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Introduction

Since digital video technology has been replacing
analog technology a variety of technical standards (visual
display formats, video compression ratio levels and
transmission technology) has increased. A great number of
choices of technical specifications with different video
content quality are possible. Technical improvements and
development of new technology not always matches with a
high level of subjective assessment of video quality. Most
of the studies [1, 2] doing subjective video quality
measurement are using the standard video scenes, such as
the girl with a handset- Susie, the woman's face- Barbara,
nature views, urban scenes with moving and non-moving
elements- Trees, Mountains, River, Waterfall, Tower, City,
etc. These video scenes represent the most trivial television
broadcasts, such as television serials, news, etc. In most
cases, these are static video scenes, although nowadays is
rapidly growing use of video scenes, which are very
dynamic, mostly synthetic video scenes and objects. Such
are computer made movies saturated with special graphical
effects, as in the movies “Avatar”, “The Lord of the Rings
3” and real time streaming video games.

Unfortunately, most of the studies doing video quality
testing were using video scenes without evaluating their
content related technical specifications as, for example,
spatial activity (SA) and temporal activity (TA), as well as
the fact that measurements should preferably use video
fragments with a wide range of SA and TA values [3].
These features it may have a very significant impact on the
observer’s evaluation and may depend also on the specific
technical parameters of device under test, for example,
video decoding, transmitting through the video interfaces,
displaying on the screen, as well as very many other
technical specification. SA and TA are very important and
very much related to the level of video compression and
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level of impairment it exhibits when the video is
transmitted over various digital transmission service
channels: i-TV, IPTV (Internet Protocol oriented TV),
DVB-T/S/C/H and T2/S2/C2/SH (Terrestrial, Satellite,
Cable and Handheld) [3-5].

Choosing a test video scene for measurement and
choosing video decompression ratio while performing
quality testing, in the most of the studies [3, 4, 6, 7]
standard video scenes were selected not taking into
account the specifics of the selected video scene content.
With choosing the appropriate content it is possible to
highlight the degradation of video signal by specific
artifacts, for example, blocking, blurring, color bleeding,
ringing, staircase effect, mosaic effect, mosquito noise,
false contouring, false edge, flickering, fluctuation,
ghosting, jerkiness, motion compensation mismatch,
stationary area fluctuation, smearing and video scaling,
field rate conversion and de-interlacing [ 1-4, 6—-10].

The main aim of this study is to evaluate impact of
the video content and technical specifications on the
observer’s subjective assessment of video quality through
the measurements in experimental setup and statistical
analysis of results. Video quality measurements were
performed using a variety of video interfaces and selected
specific video content with wide range of technical
specification.

Rest of the paper is organized as follows. Second
section covers a brief overview of subjective video quality
testing methods and techniques. In the third section there is
described the video quality measurement Set Up and
procedure, which consists of four parts: laboratory Set Up,
video scenes and their technical specifications,
experiments procedure and observers and procedure. The
last part of the paper consists of there parts: processing and
analysis of test results, statistical data processing of
measurement results, analysis of results and finally



contains summary of research results,
recommendations and the list of references.

conclusions,

Subjective video quality testing methods and
techniques

The final arbitrator of video picture quality is a
viewer. The goal of any video delivery service is to please
the customer with high quality video [3, 4].

The human vision system is extremely complex and
many properties are still not well understood. In general,
viewers’ assessment of picture quality depends on many
factors including viewing distance, display size and
resolution, brightness, contrast, sharpness, color saturation,
naturalness and distortion [3, 4].

In television subjective video picture quality tests are
performed following the guidelines established in ITU-R
Rec. BT-500 [4] and ITU-T Rec. P.910 [3]. These
documents provide detailed guidelines for standard
viewing conditions, criteria for selection of subjects and
video test sequences, assessment procedures and methods
for analyzing the collected video quality scores.

There are several methods used for subjective video
quality testing. Four of them are described in BT.500 and
P.910 and some new ones were recently submitted for
standardization [3, 4]. Some other methods pending for
standardization are: VQEG and ITU-T Study Group or an
independent lab research activities. The output of the
subjective tests is often an average of the quality ratings
called a Mean Opinion Score (MOS).

