CLN
Electronics and Information Technologies, 2026, 34, 195-206 Oj] ELIT
http://publications.Inu.edu.ua/collections/index.php/electronics/index

UDC: 004.7

METHODS AND MODELS FOR ENSURING QUALITY OF EXPERIENCE IN
INFORMATION AND COMMUNICATION SYSTEMS

Petro Pelekh ©Q©

Department of Information and Communication Technologies,
Lviv Polytechnic National University,

12 Stepan Bandera Str., Lviv, 79013, Ukraine

Pelekh, P. (2026). Methods and Models for Ensuring Quality of Experience in Information and
Communication Systems. Electronics and Information Technologies, 34, 195-206.
https://doi.org/10.30970/eli.34.12

ABSTRACT

Background. Quality of Experience (QoE) has emerged as a fundamental metric for
evaluating the effectiveness of modern information and communication systems, especially
in video conferencing environments where real-time interaction is critical. Unlike traditional
Quality of Service (QoS) metrics, QOE reflects the subjective perception of users and
depends on a combination of technical, behavioral, and contextual factors.

Materials and Methods. The research is based on a comprehensive analysis of
contemporary scientific approaches to QoE evaluation in telecommunication systems. A
structured set of influencing factors was identified, including technical parameters (network
delay, bandwidth, packet loss, noise, and distortions), user-related characteristics
(perception, expectations, and interaction behavior), and contextual conditions of service
usage. Mathematical modeling methods, including linear regression, neural networks,
decision trees, Bayesian approaches, and similarity functions, were considered for
predicting QoE. Additionally, the E-model was applied as a standardized approach for
evaluating QoS.

Results and Discussion. The experimental results demonstrate that network
impairments have a significant negative impact on both QoS and QoE in video conferencing
systems. In particular, increased network delays lead to communication interruptions and
reduced interactivity, while packet loss results in audio degradation and visual artifacts. The
data obtained in this work reveals a strong correlation between objective network
parameters and subjective user satisfaction. The conducted modeling confirmed the
existence of a nonlinear dependence of QoE on network parameters, particularly delay and
packet loss. These results demonstrate the effectiveness of an integrated QoE model in
evaluating network services.

Conclusion. The study confirms that network delay and packet loss are among the most
influential factors affecting user experience in video conferencing systems. The proposed
modeling approach allows for more precise evaluation and forecasting of QoE by
incorporating both objective and subjective components. The findings highlight the
importance of integrating multiple parameters into unified models for accurate QoE
prediction.

Keywords: Quality of Experience, Quality of Service, video conferencing, model,
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INTRODUCTION

The QoE (Quality of Experience) model is a tool for assessing the quality of user
experience during interaction with technologies and business entities within a specific
context, particularly in telecommunication systems. This model takes into account various
aspects of the communication ecosystem, such as technical characteristics, business
models, user behavior, and usage context.

The QoE model enables the analysis and evaluation of user satisfaction with a
particular product or service. It is based on the interaction between the technical
parameters of a system and the user’s perception of its quality. The main objective of the
QoE model is to ensure a high level of user satisfaction and to improve the overall
experience of technology use.

This model incorporates various aspects, including audio quality, video quality, data
transmission speed, network delay, and other factors. It also considers individual user
characteristics, their expectations, and the context in which the technology is used. The
QoE model is an important instrument for the design and improvement of
telecommunication systems aimed at ensuring a high quality of communication service for
end users.

QoE in information and communication technologies plays a key role in ensuring user
satisfaction and improving interaction with various services and applications. QoE makes
it possible to evaluate Quality of Service (QoS), enhance user interaction, implement traffic
management strategies, increase the competitiveness of companies, and improve network
monitoring for the rapid detection and resolution of service quality issues before they affect
users.

The application of Quality of Experience in information and communication
technologies is also important under military conditions. QoE enables the assessment of
communication system effectiveness, enhances the productivity and efficiency of military
operations, ensures the security and confidentiality of information transmission, and
optimizes resource utilization. Such an approach helps to provide reliable communication,
fast information exchange, and improved operational efficiency, which are critically
important in modern warfare conditions.

