Master Thesis
Electrical Engineering
November 2016

Quality Assessment for HEVC Encoded
Videos: Study of Transmission and
Encoding Errors

Sohaib Ahmed Siddiqui
Yousuf Hameed Ansari

Published : Blekinge Tekniska Högskola
URL: http//www.bth.se

This thesis is submitted to Blekinge Institute of Technology in partial
fullfillment of the requirements for the degree of Masters of Science in
Electrical Engieering.

Contact Information:
Author(s):
Yousuf Hameed Ansari
E-mail: yousuf.hameed@gmail.com
Sohaib Ahmed Siddiqui
E-mail: ghori14@hotmail.com
Supervisor:
Benny Lövström
TISB, Blekinge Institute of Technology
Muhammad Shahid
TISB, Blekinge Institute of Technology
External Supervisor:
Muhammad Arslan Usman
WENS, Kumoh National Institute of Technology
Gumi, South Korea
Examiner:
Dr. Sven Johansson
TISB, Blekinge Institute of Technology

Published : Blekinge Tekniska Högskola
URL: http//www.bth.se

i

Quality Assessment for HEVC Encoded Videos: Study of Transmission and Encoding Errors

Abstract
There is a demand for video quality measurements in modern video applications specifically
in wireless and mobile communication. In real time video streaming it is experienced that
the quality of video becomes low due to different factors such as encoder and transmission
errors. HEVC/H.265 is considered as one of the promising codecs for compression of ultrahigh definition videos. In this research, full reference based video quality assessment is
performed. The raw format reference videos have been taken from Texas database to make
test videos data set. The videos are encoded using HM9 reference software in HEVC format.
Encoding errors has been set during the encoding process by adjusting the QP values. To
introduce packet loss in the video, the real-time environment has been created. Videos are
sent from one system to another system over UDP protocol in NETCAT software. Packet loss
is induced with different packet loss ratios into the video using NETEM software. After the
compilation of video data set, to assess the video quality two kind of analysis has been
performed on them. Subjective analysis has been carried on different human subjects.
Objective analysis has been achieved by applying five quality matrices PSNR, SSIM, UIQI, VFI
and VSNR. The comparison is conducted on the objective measurement scores with the
subjective and in the end results deduce from classical correlation methods.

Keywords: Full Reference Quality Measurement, HEVC, Packet Loss, Subjective and
Objective Analysis.
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Chapter 1

Introduction
In mobile and wireless communication devices, use of video applications has increased
vastly. It creates huge competition between application developers for providing better
video quality. Therefore, methods to acquire best video quality are in excessive demand.
Internet and mobile based applications like video chatting and online video streaming are
adapting video quality assessment techniques. Demanding nature of this area develops as
the level of customer satisfaction is increased towards video streaming quality.
The communication system is built up of different stages to stream a video. The basic
structure of a system is shown in Figure 1. The Input video is the raw format, and may
comprise of different sizes. The good quality video always has larger size and need more
bandwidth. To use less bandwidth and fast communication, the process is used called
encoding. It compresses the size of the video by altering the bit rate, frame rate and frame
size. After compression, two types of changes occur in the quality of the video. The video
degrades either in temporal domain or spatial. This will be discussed in later chapters in
details. The next step is to transmit the video to its destination by using some transmission
medium.
Input Raw
Video

Encoding

Transmission

Channel/
Medium

/Compression

Decoding /
Reconstruct

Figure 1. Communication system of Video
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These medium or channels may induce errors into the videos as they can be error prone.
These errors are usually called network impairments such as packet loss, frame freezing,
jittering, delaying etc. The last step includes the reconstruction or decoding of the videos at
receiver’s end. The videos we get in the end will be considered for the quality assessment
against different distortions.
Video quality assessment is done by using two methods known as objective quality
measurement and subjective quality measurement. In subjective quality measurement, a
group of people decides the quality of a video by looking at the series of videos and
compare them with original. Each person rates the videos by following the specific test
conditions provided by ITU-Recommendations [14]. Human observations are more accurate
for judgment of video quality, but objective quality assessment is essential as human
perception requires longer time.
Three types of objective quality metrics, full reference, reduced reference and no reference
is used for quality evaluation. The design of Objective Video Quality Metric should be per
HVS (Human Visualizing System) characteristics. Some aspects of HVS like contrast,
orientation sensitivity, spatial and temporal masking effects, frequency selectivity and color
perception are incorporated in the design of objective quality metrics. Even though, it is
computationally very expensive and complex to design a quality metric with above aspects.
Literature Study is useful for a wide range of applications if it correlates well with human
perception. The impairments visibility which is related to video processing system is
subjected to spatial and temporal properties of video content, since subjective analysis is
quite expensive and time conservative method, objective metric has been developed
considering HVS.

1.1 Objectives and Research Questions
This thesis consists of comparison between the subjective analysis and full reference
objective analysis by using classic correlation methods. The analysis has been done on the
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videos which contain network errors like network loss and encoding errors like blocking,
blurring etc. Research questions are as under.
Q.1. What are the Impacts of transmission and encoding errors on HEVC encoded videos?
Q.2. How much these errors affect the quality of the video?
Q.3. Which Objective quality measurement method most correlates with the subjective
quality measurement results?

1.2 Outline
Chapter 2 contains the background, history and the literature review. It also includes the
introduction of the Communication system, how videos can be transmitted from one
destination to other. What are the factors which degrade the quality of the videos? What
are the methods to assess the videos quality and their details?

Chapter 3 includes the design and implementation part of thesis, collection and selection of
reference videos, preparation of the videos for subjective test and details of subjective tests
and its environment.

Chapter 4 includes the implementation of the 5 methods of full reference objective video
quality metrics and its performance in detail.

Chapter 5 contains the results and conclusion. It also includes the future work related to
this topic.

Chapter 6 includes the references for the material used in this research.
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Chapter 2

Background and Literature Review
2.1 History of Communication systems
Communication systems are the essential part of our daily lives. Telecommunications,
mobile communication, wireless communication and streaming are all examples of
communication system. Transmission is the most important stage of communication system
which comprises of two types, analogue and digital transmission. Analogue communication
comprises of analogue systems which are continuous in nature, where as digital
communication uses digital systems such as systems which transmit data and packets. Now
a day most of the systems use digital transmission. With the time, new techniques and
methods are being introduced to improve the systems. With new methods, there are
always a chance of various new constraints and problems. This has also been seen in the
continuous evolution of digital transmission. These drawbacks needed to be resolved by the
time and that’s why continuous research has been conducted in this area. Normally these
errors took place in the channel through which the data has been transmitted. Video
streaming has an important role in the field of digital transmission. To transmit videos
across the channels has always been a challenge, because the data size of the videos is very
large, and to transmit them compression methods like encoding need to be used. Beside
channel errors, there is always a chance of encoding errors present in the video. That is why
it is very important that the quality of the video need to be assessed and checked after
transmission. There are various methods to assess the video quality degradation allows to
identify the type of errors and helps to deduce the best solution to overcome the problems.
As it has discussed before that digital transmission uses packet to transmit the data, the
most common error found is the packet loss. It causes lot of distortion in the form of frame
freezing, delaying, and frame dropping and pausing in the video.
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2.2 Packet loss
When data transmits in the form of packets, it means the data has been divided into small
portions and then transmitted through the channel. And as channel can be error prone due
to which these small portions can be lost. This phenomenon is called packet loss. Thus,
when we get the data or video at the receiver end there are various errors in it. The
intensity of the error and the level of degradation depend on the ratio of packet loss in the
video. Packet loss can be a small portion or block of a single packet and may be one or more
packets from the entire data or video. There are many factors included in the loss of packet
during the transmission. It may be the distance between the sender and receiver,
bandwidth of the channel, quality of the channel, and type of channel coding techniques
used etc. In this research, the impact of packet loss and compression on the video will be
studied, regardless of the channel factors.

