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An actual size of screen proposed displays video sequence influ-
ence the process of creating subjective quality evaluation of multi-
media content perception on various devices. The question of dis-
play size and resolution impact on improvements in perceived
visual quality still remains unclear. Any decisions on display size
must demand understanding of physical, perceptual and cognitive
opportunities of each user, also physical working/operational envi-
ronment constrains. In proposed paper presented a method allow-
ing to dynamically change the visual quality of a typical media con-
tent depending on the physical size of the display. The unique con-
tribution of proposed study for the first time represents method-
ology of the degraded video images association with streaming
video and their effects on various display sizes with fixed screen
parameters. Method can be used for scientific purposes related to
practical applications for visualization technologies, signal recep-
tion and processing in information technology devices, also in
related areas such as marketing, advertising, film industry.
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I. INTRODUCTION

The question of video sequence perception by brain is the most
important question of the research. The understanding of attention
concentration, minimum video sequence quality acceptable for
perception of content by human visual system, perception of color
change and amount of color variations processes are important in
modern systems of multimedia content perception. By understand-
ing the processes, it is possible to figure out the sufficient level of
visual data accuracy. Which in turn helps to decrease the cost of
data storage, increase the bandwidth of video content per second
and a great amount of other opportunities of resources, as the 82%
of content on the Internet in 2022 is video content [1].

To better understand proposed process, an experiment was
conducted in proposed research work, which is based on a subjec-
tive assessment of the quality of video sequences with distortions
by a participant at different display sizes of video content. Pro-
posed research will allow to understand the sufficient level of
video content quality and a comfortable position relative to the
screen diagonal for a typical user. Image size has a strong impact
on the visual experience of watching TV and the quality of the
resulting video content. the convenience of usage the screen of one
or another size depends, first of all, on the distance from the
viewer to the screen. The quality of the video sequences is deter-
mined by the video signal setting and screen resolution. The lower
the resolution of a particular screen, the smaller its diagonal
should be chosen. Pixel density is directly correlated with the
quality of human video perception.

Proposed parameter, with a sufficiently high value, allows to
look at the screen from a short distance and not endanger the hu-
man visual system (HVS), which is an urgent problem at the pre-
sent stage of technology development, as an example, a monitor
with a large screen in a relatively small room.

When choosing the optimal distance from the screen to a par-
ticipant [2], three main factors are taken into account: the size of
the screen, its resolution, and the field of view. All these three fac-
tors have a direct influence on each other. When the user gets
closer to the screen, each individual pixel begins to appear larger.
At close range, at close range image will look pixelated. But if the
user is too far away, the screen display appears smaller, and the
screen occupies a smaller user’s field of view. The display size of
the signal will also affect how much visual area the display devices
should occupy in relation to the location of the user of the multi-
media content. At best, there is a perfect balance when the user is
at such a distance proposed the screen takes up the main part of
the field of view, but not so close proposed the quality of the dis-
played information deteriorates. Getting closer the resolution will
be greater than the comfort limit.

Angular resolution is the point at which the human eye can
distinguish the individual details of the displayed information. The
researchers suggest proposed a participant with 6/6 vision in the
metric system (or 20/20 imperial) will be able to distinguish de-
tails proposed differ by 1/60 of a degree. The ability to distinguish
details is determined not only by visual acuity, but also by the dis-
tance to the screen. At a certain distance, depending on the indi-
vidual characteristics of the HVS the user will not be able to dis-
tinguish every detail [3]. The HVS will not be able to discern the
display, if the user is too distanced, on the other hand, if the user
is too close, proposed display will look pixelated. For lower reso-
lutions, users need to be a little further than desirable to avoid no-
ticing the pixels.
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The main purpose of the study is to create a methodology pro-
posed will answer the question: how the physical size of the signal
display device affects the quality of video sequences at the present
stage of development of multimedia content presentation technol-
ogies through subjective analysis of video content by users.