MATERIALS AND METHODS

Analysis and Problem Statement

Analyzing the impact of various network parameters on QoE during video
conferencing allows the identification of several critical challenges. High network delay
leads to interruptions in video transmission and degradation of audio quality, packet loss
results in video artifacts and audio dropouts, echo negatively affects speech intelligibility,
and network noise introduces distortions that reduce overall sound quality. These factors
significantly influence user satisfaction and highlight the need for effective QoE-oriented
optimization methods.

In addressing the problem of improving QoE through network parameter optimization,
numerous studies have investigated the relationship between technical characteristics and
user perception. In particular, the work of Hol’feld and Pérez [1] proposes a theoretical
framework for QOE assessment that integrates both objective measurements and individual
user perception. Their approach emphasizes the importance of combining technical
monitoring with subjective evaluation to obtain a more accurate representation of user
experience.

The study by Seufert et al. [2] focuses on the evaluation and comparison of QoE
models using real-world crowdsourced datasets. The authors demonstrate that different
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QoE models may produce significantly different results under the same conditions,
highlighting the complexity of accurately predicting user experience. Furthermore,
Seufert et al. [3] analyze the incompatibility between web and video QoE models,
showing that QoE is highly context-dependent and cannot be universally described by a
single model.

Schleicher et al. [4] investigate how different stimuli, such as video streaming and web
browsing, jointly affect session-level QoE. Their results indicate that QoE cannot be
represented as a simple sum of individual components, but rather as a complex interaction
of multiple factors. Similarly, Wehner et al. [5] study the impact of content selection
strategies on video QoE, particularly in mobile environments, demonstrating that not only
network parameters but also content-related factors influence user perception.

In addition, Esper et al. [6] propose QoE-DASH, a tool for evaluating QoE in adaptive
streaming systems with edge caching and recommendation mechanisms. Their work
highlights the importance of adaptive delivery techniques in maintaining high QoE under
varying network conditions. Jelassi and Rubino [7] focus on the development of operative
QoE models for IP-based multimedia services, aiming to bridge the gap between theoretical
models and practical deployment.

Barakabitze et al. [8] introduce a QoE management architecture for softwarized 5G
networks, emphasizing the role of network programmability and dynamic resource
allocation in improving user experience. More recent studies, such as d’Arcier et al. [9],
explore QoE optimization in distributed XR applications, where real-time performance
requirements further increase the sensitivity to network impairments. Similarly, Krogfoss
et al. [10] analyze the benefits of 5G and edge computing for QoE in AR/VR
environments, demonstrating the importance of low latency and high bandwidth for
immersive services.

These studies collectively contribute to the understanding of QOE as a
multidimensional concept influenced by technical, contextual, and user-related factors.
They highlight the limitations of existing models and the need for more comprehensive
approaches that integrate diverse parameters and operating conditions. Based on the
analysis of existing scientific works, this study proposes the development of methods and
models for optimizing network parameters in order to improve Quality of Experience during
video conferencing.

Presentation of the Main Material
The main parameters of the QoE model include various factors that determine the
quality of user experience. The key parameters of the QoE model are:

e technical characteristics (data transmission rate, network delay, bandwidth,
audio and video quality, noise level, and distortions);

e user behavior (perception of the product or service, level of satisfaction,
interaction with the user interface, system response time to user actions);

e usage context (place and time of use, type of device used, specific features of
the communication network);

¢ individual user characteristics (age, gender, experience, etc.);

o interaction model (efficiency and usability of the interface, navigation and
information search methods, ease of use of functions and features, level of
personalization and individualization of interaction);

o stability and reliability (frequency of errors and failures, recovery time after
failures, availability of automatic recovery systems);

e resource consumption (energy usage, computational resource usage, and data
volume consumption).
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These parameters make it possible to assess Quality of Experience by considering

technical, behavioral, and contextual aspects of interaction with technologies and services.
By analyzing these parameters, effective strategies can be developed to improve user
experience quality and increase user satisfaction with products and services.

