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Abstract—An important factor in providing safety in aviation is the reliable operation of radio
communication systems. These systems gives possibility to transmit necessary information during flights and
the performance of aviation operations, in particular for air traffic control, as well as take-off and landing
processes. These systems are aimed at meeting the needs of aviation companies and enterprises. Radio
communication facilities have certain parameters that determine their effectiveness in terms of purpose,
technical level, economic feasibility, reliability, and operational characteristics. A separate group of these
parameters describes the quality of service. This article examines the characteristics of aviation radio
communication systems in terms of their ability to meet the needs of users of air navigation services. The
authors analyze a generalized list of service quality indicators, and also describe approaches to their
calculation and modeling. Particular attention is paid to reliability indicators, analysis of relevant models
and the specifics of data processing to determine their quantitative values. The obtained results can be used
by aviation industry specialists during the operation of radio communication systems.

Keywords—Radio communication systems, quality of service, reliability, operation, telecommunications

network.
I. INTRODUCTION The basic component of  corporate
. . telecommunications  infrastructure is  server
Modern  telecommunications infrastructure . . i
. equipment that interacts with other components. The
includes a set of hardware, software and . ) . .
.. . infrastructure has a multi-level hierarchical
organizational tools designed to perform the

functions of transmitting, processing, storing, and
ensuring the protection of information for a
particular enterprise. The telecommunications
infrastructure includes:

e telecommunications network equipment
(switches, wireless access points, switches, and
others);

¢ information transmission channels (wired,
wireless, and optical);

e server equipment and data hubs;

e software  platforms  for
telecommunications infrastructure;

e cquipment and network status monitoring
systems;

e quality of service assurance systems.

An important element in the analysis of
telecommunications infrastructure is the selection of
the correct protocols for data exchange and
communication of various components of this
infrastructure.

managing

structure. We can consider the access layer, the
aggregation layer, and the network core. In this case,
the flexibility, fault tolerance and scalability of the
entire infrastructure can be ensured. The access layer
serves to connect user devices, such as personal
computers, Internet of Things (IoT) devices, etc. At
the aggregation layer, traffic concentration and pre-
processing are provided. The network core performs
the functions of high-speed transmission of large
datasets between various components of the
telecommunications infrastructure. Today, network
function virtualization (NFV) technologies and the
use of software-defined networks (SDN) are also
becoming increasingly widespread, which generally
allows centralized management of available
resources and timely adaptation to a changing
environment.

II. LITERATURE REVIEW

An important element of the infrastructure of
civil aviation is radio equipment, which ensures the
functioning of key processes in the industry [1]. It is
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used to receive and process radar and radio
navigation information, which is necessary for the
orientation of aircraft in the airspace. This
equipment also provides the transmission and
reception of voice messages, which are used for the
coordination and control of flights, increasing the
efficiency and safety of aviation activities.

Providing an appropriate level of quality of
service (QoS) involves achieving a balanced ratio
between the functionality of the aviation radio
communication system, perceived by the user, and
the costs associated with the acquisition,
implementation and further operation of the
equipment [2], [3]. The efficiency of the equipment
is determined not only by its technical
characteristics, but also by the economic feasibility
of its use.

Achieving the required level of security of
transmitted information is based on an integrated
approach, which includes the use of modern
software and hardware means of information
protection together with the implementation of

appropriate  organizational and administrative
measures. Such an integrated system is aimed at
ensuring the confidentiality, integrity and

availability of information, as well as increasing the
noise immunity of the communication channel under
the influence of external and internal factors.

The article [4] presents a generalized analysis of
approaches to ensuring QoS and quality of
experience (QoE) in information-centric networks.
The research covers the systematization of modern
solutions and mechanisms for managing the quality
of services, which contributes to a deeper
understanding of the principles of their functioning.
The authors consider existing models and protocols,
focusing on their strengths and weaknesses in
practical application. Considerable attention is paid
to the interdependence between objective technical
indicators of quality of service and subjective user
perception. As a result, the research is valuable for
the scientific and engineering community, as it
outlines the current directions for QoS development.

The publication [5] considers an approach to
quality of service management based on user request
orientation in next-generation networks. The study
uses the concept of intent-based networking, which
allows to automatically configure network settings
in accordance with defined goals and policies. The
proposed method is aimed at coordinating the
technical parameters of the network infrastructure
with the expected level of service from users. Also,
considerable attention is paid to the issues of
dynamic adaptation and optimization of QoS

parameters depending on changes in network
operating conditions. As a result, the work has
practical value, as it offers effective solutions for
improving the quality of service in intelligent
telecommunication systems.

