprehensive urban
data management and intelligent decision making . While BIM is primarily an object
model, CIM 1is a city information model covering data on buildings, surface and
underground infrastructure, as well as geological, environmental and social
information .

The ultimate goal and the most complete realization of CIM is to create a
dynamic digital twin of the city - a virtual replica that does not just statically represent
the physical environment, but lives and changes with it. The key difference between
DTC and earlier 3D models is its connection to the real world through real-time data
streams, which provides support for 3D visualization, interactive interaction, and
predictive analytics .

The scientific and technological foundation of CIM/DTC 1is built on the
synergistic fusion of three key components:

e BIM provides detailed, semantically rich information about individual
assets - the "building bricks" of a city.

e GIS offers geospatial context, provides integration of heterogeneous
territorial data and provides powerful tools for spatial analysis.

e The Internet of Things (IoT) acts as the "nervous system" of the city,
delivering continuous streams of real-time data from millions of sensors deployed
throughout the city (transportation sensors, air quality sensors, energy meters,
cameras, etc.).

It is the integration of data from the IoT that turns a static model into a living
"twin". CIM/DTC is often seen as a logical extension and evolution of BIM and GIS
technologies, scaling them to the city level and enriching them with operational data .

The key capabilities and applications of CIM/DTC are extremely broad:

l.Integrated Urban Management. CIM 1is designed for efficient city
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management and evidence-based decision support. The platform enables
sophisticated analysis such as assessing the potential for rooftop solar
development, noise pollution mapping, traffic flow modeling, or analyzing the
provision of social infrastructure facilities .

2.Smart City (Smart City) development. CIM/DTC is an indispensable
digital core for the realization of the concept of "smart city", uniting on one
platform data and services from different sectors of urban economy .

3.Urban renewal and planning. The technology finds practical application
in urban regeneration projects. A vivid example is the project of modernization of
Ilyinskaya Sloboda in Nizhny Novgorod (Russia). As part of this project, a
comprehensive 3D digital model of the area was created, including existing and
planned development, cultural heritage objects, surface and underground utilities,
and landscape elements. The model, created using tools such as Autodesk
InfraWorks, Revit and Civil 3D, served not only for design work, but also for
investor engagement and dialog with the public, demonstrating the potential of
CIM for strategic urban development .

4.Emergency Management. By integrating weather, infrastructure and
population movement data, digital twins allow to model and predict the
development of emergencies, such as floods or man-made accidents, and optimize
response plans.

The move to CIM marks a fundamental shift from a "design-centric" view of the
city (focused on the design and construction of discrete objects) to a "systems-centric"
and "operations-centric" approach. The dynamic interactions between urban
subsystems and the continuous life-cycle management of the city as a whole become
the focus. However, building and maintaining such a complex system poses new
challenges related to quality assurance and security of huge data sets, privacy issues,
and the need for an unprecedented level of collaboration between different government

agencies, private business, and academia.
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Digital technologies as catalysts for sustainable urban development

The link between the adoption of advanced digital technologies such as BIM and
CIM and the achievement of sustainable urban development goals is increasingly
evident and is one of the key drivers of their diffusion. These tools have a unique
potential to create more resilient, efficient, equitable and sustainable urban spaces,
directly responding to the global sustainability agenda.

International frameworks such as the United Nations Sustainable Development
Goals (SDGs) set the vector for urban development around the world. In this context,
SDG 11: "Make cities and human settlements open, safe, resilient and sustainable" is
of particular importance. Digital technologies, in particular BIM and CIM, are
increasingly recognized as key tools for the practical implementation of the objectives
of this goal .

The contribution of BIM to sustainable development is evident from the earliest
stages of design. BIM methodology is initially focused on optimization and creation of
sustainable and intelligent designs . This is achieved through detailed analysis and
modeling that contribute to goals such as minimizing construction waste, increasing
energy efficiency, improving water management systems, and integrating renewable
energy . The ability to perform a life cycle analysis (LCA) of a building at the design
stage, assess its carbon footprint, optimize the use of natural light and select the most
sustainable materials provides designers with a powerful tool for creating green
buildings. BIM offers transformational benefits such as detailed analysis of energy
consumption, waste reduction through accurate material calculation, improved
resource management and enhanced collaboration between project participants, all of
which contribute to environmentally responsible construction .

The role of CIM in sustainable urbanism is even more far-reaching. CIM systems
are purposefully designed for effective urban management and evidence-based
decision support that promote sustainable urban development . They are often designed
to comply with international green certification and sustainability assessment systems
such as LEED or BREAM, which in turn are closely linked to SDG 11. The synergistic
application of CIM and BIM technologies enhances the "digital brain of the city",

32



TECHNICAL, AGRICULTURAL AND MATHEMATICAL SCIENCES: SCIENTIFIC TRENDS,
PROBLEMS AND WAYS OF THEIR DEVELOPMENT

optimizing the planning and management of urban renewal and facilitating
collaboration in data sharing among all stakeholders to achieve common sustainability
goals . Information modeling in general serves as a fundamental platform for
combining various digital technologies to address complex sustainability challenges ,
and the digitalization of the urban environment is seen as a critical means to improve
environmental protection and use tools such as RS, big data, and [oT to reduce the
negative impacts of urban activities .

Thus, while in its early days, digital tools in construction were mainly focused
on improving efficiency and reducing costs, today there is a clear strategic shift.
Sustainable development is no longer just a potential by-product of digitalization, but
becomes one of the main drivers and the main goal of the development and application
of BIM and CIM.

Specific contributions to different aspects of urban sustainability

The analytical potential inherent in BIM and CIM technologies enables a shift
from general declarations of aspirations for sustainability to concrete, measurable
actions in different areas of urban planning. The data-driven approach makes it possible
to quantify and track sustainability indicators, set measurable targets and be held
accountable for achieving them. This is a significant step forward from traditional,
often qualitative or formal compliance-based approaches. Consider the specific
contribution of digital technologies to key aspects of urban sustainability.

1. Efficient management and utilization of land resources

Land resources are one of the most valuable and limited assets of any city. BIM
and CIM provide tools to utilize them more efficiently and effectively, especially in the
context of urban renewal and development. Digital models support strategies for
adaptive reuse and redevelopment of existing buildings and areas. Such strategies are
often more cost-effective, faster to implement and less environmentally damaging than
demolition and new construction, allowing cities to meet the need for new space in a
more sustainable way .

Through informed planning and management using up-to-date CIM and BIM-

based digital models, released or inefficiently used land resources (e.g., former
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industrial areas due to deindustrialization) can be successfully revitalized. Such areas
can be transformed into public spaces, parks, commercial or residential areas, which
improves overall land use efficiency and stimulates the social and economic vitality of
communities . In addition, CIM and BIM can support the development and
implementation of innovative land use patterns such as mixed-use development, green
roofs and rainwater harvesting systems, which improve the environmental performance
of urban environments .

2. Sustainable housing and improved quality of life

Housing policies and practices supported by CIM and BIM technologies play a
crucial role in improving the quality of life and well-being of residents . Digital tools
help to mitigate the negative environmental impacts of housing construction and
operation, such as excessive resource consumption and waste generation . BIM, as
already mentioned, allows optimizing the use of materials and energy efficiency in
building design .

At the urban planning level, CIM and BIM can increase the sustainability of the
housing sector by optimizing the layout of residential areas, promoting the use of
environmentally friendly materials, improving the overall energy efficiency of
neighborhoods, and encouraging community participation in design processes . The
digital twin technology generated from CIM and BIM can also model and optimize the
management and recycling of demolition waste, improving resource efficiency in the
construction sector and promoting a circular economy .

3. Sustainable and intelligent infrastructure development

Urban infrastructure planning and construction, supported by CIM and BIM, are
key factors in promoting social justice and environmental sustainability . BIM is
already widely used in infrastructure projects today to optimize resource utilization,
improve workflows, reduce costly rework, and ensure that projects are delivered on
time and on budget .

At the city level, CIM and BIM support green infrastructure planning (e.g., urban
parks, public gardens, green corridors), which not only improves environmental

conditions but also enhances the sustainability and cohesion of urban communities .
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Integration with IoT technologies opens up even more opportunities. A CIM-based
information platform can monitor the condition of urban infrastructure (roads, bridges,
drainage systems) in real time using data from various sensors. This allows predicting
potential structural problems and maintenance needs for timely preventive repairs,
thereby improving the overall resilience and safety of urban infrastructure .

4. Preservation of cultural heritage and improved urban design

CIM and BIM provide powerful tools for preserving cultural heritage sites,
which is of great importance for strengthening the cultural identity of residents and can
contribute to tourism and economic prosperity . The use of laser scanning technologies
(LIDAR) allows to create highly accurate BIM models of historical buildings, which
serve as a basis for their careful restoration, condition monitoring and virtual
representation. The project in Nizhny Novgorod, which included detailed modeling of
historical architecture using Revit, is a clear example of this approach .

The integration of BIM with virtual (VR) and augmented (AR) reality
technologies increases the efficiency and quality of the experience of cultural heritage
preservation, and promotes the development of sustainable cultural-cognitive tourism
. In the broader context of urban design, CIM and BIM enable planners to
comprehensively assess the impact of urban regeneration projects on the overall urban
fabric, optimize resource allocation, and ensure coordination with the city's long-term
development strategy . Urban digital twin technology offers benefits such as automated
collision detection in projects, rapid model updates, and integrated logistics, resulting
in significant reductions in design errors .

5. Environmental performance, energy efficiency and climate change adaptation

BIM enables model-based environmental risk assessment, energy efficiency, life
cycle environmental performance analysis, and climate change adaptation strategies
for buildings . Simulation tools provide decision-making based on the analysis of
parameters such as natural light, energy consumption and airflow, facilitating energy
efficiency optimization and renewable energy integration .

At the city level, CIM, by integrating different data sources, can be used for city-

wide environmental analysis, such as assessing the rooftop solar energy potential of an
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entire city or mapping noise pollution zones . Digitalization in general contributes to
environmental protection and optimization of logistic flows , while specific
technologies such as remote sensing and IoT help in monitoring air and water quality
and reducing the overall negative environmental impact . A platform built using CIM
and BIM can assess the environmental impact of buildings, distinguishing between
impacts from direct energy consumption and latent impacts related to the production
and transportation of materials, leading to progress in reducing operational energy
consumption and CO2 emissions.

The contributions to the different aspects of sustainability are not isolated. It is
in the integration that the key advantage of digital platforms lies. For example, the
design of sustainable housing (energy efficiency optimization using BIM) has a direct
impact on overall urban energy consumption and environmental performance. CIM's
ability to integrate data from these different domains allows planners to understand
and manage these complex relationships, leading to more holistic and effective
sustainability strategies. Land use decisions will have implications for infrastructure
needs and housing provision, all of which can be modeled and evaluated in a single
digital environment.

Conclusions of Chapter 1

The analysis of the scientific literature and practical trends presented in this
chapter allows us to draw a number of fundamental conclusions that form the
conceptual foundation for the further presentation.