Since there are a number of subjective video quality
methods suggested in BT-500 and P.910 and each method
has some advantages [12], the selection of the method
requires careful consideration of the impairments being
evaluated, duration of test sequence, need to model a home
viewing experience (ecological validity) and other factors.

Subjective video quality measurement Set Up and
procedure

Subjective tests were run following BT.500 [4] and
ITU-T Rec. P.910 [3] methodology.

Laboratory Set Up. Testing Equipment Fig. 1, main
parameters and characteristics of the laboratory Set Up are
the following:

Encoding HeadEnd (HE) video server Hardware & Software
P
T = Simulated IP (IPTV & i-TV) networking environment Hardware &
ransmission
Software
P’ P’
Decoding Set-top-Box (STB) Set-top-Box (STB)
T T
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Representing

LCD monitor LCD monitor

Fig. 1. Laboratory Set Up
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52 inch LCD monitor with true dot-by-dot 1080p
resolution and without video enhancement technology,
standard and high definition Set-top-Box (STB), HeadEnd
(Media Center server software and STB firmware),
networking equipment (switch and router) for simulation
real networking environment and Audio Video (A/V)
cables for interconnection interfaces signals (YPbPr,
YCbCr and YIQ) between STB and TV.

The selection of testing equipment is very important,
especially in selecting the LCD panel/display [13], and
other consumer type video equipment to make
measurement conditions closer to real life situation.

Video scenes and their technical specifications. The
Video Test Clips contain several video sequences - each
covering a special test scenario. The video test clips are
available in various combinations of video encodings (e.g.
H.264, MPEG-2), video formats (e.g. PAL, HDTV),
scanning modes (e.g. interlace and progressive), frame rate
(e.g. 25, 30 fps) and bitrates (e.g. CBR and VBR).
Encapsulation for all video is MPEG-TS over UDP, 7 188
Bytes MPEG packets carried in one IP packet, GOP = 12.

Table 1 contains the technical specifications of video
scenes and short description of the video scene content is
presented in the Table 2 [20].

Table 1. Technical specification of video scenes

Video content (video scene) technical specification
No. | video Resolutio, Bitrates, SD/HD,
codec Aspect ratio CBR/VBR, Profile/Level
MPEG-2 16:9 an 4:3 2,5 Mbps
576i/p SD CBR
| 720p (MP@ML)
’ 1080i/p 15Mbps
HD CBR
(MP@HL)
H.264 16:9 an 4:3 1,75 Mbps
(AVC) 576i/p SD CBR
2 720p (Main P atL 3)
’ 1080i/p 10Mbps
HD CBR
(Main P atL 4)

Table 1 shows the video technical specification and
the Table 2 summarizes parameters of the video scenes.

Table 2. Description of video scenes

Video scene name

No. T (s)
1. Moving Image Stripes (MIS) / H.264 47
2. Solid Colors (SC) / H.264 47
3. Flying Objects (FO) / H.264 73
4, Radial Color Gradients (RCG) / H.264 47
5. Classic Test Pattern (CTP) / H.264 37
6. Frame Counter (FC) / H.264 47
7. Color Pattern (ColP) / H.264 71
8. Convergence Pattern (ConP) / H.264 43
9. Scrolling Text (ST) / H.264 79
10. Scrolling Pattern (SP) / H.264 55
11. Linear Color Gradients (LCG) / H.264 67
12. Flying Objects - (FOB) / H.264 and MPEG2 47

In tests video scenes are combined in different
sequences. The selection of the test sequence is very




important [3, 4, 14]. During the measurements, the test
sequence was carefully chosen, to minimize the impact of
video content on video quality assessment [14].

Experiment procedure. Video quality assessment tests
were performed in two test groups: DS - Double Stimulus
(2 tests) and SS - Single Stimulus (3 tests). So experiment
contained in total five tests with total of 58 (SS tests 3x12
+ DS tests 2x11) video picture quality votes for each
observer. Technical specifications of test procedures are
presented in Table 3.

