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ABSTRACT

The quality of experience (QoE) can assess the video quality with the service parameters and their
relative importance at the network layer. The service providers are also examining the level of
multimedia service quality to a particular aspect hence, internet service provider is also willing to
provide all the services through a single line. Considering the above facts the factors associated with the
user perceived experiences are responsible for the development of such digital systems, For analyzing
the user perceived experience the QoE parameters play an important role. In this paper, considering QoE
factor we have determined an approach that helps to estimate the user’s QoE, which uses a full
reference model. This method uses an image restoration technique like inverse filtering, which improves
the overall appearance of the video. It also helps to evaluate factors that measure the video quality
effectively.
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1. Introduction
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The multimedia services like IPTV, VoD
(Video-on-Demand), Social TV, Smart TV are
merged into internet since they have come into
existence. In day to day life the use of video
streaming services with different systems has
become a key factor, as the technology is tending

more towards the development of digital systems.
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Among such systems or devices, [IPTV, smart TV,
Social TV systems are more popular now days,
because of its prime factors like voice calling,
video calling, SMS service, Internet, entertainment,
e-commerce service, email service, a social
network service, etc. Use of such digital systems
is becoming more and more common now days.
The heavy usage of such systems has also
increased the demand of bandwidth, especially, in
the real time environment. The widespread use of
video streaming services is a challenging
proposition due to the use of such systems with
various applications. These multimedia services
are accessed with an integrated network
environment, which have introduced the concept
of quality of experience (QoE) in the network
arca. The measurement of a quality for
subscriber’s satisfaction in real time environment
still faces an issue of certain network parameters.
The QoS parameters like delay, jitter, loss and
bandwidth affect the end user’s quality needs.
Also, service quality parameters like cost,
reliability, fidelity, availability, usability , etc.
affects the performance of end user’s video
experience.

In such a context, the user’s QoE considered
the most important parameter to initiate an
interaction with such digital systems. There are
many approaches that determine the user’s QoE
by estimating the performance of the device or
network from the wuser experience. These
approaches are based on either multicast or
unicast technologies, generally the live broadcast
multicast

service uses the technology  and

video-on-demand  service uses the  unicast

technology. The digital systems are more focused
on estimating the video performance. The video
quality primarily focuses on the mean opinion
score, i.e. MOS, peak signal-to-noise ratio
(PSNR), structural similarity index (SSIM) values.

In this paper, the approach uses a full
reference model that uses the reference video
content to compare with the transmitted video
content over the network. The transmitted video
determines  the

contents are analyzed that

difference  between it and reference video
contents, In turn to calculate the QoE factors like
(PSNR),
similarity index (SSIM), and MOS values to

determine the video quality from the user's point

peak  signal-to-noise  ratio structural

of view. The method uses an image restoration
technique, i.e. Inverse filtering, which is a form
of high pass filtering, the video frames are
blurred with a low pass filter, then to get the
improved version of it they are imposed with a
high pass filter. This approach gains an extensive

video quality assessment.

2. Related Work

Early, digital systems were with limited success
as the creation of the shared connections with a
remote control and the user interface design made
interaction disruptive to the TV experience [I]
[2]. The video streaming services have made the
digital systems very feasible, because of its
consistent quality of experience for the users over
the network. There are many applications
developed later on with different functionalities

for the users.
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There are two existing video quality assessment
technologies subjective quality assessment and
objective quality assessment. The subjective
assessment is carried by a certain selected group
of viewers, which are gathered together for rating
the video quality. It is most convenient and
reliable way of video assessment.  The
disadvantage of this method is that the video
rated by these group members will have different
scores as per the perception of individual

regardless of perfection. Also, this method
requires a special kind of environment and
equipment, with the need of crowd of people to
participate in the test. On the other hand, the
objective method uses the estimation software to
analyze the quality of video signals and produce
relevant results based on it. The advantage of this
method is the results obtained are close to
standard value marks and there is no need of
special environment or bunch of mass of people
to assess the video quality. The peak
signal-to-noise ratio (PSNR) is widely used for
the objective video quality assessment. For
numerical prediction of objective metrics the
structural similarity index (SSIM) is used that
correlates the subjective measurement with the
objective ones.