Methods for calculating the QoE model may vary depending on the specific usage

context and user needs. However, several general approaches can be identified:

User surveys:
e onducting surveys to assess user satisfaction with a product or service;
e using rating scales (e.g., a scale from 1 to 5) to evaluate different aspects of
user experience quality.
Objective technical parameters:
e measuring technical characteristics such as data transmission speed, network
delay, audio and video quality;
e using specialized software tools to monitor and analyze technical performance
indicators.
User behavior analysis:
e tracking user actions within a product or on a website;
¢ analyzing the time spent performing various tasks and user reactions to different
events.
Interaction modeling:
e using mathematical models to predict the impact of various parameters on
Quality of Experience;
e applying machine learning methods to analyze large datasets and identify
patterns.
Testing with human expert support:
e conducting special tests involving users to evaluate different aspects of
experience quality;
e using focus groups and expert assessments to obtain additional feedback.
These methods can be applied individually or in combination to obtain a

comprehensive assessment of Quality of Experience in telecommunication systems.

Therefore, this study proposes implementing a method based on mathematical

modeling to predict the influence of various parameters on Quality of Experience. This
approach involves constructing a mathematical model that reflects the relationship between
input parameters (technical, behavioral, contextual) and the output indicator - QoE.

The most common methods for modeling the influence of parameters on QoE include:
e Linear regression. In this method, a linear function is selected that best
describes the relationship between input parameters and QoE. For example:

QOE=a1'7’l1+a2'Tl2+'-'+an'nn+b, (1)

where nq, n,,..., n, are input parameters; a;, a,,..., a, are regression
coefficients; and b is the intercept term.

¢ Neural networks. This method uses artificial neural networks to model complex
nonlinear relationships between parameters and QoE. Neural networks can
detect complex interactions that cannot be described by linear models.

o Decision trees. In this approach, decision trees are used to identify the most
significant parameters influencing QoE. Decision trees can divide input
parameters into groups and determine which of them have the greatest impact
on Quality of Experience.
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o Bayesian methods. Bayesian statistical models are applied to estimate the
probability relationships between parameters and QoE. These methods can
account for uncertainty and variability in the relationships between
parameters.

e Similarity functions. Similarity functions are used to determine the degree of
similarity between input parameters and QoE outcomes. They can identify
complex heterogeneity in data and determine which parameters have the
greatest influence on QoE.

All these methods enable the creation of models capable of effectively predicting
Quality of Experience based on various input parameters. Such models contribute to the
improvement of products and services in the field of telecommunications, ensuring a high
level of service quality for end users.

RESULTS AND DISCUSSION

Based on the QoE model, an experiment was conducted to evaluate the impact of
various parameters on user experience quality in telecommunication systems. One
possible experimental scenario is described as follows. The objective of the experiment
is to determine how network delays affect Quality of Experience during video
conferencing. Considering this objective, each stage of the experiment is described in
detail below.

Definition of input parameters

Network delay. This parameter is measured in milliseconds and represents the time
required to transmit data from the sender to the receiver through the network. Delay
measurements are performed using specialized software tools or built-in network
monitoring utilities.

Data transmission rate. This parameter is measured as the amount of data that can
be transmitted through the network per unit of time (usually in bits per second).

Video and audio quality. Video and audio quality can be measured using various
metrics, such as video resolution, audio compression level, noise level, and other
indicators.

Preparation of the experimental environment

To conduct the experiment, a testbed with a network featuring controlled delay
conditions was created. Software for video conferencing and for monitoring audio and video
quality was installed.

Conducting the experiment

Video conferences were carried out under different levels of network delay. By
modifying network parameters such as bandwidth and others, different network
conditions were reproduced to study their impact on QoE. During the experiment, data
on audio and video quality were collected, along with user feedback regarding their
experience. The experiment made it possible to determine how network delay affects
Quality of Experience and to provide recommendations for improving QoE in video
conferencing systems.

Let us examine in more detail each component of the E-model formulas and the
formula for evaluating QoE.

1. The E-model for assessing QoS
The E-model formula is expressed as:

EnekTtpoHika Ta iHpopmauinHi TexHonorii « 2026 « Bunyck 34 199



Petro Pelekh

R=Ry—1-A-B-C-0D, (2)

where:
Ry, — initial sound quality, usually measured on a scale from 0 to 100, where 100
represents ideal quality;
I — impact of network delay on sound quality;
A — impact of packet loss on sound quality;
B — impact of echo on sound quality;
C — impact of noise on sound quality;
D — impact of other factors on sound quality.
This model is widely used for assessing speech quality in telecommunication systems
and is based on the aggregation of different impairment factors, including noise, delay,
packet loss, and equipment-related distortions [11]

Impact of delay (I)
Network delay affects sound quality: the greater the delay, the lower the quality. The
delay impact can be calculated as:

1=0,024-t-(95—R,), (3)

where t is the network delay in milliseconds.

