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Abstract

Nowadays, most content creators focus on distributing rich media at the highest possible resolution. Currently,
the majority of sold consoles, media players, computer hardware, as well as displays and TVs are advertised as
4K-compatible. The same trend is observed in the case of popular online streaming services and terrestrial TV
broadcasts. Generally speaking, it is assumed that higher bitrates provide higher subjective judgements. In this
paper, we present the results of a user experience (UX) evaluation study on the quality of video content coded
and transmitted in different resolutions in the internet protocol (IP) environment. The image resolutions include
1K (1920%1080 pixels; full-HD), 2K (2560%1440 pixels; wide-QHD), and 4K (3840%2160 pixels; ultra-HD)
content that are processed in the H.265/HEVC (high-efficiency video coding) format. A subjective evaluation
is carried out in a laboratory consisting of 20 iMacs with a 21.5-inch 4K Retina (4096x2304 pixels) display.
The group of viewers included 28 individuals aged between 21-35 years old, comprising people with and
without visual impairments. The obtained UX results are compared with previous experiments, including both
objective quality of service (QoS) and subjective quality of experience (QoE), as well as the impact of down-
scaling to 1K from 2K and 4K. The outcomes of this study may be of particular interest to any party interested
in video content processing and distribution, as well as consumption and storage.

Introduction

The methods of encoding video content are con-
stantly evolving over the last years and are continu-
ously updated:

Today, video streaming services play one
of the most important roles in IP networks. Accord-

ing to Cisco studies (Cisco, 2019), the transmission * MPEG-1: 1993 defined as ISO/IEC 11172,

of motion pictures already generates around 70 % * MPEG-2: 1994 defined as ISO/IEC 13818,

of traffic over the Internet. A similar tendency can * MPEG-4 (AVC): 1999 defined as ISO/IEC 14496,
be seen in mobile wireless and cellular terrestrial * MPEG-5 (HEVC): 2013 defined as ISO/IEC
networks. Therefore, it is important to investigate 23008-2,

the matter of delivered video content at varying * MPEG-6 (VVC): 2022 defined as ISO/IEC
quality, which is the main aim of this paper. 23090-3.
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Furthermore, the quality of the image is also per-
sistently being refined. When it comes to image res-
olution of today’s TVs, the 1K (1920x1080 pixels;
full HD) standard is being replaced more and more
often by the improved format of 2K (2560%1440
pixels; wide QHD) or even 4K (3840%x2160 pixels;
ultra HD). This fact certainly has a major impact
on the bitrate and congestion of the transmitted
content. It motivates researchers to examine and
evaluate the new possibilities in video coding and
distribution.

In practice, video quality can be assessed in dif-
ferent ways, which include technical quality of ser-
vice (QoS), subjective quality of experience (QoE),
and user experience (UX). There are currently many
measurement methods available for QoS and QoE
evaluation, namely ITU-T Rec. J.144 (ITU-T, 2004),
ITU-T J.147 (ITU-T, 2002), ITU-T J.247 (ITU-T,
2008), ITU-T 1.341 (ITU-T, 2016), ITU-P.1204.4
(ITU-T, 2020), mean squared error (MSE) (Wang
& Bovik, 2009), new quality index (NQI) (Wang
& Bovik, 2002), peak signal-to-noise ratio (PSNR),
and structural similarity index (SSIM) (Wang at al.,
2004). UX-related studies are usually performed
in purpose-built studios using human test groups.
A similar approach is utilized in this paper.

In the field of QoS, QoE, and video content,
a large number of published papers can be found
(Uhl et al., 2018; Klink et al., 2019; Hoppe & Uhl,
2020; Klink & Uhl, 2020; Uhl & Hoppe, 2020;
Uhl, Hoppe & Klink, 2020; Uhl, Klink & Hoppe,
2020). Other works related to UX can also be seen
(Law et al., 2009; Song, Tjondronegoro & Docherty,
2012; Staelens et al., 2015; Hammer, EGGER-Lampl
& Moller, 2018; Uhl, Hoppe & Klink, 2021). This
paper will contribute to all of them.

This paper is organized as follows: first, we relate
to the field of video quality in general terms. Then,
we introduce and describe the test environment
in detail. Next, we present and discuss measurement
results, followed by several graphical representa-
tions. At the end, the paper concludes with a summa-
ry and an outlook on future work.

Evaluation of video service quality in ITU-T
regulations

The term QoE, defined in ITU-T Rec. P.10 (ITU-T,
2017), is the overall acceptability of an application
or service, as perceived subjectively by the end-us-
er. It embraces the complete end-to-end system link,
including effects and segments of the transmission
link such as client, terminal, network, infrastructure,
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etc., and may be influenced by user expectations,
background of an individual, and context. Hence,
in principle, QoE is measured subjectively by
the end-user and may differ from one to another.
However, it is often estimated using objective QoS
measurements.