DS test 1 sequence length: 10.22 minutes, DS test 2
10.22 minutes, SS test 1 11.43 minutes, SS test 2 11.43
minutes, SS test 3 11.43 minutes. Each video test clip
length was between 37-73 seconds (see Table 2). The total
testing time taking into account the pauses between test
groups is 60 minutes.

After each video clip and after each test group video
sequence had a pause 5-7sec., during which system was
switched to play the next clip or test group.

Each test group consists of 11-12 video clip
fragments in random sequence with different technical
parameters and video interfaces between STB and TV.

According to the Table 3 subjective video quality
measurement results are shown in the following [20].

Table 3. DS and SS measurement technical specifications

No. DS and SS Resolution and | Video interfaces
measurement Aspect ratio and resolution
DS tests 1 16:9 YCbCr vs YIQ
L.
576p
) DS tests 2 16:9 YCbCr vs YIQ
) 10801
3 SS tests 1 16:9 YPbPr
’ + FOD (imp.) | 720p
4 SS tests 2 16:9 YCbCr
) + FOD (imp.) | 720p
5 SS tests 3 16:9 YIQ
) + FOD (imp.) | 576p

Observers and procedure. A total of 25 observers
(non-experts) of different gender and age, education level,
with or without glasses participated in experiment [20].
Observers represent the general public people, the average
user and someone who will consume the product, therefore
treated as non-experts. Non-experts will generally provide
excellent data when the tests are structured properly [3, 4,
8].

From 25 observers 28% were women and 72% men,
28% were using glasses and lenses daily. Observers all had
higher education. From them 48% were from natural
sciences and engineering, 28% - from social sciences and
24% - from humanities. The distribution of observer age is
- 90% between 20-30 years old and 10% between 30-50
years old.

For DS tests the TV screen was divided into two parts
(left part of the screen - L and right of the screen - R),
where each section was displaying a video featuring two
sequences. Comparison of the two video sequences was
assessed (putting "X") in which the visual video image
quality is better, worse or the same as the other video
image quality using the rating scale described below.

If the video picture quality of both (left and right part
of the screen) is the same, observer was choosing the value
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of “0”. If the left screen of the video quality is slightly
better, then choosing - “1” on the left. If the right part of
the screen quality is much better than the left, then
choosing - "3" on the right.

For Double Stimulus score: 0- both of the same video
quality, 1- one video quality is slightly better than the
other, 2- one video quality is better than the other, 3- one
video quality is much better than the other.

In performing the SS tests on the TV screen was
displayed the full size video. For each video, observer had
to make assessment (choosing the appropriate mark) of
image quality using the rating scale described below.

If the video picture quality is good, then mark is “4”.
If the video picture quality is poor, then - “2”.

For Single Stimulus score: 1- bad, 2- poor, 3- fair, 4-
good, 5- excellent.

Please see the DS and SS test voting examples on a
public website [20].

Processing and analysis of test results

As has been already described in the previous section,
there were both DS and SS measurements performed, but
due to the large amount of data in this work we were
focusing only on the analysis of SS measurements. The DS
measurement results are out of scope of this paper and left
to other research.

The selection of video scenes is very important and
was described in previous sections. The spatial activity
(SA) and temporal activity (TA) are critical parameters [3,
6, 15, 16], as well as the content of the video [14]. There
exist different methods on how to measure a spatial and
temporal activity video. In this paper there has been used
the methods recommended in ITU-T Rec. P.910.

The spatial activity is a measure of the existence of
fine structures in the picture. Picture rich in detail, i.e. one
with many fine structures, exhibits high spatial activity.
The measure of the spatial detail in an video frame by
representing the distribution of texture in the frame
assuming a Gaussian spread and thus is similar to the
entropy measurement of pixel intensity by taking higher
values for the more informative scenes [20].

Measurement of spatial activity could be also based
on Sobel filtering. Each video frame (Y luminance plane)
at time n (F,) is filtered with Sobel filter [Sobel(F,)] for
edge detection. The standard deviation over pixels (stdgpace)
in each filtered frame is computed. This operation is
repeated for each frame in the video sequence and results
of SA of video scene. The maximum value in the time
series is chosen to represent the spatial information content
of scene. Spatial activity (SA) for each video sequence is
calculated as follows

SA = stdgpace[Sobel(F,)] . @)

The temporal activity (TA) is based upon the motion
difference feature. More motion in adjacent frames will
result in higher values of TA. If frames are identical then
TA will be zero.