Currently, developed digital systems are built
using the priority based queuing designs which
are prone to traffic over the network. Another,
problem we can consider is that these systems
use lots of bandwidth that are unable to balance
the load on the system. The current digital
systems are based on the non reference model,

the video quality is computed without comparing

with the original source. The problem here is that
the system cannot identify the video quality
produced by transmitted source is better or not.
As these types of systems are helpful in real
time video streaming. Also, the previous approach
was not able to produce the video quality as
there was some blockiness and low contrast level
in it [2]. Thus, the proposed approach uses the
full reference model with Inverse filtering that
improves the video quality by enhancing the
contrast levels and reducing blockiness using a
high pass filter to determine the characteristics of
a transmitting source with a reference source to
produce better results. Also, after getting the
enhanced video frames through inverse filtering it
computes the PSNR, SSIM, MOS values for

determining the video quality.

3. System architecture

The system uses a full reference model, which
is a bilateral approach that compares the source
video with the transmitted video one frame by
another frame to determine the video quality. The
video quality assessment through it produces
higher accuracy. The figure shows the architecture
of the proposed system. The system uses a
reference source and transmitted source as input
to it. The transmitted video source is converted in
several video frames then, these frames are
further processed. The temporal and spatial
features are extracted from these processed frames
and  the information related to each frame is
maintained like frame size, frame rate, pixel

values, etc. After extracting the features related to
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Figure 1. System Architecture

video frames the inverse filter is applied to
each of these frames to enhance the contrast
levels and reduce the blockiness, this happens
because the lower values tend to become lower
and the higher values tend to become higher. The
QoE analysis tool uses the reference video to
compare with the transmitted video for measuring
the video quality. By computing the metrics like
PSNR, SSIM, MOS values the video quality of

the transmitted source can be determined.

4. System functionality

The figure 2 shows the data flow of the
proposed system, Firstly, the choice variable is
initialized, then the videos are converted to
frames. These video frames are extracted for the
temporal and spatial features to obtain the details
of it. Thereafter, The inverse filter, i.e. a form of
high pass filter is imposed on each frame one by

one. The frames are blurred with a low pass

CREATE a Variable Choice=0
//Mverse Filtering
READ Video Frames Vg, and Vg, of a reference and a transmitted sources
APPLY Blurring with a Low Pass Filter b(Vr .Ve).
//Restoring the video frames
TAKE Convolution with a High Pass Filter h(Vg; V).
IF (Choice == ‘1') THEN
READ Video Frames Vg and Vg, of a reference and a transmutted sources.
//Compute Peak signal-to-noise ratio (PSNR)
Calculate the MSE = (Vi — Vi)® and take a square of it.
Take a logarithm of computed MSE
Calculate PSNR.
ENDIF
IF (Choice == 2’) THEN
READ Video Frames V) and Vg of a reference and a transmitted sources.
//Compute Structural Similarity Index (SSIM)
SET variables K; = 0.01, K, = 0.03, L =255
Calculate the average of video frames V1, Vr2as i and u respectively
Calculate the variance an and [SEZ of video frames Vg, Vg2 respectively
Calculate the covariance og» of video frames Vi, and Vg,
Calculate SSTM.
ENDIF
Determine MOS values with respect to computed PSNR and SSIM values.

END

O Al2AE 7S

Figure 2. System functionality
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Figure 3. Implementation of the system

filtler and to obtain enhanced results the
convolution of blurred function is taken with a
high pass filter. The equation for the inverse

filtering is as follows,
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Blurring function,

g(Ve1,Vr2) = (Ve Vo) * b(Vp1, Vi) (D

f(VF1,VF2) The original video frames that are
given as input to the system, b(VFI,VF2) is a
low pass filter and g(VF1,VF2) are blurred video
frames. To get the enhanced results the
convolution of the above equation is taken with a

high pass filter h(VF1,VF2) as follows,

f(Vr1,Ve2) = g(Ve1,Vr2) * h(Vp1, Vi) (2)

After getting the enhanced video frames, the
system gets an input choice from the user to
compute one of the video metric, i.e. PSNR or
SSIM after that the MOS values are calculated
for predicting the video quality of the transmitted
source. After getting choice from the user, system
reads the video frames from a reference and the
transmitted sources respectively. If the user makes
first choice, then the PSNR value is computed,
first the mean square error value (MSE) between
a reference and the transmitted video frame is
computed. After getting the value of MSE, the
PSNR value is computed by taking the logarithm
of it. If the user makes a second choice, then the
system reads video frames of a reference and the
transmitted source. After reading the video frames
the constant variables in the system are set to
default values. The system then computes the
average of these video frames. The variance and
covariance of the video frames are computed.
After getting all the associated values the SSIM

of these frames is computed to determine the

similarity between these video frames for better
quality. The MOS values are determined with
respect to PSNR and SSIM values.