II. HYSIOLOGY SPECIFICITIES
OF THE HUMAN VISUAL SYSTEM

In this paper presented 29 video databases with the subjec-
tively rated for quality, following previous research [5], proposed
in 2012 provided a comprehensive analysis of the video datasets
at the time. The first studies regarding the human brain and infor-
mation perception were focused on creating an analogue of the
HVS with proposed technology. The concept of the process of the
brain is the main task, the solution of which will allow modern
society to improve the quality of life and save resources. With the
improvement of technology, the analogues of the HVS were also
improved. In the 21st century, neural networks are used for such
studies.

David Hubel [4] in his works on the physiology of vision es-
tablished proposed the path from the retina to the primary visual
cortex has a topographic organization. The order in which the op-
tic nerve fibers exit the retina is also preserved in the cerebral cor-
tex. R. TooTell [5] was able to visualize proposed statement; ex-
periments were based on the reactions of animals, namely mon-
keys. Humans have clear vision only in the central part of the ret-
ina, which is called the Fovea [6]. When human look at the world
around us, our attention is almost always in proposed small point
with an angular resolution of about 1 degree. It is impossible to
expand the area of attention of the primary vision - it is the pecu-
liarities of the physiology of the HVS.

Early vision refers to stages of proposed vision involve the
capture, preprocessing, and encoding of visual information, but
does not include the interpretation or other cognitive processing
of visual information [7]. The process of perception of video se-
quences can be divided into three segments: filtering, encoding
and interpretation. Where filtering and coding are related to early
vision, and interpretation to cognitive processes

The viewer's ability to allocate cognitive resources to process
mediated messages is always limited. When the means of providing
information is a video sequence displayed on a screen, the rate at
which new information is introduced is usually not controlled by the
viewer, so most of the available resources are devoted to storing in-
formation to keep up with the flow of content and significantly re-
duce cognitive processing of the details of the transmitted infor-
mation. The research with a focus on evaluating the quality of video
sequences comparable to the perception of users should begin with
the study of early vision and minimally taking into account the cog-
nitive component. For proposed, it is necessary to use calm content
for video sequences in testing on typical TV size.

1. M DOLOGY OF CREATING
THE EVALUATION OF THE QUALITY
OF VIDEO SEQUENCES FROM THE ACTUAL
SIZE OF THE STIMULUS DISPLAY

The experiment is carried out in a special room where there are
no light sources other than a projector. Before the test, the super-
visor measures the brightness and fixes it (162 lux) using a polar-
izing filter mounted on the projector lens.
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The variable density neutral light filter is made of two polariz-
ing filters (two thin sheets of iodine crystal on a thin polyvinyl
alcohol substrate) from a conventional LCD monitor, which al-
lows to variably adjust the brightness. During the experiment, only
1 participant and 1 researcher are present in the room. The partic-
ipant is shown a pre-processed video sequence in several in-
stances, each instance has a different bitrate. Initially, video per-
ception starts at the worst bitrate.

The participant has a manipulator for assessing the quality of
perception of video content, which serves as a manipulator for im-
proving the bitrate. When projecting a video, the participant must
observe the absence of distortions / artifacts of the video sequence
on the screen at his own discretion. 1 projector and 5 different dis-
tances were used in order to achieve the most identical image, be-
cause when changing monitors, not distances, the characteristics
of each of the monitors could differ; beyond proposed, it is finan-
cially impractical, Table 1.

Data collection occurs automatically by logging readings to a
file. The block diagram of the input signal processing algorithm is
shown in Figure 1.

Table 1

Size of distances and physical dimensions of the screen

Ne Viewing Angle Distance from the Screen diago-
Pos. (degrees) screen to the point of nal (cm)
the experiment (cm)
1 31 203 50
2 31 233 60
3 31 263 65
4 31 293 70
5 31 323 80
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Figure 1. Block diagram of the input signal processing algorithm

Participants of the experiment aged 20 to 40 with normal vi-
sion. In proposed paper, normal vision is defined by typical user-
generated content (in the Russian Federation, students aged 16 are

required to undergo a general medical examination, including an
eye test) [8, 9]. Participants do not use glasses, lenses, or other
medical devices to correct vision in their normal daily activities.

