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General overview of thesis

Relevance of the topic

In the era of modern technologies, wireless communication
systems have become an integral part of everyday life and have a
significant impact on both the private and public sectors. Billions of people
use Wi-Fi technologies daily, and it is increasingly becoming the primary
means for fast and accessible information transmission. By 2025, there are
expected to be approximately 1 billion Wi-Fi hotspots worldwide,
reflecting the global expansion and demand for this technology.

The introduction of the Wi-Fi 6 (IEEE 802.11ax) standard aims to
improve the efficiency of existing networks, particularly in densely
populated urban environments where network capacity and reliability are
critically important. Although Wi-Fi 6 enhances network throughput and
reduces latency, many technological challenges remain that require
further research and development.

Moreover, the rapid development of mobile systems (5G) and the
potential of future technologies (6G), alongside the concept of "smart"
cities where large data flows are widely used and processed in real-time,
is increasing the demand for more efficient communication networks.
With urban density growing and the demand for internet services rising,
the convergence of networks and the development of hybrid networks,
such as Li-Fi and Wi-Fi hybrid models (HLW), are being broadly
considered. These networks may form the foundation of future
technologies.

Thus, the issue of improving the efficiency of communication
systems is not only of technical but also of strategic and global importance.
By 2050, the world’s population is expected to double, and the
intensification of urbanization in densely populated environments will
create new types of problems that cannot be solved with current
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technologies. Therefore, it is essential to develop new, more efficient
modulation schemes and signal systems that ensure reliable, energy-
efficient, and fast data transmission with minimal latency.

The research, aimed at enhancing the efficiency of wireless
communication systems using new two and four-dimensional
constellations, represents significant progress in this direction and makes
an important contribution to both the academic and technological fields.
This issue is not only relevant in academic circles but also has immense
practical importance, as it has the potential to change and improve the
architecture and functionality of modern communication networks.

The Main Objective and Tasks of the Research

The main objective of the research is to develop new modulation
systems based on novel two- and four-dimensional signal constellations,
which enhance the efficiency of wireless communication systems by
providing improved signal-to-noise ratios, spectral efficiency, and the
ability to use simplified detectors.

The specific tasks include:

¢ Developing new two-dimensional APSK (Amplitude Phase Shift
Keying) constellations based on the proposed methods.

e Investigating the characteristics of the constructed two-
dimensional constellations and identifying ways to improve their
efficiency.
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¢ Formulating methods for developing new modulation schemes
for multi-antenna systems using known four-dimensional signal
constellations and studying their characteristics.

e Conducting computer simulations and experiments to accurately
evaluate the effectiveness of the new constellations.

Scientific Novelty and Main Results

The research includes several significant scientific novelties and
achievements directly related to improving the efficiency of wireless
communication systems.

e Development of New Two-Dimensional APSK Constellations:

o One of the key novelties is the development of
methods for constructing two-dimensional APSK
constellations and the creation of new signals based
on these methods, which significantly improve
system efficiency compared to traditional PSK and
QAM constellations. Specifically, the new circular
APSK signal constellation demonstrates simplicity,
high energy efficiency, and enhanced spectral
characteristics.

o The new APSK constellation structure proposed in
the research is based on signals arranged in concentric
circles, allowing for a significant increase in system
efficiency when using this type of signal.
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o The theoretical assumptions presented in the research
are confirmed by computer simulations, showing that
the new APSK constellations achieve high spectral
efficiency with simplified signal detection, which is
crucial for the requirements of modern wireless
networks. These constellations are particularly
effective in high-density urban environments where
network resource optimization is critical.

e Development of New Spatial Modulation Schemes Based on
Four-Dimensional Signals:

o Another important scientific novelty is the
development of multi-antenna systems (MIMO,
specifically MIMO with spatial modulation) based on
four-dimensional signal constellations, offering a
better solution for improving efficiency. Using four-
dimensional constellations allows for a significant
improvement in the system's signal-to-noise ratio and
throughput.

o The development of new spatial modulation systems
is based on the decomposition of four-dimensional
signal constellations into sub-constellations. These
new sub-constellations are particularly effective in
multi-antenna systems with spatial modulation and
greatly improve performance related to the
identification of antenna indices.

o The dissertation presents various simulation results
that demonstrate that the newly developed systems
provide significantly better performance compared to
the wuse of conventional two-dimensional
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constellations. These systems offer substantial
improvements in throughput, which is critical for
high-speed networks and particularly relevant for 5G
and 6G technologies.