2.3 Video Compression
Compression is a technique to decrease the size of data, larger number of bits into fewer
bits. Therefore, in video compression we decrease the size of videos. This process is also
called encoding. As this process this reversible its inverse process is called decoding or
decompression. The tools used to compress and decompress the video are called encoder
or decoder respectively. It can be hardware and software. There is a combine name for this
compression technique known as CODEC, usually mistaken with the terms data containers
and compression algorithms. The relation between the three terms is shown in figure 2
adapted from [1].
Data Container

Codec

I(avi, mpg, Quick

(Real video,
NERO, HDX4,
DivX)

time, asf)

Compression
Algorithm
(MPEG4,H.264,
HEVC, MJPEG)

Figure 2. Relation between Data Container, Codec and compression Algorithm
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Data containers are the packed video coded files which can be played by codec software.
Compression algorithm can compress the video into specific video coded files so codec can
play it. After decompression of a data file 100% equals to the original file then, this
phenomenon is called lossless compression, but most compressions are lossy, that is why
we need to measure the video quality. An uncompressed video shows huge amount of data
such as in MBs, GBs and TBs. It is very difficult to compress such huge amount of data even
with powerful computer systems. However, compression of video is relatively better due to
presence of redundancy compare to other types of data, audio, text etc.
It is important to consider the relation between the computational time and quality. If there
is low computational time, then the quality will be low as well. This will happen only when
there is high compression ratio. Different video compression standards can be found for
different compression ratios or bit rate.

2.3.1 Encoding and Decoding
As we know that transmission medium or channels are the important part of the Digital
transmission. When the large amount of data is passed through the channel there is a
chance that we face many glitches such as data loss, data redundancy, data corruption,
noise etc. To avoid the issue the technique has used in which we place the sequence of data
in such a manner; number, letters, special characters and symbols, that the data can be
stored and transmitted efficiently. This technique is called encoding. As it is discussed
before that this process is reversible and its counter process is called decoding.
There are different encoders and decoders depending on the type of data such as audio,
video, image and text etc. We are studying about the video encoder and decoder in our
research.
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2.3.2 Video Compression Algorithms (Encoding and Decoding
Techniques)
There are many compression standards available in the market depending on the specific
application. Some of the most used standards are shown in table 1. In this research, HEVC
will be discussed as this video compression algorithm is used for encoding the videos.

Standard

Application

Bit Rate

h.261

Video Conferencing over SDN

P x 64Kb/s

MPEG-1

Video on Digital Storage Media CD-ROM

1.5Mb/s

MPEG-2

Digital Television

2-20 Mb/s

H.263

Video Telephony Over PSTN

33.6-? Kb/s

MPEG-4

Object based coding, Synthetic content,

Variable

interactivity
H.264/ MPEG-4

Improved Video Compression

10’s to 100’s Kb/s

High Efficiency Video coding

128 to 800,000 Kb/s

AVC
H.265/ HEVC

Table 1: Different video compression standards

2.4 H.265/HEVC (High Efficiency Video Coding)
H.265 and HEVC is rather new video compression algorithm regards to other standards.
First time it was introduced in 25 January 2013 [3]. It is a collaboration of ITU-T Video
Coding Expert Group (VCEG) and ISO/IEC Moving Picture Expert Group (MPEG).
H.264/MPEG-4 AVC is its predecessor. It is relief for a communication industry that HEVC
will overcome the issues specially the lack of bandwidth, storage, better compression and
improvement in the development of HD content. As it ensures to provide better video
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quality or Identical to H.264 at almost half of the bitrate, most of the vendors and service
providers are shifting from H.264 to HEVC. It is also providing with the 4k, 8k, ultra-high
definition experience, which is excessive demand of the users now days.
it is discussed before that HEVC gives the same quality as H.264, the question arises why
HEVC? As we know that shortage of bandwidth is one of the biggest issues of the
communication industry especially in term of online streaming and broadcasting. And, the
most important factor in the HEVC is that it saves the bandwidth up to 40-50% approx. then
H.264 providing the same or better quality at same FPS. In the period of last 3 years the
HEVC has improves in other areas as well as discussed under.
1. H.264 does not have UHD (Ultra High Definition) content because of its low
bit rate. HEVC has resolved this issue and can support resolution up to 8K
UHDTV (Ultra High Definition Television), 8192 x 4320 pixels.
2. Video streaming is an important part of mobile communication now; better
video quality can be provided for mobile networks because of reduction in
bandwidth.
3. More channels can be used now as more bandwidth is available on the same
transmission mediums.
4. HEVC has improved hybrid spatial and temporal prediction models.
5. The block structure has enhanced enormously from (16 x 16) to (64 x 64).
6. The 4k and 8k experience has entire changed the view of users. By capturing
from multiple cameras instantaneously and applying parallel processing on
them has allowed users to perform Multiview coding, providing them with
far better results than H.264.
7. HEVC can support up to 3oo fps, whereas H.264 up to 60fps.
8. Intra-picture directions are increased to 35 (HEVC) from 9 (H.264).
Although we know that HEVC gives us better and improves results, it is still far away to
completely adapt this compression algorithm. One of the most important reasons is that
Published: Blekinge Institute of Technology
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the industry already spent quite a dollar for H.264 resources, and it is difficult for industry
to spend more. The other reason is time, as it always takes time to adapt from one
technology to other. Therefore, there are a lot of chances for new research in this domain.
And that is why we choose this compression algorithm for our research topic. There are
many applications and software available in the market which encodes the data in HEVC
format. In this research, HM (HEVC Test Model) is used.

2.5 HM (HEVC Test Model)
HM is the reference software which is used to encode and decode HEVC standard. This
project was designed by the Joint Collaborative Team on Video Coding (JCT-VC) [4]. In April
2013, the first version of this software was available in the market. The second version
followed by the third version was finalized in October 2014 and February 2015 respectfully.
The latest version also includes 3d-HEVC extension. The main purpose of this software is to
provide a tool which can conduct experiments to determine the performance of tools as per
the coding techniques. This can provide with the information how much impact,
degradation or otherwise has been done on the video quality. It can also determine the
complexity of the HEVC standard and what impacts it would offer in future of video quality
assessment and prediction. The software can be found in a subversion repository, and can
accessed by the subversion clients like SVN and another source browser. Software manual
is available in the repository [4].
Software manual contain all the instructions regarding installation, configuration and
execution of the software. It also provides information of attributes and characteristics of
software.

2.6 Types of Distortion
Compression and network impairments like packet loss distort the video sequences. This
distortion can be categorized in two types as discusses under.
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2.6.1 Temporal Distortion
A temporal distortion is commonly defined as the temporal evaluation, or fluctuation, of
the spatial distortion on particular area which corresponds to the image of a specific object
in the scene [5]. Different kind of temporal distortion take place depends upon the
Transmission medium through which the video sequences have been transmitted. Level of
distortion depends, how much the channel is error prone. In the result, we experienced
jerkiness, frame dropping, frame freezing, jittering, frame pausing and halting and frame
skipping etc. The effect of temporal distortion is important to study and solution (Quality
assessment of Video) needs to be deduced, as it creates higher impact on human
perception.