Most of the participants should be inexperienced with the hu-
man perception of visual information. It is necessary to strike a
balance between three important parameters: the physical maturity
of the eyes, the daily use of typical user content, namely the view-
ing of videos and images on the Internet, and the lack of experi-
ence with the work of visual perception of information. Of these
three parameters, the absence of visual perception experience is
especially important, since the presence of such experience leads
to improved detection of artifacts and detection of the perception
threshold [8, 9].

Informed consent is obtained from all participants. After tak-
ing readings of the first position, the projector location is changed,
and the participant remains in the same place. Then the procedure
is repeated several times. To determine the positions of the pro-
jector, was used the study [8, 9], which says that the proposed
maximum angular resolution of the human eye is 1 arc minute.
From [10] it is possible to calculate the minimum and maximum
allowable distance from the projector at which the stimulus is in
the zone of clear vision [11, 12], Figure 2.

The scheme of the structure of the installation is shown in
Figure 3. When the projector moves, the image changes not only
in size, but also in brightness. To reduce proposed effect, a linear
polarizing filter was attached to the lens.

Display

/.. Postion 1.

Position 2

Position 3

Postion 4

Projgctor

Position 5

Figure 2. Scheme structure of the installation

If it is necessary to change the level of illumination, one of the
films can change its angle to the other one, from an open state to
a state of complete blocking of the passage of a light wave. When
the position of the projector was changed, the surface of the screen
was measured with a luxmeter, and the filter was adjusted to the
illumination value adopted in the experiment. Description of in-
stallation:
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1. Screen — used to display and evaluate streaming video data
by the experiment participant. Specifications: The screen is a 22-
inch 1080p monitor with a 16:9 aspect ratio, perpendicular to the
viewing axis.

2. Projector — a stationary projector Christie DHD800, used to
project onto a large screen information coming from an external
source (in our case, from a computer), Table 2.

Table 2
Projector Specifications

Technology DLP

Projector resolution 1920x1080 (Full HD)

Image aspect ratio 16:9

DMD panels 1

Manufacturer Christie

Lamp Type UHP

Lamp life 2000 h.

Number of lamps 2

Lamp power 330 Watt

Min. horizontal scan frequency 15 kHz

Pixel clock Analog 230 MHz /
digital 160 MHz

Min. frequency of vertical sweep | 48 kHz

Contrast ratio 7500:1

Light output 8000 Im

The type of correction is ladder. vertical/horizontal

distortion

Connectors and interfaces VGA input, HDMI input,
RGB input, S-Video input,
Composite and component
video outputs, Ethernet, USB,
Type-B, RS-232.

Noise level 38 dB

Width 400 mm

Height 242 mm

Depth 523 mm

Weight 19.7 kg

3. Participant of the experiment - the selection was carried out
among st year students of the Moscow Technical University of
Communications and Informatics. Students with normal vision
(not wearing glasses/lenses) were selected. The method and rules
of the experiment were immediately announced to the participants
in order to avoid failures of the experiment.

4. Computer — a computer was selected in to be able to play 8
video sequences simultaneously.

5. Pedal — the manipulator for finding the minimum acceptable
video quality threshold for one video. Proposed manipulator was
made from the electronic gas pedal of a Lada Priora car, which has
satisfactory ergonomics. It is assumed proposed the participant of
the experiment will press or release the pedal to adjust the quality
of the video with different strengths. To avoid ragged quality
change with a limited number of levels, setting intermediate qual-
ity values using the pedal ensures proposed adjacent levels are
synthesized in a proportion determined by the amount of pressure,
Figure 3.

6. Lens with polarizing filter - Standard Zoom Lens:
138.4—59.9 mm F2.0 - 2.7.
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Figure 3. Manipulator [13]

IV. ANALYSIS

In order to obtain reliable data proposed will not have outliers,
distortions and other deviant indicators, methods of mathematical
statistics and big data processing were used. For these purposes, a
program was written in the Python programming language, using
third-party libraries such as NumPy, matplotlib and SciPy. The
test experiment involved 5 participants tested in 5 positions.