The equation for computing the PSNR value is,
MSE = (V~Vis)* (3)
PSNR = 10 * log10 (255)* / MSE (4)

The peak signal-to-noise (PSNR) is a ratio
between the maximum possible power of a signal
and the power of corrupting noise that affects the
fidelity of its representation [1] [2]. For
computing the PSNR value we first need to
compute the MSE value. The equation (3)
computes the MSE value. In the above equation
VF1 is a reference video frame and VF2 is the
transmitted video frame .From equation (3) by
substituting the value of MSE in equation (4) the
PSNR value can be computed.

The equation for computing the SSIM value is,

SSIM(V1,Ve2) = (2 upr wetCh) (2o + Co)) /
((up® +urd +C) (op’ + o+ C) (5)

The structural similarity index (SSIM) is a
method for measuring the similarity between two
images, it is a full reference metric [1] [2]. In
the above equation pFl is the average of a
reference video frame VFI and pF2 is the
average of a transmitted video frame VF2.
CI=(KIL)2 and C2=(K2L)2 are wused for
stabilizing division with weak denominator [1]

[2]. While, L is the dynamic range of the pixel
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values of the frames which is set to default value for better video quality.
255. The variance of a reference video frame and

the transmitted video frame are given by oF12, o
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F22 respectively. While, oF12 determines the iy ) ++ﬁ++
. . H +
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Figure 4. A scatter plot of PSNR and MOS without inverse filtering

filtering is carried out for each of the frames we
can see the enhanced contrast levels and reduced

blockiness after this process. At the bottom of the

PSNR Ws MOS
150 T T

figure we can see number of frames evaluated by - - %
the system. Based on the evaluation the system *%;:*f
computes the PSNR, SSIM, values and determines e . }4;’*; 4|
the MOS with respect to these values. 2 %{3&

o} - o
S. Experimental Results . % f%

L ¥ .

We had used a sample video file that was of
MPEG-4 video format with 320 X 180 resolution.

The frame rate of the video file was 30
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Figure 5. A scatter plot of PSNR and MOS with inverse filtering

frames/Sec. When the video was extracted to o sswvewes

obtain video frames there were approximately 144 ;*jﬁﬁ
frames obtained from it. Each video frame, then a 5 ”{3:*;?
was extracted for temporal and spatial features mmn *+++: * ++i;;+i
like frame size, pixel values, frame rate, etc. The > *‘++ ffi
inverse filtering is carried out for each of the B *+++ ++ ;*E 3&*

+

frames, we can see the enhanced contrast levels £, +++ *fi*r l;
and reduced blockiness after this process. The R e T n‘; +1
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video frames were further processed one by one _
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for QoE analysis, here the system computes the Figure 6. A scatter plot of SSIM and MOS without inverse filtering

PSNR, SSIM values with respect to MOS values
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Figure 7. A scatter plot of SSIM and MOS with inverse filtering

The results obtained are shown in each of the
above figures. The figure 4 shows the subjective
MOS values with objective PSNR values obtained,
each point on the scatter plot determines an
analyzed video frame. The PSNR value in the
figure is obtained without inverse filtering, as the
video frames are having a low contrast level and
some blockiness. After applying inverse filtering
the PSNR value is increased with the increase in
contrast levels and reduced bockiness as shown in
the figure 5. The comparison clearly determines
the video quality of the transmitted source is
relatively as well as a reference source with a
high PSNR value which
signal-to-noise ratio is higher. The figure 6 shows

the subjective MOS values with objective SSIM

implies that the

values obtained, The SSIM value in the figure is
obtained without inverse filtering, as the video
quality contained some impurities thus structural
similarity between these frames can be determined
to some extent. After imposing the inverse filter
the SSIM value is increased, we get approximately

high quality as well as transmitted source as

shown in the figure 7.

6. Conclusion

The approach estimates the user’s QoE for the
system, which wuses a full reference based
analysis. The system also imposes the inverse
filtering technique which enhances the video
quality by improving the contrast levels and
blockiness. The

responds very badly to any noise that is present

reducing  the inverse filter
in the frames, which in turn provide bad results.
In the future, we will implement this system with
another filtering technique which doesn’t have the
impact of noise, but regardless of this one issue
the system produces effective results. The system
computes PSNR, SSIM values with respect to the
MOS values that produce better video quality. As
the system uses full reference based analysis, it

helps to achieve higher accuracy.
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