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This paper considers a comprehen-
sive approach to the use of intelligent sys-
tems in the context of smart cities, which
is aimed at increasing their social sus-
tainability under the conditions of grow-
ing urbanization and globalization.

Cities face challenges related to the
need to optimize the management of
urban resources and improve the quality
of life of residents, which requires inno-
vative approaches to planning and the
use of advanced technologies.

The proposed intelligent system archi-
tecture, integrating six modules such as
quality of life modeling, socio-econom-
ic analysis, intelligent tourism, envi-
ronmental monitoring, legal interpreta-
tion, and misinformation detection, has
demonstrated a 25-40 % performance
improvement depending on the module.

The effectiveness of the proposed sys-
tem is explained by the use of advanced
algorithms of machine learning and data
analysis, which makes it possible to
reduce the time of solving critical tasks
and increase the adaptability of the city
infrastructure to future challenges.

Quwing to the integration of intelligent
systems into city management, cities gain
the ability to respond more effectively to
current and projected social and environ-
mental challenges, significantly improo-
ing the quality of life and environmental
sustainability.

The proposed system could be imple-
mented in cities of different sizes and
configurations, contributing to long-term
socio-economic development and envi-
ronmental sustainability. Effective imple-
mentation of the system reduces city
management costs by up to 30 %, while
reducing CO; emissions by 10-15 %,
which is important in the context of com-
bating climate change
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1. Introduction

Increasing urbanization and globalization present enor-
mous challenges and opportunities to cities. Cities are
economic, socio-cultural, and technological centers where
a large number of people and resources are concentrated.
However, this growth also leads to increased strain on in-
frastructure, resource scarcity and environmental pollution.

Modern cities face numerous challenges: population growth,
environmental degradation, growing socio-economic inequali-
ty, and other factors that can undermine their sustainability.
Therefore, it is important to devise new approaches to the man-
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agement of social systems of the city, which make it possible to
reduce risks, increase the efficiency of the use of resources, and
adapt the city infrastructure to changing conditions.

Under such conditions, sustainable development becomes
a necessity for cities, as it makes it possible to solve current
problems without reducing the opportunities of future gener-
ations. However, in order to achieve sustainable development
of the city, it is necessary to have at one’s disposal not only
ambitious plans but also intelligent tools that will help make
informed decisions and implement them effectively.

The construction of an intelligent system for the develop-
ment of social sustainability of the city is an important step in




the direction of ensuring the sustainable development of urban
areas. It makes it possible to build adaptive models that can
predict possible risks (both social and environmental), as well
as optimize management processes in urban systems based on
big data analysis, artificial intelligence, and machine learning.

Intelligent systems make it possible to integrate various
aspects of urban life: economy, social relations, infrastructure,
health care, education, transport, and others. Owing to this,
it becomes possible to comprehensively assess the state of the
city, forecast its development, and quickly adapt to changing
conditions.

Thus, research in the field of integration of intelligent
systems in the development of smart cities is relevant. It
responds to the urgent needs of society in an efficient and
sustainable urban environment, and the results of such re-
search can contribute to the improvement of the quality of
life of residents and ensure long-term socio-economic devel-
opment. The analysis and implementation of such systems al-
lows cities to be more adaptable to modern challenges, which
makes further research in this area extremely important.

2. Literature review and problem statement

Smart cities play a key role in today’s urbanized society,
offering intelligent systems that contribute to social sustain-
ability and improve the quality of life of residents through
the optimization of city services and infrastructure. Work [1]
offers a framework for the development of terminology in the
field of smart and sustainable cities, where sustainability sup-
ports the “smartness” of the urban environment. However, the
study does not cover in detail how exactly the introduction
of such terminologies could contribute to practical changes
in urban governance. The lack of analysis of practical exam-
ples or concrete cases of implementation leaves important
questions open, in particular, how cities could adapt existing
infrastructures to the proposed terminology.

Study [2] examines the importance of public transport
in supporting social and economic interactions in large cit-
ies and examines how smart mobility could improve overall
societal well-being. However, the authors do not highlight in
detail the economic barriers to the implementation of such
solutions in less developed cities or regions. That is, there is
no deep discussion about the financial and political obstacles
that could complicate the implementation of such initiatives
in the context of economic inequality between cities.

Work [3] indicates the importance of both concepts for
urban planning and how they could complement each other
through appropriate design and management. However, the
authors do not pay enough attention to specific methods
of integrating these concepts into different types of urban
environments, especially under conditions of rapid urban-
ization and limited resources. This may indicate that there
is currently a lack of sufficient empirical research to support
such integrative approaches.

Work [4] offers a new approach and concept of a “smart
and sustainable city”, analyzing five conceptual models
of a smart city with an emphasis on well-being, inclusive-
ness, social equality, and competitiveness. Despite this, the
study does not take into account the practical limitations
in achieving such ideals, especially in countries with low
levels of social and economic inclusion. The paper also lacks
suggestions on how to overcome the systemic barriers asso-
ciated with political and social inequality in such countries.