The article [6] examines the possibilities of using
machine learning algorithms to analyze and predict
the quality of perception of telecommunication
services by users. The study proposes an approach to
classifying QoE levels based on a set of network
operating parameters and behavioral characteristics.
A comparative analysis of different machine
learning models is conducted to determine their
ability to accurately predict changes in the
perception of service quality. Special emphasis is
placed on the concept of sustainable QoE, which
involves ensuring a stable level of user satisfaction
in long term. The results confirm the effectiveness of
intelligent approaches to improving the quality
management of telecommunication services.

The study [7] presents a generalized overview of
the criteria used to assess the quality of service in
integrated passenger transport systems. The paper
structures the main indicators used to analyze the
efficiency of transport services from the point of
view of the end user. It is emphasized that the
quality in such systems is complex and depends on
the coordinated interaction of different modes of
transport in a single transport network. Approaches
to measuring and comparative assessment of QoS
parameters in different components of the transport
infrastructure are also considered. As a result, the
authors form a systematic understanding of the key
criteria for the quality of service that can be used to
improve the management and planning of passenger
transport systems.

The study [8] considers the assessment of quality
of service indicators within the framework of a
traffic engineering model for next-generation
wireless sensor networks. The article is aimed at
analyzing key QoS characteristics, in particular,
transmission delay, throughput, and packet loss,
which determine the efficiency of the network. The
authors investigate the impact of various traffic
management mechanisms on the performance and
stability of data transmission in sensor networks.
Separately, approaches to the optimal use of network
resources to maintain the required level of quality of

service under variable load conditions are
considered.
The studies [9], [10] consider different

approaches to improving the quality of service in
computer networks. In the article [9], the main
attention is paid to managing network traffic in local
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networks to prevent overloads and ensure stable
system operation. In the paper [10], the use of the
clustering method is proposed to optimize QoS
parameters and increase the efficiency of network
resource allocation. Both approaches are aimed at
increasing the performance and reliability of
network services through various management
mechanisms. To improve the QoS, it is possible to
use different machine learning tools [11].

The review of scientific  publications
demonstrates that ensuring QoS is a multifactorial
problem that covers telecommunication, transport
and information systems and depends on technical,
organizational and user parameters. It is generally
established that modern approaches to improving
QoS are based on the use of intelligent methods of
management, modeling and optimization of network
resources, which allows adapting systems to
dynamic operating conditions and improving the
QoS for end users.

III. PROBLEM STATEMENT

The  functioning of modern  aviation
communication systems is primarily focused on
meeting the needs of aviation enterprises and
airlines, including supporting safe and effective air
traffic control. Such systems play a critically
important role in transmitting information necessary
for flight coordination, route maintenance, and
ensuring interaction between ground services and
aircraft. At the same time, telecommunications
equipment is characterized by a set of heterogeneous
parameters that determine its effectiveness in
various aspects: functional purpose, technical level,

throughput, economic feasibility, reliability of
operation, and operational stability in real
conditions. FEach of these indicators reflects

individual aspects of the quality of system operation
and affects the overall level of its productivity.

The purpose of this study is to analyze the
possibility of using individual technical and
operational parameters as QoS indicators. Their
potential for assessing the efficiency of
communication systems and the feasibility of
integrating such characteristics into general models
of quality of service management in aviation
telecommunications networks will also be
considered. Mathematically, the problem can be
stated as follows. Let ® is an integral QoS
parameter. It depends on tactical 3 and technical o
parameters of equipment, reliability parameters A,
operation parameters ®, economic parameters Vv,
and other parameters p. In general, QoS parameter

is a function ®{3,3, A, ®,v, p} . For these parameters,

there are requirement of consumer R{3,3,A,®,v,p}.

If the level of consumer satisfaction is L, then it is
necessary to solve optimization problem:

max L(©{9,5,1,m,0,p} — R{3,5,1,0,0,p}). (1)

Therefore, it is necessary to maximize consumer
satisfaction by getting close coincidence between
QoS parameters and corresponding requirements.

IV. PROPOSED METHOD

The services for aviation radio communication
can be described through a set of wvarious
characteristics that reflect their value to users and
the effectiveness of their utilization. If we consider
such services from the perspective of meeting
consumer requirements, it is advisable to highlight
several key aspects, in particular, functionality,
compliance with user needs, quality level, and
implementation and operation costs. The set of these
characteristics allows for a comprehensive
assessment of the feasibility of using a particular
radio communication system for aviation industry.