2.6.2 Spatial Distortion
Like temporal distortion, spatial distortion also has different types of distortion. It can take
place either in the sender side of the transmission medium or in the receiver end of the
transmission channel. As we have discussed before that when compression of the video has
taken place, it also distorts the video. It can be spatial in nature. As the process is reversal
so the spatial distortion may occur when videos are decompressed at the receiver’s end.
Compression can result into blurring effect, addition of noise, color distortion, ringing
effects etc. [5].
There are different factors which causes spatial distortion in the video sequences depends
on both hardware and software limitations. On a hardware level, it can be a substandard
video recording device, object is moving rapidly while capturing video and object can be out
of focused. Software limitations are already discussed above, compression and channels.
The impact of spatial distortion is also very disturbing especially on perceptual quality of a
video. Like temporal distortion, spatial distortion also effects human perception.
Published: Blekinge Institute of Technology
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Both the temporal distortion and spatial distortion are a setback for video broadcasting but
temporal impairments are likely to have worse influence as they have a much stronger
impact on human perception of videos [5].

2.7 Quality Assessment of Videos
Quality assessment of Video is an important step after video receives from the transmission
channel. There are many quality assessment techniques for videos. But, there are mainly 2
categories which are widely used to access the quality of video. We are going to discuss
them separately in this chapter.
1. Objective Quality Measurement
2. Subjective quality measurement

2.8 Objective quality measurement
It is the quality measurement which automatically assesses the quality of Video sequences
by taking consideration the characteristics of human perception methods such as Subjective
quality measurement [6]. As we know that the use of video streaming and broadcasting has
been increased in the last few years. So, the research in the field of image and video quality
assessment also increase, especially in objective quality measurement. Different types of
criteria have been set for this purpose, and new ideas are being proposed for objective
measurements. Mathematical models and functions are defined for the various objective
quality measurement methods, which access the quality of Video automatically and rate
them as per the scale set for them [5][7][8].
There are three classes of Objective video quality assessment methods discussed as under
1. Full Reference (FR)
2. Reduced Reference (RR)
3. No-Reference (NR)
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2.8.1 Full Reference Metrics
In this method, the whole original video sequence is required as the reference video for
quality measurement. A pixel wise comparison between the original video and the
compressed video has been performed. The original video means that, the raw format
video which is not compressed before, data is not altered in any way and does not contain
any distortion in it [7][8][9].
As there is no original image present in live streaming and live broadcasting, the method is
quite limited in these scenarios. The good example can be the live ice hockey match being
broadcasted online. On the other hand, in offline video quality assessment FR is one of the
best quality metrics. We need very fast and quick methods to evaluate live streaming videos
and live broadcasting, as network delay is not suitable for this case.
The basic structure of the FR metrics is shown in figure below. However, in real time it is
difficult but in ideal case scenario it can be done under the controlled environment (Lab
experiments)
Compression Æ TransmissionÆ*
*ChannelÆReconstruct

FR Analysis

Input
Video

Video
Quality

Figure 3. Block diagram of FR METRIC

2.8.2 Reduced Reference Metrics
In this method, a part of information from the original video sequence is required as the
reference at receiver side for quality measurement. It is also somewhat like FR metrics, and
difficult to assess the quality of live video streaming and broadcast. Some feature will be
extracted from the original video and some feature will be extracted from the
reconstructed video. Feature extracted from both the videos should be same features, so
they can be compared at RR metrics and quality of the video accessed properly [10] [11]
[12][26].
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By comparing FR and RR metric, it has been experienced that RR is quicker and give better
results than FR metric. The figure shows, how RR metrics works.
Extraction of Features

Compression Æ TransmissionÆ*
*ChannelÆ

Reconstruction

RR Analysis

Input
Video

Video
Quality

Extraction of Features
Figure 4. Block Diagram of RR Metrics

2.8.3 No Reference Metrics
In this method, no information from the original video sequence is required for quality
measurement [25]. As this method, do not need any kind of information from the original
video at receiver’s end, this is the perfect method for assessing live streaming and
broadcasting video. Some NR metric with mathematical model presents after the receiver
end, and it predicts the video quality as per the model [12] [13].
By comparing all three metrics, it can easily be said that NR is the most complex metrics in
nature compare to FR and RR. Due to the mathematical and computation complexity of the
metrics, the operating time of the method is much variable. The following figure show basic
structure of NR metrics.
Compression Æ TransmissionÆ*
*ChannelÆReconstruct

NR Analysis

Input
Video

Video
Quality
Figure 5. Block Diagram of NR metrics
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2.9 Subjective Quality Measurement
This quality measurement is one of the most reliable methods to access and check the
quality of video. It is also known as perceptual video quality measurement. It is one the
most practiced measurement technique which provides with the best optimum results for
video quality. As it is based on the human perception video quality measurement, the group
of subjects has been selected for a panel. The video data set has shown using some
Perceptual Video measurement tool, and the selected panel of audience judges the quality
of video by scale. The tool is designed as per the specification provided by ITU (International
Telecommunication Union), and the entire researchers must use these recommended
settings to perform standardized subjective quality measurement [5] [7] [14].
The most commonly used methods that are recommended by ITU are as under

1. SSCQE, Single Stimulus Continuous Quality Scaling.
2. DSCQS, Double Stimulus Continuous Quality Scaling.
3. ACR, Absolute Category rating.

In this research, ACR method has used to evaluate subjective quality measurement. The
original or reference video shown to the subject single time and the compressed videos are
presented later one at a time, and rated separately on a scale. In this method, the subject is
asked to rate the quality of video after every video.
We will discuss in detail about this method and the type of scale chosen in next chapter.

2.10 Metrics Used in this research
As research is an ongoing process, new ideas have developed and implemented on daily
basis. In this research, we have also considered different types of metrics to design and
evaluate the quality of videos, so make our idea novel. Five full reference metrics have
been chosen for implementation. We have selected five different research papers to discuss
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the metrics briefly and separately. The discussion and comparisons of all the metrics are in
the coming sections of this chapter. The papers selected are.

1. Structural Similarity Quality Metrics in a Coding Context: Exploring the Space of
Realistic Distortion by Alan C. Brook [15]
2. A Universal Image Quality Index by Zhou Wang and Alan C. Bovik [16]
3. Performance of Peak Signal-to-Noise Ratio Quality Assessment in Video Streaming
with Packet Losses [17]
4. Image Information and Visual Quality by H.R. Sheikh and A.C. Bovik [18]
5. VSNR: A Wavelet-Based Visual Signal-to-Noise Ratio for Natural Image by Damon M.
Chandler and Sheila S. Hemami [19]

2.11 Structural Similarity Quality Metrics in a Coding Context:
Exploring the Space of Realistic Distortion [15]
In this research paper, the researcher is comparing the structural similarity quality metrics
with the traditional approaches like MSE and PSNR usually adapted to deal with the realistic
distortion in the video, which we get after the compression and from the error prone
transmission channels. Point by point comparing of reference and original images and
videos are usually done in an original image domain and transform domain. Original image
domain usually uses metrics like MSE and PSNR, and in transform domain complex wavelet
analysis and DCT (Discrete cosine transformation) is used. And all these metrics have very
low HVS level. If someone wants High level HVS levels in their metrics, the most common
metrics and model used for this purpose is SSIM. The researchers have covered both the
image space domain and transform domain in this paper, but we are going to discuss only
the image space domain as the model we are using in our research is like image space
domain.
As mentioned in the name structured similarity, when two images compared using SSIM, it
compares between the smallest structural block of an image. That is why it has been
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observed that SSIM neglects the changes due to lighting; contrast and mean of an image.
But, when the distortion disturbs the natural special correlation of an image, such as block,
blur, noise and compression artifacts, this is where SSIM works the best [15].
To design the SSIM model, the luminance, contrast and structure of an image needs to be
measured. They are measured separately.
Let us suppose that we are comparing two images (or small blocks of image) x and y,
luminance is equal to the mean of each image

∑

μ =

(1)

Standard deviation calculates the contrast of an image as below.