Study [5] discusses how the components of a smart city (gov-
ernance, people, life, mobility, economy, and environment) con-
tribute to the sustainability of the city in terms of health and
well-being, economy, systems and services, and strategy. How-
ever, insufficient attention is paid to the potential challenges
associated with managerial or social barriers to the implementa-
tion of these components. For example, the question of the readi-
ness of city administrations and residents to actively implement
smart technologies in their cities remains unresolved.

In general, although research indicates the importance
of intelligent systems in the development of smart cities and
increasing their social sustainability, there are still many
unresolved issues related to the practical implementation of
such concepts. This includes financial barriers, political and
governance challenges, and social inequalities that hinder the
full implementation of innovations in the urban environment.

Smart city technologies play a critical role in ensuring
social resilience, especially in the face of global challenges
such as pandemic crises, which require rapid adaptation and
recovery of urban communities. Study [6] analyzes the resil-
ience of smart cities in response to pandemic challenges and
determines how smart cities could adapt to the new conditions
of living and working in cities. However, the study does not
take into account the limitations regarding the implementation
of technologies in cities with an insufficient level of digital in-
frastructure, which could significantly reduce the effectiveness
of the proposed solutions. In addition, the issue of the digital
divide between different population groups remains neglected,
making it difficult to evenly adopt smart technologies.

Study [7] examines how smart solutions and technolo-
gies have contributed to the resilience of cities by improving
planning, absorption, recovery, and adaptive capacity during a
pandemic. However, the authors do not fully consider the long-
term challenges associated with the integration of such solu-
tions after the end of crisis situations. The issues of sustainable
financing, legal aspects and social integration of smart technol-
ogies need further research, because their absence may become
an obstacle to the effective use of such systems in the future.

According to the results of study [8], social media and
smart city technologies were important for the adaptation
and recovery of communities from the pandemic. Despite this,
the study does not address issues of privacy and data security,
which are critical in the large-scale use of social media and
digital platforms for urban governance. It is also worth noting
that the authors do not take into account possible negative
consequences associated with excessive digitization of public
life, such as social isolation or dependence on technology.

The COVID-19 pandemic [9] has provided an oppor-
tunity to recognize and apply smart city technologies to
improve social well-being and crisis management through
the imperative transition of many human activities to digital
platforms. However, the study does not take into account
the heterogeneity of the impact of the pandemic on different
social groups, which could create risks for social equality. In
addition, the issue of ensuring the availability of such tech-
nologies for all segments of the population remains insuffi-
ciently resolved, which complicates the universal application
of smart city solutions to improve social sustainability.

Study [10] analyzes the digital transformation in higher
education through the introduction of a hybrid virtual format
using the “smart classroom” system. While the authors detail
the benefits of this approach for improving the learning process,
they do not fully address the technical and infrastructural chal-
lenges. These challenges may arise when scaling this system at



various educational institutions, especially in regions with lim-
ited access to high-speed Internet and modern equipment. In
addition, the issue of training lecturers and students for the ef-
fective use of such technologies remains insufficiently covered,
which could negatively affect the success of implementation.

In [11], a comprehensive review of federated learning for
secure [oM T applications in smart healthcare systems is giv-
en. Despite a thorough analysis of the technological aspects,
the authors do not consider the legal and ethical challenges
associated with the processing of medical data of patients in
such an environment. The lack of discussion of regulatory
barriers and security standards may complicate the practi-
cal application of the proposed solutions in real healthcare
systems, where data confidentiality is critically important.

Study [12] considers education in smart cities and identi-
fication of existing shortcomings. The author emphasizes the
importance of integrating modern technologies into the edu-
cational process but does not analyze in detail the financial
and organizational obstacles that could prevent the successful
implementation of such innovations. In particular, the issues
of technology availability for educational institutions with a
limited budget and the need for systemic support from city
administrations remain unresolved.

Paper [13] examines the preferences of lecturers and
students at higher education institutions in China regarding
the learning environment in “smart classrooms” from an
ecological perspective. Although the study provides valuable
information on user perceptions and expectations, it is limit-
ed to the cultural and regional context of China. The lack of
comparative analysis with other countries or regions limits
the generalizability of the conclusions and also does not take
into account possible technological or social barriers that
may arise when implementing such systems in other settings.

Studies [14, 15] consider intelligent cognitive analysis of
health care data in cloud IoT systems for smart urban planning.
Although the authors demonstrate the potential of using such
technologies to improve city services, they do not pay enough
attention to the issues of data security and privacy. The risks
associated with cyber-attacks or unauthorized access to con-
fidential information remain without proper consideration,
which could become a serious obstacle to the implementation of
such solutions in the practice of city management.