TA could be measured by determining difference
parameter M,(i, j) between successive frames.

M, (1, j) as a function of time (n) is defined as



Mn(l']) = Fn(lﬂj) - Fn—l(iﬂj)’ (2)

here F,(i, j) is the pixel at the i-th row and j-th column of
n-th frame in time.
TA is calculated as follows

3)

Temporal (TA) and Spatial activity (SA) were
calculated for all video scenes and results are presented in
the Fig. 2 and Table 4.

TA = Stdspace [Mn(lﬂj)]
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Fig. 2. SA and TA for a set of video sequences

Calculated SA and TA parameters for all video
sequences are presented in Table 4.

Table 4. SA and TA parameter values for a set of video scenes

Video scene T (s) SA TA
MIS 47 64.92 8.23
SC 47 2.23 1.08
FO 73 27.27 7.31
RCG 47 3.43 23.71
CTP 37 31.05 2.77
FC 47 22.89 15.7
ColP 71 14.59 5.86
ConP 43 24.56 2.38
ST 79 52.04 46.16
SP 55 30.23 47.53
LCG 67 11.8 10.57

Impairment or distortions in the decoded wvideo
sequence covers both the spatial and temporal aspects [17].
The main distortions on spatio-temporal plane is based on
block based coding technique, which is used by all main
MPEG and JPEG coding systems - Discrete Cosine
Transform (DCT) [6-8, 16—19]. Some examples of spatial
impairments are: blocking, ringing, mosaic pattern, false
contouring, blur and noise. Some examples of main
temporal impairments are: motion compensation
mismatch, mosquito noise, stationary area fluctuation,
ghosting, jerkiness and smearing.

Statistical data processing of measurement results.
To take into account statistical differences in evaluation
made by different observers, it was decided to normalize
each observer score against mean value and standard
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deviation. Estimate of the mean value (average) of the
score for all (n=12) video samples was calculated for each
observer (j=1-25)

n
— _ Xi=1Xij

J n

(4)

Estimate of the standard deviation of each observer
score for the sample of 12 videos is calculated from the
formula

2
Sp = \/ﬁzﬁl(xij -x)".

Then statistically normalized score for each video
made by particular observer was calculated

)

X '—Z
Zij = JIS—
J

(6)

Then a Mean Opinion Score — MOS (formula 7),
standard deviation (8) and confidence interval of true score
value (9) for each video with confidence level 1-0=0.95
was calculated:

_ Z?illij
MOS; = ==, (7)
2
5i= 53 22 (25 — MOS; )", ()
MOS; = tuzs 7z <H < MOS; +tapa s, (9)

where ty 54 = 2.064 — Student coefficient.
In some cases, the coefficient of correlation (formula
10) was calculated

Y(x-2)(y-¥)
VE@-%)2 7-9)?’
where x and y are the MOS values and/or values of SA/TA

parameters for particular video scene (data in Table 4 and
Table 5).

r= (10)

Analysis of results

Experiment results were analyzed to reveal the
impact of video content and technical specifications on
subjective quality assessment scores. Assessment scores
(MOS with confidence interval) for each video scene in all
three tests: SS-1 (YPbPr), SS-2 (YCbCr) and SS-3 (YIQ)
are presented in Fig. 3 summarized in Table 5.

--55-1 (YPbPr)

—SS-2 (YCbCr) ~+'SS-3 (YIQ)

Fig. 3. Video quality assessment score MOS with confidence
interval for 3 SS tests



Table 5 presents mean values and standard deviations
of HD analog SS-1 (YPbPr), HD digital SS-2 (YCbCr) and
SD analog SS-3 (YIQ) video scenes.