First, the thesis that traditional approaches to urban planning and construction
have reached the limits of their effectiveness and are unable to adequately respond to
the complex challenges of modern cities is confirmed. The problems of data and
process fragmentation, resource scarcity, high dynamics of social and economic
changes require a transition to a new management paradigm based on integrated digital
technologies.

Secondly, a clear hierarchical and evolutionary structure of digital tools is being
formed. BIM acts as a fundamental layer, enabling the creation of detailed,

semantically rich information about individual assets. Urban BIM scales this approach
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to the neighborhood and complex level, integrating project data into a geospatial GIS
context. At the top of this hierarchy is CIM / City Digital Twin, which combines BIM,
GIS and data from the 10T to create comprehensive, dynamic models for city-wide
operational management, analysis and forecasting.

Third, the direct and meaningful link between the implementation of information
modeling and the achievement of sustainable development goals is undeniably proven.
BIM and CIM provide concrete tools for improving environmental performance,
energy efficiency, resource efficiency, creating better and safer living environments,
developing sustainable infrastructure and preserving cultural heritage. This allows us
to consider digitalization not as an end in itself, but as a key mechanism for the practical
implementation of the principles laid down in the global sustainable development
agenda, in particular in SDG 11.

Thus, the formation of a conceptual apparatus based on a clear understanding of
the challenges of traditional planning, the benefits of digitalization and the potential of
technologies such as BIM and CIM is a critical first step for developing effective
strategies for digital transformation in urban construction and spatial planning.
Subsequent chapters of the monograph will be devoted to a detailed analysis of specific
software tools, the study of practical cases of their application, and the exploration of

promising areas of development that will build on the theoretical foundation laid here.

Chapter 2. Digital Urban Planning Toolkit: A detailed analysis of software
packages

Introduction

After reviewing the conceptual foundations of the digital transformation of urban
planning, it is necessary to move on to a detailed analysis of the specific software tools
that shape the technological landscape of contemporary design. Modern urban planning
and construction is undergoing a fundamental transformation, moving away from
traditional, often fragmented, methods based on two-dimensional documentation to
integrated, data-rich three-dimensional digital environments. This shift is being driven

by the increasing complexity of urban projects, the need for sustainability, and the
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requirement for greater efficiency at all stages of the facilities lifecycle. Building
Information Modeling (BIM) and Geographic Information Systems (GIS) have become
fundamental technologies in this transformation .

As it was shown in the previous chapter, traditional approaches to decision-
making in urban planning, based on two-dimensional plans and static visualizations,
no longer meet the actual needs and specifics of urban development. This emphasizes
the urgent need to implement advanced 3D support systems and integrated digital
workflows . This evolution represents not just a technological update, but a shift
towards a more holistic and informed approach to shaping urban environments. The
integration of BIM, which provides detailed modeling and information management of
individual objects, and GIS, which provides spatial context and analysis tools for large
areas, opens up new possibilities for a comprehensive understanding and management
of urban systems . This technological symbiosis forms the basis for the creation of
"digital twins" of cities - dynamic, data-driven replicas of urban systems that enable
sophisticated analysis, predictive modeling, and optimized management of urban
infrastructure .

However, the potential of individual, even the most powerful, software tools is
only fully realized when they are used within the framework of coordinated, integrated
workflows. Interoperability and seamless data sharing are critical factors to ensure
effective collaboration between interdisciplinary teams involved in urban projects.
There is a significant challenge to fully realizing this potential: despite the availability
of advanced tools, much of the data generated during design and construction remains
untapped. By some estimates, up to 95.5% of data in engineering and construction
projects is underutilized, significantly reducing its potential to improve outcomes . This
indicates a critical gap between technological capabilities and their practical
application.

Thus, the pursuit of integrated digital workflows in urban planning is essentially
a quest to transform data from a fragmented by-product to a central, actionable asset.
Overcoming barriers to data management and utilization is key to successful digital

implementation .
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The purpose of this chapter is to explore in detail the functionality of the key
software products developed by Autodesk - Revit, AutoCAD (including its vertical
solutions Civil 3D and Map 3D) and 3ds Max. Their specific tools applicable to urban
planning and construction tasks will be discussed and, most importantly, strategies for
integrating them to create synergies. This analysis is intended to serve as a practical
guide to implementing a digital approach, supported by technical details and scientific
data.

Autodesk Revit: a BIM core for architectural and structural design

Autodesk Revit takes center stage in the digital design ecosystem as the primary
tool for BIM authoring, that is, for creating information-rich models of buildings and
structures. Its capabilities go far beyond simple 3D modeling, offering a
comprehensive environment for interdisciplinary collaboration and data management
over a significant portion of a facility's lifecycle.

Parametric Modeling and Intelligent Objects

Revit's key technological and conceptual advantage lies in parametric modeling.
Unlike traditional CAD, where a drawing consists of independent geometric primitives
(lines, arcs, polygons), the model in Revit consists of intelligent objects, or "families"
(families). Each element - be it a wall, window, supporting column or duct segment -
is not just a three-dimensional body, but an object with inherent data, rules of behavior
and, most importantly, interrelationships with other objects .

A change in one parameter or element automatically entails a coordinated change
in all related components and views. For example, moving a wall will automatically
adjust its adjoining floors and roof and update its position on all plans, sections and
facades. This principle, known as bidirectional associativity, ensures the integrity and
consistency of the model at all stages of design, drastically reducing errors due to
human error .

The ability to create custom parametric components ("families") allows to
develop extensive libraries of standardized elements specific to urban planning tasks:
from street furniture (benches, urns, lanterns) to complex facade systems or modular

building elements. This significantly increases the efficiency of designing repetitive
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objects and ensures stylistic and technical uniformity within large development
projects .

Interdisciplinary collaboration and data centralization

Modern urban projects are inherently complex and require the close
collaboration of a large number of specialists. Revit was originally created as a
collaborative platform, allowing architects, structural, mechanical, electrical, and
plumbing (MEP) engineers to work simultaneously on a common, centralized model .

Revit's worksharing mechanism allows the model to be divided into worksets,
allowing each specialist or department to work on their part of the project while seeing
related sections in context. The central model, stored on a local server or in the cloud,
1s synchronized with users' local copies, ensuring that up-to-date information is always
shared.

This approach is vital for complex urban development projects. It allows at the
earliest stages to automatically identify and eliminate interdisciplinary collisions,
optimize the routing of engineering networks and make coordinated design decisions .
Acting as the main BIM authoring tool, Revit serves as the "information core" of the
project , creating non-geometric data-rich models that become a single source of truth
for all participants.

Specificity of application for general planning and infrastructure modeling
tasks

Although Revit is primarily a tool focused on building design (vertical
construction), its capabilities are increasingly being used to solve problems related to
general planning and modeling of urban infrastructure elements, especially at
conceptual stages and in projects of integrated development of territories .

In Revit it is possible to create topo-surfaces that serve as a digital elevation
model for the construction site. These surfaces can be built on the basis of imported
topographic data from DWG files or on the basis of coordinate files with elevations .
The availability of an accurate relief model allows to correctly "plant" buildings on the

site, perform preliminary vertical layout and estimate the amount of earthwork.
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For preliminary design within the framework of master plan development Revit
can be used to create volumetric models of buildings (massing), which allows you to
quickly assess the density of buildings, analyze the view characteristics and insolation.
However, it 1s important to understand the limitations of the tool. Specialized tools,
such as AutoCAD Civil 3D, are more suitable and powerful for detailed elaboration of
relief, design of highways with complex turns and cross profiles, as well as for the
design of external engineering networks.

When working with large-scale master plans in Revit, performance issues need
to be considered. Models oversaturated with complex geometry and a large number of
detailed elements can significantly slow down the program. For this reason, efficient
operation requires the use of level of detail (LOD) management strategies, as well as
the proper partitioning of the model into linked files. Elements such as power lines,
long roads or large sanitary protection zones often require simplified representation or
manual drawing in Revit . An effective technique is to pre-draw site boundaries and
key contours in AutoCAD and then import or link the DWG file into Revit as a sub-
base .

Despite these limitations, Revit proves useful for modeling individual
infrastructure components as well. It can be used to create parametric models of small
bridges, retaining walls, and landscaping elements. Built-in analysis tools allow to
perform preliminary calculation of loads for structural elements, and the function of
collision detection helps to avoid intersections, for example, utilities with the
foundations of buildings or bridge structures .

Automated documentation and built-in analysis tools

One of the key advantages of the BIM approach implemented in Revit is the
automation of the process of obtaining working documentation. Floor plans,
facades, sections, assemblies, as well as bills of materials and statements of quantities
are not drawn separately, but are generated directly from the 3D model. Any change in
the model is instantly reflected in all associated drawing views and specifications,
which ensures their relevance and significantly reduces manual labor and errors due to

data inconsistencies .
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In addition to generating documentation, Revit includes a set of built-in tools for
performing various types of analysis, which is particularly valuable for designing
sustainable and quality urban environments. Such tools include:

e Load-bearing structure analysis: The program allows you to specify loads
and boundary conditions, creating an analytical model that can be used to pre-
calculate structures or exported to specialized calculation packages.

e Energy Efficiency Analysis: Built-in tools allow for an early assessment
of a building's potential energy consumption, taking into account its geometry,
orientation, climate data and envelope properties.

e [lluminance and Insolation Analysis: Revit tools allow for solar motion
studies, shadows for a specific geographic location and time of day, and
calculations to estimate the level of natural light in spaces .

These capabilities allow to make informed design decisions aimed at improving
the comfort, safety and resource efficiency of buildings, which is an integral part of the
modern approach to urban development. Thus, Autodesk Revit, being a powerful BIM
tool, lays the information and geometric foundation for the vast majority of urban
projects related to the construction and reconstruction of buildings, and serves as a key
source of data for subsequent integration into larger-scale urban models.

Autodesk AutoCAD and its vertical solutions: Precision Engineering and
Spatial Planning

If Autodesk Revit is the core for BIM modeling of buildings and structures
(vertical construction), then to solve problems related to infrastructure design,
engineering preparation of territories and territorial planning (horizontal construction),
the key role is played by the Autodesk AutoCAD platform and, in particular, its
specialized vertical solutions. These tools provide the necessary accuracy, functionality
for working with land and linear objects, and integration with geospatial data, forming

the second most important component in the digital urban planning technology stack.
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AutoCAD: Universal 2D drawing language and foundation for 3D

Despite the rapid spread of BIM technologies, the basic version of AutoCAD
retains its importance and remains a ubiquitous tool in design activities around the
world. Its role in modern workflows is multifaceted.

First, AutoCAD remains the de facto standard for creating detailed two-
dimensional working documentation, situation plans, executive diagrams, and various
drawings that require high line accuracy . Its native DWG file format is the recognized
and most widely used standard for exchanging graphic data between different
professionals, organizations, and software platforms .