The studies emphasize the importance of integrating
smart technologies into urban management for improving
social sustainability and adaptation to new conditions.
Research confirms that digital platforms and intelligent
solutions could significantly improve the ability of commu-
nities to recover from crises and support the well-being of
populations in changing environments.

Research has shown that the use of smart technologies,
including big data, IoT, information and communication tech-
nologies and other intelligent platforms, is essential to support
effective city management. The use of smart technologies is also
important for improving public services and ensuring the resil-
ience of the city in the face of social and economic challenges.

Study [16] proposed an effective management platform
for the development of smart cities, the concept of a plat-
form city, an 10T platform based on open data. However, the
authors do not consider important aspects of cybersecurity
that are critical to protecting open data in urban environ-
ments. The lack of in-depth analysis of cyber threats and the
risks associated with the use of open data leaves important
questions unanswered, which could make it difficult to im-
plement such platforms in real-world settings.

Work [17] gives the review and analysis of current practices
of developing applications for smart cities based on data, which
contribute to the smooth functioning of urban management
systems and identify the problems they face. Although the
authors emphasize the importance of data for city management,
insufficient attention is paid to the integration of different data
sources and the possible difficulties in standardization and
interoperability of different systems. This could hinder the effi-
cient operation of smart city systems, especially in cases where
different platforms use incompatible data formats.

Study [18] considered intelligent technologies and plat-
forms for managing smart cities, and emphasized the inclu-
sion of smart systems in industrial, infrastructural, educa-
tional, and social aspects of city activity. However, there
is no detailed assessment of the costs of implementing such
systems and analysis of possible barriers to their imple-
mentation. Financial and infrastructural constraints may
significantly affect the ability of cities to implement these
technologies, which requires further research.

Work [19] considers the development of a platform for
integrated management of smart city services for the use of
intelligent equipment and programs to build an information
platform. However, scaling such platforms for large cities
with diverse needs and infrastructure challenges has not
been addressed. Another unanswered question is the possi-
bility of adapting the platform to different regional condi-
tions and the level of infrastructure development.

Study [20] reviewed smart city initiatives from govern-
ment and private organizations that implement ICT to find
sustainable and effective solutions to a growing list of urban
challenges. However, the work does not include a detailed
analysis of cooperation between the public and private sec-
tors, in particular the problems of coordinating such efforts
and the risks associated with the lack of transparency in the
management of these initiatives.

Paper [21] explores data-driven smart city services and
systems in a variety of application areas in the context of
smart cities, emphasizing the importance of data-driven
decision-making. However, the authors do not consider the
ethical aspects of the collection and use of such data, which
may have serious consequences for the privacy and rights of
citizens. The issue of personal data protection in smart city
systems remains insufficiently studied.

Work [22] discusses the application of big data in smart
cities, such as smart health and analytics for health mon-
itoring, and recommends the application of the authors’
approach to big data, 10T, sensors, smart wearable devices.
However, the authors do not analyze the issue of long-term
reliability and safety of using such devices, as well as their
possible impact on user privacy. This could be a serious
obstacle to the full implementation of smart health in cities.

In [23], smart cities are considered as distributed plat-
forms, and emphasis is placed on the design and development
of platforms for processing big data. However, the paper
does not consider the cost of managing such computing re-
sources, as well as the possible environmental consequences
associated with the use of significant amounts of energy to
support such platforms. Issues of sustainable development in
the context of big data infrastructure remain underexplored.

In [24], the authors introduced a framework of digital
technologies for the construction of a smart city, which fully
uses city information modeling and used it for GIS, BIM,
10T, satellite remote sensing, and global navigation. Howev-
er, the problems of compatibility of these technologies with



already existing urban systems and possible obstacles to the
integration of such systems into the existing infrastructure
have not been considered. This could complicate their effec-
tive application in the practical management of cities.

This research provides a more holistic approach to smart
city resource management by integrating various modules to
analyze and optimize critical aspects of urban life. The closest
to this study are [16, 19, 24]; however, they mainly focus on
individual technological solutions and their application in
specific areas of the smart city. Study [16] could be related to
the intelligent waste management module in the smart city
concept, which could benefit from the use of IoT platforms
and open data for resource management. Paper [19] could be
useful for the Intelligent Shopping Cart module, which could
use intelligent equipment to analyze and optimize product se-
lection. Overall, this research paves the way for more efficient
and sustainable management of urban resources, improving
the quality of life and social sustainability of smart cities.
Study [24] could be useful for the proposed system in terms
of machine learning-based satellite image vehicle accounting
module and CO, accounting, as it includes satellite remote
sensing and IoT as technologies for development.

Unsolved parts of the problem are the disparity of the
constituent parts of a smart city. Therefore, it should be con-
sidered expedient to conduct a study aimed at integrating
intelligent tools in the planning and management of cities in
order to achieve sustainable development.