∑

=

(

− μ )

(2)

Structure can be calculated by removing the mean from x and divide by standard deviation

=

(3)

Similarly, the calculation for image vector y can be determined by the above formulas. After
getting the values ofμ ,μ ,

,

,

, , combine them and make the comparison function

for luminance, contrast and structure as ( , ), ( , ) and ( , ) respectively.
product of this comparison function gives the composite SSIM:
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( , )= ( , ) . ( , ) . ( , )
Where ,

(4)

, are constants

Comparison functions in terms of constant will be equal to

( , )=

,

=

( , )=

(5)

2

+ 2
2 + 2 +
2

⟨

,

(6)

⟩

(7)

Where,
This symbol ⟨⟩ means the dot product operation between the structures of two images.
By the changing the value of constants we get specific SSIM quality metrics as per the
need. In this paper the author set the values as

=

=

= 1 and

=

. The

equation they get is as under.

,

=

2μ μ + 1 2
+ 2
μ2 +μ2 + 1 2 + 2 + 2

(8)

In this paper [15], the researchers have compared the results from SSIM with the PSNR and
MSE. We are also going to compare the results with PSNR and other 3 Metrics. The
researchers also calculate the number of Blocks per packet and its impact on the Macro
Blocks. The results show them that if large numbers of blocks have used to increase the
compression operational time, there are no losses shown in perceptual quality [15].
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A weakness of SSIM shown in this paper is that the intensity shift distortion has higher
distortion rate than the spatial shift distortion. It was also observed that the human
subjects rate the quality of video higher with spatial shift distortion. Another weakness was
that, the comparison between blur and white noise distortion show that, even the white
noise present in the image is obvious, SSIM values were too low for white noise distortion.
This proves the point we have discussed before that the SSIM in insensitive to the change in
lighting of an image. Although it is proven that the SSIM has advantage over traditional
approaches, but it also has limitations in important fields of image distortion [15].

2.12 A Universal Image Quality Index [16]
The idea of this metric UIQI was proposed for the first time in this paper. The purpose of
this idea was that, it will easy to use and can apply this method on different Video and
image processing applications. It is already discussed before in the section 2.4 that the
objective Quality measurement can be classified in to two types in term of its operational
capacity. The first is mathematical computations used by the metrics like MSE and PSNR.
The second is based on the characteristics defined by the HVS (Human visual system) to
measure perceptual quality of a video or an image. It is mentioned in the paper that before
this proposed idea, although after the critical testing on distorted images, there was no
clear research and study which shows the clear advantage over the traditional metrics like
MSE and PSNR in term of quality measurement. It has been observed that till now
mathematically defined metrics are being used in different studies and researches. There
are two reasons behind this.

1. Easy to calculate due its low operational complexity.
2. They are not dependent on other factors such as, observing conditions and relevant
observers.

That is why, this paper is also based on mathematically define metrics, called as universal
image quality index. The researchers mentioned in the paper that they choose the word
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“Universal” for this metric because of the second reason explains above, and it is applicable
to different applications and provide different comparisons for different types of distortions
in the image. At that time MSE and PSNR were categorized as the universal metric, but UIQI
changed this perception.
BY defining the metrics mathematically let suppose that we have two images
= {

|

= 1, 2, . . . ,

}

(9)

= {

|

= 1, 2, . . . ,

}

(10)

Where X is the original image and Y is the compressed image.
The quality index is defined by the equation (11).

=

[( )

( ) ]

(11)

Where,
is the mean of original image.

=
And,

1

∑ =1

(12)

is the mean of compressed image

=
Further,
respectively.

and

1

∑ =1

(13)

are the variance of original image and compressed image

=

1

∑ =1(
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=

1

−

∑ =1

2

(15)

From the equation 12, 13, 14 and 15 we can formulate that

=

∑

(

)(

−

−

)

(16)

The values of Q lie between [-1, 1]. 1 is the ideal case scenario and can only happen when
the content of original image is equals to content of compressed image i.e.

=

for all = 1, 2, . . . ,

The lower value can be achieved when

= 2 −

for all = 1, 2, . . . ,

As the researcher mentioned in the paper that this quality metrics models the distortion in
the combination of three components: loss of correlation, Luminance distortion and
contrast distortion [16]. To understand this concept properly the mathematical equation
for the quality metric can be rewritten as the product of three components.

=

.(

)

( )
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The first component of Q, lie between the range [-1, 1]. This component shows the
correlation between x and y. the value 1 can be obtained only if
=

+

for all = 1, 2, . . . ,

Where,
a and b are constant and, a must be greater than 0 (a>0).
This component cannot fully evaluate the distortion between x and y, even if they are linear
in nature, therefore second and third components comes to rescue. To find the mean
luminance factor between x and y, the second components do its tricks where its range is
[0, 1]. If and only if it will be equals to 1, when

=

.

As mentioned earlier that the third component is related to the contrast of x and y.
So,

are the values estimating the contrast? Its values also lie between [0, 1]. And

the value 1 can only be obtained when.

=

.

The results of the experiments done by the researcher with this proposed idea were far
better than the MSE. In experiment, they have taken different type of distortive images
under consideration. They have also observed that without presence of any HVS
characteristic in this metrics, and by using just mathematical model they have come very
close to quantify the quality of Images. It is mentioned in this report [16] that they get
success because they could measure the structural distortion present in the degraded
image, and this reason standalone gives superiority to this metric over PSNR and MSE. The
researchers also said in their report that more implementation of this metric is required to
fully understand the working of this metric. They have believed that for future development
of video quality methods this paper is quite a good starting point. As in this research work
new compression method HEVC is used, and this metric needs to be tested for this
compression as well for video quality assessment.
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2.13 Performance of Peak Signal-to-Noise Ratio Quality Assessment
in Video Streaming with Packet Losses [17]
PSNR is one of the most widely used metric in the domain of video and image quality
assessment. As we have discussed before, the Digital transmission is evolving on daily basis
especially in the domain of live video streaming and broadcasting over internet. To satisfy
the customers or end users service providers using continuous quality control methods for
the video quality. To achieve the goal that the objective quality metrics also evaluate and
access the quality of different distorted image in the same manner as the subjective quality
measurement, because subjective tests are too much time consuming and costly. PSNR is
usually the reference metrics for designing or developing such metrics. We have observed
that, the discussion about the reliability of PSNR is always at question, and that is why in
this paper the researchers are testing PSNR for Images with packet loss from error prone
channels. They have tried to explore the possibility that weather PSNR can used against the
images distorted with packet loss or not.
As we have discussed in earlier section that PSNR is mathematically defined quality metric.
In order to define PSNR, first we must define MSE. As MSE has the important role in the
calculation of PSNR. MSE is also one of the most widely used full-reference quality metric.
MSE can be calculate by taking the square of the difference between the original image (X)
and distorted image (Y) and then takes it average. Mathematically it can be defined as

( , )=

∑

∑

( ( ,

)−

( ,

))

(18)

By taking the value of MSE from equation 18 the PSNR can be defined as

( , ) = 10.

(

Where,
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Dimensions of the images are denoted by N and M,
is defined by the range of the image. The value of

is depends upon the number of

bits/pixel for example image is 8 bits/pixels than the value of

= 255.