Impact of packet loss (A)
Packet loss also negatively affects sound quality. The impact of packet loss may be
calculated as:

n
A=0.01 -2(95 —Ro) " pi» (4)
i=1

where n is the number of lost packets and p; is the probability of loss of each packet.
Impact of echo (B)
Echo can also degrade sound quality. The impact of echo may be calculated as:

B=-0,392-(95—R,) e, (5)

where e is the echo level in decibels.

Impact of noise (C)
Noise affects sound quality as well. The impact of noise can be calculated as:

C=01-(95—Ry) (1 —107%17m), (6)

where n is the noise level in decibels.

In formulas (3)-(6), empirical coefficients are introduced that reflect the results of
previous studies and represent a generalization of experimentally established
dependencies embedded in the classical E-model. In particular, the value 0.024 in formula
(3) is a calibration coefficient obtained through statistical analysis of the impact of delay on
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perceived speech quality and is used to normalize the model’s sensitivity to increasing
latency. The value 95 in the same formula (as well as in subsequent expressions)
corresponds to the reference level of the maximum, conventionally “ideal” speech quality
on the R-scale, which is traditionally used in the E-model as a baseline for assessing quality
degradation. Similarly, the other coefficients in formulas (4)—(6) (namely 0.01, 0.392, and
0.1) are of empirical origin and were derived through approximation of subjective speech
quality test results under different types of network impairments, allowing the mathematical
model to be aligned with actual human perception. Thus, all the introduced coefficients
ensure that the model corresponds to experimentally validated relationships between
network parameters and subjective quality of experience.

Impact of other factors (D)
Other factors, such as compression and jitter, may also influence sound quality.

2. Formula for evaluating QoE based on the E-model

QoE = f(QoS, UserFactors), (7)

where:
QoS — service quality calculated using the E-model;
UserFactors — individual user characteristics such as gender, age, experience, etc.;
f — afunction that accounts for the interaction between service quality and individual user
factors.
The function f may take the following form:

QoE = f(QoS,UserFactors) = w; - QoS + w, - UserFactors, (8)

where w; and w, are weighting coefficients reflecting the importance of service quality and
individual user factors in QoE assessment.

Let us introduce the variable A, representing the intensity of packet loss in the network.
In this case, the formula for packet loss impact A becomes:

n
A= 0,01-,1-2(95 —Ry), 9)
i=1

where:

A — parameter reflecting packet loss intensity in the network;
N — number of lost packets;

Ry — initial sound quality.

Thus, the variable 4 accounts for packet loss intensity, enabling a more accurate
assessment of its influence on Quality of Service (QoS) and, consequently, on Quality of
Experience (QoE). During the experiment, A can be used to simulate different network
conditions with varying packet loss levels. For example, a series of experiments may be
conducted with different values of A to determine the influence of various packet loss
intensities on user experience quality.

Figures 1-2 present the results of modeling the dependence of Quality of Experience
on network parameters according to formulas (7)—(8), where QoE is defined as an
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Fig.2. Dependence of QoE on Packet Loss

integrated function of QoS and user-related factors (UserFactors). The first graph
demonstrates a nonlinear decrease in QoE with increasing network delay under different
values of packet loss intensity 1. The obtained results show that even a moderate increase
in packet loss leads to a noticeable reduction in QoE at high delay values. The second
graph illustrates the dependence of QoE on packet loss intensity under different network
delay conditions. It was established that as A increases, the quality of user experience
deteriorates nonlinearly, while the most critical degradation occurs after reaching a certain
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threshold value of packet loss. In addition, increasing network delay shifts the QoE curves
toward lower values, indicating the combined negative influence of delay and packet loss
on perceived service quality.

After conducting the experiment to study the impact of network delay on Quality of
Experience during video conferencing, the following results were obtained:

Using the E-model, it was determined that network delays negatively affect audio
quality during video conferencing. As delay levels increased, audio quality decreased.

