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1. INTRODUCTION

The last decade has been marked by rapid technological, indus-
trial, social, and environmental transformations that have pro-
foundly impacted the evolution of contemporary cities. Aca-
demic discourse has coalesced around three major research
trends: the smart city, the sustainable city, and the resilient
city. While originally explored independently, recent research
increasingly demonstrates the interconnectedness and synergy
among these approaches. A growing number of researchers and
urban decision-makers now recognize that sustainable and re-
silient urban development is inseparable from the intelligent use
of technology, sustainable infrastructure governance, and inclu-
sive civic engagement.

The Bulletin of the Polish Academy of Sciences: Techni-
cal Sciences has a long-standing tradition of publishing Spe-
cial Sections devoted to critical challenges in science and en-
gineering. This current section builds upon that tradition, of-
fering a comprehensive insight into the rapidly evolving field
of urban systems. It is worth noting that the specific theme of
urban development appears for the first time in a Special Sec-
tion of BPASTS. However, it has previously been addressed in
individual articles focusing on technological advancements and
civil engineering. The rapid technological progress in the devel-
opment of sustainable and resilient cities, along with the critical
role of transportation and infrastructure in supporting the daily
lives of residents, has created a growing need to devote more
attention to these issues.

Despite the increasing academic interest in urban systems,
the engineering and technological aspects of sustainable urban
development remain underrepresented in mainstream technical
science journals. This Special Section, “Development trends in
urban systems”, aims to fill this gap by bringing together con-
tributions that bridge engineering, digital technologies, and sys-
tems thinking in the context of complex urban environments.
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The Special Section presents ten high-quality scientific contri-
butions that reflect these dominant trends. Out of approximately
34 submissions, 10 articles were accepted following rigorous
peer review, resulting in a 29.4% success rate.

The themes addressed in this section directly correspond to
international research and policy agendas, such as the United
Nations Sustainable Development Goal 11 (Sustainable Cities
and Communities), the European Union’s mission on 100
climate-neutral and smart cities, and the New Urban Agenda
adopted by UN-Habitat. These frameworks emphasize the need
for systemic, data-driven, and inclusive approaches to urban
transformation — principles well reflected in the articles pre-
sented here. A distinguishing feature of the included studies
is their methodological innovation — from the use of artificial
intelligence and data mining techniques to optimize infrastruc-
ture and transport systems, to the integration of empirical tools
such as mobile eye-tracking and urban wind tunnel simulations.
These diverse approaches reflect a growing emphasis on exper-
imental validation and data-informed decision-making in urban
research. The interdisciplinary nature of this Special Section
is a deliberate response to the complexity of urban challenges.
By combining insights from civil and mechanical engineering,
urban studies, transport economics, data science, and environ-
mental planning, the contributions illustrate how integrated re-
search efforts can produce actionable knowledge for cities. Sev-
eral articles offer clear practical implications, supporting urban
planners, transport authorities, and infrastructure managers in
making evidence-based decisions aimed at improving urban re-
silience, mobility efficiency, and residents’ quality of life.

Importantly, this Special Section is a direct result of the activ-
ities of the Urban Innovation Center (Centrum Innowacji Miejs-
kich — CIM, https://cim.pwr.edu.pl), an interdisciplinary initia-
tive based at the Wroctaw University of Science and Technol-
ogy. CIM brings together researchers and practitioners in the
fields of architecture, engineering, technology, mobility, and so-
cial sciences, promoting urban innovations rooted in sustain-
ability, inclusivity, and resilience. Several of the articles in-
cluded here are outcomes of collaborative work within CIM’s
thematic groups and partner projects.
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Of particular note, selected articles are grounded in educa-
tional and research initiatives carried out under the U-Team
project (https://uteam.pwr.edu.pl/) — an alliance of European
universities aiming to develop joint research and education
strategies in support of urban transformation. This international
collaboration has contributed not only to the thematic depth of
the section but also to the diversity of perspectives and method-
ological approaches.

