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Abstract:

Digital Twins represent an innovative technology that is increasingly being
adopted in urban planning, management, and infrastructure recovery. This article
discusses the development of a digital twin for Mariupol (Ukraine), a city severely
affected by military actions and currently under occupation. The digital twin will be
developed based on data collected before the occupation, with the goal of facilitating
the efficient reconstruction of the city after its liberation. The primary objective of
implementing digital twin is to create tools for the rapid restoration of the city and
provide convenient simulation of urban planning scenarios. The article also
discusses the development algorithms and mathematical models that can be used to
build and manage such systems.

Introduction:

Mariupol, a key city in southeastern Ukraine, has suffered significant damage
due to military actions and occupation. Its reconstruction after liberation will be one
of the most critical tasks for the Ukrainian government, international organizations,
and local authorities. To effectively and quickly restore the city’s infrastructure,
innovative approaches are required, one of which is the use of Digital Twin
technology (fig.1).

A city’s digital twin is a virtual model that integrates data about urban
infrastructure, buildings, transportation, and other city components in real-time[1].
Through the use of digital twin, it is possible to analyze and simulate various
reconstruction scenarios, significantly accelerating the planning and decision-
making processes.

The main goal of creating a digital twin for Mariupol is to enable the rapid
restoration of urban infrastructure after liberation (fig.2). An important feature of
digital twin is its ability to simulate various development and urban planning
scenarios and provide analytical data for selecting the best solutions in each case [2].
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Fig. 1. Interactive map of the destruction city Mariupol [2]

The digital twin of Mariupol will allow:

1. Rapid restoration of critical infrastructure, such as roads, bridges, and
utility networks.

2. Simulation of different urban development scenarios for optimal land use
and resource allocation.

3. Optimization of transport flows and urban transport systems.

4. Development of energy efficiency plans and sustainable urban development.

5. Provision of data for rapid responses to emergencies, such as natural disasters.
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Fig. 2. Opportunities for creating a digital twin with subsequent scenario simulation for
the Mariupol railway station area

The creation of a digital twin for a large, war-affected city like Mariupol requires
a comprehensive development algorithm that includes several key stages (fig.3).
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sto create a digital twin, extensive data on Mariupol's urban infrastructure,

buildings, roads, transportation networks, and environmental indicators
need to be gathered. These data can be obtained from various sources
such as archives, aerial photography, satellite monitoring, and laser
scanning. Additionally, data collected before the occupation will be used.

Data Collection

Data Processing and =at this stage, the data are integrated into a unified platform, typically a

Creation Olfia GIS, which will serve as the foundation for the digital twin. GIS allows for
Inf t? eogsraq: ¢ the display, management, and analysis of spatial data, which is essential
ormation SEE';;;; for planning city reconstruction.

*based on the collected data and created models, various reconstruction

scenarios can be simulated. For example, different urban development
options for specific districts can be modeled, as well as transport flows
and energy needs.

Scenario Modeling
and Forecasting

P

»one of the key aspects of digital twin is its ability to receive real-time data.
After Mariupol's liberation, sensors and IoT systems will be installed in

Bl Tirme Boedtark the city, transmitting data on the state of urban infrastructure. This will

2nd Monioring allow city services to monitor and adjust the reconstruction process as
necessary.
; ; sthe digital twin must be integrated with city management systems to
M Intepmiiomwith ensure effective coordination among all services and enhance decision-
anagement Systems

making speed.
Fig. 3. Development algorithm a digital twin for Mariiupol

Several types of mathematical models are used to build a city’s digital twin,
each serving a specific function within the digital twin system. Here are the main
models that can be applied to the reconstruction of Mariupol:

a) Geometric Models: these models form the basis of any digital twin and
represent the buildings and infrastructure. They are created using data from laser
scanning, aerial photography, and satellite images. For Mariupol, these models will
be essential for restoring accurate city planning blueprints;

b) Physical Models: physical models account for factors such as building
loads, weather conditions, and other environmental impacts on infrastructure.
These models are crucial to ensuring the resilience of structures in Mariupol during
reconstruction;

c) Scenario Models: scenario models allow the simulation of wvarious
reconstruction and development scenarios. These models will be used to analyse
multiple urban development options and select the best outcome based on criteria
such as energy efficiency, accessibility, and traffic flows;

d) Transport Models: transport models forecast vehicle movements,
pedestrian flows, and road load. In Mariupol, these models will help optimize
transport flows and minimize congestion;

e) Economic Models: a vital component of the digital twin is economic modelling,
which assesses the cost-efficiency of reconstruction efforts. These models are used to
forecast recovery costs, evaluate project profitability, and plan resource allocation.

Advantages of using Digital Twins in reconstruction: using a digital twin for the
reconstruction of Mariupol will offer numerous advantages. First, it enables the
simulation of various urban development scenarios without real-life experimentation,
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saving time and resources. Second, it will optimize planning and construction
processes, ensuring the city’s sustainable development. Additionally, Digital Twins will
help minimize risks and simplify urban environment management.

Conclusions:

The creation of a digital twin for Mariupol after its liberation will be a key step
in its reconstruction process. Digital Twins technology offers unique opportunities for
modelling and optimizing urban processes, which is particularly important in the
context of rapid recovery following military actions. The use of digital twins will not
only speed up the city’s restoration but will also make Mariupol an example of a
sustainable and modern city ready to face future challenges.
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