3. The aim and objectives of the study

The goal of our research is to design an intelligent system
for smart cities that increases their social sustainability by
integrating various modules to optimize urban resources and
improve the quality of life of residents. This will provide an
opportunity to overcome existing barriers to the practical
implementation of intelligent systems in the urban environ-
ment and ensure the sustainable development of cities.

To achieve the goal, the following tasks were set:

— to design the architecture of an intelligent system that
integrates modules of simulation modeling of the quality of
life, socio-economic analysis, intelligent tourism, environ-
mental and man-made monitoring, interpretation of legal
information, and detection of misinformation;

— to describe the functions and interaction of each mod-
ule within the overall system to ensure effective manage-
ment of city processes;

—to implement an experimental study using the de-
signed system in practical scenarios of city administration;

— to analyze the results and conduct a comparative anal-
ysis of the proposed system with existing studies and evalu-
ate its effectiveness in increasing productivity and reducing
the time for solving critical tasks.

4. The study materials and methods

The object of our research is a smart city, in which it is
necessary to increase social sustainability under the condi-
tions of growing urbanization and globalization.

The research hypothesis assumes the possibility of us-
ing the potential of modern technologies and methods to
transform cities into smart ones, resistant to the challenges
of modernity, and to promote the creation of viable and

attractive places for life and development. The assumptions
of the research are based on the importance of integrating
intelligent tools in the planning and management of cities to
achieve sustainable development.

The research used modern approaches to the development
of intelligent systems based on machine learning and big data
processing. The main data for the study were collected from
various open sources, including data on socio-economic indica-
tors of cities, environmental data, data on tourist flows, as well
as legal information. Machine learning algorithms were used to
model the relationships between these data, allowing automatic
processing and analysis of large data sets in real time.

The architecture of the proposed system was built on the
basis of a modular approach, in which each module is respon-
sible for a specific aspect of the city’s functioning: assessment
of the quality of life, socio-economic well-being, tourism,
monitoring of environmental indicators, legal interpretation,
and detection of misinformation. Appropriate algorithms
were developed for each module, including linear regression,
cluster analysis, natural language processing (NLP), and
deep learning methods for satellite image analysis. The use of
cloud technologies made it possible to process large volumes
of data and ensure the scalability of the system.

The methods of evaluating the effectiveness of the system
were based on a comparative analysis of the time of complet-
ing tasks using the proposed system and conventional meth-
ods of urban management. For this purpose, a series of ex-
periments were conducted, during which the time required
to perform tasks by each module of the system was measured
in various urban scenarios. In addition, for each module, the
accuracy of forecasts and the quality of decisions made based
on the analysis of real data were evaluated.

5. Results of investigating the effectiveness of
architecture of intelligent systems in smart cities

5. 1. Architecture of the proposed intelligent informa-
tion system

The architecture of the proposed system is designed for
effective integration into the wider smart city ecosystem,
thereby becoming its key component. The system architec-
ture encompasses several key components, each of which has
specific functions that contribute to the overall effectiveness
of the system in enabling the smart city. These components
are carefully designed to interact, ensuring optimal perfor-
mance, and matching the goals and needs of a smart city. A
detailed representation of these components and their func-
tions (Fig. 1) illustrates the systematic approach adopted in
the design and implementation of the system.

The architecture (Fig. 1) of the proposed system includes
six separate modules (unit 1), each of which is designed to
solve different aspects of the functioning and improvement
of a smart city:

1. Simulation module (unit 2) for quality of life assess-
ment. This module analyzes the factors affecting living
conditions: housing, service availability, infrastructure, and
environmental conditions, using advanced algorithms for
scenario modeling and objective assessment of quality of life.

2. Socio-economic well-being intelligent mod-
ule (unit 3) [25]: it focuses on identifying basic goods for
a normal life, offering recommendations for improving so-
cial well-being based on consumer choices and socio-eco-
nomic indicators.



3. Intelligent tourism and cultural heritage mod-
ule (unit 4) [26—29] uses augmented reality (AR) to re-
store cultural objects. It also uses intelligent systems to
analyze tourism demand and studies the factors influenc-
ing this demand in order to improve the visitor experience
and preserve cultural values.

4. Module of intelligent environmental and technogenic
monitoring (unit 5) [30, 31]. This module contains a compre-
hensive module for sustainable urban development, includ-
ing the counting of vehicles using satellite image analysis,
intelligent waste management, and the classification of levels
of man-made disasters.

5. Intelligent interpretation of legal information mod-
ule (unit 6) applies artificial intelligence to analyze and un-
derstand legal documents, using natural language process-
ing for automated search, classification, and interpretation
of legal texts.

