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In this project, we are interested in understanding the impact of a set of artifacts on the quality of video, their relationship with
the content and to determine their impact on visual quality perception. The set of artifacts used in this study was chosen among
those most perceptually relevant for digital video applications (e.g. blockiness, blurriness, packet-loss etc). We first plan to perform
a series of psychophysical experiments on visual quality perception. These experiments will determine the impact on quality first
of a set of spatial and temporal artifacts by themselves, and later of their combinations, taking into account different content with

varying spatial and temporal characteristics.

Index Terms—Quality of video, visual quality perception, blockiness, blurriness and packet loss.

I. INTRODUCTION

NE approach to design video quality metrics is to use
O artifact metrics. They have several advantages, for ex-
ample simplicity and the ability to provide a good description
of what is wrong (or right) with the video. But, in order
to design good artifact metrics or any quality metric, it is
necessary to have a good understanding of how artifacts affect
quality. Therefore, it is important to study the characteristics
of the most relevant artifacts present in digital video, what
includes characteristics of annoyance, visibility, interactions
among artifacts and content dependence. This way, we can use
this data together with the data gathered previous to determine
annoyance, visibility, and interaction for a diverse content.

In this experiment, we focus on 3 particular artifacts that
can be considered among the most relevant for digital video:
blurriness, blockiness, and packet loss. We present these
artifacts at several strengths, in several combinations and for
seven original videos. In summary, we are interested in un-
derstanding “how” artifacts combine to determine annoyance
and degradation in order to design better metrics.

A. Previous Experiments

1) Experiment I

In Experiment 1 (Exp. 1), all videos were encoded using
the H.264AV C codec at a very high bitrate (approximately
120 Mbps), with 8 packets per frame. The coding process
generated three sequences per video, with a Group of Pictures
(GOP) size set to 4, 8 and 12, respectively. Packet loss
artifacts were then generated by dropping data packets from
the bitstream [2]. The packet loss ratios for all videos were
0.7%, 2.6%, 4.3% and 8.1%. In total, it was generated 7
videos x 3 GOP x 4 packet loss ratios = 84 sequences. The
7 pristine videos were added to the set, making a total of 13
different settings per original video and resulting in 91 test
sequences [2].

2) Experiment 2

Experiment 2 (Exp. 2) is composed of two artifacts
(blockiness and blurriness) considered the most salient
present in digital videos [8]. This experiment follows the
ITU-T Recommendation P.930 that suggests to introduce
blockiness only in regions where these artifacts are more
visible. Thus, blockiness artifacts were produced by using
the difference between the average of each 8 x 8 block and
the average of the 24 x 24 surrounding area (which has the
current 8 X 8 block as a center) to make each block stand out.
Recommendation P.930 suggests the generation of blurriness
with the use of a low-pass filter [8]. Thus, blurriness artifacts
were generated by applying a symmetric, two dimensional
finite duration impulse response (FIR) low-pass filter to the
digital image array. Different filters with varying cut-off
frequencies could be used to control the amount of blurriness
introduced. The blockiness and blurriness strengths for all
videos were 0.4, 0.6 and 0.8. In total, it was generated
7 videos x 10 blockiness and blurriness strengths = 70
sequences. The 7 pristine videos were added to the set,
resulting in 77 test sequences [4].

3) Experiment 3

In Experiment 3 (Exp. 3) has been considered all original
videos of the previous experiments. Also, it is composed of
the three artifacts has been used in previous experiments (i.e.,
blockiness, blurriness and packet loss). In Exp. 3 we are
interested to understanding the impact on perceived quality
of combinations of these artifacts and their relationship with
the content. In total, we used 140 test sequences and, details
are given in the sub-section II-B.

II. EXPERIMENTAL SETUP
A. Video Database

The video database used in this experiment was generated
from seven high-definition videos (the same videos have been
used in previous experiments). All them with 1280 x 720, 50



fps and 10 seconds duration. Representative frames of these
originals are shown in Figure 1.