Functionality corresponds to how fully the
system is able to perform the tasks assigned to it and
provide the necessary services. It directly affects the
usefulness of the service for the consumer and the
level of his satisfaction. The wider the range of
functions supported by radio communication
equipment (for example, voice and navigation
information transmission) the higher its practical
value. In addition, not only the quantitative but also
the qualitative aspect of the implementation of these
functions is important, such as their stability, speed,
and adaptability to changing operating conditions.

User needs in the field of aviation radio
communication form the criteria for selecting and
utilizing the appropriate services. They determine
how feasible the service is from a practical point of
view and whether it meets the expectations of
operators and aviation personnel. According to
standards, such needs are assessed by indicators of
efficiency, level of information security, and safety.
Such features are specified through measurable
parameters, in particular, system availability,
continuity of service provision and integrity of
transmitted information.

The reliability of the radio communication
system is one of the defining parameters since the
stability of the functioning of the entire aviation
infrastructure depends on it. It covers such aspects as
the ability of the system to remain operational for a
given time, the speed of recovery after failures, as
well as the possibility of effective maintenance and
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repair. A high level of reliability is achieved through
redundancy, regular diagnostics, and the use of
modern technologies of condition monitoring.

The quality of service is a generalized indicator
that integrates all of the listed characteristics and
reflects the overall beneficial effect of utilizing radio
communication service. It is directly related to the
degree of satisfaction of user needs and can be
considered as a function of one or more technical
and operational parameters of the system. However,
in real operating conditions, the use of complex
mathematical models for its assessment is often
limited due to practical implementation complexity.
Therefore, it is more appropriate to use a multi-
criteria approach, which allows taking into account a
set of key indicators, to carry out their comparative
analysis and to make informed decisions on
improving the efficiency of the functioning of
aviation radio communication systems.

Quality of service should be analyzed using a
statistical approach since the processes of radio
communication systems are probabilistic in nature.
Information transmission occurs under the influence
of random noises, the level and nature of which can
vary in time and space. Connection establishment is
also not a deterministic process and occurs at
random moments of time depending on the network
load, channel status, and other factors. While
operating technical means, failures, malfunctions,
and degradation of parameters are possible, which
are also of a stochastic nature. In this regard, for an
adequate description and assessment of QoS
indicators, it is necessary to use statistical
characteristics (probability distribution function,
mathematical expectation, standard deviation, and
other indicators) that allow taking into account the
uncertainty and variability of processes.

The quality of service parameters can be
interpreted as a multidimensional vector, the
components of which are individual system
parameters, such as delay, throughput, packet loss
level, or reliability. This approach allows to consider
QoS as a point in the multidimensional space of
system states. For practical application, it is
necessary to determine the permissible or limiting
tolerances for the values of these parameters that
meet user requirements or quality standards. The
QoS levels in this case are determined by values
combinations of all components of the vector, which
forms a set of possible system states. Different
consumers can put forward their own requirements
for the QoS, setting individual threshold values for
individual parameters, which necessitates an
adaptive approach to QoS management.

Quality of service should be considered in two
interrelated dimensions — as a guaranteed and as an
actually achieved level. The guaranteed QoS level is
formed at the design stage of the radio
communication system and is determined by the
equipment manufacturer. It is recorded in the
technical and operational documentation and reflects
the expected characteristics of the system’s
functioning provided that the specified operating
modes are observed. This level is based on a set of
tactical and technical parameters, architectural
solutions, and envisaged operating conditions, which
together determine the potential capabilities of the
system to provide the required QoS. The measured
QoS level characterizes the real state of the system
during its practical use. It is determined by data on
key parameters of functioning, their processing,
averaging, and subsequent conversion into
appropriate quality indicators. Since measurements
are carried out over discrete time intervals, the QoS
value is dynamic and can change under the influence
of load, external interference, technical condition of
the equipment, and other factors.

In the overall structure of the quality of service
control system (Fig. 1), the interaction between the
design and operation stages plays a key role. The
equipment manufacturer sets initial QoS parameters
and develops recommendations for maintenance,
monitoring, and modernization of the system. This
allows maintaining the required level of quality
throughout the life cycle of the radio communication

system, ensuring its adaptation to changing
conditions and user requirements.
Initial stages of radio equipment life cycle
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Fig. 1. QoS management system
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V. RESULTS

Let’s analyze the task of evaluation and
simulation of the decision-making procedure
concerning to the satisfaction degree for the
requirements of the radio services user. It is assumed
that the user forms requirements based on three key
reliability parameters that reflect the efficiency and
stability of the equipment. These parameters include
average operating time, average time of repair, and
availability coefficient. There are thresholds values
for these parameters. The initial dataset include data

on failures and repairs, ¢, and 7, , respectively.