This publication aims to present the main research challenges
and results described in the articles accepted for the special
section. To structure the review of included articles, we have
grouped them into two key thematic areas:

1. Urban mobility and transport systems.
2. Urban infrastructure and building engineering.

Each article has been summarized with emphasis on research
objectives, methodology, and key findings. The review con-
cludes with a synthesis of common themes and final remarks
on emerging directions in urban system research.

2. RESEARCH PRESENTED IN THE SPECIAL SECTION
The Special Section opens with a review article — “Smart, sus-
tainable, and resilient: The triple imperative of urban transport
transformation” by A.A. Tubis and L. Sadowski. The article
explores the three foundational pillars driving the transforma-
tion of urban transport systems, grounded in the prevailing city
development paradigms. It presents a comprehensive literature
review focused on key research trends related to sustainable de-
velopment, resilience, and smart cities, as well as their respec-
tive impacts on the evolution of urban transport systems. The
study employs both systematic and narrative literature review
methods. The findings confirm the strong influence of all three
paradigms on urban mobility patterns. Within the discussion,
the authors identify the principal challenges and outline future
directions for the development of public transport systems in
sustainable and resilient smart cities.

The article that did not directly align with any of the
predefined research areas is the publication titled “Enhanc-
ing mobile eye-tracking in extreme urban lighting conditions”
by M. Rusnak, Z. Koszewicz, F. Hackemer, 1. Garaszczuk,
A.T. Duchowski, and R. Karnicki. Despite its thematic distinc-
tiveness, this contribution remains intricately connected to the
smart city paradigm, particularly in the context of leveraging
advanced technologies in urban research. Eye-tracking tech-
nology plays a significant role in supporting empirical studies
focused on urban development, offering insights into human
behavior, spatial perception, and the design of public spaces.
However, the effectiveness of mobile eye-tracking in field con-
ditions is highly dependent not only on the quality of the col-
lected data but also on the comfort of study participants, which
can influence measurement reliability and participant compli-
ance. In response to these limitations, the objective of the study
was to develop and test an innovative sunshade designed specif-
ically for mobile eye-tracking devices. The proposed solution
aimed to enhance data accuracy and participant comfort during
outdoor urban studies. The results confirmed the effectiveness
of the sunshade in enhancing data quality and participant com-

fort, thereby supporting the broader application of eye-tracking
technologies in smart city research.

2.1. Urban mobility and transport systems

Urban mobility is a critical area of research in the context of
sustainable city development. The development of sustainable
cities necessitates innovative approaches to urban mobility. In
large metropolitan areas, residents often travel significant dis-
tances multiple times a day, creating strong demand for efficient
and effective transportation systems. At the same time, trans-
port remains one of the primary contributors to environmental
pollution. A critical challenge lies in developing low- and zero-
emission transport systems that not only respond to mobility
needs but also foster behavioral change among urban residents.
This broader research context underpins several recent studies
that contribute to the discourse on sustainable urban mobility.

In the article “Digital maturity in tram systems: Model design
and practical application” by A.A. Tubis and M. Rydlewski,
M. Skiba presents a novel digital maturity model specifically
designed for tram systems (DMM-TRAM). Developed based
on a literature review and case studies of real transport systems,
the model comprises five dimensions divided into fifteen ana-
Iytical areas. Expert interviews and stakeholder consultations
supported the validation process. Applied to the tram system in
Wroctaw, the model proved to be an effective diagnostic and
planning tool that reflects the unique characteristics of tram
transport and meets the methodological criteria defined for dig-
ital maturity assessments.