The experimental results also showed that packet loss negatively affects audio quality
during video conferencing. As the number of lost packets increased, audio quality
deteriorated.

Using the QoE evaluation formula, it was determined that Quality of Experience during
video conferencing significantly decreases under conditions of high network delay and high
packet loss. This confirms the importance of network optimization to ensure a high level of
user experience.

Summarizing the results of the study, it is appropriate to compare the obtained
dependencies of QoE on network parameters with well-established standards and scientific
approaches. According to the ITU-T Recommendation G.107 (E-model), which is a
fundamental standard for assessing voice quality in IP networks, the overall quality metric
(R-factor) depends on delay, packet loss, and other network impairment factors. This
confirms the results obtained in this study regarding the negative impact of latency and
packet loss on QoE. Similarly, ITU-T G.1080, which addresses QoE assessment in video
conferencing systems, also emphasizes the critical role of network delay and packet loss
in shaping the user’s subjective perception of quality. Additionally, WebRTC-based
experimental studies [12] demonstrate a strong correlation between objective QoS
parameters (delay, jitter, packet loss) and subjective QoE ratings provided by users, which
is further supported by experimental research using open datasets for real-time video
communication. Taken together, these sources confirm the validity of the obtained results
and demonstrate that the proposed approach is consistent with international standards and
modern QoE modeling methodologies. In future research, it is planned to extend the
proposed QoE model by integrating machine learning methods to achieve more accurate
nonlinear approximation of the relationships between network parameters and users’
subjective experience. It is also intended to conduct experiments in real-world 5G/edge
network environments to validate the model and adapt it to different video conferencing
scenarios, including mobile and military applications.

CONCLUSION

Based on the results of the experiment, the following conclusions can be drawn.
Network delays and packet loss have a significant impact on both Quality of Service and
Quality of Experience in telecommunication systems. To ensure a high level of user
experience during video conferencing, further research should focus on network
optimization aimed at reducing delays and packet loss. In addition, additional studies are
required to determine the optimal network parameters for achieving maximum Quality of
Experience.

After conducting the experiment using mathematical models to predict the influence
of various parameters on Quality of Experience, it was established that incorporating
multiple aspects (such as technical characteristics, network parameters, and individual
user preferences) provides a more comprehensive understanding of QoE in information
and communication technologies.

The experimental results indicate that the use of such models is effective and enables
more accurate prediction of service quality in these technologies. This represents an
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important step toward improving user satisfaction, optimizing network performance, and
enhancing the efficiency of information and communication systems, particularly under
demanding conditions, such as during military operations. The modeling results
demonstrated that QoE strongly depends on network delay and packet loss intensity, while
the influence of these parameters is nonlinear in nature. The proposed model makes it
possible to consider both technical network characteristics and individual user factors for
more accurate service quality assessment.
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METOOU TA MOAEJI 3ABE3MNEYEHHA AKOCTI A4OCBIAY KOPUCTYBAYA
B IHOOPMALIMHO-KOMYHIKALIIMHUX CUCTEMAX

lempo lNenex%
HauioHanbHul yHisepcumem «JIbgigcbKa ronimexHika,
8yn. CmenaHa baHdepu, 12, Jlbsig, 79013, YkpaiHa

AHOTALIA

Betyn. Axicte pocsigy kopuctyBava (A0K, Quality of Experience, QoE) crana
dyHAaMeHTanbHNM MOKa3HWKOM OLiHIOBaHHA edeKTUBHOCTI Cy4YacHWUX iHdopmaLinHo-
KOMYHiKaUiiHuX cuctem, ocobnmMBo B cepedoBULLi BiAEOKOHMEPEHUiNn, Oe KPUTUYHO
BaXNMBOK € B3aEMOAis B peanbHOMY 4aci. Ha BigMiHy Big TpaauuiiHUX METPUK AKOCTI
obcnyroeyBaHHs (A0, Quality of Service, QoS), ALK Bigobpaxae cyb’ eKTUBHE CNPUAHATTSA
KOPUCTYBaYiB i 3aneXxuTb Big MNOEQHAHHA TEXHIYHWX, NOBEAIHKOBUX | KOHTEKCTyarbHUX
YMHHUKIB.