Park Run

Cactus

Basketball Barbecue

Fig. 1. First frame of the sequences included in Experiment.

B. Artifacts

New versions of each original video were generated using
different combinations of artifacts. To generate test sequences,
we generate blockiness, blurriness and packet loss artifacts and
combine these artifacts at different proportions and strengths.
In summary, the following parameters are used to generate the
test sequences:
¢ 7 original videos Basketball, Romeo and Juliet, Park Run,
Cactus, Park Joy, Barbecue and Into Trees;

« 4 different strengths of blockiness and blurriness: 0.4, 0.6
and 0.8;

« 3 different packet loss ratios: 0.7%, 2.6%, 4.3% and
8.1%.

Due to a large number of combined test videos (over
200 videos) makes it impossible to perform an experiment
in a reasonable amount of time. Therefore, a reduction of
the number of test sequences was achieved by selecting a
subset of the original group. In this process, we eliminated
most of the sequences already used in the two previous
experiment already performed. We also reduced the number of
parameters considering the results of the previous experiments.
In summary, to select the test sequences we considered the
following:

1) Total time necessary to execute the overall experiment;

2) The results of two previous experiments showed that
the mean annoyance and the mean strength scores are
significantly different for packet loss ratios of 0.7 and
8.1.

3) Among the blockiness and blurriness strength values
considered in the previous experiments, we chose only
the strength 0.4 and 0.6, which were considered to be
more representative of these artifacts.

Thus, taking into account these choices, they resulted into
19 combinations (Table I) x 7 (video versions) + 7 orig-
inal videos = 140 videos. This is a reasonable number of
sequences which made it possible to run the experiment in
the allocated time of 50 minutes.

C. Methodology

For all experimental session, subjects are requested to score
a set of test videos with different combinations of artifacts.
The number of observers was chosen in accordance with ITU

TABLE I
COMBINATIONS OF THE PACKET LOSS RATIO (0.7 AND 8.1) WITH
BLOCKINESS AND BLURRINESS (STRENGTHS 0.4 AND 0.6) ARTIFACTS.

Combination | Packet-Loss | Blocky | Blurry
1 0.0 0.6 0.0
2 0.0 0.0 0.6
3 8.1 0.0 0.0
4 0.7 0.0 0.4
5 8.1 0.0 0.4
6 0.7 0.0 0.6
7 8.1 0.0 0.6
8 0.7 0.4 0.0
9 8.1 0.4 0.0
10 0.7 0.4 0.4
11 8.1 0.4 0.4
12 0.7 0.4 0.6
13 8.1 0.4 0.6
14 0.7 0.6 0.0
15 8.1 0.6 0.0
16 0.7 0.6 0.4
17 8.1 0.6 0.4
18 0.7 0.6 0.6
19 8.1 0.6 0.6

Recommendations [9]. A Single Stimulus setup with implicit
reference [9] was adopted for the task. The experiment is
running in a room with constant illumination of approximately
70 lux. Each subject watches the stimuli (test sequences) on a
23 inches LED monitor of resolution 1360 x 768. The distance
between the subject’s eyes and the video monitor is 3 times
the monitor screen’s height.

Subjects are seated straight ahead of the monitor, centered at
or slightly below the eye height for most subjects. A chinrest
is used to guarantee a constant distance between the subject’s
eyes and the monitor. A SensoMotoric Instruments iView RED
Eye Tracker was used throughout the experiment to record
the eye-movements of the participants (The eye tracker had a
sampling rate of 50/60Hz, a pupil tracking resolution of 0.1°
and a gaze position accuracy of 0.5 — 1°). The user interface
for the experiment is implemented using the Neurobehavioral
Systems software Presentation.

All subjects are asked to watch the test sequences and
indicate whether they perceived any impairment in the videos;
if so, they were asked to enter how annoying the artifacts
were on a continuous annoyance scale ranging between 0
to 100. During the experiment, the experimenter guides the
subject through all sessions (calibration, free viewing, training,
practice and a main experiment). Table II show the summary
of the settings of each experiment.