Second, while Revit focuses on an object-oriented approach, AutoCAD provides
fundamental and flexible drafting and basic 3D modeling tools. It is often used in the
earliest, conceptual stages to quickly work through site layout options or to perform
specific detailing tasks, the results of which can then be linked or imported into more
complex BIM or GIS environments as a sub-base . For many engineers and designers,
AutoCAD remains a familiar and effective environment for solving localized problems
that do not require the creation of a full-fledged information model.

AutoCAD Civil 3D: A Specialized BIM Tool for Infrastructure

AutoCAD Civil 3D is a powerful vertical solution built on the AutoCAD and
Map 3D platform, but is inherently a full-fledged BIM tool specifically designed for
civil and infrastructure design. Civil 3D allows you to create not just drawings, but
dynamic, intelligent 3D models of objects inscribed in the existing or project digital
terrain model . The program is a key tool for solving a wide range of tasks of territorial
planning and engineering preparation .

The key functionalities of Civil 3D include:

e Terrain modeling and analysis. One of the strongest aspects of the program
is the ability to create dynamic three-dimensional terrain models (in Civil 3D they
are called "surfaces") based on a variety of input data: geodetic points, laser
scanning files, structural lines, horizons, and others. These models are dynamic,
1.e. any changes in the source data automatically update the surface. Built-in

analysis tools allow to perform accurate calculation of earthwork volumes
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(excavation and embankment), to analyze the surface by slope and elevation, and
to determine the boundaries of catchments . This functionality is indispensable for
site selection, project feasibility assessment, drainage system design, and
development of vertical layout plans.

e Corridor Modeling. For the design of linear-extended objects, such as
roads and railways, canals, pipelines, in Civil 3D uses a powerful tool modeling
"corridors". A corridor is a complex 3D model that is built on the basis of several
key components: the route in plan, longitudinal profile and cross-sectional design.
The dynamic relationship between these components allows the entire 3D road
model with all slopes, ditches, and pavement layers to be automatically rebuilt and
the scope of work to be recalculated when, for example, the alignment changes .

e Design of pipeline networks. The program contains specialized tools for
the design and analysis of pressure and non-pressure pipeline networks, including
storm and domestic sewerage, as well as water supply systems. The tools allow to
perform hydraulic and hydrological calculations, check collisions and
automatically generate network profiles .

e Site planning and site design. Civil 3D provides tools for automated
subdivision of the territory into land plots ("plots") taking into account specified
criteria (area, facade length, etc.), as well as for detailed design of vertical layout
of area objects, such as parking lots, city squares or industrial sites .

e Automated documentation. Similar to Revit, Civil 3D automates the
process of creating working documentation. Plans, longitudinal profiles, cross
sections, and various sheets (e.g., earth mass volume sheets or bifurcation sheets)
are dynamically linked to the 3D model. This ensures their relevance and
significantly speeds up the process of documentation production .

The practical value of Civil 3D is confirmed by its application in large-scale
urban planning projects around the world. Examples include projects in Al Ain (UAE)
and Medellin (Colombia), where the program was used to process heterogeneous input

data, parametric modeling in the development of area objects, detailed terrain modeling
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and BIM interoperability to reduce manual calculations and improve the quality of
design solutions .

AutoCAD Map 3D: GIS Data Integration and Management

If Civil 3D is a tool for creating a design model, AutoCAD Map 3D serves as a
bridge between the world of CAD and the world of Geographic Information Systems
(GIS). This vertical solution extends the functionality of basic AutoCAD with powerful
tools for creating, editing, managing, and analyzing GIS data directly within the
familiar AutoCAD environment .

The key role of Map 3D in the urban planning workflow is to provide designers
with up-to-date geospatial information about the existing situation. The program
provides the ability to connect directly to a wide range of GIS data sources without
requiring their import or conversion. These can be Esri SHP files, connections to
geodatabases (Esri, Oracle, SQL Server) or web-based mapping services (WMS,
WES).

By connecting GIS data, the designer can use it as a contextual background for
his work. For example, it is possible to display layers with land parcel boundaries,
zoning information, zones with special conditions of land use, environmental
constraints, or existing surface and underground utility networks.

In addition to simple mapping, Map 3D provides tools for spatial query and
analysis as well as thematic mapping. This allows, for example, highlighting all areas
that fall within a water protection zone or coloring buildings according to the year they
were built. Map 3D also provides correct management of coordinate systems, which is
critical when working with data for large urban areas.

An important feature of Map 3D is the use of so-called industry models, which
are structured data templates for specific engineering networks (water supply,
sewerage, electrical networks, gas supply). This allows not just drawing lines, but
creating intelligent GIS-objects with a set of attributes, which is used to collect and
maintain data on engineering networks of the city .

Thus, the combination of AutoCAD, Civil 3D and Map 3D forms a powerful and

flexible environment for solving the whole range of tasks related to engineering
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preparation of the territory and territorial planning. AutoCAD serves as a universal
platform and means of data exchange, Map 3D provides integration with the geospatial
context, and Civil 3D acts as a BIM-tool for creating detailed, intelligent and dynamic
models of infrastructure objects. These tools, in turn, are tightly integrated with Revit
and 3ds Max to create a unified digital workflow, which will be discussed next.

Autodesk 3ds Max: Advanced visualization and simulation of urban
environments

If Revit is a tool for creating information-rich essence of the project, and Civil
3D - for its accurate engineering "landing" on the ground, Autodesk 3ds Max acts as a
key tool for its perception, analysis and communication. In modern urban planning, the
role of visualization goes far beyond the creation of aesthetically pleasing images. It is
becoming a powerful tool for analysis, a means of dialog with the public and the client,
and an integral part of the design decision-making process. 3ds Max, being one of the
industry's leading 3D modeling, animation and rendering software products, provides
a comprehensive set of capabilities .

High-quality photorealistic visualization and animation

The main and best known function of 3ds Max is the creation of photorealistic
static images (renders) and animations, which allow us to visualize with a high degree
of fidelity how a designed object or urban environment will look like in reality . In the
context of urban planning, this is crucial for several aspects:

e Communication within the project and with the client: Complex design
solutions presented in the form of drawings or diagrams can be difficult to perceive
by persons without specialized technical knowledge. High-quality visualization
makes the project clear and tangible, allowing the customer and other stakeholders
(investors, government officials) to more fully evaluate the proposed solutions and
provide constructive feedback .

e Public interaction: Urban planning projects, especially large ones, affect
the interests of many people. Realistic visualization of future streets, squares and
buildings is an effective tool for public hearings and discussions, helping to clearly

demonstrate the benefits of the project and alleviate possible concerns on the part
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of residents.

e Marketing and Investment Attraction: For development projects, high-
quality renderings and animations are a key marketing tool used in brochures,
websites and presentations to attract buyers and investors long before construction
is complete.

To achieve a high level of realism, 3ds Max offers advanced modeling tools
(including polygonal, spline, and procedural modeling), extensive material libraries
that support Physically-Based Rendering (PBR), and sophisticated lighting and camera
controls . The integration of powerful rendering systems such as Arnold (included in
the standard delivery) or popular third-party renderers such as Corona Renderer or V-
Ray allows physically correct ray tracing, achieving the highest level of photorealism
. It 1s important to emphasize that a high-quality visualization of urban planning
projects should not only have aesthetic appeal, but also accurately reflect the technical
and geometric characteristics of the project, embedded in BIM models and CAD
drawings .

Environmental Simulation: Insolation, Lighting and Shadow Analysis

In addition to creating beautiful images, 3ds Max is a powerful tool for analyzing
and simulating the light environment, which has direct relevance to sustainable urban
design. The program allows detailed studies of daylight and shadow movement by
creating a specialized daylighting system (e.g., Sun Positioner or Daylight System) in
the scene .

This system allows you to precisely set the geographic coordinates of the project
(latitude and longitude), select the date and time, and the direction to the north. Based
on these data, the program calculates the position of the sun and correctly displays
shadows cast by buildings and other objects. A key feature is the animation of the sun's
movement during the day or even the whole year . By saving such animation as a video
file, designers and planners can visually analyze:

e Insolation levels of residential buildings and public spaces, checking
compliance with regulatory requirements.

e The impact of new construction on existing development: how the
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projected building will shade neighboring houses, playgrounds or parks.

e Visual comfort in public spaces at different times of the day and year.

e Energy efficiency of buildings: the analysis helps to optimize building
orientation and facade shape to maximize passive solar heating in winter or,
conversely, to create shaded areas in summer .

Although 3ds Max provides powerful built-in tools, there are also specialized
plugins (e.g., Shadow Analysis) that can offer presets tailored to specific local
insolation norms, but it should be kept in mind that such plugins may provide
illustrative rather than strictly normative results . In addition to shadow analysis, 3ds
Max also contains artificial light analysis tools that can display numerical illuminance
values (in lux or ft-candelas) directly on surfaces in the rendered scene, which is useful
when designing street lighting .

Complex Scene Management and Animation

Urban projects almost always involve working with very large and complex
scenes, including dozens and hundreds of buildings, infrastructure elements,
landscaping, landscaping, etc. 3ds Max provides a number of tools to effectively
manage such scenes, which is critical to maintaining productivity.

A key approach is linking (linking) external files rather than importing them
directly. The program allows you to create dynamic links to files from Revit (via FBX
format or direct integration) and AutoCAD (via DWG format). This means that the
main scene in 3ds Max remains relatively "light", loading geometry from external
sources. When changes are made to the source model in Revit or AutoCAD, it can be
easily updated in the 3ds Max scene without losing customized materials and lighting.

To optimize the work with a large number of similar objects (eg, trees, lights,
cars) use mechanisms instancing (instancing) and proxy-objects. This allows you to
place in the scene thousands of copies of one object, while the geometry of the object
is stored in memory only once, which greatly saves resources.

In addition to static visualization, 3ds Max is a powerful animation tool. In the
context of urban planning, it is used not only to create camera overflights ("walks" and

"flights" in the future neighborhood), but also to animate the scene, making it more

48



TECHNICAL, AGRICULTURAL AND MATHEMATICAL SCIENCES: SCIENTIFIC TRENDS,
PROBLEMS AND WAYS OF THEIR DEVELOPMENT

realistic and informative. You can animate the movement of vehicles on the roads, as
well as create and animate the flow of pedestrians, using both standard tools and
specialized tools, such as the built-in Populate system, which allows you to quickly fill
the scene with animated crowds of people .

Thus, Autodesk 3ds Max completes the triad of key tools, translating abstract
data and geometry from BIM models and CAD drawings into a visually
understandable, analyzable, and convincing format necessary for successful
implementation and presentation of modern urban planning projects.

Integrated workflows and tool synergy

Analyzing the functionality of Revit, Civil 3D and 3ds Max shows that each of
these software products is a powerful tool for solving its own range of tasks. However,
their true potential in the context of the complex, multifaceted urban planning and
construction process is revealed not in their isolated use, but in their synergistic
integration. Creating a single, seamless digital workflow in which data moves freely
and with minimal loss between different platforms is a key challenge to maximize
efficiency, accuracy and quality of the end result.