PSNR cannot evaluate a full video at a time. The video will convert into frames. PSNR uses
frames to calculate the quality and then take average of all the frames intensity to give
quality of a video.
The researchers have used the EPFL-PoliMI video quality database to acquire the reference
videos and later encode them with H.264 compression algorithm. Simulate the network loss
in the videos. They have used 6 different PLRs (Packet loss ratios) for experiment. For
quality measurement, they have used both Subjective and objective analysis.
In the results, they have shown that the PSNR is a reliable objective quality metric for the
subjective test if the content of the video is fixed. Moreover, they have observed that if the
content is not fixed, PSNR is not so much accurate. It is also said that if the less number of
frames are worst quality, then it is easy to attain significant gains by adapting the right
pooling strategy. It will enhance the performance of PSNR globally.

2.14 Image Information and Visual Quality [18]
As we have discussed before that Objective quality measurement has classified in to two
methods, mathematically defined models and models with HVS characteristics. Visual
quality is one of the important factors in the video and image applications. Different models
are designed to quantify the visual factors, which assess the quality automatically by
accessing the characters of HVS incorporate in them or by signal fidelity measures. There
are lots of full reference quality metrics which attempts to achieve the above mansion
phenomenon. The features of HVS we are talking about can be the physiological and
psycho-visual in nature. This paper deals with the study of information fidelity problem.
One of the metric who deals with this kind of problem is called VIF (Visual Information
Fidelity). The researchers try to compare different metrics with VIF in terms of visual quality
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and fidelity information. What is VIF and how it works? These questions have been
answered by the researchers.
By performing various stochastic processes on a natural or any kind of image may result in
acquiring a perfect quality. According to a research, when the human subject observes an
image which has no distortion, it passes through the HVS channel first then it goes to the
human brain. Cognitive information is taken out by HVS Channel in this process. It is to
believe if there is distortion present in the image it will take a different route through some
“distortion channel” then it arrives at HVS.
VIF measures that researcher proposes in this research paper is derived from a
quantification of two mutual information quantities: the mutual information between the
input and output of the HVS channel when no distortion channel is present (we call this the
reference image information) and the mutual information between the input of the
distortion channel and the output of the HVS channel for the test image [18].
To design the VIF the researcher first explains some other models. All the models are
designed for a single subband in wavelet domain. In the last, comparison has done on
original and compressed image to evaluate the final VIF.
The first model they have explained is the source model. This model is based on the GSM
(Gaussian scale mixtures). Where GSM comprises of RF (Random Field) and the model can
be mathematically defined as the dot product of two RFs.

= .
Where

={

. ⃗∶

represents the set of spatial indices and

positive Scalars.

={ ⃗∶

}
={

(20)

∶

} represents RF of

} represents the Gaussian vector RF having zero mean

and covariance C . Wavelet domain is comprised of subbands. These subbands divided into
blocks of M coefficients. As the block is non-overlapping so every block is defined as the
M-dimensional vector ⃗.
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The second model explained by the researchers is Distortion channel and is defines as a
weak signal with additive noise in it. Mathematically it can be defined as this

=

+

. ⃗+ ⃗∶

={

}

(21)

Where,
represents the subband (RF) in the original image.
Where

represents the deterministic scalar gain field = {

Where

represents the stationary, additive, white Gaussian noise with zero mean and

having varianceC =

∶

}

.

The drawback of this model is that it evaluates the distortion locally and not designed to
tackle specific distortion artifacts such as blocking of JPEG compression.
The third model is based on the HVS system. It is called HVS channel and is defined as the
single additive noise component. When this signal passes through the HVS, it added
uncertainty in it. it has the same attribute as distortion channel such as stationary, additive,
white Gaussian noise RF with zero mean and is denoted by
represents the original image, then

={ ⃗ ∶

}. If

represents the compressed image. Therefore, the

original (21) and reference image (22) can be defined in terms of HVS as:

ℰ=

+

ℱ=

+

(22)
(23)

These above equations are basically the signals read by the brain as an original and
compressed image.
And finally information extracted from all the above models the researchers designed the
VIF model. As we have discussed earlier that each RF signal is defined as a subband, and by
combining all the subband together we can formulate the final formula for VIF. The details
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of the subband combination can be found in the paper [18], but the VIF can be defined
mathematically as:

⃗ , ,⃗ ,
⃗ , ,⃗ ,

∑

=∑
Where ⃗

,

belongs to the

element of RF

,

)

,

)

(24)

and define coefficients of subband j, and

more. As we know that VIF gives better results, when operated under the moving window,
so we can say that

is most suitable for the measurement of the local applications.

After the experiments and observations, for VIF the distortion values ranged from [0, 1],
where VIF =1 only when where is no distortion in the compressed image. And, VIF = 0 when
image is distorted completely or all the valuable information is lost. For some special cases
where contrast is slightly enhanced the VIF gives values greater than 1. It is excellent quality
as perceptually these images look better then original. The researcher concluded that, in all
the state of the art full reference objective video quality measurement methods, VIF
outshines all.

2.15 VSNR: A Wavelet-Based Visual Signal-to-Noise Ratio for Natural
Image [19]
This paper presents an efficient metric for quantifying the visual fidelity of natural images
based on the near-threshold and suprathreshold properties of human vision [19]. The
researchers have explained in details the working methodology of metric VSNR. The
approach the VSNR follow comprises of two stages. In first stage, detection of distortion has
done by contrast threshold in the presence of original images. Visual masking and visual
summation has been done on the distorted image to check whether the distortion is visible
or not. It stopped the analysis on the images when the distortions are less then threshold
set. Now the image has the perfect visual fidelity and the (
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stage, when the distortion is above the threshold or suprathreshold then, VSNR performed
property of perceived contrast which is low in visual level and global precedence having
middle level visual properties. These two stages are defined as the Euclidean distances in
distortion-contrast domain. VSNR can be mathematically defines as the simple sum of
these distances.
Let us suppose an original image and an image with distortion , then in order to compute
VSNR metric mathematically we follow steps shown as under:

First of all, the VSNR does the preprocessing of the metric
1. Computing the distortions

= −

(25)

2. By applying M-level discrete wavelet transforms on original image and distortions
we get subbands such as { }

{ }

3. Find out the vector of spatial frequencies f = {

,

,

=2
Where
= 1, 2, 3, . . . , M
represents the resolution in pixels per unit distance
distance expressed in the unit of distance such as inch
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In this step the VSNR follow the first stage of its approach detection of distortion.
1. For each

in f, find out the contrast detection threshold

( )

)=

(27)

2. Find out the actual distortion contrast

(

),

details can be found in the section IV-B

and equation (10) of the research paper.
= ∞ and

3. If the actual distortion is less than the contrast detection threshold, then
analysis stopped.

In this stage the VSNR follows the second stage of its approach and compute the VSNR
1. Find out the perceive contrast of the distortion

= ( ), here ( ) is the distortion

of RMS (Root mean square) contrast, gives the value which shows the distance from the
origin. Details can be found in the section II-A and equation (4) of the research paper.
2. Find out the disruption of global precedence. This can be found by finding the difference
of actual contrast from global-precedence preserving contrast, which basically gives the
value which shows the distance between them for the same RMS distortion contrast.

= (∑ =1

∗

−

2 1/2

)

(28)

3. As we have discussed before that the VSNR is simply the linear sum Between the
Euclidean distances. Now we have values from both the distances
compute VSNR from the equation given below
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= 20

10 (

)/(

+ 1−

2

)

(29)

Where,
is the parameter which regulates the relative contribution of each distance,

[0, 1].