QoE is strongly related but different from
the field of UX, which also focuses on users’ experi-
ences with various systems or services. Historically,
QoE has emerged from telecommunication research,
while UX has its roots in human-computer interac-
tion (HCI) (Wechsung & De Moor, 2014). Therefore,
both fields may be considered as multi-disciplinary.
In contrast to UX, the goal of improving QoE for
end-users is more strongly motivated by pure eco-
nomic needs (Reichl, Tuffin & Maillé, 2012).

QoE aims to consider each and every factor that
contributes to the user’s perceived quality of a sys-
tem or service. This includes the network and tele-
com infrastructure, as well as human and contextual
factors (Reiter et al., 2014), namely:

* Human influence factors:

— Low-level processing (visual and auditory acu-
ity, gender, age, mood, etc.);

— Higher-level processing (cognitive process-
es, socio-cultural and economic background,
expectations, needs and goals, other personal-
ity traits, etc.);

* System influence factors:

— Content-related (upscaling, downscaling, etc.);

— Media-related (encoding, resolution, sample
rate, etc.);

— Network-related (bandwidth, delay, jitter, etc.);

— Device-related (screen resolution, display size,
etc.);

» Context influence factors:

— Physical context (location, space, etc.);

— Temporal context (time of the day, frequency
of use, etc.);

— Social context (interpersonal relations during
the experience, etc.);

— Economic context (household income, etc.);

— Task context (multitasking, interruptions, task
type, etc.);

— Technical and information context (relation-
ship between systems, services, etc.).

Studies in the field of QoE have typically
focused on system factors, primarily due to their ori-
gin in the QoS and network engineering domains.
Through the use of dedicated test laboratories,
the context is often sought to be kept constant.
This is also how it is perceived and handled in this
experiment.
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Evaluation of video service quality using
human individuals

Used video sequences

Appropriate reference video sequences had to be
found to assess video quality in a UX study. After
extensive research, we chose the content sourced
from previous work (Mercat, Viitanen & Vanne,
2020). Figure 1 shows the selected video sequence
called “Runner”.

Figure 1. Selected video sequences — “Runner” (Mercat,
Viitanen & Vanne, 2020)

The modified numerical tool from previous
research (Uhl & Jiirgensen, 2014), shown in Figure
2, is used to obtain the video sequences required for
this UX study.

Atfirst, and performed by the tool, a reference raw
video file was loaded. Then, the video was encod-
ed using FFmpeg (FFmpeg, 2024) in accordance
with the selected codec. Next, the encoded data was
encapsulated according to the selected transport pro-
tocol (here, native RTP) using FFmpeg. The “Errors”
block represents the generation of a selected level
of network (Channel) impairments.

Then, the packed video was decoded to the same
format as the reference video (raw video, same res-
olution, and encoding rate) using FFmpeg. During
decoding, the error correction mechanisms were
deliberately switched off so that the effects of net-
work impairments were not eliminated. The decoded
video sequences were then saved and made available
for the UX study. The “Errors” block was designed

for a non-deterministically distributed packet loss

(a binominal distribution with probability P) and

a non-deterministically distributed burst size (expo-

nential distribution) with a selectable mean value.

The effects of jitter and out-of-order packet delivery

were converted into losses.

The following parameters were assumed for
the numerical tool in order to carry out the UX study
later:

* Encoding: H.265/HEVC with default medium
profile (for details, see a prior document (X265
preset options, 2024))

» Packaging: native RTP with a NAL size of 1468
bytes and UDP header = 1500 bytes

* 1K, 2K, and 4K video sequences with an image
refresh rate of 30 FPS

* Encodingrates: 6750 (1K), 10500 (2K), and 15000
(4K) kbps. These coding rates were deliberately
chosen to cover the entire range of coding rates
for this codec. The following principle was estab-
lished: the higher the image resolution, the higher
the coding rate. In other words, the more image
information to encode, the higher the coding rate.

* Video sequence length: 10 s

» Packet loss (binominal distribution): 0-3 %

* Burst size: 1

Since FFmpeg does not currently support
the encoder for MPEG-6 (VVC), this encoder was
not considered in our study. Due to time constraints
for conducting the UX study, only one representa-
tive video sequence, i.e., “Runner”, was chosen. It is
characterized by flowing movement, good changes
in the image background due to zooming, as well as
relatively good colour intensity.