This integrated approach enables a continuous chain of information creation and
use: from conceptual modeling and detailed building design in Revit, through master
plan and infrastructure engineering in Civil 3D, to final photorealistic visualization,
analysis and presentation in 3ds Max. Such a workflow, unlike a traditional fragmented
workflow, is often not linear but an iterative cycle where changes in one part of the
project can be quickly and coherently transferred to other parts of the project.

Technical aspects of interoperability: Bridging the gap between software
products

Effective collaboration between software products is built on two pillars:
standardized data exchange formats and clear methodologies for their use.

Key data exchange formats:

e DWG (Drawing): AutoCAD's native format, which is the de facto industry
standard for exchanging 2D and 3D geometry. Its main advantage is its high

accuracy and widespread support. However, when transferring data from object-
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oriented BIM environments (such as Revit or Civil 3D) to DWG, much of the
"intelligence" - attribute information and parametric relationships - can be lost if
the objects are not native to AutoCAD . Nevertheless, DWG remains indispensable
for transferring base plans, topographic sub-bases and producing 2D
documentation .

e I[FC (Industry Foundation Classes): It is an open, neutral and
internationally  standardized data format specifically developed by
buildingSMART to enable interoperability (interoperability) between different
BIM software. Unlike DWG, IFC is designed to convey not only geometry but also
rich semantic information such as attributes, classifications, and relationships
between objects . IFC is the cornerstone of the OpenBIM concept, allowing
architects, engineers, and designers working in different programs to efficiently
exchange consistent data . This format is critical for transferring BIM models to
GIS systems (e.g. Esri ArcGIS, which can work directly with IFC) or for
coordinating with project participants using third-party software .

e FBX (Filmbox): A proprietary format developed by Autodesk that has
become a standard for data exchange between 3D graphics, animation, and
visualization software. FBX 1is great for transferring models from Revit or
AutoCAD to 3ds Max because it efficiently preserves not only geometry but also
visualization-critical elements such as materials, textures, light sources, cameras,
and animation data .

Strategies for maintaining data integrity:
For data exchange to be successful, it is not enough to simply choose a format.
A number of rules and techniques must be followed:

1.Shared coordinates and georeferencing: This is absolutely necessary to
correctly combine models from different sources (e.g., a building model from
Revit and a master plan from Civil 3D) in a single space. From the very beginning
of the project, a common insertion point and a common coordinate system for all
sections of the project must be defined.

2.Linking vs. Importing: It is important to understand the difference
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between these two approaches. Importing creates a static, independent copy of the
data from the external file into the current file. Linking creates a dynamic link to
the external file. Linking is generally preferred for collaborative workflows
because when the source file i1s updated (e.g., the architect has made changes to
the Revit model), the linked model in 3ds Max or Civil 3D can be easily and
quickly updated .

3.Data preparation and "cleaning": Before transferring a model from one
program to another, it often requires preparation: simplifying overly complex
geometry, removing unused elements, checking and correctly organizing layers (in
AutoCAD) or object categories (in Revit), and logically grouping elements. This
provides a cleaner and faster data transfer and better performance in the receiving
program .

Practical workflow scenarios: Connecting the dots
Based on the described technologies and formats, specific workflows are built
based on the synergies between the tools.

e Revit to 3ds Max (for architectural and urban visualization): This is one
of the most common and demanded workflows. The BIM model of a building or
building complex created in Revit is transferred to 3ds Max to create photorealistic
visualizations. The most efficient method is direct model linking, which allows for
a "live" link for future updates . An alternative method is export via the FBX format
. This process emphasizes correct material matching, geometry optimization, and
handling of complex parametric families to achieve the best results .

e AutoCAD/Civil 3D to 3ds Max (for master plan and infrastructure
visualization): A similar process is used to visualize master plans, vertical layout
designs, roads, and other infrastructure objects created in Civil 3D or AutoCAD.
DWG files with terrain models, road layouts, and landscaping plans are imported
or linked to the scene in 3ds Max, where realistic materials (grass, asphalt, paving
stones) are assigned, landscaping elements, small architectural forms are added,
and lighting is customized . Complex Civil 3D objects, such as corridors or pipe

networks, may require prior conversion to 3D solids or simplified meshes for better
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processing in 3ds Max .

e Civil 3D and Revit integration (for coordinated building and site design):
This bidirectional workflow is the core for integrated design.

o From Civil 3D to Revit: An accurate elevation model (topo-surface),
as well as the contours of designed roads, parking lots, and landscaping
elements are transferred from Civil 3D to Revit. This allows architects to
"plant" the building on the real terrain, take into account height differences and
correctly design entrance groups and basements. The transfer can be done
through exporting the surface to DWG/DXF with the subsequent creation of
topography in Revit using this data .

o From Revit to Civil 3D: In turn, the contours and dimensions of
buildings designed in Revit are transferred to Civil 3D. This is necessary for
engineers-genetic planners to detail the vertical layout around buildings, design
access roads, sidewalks and the correct connection of external utilities to the
building. Advanced workflows using specialized plug-ins can even establish
dynamic links between Civil 3D objects and native Revit geometry .

e AutoCAD to Revit (for basic information): A simple but commonly used
workflow in which 2D drawings from AutoCAD (e.g., old archival plans, geodetic
sub-bases) are linked to a Revit project as references for modeling or sketching .

Role of Cloud Platforms and the Common Data Environment (CDE)

Modern workflows are increasingly shifting towards cloud-based collaboration
platforms. Platforms such as Autodesk Construction Cloud (ACC) and its BIM
Collaborate Pro service are revolutionizing the way teams collaborate. They implement
the concept of Common Data Environment (CDE - Common Data Environment) - a
single centralized source of information for all project participants .

CDE ensures that all specialists - architects, designers, engineers, general
planners, customers - work with the latest and most up-to-date versions of models and
documents. This eliminates the confusion associated with mailing files and minimizes

the risks of working with outdated data. ACC and BIM Collaborate Pro platforms
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provide centralized data management, real-time collaboration on Revit and Civil 3D
models, version control, and issue and comment tracking for interdisciplinary teams .

It is important to note that cloud platforms also support specialized collaboration
technologies such as Data Shortcuts in Civil 3D. This mechanism allows project teams
to share individual design objects (surfaces, paths, pipe networks) without attaching
entire drawings, which facilitates parallel work on different parts of an infrastructure
project. Integration of this technology with the cloud platform BIM Collaborate Pro
allows organizing effective collaboration on master plan projects even for
geographically distributed teams .

Thus, the triad of software products Revit, Civil 3D and 3ds Max, united through
standardized data formats and cloud platforms for collaboration, forms a powerful and
flexible digital ecosystem capable of providing effective solutions to the most complex

problems of modern urban construction and spatial planning.

Chapter 3. Practical application: analyzing representative global cases

Introduction

After a detailed review of the conceptual foundations of digitalization and
technological tools for urban planning, the logical and necessary step is to turn to actual
practice. Theoretical statements and descriptions of the functionality of software
products acquire true value only when they are confirmed in successfully implemented
projects. This chapter is devoted to the analysis of representative global cases that
demonstrate the practical application of integrated digital technologies, including
building information modeling (BIM), computer-aided design (CAD) systems and
visualization tools, in urban construction and spatial planning.

The aim of this analysis is to present an empirical framework illustrating how
digital approaches specifically address complex engineering, urban planning and social
challenges. We will consider projects of different scales and typologies: from unique
infrastructure facilities to the comprehensive regeneration of urban areas and the

development of transportation systems in megacities. This will allow us to identify
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common patterns, key success factors, as well as typical difficulties arising on the path
of digital transformation.

It is important to note that the success of digital technologies in the following
cases is largely determined not just by the availability of advanced software, but by a
clear strategy for its integration and management. As research shows, a structured and
planned approach to the implementation of these technologies is required to realize
their full potential . Key concepts such as a BIM Implementation Plan (BIP), which
defines an organization's strategic goals, and a BIM Execution Plan (BEP), which
regulates the processes and standards for a specific project, are integral attributes of
successful digitalization. This emphasizes that technological sophistication must be
accompanied by organizational and methodological changes to achieve meaningful and
measurable results.

Case Study 1: Randselva Bridge, Honefoss, Norway

Project Overview and Objectives

The Randselva Bridge project in Norway is one of the most striking and
representative examples demonstrating the maturity and potential of BIM technology
in modern infrastructure construction. The facility is a unique cantilever concrete
bridge with a total length of 634 meters located near the town of Honefoss . The bridge,
which is part of the E16 highway, crosses a complex terrain including the Ranselva
River, a valley, an existing railway line and foothills, which predetermined the
complexity of its geometry and design.

However, the main feature of the project that made it world-famous was the
ambitious task set by the client, the Norwegian Public Roads Administration (Statens
Vegvesen). The task was to realize the entire project solely on the basis of 3D models,
with a complete rejection of traditional 2D drawings at all stages - from design to
construction . This strategic decision made the Ranselva Bridge the longest bridge in
the world built entirely paperless and set a new standard for digitalization in the
industry.

Such a bold move on the part of the public customer was not a spontaneous

experiment. It was based on previous positive experiences with BIM, which recorded
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a significant reduction in the number of Requests for Information (RFIs) during the
construction phase . This fact indicates the client's purposeful desire to maximize the
benefits of digital technologies, moving from their partial application to full,
comprehensive integration. Such a progressive stance by government agencies often
acts as a powerful catalyst for innovation, creating demand for new technologies and
competencies and pushing the entire construction industry forward.

The technology stack employed

To realize such an ambitious task, a comprehensive set of digital tools was used,
with information modeling and collaboration solutions at its core.

The central place in the technology stack was taken by the Tekla Structures
software from Trimble, which was used for detailed structural BIM modeling,
parametric design of structures and, most importantly, for modeling of reinforcement .
The information richness of the model was brought to an extremely high level: each
element in the BIM model contained about 50 attributes, including the exact labeling
of each of the more than 200,000 reinforcing bars according to more than 200
concreting phases. Also, 250 prestressed ropes were detailed in the model .

Trimble Connect, a cloud-based Common Data Environment (CDE), was used
to enable the geographically distributed team to work together and manage all project
information. This platform became a single source of truth for all project participants,
providing access to up-to-date versions of models and documents . An important role
in model coordination and validation was played by Solibri software for automated
model analysis and collision search .

A key aspect of the workflow was the emphasis on the OpenBIM concept, i.c.
the use of open, non-proprietary data formats. More than 95% of information exchange
between designers and general contractor was carried out via IFC (Industry Foundation
Classes) files . This allowed to ensure compatibility between different software
products and smooth interaction of all participants, which was critical in the conditions
of an international project.

Finally, Trimble SiteVision augmented reality technology was an innovative tool

during the construction phase. It allowed engineers and construction workers to
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superimpose a real-scale 3D model of the bridge on the physical construction site using
specialized equipment, which provided an unprecedented level of visibility, control,
and verification of the installation work .