6. Intelligent disinformation detection module (unit 7)
uses advanced data analysis and machine learning to iden-
tify and analyze disinformation in different languages,
integrating machine translation and natural language pro-
cessing to track and categorize fake news.

Each component module is designed to work harmoni-
ously within the smart city ecosystem, increasing the city’s
ability to adapt, effectively manage resources, and improve
the quality of life of its residents.

The proposed smart city architecture also includes vital
modules that cover various aspects of urban life, from energy
to education, aimed at optimizing resources and improving
quality of life. These include:

— intelligent energy management module for optimization
of energy consumption and integration of renewable sources;

—a water resources management module for efficient
distribution, a smart transportation and logistics module
for infrastructure improvement, an educational and training
module for personalized learning processes;

— as well as a smart healthcare module focusing on popu-
lation health monitoring.

These modules will be explored in detail in future studies
to better understand their contribution to sustainable and
efficient smart city infrastructure.

The central management module of the smart city system
serves as a key element that coordinates, manages, and facil-
itates the exchange of data between the various modules of
the system. These modules could interact at different levels
and in different contexts, vital for optimizing resources and
increasing system efficiency. Examples of possible interac-
tions include the following:

— modules share data for improved analysis and forecast-
ing. For example, data from the environmental assessment
module, which helps the waste management module plan and
optimize waste processing;

— modules that coordinate actions to achieve common
goals, such as the Smart Energy and Water Resource Man-
agement modules that work together for efficient use of
resources;

— modules that interact to optimize resources, such as the
intelligent transport and logistics module that works with the
waste management module to improve waste logistics;

—modules that provide informational support to each
other, such as an educational module that offers resources to
support Smart Health initiatives;

—modules for the development of joint socio-economic
development projects with initiatives including various mod-
ules such as Smart Tourism and Smart Health;

— modules working together to automate processes and
overall system efficiency, with automated resource man-
agement between modules, reducing costs and increasing
productivity.

Each module in a smart city system could have its own
database and be developed and deployed independently,
which simplifies management and scalability. Connectivity
between modules could be provided through APIs (appli-
cation programming interfaces) and/or a central manage-
ment module, which could also offer additional services
such as user authentication and aggregate data analysis.
Interrelationships between modules in the architecture of
an intelligent social sustainability system in a smart city
could be complex and intertwined, reflecting an integrated
approach to managing urban resources and services. The
following paragraphs detail the structure of the intelligent
socio-economic welfare module, the intelligent tourism
module, the satellite image based vehicle accounting mod-
ule, and the intelligent waste management module, based
on our previous research. These modules play a crucial
role in the implementation of the concept of a smart city,
improving the quality of life and the economic status of
communities.

5. 2. Functions and interaction of the proposed modules

The simulation module for assessing the quality of life
in a smart city (as shown in Fig. 1, unit 2, and Fig. 2) be-
gins with the data collection and analysis unit (2. 1). This
module contains key indicators such as cost of living in-
dices, collected real estate prices, traffic and other factors
affecting the quality of life. Subsequently, in unit 2. 2, factor
modeling involves analyzing each
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The design of an intelligent socio-economic [25] welfare
module (Fig. 1, unit 3, and Fig. 3) involves a data flow process
starting from unit 3. 1. in this unit, data is collected from
supermarkets, possibly pharmacies and other shops, including
information about customers and their purchases. In unit 3. 2,
data clustering takes place, which includes the selection of
elements for clustering, the definition of variables for evalu-
ation, the normalization of these variables, the calculation of
similarity indicators between objects, the application of clus-
ter analysis methods, and the presentation of analysis results.
Unit 3. 3 describes the formed clusters and compiles a data-
base of social clusters for further automation and research.
The process ends with unit 3. 4, where consumer baskets are
formed, and recommendations are devised. based on the anal-
ysis of the collected data.

The module “Intelligent tourism” [26, 27,29, 32] and
“Cultural heritage” [28] (Fig. 1, unit 4, and Fig.4) begins
with data collection and input (unit 4. 1). in this unit,
tourists interact with the system by submitting requests
and personal information collected from various sources,
including travel sites. Next comes data clustering and per-
sonalization (unit 4. 2) for individual services. A key feature
is an intelligent voice-controlled chatbot (unit 4. 3) that uses
AT and IoT to interact with the user. AR support (unit 4. 4)

Module of intellectual socio-economic well-being of citizens

enhances the tourist experience by offering exciting tours of
historical sites. The system could recognize cultural heritage
objects in real-time (unit 4. 5) using AR and computer vision
algorithms. Integration and distribution through mobile ap-
plications (unit 4. 6) make it possible to connect various data
sources. Finally, demand analysis and machine learning-based
regression (unit 4. 7) examine tourism demand and influenc-
ing factors with results presented (unit 4. 8). This integrated
approach generates a comprehensive, intelligently-oriented
system for a more deeply personalized experience of visiting
cultural and historical sites.
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The intelligent environmental [30,33] and technogen-
ic [31] monitoring module (Fig. 1, unit 5, and Fig. 5) for a
smart city starts with the data collection unit (5. 1). In the
process of work, this unit collects the necessary information,
including satellite images for monitoring transport, text
data for the analysis of man-made disasters, data on waste.
Next, the training unit of the machine learning model (5. 2)
enables deep analysis and classification of this data using
algorithms for vehicle detection, waste clustering, and clas-
sification of information about man-made disasters.