Another significant contribution, titled “Synthetic urban ag-
glomeration modeling to enable big data applications in trans-
portation systems” by M. Zawodny and P. Mackiewicz, ad-
dresses the challenges of data scarcity in urban transport mod-
eling. This study employed Monte Carlo simulations to gener-
ate synthetic urban agglomerations, comprising 100 transport
analysis zones (TAZs), along with a corresponding travel de-
mand matrix. By eliminating the biases present in urban areas
and reducing research costs, this approach supports scalable, re-
peatable experiments and facilitates forward-looking research
on smart cities that have yet to be developed.

Focusing on safety and user experience, the article “Ge-
ographic Information System-based assessment of cyclist
safety in urban environments” by K. Romanczukiewicz and
J. Gérniak-Zimroz examines cyclist safety in Wroctaw. Using
accident data, traffic density indicators, and spatial data from
Geographic Information Systems (GIS), the study identified
high-risk areas requiring targeted improvements. The outcomes
are intended to support urban planners and policymakers in fos-
tering a safer, more sustainable transport environment with im-
proved public safety outcomes.

The final article, “Pedestrian wind comfort evaluation in
large cities in Poland” by A. Kocon, R. Ktaput, A. Pistol, and
A. Szelag, explores the pedestrian experience in cities increas-
ingly dominated by high-rise buildings. These structures can
significantly affect wind conditions at street level. The study
was conducted in two stages: field research combining inter-
views, surveys, and environmental measurements; and wind
tunnel experiments. The findings emphasize, among others, that
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warmer air improves wind comfort, pedestrians are more sen-
sitive to gusty winds, and threshold wind speeds for sitting are
lower than for walking, indicating that pedestrian wind comfort
is closely tied to the nature of physical activity.

Together, these studies reflect a multidimensional approach
to sustainable urban transport, addressing digital transforma-
tion, data-driven modeling, user safety, and environmental com-
fort. They highlight the complex interplay between technology,
infrastructure, and human behavior in shaping the future of mo-
bility in modern cities.

2.2. Urban infrastructure and building engineering
Sustainable and resilient cities are founded on reliable criti-
cal infrastructure, integrated green and blue urban systems, and
buildings developed in line with sustainability principles. The
challenges associated with designing and implementing sus-
tainable urban infrastructure and real estate are addressed in
Research Area 2, which encompasses five publications.

The topic of sustainable construction is discussed by
A. Jakubczyk-Gatczynska, A. Siemaszko, and M. Poltavets
in “Metaheuristic optimization for efficient construction man-
agement of building projects”. This article aims to adapt
metaheuristic optimization methods—particularly the harmony
search algorithm (HSA) — to enhance smart construction man-
agement technologies. The study integrates biologically in-
spired systems with anticipatory thinking approaches. As a re-
sult, the authors propose an innovative modification of the HSA
by incorporating system control models and systemology into
the initialization phase. The findings demonstrate that the in-
troduced modification improves the reliability of each element
in the decision vector, enhances algorithmic performance, re-
duces the number of iterations required, and accelerates optimal
decision-making processes in construction projects.

Support for decision-making in real estate investments is fur-
ther explored in “Decision tree models for technical due dili-
gence in land development” by M. Waga, E. Radziszewska-
Zielina, and B. Sroka. The objective of this article is to present
a decision-tree-based model designed to assist in evaluating
land property acquisitions. In this context, decision trees are
applied as tools supporting the technical due diligence (TDD)
process, aimed at minimizing investment risks by identifying
potential legal, technical, environmental, social, and economic
constraints associated with development projects. The results
confirm that decision trees can serve as a crucial instrument
for investors, even in cases of limited training data, facilitating
more informed decisions regarding land purchases.

Housing construction represents another critical element of
urban infrastructure, directly influencing residents’ quality of
life. This theme is addressed by J. Iwko, A. Dobrowolska,
A. Klaus-Rosifiska, D. Kuchta, K. Pochybetko, D. Skorupka,
and D. Dudziak-Gajowiak in “Bridging stakeholder perspec-
tives to improve residential construction quality in growing ur-
ban environments”. The article seeks to identify key factors af-
fecting quality across different phases of residential construc-
tion projects, based on the perspectives of internal stakeholders.
The study involved 56 respondents representing various groups
engaged in building projects. The results highlight a lack of
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consensus regarding the factors that most significantly impact
the perceived quality of residential developments.