Description of the workflow and difficulties encountered

The project team was international and geographically distributed, with
members located in four different countries: Norway, Denmark, Finland and Poland .
This made the use of BIM, the Trimble Connect cloud platform and the specialized
collaboration tool Tekla Model Sharing not just desirable, but absolutely necessary for
successful project coordination and implementation.

The workflow was completely re-engineered for paperless technology. All
design decisions were made and agreed on the basis of the 3D model. Ordering of
materials, including complex geometry of reinforcement bars, was made directly from
the model data. Special BIM-stations (BIM-kiosks) were organized at the construction
site, and field crews were equipped with secure tablets for prompt access to the actual,
detailed 3D-model at any point of the object .

The main difficulties of the project, as noted by the participants, were related not
so much to the technologies as such, but to the practical implementation of the model-
oriented approach directly on the construction site . The main challenges were:

1.The need for staff training: the general contractor PNC had no previous
experience in building projects without the use of traditional drawings. Significant
effort was required to train engineers, foremen, and workers to read and use 3D
models on tablets and to use specialized viewing and analysis software .

2.Changing culture and habits: Moving away from drawings required
overcoming psychological barriers and changing decades of established work
practices.

3.0rganization of construction processes: It was necessary to rearrange all
logistics and sequence of operations based solely on information from the digital
model.

Despite these challenges, BIM tools proved to be extremely effective. The tasks

of detecting spatial collisions and developing solutions for additional reinforcement at
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complex nodes were effectively solved by analyzing the model in Solibri and Tekla,
thus avoiding many problems that would have occurred on site with the traditional
approach .

Results achieved: Qualitative and quantitative indicators

The Ranselva Bridge project has demonstrated impressive and, in many ways,
benchmark results, confirming the benefits of a fully digital approach.

Qualitative results:

e The project was successfully completed in 2022, becoming the longest
bridge in the world built without a single 2D drawing .

e The highest degree of coordination and collaboration between
geographically distributed project teams was achieved .

e Significantly improved understanding of the scope and sequence of work
directly on the construction site due to constant access to a visual 3D model and
the use of augmented reality tools .

e A more universal and unambiguous exchange of information between
participants from different countries is ensured, as the 3D model does not require
interpretation of national drawing standards .

e The project received two prestigious Tekla Global BIM Awards in the
categories of Best BIM Project and Best Infrastructure Project .

Quantitative results:

e Dramatic reduction in errors and increase in quality: The most telling
result is the installation accuracy. Out of approximately one thousand anchor holes,
not a single one was placed incorrectly. This virtually unprecedented industry
performance is directly attributed to the use of the BIM model as a single source
of truth and the application of digital inspection tools .

e Saving time on future projects: Parametric scripts developed during a
project for complex assemblies can be reused. It is estimated that up to 70% of
these scripts can be applied on future similar projects, providing significant time
savings .

e Long-term operational savings: Having an accurate digital "as-built" (as-
g p g g g
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built) model provides the basis for effective management of an asset throughout its
100-year lifecycle. This will reduce the cost of operation, maintenance and future
repairs .

Thus, the case of the Ranselv Bridge convincingly proves that the transition to
fully model-oriented, paperless work processes in complex infrastructure projects is
not only possible, but also economically justified, as it leads to a dramatic improvement
in quality, accuracy and efficiency at all stages of the life cycle of the object.

Case Study 2: The Clichy-Batignolles Urban Regeneration Project (The
Clichy-Batignolles), Paris, France

Project overview and objectives set

While the case of the Ranselev Bridge demonstrates the depth of BIM
application at the level of a highly complex engineering site, the Clichy-Batignolles
project in Paris shows the breadth and strategic importance of digital technologies in
the complex transformation of large urban areas. Clichy-Batignolles is one of the
largest and most ambitious urban regeneration projects in modern Europe, covering an
area of 54 hectares in the 17th arrondissement of the French capital .

The main goal of the project is not just to develop the territory of the former
railway marshalling yard and adjacent industrial areas, but to transform it into an
exemplary eco-district demonstrating advanced principles of sustainable urban
development with the ultimate, highly ambitious goal of achieving zero or near-zero
carbon emissions .

The project envisages the creation of a multifunctional, balanced and socially-
oriented urban environment. It includes:

e Around 3,400 housing units, with a significant proportion allocated to
social and affordable housing, aiming to create a mixed social environment.

e Over 300,000 m? of office and commercial space, including landmark
public buildings such as the new Palais de Justice of Paris (designed by Renzo
Piano), a theater, a cinema and other facilities.

e Extensive public spaces, the centerpiece of which is the large 10-hectare

Martin Luther King City Park .

58



TECHNICAL, AGRICULTURAL AND MATHEMATICAL SCIENCES: SCIENTIFIC TRENDS,
PROBLEMS AND WAYS OF THEIR DEVELOPMENT

In addition to environmental and architectural objectives, the project solves the
most important urban planning problem - the restoration of the spatial and social
cohesion of the urban fabric. The territory of the former railroad for many years served
as a barrier separating the historic center of Paris, more affluent areas in the west and
working-class neighborhoods in the north, including the suburb of Clichy-la-Garenne.
The new neighborhood is intended to be a "bridge" connecting these disparate parts of
the city . Thus, Clichy-Batignolles represents a comprehensive urban transformation
strategy where environmental sustainability, social inclusion and high quality of the
urban environment are not secondary aspects but key drivers and main objectives of
the project.

The technology stack used

In order to address such complex and interrelated challenges, Information
Modeling (BIM) was identified as a key technology. In this project, BIM was applied
not so much for the detailing of individual buildings, but as a tool for master planning
and strategic analysis at a district-wide level. In French practice, the term "maquette
numerique" (digital maquette) is often used to refer to digital models, which fully
captures the essence of the approach applied in Clichy-Batignolles .

The BIM methodology was used to create a comprehensive digital representation
of the entire project, integrating the various factors affecting the design and
construction process. This allowed for detailed planning, analysis and visualization of
all aspects of the future district before physical implementation . Although specific
names of software products such as Revit or 3ds Max are not directly mentioned in the
available materials in relation to this project, the scope and nature of the tasks suggest
the use of appropriate tools. Autodesk software solutions such as:

e Revit for detailed design of individual buildings and structures;

e InfraWorks or Spacemaker for conceptual planning, development of
master plan options and analysis of the urban environment (insolation, wind loads,
noise impact) ;

e Civil 3D for infrastructure design and vertical layout;

e 3ds Max for high quality visualization and public communication,
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functionally fully meet the needs of such a complex urban project. The
application of BIM was aimed at addressing the strategic challenges of sustainable
development:

e Optimizing the energy consumption of the district as a whole by analyzing
the mutual arrangement of buildings, their orientation and shape.

e Maximizing the use of renewable energy sources, in particular geothermal
energy and solar panels, the location of which was planned through model analysis.

e Designing efficient water management systems, including rainwater
harvesting and utilization.

e Optimizing the location of green spaces to create a comfortable
microclimate and maintain biodiversity.

This case demonstrates an important evolution in the application of BIM -
moving from the level of individual objects (Building Information Modeling) to the
level of integrated urban planning (City/Campus Information Modeling).

Description of the workflow and difficulties encountered

The project was implemented by a specially created development company Paris
Batignolles Aménagement, later renamed Paris & Métropole aménagement (P&Ma) .
The entire workflow was initially structured around the achievement of ambitious
sustainability goals with the active use of BIM as a coordination and analysis tool .

Given the huge scale of the project (54 hectares), its multifunctionality and the
large number of parties involved (dozens of architectural offices, engineers of various
specializations, ecologists, transportation specialists, construction companies, city
authorities), one of the main challenges was undoubtedly the coordination and
management of huge amounts of information. Even with advanced BIM tools, ensuring
effective data exchange, consistency of models from different teams and timely change
management at this scale is a non-trivial organizational and technological challenge.

Common challenges associated with BIM implementation, such as the need for
all project participants to have the appropriate knowledge, skills and experience to
effectively utilize the technology , have also likely occurred. This once again

emphasizes that BIM is a powerful tool, but its effectiveness is directly dependent on

60



TECHNICAL, AGRICULTURAL AND MATHEMATICAL SCIENCES: SCIENTIFIC TRENDS,
PROBLEMS AND WAYS OF THEIR DEVELOPMENT

well-defined project management processes (having a BEP in place), effective
communication and established collaboration between all participants.

Results achieved: Qualitative and quantitative indicators

The Clichy-Batignolles project is a long-term project, with full completion
scheduled for 2025 . However, it is already possible to talk about the significant results
achieved and to assess its impact.

Qualitative results:

e Creation of a new urban center of attraction: The project has successfully
transformed a depressed, isolated area into a lively and attractive district of Paris.

e Formation of a high-quality urban environment: The centerpiece of the
project - the 10-hectare Martin Luther King Park - has already become a favorite
recreation spot for Parisians and an example of modern landscape design .

e Realization of the principles of social inclusion: The creation of a
significant share of affordable housing contributes to the formation of a balanced
social environment.

Quantitative outcomes and targets:

e Zero CO2 emissions: The main objective of the project is to achieve zero
or near-zero carbon footprint status for the area. This is planned to be achieved by
using 100% renewable energy sources for heating and hot water (mainly
geothermal energy) and by installing 35,000 m? of photovoltaic panels on the roofs.

e Energy efficiency: Strict energy consumption targets have been set for all
buildings, significantly lower than standard requirements.

e Waste and water management: The project includes innovative pneumatic
garbage collection systems and integrated rainwater management solutions.

While specific quantitative measures of reduced construction time or collisions
for this project are not available in the available materials, a general benefit of BIM
fully applicable to such large-scale urban initiatives is noted: reduced public opposition
and opposition to infrastructure projects. Studies show that accurate and realistic
visualization of final results using BIM models can reduce the number of objections

from the public by up to 25% . In the more general context of BIM application in civil
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engineering, such indicators as reduction of design errors by 40% and reduction of
construction waste by 5% are also mentioned, which is certainly relevant for a project
of this scale.

The successful realization of the stated ambitious sustainability goals in the
Clichy-Batignolles project will be a major global precedent. The quantitative indicators
of building energy efficiency, CO. emission reductions, the share of renewable energy
used and other environmental parameters that will be recorded at the end of the project
will be of great importance for the formation of best practices in the field of sustainable
urban construction and can serve as a benchmark for future projects around the world.

Case Study 3: Atakoy-ikitelli Metro Line, Istanbul, Tiirkiye

Project overview and objectives

The M9 Atakdy — Ikitelli metro line project is a prime example of the application
of BIM technologies in the creation of complex transport infrastructure in the dense
urban development of one of the largest megacities in the world. The project is the
construction of a new line of the Istanbul Metro on the European side of the city. The
line 1s 13.4 km long , includes 12 stations and connects five densely populated areas of
the city, providing transport services to the strategically important Basin Express
highway .