After experiments, comparisons and observations, the researcher concludes three
important points.
1. The performance of VSNR is as good as the other fidelity metrics
2. In terms of Computational complexity and memory requirement the metric is most
efficient.
3. As VSNR method used both visual angle and physical luminance. It gives the metric
an extra edge to view conditions differently.
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Chapter 3

Design, Implementation and Testing
Performance analysis of the videos having compression and network distortions needed lot
of preparation and designing. The collection of the reference videos from the video data
base, selection of the videos form the pool of videos, encode the videos with different
compression rates, introduce the packet loss in to the bit stream, decode the videos and
then apply the quality measurement methods on them. All the tasks mentioned above,
need designing, implementation and testing, are discussed in this chapter.

3.1 Reference videos
Reference videos with different contents are collected from the Texas database [20] [21].
The format of the videos is planer YUV 4:2:0 formats without containing any headers. The
spatial resolution of the videos is 1280 x 720 pixels, also known as 720p. The videos with
their names and abbreviations are as under:
1. "fc" - Friend Drinking Coke,
2. "sd" - Two Swan Dunking,
3. "rb" - Runners Skinny Guy,
4. "ss" - Students Looming Across Street,
5. "bf" -Bulldozer with Fence,
6. "po" - Panning Under Oak,
7. "la" - Landing Airplane,
8. "dv" - Barton Springs Pool Diving,
9. "tk" - Trail Pink Kid,
10. "hc" - Harmonica.
All the videos were converted into AVI format as required for the research. Conversion is
done by the special software called YUV tools 3.0 trial version [22]. The software has 100%
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conversion rate from YUV to AVI, as during conversion no content has lost and video retains
its originality.

3.2 Selection of the Videos
According to the International telecommunication union (ITU) standards, i.e. no subjective
test takes more than 30 minutes in one go. In this research, the performance is done on 6
different variants of distortion. If all 10 videos are selected than the total number of videos
will reach the count of 70 (distorted 10 * 6 + 10 reference = 70 total). The subjected test will
take more than standardized time. Decision has made to select only 5 videos to decrease
the count, so the tests can be conducted within due time. SITI (Spatial Information and
Temporal Information) graph shown in figure 6 was plotted using MATLAB, and after careful
observation and consideration videos were selected for different SI and TI.

Figure 6: SITI Plot of original Videos
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There is no special criterion to select the videos from SITI plot. By looking at the plot it can
be seen that videos are scattered all over the plot, as per SITI (low, high, medium). The
selection is done on the basis that the videos should be spread to represent different parts
of the SITI graph. The final videos selected are
1. "fc" - Friend Drinking Coke, figure 7.
2. "ss" - Students Looming Across Street, figure 8.
3. "la" - Landing Airplane, figure 9.
4. "dv" - Barton Springs Pool Diving, figure 10.
5. "hc" - Harmonica. Figure 11.

Figure 7. Friend drinking coke

Published: Blekinge Institute of Technology
URL: http//www.bth.se

35

Quality Assessment for HEVC Encoded Videos: Study of Transmission and Encoding Errors

Figure 8. Students Walking

Figure 9. Landing Airplane
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Figure 10. Barton Springs Pool Diving

Figure 11. Harmonica
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3.3 Encode the videos
Videos are encoded using the HM Version 9 reference software. Details of the encoder are
already discussed in previous chapter. HM encoder is designed in C++; visual studio version
9 is used to run the software. Two types of configuration files are designed to encode the
video. Each configuration file has different compression rate or QP, 28 and 41. Basic
configuration of the files shown in table 2.

Input / Output

Values

Description

Bit-streamfile

Name of file

Output the Stream file

Recon file

Name of file

Output the Reconstructed file

Frame rate

30

Frame rate per second

Source width

1280

Input frame width

Source height

720

Input frame height

Frames to be encoded

450

Number of frames to be
coded

profile

main

Basic compression profile

QP

28 and 41

Input quantization parameter

Table 2: some important attributes of configure file.

HEVC has QP values varies between 0 -51. Each video compressed with both the QP values
shown in table 2. For 5 reference videos, 10 bit-stream files are obtained after the encoding
process. At this stage, only compression distortion is present in the video.

3.4 Introduction of Packet loss into bit-stream files
At this stage, network loss is introduced in the bit-stream file. Packet loss is introduced by
three different Packet loss ratios (PLRs), 0%, 1% and 2%. Real time wireless network
environment is established using two computers systems and Wi-Fi router. One system act
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as a transmitter and second system act as a receiver, whereas WI-FI router acts as a
transmission medium. The specifications of the systems are:
System 1 (Server)
1. Processor: Intel Pentium Core i7, 2.7 to 3.5 GHz, hyper threading.
2. RAM: 8 Mb SS RAM.
3. Operating system: Ubuntu 16.04, 64 bit.
4. NETCAT built-in software (Linux, UNIX) is used to send the bit-stream file.
a) Terminal is used to access the software.
b) Files can be sent by using just 1 command.
c) Command only works with root user.
d) The command is: sudo cat ‘sending file name’ | nc -u ‘Destination IP’ ‘port
number’”. -u denoted the UDP protocol.
5. NETEM built-in software (Linux, UNIX) used to introduce packet loss into the bitstream file.
a) Terminal is used to access the software.
b) Three commands are used to add, change and delete the network loss.
c) Commands only work with root user.
d) The commands are
i)

sudo tc qdisc add dev eth0 root netem loss n% 25%. This command adds
n% random packet loss into bit stream

ii)

sudo tc qdisc change dev eth0 root netem loss n% 25%. It will change and
add the n% packet loss into file

iii)

sudo tc qdisc delete dev eth0 root netem loss. Delete the loss n% file from
netem. If need to add packet loss again, then used command i).

System 2 (Receiving Server)
1. Processor: Intel Pentium Core 2 duo, 2.2 GHz.
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2. RAM: 4 Mb SD RAM.
3. Operating system: Windows 10, 64 bit.
4. Cygwin64 software to make Linux environment in windows.
5. NETCAT built-in (Linux, UNIX) software is used to receive the bit-stream file.
a) Cygwin terminal and MS DOS can be used to access the software.
b) One command can receive the file
c) The command is: nc -u -l ‘port number’ > ‘received file name’

WI-FI router (Transmission medium)
1. Thomson TG799vac v2.
2. Simultaneous Dual-Band VSDL WIFI, Support up to 600Mbps.
3. 2.4 GHz (3x3) IEEE 802.11n AP with implicit transmit beamforming.
4. 5.0 GHz (3x3) IEEE 802.11ac AP with IEEE 802.11ac compliant transmits
beamforming.

3.5 Decoding the Bit-stream Into Video
This is the last step of completing the video data set for video quality assessment. After the
adding of packet loss with three different ratios the total count of test videos is 30
(compressed bit-stream files 10 * 3 PLRs = 30 total bit-streamfiles).
HEVC is a new compression algorithm, so the HM reference software is also new. HM
reconstruct the file to its original size, and it is not capable to reconstruct the files with
packet loss, and research is going on in this area. FFMPEG is software which also has the
capability to decode the HEVC bit-stream. It does not reconstruct the bit-stream to its
original size, but it does the trick. The good point is that in decoding process it does not lose
any information. It is also used before in other experiments as well. FFMPEG can only
decode HEVC bit-stream into MP4 video format. It is not a problem, as the tools used for
both subjective and objective analysis can support this format.
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Now the video data set is complete and ready for the video quality assessment.
Implementation and testing of Subjective video quality assessment is discussed later in this
chapter, and discussion for objective quality assessment is discussed separately in chapter4.