Figures 4 show the results of processing the results for the po-
sitions of all participants. The data was frame-by-frame processed:
each frame was examined for outliers, confidence intervals were
obtained, as well as the average / center value of the frame.

Figure 5 shows the values of all experiments for 5 positions
averaged between participants. The correlation coefficients for
each data set and the mean were calculated.

Figure 6 shows the values of all experiments for 5, averaged
over 100 times.

Was been comparing the results of the dependence of the per-
ceived quality of video content on the distance to the display of
the signal, as can be seen from Figures 10 and 11, there are clear
differences in the perception of HVS of artifacts from the distance.
The proposed principle of creating data for the perception of video
sequences consistent with the distances to the signal display is
preferable for implementation since it is the optimal compromise
between computing resources and subjective tests.

The developed method for measuring the characteristics of the
HVS allows to carry out previously unexisting complex studies
with new approaches to obtaining data on the dependence of the
perceived quality of video content on the distance to the signal
display. In other words, it is now possible to obtain new measure-
ments of the characteristics of the transmission of visual infor-
mation by the human eye.
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It should be noted that proposed work is not aimed at present-
ing complete experimental data according to the developed meth-
odology. In proposed paper, a methodology for creating an assess-
ment of the quality of video sequences from the physical size of
the signal display is presented and a test experiment with 5 partic-
ipants is carried out. Noting was proposed in order to provide re-
sults according to ITU-T Bt.500-11 [14], it is recommended to
stop the subjective experiment when the confidence interval for
the threshold measurement method between all participants is
within 5%, therefore, to provide the results of experiments accord-
ing to the developed methodology more participants are needed.

In addition to the main aim, the goal was to control all possible
factors, the concentration of the participant in the experiment, the
illumination in the room, the brightness of the image, the manipu-
lator, and the viewing angle, leaving unchanged and the same for
each participant passing the test. The only change was the screen
size by increasing the distance from the monitor to the participant.
Using proposed method, it can be possible to achieve a reduction
in the probability of distorting the results by reason of different
characteristics of the screens if they changed, and not the distance.

The purpose of the study was to analyze the effect of the actual
size of the screen on the formation of a subjective assessment of
the quality of the user experience by finding an acceptable mini-
mum user experience threshold. In future work, in a large-scale
experiment which will be using a sample of more than 10,000
stimulus perception thresholds, will be found controllable factors
influencing the formation of a subjective assessment of the quality
of perception dependence of display's size.

VII. CONCLUSION

The presented results describe the interaction between video
impairments associated with video streaming and their effects on
various physical display sizes with fixed screens. The present
work has potential practical applications to supplement visual
quality assessments based on psychophysical vision models.
These models can well explain image and video quality, often out-
performing metrics based on manual functions, statistics, or ma-
chine learning.

Our future work will include conducting a complete study. The
new measurement methodology can be used for scientific pur-
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poses regarding practical applications for visualization, signal ac-
quisition and processing technologies in information technology
devices. Also, proposed method can be used for scientific and ed-
ucational purposes related to the human visual system.

Presented methodology will improve the capitalization of ad-
vertising campaigns, streaming services, analysis of the target au-
dience to interact with it, predicting the response of a participant
when viewing content on any screen.
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AHHOTauuA