The main objective of the project is not only to build a new line, but also to
ensure its effective integration with six other existing and planned urban rail transport
lines , including the city's main transport artery, the Marmaray Line . This will
significantly improve the connectivity and overall efficiency of the entire Istanbul
transport network. The project is technically complex and includes the construction of
the main tunnels (using both TBM tunnel boring machines and the new Austrian tunnel
construction method NATM), station complexes constructed using both open and
closed methods, and associated infrastructure . The projected carrying capacity of the
line 1s approximately 412,000 passengers per day, and the travel time between the end
stations should be reduced to 21.5 minutes .

The most important feature of this project is that it was one of the first metro

projects in Turkey, the competition for which included mandatory requirements for the
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use of BIM at all stages of the life cycle . This decision, initiated by the customer (the
Istanbul Municipality, which has been consistently implementing BIM in its projects
since 2015 ), played a key role in the selection of contractors and determined the high
level of digitalization of the project. This example once again confirms the thesis about
the decisive role of the customer as a driver of technological innovation in the
construction industry .

Technology stack used

The Atakoy-Ikitelli metro line project was fully implemented using the
information modeling system. The leading design organization, Prota Engineering,
applied the 5D BIM methodology in this project , which demonstrates the high level of
maturity of BIM processes. This approach covers not only the creation of a three-
dimensional geometric model (3D), but also its integration with scheduling (4D - time)
and cost management (5D - money), ensuring comprehensive project management .

The project actively used software products from the Autodesk ecosystem . In
particular:

e Revit was used for detailed architectural, structural and engineering
design of station complexes and other structures.

e Navisworks was used for interdisciplinary coordination, assembly of
composite models and automated clash detection .

In addition, in the general practice of Prota Engineering, a wide range of tools
are used to implement BIM projects, including Dynamo for visual programming,
parametric design and automation of routine tasks, as well as specialized software for
structural analysis and design, such as Tekla Structures and the company’s own
development ProtaStructure .

The use of 5D BIM in such a large and complex infrastructure project highlights
the qualitative shift from using BIM primarily for geometric modeling and clash
detection to its use as a tool for integrated project management , allowing for real-time
monitoring of the progress of work and its compliance with the budget. For the
successful application of advanced BIM technologies in the Atakdy — Ikitelli metro line

project, the Prota BIM Team was nominated for the prestigious international Autodesk
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AEC Excellence Awards in 2018, which is recognition of the high level of its
competence by the global expert community .

Description of the workflow and the difficulties encountered

The workflow developed by Prota Engineering covered all stages and sections
of the design: from the development of the concept and preliminary design to the
release of detailed working documentation. This included the design of the route,
tunnels, station complexes (architecture, interiors, finishing works), supporting
structures, the entire complex of engineering systems (ventilation, heating, water
supply, fire extinguishing), power supply and communication systems, as well as
coordination with geological and geodetic survey data .

Model-based coordination was a central element of the workflow . The Prota
BIM team used models created by all project participants to ensure interdisciplinary
coordination and the timely detection and resolution of clashes at the earliest design
stages when changes are least costly . The company’s general practice actively uses 4D
planning (integrating the model with the construction schedule to simulate the
construction process) and parametric design methods , especially for complex
geometric objects such as tunnel junctions . All workflows were built on the basis of
advanced international standards, such as the British BS 1192 and PAS 1192-2:2013 .

Despite the obvious advantages of BIM, the implementation and use of these
technologies in large-scale projects inevitably involves certain difficulties. These could
include:

e Coordinating the work of multiple disciplines and ensuring the quality and
consistency of data in models from different performers.

e Heterogeneity in understanding and expectations of BIM among different
stakeholders. A study conducted on six Istanbul metro projects (including,
probably, the Atakdy-ikitelli line) showed that although working on BIM projects
generally becomes less complex with experience, perceptions and expectations of
the technology can vary significantly among designers, contractors and client
representatives . This points to the importance of not only the technological but

also the organizational component of BIM implementation, including training and
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the formation of a common culture.

e The need to adapt standard workflows to specific engineering tasks. For
example, for the Ikitelli-Atakdy project, the development of an alternative
workflow for managing work volumes and generating certificates of completion
for diaphragm walls is mentioned . This demonstrates the flexibility of the BIM
approach and the ability of the team to adapt tools to specific tasks, which is a sign
of a deep understanding of both the technology itself and the specifics of the
designed object.

Achieved results: Qualitative and quantitative indicators

One of the most significant qualitative results of the Atakdy — Ikitelli metro line
project was its nomination for the final of the prestigious international Autodesk AEC
Excellence Awards in 2018 . This in itself is an objective recognition of the high level
of implementation of BIM technologies and the innovative approach of the project
team by the global professional community.

The use of BIM has contributed to a significant improvement in coordination
between different disciplines, early identification and resolution of thousands of
clashes , and has provided the opportunity for comprehensive analysis and visualization
of various design solutions, which ultimately improved the quality of the project .

Although there are no specific quantitative data on design and construction time
reductions or cost savings specifically for this project in the materials provided, the
general benefits of BIM claimed by Prota include “fewer errors, reduced waste, time
savings and reduced project costs” .

The most important and most important result for the city and its residents is the
successful completion of the project. The Atakdy-Ikitelli metro line was officially
opened and began operating in March 2024 , which indicates the timely and successful
implementation of the project. In the long term, the project will provide significant
improvements in transport accessibility and reduction of travel time for millions of
Istanbul residents, making a significant contribution to the sustainable development of

the metropolis .
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Cross-case analysis and key findings

The analysis of the presented case studies — the Ranselva Bridge, the Clichy-
Batignolles regeneration project and the Atakdy-Ikitelli metro line — allows us to
identify a number of common patterns and key success factors in the implementation
of BIM, CAD and visualization tools in urban development and territorial planning,
despite significant differences in the scale, geography and typology of the projects
themselves.

Comparative overview of technologies and workflows

Despite differences in the specific software products used as core software (e.g.
Tekla/Trimble in the Ranselva Bridge project and the Autodesk ecosystem in the
Atakdy-ikitelli metro line project ), all the cases reviewed demonstrate commitment to
the general, fundamental principles of the model-based approach. The key
technological components that ensured success were:

e BIM modeling platforms: In each case, the core of the project was a data-
rich 3D model created in a specialized BIM editor.

e Common Data Environment (CDE): The CDE is the foundation for
collaboration. Centralized access to up-to-date information for all project
participants was achieved through platforms such as Trimble Connect in Norway
or through standards-based processes in Turkey.

e Coordination and clash detection tools: Software such as Navisworks or
Solibri played a vital role in preventing errors at early stages, allowing thousands
of spatial and logical intersections to be identified and resolved in a timely manner.

e OpenBIM Support: The use of open, non-proprietary formats, in particular
IFC, was critical to ensure interoperability between different platforms and
participants, as was particularly demonstrated in the international Ranselva Bridge
project.

e Visualisation and simulation tools: In all projects, visualisation was used
not only for final presentations, but also as a working tool for analysis (e.g.
sustainability analysis in Clichy-Batignolles ), simulation (4D planning in Istanbul

) and as a tool for on-site control (augmented reality in the Ranselva project ).
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The work processes in all cases are characterized by an emphasis on
interdisciplinary coordination and early problem identification. The Ranselva Bridge
project stands out for its complete elimination of 2D drawings, which required a radical
restructuring of all processes and the highest level of model detail. The Atakdy-ikitelli
metro line project demonstrates the use of 5D BIM , integrating time and cost into the
model for integrated management. The Clichy-Batignolles project demonstrates the use
of BIM to address strategic issues of sustainable urban development at the master
planning level.

Common problems and effective solutions

A comparison of cases allows us to identify common challenges that projects
face when transitioning to digital rails:

1.Need for staff training: The transition to BIM requires new skills and
competencies for both designers and builders.

2.Cultural and psychological barriers: Overcoming resistance to change and
the habit of working with traditional 2D drawings is a non-trivial task.

3.Coordinating large and/or geographically distributed teams: Effective
information and communication management requires clear rules and powerful
platforms.

4.Ensuring the quality and consistency of data across models from different
vendors.

Effective solutions that contributed to the success of projects also have common
features:

e Clear requirements and will on the part of the client: Mandatory
requirements (mandates) for the use of BIM (as in Istanbul and Norway ) or
ambitious sustainability targets (as in Paris ) are a powerful incentive for
innovation.

e Implementation of a Common Data Environment (CDE) in some form to
centralize information.

e Significant investment in training and technical support for teams.

e Using parametric modeling to solve complex geometric and design
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problems and automate routine operations .

e Willingness to adapt processes and develop customized solutions for

specific project tasks, as was done for the diaphragm wall works in Istanbul .

Table 1. Cross-case analysis of key project characteristics

Characteristic Ranselva Bridge | Clichy-Batignolles Atakoy-Ikitelli Metro
(Norway) (Paris, France) Line (Istanbul,
Tiirkiye)
Main Construction of a | Redevelopment of an | Construction of a new
tasks/goals bridge entirely in 3D | industrial zone, | metro line, integration
without 2D | creation of a | with the transport
drawings, OpenBIM. | sustainable eco-district | network, mandatory
with Zero CO: | requirement for SD BIM.
emissions.
Key Tekla Structures, | BIM for master | Revit, Navisworks, 5D
technologies Trimble Connect | planning and | BIM (Prota), Dynamo,
(CDE), Trimble | sustainability, CDE (standards-based).
SiteVision (AR), | "maquette numérique",

IFC, Solibri.

software for urban
design and analysis.

Main aspects of | Completely BIM  for strategic | SD BIM (integration
the work | paperless, OpenBIM, | sustainability analysis, | with cost and schedule),
process parametric  design, | multi-stakeholder model-based
control via AR. coordination. coordination, 4D
planning.
Main Personnel training, | Coordinating a large- | Coordination of multiple
difficulties work on a | scale project, managing | disciplines, different
construction site | information, achieving | understanding of BIM,
according to a model, | ambitious sustainability | adaptation of standard
coordination of a | goals. processes.
distributed team.
Key quality | The longest bridge | Creation of a model | Autodesk AEC
results without 2D | eco-district (in | Excellence Awards
drawings, progress), iconic city | nomination, improved
international awards, | park, reduction of | coordination, timely line
highest precision. resident opposition | opening.
(expected).
Key Savings on future | Target: zero  CO: | Timely commissioning,
quantitative projects (up to 70% | emissions (in progress); | expected reduction in
results of scripts), reduction | 5% waste reduction | travel time for 412
of errors (0 errors per | (overall assessment for | thousand
~1000 anchors). BIM) . passengers/day.
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The Role of Visualization in Project Transformation

Case analysis shows that the role of visualization in modern projects is changing
dramatically. It is no longer just a function of creating final renders for presentations
and is becoming an active tool at all stages of the life cycle :

e At the planning and design stage: for analysis of options, simulation (e.g.
traffic flows, insolation, 4D construction schedule), adoption and verification of
design decisions.

e At the approval stage: for a more visual and unambiguous presentation of
design solutions to the customer and other interested parties, which speeds up the
approval process.

e During the construction phase: to monitor the execution of works, to take
them out into nature, to instruct workers and to improve safety. The use of
augmented reality in the Ranselva project is a prime example of this new role.

e In interaction with the public: to demonstrate the future appearance of
urban spaces and infrastructure facilities, which contributes to citizen involvement,
reducing social tension and increasing the level of trust in the project .