Table 5. Video quality assessment measurement results

SS-1(YPbPr) | SS-2(YCbCr) | SS-3(YIQ)

‘S’:gfg MOS | Std. | MOS | Std. | MOS | Std.
MIS | 075 | 027 | 091 | 024 | -0.18 | 0.38
SC 0.66 | 021 | 0.69 | 028 | 055 | 047
FO 063 | 025 | 058 | 035 | 052 | 03
RCG | 017 | 028 | 027 | 029 | -0.36 | 0.36
CTP | -021 | 036 | 0.15 | 026 | -0.09 | 03
FC | -0.17 | 041 | 002 | 028 | 091 | 035
ColP | -003 | 032 | 005 | 029 | -024 | 032
ConP | -0.59 | 046 | -0.1 | 041 | 0.77 | 036
ST | 058 | 036 | -0.51 | 032 | -0.67 | 02
SP | -037 | 042 | -053 | 039 | 031 | 0.9
LCG | -0.69 | 041 | -1.12 | 033 | -043 | 033

The measurement data shows that using the high
definition analog YPbPr and digital YCbCr interface for
video scene there are no significant differences in
subjective video quality assessment for almost all scenes
and it is also confirmed by the calculated correlation
coefficient of 0.91. Both interfaces provide high quality,
but large dispersion of scores across video scenes and it
indicates, that the video content and technical
specifications play a crucial role in video quality
assessment.

The worst score corresponds to the video LCG, SP
and ST. Most of the video scenes evaluated with the worst
score, especially ST and SP video scene, have the highest
temporal activity values. By contrast, SC has one of the
highest quality scores and it has the smallest temporal and
spatial activity value of all tested video scenes. This
reverse relationship has been also confirmed by correlation
coefficients between the TA value and MOS values for
YPbPr (-0.39) and YCbCr (-0.48).

From this analysis we can conclude that for both,
analog and digital interfaces, the quality score for video
scene is worse on average with increasing TA.

For SC, CTP, ColP and ST video scenes quality
ratings are virtually the same for a standard-definition
analog YIQ interface, a high-resolution analog YPbPr
interface and digital YCbCr interface. At the same time
for FC, ConP, SP and LCG video scenes quality score for
YIQ interface is significantly higher. Most of the video
scenes (especially ST and SP), which are displayed with
blurring flickering effect while using high-resolution
analog or digital YUV so does not single out defective
image regions with the standard quality YIQ interface, but
defects blend into the background of the overall picture.

By contrast, the two video scenes (MIS and FO)
received a remarkable higher quality score with analog
YPbPr interface and digital YCbCr interface compared to
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analog YIQ. Both of these video scenes are slowly
changing images of high-resolution real-life elements
(colorful autumn leaf on the ground, slowly flying and
rotating fruits and vegetables).

Based on the above one can conclude that MIS and
FO video scenes are most suitable for high definition YUV
interface, while the SC, CTP, ColP and ST video scenes
are equally well suited for both high and standard
definition interfaces, while FC, ConP, SP and LCG video
scenes would be more suitable for standard definition YIQ
interface.

All other DS and SS measurement tables, graphs data
and for testing used video scenes screenshot are publicity
available [20].

Conclusions

This paper presents the results and analysis of the
series of specially designed experiments performed with
the aim to study the impact of video content and technical
specifications on subjective quality assessment. The focus
was on revealing the relation between technical
specifications of video scenes and interfaces on subjective
quality assessment made by observers influenced by
appearance of different types of common artifacts in digital
videos (blocking, blurring, flickering, etc.).

The results showed that the both high definition
analog and the digital YUV video interfaces are evaluated
by observers as being of nearly the same quality. The
subjective video quality scores are correlated.

Analysis also revealed that temporal activity of video
scenes had a significant effect on the subjective quality
assessment score. Those videos having high value of
temporal activity parameter in average were evaluated by
observers with lower quality score. At the same time,
spatial activity parameter of the video scene did not show
any correlation with the subjective quality score.

For a very vibrant synthetic video scenes, with high
values of TA and SA (especially with high TA values) it
was experimentally observed that there is no significant
difference in subjective quality assessment score either
using standard definition analog YIQ or high definition
analog or digital YUV, as in both cases well observable
impairments are caused.

Further studies are planned to analyze the results
obtained in DS tests. Please see the DS testing results on a
public website [20].
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