3.6 Implementation and testing and results of Subjective Quality
Measurement
For the subjective tests the UI is developed by the group of students from Blekinge Institute
of Technology was implemented. It is called perceptual video quality measure tool [23]. The
tool comprises of two modes, Admin mode and Subject mode. Java is selected to design
both mode of the tool, as it is the one of the accurate tool to avoid network errors, delays
and different kind of interruptions.
The tool is developed for only window 7 operating system, so hardware was also selected
very carefully. The specifications of the system used in the experiments are:
1. Hp Pavillion dv6
2. Processor: Intel Core2Due 2.24 GHz
3. RAM: 4 GB
4. Operating system: Windows 7 professional
5. Resolution of the screen is 1366 X 768
18 test subjects were selected for the experiments. From the group of 18 subjects, 13 were
male, 5 female and their ages lie between the ranges from 20 to 40 years. The test subjects
can be categorized as the young, non-expert, expert, middle-aged subjects. The training and
introduction was provided to each subject before the starting of the project. The interface
is quite user friendly so there was no major issue faced between the tests. The tests were
conducted in the study room. The environment was quiet; the room has white light and
white background. No payment is given to any of the subject, but coffee, cake and biscuits
were served to them as the token of appreciation for their services. The scale used to rate
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the quality of the video is known as ACR, Absolute Category rating. It is a standardized scale
given by the ITU [24]. Below table shows the content of scale.

MOS

Quality

5

Excellent

4

Good

3

Fair

2

Poor

1

Bad

TABLE 3. ACR, Absolute Category Rating Scale

The results of the scores were stored in Microsoft Excel automatically by the PEVQ tool for
every subject per video. The videos were showed to the subjects in random order, so the
results were also in random order. In order to plot the results in the graphical form the
records was sorted. The mean score of all the subjects per video was calculated.

3.7 Results of Subjective Tests
The results are shown below in graphical form. The vertical axis is showing the MOS scale
from table 3, and each number in the horizontal axis is showing the distortion level of the
video. It can be understood by the table below.
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Horizontal scale

Compression rate

Packet loss

1

28

0%

2

28

1%

3

28

2%

4

41

0%

5

41

1%

6

41

2%

Table 4. Horizontal scale of the graph

The subjective results are plotted in the graphical form as shown in the figures below.

Pool Diving

5

4

MOS

42

3

2

1
1

2

3

4

5

Distorted videos

Figure 12. Perceived video quality in terms of MOS and distorted videos
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Drinking coke
5

MOs

4

3

2

1
1

2

3

4

5

6

Distorted Videos

Figure 13. Perceived video quality in terms of MOS and distorted videos

Harmonica
5

4

MOS

43

3

2

1
1

2

3

4

5

Distorted videos

Figure 14. Perceived video quality in terms of MOS and distorted videos
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Aeroplane
5

MOS

4

3

2

1
1

2

3

4

5

6

Distorted videos

Figure 15. Perceived video quality in terms of MOS and distorted videos

Students walking
5

4

MOS

44

3

2

1
1

2

3

4

5

Distorted videos

Figure 16. Perceived video quality in terms of MOS and distorted videos
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Before starting the test, the subjects were told in detail about the test and explain its
purpose. Some subjects were not understanding about the test theoretically, so the test
session with 4 videos were conducted for them. After this exercise, they were completely
sure about the test. By looking at all the figures for the test results, it is clearly show the
trend towards the all video. All the graphs are showing that the video with the zero percent
loss and with 28 percent showing between 3 and 4 of MOS scale, which is between good
and fair. The most abrupt changes can be seen in the figure 12 and 16. As the number of
objects moving in the videos are high, so the impact of packet loss is and compression is
more. Similar changes can be for the other three videos but it is very less in comparison
with the 12 and 16.
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Chapter 4

Performance Analysis and Comparison
The five-quality metrics are used for the objective quality measurement. All the metrics are
implemented on MATLAB. All the videos, which are used to implement subjective tests, are
also used to perform the objective test. The details of the metrics used have already been
discussed in chapter 2.

4.1 Evaluation and comparison between Objective and subjective
To evaluate the performance of objective and subjective test the scale chosen should be
the same as provided by the ITU Standards 0-5. In objective test, two metrics PSNR and
VSNR are performed using the mean of other scales (0-100) where 0 represents the worst
and 100 represent the best quality. To adjust the scale conversion is done by dividing the
scores by 20 for PSNR or VSNR. On the other hand, for the remaining three they are
performed using the scale (0-1) where 0 represents the worst and 1 represent the best, so
the scale was adjusted as per the MOS. The evaluation is discussed below for both the tests
and following graphs have been plotted for each video separately.

Chart Title
5
4

MOS

46

3
2
1
0
1

2

3

4

5

6

Distorted Videos
PSNR

SSIM

VSNR

VIF

UIQI

Subjective

Figure 17. Comparison Between the Objective and Subjective test results in terms of MOS
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Chart Title
5

MOS

4
3
2
1
0
1

2

3

4

5

6

Distorted videos
PSNR

SSIM

VSNR

VIF

UIQI

Subjective

Figure 18. Comparison Between the Objective and Subjective test results in terms of MOS

Chart Title
5
4

MOS
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3
2
1
0
1

2

3

4

5

6

Distorted videos
PSNR

SSIM

VSNR

VIF

UIQI

Subjective

Figure 19. Comparison Between the Objective and Subjective test results in terms of MOS
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Chart Title
5

MOS

4
3
2
1
0
1

2

3

4

5

6

Distorted videos
PSNR

SSIM

VSNR

VIF

UIQI

Subjective

Figure 20. Comparison Between the Objective and Subjective test results in terms of MOS

Chart Title
5
4

MOS

48

3
2
1
0
1

2

3

4

5

6

Distorted videos
PSNR

SSIM

VSNR

VIF

UIQI

Subjective

Figure 21. Comparison Between the Objective and Subjective test results in terms of MOS

The comparison between the Subjective and objective analysis for different PLR and
compression rate is plotted in the above figure for all five videos. By looking at one glance
to all the graphs it is clearly visible that the performance of PSNR, VSNR and VIF are almost
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the same, and there is quite a difference between them and the subjective. The results of
three metrics showing that the qualities of the videos are very low even with the 0% packet
loss ratio. The result of SSIM has also a noticeable difference from the subjective results.
The quality show by the SSIM is quite high in related to the subjective. It seems, it is true for
the SSIM that it neglects the lighting effects (Contrast and intensity) and only look for the
block, blur, and compression distortion. Packet loss disturbs the intensity of the image so
SSIM does not show its effects. For noise, the packet loss ratios are only 0%, 1% and 2%,
and it is random in every test video and quite small, so more similar structure matches with
the reference video, in result showing the quality of the video better than the subjects test.
It clearly shows that the only Universal index quality image has the results quite like the
subjects’ test results. Thus, proven the claims, UIQI gives better quality evaluation than
other Quality metrics for different distortions, of the researchers who proposed this metrics
in [16]. For Harmonica video the results are different from all the others videos. In general,
it can say easily that the UIQI has the best performance in terms of Subjective analysis.

4.2 Validity of Subjective Tests
The validity of the subjective tests and their results has been authenticated. Methods used
to generate the videos and parameters used to design the videos are followed as per the
white paper. The ITU-P, 190 also authenticated these methods.

4.3 Validity of Objective Tests
To check the validity of objective test results in comparison with subjective results, the
averages of all the five videos have been taken and then graphs are plotted separately for
28 and 41 compression ratios and the graph for combine compression ratio in terms of
Packet loss ratios is plotted. By looking at the graphs in the figures below it is clearly shown
that the UIQI is showing the best correlation with the subjective results.
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Figure 22. Average results of 5 videos for QP=28

Figure 23. Average results of 5 videos for QP=41
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Average over the 5 video sequences and over both QP values
5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
0 % PL
PSNR

1 % PL
SSIM

VSNR

2 % PL
VIF

UIQI

Subjective

Figure 24. Average results of 5 videos for combine QP, 28 and 41
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Chapter 5

Results and Conclusion
This chapter includes the results and conclusion of the research.