®dakTn4eckuii paaMep 3KpaHa, Ha KOTOpPOM OTObOpaXkaeTcs BUAEOPAL, BAUAET HAa NMpoLecc GOPMUPOBaHNA CyOBLEKTUBHOM OLIEHKM KayecTBa
BOCMPUATUA MYNIbTUMEAUIMHOIO KOHTEHTA Ha Pa3ninyHbIX YCTpPOMCTBax. Bonpoc o BAMAHUM pa3Mepa 1 paspeLueHns AUCMNEA Ha ynydlleHne
BOCMPMHUMAEMOrO BU3YaslbHOMO Ka4yecTBa O CUMX MOP OCTAeTCA HeACHbIM. J1obble pelueHVs nMo pasMepy Avcries AOMKHbl TpeboBatb
MOHWUMaHWA USUYECKMX, MEPLIENTUBHBIX U KOTHUTMBHbIX BO3MOXHOCTEN KaXXAOro MNONb30BaTeNs, a TaKXKe OrpaHUYeHuin ¢usnyeckoi
pabovyeii/onepaunoHHoit cpefbl. B paboTe npefcTaBneH MeTod, NO3BOAAIOLUMIA AUHAMUYECKN U3MEHATb BU3YaNlbHOE Ka4ecTBO TUMOBOMO
MEZMAKOHTEHTA B 3aBUCMMOCTU OT PU3NYECKOTO pasMepa Aucrien. YHUKambHbIM BKIaZ 3TOr0 UCCIEA0BaHMA 3aKO4AETCA B TOM, YTO OHO
BMEPBbIE MPEACTABNAET METOAONOTMIO YXYALUIEHHbIX BUAEOU300paXKeHUI, CBA3AHHbIX C MOTOKOBLIM BUAEO, U UX BIUAHWE HA pasfiMyHble
¢usnyeckne pasmepbl gucnnees ¢ GUKCMPOBaHHLIMUA MapaMeTPaMy dKpaHa. DTOT METOA MOXET ObiTb UCMOMb3OBAH B HAy4YHbIX LENsX,
CBA3AHHbIX C MPaKTUHECKUM NMPUMEHEHWUEM TEXHOJIOTUIA BU3yanu3aLum, npueMa u o6paboTkn CUrHanoB B YCTPOMCTBaX MHOPMALIMOHHBIX
TEXHOJIOTUI, @ TaKXKe B CMEXHbIX 0BMacTAX, TAKUX Kak MapKETUHT, peknaMa, KWUHOUHAYCTPUA.

Kniouyeeble cnoea: yzon o63opa, paccmosHue 0o 3kpaHa, npuemsemoe Ka4ecmeo uzobpaxkeHus, bumpelim, UCKaXKeHUA 80CNPUAMUA.

Jluteparypa

|. Mozhaeva A, Streeter L., Viasuyk I., Potashnikov A. Full Reference Video Quality Assessment Metric on Base Human Visual System
Consistent with PSNR // 2021 28th Conference of Open Innovations Association (FRUCT), 2021, pp. 309-315.

2. Rempel D., Willms K., Anshel J., Jaschinski W., Sheedy J. The Effects of Visual Display Distance on Eye Accommodation, Head Posture,
and Vision and Neck Symptoms // Human Factors The Journal of the Human Factors and Ergonomics Society, no. 49(5), pp. 830-8,
Nov. 2007.

3. Hubel D.H. Eye,brain,vision. Moscow: Mir, 1990.

4. Albrecht T., Lingnau A., Schwarzbach |J., Vorberg D. Visual search without central vision - no single pseudofovea location is best // Journal
of Eye Movement Research, April 2014.

5. Mozhaeva A, Vlasuyk ., Potashnikov A., Streeter L. Full reference objective metric for assessing video quality compatible with psnr tak-
ing into account frequency and peripheral characteristics of human vision // Digital Signal Processing Application Considerations.
Vol. 2, pp. 44-54, 2021.

6. Mozhaeva A. I, Vlasuyk I. V., Potashnikov A. M., Cree M. J.,, Streeter L. The Method and Devices for Research the Parameters of the
Human Visual System to Video Quality Assessment // Systems of Signals Generating and Processing in the Field of on-Board
Communications, pp. |-5, 2021.

7. Njeru S., Osman M., Brown A. The effect of test distance on visual contrast sensitivity measured using the 397 pelli-robson chart //
Transl. Vis. Sci. Technol. No. 10 (32). 2021.

8. Fairchild M.D. Color appearance models. John Wiley Sons, 2013.

9. Hancock P., Sawyer B., Stafford S. The effects of display size on performance // Ergonomics, pp, 1-18, 2014.

10. International Telecommunications Union, "Methodology for the subjective assessment of the quality of television 427 pictures, Rec.
ITU-R BT. 500-11," 2002.

T-Comm Tom 16. #6-2022