IIT. DATA ANALYSIS

We used the standard methods [9] for analyzing the an-
noyance judgments provided by the test subjects. We first
computed Mean Opinion Score (MOS) for each test sequence.
MOS is calculated by averaging the annoyance levels over
all observers for each video. In this report MOS’s values are
treated as MOSI, MOS2 and MOS3 (i.e., MOS of the Exp.1,
Exp.2 and Exp.3, respectively). To test the relationship among
the MOS’s values we used the Spearman’s correlation (p).
To determine the significant effects between MOS’s values



TABLE I
SUMMARY OVERALL EXPERIMENTS

Settings Exp. 1 | Exp. 2 | Exp. 3
Numbers of Test Sequences 91 7 140
Numbers of Subjects 15 16 23
Calibration — Yes Yes
Free Viewing Yes Yes Yes
Training Yes Yes Yes
Practice Trials Yes Yes Yes
Main Experiment Yes Yes Yes
Packet Loss Yes — Yes
Blockiness — Yes Yes
Blurriness — Yes Yes

we used a non-parametric T-Test. We also are analysing only
where settings (artifacts) are the same among the experiments:
e Case 1: from Exp. 1 until 3 considering only original
videos;
o Case 2: between Exp. 1 and Exp. 3, considering only the
8.1% ratio of packet loss artefact;
e Case 3: between Exp. 2 and Exp. 3, considering only
the 0.6 strengths of blockiness and blurriness artifacts
(isolated).

A. Case 1

We report the MOS’s computed across all 7 versions of
video and all experiments, as shown in Figure 2. It is interest-
ing to notice how the MOS’s changes among the experiments:
the MOS’s of the experiments 1 until 3 are 1.43, 4.92 and 0.80,
respectively. To know the strength and direction of association
that exists among those MOS’s, the Spearmans correlation
has been calculated. Results has showed that exist a moderate
correlation (p = .595) between M OS1 and M OS3. In other
cases, there was one very weak correlation between MOS1
and MOS2 (p = —.214) and, between M OS2 and MOS3
(p = .090). Although, there are not statistically significant
different (p > .05) among them.

B. Case 2

In this case, we report the M OS1 and M OS3 computed to
packet loss artefact across all 7 versions of video, as shown in
Figure 3. It is possible to notice that M OS1 = 72.85 is very
higher than M OS3 = 37.99 with p = .536 and p < .05.

C. Case 3

Two different analyses were made between M OS2 and
MOS3 across all 7 versions of video: first, we report the
MOS’s computed only to blockiness artefact and next, we
report the MOS’s computed only to blurriness artefact. Fig-
ure 4 shows a slightly difference between M OS2 and M OS3
to Park Joy, Into Tree and Park Run videos, but this differ-
ence increased when to Romeo & Juliet, Cactus, Basketball
and Barbecue videos. Spearman’s correlation coefficient has
showed that there is a moderate and positive correlation
(p = .536) between them. Although, there are statistically
significant different only to Romeo & Juliet, Cactus and
Basketball videos (p < .05).
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Fig. 2. Mean Annoyance Values averaged across all the original versions of
each video.
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Fig. 3. Mean Annoyance Values averaged across of the packet loss versions
of each video.

Next, it is considered blurriness artefact. As shown in Fig-
ure 5 there is a slightly difference between M OS2 and M OS3
to Park Joy, Into Tree, Cactus, Basketball and Barbecue videos
increasing this different to Park Run and Romeo & Juliet
videos. Despite of strong correlation (p = .857) between them,
there was not statistically significant different (p > .05).

IV. CONCLUSION

The conclusion goes here.
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Fig. 4. Mean Annoyance Values averaged across of the blockiness versions
of each video.
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Fig. 5. Mean Annoyance Values averaged across of the blurriness versions
of each video.
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