Regardless of the specific software stack used, key success factors include the
maturity of BIM processes, the availability and effective use of a Common Data
Environment (CDE), and the commitment of all project participants to model-based
collaboration . This is confirmed by a comparison of the Ranselva (Trimble core stack)
and Atakdy-Ikitelli (Autodesk core stack) projects, both of which achieved outstanding
results.

Conclusion to Chapter 3

The analysis of the presented empirical cases — the Ranselva Bridge, the Clichy-
Batignolles regeneration project and the Atakoy-ikitelli metro line — convincingly
demonstrates the practical significance and transformative impact of integrated digital
technologies on modern urban construction and territorial planning. These examples
from global practice confirm the theoretical provisions of the monograph on the high
potential of BIM, CAD and visualization tools for solving the most complex

engineering, urban planning and social problems.
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Empirical data show that the successful application of digital technologies is not
only a technological process, but also a complex socio-technical process . It requires
significant changes in the design and construction culture, in the organization of work,
in the methods of interaction between numerous project participants, as well as
significant investments in training and development of human capital. Key success
factors include a clear implementation strategy, an active and demanding position of
the customer, the use of common data environments, commitment to the principles of
open interaction (OpenBIM), as well as the willingness of teams to adapt and develop
customized solutions for the specifics of the project.

The presented cases emphasize that digital technologies not only improve the
efficiency and quality of design and construction, reduce errors and optimize costs, but
also solve larger-scale problems, such as creating a sustainable and comfortable urban
environment, improving transport infrastructure and involving the public in urban
development processes. Further research can be aimed at a more in-depth quantitative
analysis of the benefits of using BIM in various types of urban projects, as well as
developing methods for assessing the maturity of BIM processes and their impact on
the final results. Practical application of the identified successful approaches and
overcoming existing barriers will contribute to further digital transformation of the

construction industry and urban economy, shaping the cities of the future.

Chapter 4. Prospects and future directions of development

Introduction

The analysis of conceptual frameworks, tools and practical cases conducted in
the previous chapters convincingly proves that digitalization is not just one of the
trends, but a fundamental driving force determining the present and future of urban
development. We are entering an era when the isolated application of individual
technological solutions gives way to the formation of an integrated digital ecosystem
for urban planning and management. The future of urban environments is inextricably
linked with how key technologies - Building Information Modeling (BIM), the concept
of the "Digital Twin of the City" (DTC), Artificial Intelligence (AI), Virtual and
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Augmented Reality (VR/AR), the Internet of Things (IoT) and cloud platforms - will
be mastered, integrated and managed.

This chapter is predictive in nature and aims to identify the main vectors of
development of these technologies and their combined potential to solve the most
complex urban problems, from ensuring sustainable development to improving the
quality of life of city residents. The “radical digitalization™ of the architectural and
construction industry, stimulated by the synergy of BIM and Al, has already led to the
emergence of the concept of “smart cities” that use information technologies to
improve operational efficiency and sustainability . The Internet of Things, in turn, plays
a revolutionary role in urban management . This transformation is not just the
introduction of new tools, but a fundamental change in the ways of conceptualizing,
planning, constructing and managing urban environments .

Driving these changes is the growing complexity of urban challenges. Rapid
growth in urban populations (70% of the world’s population is projected to live in cities
by 2050 ), worsening climate change impacts, resource depletion, and the urgent need
to create more sustainable and resilient urban systems require innovative, science-
based solutions . The technologies discussed in this chapter are not just innovations in
search of applications, but responses to these pressing needs. Their success will be
measured by their ability to effectively address real-world urban problems, creating
safer, more comfortable, and more sustainable cities for all.

From Building Information Modeling to Urban Digital Twins: An
Evolutionary Trajectory

Expanding Horizons of BIM in Urban Planning

Building information modelling (BIM) should not be seen as a static, once-and-
for-all defined tool, but as a dynamically developing technology that lays the
foundation for digital urbanism. As shown in previous chapters, BIM goes far beyond
simple 3D modelling, offering advanced capabilities for data integration and lifecycle
management of objects. Today, this technology plays a key role in increasing the

accuracy, efficiency and sustainability of urban planning processes .
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BIM enables the creation of detailed 3D models of urban areas that help visualise
potential development projects and assess their comprehensive impact on the
environment and society. Using BIM enables urban planners to make more informed
decisions, leading to better designed and more sustainable urban spaces .

The scope of BIM in urban planning is vast and constantly expanding,
integrating every detail of design and construction and covering everything from the
architecture of individual buildings to the planning of entire infrastructure complexes.
However, the most important trend is the evolution of BIM from a project-specific tool
to a fundamental information layer for more complex city-level systems . Detailed,
data-rich models created with BIM for individual buildings or infrastructure assets are
increasingly seen as essential components or “building blocks” that are aggregated and
complemented by real-time data to form Digital Twins of Cities (DTCs). BIM is thus
not being replaced, but rather absorbed and extended by the DTC concept, which
represents a logical transition from the micro (building/project) to the macro (city)
scale of digital representation.

Successful and widespread adoption of BIM, including standardized data
formats (such as I[FC) and proven collaboration practices, is a critical prerequisite for
effective implementation of DTC at the city scale. Without mature BIM processes,
creating comprehensive and interoperable digital twins becomes a significantly more
challenging task. Therefore, the maturity of BIM implementation in the AEC industry
directly impacts the feasibility and complexity of developing reliable Digital Twins of
cities.

Digital Twin of the City (DTC): A Paradigm Shift in City Management

The concept of the “Digital Twin of the City” (DTC) represents a significant leap
forward from traditional BIM models, marking a paradigm shift in urban management.
DTC is a dynamic digital model that reflects the actual urban environment in real time,
with an emphasis on monitoring and responding to current conditions (‘“nowcasting”)
rather than just predicting future states . In contrast to long-term forecasting, DTC
emphasizes interaction with streaming data and the collaboration of different city

services.
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The key components that make up DTC include:

e Information models (BIM and GIS): serve as the basic framework
describing the physical assets of the city.

e Internet of Things (IoT) sensors are the “nervous system” that collects data
about the state of the urban environment in real time.

e Data networks (e.g. 5G): provide fast and reliable data delivery.

e Data storage and processing systems: cloud platforms and data processing
centers.

e Cybersecurity tools: to protect critical city information .

DTC takes the BIM concept further by integrating operational data, modeling
broader system interactions (transport, energy, climate ) and focusing on continuous
management and decision support rather than primarily on design and construction.
While BIM models are detailed representations of physical assets, DTC aims to model
the behaviour and processes of the city itself.

DTCs provide decision makers with actionable insights and act as a digital
sandbox for experimentation without risking the real world . The application areas of
DTCs are extremely diverse:

e Ecology and sustainability: mitigating the effects of heat islands, planning
for population growth and protecting biodiversity (case of Uppsala, Sweden) .

e Emergency management: flood forecasting (case of Incheon, South
Korea), fire safety management, disaster preparedness (case of Grenada) .

e Operational management: traffic optimization, urban sanitation and
facility management (Schiphol Airport case, Netherlands) .

e Social planning: adapting cities to the needs of an ageing population using
data from wearable [oT devices (the URBANAGE project in the EU) .

The introduction of DTC marks a fundamental shift from a “project-oriented”
view of urban development to a “system-oriented” and “operation-oriented” approach
. The focus is no longer on the life cycle of a single construction project, but on the

continuous management of the life cycle of the entire urban system.
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However, the power of DTC, based on rich, integrated, real-time data, inevitably
also gives rise to complex governance challenges. Questions of data ownership,
privacy, security, accessibility, and the ethics of algorithmic decision-making come to
the fore. The success and public acceptance of DTC will depend in large part on the
creation of robust and transparent governance frameworks that proactively address
these issues. Without citizen trust, the potential of this disruptive technology could be
undermined .

Synergetic technologies transforming urban planning practice

The evolution from BIM to Digital Twins of cities is a central, but not the only,
vector of digital transformation. Its true potential is revealed in the convergence with a
range of other disruptive technologies that, acting together, can radically change
approaches to the analysis, design and management of urban environments. Artificial
intelligence, immersive realities and the Internet of Things are no longer niche or
experimental tools, but are becoming integral components of an integrated urban digital
ecosystem.

Artificial Intelligence and Generative Design: Automation of Analysis and
Form Optimization

Artificial intelligence (Al), including machine learning and especially generative
Al, has truly transformative potential for urban development. Al can process vast and
diverse arrays of urban data for predictive analytics, improve the quality of decisions,
and model complex urban systems . The use of generative design for automated
optimization of urban planning, research into new design solutions, and acceleration of
the design process itself is becoming one of the key and most promising areas.

In urban planning, Al helps classify and analyze large volumes of data, making
planning processes more efficient, improving environmental conditions, and enhancing
public engagement . It contributes to the development of predictive analytics to forecast
the impact of decisions, refine the decision-making process, and optimize geospatial
tasks . Al can be used to automatically analyze development proposals for compliance
with regulations, analyze proposed changes to zoning regulations, and optimize master

plans .

74



TECHNICAL, AGRICULTURAL AND MATHEMATICAL SCIENCES: SCIENTIFIC TRENDS,
PROBLEMS AND WAYS OF THEIR DEVELOPMENT

Generative design , driven by Al algorithms, uses computing power to
autonomously generate and evaluate thousands of diverse design options based on
given parameters and constraints (e.g. building density, solar requirements, budget) .
This marks a shift from traditional design, where a human sequentially generates and
tests multiple options, to a new approach where a human acts as a curator defining
goals and criteria, and a machine generates a wide range of optimized alternatives. This
approach enables the creation of smarter, healthier, more sustainable, and more
inclusive cities . In architecture, it is used to explore new building forms and the use of
more sustainable materials .

Ethical issues, data privacy concerns, the risk of creating an Al divide, the social
impact of automation, and complex governance issues come to the fore . The high cost
of building and maintaining Al infrastructure and, crucially, the potential bias of
algorithms due to incomplete or biased data are also major concerns . If Al-generated
urban planning recommendations cannot be clearly explained or if their hidden biases
are not understood, it will be difficult to gain public trust and ensure fair outcomes.

Immersive Realities (VR/AR): Improving Visualization, Collaboration, and
Engagement

Virtual (VR) and augmented reality (AR) are revolutionizing the way we
visualize, perceive, and collaborate in urban planning. Integrating BIM models with
VR/AR for immersive project review, stakeholder communication, and deeper
understanding of proposed changes is becoming increasingly common.

Exporting BIM models (e.g. Revit files) to virtual reality environments (such as
Unreal Engine or Unity) allows one to literally “visit” the designed building or the
future street before construction begins . This enables architects, engineers and, most
importantly, customers and future users to evaluate the project not based on flat
drawings, but in real scale, to feel the space, check the ergonomics and visual
characteristics.