Intelligent module for environmental and technogenic monitoring

Data collection:

Satellite imag¢

collection

Fig. 5. Module of intelligent ecological and technogenic monitoring

Then predictive modeling (unit 5.3) is used to predict
future volumes of waste and transport emissions. Finally,
an integrated output unit (5.4) consolidates these data
and analyses, providing a comprehensive view of the envi-
ronmental and man-made state of the smart city, ensuring
effective monitoring and management.

The intelligent legal information interpretation mod-
ule (Fig. 1, unit 6, and Fig. 6) begins with the initiation
stage of data processing (unit 6. 1), where large legal texts
are loaded and segmented to facilitate analysis. The next
step is to save and integrate these text fragments into a
vector format (unit 6. 2). In the matching fragment search
phase (unit 6. 3), the system searches efficiently and re-
trieves information using built-in similarity to the input
query. The final response generation phase (unit 6.4) is
implemented using large language models (LLMs) that
combine the collected information to formulate responses.

This comprehensive approach allows for in-depth analy-
sis and interpretation of legal texts, significantly increasing
the accuracy and efficiency of solving legal problems.

The intelligent disinformation detection module (Fig. 1,
unit 7, and Fig. 7) begins with data collection (unit 7. 1),
collecting text and metadata from various sources. The data
preprocessing step (unit 7.2) includes natural language
processing tasks such as tokenization, base generation, and
named object recognition. Text vectorization (unit 7.3)
converts text data into numeric format using methods such
as Word2Vec, GloVe, or BERT.

The text similarity detection step (unit 7. 4) uses cosine
similarity and other metrics to group similar texts, while
the sentiment and emotion analysis (unit 7. 5) detects sen-

Text data o ] Prediction and Result o .
collection | Training machine  modeling ult outpu
@ learning models
Waste data
collection

timents and emotional responses. Together, these steps form
a comprehensive approach to real-time detection (unit 7. 6),
analysis, and classification of disinformation, providing a
robust tool for information protection.
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Fig. 6. Intelligent module for interpreting legal information
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Fig. 7. Intelligent disinformation detection module

5. 3. Experimental research

The implementation of the proposed architecture of
the intelligent system of social sustainability in smart cit-
ies (Fig. 1) is illustrated with the help of a web-oriented
system that facilitates user interaction without the need to
install software on personal computers.

In the simulation module for assessing the quality of life in
urban agglomerations (Fig. 2, 8), users could choose an inter-
esting place in the city. The system uses data from the Numbeo
information portal to model and determine the level of the city’s
quality of life. This analysis is based on time series data reflect-
ing five key factors affecting quality of life. Lviv, Ukraine, was
chosen to illustrate the application of this module.

The intelligent module for the analysis of socio-economic
well-being (Fig. 3) is designed to determine the structure of
the consumer basket under urban conditions. Users could select
a specific city (Fig. 9) for analysis. After choosing a location,
the system collects data about products and prices from online
supermarkets, both in general and from individual retail chains.
The analysis is based on the formation of clusters, among which
the key cluster includes essential goods for all age groups of the
population. This ensures a comprehensive assessment of the
consumer basket, taking into account the needs of different



population groups. The results are represented by product
group, offering detailed information about consumer prefer-
ences in the selected city. This analysis is valuable for city ad-

Module 2

Set Location:

ministrations to make informed economic and social decisions
to improve the quality of life of residents and effectively plan
urban resources and infrastructure development.
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Fig. 9. Window of intelligent social and economic well-being of citizens

The module of intelligent analysis of tourism and cultural
heritage (Fig. 4, 10) contains an interface for assessing the de-
mand for tourism services, such as the restoration of the castle
in the town of Skalat. This module makes it possible to fore-
cast the demand for various elements of the tourist infrastruc-
ture. Users could download separate data for analysis, supple-
mented with information from Ukrainian statistical services
and regional structures. The module generates forecasts for

six different time periods, helping the city administration to
accurately forecast tourism demand and plan infrastructure
development based on visitor needs and interests. It also helps
optimize investments in cultural and historical sites, increas-
ing their attractiveness for tourists and local residents.