Test procedure and equipment

The subjective UX part of this study was per-
formed according to ITU-T Rec. BT.500-14 (ITU-T,
2019) on an Intel Core i7 iMac with a 21.5-inch
4K Retina (4096x2304 pixels) display. The group
of viewers consisted of 28 individuals aged between
21-35 years old, including those with correction
glasses or contact lenses (due to visual impairments)
and those without them (normal eyesight). Each
person undertook a training phase before starting
the essential study, during which they could adjust
the stand and viewing angle, as well as screen

Reference :
= Encoder [ Packetizer [

Content (Channel) ™ or Cloud [ |Evaluation

Errors Decoder L] Local Disk Quality

Figure 2. Block diagram of the used numerical tool
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a

Figure 3. Laboratory class with the 4K Retina iMacs used in the visual content quality evaluation

brightness level, of the display according to their
own preferences. This was performed in order to
best meet their everyday settings based on each indi-
vidual’s background and previous experience.

The laboratory class included 20 iMac stands, as
shown in Figure 3, enabling evaluations to be carried
out simultaneously on a wider group of individuals.
The whole campaign was performed during a single
week. A single session took about 20 minutes. Users
were asked to provide a score in a standard 5-step
mean opinion score (MOS) scale, from 1 (bad qual-
ity) to 5 (excellent quality), as well as feedback and
comments with respect to consumed content.

The processed video content, including 5 files
for each resolution, is described in Table 1. Namely,
1K-, 2K-, and 4K-processed files (15 files in total)
were presented in a randomized way in full-screen
mode. There was a short break between switching
from one resolution to another so that users could
write down their comments. Of course, no one
was informed about the resolution, bitrate, or other
parameters of the currently evaluated video content.
For the purpose of this study, the presented files were
anonymized and only labeled as Video 1-5.

In order to test the impact of upscaling and down-
scaling, the set of 2K and 4K files were presented to
the end users by two different means:

Table 1. Types of processed video content

1) Cloud-based streaming via OneDrive — content
transmitted on-demand and downscaled from
2K/4K to 1K with negligible delays, no buffering
was observable;

2) Video player via VLC — content downloaded
in 2K/4K in advance and played from the local
drive.

In the case of the 1K set of video files, the qual-
ity evaluation was performed only using OneDrive,
as this was the highest resolution supported by
the Internet media player.

Results

The measurement results gathered as part
of the conducted UX tests are presented in Figures
4-8 in a 5-step MOS scale. All obtained data is pro-
cessed using the analysis of variance (ANOVA)
statistical method, with the confidence level set at
0.95. It is noteworthy that the obtained confidence
intervals for measured parameters are always less
than 10 % of their average values. This proves that
a sufficiently large number of measurements have
been made in order to treat obtained results as reli-
able (see Figures 4—12). In the case of all the fig-
ures, when it comes to respective samples, the word
“burst” refers to the size of the group of lost packets,

Content and bitrate

Media player

One Drive (cloud environment with downscaling)
VLC (local disk without downscaling)

1K (1920x1080 pixels;
full-HD); 6750 [kbps]

+

2K (25601440 pixels;
wide-QHD); 10500 [Kbps]

4K (3840%2160 pixels;
ultra-HD); 1500 [kbps]
+
+
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Figure 4. UX values for H.265/HEVC codec with 1K (1080p) and encoding rate 6750 kbps as a function of packet loss (for age

group 21-35 years old) — content from OneDrive
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Figure 5. UX values for H.265/HEVC codec with 2K (2560p) and encoding rate 10500 kbps as a function of packet loss (for age

group 21-35 years old) — content from OneDrive
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Figure 6. UX values for H.265/HEVC codec with 2K (2560p) and encoding rate 10500 kbps as a function of packet loss (for age

group 21-35 years old) — content from VLC

whereas “loss” means the probability of packet loss
expressed as a percentage.

Scores from Figures 4-8 show a rapid decline
in video quality rating as packet loss increases.
A “good” rating (i.e., an MOS score equaling about
4) is only noticeable in a lossless environment.
With a packet loss of 1 %, the video quality is still
acceptable to the viewers. As packet loss continues

42

to increase, the video quality becomes rated as insuf-
ficient or even unacceptable (the MOS score equal-
ing about 1). This is a very critical assessment,
significantly different from the quality evaluations
in QoE (see, for example, previous works (Uhl et al.,
2018; Uhl, Hoppe & Klink, 2020) and QoS (see, for
example, earlier research (Uhl & Hoppe, 2020; Uhl,
Hoppe & Klink, 2021)). In these papers, the video
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Figure 7. UX values for H.265/HEVC codec with 4K (3840p) and encoding rate 15000 kbps as a function of packet loss (for age

group 21-35 years old) — content from OneDrive
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Figure 8. UX values for H.265/HEVC codec with 4K (3840p) and encoding rate 15000 kbps as a function of packet loss (for age

group 21-35 years old) — content from VLC

quality was sufficient, up to a 2 % packet loss. One
of the key aspects could relate to the high-class tech-
nical specs of the iMac display.