Augmented reality (AR), in turn, superimposes digital models onto an image of
the real world using a smartphone camera or specialized glasses . This opens up unique

possibilities:
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e At the construction site: engineers can see the design position of structures
or hidden utilities (e.g. underground pipes) directly at the place of their installation,
which radically reduces the number of errors .

e In urban planning, planners can, while standing on an empty lot, “see” on
their device screen how a proposed building will fit into the surrounding
development, how it will affect viewpoints, and what shadows it will cast .

These technologies are particularly valuable in the context of public
engagement. Traditional public hearing formats with complex drawings are often
ineffective. VR and AR make urban plans intuitive for non-specialists, significantly
increasing their level of engagement. Research shows that AR can increase public
participation by 45% by making zoning regulations and projects more understandable
through interactive 3D models. VR can be used in participatory design workshops,
allowing residents, including even children and vulnerable groups, to actively
participate in the creation of future urban spaces.

However, there are challenges here too: technological limitations (cost of
equipment, computing power), physical and psychological barriers for some users, as
well as ethical issues related to the possible manipulation of public opinion through the
creation of overly idealized virtual scenarios .

Internet of Things (IoT): Weaving a Real-Time Web of Urban Intelligence

The Internet of Things (IoT) is having a profound and pervasive impact on
spatial planning, forming the sensory foundation for adaptive urban environments.
Networks of interconnected sensors and devices embedded in urban infrastructure
generate vast amounts of real-time data that feed Digital Twins of cities and enable
dynamic monitoring and management of urban infrastructure, environmental health,
and resource consumption.

IoT is a key enabler for the creation of smart cities, enabling real-time monitoring
and management of aspects of urban life such as street lighting, traffic, air quality and
waste management. 10T sensors are the hardware component of DTC, its “sense
organs”. In territorial planning, IoT affects:

e Transport management: smart traffic lights, traffic congestion sensors,
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driver information systems.

e Environmental monitoring: air quality, water pollution, noise level
Sensors.

e Energy management: smart grids and smart lighting that adjusts brightness
based on the presence of people or vehicles.

e Infrastructure maintenance: sensors on bridges, pipelines or building
elements that signal the need for predictive repairs.

The benefits of IoT implementation include improved quality of life, streamlined
public services, support for sustainable development , increased resilience of cities to
the effects of climate change , and reduced operational costs . However, the widespread
adoption of IoT also raises serious concerns about the security and privacy of collected
data, the risk of information overload, compatibility issues between devices from
different manufacturers, and high initial investment costs . Creating a “sentient city”
that can sense and monitor the processes occurring within it requires the development
of strong ethical standards and transparent data policies.

Transforming Workflows: The Impact of Cloud Platforms and
Collaboration Tools

Redefining Collaboration in Urban Development

The convergence of the technologies described above would not be possible
without a fundamental shift in the way collaboration is organized. Cloud platforms and
advanced collaboration tools are fundamentally changing the workflows and
interactions between the various professionals involved in urban planning and
development. There is a tectonic shift from isolated, sequential operations to integrated,
real-time teamwork, facilitated by Common Data Environments (CDE) and unified
communication platforms.

Cloud solutions such as Autodesk Construction Cloud provide a single,
centralized environment for all project participants-architects, engineers, contractors,
clients, and other stakeholders. This ensures that everyone is working with the most
current and consistent information, creating what is known as a “Single Source of

Truth” . This approach eliminates the delays, errors, and data loss associated with
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traditional file sharing and facilitates seamless collaboration between professionals,
regardless of their physical location.

The key benefits of this approach are:

e Real-time operation: Updates made by one participant are instantly
available to all others, reducing approval and decision cycles .

e Mobility and accessibility: Information is available anytime and
anywhere, often via mobile devices on the construction site, even offline .

e Integration of tools: Platforms combine various tools (BIM modeling,
document management, comment tracking) into a single workflow, which
increases its efficiency and transparency.

e Democratization of access: Cloud platforms can lower the barrier to entry
into large projects for smaller firms or niche specialists who may have previously
been excluded due to limitations of their own IT infrastructure or geographic
distance.

However, the centralization of data on third-party servers also raises important
questions about data ownership, responsibility for its security, dependence on a specific
provider, and long-term archiving of information , which requires careful legal and
organizational regulation, especially in projects of national importance .

Evolution of planning tools and methodologies

A new generation of cloud-based tools and the data flows they drive are driving
the evolution of urban planning methodologies themselves. There is a steady shift
towards more data-driven, iterative and adaptive processes, facilitated by real-time
analytics, advanced modelling capabilities and mobile access to information.

Access to centralized data and real-time analytics enables planners to make
more informed decisions based on current conditions and forecasts. Cloud platforms
that support BIM and other modeling tools facilitate rapid iterations and exploration
of'a wide range of design alternatives. Digital twins of cities, often hosted in the cloud,
enable testing of various development scenarios (“what if?”) without risking the

physical environment.
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This facilitates a shift from traditional, static master plans, which often become
obsolete before they are fully implemented, to more dynamic and adaptive urban
strategies. Planning becomes less focused on creating a fixed end state and more
focused on continuous monitoring, learning and adjustment in response to changing
needs or unforeseen impacts.

As urban planning becomes more and more intensive in terms of data-driven and
dependent on sophisticated digital tools, a skill set that required of an urban planner is
expanding significantly. It must include digital literacy, basic data analysis, critical
interpretation, and the ability to curate information from a variety of sources . This does
not mean that every planner must be a programmer, but a certain level of technological
awareness and understanding of data principles is becoming indispensable.

Technological imperatives for sustainable urban development

This section summarizes how the emerging technologies discussed (BIM, DTC,
Al, VR/AR, IoT, cloud) collectively contribute to the creation of more sustainable
urban environments. Three key aspects of sustainability are considered: environmental
sustainability, safety and resilience, and the creation of comfortable and inclusive
cities.

Promoting environmental sustainability

Digital technologies play a key role in improving environmental analysis,
optimizing resource management and designing green urban systems.

e BIM enables early assessment of environmental impact, energy
consumption, and material life cycle, supporting the development of
environmentally friendly projects .

e Al and generative design can optimize designs in terms of energy
efficiency, use of renewable energy sources, and the use of sustainable materials .

e Digital twins of cities , like the one in Uppsala, are used to plan sustainable
urban models, protect biodiversity and reduce carbon emissions .

e [oT facilitates efficient energy management (smart grids, smart lighting),
monitoring air and water quality, and reducing environmental impacts by

optimizing resource use.

79



TECHNICAL, AGRICULTURAL AND MATHEMATICAL SCIENCES: SCIENTIFIC TRENDS,
PROBLEMS AND WAYS OF THEIR DEVELOPMENT

Improving Safety and Resilience
Digital technologies make significant contributions to disaster preparedness and
response, infrastructure resilience and public safety.

e DTCs are used for fire safety management and flood forecast monitoring
(Incheon), as well as for disaster preparedness, including storm surge modeling
(Grenada).

e [0T sensors can detect floods, fires and other hazards, providing early
warning, and monitor the health and load levels of critical infrastructure,
supporting its predictive maintenance.

e BIM and cloud platforms help to plan and build buildings and structures
that are more resilient to climate and man-made impacts.

Creating comfortable, inclusive and livable cities

Technologies have the potential to significantly improve citizen engagement,
accessibility of the urban environment for all population groups, and the overall quality
of urban life.

e VR and AR make the planning process more inclusive and understandable,
improving the quality and effectiveness of public participation.

e URBANAGE project demonstrates how DTC and IoT can be used to
identify accessibility issues and co-design more inclusive cities with older people.

e [0T can improve interactions with citizens through digital platforms and
optimize the quality of public services (transportation, waste disposal), directly
improving the quality of life.

e Al can help in analyzing the needs of different social groups, and design
based on it can be oriented towards human-centered concepts, health, safety and
comfort.

The true potential for sustainable development lies not in the isolated application
of these technologies, but in their synergistic integration. For example, IoT data feeds
DTC, which is analyzed by Al, visualized through VR/AR, and managed together via

cloud platforms to achieve integrated results. A holistic, systems-based approach to
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their deployment is therefore critical, and should be embedded in broader city strategies
that consider human behavior, economic incentives, and policy frameworks.

Conclusion to Chapter 4

Conducted within the framework of this section monographs complex analysis
indicates that digital technology is not just a complement or optimize existing urban
practices planning and construction, and fundamentally their transform, opening the
way to creation more intelligent, sustainable and people - oriented urban Wednesday.
Evolutionary path from information modeling individual buildings (BIM) to
multifunctional, real-life time Digital doubles cities (DTC), enhanced opportunities
artificial intelligence, ubiquitous penetration Internet things, immersive experience
virtual and augmented reality and supported global cloud platforms, is dominant a trend
that will determine development industries for decades to come.

This transformation inevitably leads to a rethinking of the role and competencies
of the urban planner himself, predominantly main designer who creates static plan, he
turns into a conductor complex informational streams, interdisciplinary coordinator
cooperation and that It is important, ethical navigator in a complex, rich data in the
world. Ability critically evaluate quality and completeness data, understand limitations
and possibilities algorithms, as well as effectively interact with a wide range of
technologies and stakeholders sides becomes key professional competence.

Integration considered technology certainly has huge potential for creation more
ecologically clean, resource-efficient, safe, resilient, fair and livable cities. However, it
is important to avoid traps technological determinism . Technologies themselves are
neutral and do not guarantee positive results; their final impact on the city environment
and society is determined by how They are designed, implemented, managed and, most
importantly, by whom are controlled.

Successful and beneficial for society integration these advanced digital
technologies in the city Planning is not just a technical task, it is a complex one.
sociotechnical task. It requires joint, synchronous evolution the technologies,
structures and methods themselves management, professional practices, educational

programs and public understanding and acceptance. Issues related to ethics,
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management data, provision privacy, bridging the digital divide and the need
adaptations professional skills, require a comprehensive, interdisciplinary approach.
Purely technocentric. a look of disregard social, economic and political aspects, rather
everything will endure failure or will result in unintended negative consequences such
as gain social control or aggravation inequalities.

Convergence Digital doubles cities, advanced (AI- driven) simulation,
immersive VR/AR interfaces and permanent cloudy environment for collaboration
works indicates a gradual formation his own genus «urban metaverse» — a stable,
common , virtual analogue of the physical city used for planning, design, operation and
social interactions . This «urban metaverse» may become mainstream interface for
many types activities in the field urban planning and management, that will have deep
consequences for work professionals and interactions citizens with development their
cities.

For implementation positive potential digital transformations are necessary
proactive formation adequate regulatory and legal bases, development professional
ethical codes and implementation inclusive approaches that ensure that these powerful
tools serve public good. Further scientific research should be aimed at studying long-
term social consequences ubiquitous implementations urban technologies,
development new models of digital city management and search effective strategies
overcoming the digital divide in the context of "smart cities". Only if the these
conditions can will ensure that digital the future of our cities it was not only

technologically advanced, but also humane, fair and genuine sustainable.
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