The structural aspect of urban buildings is explored by T. Ste-
plowski in the article “Funicular shaping method in the itera-
tive design of reinforced concrete arches with variable cross-
sections in urban areas”. The primary aim of this article is to
determine the optimal shape of reinforced concrete arches with
variable cross-sections using multi-criteria optimization, target-
ing the reduction of tensile stress, structural deflection, and ma-
terial volume. The methodology combines traditional graphi-
cal statics with advanced nonlinear finite element analysis. The
findings confirm that this approach contributes to the develop-
ment of sustainable urban infrastructure through the efficient
use of construction materials.

An often overlooked but essential component of urban infras-
tructure is the sewer network, which services both residential
and industrial zones. As such, the publication “Sustainable re-
habilitation of urban sewers using in-situ lining techniques” by
T. Abel was also included in this special section. This article an-
alyzes how imperfections in underground pipelines affect their
structural integrity and evaluates the applicability of cured-in-
place pipe (CIPP) technology as an eco-friendly solution for the
rehabilitation of aging and damaged sewer systems. The results
confirm that the CIPP method significantly increases the cir-
cumferential stiffness of the composite system while contribut-
ing to the protection of soil, groundwater, and surface water
resources.

Together, these studies offer a comprehensive view of the
multifaceted efforts required to build sustainable and resilient
urban infrastructure — from construction technologies and struc-
tural design to environmental engineering and investment risk
mitigation.

3. CONCLUDING REMARKS

The idea for this Special Section emerged from research ac-
tivities within the Urban Innovation Center and the U-Team
project, which brings together scholars from various disciplines
to tackle the challenges of urban transformation. The articles
presented in this Special Section provide valuable insight into
the contemporary challenges faced by urban systems and high-
light the role of research in shaping the cities of the future. By
integrating the perspectives of sustainable development, tech-
nological innovation, and urban resilience, the contributions
emphasize that holistic and interdisciplinary approaches are es-
sential to addressing complex urban problems.

The diversity of the topics covered, ranging from mobility
and infrastructure to safety and quality of life, reflects the broad
scope of current urban research and confirms the need for col-
laboration across academic, civic, and industrial sectors. The
Special Section not only documents innovative scientific work
but also exemplifies the outcomes of institutional initiatives
such as the Urban Innovation Center and the U-Team project,
which aim to bridge the gap between theory and urban practice.

This Special Section continues the long-standing tradition of
thematic issues published in the Bulletin of the Polish Academy
of Sciences: Technical Sciences. Recent Special Sections ad-
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dressed topics such as “Lightweight structures in civil engineer-
ing” (Vol. 71(1), 2023), “Structural control and health monitor-
ing” (Vol. 71(1), 2023), and “IloT and Al-based optimization”
(Vol. 71(6), 2023). We hope this collection will likewise be-
come a valuable and lasting reference for future research. We
would also like this Special Section to serve as an inspiration
for other research groups and to encourage additional authors
to contribute to future sections dedicated to urban development
trends.

We hope that the presented research will serve as both in-
spiration and a point of reference for scholars, practitioners,
and policymakers working towards smarter, more inclusive, and
resilient cities. Selected articles offer concrete implementation
potential in fields such as public transport optimization, spa-
tial planning, and digital infrastructure management. Future re-
search in this field should further explore the role of digital
twins, urban-scale simulations, and citizen-generated data in
shaping urban strategies. Additional attention could be given

to governance frameworks and financing models that facilitate
the large-scale deployment of the proposed solutions.

All submitted papers underwent a rigorous peer-review pro-
cess, typically involving two to four independent reviewers,
most of whom were international experts in the field. This en-
sured a high scientific standard of the published contributions.
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