The average operating time is

T,=>1,. @)

M-

i

The average time of repair is

N
TRep = ZtRepi ° (3)

i=l1
The availability coefficient is

:L. 4)
T, +T,

Rep

A

The decision-making process for assessing the
QoS of radio equipment can be presented as a three-
level model with three possible outcomes. The
following states are distinguished:

e full compliance with the requirements, which
occurs when none of the three reliability parameters
exceeds the established limit values;

e partial compliance, when the threshold level is
exceeded for one or two parameters;

e complete non-compliance, which occurs when
all three indicators exceed the permissible values.

This approach allows to formalize the assessment
process and present it in the form of a mathematical
decision-making model

1, for full compliance,
Decision =<0, forcompletenon - compliance, (5)

0.5, otherwise.

The simulation process consists of following
stages. Firstly, initial dataset was formed. At the
second stage, reliability parameters were estimated
according to the equations (2), (3), and (4) in sliding
window. At the final, decision according to the rule
(5) is made.

Figures 2 and 3 shows the initial datasets on
failures and repairs. Figure 4 presens the estimates
of availability coefficient. The final decisions on the
QoS compliance outcomes are shown in Fig. 5.
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Fig. 5. The final decisions on the QoS compliance
VI. CONCLUSIONS

This article examines key aspects of the
functioning of aviation radio systems from the
perspective of QoS, reliability, and resource
efficiency. It is shown that the QoS is determined by
a set of technical, operational, and economic
characteristics that reflect the level of satisfaction of
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C. 10. Tapacwok, I'. ®. KonaxoBuu, O. C. bougapes, M. 10. 3anicbkuii. OuiHiOBaHHS NMOKA3HUKIB SIKOCTI
aBialiiHNX Mepex 3B’ 3Ky

BaxamBuM dYMHHEKOM 3a0e3nedeHHS Oe3mekd B aBiamii € HagiiHa poboTa cucteM pamios3s’si3ky. Lli cuctemn
3a0e3medyroTh 0OMiH HeoOXiTHOIO iHpOpMAIIE0 Mia Yac MOJBOTIB i BUKOHAHHS aBilallifHUX Omepariii, 30kpemMa st
KepyBaHHS TOBITPIHAM PYyXOM, a TaKOXX IpOIecaMH 31IbOTy i mocaiku. Lli cuctemu crpsiMoBaHI Ha 3aI0BOJICHHS
moTpe0 aBiallifHMX KOMMAaHii 1 MiAmpHeMCTB. 3aco0W pamio3B’si3Ky MalOTh IIEBHI IapaMeTpH, SKi BH3HAYAIOTH X
e(eKTHUBHICTh 3 TOYKH 30py NpPU3HAYCHHS, TEXHIYHOTO pIBHA, EKOHOMIYHOi IOIUIHHOCTI, HAIIHHOCTI Ta
eKCIUTyaTaIliifHuX xapakTepuctuk. Okpema rpyma IMX [apaMeTpiB OMHUCYE SIKICTh OOCIyroByBaHHs. Y Iiif CTaTTI
PO3TIISIAIOTBCSL XapaKTEPUCTUKY aBiallifHUX CHUCTEM pajio3B’si3Ky 3 OIJISIAY Ha IX 3JaTHICTh 33JO0BOJIBHATH MOTpEOU
KOPHUCTYBaYiB acpOHABITaIliifHUX MOCIyr. ABTOpaMH HAaBEICHO Yy3arajbHCHHUN TMEpeIiK IMOKA3HUKIB SKOCTI
0OCIIyroByBaHHsI, a TaKOXX OIMCAaHO MIAXOAM 10 iX oOuMcieHHS i MozemoBaHHsA. OcoONMBY yBary NpHIUICHO
MOKa3HUKaM HaJliHOCTI, aHaIi3y BIAMOBIAHMX Mozenel 1 cnenudini 0OpoOIeHHs JaHUX JUIs BU3HAYEHHS X KiJTbKICHUX
3HaueHb. OTpUMaHI pe3ysbTaTH MOXXYTh BUKOPHCTOBYBATH (haxiBIli aBialiifHOi ramysi mix 4ac ekcIuryaTauii cucteMm
pamio3B’sI3Ky.

KirouoBi cioBa: cucrtemu panio3B’si3Ky; SKICTh OOCITyrOBYBaHHS, HAIiifHICTh; EKCIUTyaTallis;, TEJICKOMYyHIKaIliiiHa
Mepexa.
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