The module of intelligent environmental and man-made
monitoring (Fig. 5, 11) is intended for comprehensive analysis
of data on waste management, response to man-made disas-



ters, and monitoring of CO, emissions from vehicles. This tool
enables the systematic analysis of large data sets, facilitating
the identification of trends and forecasting of these aspects of
urban governance. Very valuable to city administrations, it
helps define priorities in the environmental field and plan mea-
sures to mitigate the impact on the environment. In addition,
its monitoring capabilities help timely identify and effectively
respond to environmental and man-made challenges, ensuring
the safety and health of city residents.

The intelligent module for the analysis of legal informa-
tion (Fig. 6), implemented in the form of a chatbot (Fig. 12),

Data collection: 2V, Uploaded file

user-journey-01.pdf

G 604KB @
2m ago

Connect a database:

Cancel

Output area of the results:

processes user requests on legal issues. Using advanced language
models and a database of Ukrainian legislation, it provides accu-
rate and up-to-date answers to legal questions. This module is
invaluable for city administrations as it increases the legal aware-
ness of residents and facilitates access to up-to-date legal infor-
mation. In addition, such an intelligent tool improves the trans-
parency and openness of city management, promoting effective
interaction between the community and the city government.

The intelligent disinformation detection module (Fig. 7, 13)
functions by analyzing text data entered by users to detect po-
tentially false information.
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Fig. 10. Window of intelligent tourism and cultural heritage
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Fig. 11. Environmental and technological monitoring window

The system processes the entered text and provides a con-  tain information transparency and accuracy of public dis-
clusion in the form of an assessment of the probability of cate-  course. Verification of reliable information is also important
gorizing the information as fake. For city administrations, the  for increasing citizens’ trust in official communications and
use of such a module is extremely important as it helps main-  reducing the influence of misinformation on public opinion.
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5. 4. Comparative analysis of the proposed system

A comparative analysis (Table 1) of the studies closest to
the proposed system [16, 19, 24] reveals how each study fo-
cuses on specific technological solutions or aspects of smart
cities. On the contrary, our proposed system offers a more
comprehensive approach. This approach not only facilitates
the effective use of various technologies but also optimizes
resource management and improves the quality of life in
smart cities. Table 1 highlights the unique contributions and
focuses of these studies in comparison to the broader, more
holistic perspective of the proposed framework.

To evaluate the effectiveness of the proposed system
based on expert data, Table was compiled, which compares
the time spent solving tasks using the system, including data
entry, with the time spent without using the system. The
efficiency of the system is calculated relative to the average
value among indicative benchmarks. This approach provides
a quantitative measure of the system’s influence on the effec-
tiveness of solving tasks.

results indicate significant benefits of using an intelligent
system in various aspects of urban management, highlight-
ing its importance for increasing overall productivity and
efficiency in smart cities.

6. Discussion of results of investigating an integrated
approach to the use of intelligent systems in the context
of smart cities

The research highlights the importance of the proposed
intelligent system for effective resource management in
smart cities. It emphasizes a holistic approach to solving ur-
ban problems by integrating modules from socio-economic
well-being to environmental monitoring. This is crucial in
an environment of globalization and rapid technological
change, as cities compete to provide high standards of
living and attract investment. Unlike studies [16, 19, 24],
which focus on individual components of smart city man-
agement, our system offers

Table 1 .
a more comprehensive solu-
Comparative analysis tion. It not only brings to-
Parameter Study [16]| Study [19] Study [24] Our system gether different technolpgy
Use of management models Yes Yes Yes Yes platforms and analytical
— - - tools but also ensures that
Application of machine learning Yes Yes Yes Yes they work together for bet-
Using the Internet of Things Yes No Yes Yes ter results.
A holistic approach to urban No No No Yes The results of com-
resource management parative analysis with pa-
Data man- | Integrated plat- | Satellite remote | Integration of intelli- pers [16, 19, 24], given in
Uniqueness agement | form for smart | sensingand the | gent modules for inte- Table 1, demonstrated that
platform | communities | Internet of Things | grated city management | . ., study focused on spe-
cific technological solutions
Table2 aspects of smart cities. On the other hand, the pro-
Evaluation of the effectiveness of the designed system posed system will offer a more comprehensive approach.
Time soent | Time soent Fig. 2—7 show the architecture of the proposed system and
. bt Pt | Effec- its component intelligent modules. Fig. 8—13 demonstrate
Action when working | when work . p - 8 ; g
with the system | ing manually tiveness the results of the implementation of the modules that are
Simulation modeling part of the architecture of the proposed system. As indicated
of quality of life ~1-4h ~1-7days |-99.40% | in Table 2, the system significantly increases the efficiency
Analvsis of socioeoon of a wide range of tasks, in particular in simulation modeling
no}rlnic well-being ~2-6h ~3-20 days | ~99.58 % of the quality of life and environmental monitoring, with an
- 5 efficiency of more than 99 %. This emphasizes the system’s
Forecasting tourist . . . . .
demand ~1-3h ~2-10day | ~99.58 % potential to improve the timeliness and accuracy of city
eolomioal and management decisions. However, implementing such a com-
g’azléllcsosﬁorﬁ;n_ ~2-8h ~5-30 days | ~99.72 % plex system poses challenges, including ensuring integration
T between different modules, managing large volumes of data,
I"ter?;?t:‘g’g On ega ~1-2h ~1-5days |~99.17 % and data security. In addition, the system must be flexible
© .d © and adapt to the changing conditions and needs of the city.
mIi)s?E?SEiEZt?cfn 1-3h ~2-15 days | ~99.72 % Future research should focus on improving the inte-
gration between modules, improving data processing algo-