5.1 Results per compression rate
The results of subjective tests for all the videos are almost the same. By looking at the
subjective and objective results in the graphs from chapter 4, it is shown that the videos
with compression rate 28 and 0% PLR are always showing better results than the video with
compression rate 41 and 0 % PLR, 1 and 4 at horizontal scale respectively. The abrupt
changes showing in 2, 3, 5 and 6 on horizontal scale of graphs occurs when the packet loss
comes in the videos. However, it is also showing that each quality metrics has its own
reading for each distortion. SSIM is plotting 1 and 4, always above MOS 4. PSNR, VSNR and
VIF are plotting 1 and 4 below MOS 3. UIQI and Subjective results for 1 and 4 are shown
between MOS 3 and 4. This means the videos with only compression distortions have
almost same results for subjective and objective quality measurement for all the videos.
The general behavior of the quality metrics that, three metrics are showing quality very low,
one is showing very high and one is showing average quality w.r.t subjective for all the
videos are due to their calculation methods.

5.2 Results per Packet loss ratio
The videos having packet loss in them shows different behavior for quality metrics. Video
with compression rate 28 and packet loss ratio of 1% and 2% are presented with 2 and 3
respectively at horizontal axis of graphs, and videos with 41 compression rates with 1% and
2% packet loss ratio with 5 and 6 respectively. Two types of trend are shown in the results.
First one is that normal change or decrease in quality being observed in videos with packet
loss, and other is abrupt degradation of the quality. After careful consideration and
observation, it is concluded that the video having low spatial information follows the first
trend and video having the high spatial information shows abrupt change when there is
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packet loss in the video. It can be observed by looking at the results of diving pool and
drinking coke video is showing less degradation. More abrupt changes can be seen in the
other three videos especially in harmonica, as it has the highest spatial information among
the three videos. By observing all the graphs, it is shown that at horizontal 2 the most
abrupt changes are occurring and rest are following it. It concludes that even introduction
of 1% packet loss into the videos are degrading the quality in most of the cases. Again, it is
observed that the general trend or graphs which are showing the quality of a video by each
metric is same. The difference shown is either from the subjective test result or that each
metric is showing different quality level on the scale. In case of Packet loss ratio UIQI is also
providing with the best results in term of subjective results for all the videos. However, in
some video packet loss results for another metrics are also close. Such as in Harmonica,
SSIM is showing very close results with the subjective tests at 2, 3 and 5. In drinking coke
PSNR is showing very close results at 3 and 5.
A trend has been seen by comparing the Spatial and temporal information of the videos and
subjective test results, as per Human subject perspective the packet loss effect bothers
more when the spatial information is higher in the video and compression distortion effect
more when there is high temporal information in the video.

5.3 Conclusion and Future work
This is expected that the subjects tend to rate higher for the videos heaving compression
rate 28 with 0% packet loss. However, the average score attained for all the videos are less
than 4 as per MOS. It shows that to achieve higher quality against compression errors,
compression rate need to be set lower than 28.
After the careful observations, testing, experiments, and comparisons of all the metrics with
subjective test results, it can easily conclude that the performance of UIQI outshines all the
other 4 metrics, as it has the highest correlation with the Subjective MOS as shown in
chapter 4. However, the other four also shows the same trend of degradation in the quality
but on different MOS scale, either very high or very low w.r.t subjective results.
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By looking at the most of the results it can also conclude that SSIM is not good for assessing
the video quality having random packet loss and having low contrast.
For future work, lower compression rate can be used to evaluate and analyze video quality.
With the help of this performance analysis, other objective quality methods can be tested.
Also, analysis can be done on higher PLRs with the same or different quality methods.
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Appendix A
Results of Objective Quality Measurements and Subjective Quality
measurements in table form
Results for Diving Pool video
NAME
dv28p0.mp4
dv28p1.mp4
dv28p2.mp4
dv41p0.mp4
dv41p1.mp4
dv41p2.mp4

PSNR
1.722875
1.710955
1.532895
1.55863
1.55157
1.555325

SSIM
4.534
4.5175
4.3075
4.186
4.177
4.1785

VSNR
1.49256
1.472765
1.168245
1.254485
1.244045
1.24971

VIF
1.987
1.957
1.643
1.055
1.0515
1.053

UIQI
2.993
2.966
2.614
1.9325
1.9255
1.9265

Subjective
3.513888889
2.736111111
2.3
3.063888889
2.280555556
2.119444444

Table 5. Objective and subjective results for pool diving video

Results for Friend Drinking Coke video
NAME
fc28p0.mp4
fc28p1.mp4
fc28p2.mp4
fc41p0.mp4
fc41p1.mp4
fc41p2.mp4

PSNR
2.250475
2.24485
1.54777
2.12988
1.856095
1.810255

SSIM
4.962
4.96
4.8365
4.9375
4.904
4.8735

VSNR
2.02253
2.014205
0.890935
1.849925
1.33188
1.24956

VIF
1.989
1.962
0.636
1.163
0.793
0.8505

UIQI
2.404
2.401
2.2165
2.4965
2.445
2.4105

Subjective
3.077777778
2.758333333
2.569444444
2.675
2.219444444
1.938888889

Table 6. Objective and subjective results for friend drinking coke video
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Results for Harmonica video
NAME
hc28p0.mp4
hc28p1.mp4
hc28p2.mp4
hc41p0.mp4
hc41p1.mp4
hc41p2.mp4

PSNR
1.71734
0.981085
0.900345
1.496785
1.331045
1.0585

SSIM
4.6155
2.3035
2.2065
4.019
3.587
2.6285

VSNR
1.39622
0.42038
0.32147
1.06056
0.842905
0.507085

VIF
2.472
0.4685
0.4295
1.2865
0.957
0.434

UIQI
3.927
0.7585
0.7265
2.8835
2.282
1.0125

Subjective
3.272222222
2.583333333
2.547222222
2.741666667
2.666666667
2.513888889

Table 7. Objective and subjective results for harmonica video

Results for Landing Airplane video
NAME
la28p0.mp4
la28p1.mp4
la28p2.mp4
la41p0.mp4
la41p1.mp4
la41p2.mp4

PSNR
2.03204
2.01441
1.534815
1.872
1.753135
1.617165

SSIM
4.886
4.875
4.493
4.8025
4.7075
4.6245

VSNR
1.5656
1.54556
0.98946
1.332665
1.21026
1.045165

VIF
2.229
2.1955
1.238
1.4845
1.3385
1.087

UIQI
3.547
3.522
1.9455
2.6185
2.471
2.116

Subjective
3.061111111
2.861111111
2.830555556
2.916666667
2.425
2.305555556

Table 8. Objective and subjective results for landing airplane video

Results for Student Walking in Street video
NAME
ss28p0.mp4
ss28p1.mp4
ss28p2.mp4
ss41p0.mp4
ss41p1.mp4
ss41p2.mp4

PSNR
1.678825
1.676925
1.234225
1.525845
1.263
0.995625

SSIM
4.5945
4.592
3.87
4.253
3.8295
3.3535

VSNR
1.471065
1.46867
0.88353
1.242865
0.90748
0.570675

VIF
2.1755
2.1725
1.239
1.3505
0.9225
0.511

UIQI
3.613
3.5875
2.555
2.8175
2.262
1.636

Subjective
3.177777778
2.830555556
2.683333333
2.944444444
2.738888889
1.972222222

Table 9. Objective and subjective results for student walking in street video
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