Matepianu Ta meToau. [locnigxeHHs 'PYHTYETLCS HAa KOMMMAEKCHOMY aHari3i Cy4yacHUx
HaykoBMx nigxofis Ao ouiHoBaHHA ALK B TenekomyHikauiiHux cuctemax. BusHauyeHo
CTPYKTYpOBaHW Habip YMHHMKIB BMNMMBY, 30KpeMa TEXHiYHi napameTpu (MepexeBa
3aTpuMMKa, NponyckHa 34aTHICTb, BTpaTa NakeTiB, LWyM i CMOTBOPEHHS), XapaKTepUCTUKN
KopucTyBaya (CNpUAHATTS, O4iKyBaHHs Ta MOBEAiHKA Nif Yac B3aeMofil), 8 TAKOXK KOHTEKCTHI
YMOBMW BUKOPUCTaHHS cepBicy. [Ns MOAEeNtoBaHHA B3AaEMO3B’A3KY MK LMMU napaMeTpamm
Ta A0K po3rnsHyTo HU3Ky MaTeMaTUYHNX | aHaNMITUYHNX METOAIB, 30Kpema NiHilHy perpecito
ONA BUSIBNEHHA MiHINHWX 3aneXHOCTen, LWTYYHi HEeNPOHHI Mepexi AN MoAentoBaHHA
HeniHIMHNX 3B’A3KIB, AepeBa pilleHb ANs aHanisy 3HadywocTi napameTpis, GaneciBCbki
mMozeni Ans MMOBIPHICHOrO OLjiHIOBaHHSA Ta dyHKUiT nogiGHoCTi Ans po3nizHaBaHHS
3aKOHOMIpHOCTEWN.

PesynbTtatu. PesynbTatv ekcnepMMeHTy AEMOHCTPYHOTb, O MepexeBi MopyLleHHs
MatTb CyTTEBUI HeraTMBHMIA BNnuB ik Ha AO, Tak i Ha ALK y cucteMax BioeokoHdepeHLin.
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3okpema, 30inbLUIEHHA MEPEXEBOI 3aTPMMKM NPU3BOAUTL OO NEpepuBaHb Yy KOMyHiKauii Ta
3HKEHHS iIHTePaKTMBHOCTI, TOAi SIK BTpaTa NakeTiB CNPUYMNHSAE AerpajaLito 3ByKy Ta nosiBy
BidyanbHux aptedakTtiB. OTpMMaHi AaHi BUSBNAIOTb CUIIbHY KOPEnsLilo Mk 06’ eKTUBHUMMA
MepexeBUMn napameTpamm Ta cyb’eKTMBHOIO 3a40BOMEHICTI0 kopucTyBavis. NMposeaeHe
MoZentBaHHA NiGTBEPANIIO HAaABHICTb HeNiHiNHOT 3anexHocTi ALK Big napameTpis mepexi,
3okpema delay Ta packet loss. OTpumaHi pesynbTatm AEMOHCTPYIOTb e(MeKTUBHICTb
BMKOPUCTaHHS iHTerposaHoi mogeni AAK Ans ouiHioBaHHSA AKOCTi MepeXeBnX CepBiCiB.
BucHoBkuW. [locnigjxkeHHs NiagTBepaXye, WO MepexesBa 3aTpuMKa Ta BTpaTa nakeTiB €
OZIHUMM 3 HaMBaXNMBILLNX YNHHUKIB, SIKi BMNMBAKOTb HA KOPUCTYBALbKUIA JOCBIA Y cucTemMax
BioeokoHdpepeHuin. 3anponoHoBaHui niaxia 0o moAentoBaHHA 3abesnevye Ginbll ToOYHe
OujiHIOBaHHA Ta nporHodyBaHHa AOK 3a paxyHOK ypaxyBaHHA $SK OO’€KTUBHUX, TaK i
cyb’ektuBHMUX cknapgoBux. OTpuMaHi pesynbTaTv NiAKPECnoTb BaXNMBICTb iHTerpauii
MHOXWHW NapameTpiB Yy €AMHI Mogeni Ans NiABULWEHHSA TOYHOCTI NporHo3dyBaHHa AOK.

Knroyoei cnosa: skicTb AOCBiAY KOPUCTyBaya, BigeoKoHdepeHLUii, Mogenb, agantadia.
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