The evaluation of effectiveness of the designed intel-
ligent system of social sustainability in smart cities (Ta-
ble 2) demonstrates a significant reduction in the time of
solving critical tasks compared to scenarios without its
use. The system is particularly effective in areas such as
quality of life simulation, socio-economic welfare analysis,
and tourism demand forecasting, showing efficiencies of
approximately 99.40 % and 99.58 %. In environmental and
man-made monitoring, interpretation of legal information
and detection of misinformation, the system also achieved
high efficiency of 99.72 % and 99.17 %, respectively. These

rithms, and expanding the system’s capabilities to address
new urban challenges. Developing strategies to involve the
public and city administration in active use of the system is
also extremely important. In general, the intelligent system
of social sustainability in smart cities is a significant step
in the technology of urban management. Its implementa-
tion could significantly improve the quality of life of city
residents and the efficiency of city resource management,
opening new opportunities for the sustainable development
of the city.

One of the main limitations of our study is its depen-
dence on the quality and availability of input data, which



significantly affects the accuracy and reliability of the sys-
tem. The models used in the system require large amounts of
data for training, which could be a limiting factor in places
with low digital infrastructure. Also, solutions based on
machine learning may not adequately reflect real conditions
when external factors change, such as economic crises or
natural disasters, because they are optimized to work under
stable conditions.

In addition, the system has a limited range of applica-
tions, as it was designed specifically for urban environments.
Such a system may not be effective in rural areas or regions
with a low level of urbanization due to lack of necessary
infrastructure and differences in data structure. Another
limitation is the reproducibility of the results, as results ob-
tained from data from one city or region may not be directly
applicable to other regions with different socio-economic
conditions.

One of the shortcomings of the study is the possibility
of a bias in the models due to biased or incomplete input
data. This could lead to unreliable predictions or misinter-
pretation of data, which reduces the overall reliability of
the system. To eliminate this shortcoming, it is necessary to
implement data cleaning and verification mechanisms before
using them in the system, as well as apply data balancing
methods to avoid bias.

Another significant drawback is the high complexity of
the system and high requirements for computing resources,
which may limit the possibility of its use in regions with lim-
ited technical capabilities. In the future, this problem could
be solved by optimizing algorithms and using more efficient
methods for data processing, which would make it possible
to reduce computational costs without significant loss of
quality of results.

7. Conclusions

1. The designed architecture of the intelligent sys-
tem integrates modules for quality of life assessment,
socio-economic analysis, tourism, environmental moni-
toring, interpretation of legal documents, and detection
of misinformation. This made it possible to increase the
productivity of city processes and reduce the time of
solving critical tasks by 99.72 %. This result is explained
by the effective integration of modules that use advanced
machine learning algorithms to automate the analysis of
big data.

2. Each module of the system was designed taking
into account the specificity of city management, ensuring
effective interaction and data exchange between different
modules. This interaction enabled the harmonious func-
tioning of the system and allowed for the optimization
of resources, increasing the overall efficiency of city ser-
vices. The results of such interaction confirmed that an

integrated approach could significantly improve the man-
agement of the urban environment, increasing the quality
of life of residents.

3. During the experimental application of the system
in practical scenarios of the city management, a significant
increase in productivity and a reduction in the time for
solving tasks were recorded. The efficiency of the system in
different modules ranged from 25 % to 40 %, which indicates
the high adaptability and scalability of the system. The ap-
plication of the system under different conditions also made
it possible to conduct an in-depth analysis of its stability and
reliability, indicating the importance of further research to
improve the technologies of intelligent systems in the urban
environment.

4. The system demonstrated high efficiency in com-
parison with conventional management methods, which
is reflected in a significant reduction in the time to solve
critical tasks (up to 99.72 %). Such a high level of efficiency
is explained by the application of an integrated approach
and the use of advanced technologies. The differences of
the system from existing studies are the depth of integra-
tion of modules and the wide coverage of aspects of urban
management, which confirms its uniqueness and innovative
potential.

In general, an intelligent system of social sustainability
in smart cities opens up new opportunities for creating an
efficient, integrated, and sustainable urban environment.
This meets the needs of modern residents and contributes to
the long-term development of the city.
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