Further comparison of the results from the UX,
QoE, and QoS studies shows that the nature of chang-
es in the curve describing the evaluation of video
quality (i.e., the negative exponential function) as
a function of packet loss coincides in all the papers
cited here. Only the steepness of the negative expo-
nential function differs significantly depending on
the type of research. Thus, it can be seen that the UX
studies are very critical and significantly differ from
the results of QoS and QoE evaluations.

It should also be added that, in the case of UX
research, the native resolution of the material for
evaluation had a large impact on the research results.
In addition, the content streamed from the browser
(OneDrive cloud) was rated worse by some people
participating in the UX studies than from the local
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disk (VLC player). It should be pointed out that 2K
and 4K resolution is supported by VLC (no down-
scaling necessary — native support for 1K, 2K, and
4K content) but not by OneDrive (downscaling to
1K necessary — native support only for 1080p con-
tent). Additionally, based on the obtained results, it
can be said that 4K resolution is not always neces-
sary to obtain a very good video quality rating, even
on a display with 4K native resolution support.

Discussion

Further analysis of the UX research results con-
firmed that mature (older) people are more demand-
ing users. As experienced individuals with a wider
background in multimedia content consumption,
they can notice more distortions, which is reflected
in the results of the assessments (as shown in Figures
9-11).
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Figure 9. UX values for H.265/HEVC codec with 2K (2560p) and encoding rate 10500 kbps as a function of packet loss (for age
group 21-22 years old) — content from OneDrive
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Figure 10. UX values for H.265/HEVC codec with 2K (2560p) and encoding rate 10500 kbps as a function of packet loss (for age
group 23-24 years old) — content from OneDrive
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Figure 11. UX values for H.265/HEVC codec with 2K (2560p) and encoding rate 10500 kbps as a function of packet loss (for age
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group 21-35 years old with visual impairments) — content from OneDrive
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In this research, there is also a possibility of test-
ing a group of people with serious visual impair-
ments in the UX-related aspect. As might be expect-
ed, the evaluation of video quality in this group
provided even worse results than in the groups with-
out correction glasses or contact lenses. This is illus-
trated in the selected example of Figure 12, which
should be compared with the scores in Figure 5.

In conclusion, it should be emphasized that
the expenditure of time and resources in UX research
is very large, which is different from QoE and sig-
nificantly dissimilar from automated QoS research.
This implies that UX studies are rarely carried out
and, due to the time involved, are not widely used.
Most often, ready-made available tools are used to
measure the level of quality, yet the majority are
licensed.

Conclusions

As part of this paper, UX-type research on
the evaluation of video quality in the IP environment
has been presented. It was very important to pre-
pare appropriate video sequences for this research,
which was completed on the basis of a selected
numerical tool. Different image resolutions, i.e.,
1K (1920%1080 pixels; full-HD), 2K (2560x1440
pixels; wide-QHD), and 4K (3840%x2160 pixels;
ultra-HD), were considered in our study involving
the most popular video codec at present, that is,
H.265/HEVC.

Obtained results have shown that in the group
of participating individuals, especially considering
their background, skills, and health condition, all
of these factors play an important role in video con-
tent evaluation. Older, more experienced people are
more critical since they can notice more distortions
in the assessed video sequences. People with visu-
al impairments evaluate more critically than peo-
ple without these defects. This probably relates to
the anatomy of the human eye.

Our research has also shown that the UX assess-
ments are more critical than QoS or QoE evaluations,
which may be performed using automated tools.
When building such technical measurement tools, it
is necessary to carry out UX research at the outset
because they provide the data necessary to create
models of the human sense of sight in order to imple-
ment them in these tools and related algorithms.

In the near future, it would be interesting to con-
tinue the UX research presented in this paper using
other reference video sequences, such as the one
chosen here (i.e., Runner). Other video codecs, such
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as H.266 and VP9, could additionally be investigat-
ed as well. Further research is planned in this direc-
tion. Supplementary sources of inspiration may be
found in earlier work (Biernacki, 2018; Biernacki,
2019; Falkowski-Gilski & Uhl, 2020; Jacob et al.,
2021), including the recent surveys on telemeetings,
videoconferencing, and unified communications, as
well as video streaming and buffering (Wisniewski
et al., 2017; Barakovi¢ Husi¢ et al., 2020; Mongay
Batalla, 2020; Skowronek et al., 2022).
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