¢ Development of Simplified Signal Detection Algorithms:

o The research also proposes new simplified signal
detection algorithms, which are particularly effective
for multi-level circular APSK constellations. These
detectors reduce the computational complexity of the
receiver and, consequently, the consumption of
energy resources, which is crucial for the practical
implementation of such systems.

o The simplification of detectors is based on the
structural characteristics of the constellations and
their optimization potential. This simplification
enables the use of new constellations in networks
where high computational power is not available.

e Computer Simulation Results:

o Theresearch includes extensive computer simulations
that demonstrate the significant improvements in
network performance when using new two-
dimensional and four-dimensional constellations. The
results show that the new constellations provide
considerable enhancements in energy efficiency,
allowing systems to better cope with fading and noisy
channels.

o Additionally, the results illustrate that the new
constellations ensure more efficient network
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functionality in high-density environments, which is
crucial for the information infrastructure of modern
cities.

These results highlight the high scientific value of the research
and significantly strengthen the prospects for further development of
wireless communication systems. The dissertation makes a substantial
contribution to both the theoretical and practical aspects of modern
communication systems, offering new approaches and solutions to
existing challenges.

Theoretical and Methodological Foundations of the Research

The theoretical foundations of the research are based on the
mathematical principles of constructing communication systems,
particularly in the context of fading channels and multi-antenna systems
(SIMO, MIMO, and MIMO with spatial modulation). The following
methods are used in the research:

e Mathematical methods for the design and analysis of signals,
focusing on two and four-dimensional signal constellations.

e Mathematical modeling and computer simulation to assess the
effectiveness of using two-dimensional APSK and four-

dimensional constellations.

e Algorithms for optimizing signal detection processes, ensuring
simplified detection and enhanced efficiency.
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Theoretical Value of the Dissertation

The dissertation presents new insights and knowledge on the
construction and efficient use of two- and four-dimensional
constellations. The models and methods introduced in the dissertation can
be applied to improve the efficiency of various communication systems,
thereby making a significant contribution to the development of
communication systems.

Practical Significance of the Dissertation

The practical significance of the research lies in the fact that its
results have direct applicability in cutting-edge communication systems,
particularly in fields such as mobile networks, Wi-Fi networks, and the
infrastructure of "smart" cities.

The new constellations and modulation schemes developed in
this research can be used to create highly efficient and stable wireless
communication networks that provide improved throughput and energy
efficiency. This research serves as a foundation for future technological
innovations, contributing to the faster, more reliable, and widespread use
of internet connectivity.
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Conclusion

The dissertation can make a significant contribution to the
development of communication technologies. It presents and discusses
new two- and four-dimensional constellations that demonstrate
substantial improvements in various communication parameters.

The dissertation aims not only to improve the existing
characteristics of wireless communication systems but also to create new
perspectives for the development of future communication systems. The
development of new two- and four-dimensional constellations enables us
to leverage their advantages in fields that require high-speed and reliable
communication channels. With the help of these systems, it will be
possible to provide efficient connections in challenging environments
where traditional modulation schemes fail to deliver adequate results.

It is important to note that this research addresses the existing
challenges and needs arising from the rapid growth and widespread use of
wireless networks. In today’s world, where billions of people use Wi-Fi
and other wireless networks daily, improving the efficiency of these
systems is of critical importance. The dissertation shows that the use of
new constellations can significantly enhance the signal-to-noise ratio,
throughput, and overall efficiency of networks.

The main results of the dissertation include:

e The development of two-dimensional APSK constellations that
provide better SNR (signal-to-noise ratio) and energy efficiency.

e The use of four-dimensional signal systems, which are
particularly effective in multi-antenna MIMO systems.
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e The creation and application of simplified detectors that reduce
computational  complexity and enable the practical
implementation of new constellations.

In conclusion, it can be reaffirmed that the theoretical value of this
research is significant, as it develops new theories and approaches
necessary for increasing the efficiency of communication systems. The
new constellations and modulation schemes proposed in the dissertation
can be applied in both academic research and practical technological
implementations.

All of this is further strengthened by its practical significance, as the
research results can be immediately applied to modern and future
communication technologies. This includes the development of 5G and
6G technologies, improvements in Wi-Fi networks, and the creation of
"smart" city infrastructures. The new constellations and detectors allow
for enhanced network throughput, reduced energy consumption, and
reliable connections in challenging environments.

Ultimately, the dissertation represents a new stage in the
development of communication technologies, which will contribute to
the creation of fast, reliable, and efficient communication networks. This
research is an important step forward in the field of wireless
communications and has the potential to significantly influence future
technological innovations.

Looking ahead, the research lays a solid foundation for exploring even
more advanced communication techniques that could be integrated into
next-generation technologies. The innovative approaches developed in
this dissertation not only enhance the current capabilities of wireless
systems but also pave the way for future advancements in areas like
quantum communication and Al-driven signal processing. By addressing
both theoretical and practical aspects, this work offers a versatile platform
for future researchers and industry experts to build upon, potentially
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leading to groundbreaking developments in the field of global
connectivity and smart infrastructure.

The design of the new systems, their computer simulations,

calculations, and graphical presentation of the results were implemented
using Matlab, Maple, and Visio.
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